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PREFACE

HIS book s nstended primanly for stndonts of Botany, Snch a

stndent's knowledge of plant prodoets is nsually obtained, on the
one b, frons Orvgaane Chemistry, an the othor hll.ll(ll, from Plant
Physiology; “hetween these two slandpoints thero is a gap, which, it I
hoped, the following pages may belp to fill, Ft is essentinlly o text-book
for practical work, an aspect of Phnt Biochauistry which has received up
to the present time very little conmideration i tenching, A mnnber of
experiments have been devised aand have been actaally testod i practionl
classes, These experiments should cuable w stndont to extrnct from the
Plant itsedf thas cheraical compounds of which it is constitmtod, and to lear
something of their properties. An elementary kiowledge of Orgunic
Chenistry on the part of” the stndent has been assimned, as it appeared
suparfhions te incorporate the matonal which bas alveady been so amply
presented in innumemble text-books.

My sincerest thauks are doe to DrFUF, Blackinan, 1R, for eriticism
and many saggrestions thronghont the writing of the book. L am further
mdebted to Mr H. Raistrick, MA for help in varions ways, espocially in
rending the proofahects, T wish, i addition, to axpross my gralitnde to
Professor K, €6, Hopkins, F.R.S,, for the great interest he hus always shown
i the subjeet and for his kisd and stimnlating advice in comoexion with

the schene of teaching presented in the following pagoes,

M. WO

CAMBIIDGE,
Februayy, 1930,
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CHAPTER 1

INTRODUCTION

This chapter shunld be ve-roud after the renmining chapters bave beon studied,

ALL plants are made np of a complex organized mixture of chemieal
substances, both organic and inorganic.  As a preliminary to the study
of plant chemistry, the stndent should realize that the chemieal
compounds which make np the living plant may be approximately
grouped into the fonr following classes. Thus, in later chapters, when
reference is made to any plant prodnct, it will be, nnderstood, broadly
speaking, to wlnch elass it bolongs, and what relationship it bears to
other chemnical componnds,

The main elasses may be emnnerated as follows

(1) Curbohydrates. Those contain only carbon, hydrogen and oxygen.
The simplost members are the wsugars, which are aldehydes and
ketones of polyhydrie aleohols of the methane series of hydrocarbons.
The more complex carbohydrates, snch as starch, ccllulose, dextrins,
gums and mucilages, are condensation products of the simplor sugars,
The sugnrs are found in solution in the cell-sap of living cells throughout
the plant, Collulose, in the form of cell-walls, constitutes an important
part of the structure of the plant, and starch is one of the most widely
distributed solid “resorve materials.”

(2) Fats. These also contain only carbon, hydrogen and oxygen.
Chemically they are glycerides, that is glycerol osters of fatty acids.
These acids are derived from two series of hydrocarbons, i.c. the
methane series and the olefine scries, and they nsually contain a large
number of earbon atoms.  The fats occur as globules deposited in the
cells, uspecially in the tissues of sceds where they form reserve materials,
though they also oceur in other parts of plants. The acid components of
the fats are also found in the free state,

The carbohydrates and the fats both belong to the aliphatic series of
organic compounds, that is to the series in which the carbon atoins are
united in chains,

(3) Aromatic compounds. These are characterized by having the
carbon atoms united in a ring, as in benzene. They may contain more
than one carbon ring, and. moreover, aliphatic groupings may be attached

o, 1
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(41 Protevne This large clase containe sabstances which are in nmany
pawes bailt 5p o groupigs from buth the aliphatic amd aromatic series,
It smeduckos mot only the proteins bt alw their ampler denvatives, the
sibusaen, pepiones and polypeptides In this case, as before, the simplest
Serivativen, Kawwn as the amino-acida, are sinthesized by condensation
v forw the polypeptades. peplores, albumoses and proteins, in a serien
A spereammg completty The ampvo-scxds are comnpounds, either of
the alipbmtic or aromatic serwen, in which ope or more hydrogen atoms
sre rephacedd by the rashele NH, They are soluble and crystalline,
bt after comdetmng togrther, the tinal product, the protein, only exista
m ether the winl or the colloidal state. Proteins, in the latter condition,
vonstitate the bulk of the complex material, protoplesm ; in the solid
vunbe, it the foem of gruioe and granules, they wocur s reserve material
m the ondl

The shove-mentinnd clames will be doalt with in greater detail in
the inter chapiers. There are, of course, a large number of other
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substances in the plure, sane of which inav e ineladed with the abov
while others form ndditiomal small elasses. as  tor instanee, the
alkalyids : others, again, bear 1o close relaticnship to any elass. such as

the all-hnportant pigment, chlorophyll.

In order to appreciate the subjeet of plant chemistry, the plant,
whielr is finuiliar as a botanical entity, must be interpreted in chemical
wams, The principal classes of the more essential and widely distri-
buted compounds fonnd in plants have already been indicated on the
bronlest basis, so that they may now be referred t without additional
connnent.

Froin the botanical point of view, the plant may be reganded as a
structnre composed ot many living protoplasmic units enclosed in cell-
walls and combined together to tormr tissnes. There are alse certain
tissues, known as dead tissues, which assist in giving rigidity to the
plant, AH these structural elements can be translated into terms of
chemical compounds.

One of the chemical processes most frequently met with in the plant
is that of synthesis by condensation, with elimination of water, of large
complex molecules from smaller and simpler molecules.  The formation
of cellulose, tor instance, is u case in point. Cellulose has the composition
(CsH0,), and, on hydrolysis with dilute acids, it yields glucose as a final
produet. Hence it is concluded that the complex molecule of cellulose is
built up from the simpler earbohydrate by condensation. The synthesis
of proteins from amino-acids affords another example, These acids
contain either an aliphatic or aromatic nucleus (let it be R), and one or
niore earboxyl and aniino groups. Condensation takes place in the plant,
with elimination of water, according to the following scheme:

R Rl R R*

! ‘ f l

NH,  CH—CO OH H NH-CH—COOH HNH CH—CO OH......H'NH.CH—COOH

The products of such condensation, the proteins, vary among them-
selves according to the number and kind of amine-acids which take part
in the synthesis,

Two important results arise from this process. First, the substances
formed by condensation have molecules of a very large size; secondly,
whereas the simple compounds, sugars and amino-acids, are soluble,
erystalline and diffusible, the condensation products are either insoluble,
e.g. cellulose, dr exist in the colloidal state, as is the case of many proteins
and other plant constituents. As these very large molecules do not dialyes,

1—2
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wialedrs W b hoare elear 1o the anaaded vetin Sach eelninas are
rerpesd codlondal Investipation has shown that the mattor &onot prost
i rre sedation bat i very ficely divided state, oo as partoches many
troes farget than sunple woleenbs, bat snaller than any particles shtan-
st by peschayieal amans of diviaon. Sich solnttms ane known as
artifuial rolbodal solitiens, but there are a number of veganie sibstanees,
with wery lanee nudienlis, sneh as proteins, starch, gunm, agar, ote., which
Al odmw ;hw;iw m water pving colloidal solutions. Thes mam featare of
the volbudal state i« that the svstean consistsd two phases . o conditions
o watter  In the case of the artificial colloidal solutions first trentinead,
cawe state i sohid, the godd particles: the other state is Higued, the water,
The sl is known as the dispersed phase, and the wateras the continins
phan, anxd such eolliidal solutions are termed suspensoids.  In the case
of protcins, sarch, ete, both phases are yuid: the disperssd phase,
a omcentrated solution of protein. ote the continuoeus phase, a
dilate madution of protein, ete. Such colluidal solntivns are known as
'm‘iﬂn.ﬂd&

An mmportant point in connexion with the colloidal state 1s that the
mwdeculos, or aggregates of molecules, forming the dispersed phase are
= large that they exhibit some of the phenomena of surface enengy,
vioctryod charge, ete,, smociated with matter in mass. These properties
comae to be of commiderable impurtance, when we consider how large
» sarface i presented by matter in this state in comparison with its
-

A material in the plant upon which much intervst naturally centres
w the protoplasm and its nucleus, 1t has been shown that the protoplssm
camemts, chiennically, largely of proteins in the colloidal state, It ie iteelf
a bguad, and embedded in it are substances of various chemical constitn-
o, in the form of grnules of solid matier and also ligquid globules
Xumercus chemical reactions are continually takisg plece in the
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protoplastn thronghont the cell, and siner nany of these reactims wan
take place both stmiltanconsly and independently, the protopliasns must
have some form ot ergamized strnetare, Thongh many phenomens of < lite”
may be acenunted for by the physical and vhemieal properties of sach
snbstances as proteins, it s impossible to say, with onr present knowledge,
how far all “living ™ phenomens may yot be rxplainel in this way.

Some of the main lines of metabelic syutheses which take place in
the plant will next be considdered. A fundamental fact which shonld be
lmmc i mind s that the green plant synthesizes all the eomplex
materials of which it 1s composed from the simpke compounds, earbon
dioxide, water and certain inorganic salts, The st important tactor,
perhaps, which figures in plant metabolism, is chlorphyvll. The green
pigments of chlorophyll are esters of complex organie acids containing
the elements carbon, hydrogen, oxygen, nitragen and magnesinm,  They
have the remarkable power of absorbing the radiant energy of the sun's
rays and of transforring it into chemical energy, by means of which
carbon dioxide and water are combined to form some organic evinpound,
possibly formaldehyde, from which a simyple carbohydrate is readily
synthesized.

If now the initial and final products of carbon assimilation be
considered in detail, it will be seen that the prucess is one of reduction:

6001"'6“30 = CQHmO""‘GOQ.

This is confirmed by the fact that oxygen is evolved in the process.
Moreover, the plant accumulates a store of energy, since the final
product, the carbohydrate, has a higher potential energy than the system,
water and carben dioxide. Hence carbon assimilation, in addition to
providing a basis of organic material as a starting-point for all the main
metabolic functions, also provides a source of chemieal energy by means
of which reactions in other directions are brought sbout.

The setting free of this sccumulated energy constitutes the process
of respiration, which is, in reality, an oxidation of earbohydrate taking
place in tissnes throughout the plant. It is the converse of carbon
samimilation, in that oxygen is absorbed and carbon dioxide and water
are formed. Thus these two processes, both so fundamental and essential
to the metabolism of the green plant, are constantly taking place side
by side in the same cell.

The frst-formed carbohydrate, which is probably a hexose, is
condensed in the plant, on the general lines we have previously indicated,
to form moye complex disaocharides and polysaccharides, such as maltose,
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cane-sugar, starch, cellulose, etc. Some of these products, such as the
disaccharides, form true solutions and may be present in the cell-sap;
others, such as cellulose and starch, are present in the solid state, though
they contain considerable gquantities of water. Others, again, such as
dextrin and gum, are present in the colloidal state. Thus, given an
initial carbohydrate and a source of energy, we may proceed to indicate
the other main lines of syntheses in the plant.

The next most important line of syntheses is probably that which
gives rise to the nitrogen-containing constituents of the plant. Nitrogen
is absorbed by the green plant in the form of nitrates and ammonium
salts, but the processes which lead to the synthesis of some of tle
simplest nitrogen-containing compounds, such as the amino-acids, are still
very obscure. Aliphatic and aromatic acids of various kinds are
abundantly present in the tissues, but the reactions by which the NH,
groups are introduced are by no means clear. There is little doubt,
however, that once the amino-acids are formed, condensation takes place
as already indicated, and more complex molecules, termed polypeptides,
arise. Such polypeptides have now been synthesized artificially by the
condensation of amino-acids. From the polypeptides, by further stages
of condensation, the albumoses, peptones, and finally proteins are
produced,

Another line of syntheses is that which leads to the production of
the fats and allied substances. The fats are mainly glycerides of acids
of the methane and olefine series, such as butyric, palmitic and oleic
acids, Like all other plant products the fats must either directly or
indirectly arise from the carbohydrates. There is evidence that the
origin is fairly direct, as, for instance, in fatty seeds when the fats take
the place of sugars in ripening. The sugars, as we know, are aldehydes
of the polyhydric alcohols of the methane series. It has been suggested,
though the actual stages have not been ascertained, that by various
oxidation and reduction processes, the sugars yield fatty acid residues
which then condense to form the fatty acids of high molecular weights
present in fats. By a converse process, the fats, especially when they
are stored as reserve materials in seeds, are broken up, and sugars are
again formed which pass to other parts of the germinating seedling, and
are there used in other synthetic processes.

A third main line of syntheses is that which gives rise to the
aromatics of the plant. Since no ring compound is absorbed by the green
plant, it follows that by .some process the aliphatic structure must be
transformed into the aromatic. Thus, for instance, the trihydric phenol,
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phloroglucin, might at some stage be formed from a hexose by conversion
of the aliphatic chain into a closed ring :

OH H OH OH
OHC—C—C+-C—C~-CH,OH — 3H,0 = CO—CH,—CO—CH,—CO—CH,

H OH H H
( tlucose — __
H. “H
C c
N /N
og¢  co HOC  COH
= ] = I
HiC CH, HCI CIH
Ne No”
° H
Phloroglucin

There is ecvidence that aromatic compounds, sucli as phloroglucin,
tannins, flavoncs and anthocyanins are synthesized in the leaves, and
that sugar-feeding, by floating leaves in sugar solutions, leads to the
increase of aromatics in the tissues. When the 1ing structure has been
once synthesized, further changes cun take place either by the addition
of side-chains to the ring or by the condensation of two or more rings,
In this way the great multitude of aromatic prodncts present in the
higher plants may arisc.

Thus the cell can be pictured as a colloidal solution of proteins
endowed with the propertios of matter in mass and surrounded by a
perineable cell-wall of cellulose. The colloidal solution contains hiquid
and solid particles of very varied chemical composition. In the protoplasm
are spaces, vacuoles, filled with cell-sap also containing many and
various snbstances in solntion. Throughout the protoplasm, which
probably has an organized structure, many kinds of chemical reactions
are continually in progress, some being the converse of others, as for
instance those of oxidation and reduction which can take place side by
side in the sainc cell.

Next will be considered the chemical reactions by which the various
nietabolic changes in the plant are brought about., How are these
processes controlled and how do they take place ?

There is a large group of organic substances, termed enzymes, many
of which are present in every plant. They have a certain characteristic in
common, i.e, they bring about chemical reactions in the plant without
undergoing any permanent change: in other words they are organic
catalysts. Many of these reactions, which take place in the cell at
ordinary temperatures with considerable rapidity, need prolonged henting
at high temperatures when brought about by artificial means. Enzymes
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can generally be extracted from the plant by water, especially if the
tissues are thoroughly disintegrated. Their chiemical constitution is
at present unknown, and they are usually destroyed by temperatures
greater than 60°C. Moreover, many of the proce'sses which they control
in the plant can be brought about by ther'n in vtro under suitable
conditions, and it is by means of such experiments that information as
to their réle in plant metabolism has been ascertained. The majority of
known enzymes control both hydrolysis and its converse, synthesis by
condensation with elimination of water, but under artificial conditions
lydrolysis most frequently occurs. The enzyme, diastase, for instance,
found in all starch-containing plants hydrolyzes in #2tro starch to dextrin
and maltose. Sumilarly the enzyme, maltase, hydrolyzes maltose into
glucose, Other enzymes hydrolyze proteins into amino-acids, and others,
again, hydrolyze fats into fatty acids and glycerol.

Until fairly recently the fact escaped notice that such reactions are
reversible, and that these enzymes in situ in the plant may, according
to the conditions, control not only the hydrolytic but also the cor-
responding synthetic process. The latter may also be brought about,
though not readily, in witro. This, and other evidence, leads us to
believe that enzymes in the plant control the reactions in both directions.

Hydrolysis, and synthesis with elimination of water are not however
the only processes catalyzed by enzymes. There is another type of these
catalysts, the oxidizing enzymes, which bring about oxidation of sub-
stances in the plant, notably of aromatics. In addition, there is the
enzyme, zymase, which decomposes sugar with the production of alcohol
and carbon dioxide.

The question which now arises is—How many reactions in the plant
are catalyzed by enzymes? It is conceivable that a greater number of
enzymes may exist than are at present known, but that they are unable
to be extracted by our present methods of isolation. A certain number
of reactions probably take place in the cell-sap between the substances
in solution ;- others are catalyzed by enzymes which are supposed to be
intimately connected with the protoplasm, but there are an enormous
number to which there is at present no clue as to how they are brought
about, such, for instance, as the synthesis of carbohydrates from carbon
dioxide and water, and the formation of the benzene ring from the open
carbon chain. Such processes are usually said to be controlled by the
“living protoplasm,” but what exactly is the significance of this
expression is at present beyond our knowledge.

Finally, also, little is known of the question as to how thg various
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lines of metabolic syntheses in different parts of plants are regulated
and correlated with each other. Some of the phenomena involved are
shortly outlined as follows. Therc is undoubtedly, under suitable
conditions, a constant synthesis of sugars in the leaves. In all pro-
bability aromatic substunces are also synthesized in the same organs,
for there is ¢vidence that there is an increase of these conipounds in the
leaf if translocation through the petiole is prevented. It is possible that
amino-acils also are formed in the leaf The above products arc
constantly trauslocated to tho growing organs as material for growth.
They may, nevertholess, be temporarily stored in the tissues where they
have been synthesized, and of this there is evidence in at least one casc,
e.g. starch in the leaf But, apart from the immediate use for growth,
therc is in practically every plant, some tissue where, owing to somc
nnknown stimnlns (causing probakly changes in permoability of the
cell-membrancs), necumnlation of compounds occurs. This accnmulation
18 characteristic of organs from which growth will take place when it is
mmpossible for the plant to obtain fresh supplies by carbon assimilation,
as, for example, of bulbs, rhizonies, tubers, buds, secds, fruits and woody
tissucs. In these cases, in dwe time, the products stored supply the
growing shoots,

During storage, simple sugars, amino-acids, etc. have been condensed
to form insoluble, colluidal, or large molecules of starch, fats, alcuronc,
cane-sugar, ete. These will remain until they are hydrolyzed by enzymes
when they can supply the growing shoots. Such stores are termed
"“reserve materials.” The actual gtimuli inyolved in bringing about and
regulating this stornge are unknown, but they arc probably connected
with the life cycle of the particular plant under consideration and its
adaptation to extcrnal conditions.
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CHAPTER II
THE COLLOIDAL STATE

MANY of the substances of which the plant is built up exist in the living
cell in the colloidal state, and it is therefore important that some acconnt
should be given of this condition of matter.

There are many organic products found in the plant (and also in the
animal), such as starch, various proteins, gums, etc., that apparently dis-
solve in water, giving a solution which, as a rule, only differs frora an
ordinary solution by being opalescent. In addition, it has been known
for a long time that various inorganic substances, such as sulphides of
arsenic and antimony, hydroxide of iron, and also certain metals (gold,
silver), can, by special methods, be obtained in “solution,” though in
ordinary circumstances they are quite insoluble. The above cxamples
are representative of colloidal solutions.

A property which-all the above solutions possess is that the substance
dissolved will not pass through a parchment membrane, ie. will not
dialyze, whereas if a solution of sodium chloride in water is separated
from pure water by a parchment membrane, the salt will pass throngh
the membrane until the concentration of the sodinm chloride is equal
on either side of it.

The conclusion drawn from investigations of various kinds is that in
the colloidal solutions the substances dissolved exist in the state, either
of aggregates of molecules, or of very large molecules, and hence are
unable to pass through the pores of the parchment.

Moreover, certain distinctions can be drawn between colloidal solu-
tions : some, like those of gold, silver, metallic sulphides, hydroxides and
in fact most inorganic substances, are very sensitive to the presence of
small amounts of inorganic salts, i.e. electrolytes, and are precipitated
by them, but will not as a rule go into solution again. Also such col-
loidal solutions are very little more viscous than pure water. The organic
substances, on the other hand, are only precipitated from colloidal solu-
tions by comparatively large quantities of electrolytes. The viscosity,
moreover, of these solutions is greater than that of water, and is, in fact,
considerable, even if the percentage of dissolved matter is small.
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Hence two terms have been employed for the above-mentioued
types of colloidal solutions: those of gold, silver, etc., are termed suspen-
soids (suspensoid sols): those of starch, proteins, etc., emulsoids (emul-
soid sols).

The essential feature of both forms is that they are systems consisting
of two phases, or conditions of matter, known respectively as the “dis-
persed " phase and the '“ continuous " phase.

A suspensotd may be defined as having a dispersed phase composed
of ultramicroscopic particles or aggregates of molecules suspended in a
continuous phase composed of a liquid.

An emulsoid may be defined as having a dispersed phase composed
of ultramiicroscopic drops of a highly concentrated solution of the sub-
stance suspended in a continuous phase composed of a dilute solution of
the same substance.

As a rule, therefore, the dlfference between u suspensoid and an
emulsoid is that, whereas in the former the liquid is restricted to the
continuous phase, and the solid to the dispersed phase, in an emulsoid
both phases are liquid, though containing different proportions of the
dissolved substance.

The terms suspensoid and emulsoid are used on account of the re-
semblance of these states of matter respectively to suspensions and
emulsions. If microscopic particles of a solid are shaken up in water,
what is known as a suspension is obtained ; in time, however, the solid
particles, if’ heavy enough, will settle and separate from the water, and
the whole process can be repeated. Thus a suspension diffors from a
suspensoid solution in that the latter is stable, though, if precipitated,
the reaction is usually not reversible,

If two liquids which are insoluble in each other, such as oil and
water, are shaken up together, fincly divided drops of oil in water are
obtained. This is known as an emulsion. In time, however, the oil
separates from the water, because the tension pn the films of water
separating the oil drops, when in contact, is too grcat, and they break,
with the result that the oil drops coalesce. But if, instead of watcr, a
solution of soap, saponins, or certain other substances is used, the surface
tension of the water is so lowered that the films of soap solution separating
the oil drops are permanent, and a system is obtained consisting of minute
drops of oil separated by soap solution. This system resembles an organic
colloidal solution, as, for instance, that of protein in which we suppose
a concent solution of protein exists in drops separated by a dilute
solution olt?&jtein. Milk and latex constitute natural emulsions.
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Expt. 1. Formation of i« suspmusion. Drecipitnte a solution of barium chloride
with some sulphuric acid aud shike up well the fine precipitate «f larinur salphiate
Note the gradnal settling of the precipitate.

Expt. 9. Forutin of un emadsior, Take a depp of olive oil in a test-taln: and
Lalf fill the tube with sleohiol. Sluke well and pour mto n benker of wnter, A fine
white emulsion of «il in water will be furmed from which the ofl will 1ot separate,
Ty this method the oil is obtainel in such sl drops that stability is cosnred,

Take about equnl quantities of olive oil in two test-tnbes and add an eqnal
quuctity of water to encli, Tu one tule wld a drop or two of 10 canstie nlknli
solution, Shake both test-tubes well.  An emalsion is fonaed in botly ban in the
tule without alkali the oil will separate out on standing.  In the other tube the
emulsion is permanent. This is due to the fict that the olive oil {unles specially
purified) contains somes free futty acid,  The latter forins sonp with the alkali (see
p- 82) and renders the enwtlsion permnnent,

Eupt. 3. Preparction uf suspensvid sals. (1) Gold. Take two 100 ¢ weusiving
eylinders aud thoroughly clean them with nitric acid, and afterwirds wash well with
freshly distilled water. Trs one wake o 0+49), solution of taunic neid (using the parest
sample obtainable) in water. 1n thie other, 2 ¢.c. of conunercial 1%, gold chloride are
wade up to 100 e.c. with water. Use fresbly distilled water in both ensen, Mix eqund
portions of the two solutions in o clean benker. A pnrple colloidal solution of gold
will be formed. If throe parts of the cliloride solution are mixed with one purt of the
tannin solution, and both solutions heated before mixiig, a red colloidal sedution is
obtained. (b) Silver. Tuke b c.c. of a 19/, solution of silver nitrate and add dilute .
wonin solution nntil the precipitate first formed jnst disappears, and then dilutewith
100 c.c. of water, Mix equal voluimes of this solution nud the tannie ncid prepared
for (1). A colloidal solution of silver will be fornied which is clear brown by toum.
nritted light, but has a green flnorescence by reflected light. () Forrde hydrocide,
Take 5Hc.c. of a filtered 339/, solution of ferric cliloride and ponr into 806 e of
hoiling distilled water in s benker. A colloidal furric hydroxide sol is formed and the
colour changes to a deep brown-red. The yellow solntion of ferric chloride i de.
composed by excess of water with the production of a solnbls colloidal form of ferric
hydroxide, and hydroehloric acid is set free. (d) Arsenic trisulplode. Take 2 grum,
of arsenious acid and boil with 150 ¢.c. of distilled water, filter and cool, Then paas
sulphuretted hydrogen through the solution, A colloidal solution of the sulphide is
formed which is orange, with a greenish surface,

The above sols should be kept for further experiment [see Expt, 8}

Ezpt. 4. Preparation of emulsoid sols. (a) Starch, Weigh out 2 g, of dry starch,
and mix well with a Little coll distilled water. Boil 100 ¢c.c, of distilled water in a
flask, aud, when boiling, pour in the starch paste and boil for a few winutes longer,
stirring well all the time. A colloidal solution of starch is obtained which is faintly
opalescent, It is not affected by heating und does not change its state on caoling.
(b) Gum arabic. Make a 5 9/y solution of gum arabic by boiling & gms. with 100 c.c,
of distilled water. Note that a sticky or viscous solution is formed which froths on
shaking. (¢) Protein. Weigh out 10 gms, of white flour and add 100 c.c. of distilled
water, Let the mixture stand for ¢ or 3 hours and then filter. The extract contains
protein. Note that the solution froths on shaking. (d) Soap. Makoa 5-10%/,solution
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af sy i o listilbd water, It is opnleserut arol Dol steougly, (g Chhonphnl],
[See Bxpt, 32, |

T nbove sobs slonibd Lae kept For forther expeeeinent, [see Bapt, D]

Fapt, . Inulysis nt ateeeh sud salt sdutivon, Make a 29, s lectansne b starele e
watery as in Bxpt. 2, wix it witle an eped volaae of 30 20 anlation ot eetoan
elderide i witer, Dane tle xdsiame iuto o parelanent. diglyzer niot dbalya b
Lesekenr of distilled woter. PTTwe dtinlezer slonb] tirst b cunefully tested Lo s
il there be a leak,s Test the Topabd in tler binker with antutbne ol botle e aanl
sitver nitrate, Sowae peecipatate of clidorble will e piven, bat ne blae eolome witle
imlitee. After £ lars, 1est the lgaibamin Theps will be s boressmsd wonnn of
silver cldnrile foriaed, baton negatoos resalt witly batito,  On wblition of Bxline 1
tles liquic in ther dialyzer, s blie calioge is obtaiuel, Tnee we nay oot thiser Hleee
colloiddal stavely does nat pass tlyoaste the npendotine,

Some snhstanees, sich as gelatine (mmaal) and agar (vegetable), are
only in the cunlsoid condition at o raised temperatnre, . When eald
they set to forne 2 gel” i which the particles of the disprased pliase s
no longer separate but muibed to nmke asolid, Siliere acid, the best known
morganic vimnlsoid, also sets to aged on standing, cither spontaconsdy
or on addition of cleetrolytes, Tis of clussien] Ditorest sinee itowie the
substanec largely nsed by Grabuan, the first worker on colloids,

Bapt, G Dregwieution uf gela. oy sdgee. Weigh oat 2 g, o agar ntal pat 1t
to soak i IO6ee, of distilled water for an Lieor op twe, Thea Lol o thae ngar groeso
thirk opalescend salutiar “soly whicli sets to a gl onorsoling, O wigaw g, the el
agnin becotues a0 xol, nad, o eonling, again sets to w gel, Thus the changy 2 n
roversible one, Agar v o nawalage which i obtaived froam coestnin geaom of the
Rlhodopliyecie s po 050 1y 8iliede seid, Weigh imt 20 gaas, of commerciad Y water
glans™ symp Lo enneenteatod solution of sdima silieate; and dilnte witl Wt e,
freshily Luiliad distilhal water (free froong carbmoliaxidag, Ponr T e of this solotya
into a apixture of 20 of conennteated bydrocldorie ackl s Sl of watee,
Dinlyze thie mixtare in n parchinest dialyaee st rnuninyg water for 3§ hinars,
1f to the dinlyzed 1opuid a Titthe very dilate angoanta is added, a gl wil e fanod
i the oanss of o few hoars, [y this cane, howevier, the processs i dreeveasabibe, tlod
in the gel ontnot be peconverted agnin into tles sol,

An mteresting point in eonnexion with the colloudul state s that
emphasized by Ostwald, Lo, that this condition ix a state, not a type,
of watter. Further, sailstanos in tha colloidal state do not eoastitnte
a definite class, It s monvonable to suppose that all substances which
oxist. in the eolloidal state can, under snitable conditions, nlso vxist
the crystalline state, and oice versa. Further, the continnatis phase is
not always water.  Sodimn chloride, which is a very definite erystallod,
ean be obtained in the colloidal state in petrolenm ether,  Most, metals,
even the alkali metals, have been obtained in collaadn] solution: salse a
great many metallic oxides, hydroxides and sulphides.
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The colloidal phascs so far dealt with can be tabnlated as follows?:

disperse continuaus

Liguid coeevvviniinnninn solid L gels

solid lignid .o susjrensoids
liquid ..eovvviiiiinnnnnnns liquid ..oovveniiiinienenns c1aulsoids

Some of the propertics of colloidal solntions imay now be considered,
A point that has alrcady been emphasized in the previons chapter s
that the surface of particles in the colloidal state is very great i pro-
portion to their mass. Such particles, morcover, nnlike ioms snd sall
molecules in true solution, possess the properties of the snrfices of matber
in mass, as, for instance, thoso connected with™smrfuce tension, electrieal
charge, etc., and these are especially marked on acconnt of the propor-
tionately large surfaces involved. Other properties are then inability,
as o rule, to cxert an osmotic pressiire, to raise the boiling poit, and to
lower the freezing point of water. Some of the metallic saspensoids are
characterized by thoir colonr, this being red, parple or blne as in the case
of gold sols. -

An apparatus, by meaus of which the colloidal state can be degnm-
strated ocularly, is tho nltramicroscope. This 14 a special fornuof miero-
scope in which a powerfil beam of ight is directed nponacolloidal solution,
which is then seen to contain a mmnber of particles in vapid motion,
When analyzed by special methods, this motion has been found to be
identical with that shown by wmch larger, though still microscopic,
particles, which has been termed Brownian moveiment,

Ezxpt. 7. Demonstratiun of Browmyien movement of mirroseopie pateticlrn, Monut a
little gamuboge in water and examine under the high power of & microscope, The
pmrticles will be seen to be in rapid motion.

It has been shown that Brownian movement is the ontcowe of the
movement of the molecules of the liguid in which the particles are
suspended. This movement is one of the factors which koeps the sol
stable and prevents the particles from “settling” as in the case of a
true suspension,

Another factor tending to keep the sol stable is the clectrical charge
borne by the particles. It is commonly known that there is usually a
difference of potential between the contact ‘surfaces of phases. If the

1 There are also the following combinations (Bayliss, 1) :

disperse continuous
gas ... liquid......... foan
liguid......... ges  ......... fog

solid ......... gas ......... tobacco sinoke
solid ......., solid ......... ruby glass (colloidal sol of gold in gluws).
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particles i colloidal solntion all have the smne charge, then they will
tend to repulse one another nmtnadly,  Ttods find that the partieles
are charged, but he origin of the chavge 18 not always clear,  Sometimes
it the substance i calloidal state is capable of clectrolytic dissosintion,
the charge may arise in thid way.  Snbstances, however, as already men-
tioned, which are ot dissociated may also beae o charge, and inost
freqnently it is n negative one, 1t follows, then, thiat when e eleetro.
lyte is added to a colloidal solutian, the charges on the colloidal partacles
are nentralized by the oppositely charged jons of the electrolvbe, aml
they conlesee together and are preapitaded,

‘As regapds their behavionr th cleetralytes the tawvo classes, saspen-
soids and enmilsoids, are very diffevent. The snspensoids ave very sensi-
tive to traces of eleetrolytes, and, as they nsnally have anegative charge,
it is the cation of the clectrolyte which is the active 1m; and of snel,
less of a divalent dou, than of a monavalent jon, 18 needed for procipila-
tion sl still Tess of a trivalent ion,

The enmlsoids are far less sarmative to electrolytes in solation than
the suspensoids @ in fact, electrolytes, snch as nentral alkali sadts, umst.
be added in very large quantities to enmlsoids befine precipitation takes
place,  Also, as a rale, wlioreas the precipitation of suspensoids N 1rTe-
versible, that of enmlsoids is reversble, that is, they pass iuto solntion
again an addition of water,  In the eage of an enulseid i nentral soln.
tion this fornt of precipitation, nnlike that of the saspensaids, may be
regarded ax consisting of two pracesses. Firsg, a0 process analogotts to
that of “salting out ” of soaps, esters, ete, in organic chanistey, which
18, i effeet, n withdmwal of water from one phuse into another, Secondly,
the precipitation is also affeoted Lo sone extent by tho valeney of the
ions of the salt nsed in precipitation,

When, however, a nentral solntion of wich an exnmlsoid as profein is
made either slightly acid or alkaling, its behaviour towsrds nentenl salts
becomes altered, The precipitating power uf salts i aeid ar atknline
medimn is now i accordanee with that on saspensaids.  In alknline
solntion the congulating pawer of a wlt depends o the valeney of the
cation; in an acid solntion it depends on the valeney of the anion,

The behavionr of proteins in acid and alkaling wwsdin is undonbtodly
due to the faet that they are built up of amino-eids cantaining both
amino and earboxyl groups. Snch moleenles inay whave cithar ns an
acid or & bago with the formation of anlts.  These are subjeet to eloctro-
lytic dissociation and hence acquire an electric charge,  Sueh sulmtances
have been termed * awphoterie electrolytes ™ (sue p. 120),
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Expt. 8. Previpitntion of suspeasuid sids by electeolytes, Tl sols of gold, silver
and arsenious sulphide omry i clectro-negntive charge: lence they are wost rewlily
precipitated by di- or tri-vulent. positive i, such ns Ba® or A Adla fow s
of barium chloride solution to the thiree sls (1Sxpt. 3) respectively, nnd wote that
they are precipitated, though seme thue may clapse hefore the precipitation is
complete, The ferric hydroxide sol, an thie coutrary, onrries a positive charge, Hemve
it is wost veadily precipitated by a salpdnte or phosplate, W a drop of sodinm
sulphate solution is ndded while the sol i hwt, it is itanexdintely precipitated,

Expt. 9. Precipitation uf emulaaid suls loy rlecteal ytea. Satapate tle starcl, protein
nad soap sehutions prepured in Expt. 4 with solid wammoninm sulplte, Prceipitntiong
takes ydace in each ense, nud it is seeu Liaw burge n qnantity of electrolyte is 1eedal
for tho “slting out” «f emulsoid sols, Filter off the protein precipitate ad siequanl
in distilled water. It will go into solution ngrin, showing that (he rexction is
reversible.
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CHAPTER III
ENZYME ACTION

SoME indication has been given in the previous chapter of the large
number of complex processes which take place in the plant, and it has
been mentioned that many of these arc controlled by enzymes.

The most remarkable feature in connexion with the chemical pro-
cesses of plant mctabolism is the ease and rapidity with which, at
ordinary temperatures, chemical reactions take place, when nnder artificial
conditions they need a much longer time and higher temperatures.

It has been found that many of the chemical reactions in the plant
can be brouglit about ¢n witro on addition of certain substances which
can be extracted from the plant. Thesc sibstanocs are known as enzymes.
It is the property of enzymes that they are able to accelerate reactions
which, in their absence, would only take place very slowly. The enzyme
cannot initiate these reactions and does not form part of their final
products.

Some inorganic substances have the same property of accelerating
reactions, and such substances are termed catalysts. For example, when
water is added to cthyl acetate, the latter begins to be decomposed slowly
into ethyl alcohol and acetic acid:

ethyl acetute + water —s ethyl aleohol + acctic acid,

but if, in addition, some hydrochloric acid is added, hydrolysis takes place
with much greater rapidity, and at the end of the reaction the hydrochloric
acid is found nnchanged. Hence in this case hydrochloric acid is an
inorganic catalyst. Many other similar instances arc known as, for
example, the catalyzing effecct of a small quantity of manganesc
dioxide which brings about the Miberation .of oxygen from potassium
chlorate at a much lower temperature than by heat alone.

By analogy, therefore, an enzyme may be defined as an organic
catalyst produced by the plant.

Another point in connexion with the above-mentioned reaction of
water with ethyl acetate, is the fact of its being representative of the
type known as reversible. After a certain amount of acetic acid and
ethyl alcohol has been formed, these recombine to form ethyl acetate
until in time a certain point of equilibrium is reached. Since the same

0. 2
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point of equilibrinm is reached whether hydroclilaric acid 1s nsed or not,
it is obvions that the hydrvochlorie acid acoelerates the veaction in both
diections :

ethyl acetate + water =2 cthyl aleohol + acetie acid.

Such a reaction 1s termed a reversible one, Many of the joocesses
aceelerated by enzyracs in the plant are reversible, and there 1s veasm
to belicve that the enzyme aceelerates the veaction in both diveetions,

The substance npon which the enzyme acts is termed the substrate,
and it is supposed that some kind of loose combination ocenrs betwiaa
these two snbstances.  The enzyme 18 nualtered when the veetin is
complete, unless it is affected by the prodnets formed.

The enzyues are very widely distributed and forne constituents of
all living cells, thongh all bissnes do not wecessarily contain the sane
enzymes,

There is no donbt that mumy enzymes are speeific, in which ense
an cnzyme enn only aceclorate one reaction, or one cluss of reaction,
We cannot be snre that any enzyme is speafic and different, froa aldl
others, nntil it has been proved that it accelerates one jroeess which is
incapable of being accelerated by any other enzyme, It is possible
that some enzymes, to which separate nares have been given, are really
identical.

Most of the plant enzyies are soluble in water and dilnte glyerrol
and sometimes in dilute alcohol.  Some ean be extracted by siniply
niacerating the tissnes with water; others arc more inthmately conmected
with the protoplasny, and are only extracted if the protoplasim is killed
by certain reagents, of which those most freqnently cuployed are toluol
and chloroform. These substances kill the protoplasmn and do aot, in
many cases, affict the engyme.  After the death of the protoplasn, the
enzymes arc more readily oxtracted from the cell. From sgueons
solutions enzymes can nsually be precipitated by adding stromg aleohol.

The majority of enzymes arc dostroyed by raising the temperature
above 60°C. In witro their reactions are gencrally carriced ont most
rapidly betwoen the temnperatures of 35-45"C.

In performing exporiments with enzymes in witru, it s always
necessary to add an antiseptic, otherwise the reaction to be studicd will
be masked or entirely snporsedod by the action of bacteria unavoidably
present. Toluol and chloroform mentioned above, as well as thymol,
may be used. These reagents prevent any bacterial action from taking
place. Some enzymes, however, ure susceptible to chlorofinem, as, for
instance, maltase,
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The chemical nature of enzymes is at present unknown, because it
is difficult to purify them without destroying them, and hence to obtain
theni of sufficient purity for chemical analysis. They were originally
thought to be proteins, but with the improvements in methods for
purification, it has been found that the protein reactions disappear,
although the enzyme activity does not decreasc. In solution they exist
in the colloidal conidition,

The questions as to their origin and their relation to the protoplasm
cannot yet be answered with any certainty. It is also iinpossible to say
whether the majority of chemical processes in the plant are catalyzed by
enzymes.

A featore of enzyme action which is of considerable interest and
which has already been mentioned is the question as to whether enzymes
catalyze the synthetic as well as the hydrolytic reaction. There is
evidence that this is so, since, in many cases, the hydrolysis is not
complete. If the enzyme were a catalyst in one direction only, the
reaction would be complete.  Further evidence is supplied by the fact
that, under snitable conditions, i.e. strong concentration of the substances
from which synthesis is to take place, certain synthesces have been carried
out wn witio. As an example may be quoted the synthesis of maltose
from a concentrated solution of glucose by maltase (Bayliss, 2).

In the living cell it is snpposed that the hydrolysis and synthesis
are balanced. On the * death ” of the protoplasm, which may be caused
by mechanical injury, vapour of chloroform or toluol, etc. (Armstrong, 7, 8),
the reactions catalyzed byenzyines ceass tobe balanced and procecd almost
always in the direction of hydrolysis and the splitting np of more complex
into simpler substances. This phenomenon is obvious when any of the
products can be recognized by smell or colour, as, for instance, the smell
of benzaldehyde on injuring leaves of plants containing cyanogenetic
glucosides (sce p. 146), or the production of coloured oxidation products .
when some of the aromatic gliucosides are decomposed (sce p. 113).

If plant tissuesarc disintegrated, and the massis kept at a temperature
of about 38°C.,, the above-mentioned hydrolytic processes continue to be
catalyzed by the enzymes present until equilibrium is reached, which will
be near complete hydrolysis, especially if water has been added. Such
a process is termed “autolysis.”

The chief plant enzymes may be classified under the following
headings :

A. Hydrolytic enzymes. These constitute by far the greater number
of known enzymes, In their activity they either add or eliminate water.

Fa Y Fa Y
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According to the snbstances upon which they ach (tlie snbstrates)
they may be further sub-classified as follows:

(1) Fat-splitting cnzymes, which hydrolyse fals into fatty aehls
and glycerol : lipase.

(2) Carbahydimte-sphitting cnzymes :

Diastase, which hydrolyzes stauch into dextrin and maltose,

Invertase, which hydrolyzes canc-sngar into dextrose and lnevnlose.

Maltase, which hydrolyzes nmltose into dextrose,

Inulase, which hydrolyzcs inulin into lacvnlose,

Cytase, which hydrolyzes hemicellulose into wannose and galactose,

Pectinase, which hydrolyzes pectic componnds into arabinse.

(3) Glucoside-splitting enzymes :

Emulsin, which hydrolyzes sanygdalin into benzaldehyde, prassic
acid and glucose.

Myrosin, which hydrolyzes sinigrin into allylisothioeyanate, potassinm
hydrogen sulphate and glucose.

(4) Protein-splitting cuzynies (proteases):

Pepsin-like enzymes, which hydrolyze jroteins into sdbnwoses and
peptones.

Erepsin-like enzymes, which hydrolyze peptones into polypeptides
and amino-acids.

B. Owidizing enzymes :

Peroxidases, which dccompose poroxides and sot free xygen in
the active state, probably as atomic oxygen.

Catalases, which decompose hydrogen peroxide and set free oxygen
in the molecular condition,

C. Fermenting enzymes: Zymase of yeast and also of higher plants,
which brings about the decomposition of certain hexoses, mich as glicose,
with the formation of alcohol and carbon dioxide.  Probably a series of
reactions including oxidation, reduction and hydrolysis are imvolved,

D.  Coagulating enzymes; Pectase, which coagulates solublo peetic
compounds.

E.  Reducing enzymes: Reductase. The precise function of theso
cnzymes is unknown,
Most of these various classes of enzymes will be dealt with in detail
in connexion with the chemical substances on which they react.
An excellent demonstration of the fact that a single cell may contain
‘ all the various enzymes connected with the processes of metabolism is
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afforded by the unicellular Fungus, Yeast (Saccharomyces), of which many
species and varieties are known. The feature of special interest in
connexion with the Yeast plant is its power of fermenting hexoses, with
the formation of alcohol and carbon dioxide, the process being carried
out by means of an enzyme, zymase. The reaction is generally
represented as follows, though there is little donbt that several stages
are involved :
CgH1203=2C0; +2C4H;0H,

In addition to zymase, yeast contains the enzymes, invertase, protease,
peroxidase, catalase, reductase, glycogenase, carboxylase, a glucoside-
splitting enzyme, and some form of diastatic enzyme. The carboxylase
decomposes a large number of keto-acids, of which the most impor-
tant is pyruvic acid CH, CO'COOH. The reaction involves the
formation of the corresponding aldehyde with the evolution of carbon
dioxide. Yecast also stores, as a reserve material, the polysaccharide,
glycogen, which occurs in animal tissues though it is rarely found in
plants: this is hydrolyzed by glycogenase into a monosaccharide. Finally,
yeast contains invertase, and most species, in addition, maltase, but from
a few species the latter enzyme is absent. Hence yeasts are able to
ferment the disaccharides, cane-sugar and maltose, since they can first
hydrolyze them to monosaccharides.

As in the case of the enzymes of other tissues, those of yeast can be
made to carry out their functions after the death of the living protoplasm.
The method of demonstrating this is to “kill” the cells by means of
drying at 25-30° C., by treatment with a mixture of alcohol and ether,
or by treatment with acetone and ether. In this way the protoplasm is
destroyed, but the enzymes remain uninjured. Yeast treated thus has
been termed “ zymin."

From zymin some of the enzymes, ¢.g. invertase and the glucoside-
splitting enzyme, can be extracted with water: other enzymes, e.g. zymase
and maltase, are not so readily extracted. From the living cells the
enzymes are only obtained with difficulty, the extraction of yeast juice,
containing zymase and other enzymes, needing, by Buchner's method,
a pressure as great as 500 atmospheres.

In connexion with alcoholic fermentation by zymase, the following
point is of special interest. For carrying out this process, two other
substances are necessary in addition to the enzyme, i.c. a co-enzyme of
unknown nature and a phosphate. The separation of zymase from the
co-enzyme has been accomplished by filtering expressed (Buchner) yeast
juice through a special form of gelatine filter under a pressure of 50
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atmospheres. The phosphate and co-enzyme can also be removed from
zymin by washing with water. The washed residue is then fonnd to be
incapable of fermentation, as also are the waslings. If. however, the
boiled washings are added to the washed residue, the systent is synthesised
and can now carry out fermentation again, The chenrical nature of the
co-enzyme, which is thermostable, and the precise part played by it in
the process, are as yet unknown (Harden, 4).

Ezxpt. 10.  Preparation of zymin. (e) By alcohol and cther,  For the following
experiments fresh yeast should be used which has been washed several tiwes with
distilled water and dried on a filter-pump. Weigh out 25 gnus. of yeast and stir
it up well in' & wmixture of 300c.c. of absolute alcobol and 100 e.c. of ether for 4-5
minutes, and then filter on a filter-pump. Next wash the yeast with 00 c.c. of
ether. Then spread it out on a piece of filter-paper and allow it to dry for onc hour.
(b) By acetone and ether. Take 50 gms. of yeast and stir it into 300 c.c. of acetone.
Continue stirring for 10 minutes, and filter on a filter-pump. The mass is then
mixed with 100 c.c. of acetone for 2 minutes and again filtered. The residue is
roughly powdered, well-kneaded with 25 c.c. of ether for 3 minutes, filtered, drained
and spread on filter-paper for an hour in the air. It can be finally dried nt 45” C. for
24 hours.

Ezpt. 11, Action of zymase. Fill a small test-tube with 409/, glucose solution.
Add 2 gms, of the zymin (from Expt. 10) for each 10 c.c. of solution and a little
toluol, and shake. Then fit a slightly larger test-tube over the mouth of the first
tube. Now invert. A small quantity of air will rise to the top of the first tnbe
which, however, will remain filled with the sugar solution. Place tho tubes either in
an incubator or water-bath at 22-25° C. A controlset of tubes shoxld also be arranged
containing sugar solution and zymin which has been previously well boiled in a little
water, Bubbles of carbon dioxide will be evolved from the unboiled zymin,

Ezxpt. 12, Action of maltase. (Harden and Zilva, 12.) Into two test-tubes, («) and
(8), put the following:

(@) 20c.c. of a 2%, solution of maltose + 05 gm, of zymin,

(b) 20c.c. of the same solution of maltose + 0'5 gm., of zymin which has been
well boiled in distilled water.

Plug both tubes with cotton-wool, after adding a few drops of toluol, and place
in an incubator at 38°C, for 12-24 hrs, Test the liquid in both tubes by making the

osazone (see p. 49). Glucosazone will crystallize out in tube (a), maltosazone in
tube (b).

Expt. 13, Action of peroxidase. (Harden and Zilva, 12.) Into four small
evaporating dishes, (a), (8), (c) and (d), put the following:

(@) A suspension of 0'5 gm. of fresh yeast in 10 c.c. distilled water + 1 c.c. of
benzidine solution (19, in 509/, alcohol) + 2-3 drops of hydrogen peroxide (20 vols.).

(b) A suspension of 0'5 gm. of zymin in 10 c.c. of distilled water + 1c.c. of
.benzidine solution + 2-3 drops of hydrogen peroxide.

(¢) A suspension of 0'5 gm. of washed zymin in 10 c.c. of distilled water + 1 c.c.
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wf Tuaezbline solation 4 3o leapes ol hydregete prmaide, Tl zxiin is wasdeed Ly
pattitesat s aslonble tbbed b paprer o famed el wbling distilled witia o
tiae to tines, S e, of water shoalid beoraal or a2 gne ol 2y,

{dy A suspension of 180 2. of wicslued zyrain in 10 con ol wislings | e, ol
benzidine sobddion 4 o 3 ateap. of l(}’(h‘l CLETRERYIINY %

A Blue enlatr will dbevbigrine oo shiowing Hlat feenh veast contniid prernxidns:
faee bt A Blae enbr will adee develsgoin e: b nnt in 14y el (d), This s
explaitonl by amotioiny tlaat Hee zymae veatabp aa inddlntor, vot present e sl |
vast, but wlicl is developed dnrnpe tlor preepsaation of thee symitg aad e tleis
aibitir e foe waderd away by water, O Loblitgg thee wrsldnus o tlee waslard
zarain e renedion is irdithited again,

I;',r/;/. b Aetion '{l'wl/rl/'lai". {Tamlea mad Zilva, 12, (f”nq;lutoly 1w test tnlxe
witle livedrginy prergidre 20 vala, cabiftoe wlielr los beorn dilated with w saprnl
volume of watrr aad old 00 e of zvnan, Tl the thaab linnly over the
nomtle of the tulw, wvert caad plaes tlos wenth under witer i soanall basie, ebamyy-
faeg tlee tlse i positiede, A ampid evobiton of naygen bdkes plive, . When the tadee
is aliont three Dartle A of gs, rboe the meontle with tlie s while still weler
wateyr sl remnve tleevalee. Ploeoe a plowing splint into the geond it will vo-kindle

tes  flabse.

Expt, U, Jetive of preatcnae, Weigh ot 16 gaas, of white floar, atd nllow ik to
extoet, with [ e e nf dintdled witer for oae hone, sloking froan tinee to thae,
Vhen flter o o tilter prne The estrae will contuin the allnmin, leacosin
fsee 1 1245 Tnto sinadl thaskes 2 mad hi gt the following

fr} 40 e, of the thme exstout 4 1 g of 2vmdn # 1 ean of toluot.

() 40 exn, of e oxteact & 5 gan, of boded gymin + 1 e of tolnol,

KBhuke hoth tutws, (day wth onttorwoe Laned pduees tlosn fie wn ineubntor at 387,
for 1% s, After fncubation, boll the Tojatd i el talas, in order to congulate
mindtarsd proteda, ned filter. To the filkrates of the respoctive tabes add bromiee
water drop by drop fwesp. 1348, A pank, v parplicdipink ealonr, due 1o the prosenee
of trytopliane, widl Y fapsed in e g Henes hydeolysis of proteis bas tnkon
Phice, Tubes (b will sbow yeccolour or auly that dun to brousine,  Add o fittde nmyl
aleohol tor bonle tabwes and shnke. Ty alesdod will b voloared pink or purplisle in
the tula giving the trxptoploee rowtion

g, 18, Jetivor af veductarr,  Hardoa and Noree, 11} Tako two suall tlanks,
{rey npuld (B, provided with will it vorkn and put (i the following

{n} 1 gne of zyrain 4 40 oo of distiled water + 0% e of tasthylene blue
aofntion (tuwle by didnting 5 o of & suturated alobolic solation to 200 ¢, with
distilled water .

(F) 1gnn of lidled zymain + 20 e, of dintilled watar 3 05 c.oof methylens blue
sohation.

Cark botly toles aftor adding u few diops of toluol and phum in wr incabator at
38°C, fur 3 honrs, ‘Tl blue euloar will prasctically disappear from tabe (@) bat will
remain in tube (B,

The methyleno blue is redicet to s coloutlmmms lenoo.cumgmnad whislo will beeome
blne again on re.uxidatica,
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Ezpt, 17. Enzyme uctions of an aqucous extrict of zymin, Weigh out 2 gias. of
zyrin and place them on a double folded filter-paper iu n fiumel wid wash with
80 c.e. of distilled water. With tlee filtrnte mnke the following oxperiments.

(A) Action of tnvertase. (Harden aud Zilva, 12.) Into two small flasks () and (4)
put the following :

(@) 10 c.c. of a 29, solution of pmre cane-sugir + 10 c.e. of the filtrate fronn
#ymin,

(8) 10 c.c. of the same solntion of cune-sugar + 10 c.c. of the boilad filtmte frone
symir

Put both flasks in an incnbator at 38, After 30 minntes add eqnal quantities
(about 1-2¢.c.) of Fehling's solntion to both test-tubes and boil (see p. 52, Tube («)
will show considerable reduction of the Feliling, Thibe (&) will show compmentively
little reduetion, that which does take place prebably being dne to the sugur formed
by the action of glycogenase on stwred glycogen.

(B) Actian of the gluemide-splitting enzyme. (Caldwell niel Courtanld, 9: Hewrvy
and Auld, 18,) This enzyme will net npun the glucoside, sygdalis, whicly is preseut
in bitter almonds, with the production of glucose, benzaldelyde sind prossie aeitt
(sce p. 145). Into two small flasks (2) and (&) pnt the followag

(@) 20 c.c. of a 29/, solution of nmygdalin + 20 c.e. of tlue liltrate frow zymin,

(M) 20 c.c. of the same solntion of anygdalin + 20 c.c. of the boiled filtynte rowu
zymin,

Add a fow drops of toluol to Loth flasks and thwar cork, inserting, with the cork,
a strip of paper which lias been dipped in solatious of pierie weid nnd sedinan
carbonate (see p. 148). Put both flasks in an incnbator at 38” C, for 1224 e, ‘Phe
picrate paper in flask (¢} will hnve reddened. Add a little Fellings solution to the
liquid in the same flask and boil. The Felling will be rodnad. The liquid in flask
() will only reduce Fehling slightly [see Expt. A (&)] and the pierate paper will not
be reddened. '
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CHAPTER 1V
CARBON ASSIMILATION

THE fact lns already been emphasized thate the plurt. synthesizes «dl the
complex organic snbstances of which it is built fron thie sinple come-
ponnds, carbon dioxide, water and inorgame salts, - The niitind metabohe
process and the one fromn which all others have their starting-point is
that of a synthesis of o cwbohydrate from earbon dioxide and water.
This synthesis can only be carvied ont in the light, and only in a green
plant, i.e.a plant containirig chlorophyll. Chlorophyll may almost be con-
sidered the chemical substance of prinary importance in the organicworld,
for upon it depends the life of all plants and animals.  Aninwls dieprend
for their existenco on certain complox amino-acids, some of which they
arc unable to synthesize for themselves, and which they denve from
plants. Plants in tnrn arc nnable to exist exeept by virtne of the pro-
perties of chlorophyll.

The property of chlorophyll which is so mmportant is the power it
possesses of absorbing the radiant cuergy of the si's rays and canverting
it into chemical energy by means of which a carbohydrate is synthesized,
This summarizes the whole process, which, however, ¢an searcely be very
simple, and probably consists of several reactions at prisent. indifferen.
tiated. If the formula for carbonic acid is compared with that of a simple
carbohydrate such as a tetrose, pentose or hexose, the following relation-
ship is secen:

H,CO, -+ (H;CO0), whore w==4, 5 or 6,
that is, in the synthesis of a carbohydrate n redncing reaction wmst take
place.

Many hypotheses have been formulated as to the nature of these re-
actions. The one which has most frequently been advanced suggests
that formaldehyde is the first product of the synthesis from carbon
dioxide and water which takes place in the green plant; that the re-
action involves reduction with elimination of oxygen:

H,COy=H,CO+ Oy,
and that this product is later condensed to form a hexose,
6HyCO = C¢H,,04.
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As the concentration of sugar increases in the cell, further condensation
nay take place to form starch :
Z (CyH 1906) = (C4H 140;) +x H.O.

The facts 1 agreement with these views are: first, in most plants a
volume of oxygen is given off approximately equivalent to the volumc
of carbon dioxide absorbed; sccondly, in some plints starch, in othors
sugar, is known to be produced during photosynthiesis. The detection
of formaldehyde, either in the plant or in certam systems containing
chlorophyll, as a proof of its formation during photosynthesis, has been
shown to be invalid (see p. 36) (Jorgensen and Kidd, 2).

The value and significance of this reducing rcaction is seen when it
is realized that, by oxidation of the carbohydrates synthesized, energy is
produced to supply the neceds of the whole metabolism of the plant
(see p. 5).

In the chemical treatment of the subject of carbon assimilation, some
of the chemical properties of chlorophyll will first be considered, and,
later, its behaviour nnder certain conditions: the chemistry, however, of
the phenomenon itself is as yet unknown.

The following account, as far as it concerns chlorophyll, and the
accompanying experiments are taken from a résumé (Jorgensen and
Stiles, 8) of the original work (Willstitter und Stoll, 1) upon which the
entire knowledge of the subject is based.

CHLOROPHYLL.

Our knowledge of the chemistry of chlorophyll has, within recent
years, been set upon a firm cxperimental basis (Willstétter und Stoll, 1)
The results which have been arrived at may broadly be summarized as
follows : )

In all plants examined the chloroplastids contain four pigments, of
which two (termed respectively chlorophylls ¢ and b) are green, and
two are yellow. They occur in about the following proportions in fresh
leaves:

Green {Chlorophyll a...CsH,O,N,Mg...2 pts per 1000
Chlorophyll ... CyH,,O,NMg...4 "
Carotin -......... C‘“,H56 T S "

Yellow {Xa.nthophyll . CoHyOy v o

A point of great interest in connexion with chlorophyll is that it
contains magnesium to the extent of 2'7 °/, but no other metal is present.
Chlorophyll a, when isolated, is a blue-black solid giving a green-blue
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solution in the solvents in which it is soluble, Le. sthyl alcohol, acetone,
chloroform, cther, carbon bisulphide, pyridine and benzene.  Chlorophyll
b, when isolated, is a green-black solid giving a pare green solntion : 1t
has much the same solubilitics as chlorophyll @, The two chloraphylls,
however, can be soparated by their different solnbilitics m methyl
alcohol.  Both can be obtaimed in nncroscopic crystals.

Carotin crystallizes in orange-red crystals, and xanthophyllin yellow
crystals,

In the chloroplastids these pigments occin mixed with vaions colonr-
less substances, fats, waxes, amd salts of fatty acids,

When chlorophyll is spoken of, it will be understood to rvefer to the
green pigments and not to the yellow.

The pure pigruents, when isolated, are readily solnble inncetone, cther
and benzene. When very thoronghly dricd nettle leaves are treated’
with pure acetone, no green colonr is extracted, but if a few drops of
water are addad, the extruct becomes green.  Also if acctone is ponrexd
on to fresh leaves, the pigment is extracted. The explanation offered
for these phenomena is that chlorophyll is present in a colloidal eondition
in the cell. This point will be considered agaim lator (sco p. 35),

The Common Nettle (Urtica) is the plant whicli has been used for
material for the extraction of chlorophyll on n large seale, and it also
forms very useful material for oxtraction on a simall senle, The pigment
has becn found to be unaltered by drying, and, sinee dried leaves involve
far less bulk and dilntion of solvents, materinl shonld be dred bofore
nging. Some leaves (Elder and Conifers) are spoilt by drying,  From
dried leaves purc solvents, such as petrol cther, benzene and acetone,
extract very little pigment for reasons which will be mentioned later,
but if the solvents contain a moderate amount of water, the pigment is
readily soluble. About 809/, acctone is the best solvent.  The nettle
leaves are removed from the stalks and laid on shects of paper to dry.
When well air-dried they are finely powdered, and the powder further
dried at 30-40°C. in an incubator. The leaf-powder can be kept for a
considerable time in a well-stoppered bottle.

Ezpt. 18, Extraction of pigment, Two gratus of leaf-powder are sucked to n filtor
paper on a small porcelain funael and 2-3 c.c. of 859 acetone ure added, This i
allowed to soak into thie powder for a few minutes. The fluid is then sucked through
with the pump, The operation is repeated mntil 20 c.c, of the solvent Lave Leen
added, when the powder is sucked dry. A deep blue.green solution with a red
fluorescence is obtained which coutains all the four pigments from the leaf, The
acetone extract thus obtained is ther poured iiito double the quantity of petrol ether
contained in a separating funnel. An equal quantity of distilled water is added, tliis
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being ponred gently down the side of the famal in order to wvoid the foroanion of
emulsions. I the eonrse of n few 1olates, the etliey Toyer sepamtes ont ael wiw
containg the Pagreents. ‘Al tower layer, wlinel is slightly greee, is van otfe Tty
addition of distilled water and atsequent, removal of e lower lnyver s oeppesdod
whout fonr tines, inomder eaupletely to rewive the st froas the rtlow anlatjon,
11 the ether solation should lnve Teeorae wl all erodsolied, it can bee sboansl by
slaking witle mdiydrons sodiane subplate el torig,

Il whioler proeess slioab] be vepeated with axother 2 goes, of el powder gad the
pigraent. transberred Yo sther, sivee 1Csobiting in this solveat s requivel b Laye
exprrintuts,

Foapt. 10, Dewunstyutyon of the gyeseae nf vleloeaploglls 1 rud b, OF the petrol
ctlier solution (pan the st experiyant, 10 conaposdmken with 10 ceonl 02 9, taethiyl
aleohol. Two Diyersone formund ol wldels the petrol ether iyee roxcatios vhloeplall
e, wind the wethyl alenliol Tayer eldoraplivll A Tl solution ot hloropdivtt s i Dl
green, while that of eldorupliyll 5 0 puter greea, bat the coloar differeno: botwe o
thieta i dirainishead pwing tor the prosence of the yellow pigracnts, off wldelt einnatiu
i in the petvol etleer, mud sarthoplel] i ale wethiyl aleolol,

As will bre explained later, the green piginents of ehlovophyll can be
saponificd by alkalis and are then insolnble i o lnread solntzan, This
method can be adopted o sepraate the greere romr the yellow pigueents,
xanthophyll and enrotin,

Fvprt, 20, Separid i of grevu aonid el piygmets. Shake D oee, of o etlase
solation of the pigmonts (Fspt. 187 with 2 e of 300, onastor prtiedi e miothyl
aleolnl (obtnined by dissolving 80 gans, of potassivng lewsdroside in 1000 er, of merhyl
nleoliol 1, After thie greey golour Tms seappesansd, shiwly sedd 10 e of water ped
thea ndd n ldtle wore ether. Ou shiking tha test.tubey two layres are ymuloced, of
whiclt the lower witery-allodine: noe containg the sapooitied gaeen pignoents, while
the carotin aasl xsanthopliyll are contained i the apper dlvroad bver,

Ezpt. 2Y,  Svuovation of the twea gelloie pigiesta, ‘The odber luyee nbtiied i
the st experiuent, in washel with water in aosepuratioy fonnel, aad ovaporigel
down to | e 16 s then dilated with 10 e of petyol ctlee atol nesto navmd wath
10 ¢ 307, nwthyl aleolol, The mothyd wleoholie buover is camovesd aand e puetenl
ethier layer s again treatssl with wathial alvoliol and the methyl aleohol agam
ranoved,  This proeess o pguented antil the wethyl aleolid isowo Tinger cdonesd,
The metbyl sleobol eontniun the santhophiyll, the gdrol sther Loe caratin,

Further accommts of the yellow pignients are given on . 34,

The best known reactions of ehlerophyll are thease which take plae.
with acids and alkabes respeetively.

Chlorophyll ix n nentral substance, aud, on treatment with wlkalios,
it forms salts of acids, the lutter being known as chlorophylline,  Thew
salts are soluble in water forming green sohations which neeaior hownw ey

! The mothyl aleohol munt be very pure, otherwise the stenholio potasls solitfon will
become brown snd discoloured.
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fluorescent.  Ghlorophyll « may be represented as the mebhyl phivtyl
ester of an acid chlorophyllin (phytol is a primary aleoliol, sec p. 38):

_/COOCH, _/COOH
C.H,,ON,Mg N Cy»H:ON,Mg <
COOC.,Hy, COOH
Cliloropliyll o Chloropliyllin

On treatment m the cold with alkali, the ester s saponificd, and the
alkali salt of chilovophyllin is formed.  During saponification, there s 1
change of colour i the pigment, the so-called brown phase, followed by
a retum to green.

Fapt. 23, Supwificatius of i wictwes af the grecw pypueats, Tonr o it of tle
wtlier solition obtrined in Bxpt. 18 into o test-tube, and na pipette tuke a litile
309/, solution of potnsh in moetliyl weohol. Iluce the lower caud of the pipaetle nt the
bottom of the test-tide and allow the potash to run in hidow the ehiloroplyl aola.
tion. At the iuterfiwe Detween the solutions there appeus imnedintely a brown.
coloured Inyer which diffuses on shmking,  In about ten pinntes it clanges bok
through an olive-green colour to pure green,

Tho chlorophyll has been saponified to the potassiom salt of the acid vlidoropliyle
lin, This salt is insoluble i cthier, so if wuter is added to briing nhnat o sepiustion
of the two layers, the green colour is no longer present in the cthercal nyer.

The ehange of colonr on saponification is diffrent for the two
chlorophylls, the brown phase prodnced in the above mixtore of chloro-
phylls being due to a yellow phase produced by ehlorophyll o, and a
brown-red phase prodnced by chlorophyll . Lo demonstrate this the
phase test (Expt. 22) may also be carried ont sepmrately on the two
chlorophylls.

FLizpt. 23, Saponifivativa uf chlovuphylls w and b sepuratedy. The wethyl wleolwol
solution obtained in Expt. 19 in trausferred to ethor as in Expt. 18, Both the latter
and the petrol ether solution of chlorophyll « are saponificd nxs i the jrevious
experiment.

As already demonstrated the potassiuin salts of the chlorophylling
which are produced by saponification of the mixture of green pignnents
in the cold are not flnorescent. By saponification of chlorophyll with
hot alkali, isochlorophylling arc formed (see Expt. 24 below) which are
fluorescent.

On heating chlorophylling with concentrated alcoholic alkalics, a series
of decomposition products, phyllins (alse acids) are obtained by reinoval
of carboxyl gronps. The final phyllin has only one ecarboxyl group. When
this is removed, a snbstance, aetiophyllin, C, Ha N, Mg, is obtained which
contains no oxygen (see Scheme 1, p. 34),

Another difference between the results of treating chlorophyll with
hot and cold alkali is that in the former process the yellow pigments are
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destroyed. If then water is added after saponification withi hot alkali,
and the solution is shaken up with ether, the ethier will remain colourless.

When chloropliyll is treated with acids, a different reaction takes
place. The chlorophyll changes in colour to olive-green and loses most
of its fluorescence. The magnesiwin of the molecule is removed, being
replaced by hydrogen, and the resulting product is termed phaeophytin
(sec Scheme 1, p. 34).

From phaeophytin a series of decomposition products have been
obtained, which fall into two groups, the phytochlorins and the phyto-
thodins. The phytochlorins are olive-green in colour, and are derived
from chlorophyll «; the phytorhodins are red, and are derived from
chlorophyll b.  The phacophytins from the two chloropliylls are indis-
tinguishable until the above dccomposition products are obtained.
(The original discovery of two kinds of chlorophyll was brought abont
by the differentiation of these decomposition products.)

A number of phytochlorins and phytorhodins have been identified
and are designated by lctters a, b, etc. By employing a uniform method
of treatment, however, two of these products, phytochlorin e and phyto-
rhodin g, can be secured.

The phytochlorins and the phytorhodins are of course magnesium-free
compounds and can be obtained by the action of acid on the chlorophyllins
and isochlorophyllins. Phytochlorin ¢ and phytorhodin g, in particular
ar¢ obtained by the action of acid on isochlorophyllins, ie. they are
magnesium-free isochlorophyllins. They are formed by the addition of
acid to the products of saponification with hot alkali.

The separation of the various phytochlorins and phytorhodins can be
brought about by means of their different distribution betwecen ether
and hydrochloric acid: each compound can be extracted from ether
according to the concentration of the acid nsed.

Expt, 24, The formation of phytochlorin and phytorkodin. 5 c.c. of an cther
solution containing both chlorophylls « and b are evaporated to dryness in a test-
tube in a watex-bath, ind the residue treated with 3 c.c. of boiling 30 9, potush
solution in 1methyl alcohol, and boiled gently for half a minute, A liquid with a red
fluorescence is produced which cousists of a solution of the potassium salts of
igsochlorophyllins. The solution is diluted with double its volume of water, and
concentrated hydrochloric acid is added until the solution is just acid. The lignid is
then shaken with ether in a separating funnel : the dissociation products produced

by the previous treatment pass into the ether solution which thus acquires an
olive-brown colour.

The ether solution is shaken twice, each time with 10 c.c. of 49/, hydrochlorie
acid (sp. gr. 102 i.e. 12'9 c.c. strong acid: 871 c.c. water), and the green-blue acid
layer ig separated and neutralized with ammonia and shaken with more ether, which
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then contains in solution phytochlorin ¢, the derivntive of chloro phyll ¢, The phyto-
chlorin e gives to the ether an olive-green colour.

The ether layer remaining in the funnel, after thie separation oFf the green-ldue acid
layer, is now extracted with 10 c.c. of 12 %/, hydrochloric acid (sp. g, 1:06 ie. 381 ¢.c.
strong acid: 619 c.c. water). The green acid sohution so obtained is diluted with
water and shaken with ether which then becomwes coloured ved - and contains phyto-
rhodin g, the derivative of chlorophyll &

If the phyllins are acted upon by muneml acids, they lose their
magnesium in the same way as the chlorophyllins, 2und the series of
substances obtained in this way arc termed porphyrins. "Lhus aetiophyllin
will give aetioporphyrin C,Hy N, (seo Scheme 1, . 34),

The derivatives of chlorophyll which are free fron1 1nagnesiu, such
as phaeophytin, phytochlorin, phytorhodin, the variouss porphyrins, etc.
combine readily with the acctates of some metals such as copper, zine
and iron,and theyform intensely colonred, stable compowinds, The change
of colour is so noticecable that the smallest traces of certain metals can
be detected in this way. Hcence it is very difficnlt  to prepare the
magnesium-free chlorophyll unless the reagents arc perfectly pure and
all contact with certain metals is avoided.

Expt. 95. Substitution of capper fur miuynegium in ::Momp/:;—ydg_ 2 ¢c.c. of an ether
solution of chlorophyll are shuken with a little 209/, hydrochilorie acid (sp. gr. 1410
i.e. 624 c.c. strong acid: 376 c.c.. water), mul then wnshed with water in a separating
funnel. In this way is produced in ether solution the magnesivm.free chlorophy L
derivative, phaeophytin. The solntion ig evapomted down v & wwater-bath, al the
residue dissolved in 5 c.c. of alcohol. The solution ix vlive-green in colour, This is
heated and a grain of copper acetate or zinc acetate iw added.  The colour changes
back to a brilliant green, but without fluorescence (if nll the chlorophyll has been
converted into phaeophytin).

From the results of these recent investigntions, it i now possible to
write formulac for the two chlorophylls as follows :

ehloropliyll #  (CgHyO NyMg) (COOCH,) (COOC a0 Hag)

chlorophyll & (CyHuOyNMg) (COOCH,) (COOC .5 Hyg)
from which it will be seen that the phytol component amounts to one-
third of the weight of the chlorophyll.

From the analyses of chlorophylls from different plants, it was found
that the phytol content varied, and plants which yielded little phytol
most readily produced “crystalline chlorophyll,” a forrx of the pigment
which has been known for some considerable time to jprevious workers,
The Cow Parsnip (Heraclewm Sphondylium), Hedge W orindwort (Stachys
sylvatica) and Hemp-nettle (Galeopsis Tetrahit) arc plants which readily
give crystalline chlorophyll. In this connexion it has been suggested
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that the chlorophyll in plants is accompanied by an enzyme, chlorophyl-
lase, which, in alcoholic media, brings about alcoliolysis of the chlorophyll,
and replaces the phytyl by the ethyl radicle. The products, formerly
known as crystalline chlorophyll, nre now termed chlorophyllides :
(CpH»ONMg) (COOCH ) (COOC, Hy) +CyH,0H
=02«H3{)0H + (C;u H;|00N4Mg) (COOCH) (COOC-;H’,)
Phytol Ethyl chlorophyllide
Similar chlorophylhides are produced by other alcohols. In aqueous
solutions chlorophyllase brings about hydrolysis and the free acad
chlorophyllide is formed (sec Scheme 2, p. 34):
(C4«HuON,Mg) (COOCH,) (COOC,,Hy)+ H,0
= CyHyOH +(CaHy O N,Mg) (COOCH,) (COOH).
Chliwophyllide
Chlorophyliase is a very stable enzyme ; it is 10t even destroyed by
boiling in alcohol for a short time, but if leaves are boiled in water, the
enzyme is destroyed.

Expt. 26.  Microscopic examination of ethyl chloropliyilide. Prepare sections of
fresh Heracleun: leaves and mount themn in a drop of 90 ¢/, alcohol. Leave the slide
under a bell-jar containing a dish of aleohol,  The section slowly dries in the course
of half a.day or a dny, It is then examined under the microscope when there will be
observed the characteristic triangular and hexagonal crystals of ethyl chlorophyllide
(erystalline chlovophyll).

Eupt. 27. Production of methyl chiorophyllide in the loaf. Sections may be used
as in the preceding experimment, or a piece of a leaf may be employed. Ini the latter
case a test-tube with 4 c.c. of 759/, methyl alcohol is takeu ard 1 gm. of fresh leaf
is added to it, The leaf first becomes a darker green and then during the course of
a few hours becomes yellowish. On holding the leaf to the light there can be
observed witl the naked eye a munber of black points. If sections of the leaf be cnt
and examined under the inicroscope, these spots appear as aggregates composed of
rhombohedral crystals, occurring in certain cells.

Lxpt. 28. Extraction of ethyl chlorophyllide. Two grams of dry Heracleum leaf.
powder are left forr aday iu n test-tube containing 6 c.c. of 909/, alcohol, The extract
is then filtered through a sinall porcelain fannel and the powder on the filter washed
with a little acetone. The filtrate is mixed with an equal quantity of ether, and then
with some water. The ether solution is transferred to a separating funnel and
thoroughly washed with water, and then conceutrated on n water-bath to § or 1 c.c.,
and 3 ¢.c. of petrol ether are added. On standing, the ethyl chlorophyllide is pre-
cipitated in the form of crystalline aggregates. It is freed from yellow pigments by
shaking with a Zitzle ether, and can be further purified by redissolving in ether and
precipitating again with petrol ether.

Expt. 29, The action of chlorophyllase. Fresh leaves of a species rich i cliloro-
phyllase, e.g. Heracleum or Galeopsis, are finely divided and put in a 70 9, acetone
golution, 3 c.c. of solution being used for every gram of leaf-powder. The chlorophyll,

~ £ 3
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by means of the chlorophyllase, is hydrolyzed into phytol and the acid chlorophyllide.
This can be demonstrated after about a quarter of an hour if the solution is diluted
with water, trausferred to ether and shaken with 005 %/, sodium hydroxide. The
sodium hydroxide takes up more colouring matter the further the enzyme action
has progressed.

Expt. 30. The destruction o7 chlovophyllase. If fresh leaves of a species rich iu
chlorophyllase are first steeped in boiling water for a few minutes before they are
placed in the acetone solution, unaltered chlorophyll is extracted which does not
react with dilute alkali,

With acids —-
(Cy2H3oONsMg) (COOCH ) (COOCHg) —» (CysHzON,) (COOCH,) (COOC, Hyy)

chlorophyll o phaeophytin a
% (CyH3pONMg) (COOH) (COOH) —> (CyHuON,) (COOH) (COOH)
= chlorophyllin o phytochlorin e
% and isochlorophylliu « and phytochlorins fand ¢
= interme|diate phylling — intermediate porpliyrins
[~
g CyHyNMg CaHyN,
aetiophyllin aetioporphyrin
Scheme 1.
chlorophyll « with phaeophytin a
(MgN,CigH30) (COOCH,) (COOCyHy)  ~——————>  (NyC3:Hg0) (COOCH,) (COOC,Hy,)
dilute acid =,
@ 6 =]
2| & = I|gs
213 g g1E8
@ o o=t RS
= with | 8 v 3
methyl ehlorophyllide a T — — g methyl phaeophorbide o
(MgN,CipHsO) (COOCH;) (COOCH;) £ | dilute acid | §  (N,CyHs20) (COOCH;) (COOCH,)
5 : 3
g E 8 ]
25 4 2|23
2 g l B B J § &
) 8
chlorophyllide o with phacophorbide o
(MgN,CiyHg,0) (COOCH3) (COOH) _— (N,CsyHz0) (COOCH;) (COOH)
dilute acid
Scheme 2.

By treatment with acids, magnesium is removed from the chlorophyl-
lides, with the production of the corresponding phaeophorbides. Thus
methyl chlorophyllide a gives methyl phaeophorbide a, etc. (see
Scheme 2, above).

It has been previously mentioned that water-free solvents, such as
acetone, ether and benzene, in which pure extracted chlorophyll is
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soluble, will not extract the pigment from thoroughly dried leaves. but
if a little water is added, it readily goes into solution. Fromw fresh leaves
also these solvents can extract the pigments.

As an explanation of the above phenomena, it has been suggested
that chlorophyll in the chloroplastid is in the colloidal state, and that,
when water is added to the dried leaf, a solution of mineral salts in the
leaf 1s formed which alters the colloidal condition of the chlorophyll and
makes it soluble. This view is supported by the fact that if a colloidal
solution of chlorophyll in water, made from the pure extracted pigment,
is shaken with ether, the ether remnains colourless. If, however, a little
salt solution is added and the mixture shaken, the ethereal layer
becomes green. In preparing the colloidal solution the solvent, acetone,
is replaced by the medinm, water, in which chlorophyll is insoluble.

The condition of chlorophyll is altered by plunging the leaves into
boiling water. The pigment is then much more readily soluble in ether,
etc., even when the leaves are subsequently dried. It is supposed that
the chlorophyll has diffused out from the plastids, and is in true solution
in accompanying waxy substances which have become liquid owing to
change of temperature.

Lzpt, 31, Preparation uf a colloidal solution of chlorophyll, Take 10 c.c. of an
acetone extract of chlorophyll (Expt. 18) and pour this acetone solution into a large
volume of distilled water (100 c.c.), the liquid being continually stirred. This opera-
tion can be most conveniently done by taking the acetone solution in a pipette and
allowing it to rim out of the pipette while the latter is used as a stivring rod in the
water. Note the change in colowr to a purer green, and the disappearance of
fluorescence,

Expt, 32, To demunstrate the difference between o true und a colloidal solution of
chlvrophyll, Evaporate 10 c.c. of an acetone extract (Expt. 18) to complete dryness
and test its solubility in ether, petrol ether aud benzene. It is soluble in all three
solvents, Now add these solvents to some of the colloidal solution prepared in the
last experiment, and note that the chlorophyll does not dikwolve in any of these
solvents, If however, some salt solution, e.g. a little magnesium sulphate, be added,
the chlorophyll is precipitated from its colloidal state and i now soluble in ether
and other solvents,

Expt. 33. To show that chlorophyll in the plant is probably in the colloidal
condition. Some nettle powder is carefully dried, e.g. by keeping it at 30-40°C. in an
oven, and then further drying in a vacuum desiccator over sulphuric acid. Small
quantities of this dry powder are put in test-tubes, and different pure water-free
substances such as acetone, ether, benzene and absolute alcohol are added. Note
that these solvents are not coloured by the chlorophyll. It can be demonstrated that
the extracted pigment is easily soluble in any of these substances. Repeat the experi-
ment with nettle powder moistened with a few drops of water, and note that the
solvents are immediately coloured,

raY Fe )
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Expt, 34. Pure solvents are uble to extract chlovophyll from fresh leaves. Crush
10 gms. of fresh leaves of nettle, horsc-chestnut or elder iu a mortar with some clean
sand, and put the crushed material on a filter-paper in a porcelaiu funnel Add
20 c.c. of pure acetone and suck it through by means of a water-pumip. Repeat this
several times. The pure solvent is hexe able to extract the pigment.

Expt. 35. Treatment of fresh Leaves with boiling water changes the condition. of
the chlorophyll. Dry a quantity of leaves which have been put in boibing water and
exarine their solubility as n Expt. 33. Note that the chloroplyll in this powder is
soluble in pure solvents,

There is finally another change which chlorophyll can nndergo,
namely that of allomerization, which takes place in alcoholic solution.
The characteristic of allomerized chlorophyll 1s that it does not give the
brown phase when treated with alkali (see Expt. 22). Allomerization is
accelerated in alkaline solution but inhibited by small quantities of acicl.

Expt. 36. To demonstrate that allomerized chlorophyll dnes not give the brown
phase test. Dissolve a little cride chlorophyll, obtained by evaporating an ether

solution, in absolute alcohol. To n sample of this add a Little alkali, and perform the
phase test, from time to time, till at last the brown phase no longer appears.

CONNEXION OF CHLOROPHYLL WITH FORMALDEHYDE.

In addition to the above, another chemical property of chlorophyll
of great interest,is that connected with the production of formaldehyde.
Those investigators, who have sought to confirm the formaldehyde
hypothesis of carbon assimilation, have based their evidence on tests for
formaldehyde both in the plant and in chlorophyll-containing systems
outside the plant. By exposing films, or solutions, of chlorophyll to light
in presence of carbon dioxide, they have detected formaldehyde as a
result (Usher and Priestley, 5).

The most recent investigations (Jorgensen and Kidd, 2) have shown
that the experimental evidence is at present inadequate to support the
hypothesis, since formaldehyde ariscs from chlorophyll itself in the
absence of carbon dioxide.

In this later work (Jérgensen and Kidd, 2) on the behaviour of ex-
tracted chlorophyll in light, use has been made of a colloidal solution (see
p- 35) of pure chlorophyll (chlorophylls ¢ and b) for experimental work.
The solution for this purpose must be prepared from.pure chlorophyll,
which has been tested and shown to be free from yellow pigments, since
the latter absorb oxygen and may confuse the issue of the experiment.
The pure chlorophyll is prepared by extracting dried nettle leaves with
80-85/, acetone in the usual way and transferring to petrol ether (p. 28).
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The petrol ether extract is then washed with 80 ¢/, acetone to remove
colourless impurities, and with 809/, methyl alcohol to remove xantho-
phyll. Finally all-traces of acetone and methyl alcohol are removed by
washing with water. This renders the chlorophyll insoluble in petrol
ether, since it is only soluble in this solvent if traces of other solvents
are present. Hence the pigment is precipitated out as a fine suspension,
leaving the carotin in solution. The chlorophyll is filtered off through
powdered tale, taken up in ether, reprecipitated by petrol ether and
finally obtained as a blue-black micro-crystalline substance. The col-
loidal solution or solis made by dissolving 0'4 gin. of pure chlorophyll in
3 c.c. of absolute alcohol and pouring into 300 c.c. of distilled water.

The advantage of using such a solution is that the experimental
conditions, in all probability, approach more nearly to the conditions in
the plant, and reactions with other substances take place more readily
than when the chloropliyll is used as a film. The use of pure, instead of
crude, chlorophyll is also important as by this means it is possible to
determine the changes taking place in chlorophyll itself without complica-
tions arising from the accompanying impurities. The discordant results
of various workers on this subject are doubtless due to the employment
of crnde chlorophyll. Ethyl alcohol is the best solvent for preparing
the sol since it does not produce formaldehyde when exposed to light
under ordinary circumstances in glass vessels, Methyl alcohol and
acetone should be avoided as they themselves either contain or give rise
to formaldehyde.

The chlorophyll sol is electro-negative. It is stabilized by weak
alkalies, but precipitated by weak acids.

Working with such a colloidal solution the results may be summarized
as follows. '

When a chlorophyll sol is exposed to light in an atmosphere of
nitrogen in a sealed tnbe, no apparent change takes place in the chloro-
phyll, and no formaldehyde is produced.

When exposcd in an atmospherc of carbon dioxide in a scaled tube,
the chlorophyll rapidly turns yellow- or brown-green. In the case of
sols of high concentration, the colour-change is preceded by precipitation
of the pigment. The same change takes place in the dark, only more
slowly. No formaldehyde is produced, and no absorption of carbon
dioxide could be detected. The yellow product has been shown to be the
magnesium-free derivative, phaeophytin, which is produced from the
pigment by the action of acids. The changes observed are explained by
the fact that the carbon dioxide, acting as a weak acid, first precipitates
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the sol, if concentrated, and then acts, like other weak acids, on the
chlorophyll, producing phaeophytin. If the solution is kept nentr: 2l by
addition of sodium bicarbonate, there is uo colour change. The i dentity
of phaeophytin was shown by the spectrum and by the restoration of
colour on adding a trace of copper acetate.

When exposed to hght and the atmosphere in the sealed tube is
replaced by oxygen or air, the chlorophyll turns yellow- or brown-greei °
as before and then bleaches. The change of colour from green to yellow
or brown is again due to the formation of phaeophytin, this being bronght
about by the presence of an acid substance, which is produced dnring
bleaching, and increases thronghout the process. Formaldeliyde can be
detected in a very slight amount during bleaching, but is formed in
much greater quantity after bleaching is complete.

It is suggested that the formaldehyde is produced by the oxidation
and breaking down of the phytol component of the chlorophyll :

CHjCH—CH—CH—CH—CH—CH—CH—C = C—CH,OH
lCH3 CHj, cIH3 cIH3 cle CIH3 clzl-i3 clecIH3

There is no reason for ascribing to any of the above reactions any
part in carbon assimilation. There is at present no hypothesis, supported
by satisfactory evidence, as to the process of carbon assimilation.

Expt. 31, Detection of formaldehyde as a product of oxidation of whlovoplyll,
Extract 2 gms. of dried nettle leaf powder with 20 c.c. of 809, acetone and transfer
it to petrol ether as in Expt, 18. Then shake the petrol ether extract four or five
times with an equal volume of 809/, acetone to remove colourless impurities. Next
the petrol ether extract is similarly shaken up with 809, methyl alcohol which
removes the xanthopbyll. This should be repeated until the methyl alcohal is
colourless. The petrol ether is finally washed repeatedly with water to rernove traces
of acetone and methyl alcohol. The chlorophyll is in time precipitated as a fine
suspension, being ingoluble in pure petrol ether. This suspension is filtered through
either kieselguhr or powdered tale on a small porcelain filter. The ehlorophyil is
extracted from the powder on the filter with as small a quantity as possible of
absolute aleohol This alcoholic solution is then poured, with constant stirring, into
100 c.c. of distilled water by which means a colloidal solution of chilorophyll is
obtained.

The test to be employed for formaldehyde is as follows (Schryver, 4). To 10 c.c. of
the liquid to be tested add 2 c.c. of a 1 %/, solution (freshly made) of phenylhydrazine
hydrochloride, 1 c.c. of a 59/, solution (freshly made) of potassium ferricyanide and
5 c.c. of concentrated hydrochloric acid. 1f formaldehyde is present a pink to
magenta colour is developed, either deep or pale, according to the quantity of fovm-
aldehyde, The reaction is due to the formation of a condensation product of
formaldehyde and phenylhydrazine, and this compound, on oxidation, yields a weak
base forming a coloured salt with concentrated hydrochlorie acid, The salt is
readily dissociated again on dilution of the solution,
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Two moditications (Schryver, 4) can be adopted in applying this test. Fist, in
testing for formaldehyde in pigniented solutions, the following conrse can be parsned.
The reaction misture, after addition of phenylhydrauine, ferricyanide and hydro-
chloric acid, is diluted with water, and ether is added in a separating funnel.  The
hiydrochloride of the chromatogenic base is dissocinted and the base is taken up by
the ether. The aqueous sohition is run off, aud on addition of strong hydrochlorie
acid to the ether, the base passes into the acid as a coloured hydrochloride again.
By using a swall quantity of acid, the sensitiveness of the test is increased, since the
culour is now distributed tlirough a small quantity of liquid only.

The second modification consists in warming the solution to be tested for
a short time with the phenylhydrazine hydrochloride before adding the other
reagents. In this way, formaldehyde can also be detected f it should be in » poly-
merized form.,

As a control, 10 c.c. of the colloidal solution of chlordphyll shiould be tested,
using both the above modifications. The remainder of the solution should be
exposed to sunlight (or the light from either an arc or mercury vapour lamp) in a
loogely corked vessel, until it is completely bleached. The bleached solution, on
testing, will be found to give a positive test for formaldehyde.

THE YELLOW PLASTID PIGMENTS.

These have already been mentioned in connexion with the lcaf
pigments (pp. 28 and 29). In addition, however, they have a further
significance in that they constitute the pigments, located in plastids,
of most yellow and orange flowers and fruits. Sometimes also they occur
in other organs, i.e. root of Carrot (carotin).

Carotin, C,H,, is an unsaturated hydrocarbon. It crystallizes in
lustrous rhombohedra which are orange-red by transmitted and blue by
reflected light. It is readily soluble in chloroform, benzene and carbon
bisulphide, but with difficulty in petrol ether and ether.

One of its most characteristic properties is that it readily undergoes
oxidation in air, and becomes bleached. With concentrated sulphuric
acid it gives a deep blue colour.

Xanthophyll, C,H,O,, also forms yellow crystals with a blue
lustre. It is soluble in chloroform and ether, but insoluble in petrol
ether. It is more soluble than carotin in methyl alcohol. It gives
a blue colour with sulphuric acid, and also oxidizes in air with bleaching.

The separation of the two pigments (see Expt. 21) is based on the
fact that in a mixture of petrol ether and methyl alcohol containing a
little water, the carotin passes entirely into the petrol ether, whereas the
greater part of the xanthophyll remains in the methyl alcohol layer.
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CHAPTER V
CARBOHYDRATES AND THEIR HYDROLYZING ENZYMES

THE carbohydrates which occur in plauts may be classified as
follows :
' Pentoses, C,H;,0,—Arabinose, xylose.
Monosaccharides. ..... [Hexoses, CoH,,0,—Glucose, galactose,

mannose, laevulose.

Disaccharides ....... .. {Suggose, maltose, Cy,H,0),.
Trisaccharides......... {Raffinose and others.

{Pentosans, (C;Hs0,),—Araban, xylan.

| Starches, (CHyOy)p—Starch, dextrin, inulin,
Polysaccharides ....,. 4 Mannans, galactans, gums, mncilages,

l pectic substances.

i Celluloses, (CH,0;),.

The carbohydrates are widely distributed in plants and form most
important parts of their structure. Those most commonly found are :
cellulose, starch, pentosans, dextrin, glucose, sucrose, laevulose and
maltose. Other sugars, especially trisaccharides, are known in addition
to those mentioned above, but they are somewhat restricted and specific
in their distribution,

Asin the ca se of the proteins, so with the carbohydrates, the molecules
of the more simple and soluble crystalline compounds, such as the
monosaccharides, are synthesized into more complex molecnles which
exist, either in the colloidal (dextrin), or insoluble state (starch, cellulose).
The last-mentioned build up parts of the solid structure of the plant.
The resolution of the solid complex substances into simple oncs is
known in many instances to be brought about in the plant by enzymes,
and it is highly probable that the synthesis of the complex from the
simple is also controlled by these enzyines.

The most commonly occurring sugars in plants are glucose, laevulose,
sucrose and maltose : sucrose is hydrolyzed by the enzyme, invertase,
into one molecule of glucose and one molecule of laevulose : maltose by
the enzyme, maltase, into two wolecules of glucose. Both jnvertase and
maltase are widely distributed, The connexion between various sngars
and photosynthesis, and their inter-relationships with each other in the
leaves, are reserved for another section.
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Of the polysaccharides, cellulose is nniversally distribnted in higher
plants and constitntes the greater part of the cell-walls, The pentesins,
galactans and maunans also, bnt to a lesser degree, ave componeuts of
their structure. Starcl, in addition, is very widely distributed: it is
convertod by the engynie, dinstase, mto dextri and maltose, and possibly
the samo enzyme also controls its synthesis. 1n sonre plants no stvels
is formed, and its place i metabolisn is taken by wnhin or cane-sngar,

The varions carbohydrates will first be dealt, with i detail, and later
therr inter-relationships will be considered,

MONOSACCHARIDES.

These are termed tetroses, pentoses or hexoses according o the
number of carbon atoms in the molecule.  They contain prinsry
(— CH,0H) or secondary (=CHOH) aleohol gronps, and cither an
aldehyde (— CHO) group, as in glucose, or a ketone (= C=()) gronp, as
in laevulosc. Thoy are, as a class, whits aystulline snbstances, solable
in water and aqucons alcohol, but insoluble i ether, acetone sud maary
other organic solvents. They arc capable of certain clhamcteristic
chemical reactions which forni a basis for then deteetion and estimation,
One of the most important is that conmected with the aldehyde and
ketone groul')s, owing to which thoy act as reducing agents, being them-
selves oxidized. The redueing action usually employed is that which
takes place with copper salts in hot alkaline solntion, wherehy enprons
oxide 18 formed. Hence they are termoed “redneing™ sugms, Another
important reaction is the formation of crystalline osazones (ouly i the
case of sugars with aldohyde or ketone gronps), whicl, by virtne of
their melting points and characteristic crystalline forms, constitute, in
several cases, valuable tests for the presence of sngars.

Penroses,

Thesc sugars contain five carbon atoms, and have the general formmla
CH,Oy. They arc said to be present in the freo state to some extent
in leaves (Davis and Sawyer, 10). In plants they ocenr chiefly, however,
as condensation produets formed with elimination of water. Thuse
products are termed the pentosans, and are widely distributed; on
hydrolysis they yield pentoses again. The various gums found in plants
consist largely of pentosans, and the pectins also contain pentose groups;
both consequently yield pentoses on hydrolysis (sce pp. 61 and 64),
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If we examine the structural formula of a pentose, as for exaniple,
arabinose :
H—C=0
|
HO—C*—H

I
H—C*_.OH
I

H.—C*_OH
1
H—C—H

I
OH

we see that each of the three carbon atoms marked * is united to four
different atoms or groups of atoms. Each of these carbon atoms is there-
fore asymmetric, and, with regard to it, there are two possible isomers
(see p. 9, Cole, 3, for stereoisomerisim). It will be found on examination
that there are eight possible isomers of the formulae given above:

CHO CHO CHO CHO
HO———IC———H H— é———OH H———é—OH H O———é———H
HO———IC—-H H———IC———OH HO- ~-IC-—-H H—é———OH
HO———IC———H H —IC———OH H———IC- -OH HO—C—H

éH.,OH éHon éHZOH (IJH20H

{-Ribose d-Ribose {-Xylose d-Nylose
CHO CHO CHO CHO
H———IC———OH HO———CI}—H H———é———OH HO—-—IC———H
HO—C—H H -—IC—-OH H—C—OH HO———IC———H
HO———IC———H H———CI)———OH HO———é———H H———é———OH
éH-,OH cleon CIHZOH CIH._,OH
{-Arabinose d-Arabinose I-Lyxose d-Lyxose
unknown

Of these only seven have becn isolated. The two pentoses which
occur in plants are l-arabinose and I-xylose. These, however, are known
almost solely as condensation products, pentosans, in gums, woody tissue,
etc. The pentoses form osazones (see p. 49 for reactions and composition).

Arabinose. This sugar occurs as the pentosan, araban, in various
gums, such as Cherry Gum, Gum Arabic, etc. (see p. 45).

Some of the properties and reactions of the pentoses'are demonstrated
in the following experiments.
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Ezpt. 38, Tests fur arabinme. For renctions ¢ usea 19/, solution of arabirase :
for reaction f a 02 %, solution.

If e arabinose is not aveilable, n solntion for tests @, b aund ¢ can e prepmrad
from gum arabic. Boil 5 gns. of the goia in 100 ee of water with 10 e nf cone
centimted hydrochloric acid for 5 priputes and tlen nentindize to littons with adleali.
Snch a solution is only suitable for the specific tests for mmbinose, sinee it alsn
containg galnctose (wee . 61). Fur tests «, & aad ¢ suadl pieces of solid gnucambic
ny even be used.

(@) Hent a fow .6 of the sagnr solution in n tistetule with aboat lodf its volnme
of concontinted Lydrocldorie acid.  1n the wouth of the test-tube phuwe n picee of
filter-paper sonked with nnilives nectate (made by mixing cqual qamtities of aniline,
water and glacinl ncetic avid). A pink colour will be prodaced in the paper. This is
due to the fact tlnt furfmml is fored Ly the netion of the acid on the pentose, and
the furfural then gives n red coloar with anilhne neetinto solution :

‘OH H
| CH=CH
C!H———CH—B 3H' —3HO = l >o
C'H_"CI ‘ CH=C
oH K oo
H H
Ambinose Furfural

This reaction, howover, i nlso given by the lhexoses bat to a miode less
extent.

() Warm a few c.o. of the sugnr solution with nn pqual volume of conerntratid
hydrochloric neid in a test-tube, and add a suall quuitity of phloroglucin, A leight,
red colomtion is produced.

() Ton fow c.c. of the sugar selntion in n test-tale add an equal gquantity of
concentrated hydrochloric acid, and then a little solid orcinol. Divide the solntia
into two eqaal portions,  eat one portion, The solntion will beeome red clowging
to violet und fawlly blue, ldue-green or green. To the other portion, after Lieating fne
a time, wld a few drops of 109, ferric chiloride solution, A deep wroen colonr is at
once produced, I botly eases, on tho wddition vf rlittle amyl aleolol, the groe
colour will be extracted by the aleolol,

(@) a-Naplthol reaction.  Add to n little of the sugar solntior a few drops of «
1 9, solution of aamplithol in aleohol, Mix tle two solntions and then run in wboat
5 c.c. of conceutrated salplmric acid down the side of the test-tube, A violet colora-
tion is produced at the junction of tlwe two liquids, The eoloration is dne ton
condensation product of @uaphthiol witle furfur, the latter being formed by the
action of the aeid on the carbohydrate. This reaction is likewise given by ievalose
and cane-sugar (since it yields lnovnlose, see p. 52), aud lews strongly by ghicom mnd
maltose : alwo Ly some proteins whicl eontain a earbohydrate gronp,

(#) Boil a little of the anrabiuose solution with a few drops of Fohliug's solntiun,
Reduction will take plase.

(7) Make the osazone of ambinnse following the instructions given for glucosazone
(soe p. 49).
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A solution of arabinose which will give tlne pentose reactians cas s
be obtained by hydrolysis of Cherry Cinn, The g aozes from the Dk
of varions species of Heunies, snclt as the Cheery (rwwis Cerasas) s
the Bird Clhicrry (. Pudaes).

Earpt. 39, Prepmietion of welivose sl utian frem Cheeey G, Tl ganis heated,
o on water-latl i a mtelbottomen] sk tittedd with an aty anpdetser?, witle
Ailnte sulpdearie ol 71 pt by we of guse s 7 pte by wte of 19 salplarie sedds for
abont 5 hours, ‘Phie solaline is then peatralized with calrinne el nod (iend,
Virforta tlos tests vy A and e of Bxpt, 3%m the solntion. A positive nesalt is abita it
in el rase. Ninee the solution emdsons stlor sagpas as topariths, it enmud con
clagively bre e e tests of, cand £ 1 a consalamble quucotity of gaa is saaibdibe,
ervstallization of ambinnsa: shoald be wttaaptol by emeenteatiog tle iqueons sugae
solution, extracting thds with 90¢ | adeolo] axed ngaia enaeenirating inon fesiceatoy
(ews D350 1 a very stodliantity of s ondy s available, the testa o, Asanl ¢
shionld e perloruerd divetly s spall piece of the gau 0w test-talse

A purer prepamtion of arabinose, which may be nsed forall tle fosts
of 1xpt. 38, can be obtained by the hydrolysis of agdmn (see Txpl, #51

Xylose. This sugmr ocenrs very widely disteibuted in woady tissne ns
the pentosmr, xylan (sce o 53). A solntion of xylose which wall give the
pentose reactions can be obtaimad from the hydralysis of straw,

Krpt, YO, DPeegpicution of eyloge anlutiog Fron ateawe, Pk nbont 50 g, o strior,
which log been efit up inge suadl pieces, and put it iato o sl bottoanad flauk
itted with ;e onir condenser,  Add salticiat, 5 < salplarie neid to vover the stimw
nid Liente on o water-dmth for 24 bes, Filter off the solntion, sectralize witle
eideiiin erborate and Qlter agedn, Make witle tles solation tles denta o and o0 of
dxpt. 3%, The solating will also veduce Felding's solatia strongly, bat this vedaetivg
sony L partly due to ethoer siggvs fornual in the liydeolysis,

The prosence of syla giving the ponbose muckicies san alar b dorgoustanted
straw, o or snwdnst, by yaerely Leating saaall qunntities of thesor silotances in
test-tobe with the above roagenta e Fxpt. ).

A puarer solution of xylose can he abtained fronc the hyidrolyuis of
xylin (see lxpt, 51),

When xylose is oxidized witl brounne, it yields sylonie andd which
has o characterstiec cadinimn salt, The furmation of this sall is nsed ason
method for ddentifymg the sngm- (vee Expt. H1),

HExosES,

Glucose. This snbstance, which is also known as grupee-sugar, ix very
common aned very widely distributed in plats. T ocenrs bn the tissipes
of leaves, stems, roots, Howers and Hits. Tt s prodneid as s resnlb of

Ui a wide plean of glass tubbag about 3 (4. long pusdug thiaugh the eork.
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the hydrolysis of cane-sngar and waltose, and, in all probability, is the
first sugar synthesized fronr carbon dioxide and water. Tts synthesis ad
its relationships to other sugars will be diseussed later (see p. 69). Thoas
a white crystalline snbstance, readily solnble in water and aqueons
alcohol, but only slightly solnble 11 absolnte alcobol.

If as in the caso of a pentose, we exanine the strnctural formula foar
a hexose, snch as glucose:

H—C =0
H———IC"‘——-OH
HO—C*—H
H-é*-o H
H———é"'-»-OH
H———IC-— H
oK

we sce that thore are fonr eamrbon atoms warked * which are nnited
to four different gronps of atomns. It will be fonnd in this case that there
aro sixteen possible isomers

CHO CHO CHO CHO
H———é———OH HO—IC-«.-H HO——-é——H H——‘(}:—-OH
H- r-(L—-OH HO. .C—H H———(.l‘.—-OH HO——(.L, H

HO—-(I)—-H H———CI}—OH HO—-(IP———H H-—-(l)—-OH
HO———(L—-H H —»-IC———OH HO———(ID—-H H——(IJ—~OH
éH,OH CI>H20H éHZOH (I:H.,,OH
{-Mannose d-Manuose L-(ilucoso dsCHlacose
CHO CHO CHO CHO
HO—CI—H H———(I}—-OH H—(l}»OH Ho-—l: -H
H——(ID—-—OH HO——-(I:—-H H—L—OH HO—IC...-,H
HO——(!‘;—-—-H HmlC-—-OH HO- (.L,w-H H—‘O—-OH
H—-CI—-OH HO—-L—-H H—-é—-OH HO——E}-' H

JIH,,OH cle,OH lCH,,OH £H¢OH

{-Idose d-Idose I-Gulose A.Grlose
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CHO CHO CHO CHO
HO———CI———H H———IC-—OH H———CI———OH HO———IC———H
H—C—OH H O———IC———H H———é———O H H O———é———H
H—C—OH HO———(I3———H H———IC———OH HO———IC———H
HO—C—H H—C—OH H O———IC———H H—C—OH
éHioH éHZOH éHIOH éH,_.OH
{-Galactose d-Galactose {-Talose d-Talose
CHO CHO CHO CHO
HO—CI———H H———IC———OH H———IC———OH HO———IC———H
H 0———CI———H H—C—OH HO—C—H H—C—OH
HO—CI———H H—-IC———OH HO———!C———H . H———é———OH
HO———é———H H—C—OH HO—C—H H—C—OH
CH,OH éHon éHon CH,OH

These four unknown

Though many of the above sugars have been synthesized artificially,
only three are known to occur naturally, i.e d-glucose (dextrose or grape-
sugar), d-mannose and d-galactose.

Since compounds containing asymmetric carbon atoms are optically
active, i.e. can rotate a plane of polarized light, it follows that the sugars
under discussion are optically active,

d-glucose is dextro-rotatory.

When either d- or l-glucose is first dissolved in water, it is chemically
less active than would be expected of the aldehyde form depicted above,
This is explained by assuming that glucose, when first dissolved in water,
exists in the condition of a -lactone :

H—C—OH

H-—-ICN
HO——-IC_—.H (o]

Heb

H—C—OH

|
CH;OH
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In the above state the carbou atoin vuwked * 15 also asymmetric so
that two fonus of glucose e possible, a- und B-glacose ;

HO— OH H—C—H
H- - IC)-—-OH H—C—OH
HO. lc__H o HO—£—H o)
H———I He T
H—C—OH H»V—CI—~OH
CH,OH CIH20H
a-Gilneose B-Clacose

In solution, both the above foring pass by tantomerisie into the
aldehyde form.

In the plant there aro,as will be deseribed later (p. 142), iy aronatic
and other componnds containing one or more hydroxyl gronps, These
hydroxyl gronps of the aromatic snbstances are freguently replacid by
a glucose (or other sngar) moleeule, and snelt compounds e ternned
glucosides, as, for instance, salicin, the glucosidi of sahieylic alcohol which
ocenrs in Willow bark (see p. 152):

I
HO—C—OH
|

CH,OH
Snlicin

These substances, morcover, may be classified cither as a- or 8-
glucosides according to which of the above a or 8 fonus of ghicose
combine with the residual part of the compound, Varions glhcosides will
be dealt with in Chaps. vir and Ix.

Eaxpt. 41. Tests for glucuss. Before dealing with the sugars actunlly isolated from
the plant, it is advisable that the following tests and reactions should be performed
with pure glocose using a 0'29/, solution.

(w) Moore's test. Boil a little of the glucose solution with an equal vohme of
caustic soda solution. A yellow colour is developed whicl is due to the furmation of
a condensation product (caramel) of the sugar,
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() Trowmmer's test. Add a few drops of a 19/, copper sulphate solution to 2-3 c.c.
of 3¢/, caustic soda solutimi. A blue precipitate of eupric hydroxide is formed. Add
now 2-3 c.e, of the glucose solution, and the precipitate will dissolve, On boiling,
the blue colour disappears, and a yellow or red precipitate of cuprous oxide is formed,
If only a little sugar is present the blue colowr will disappear, but no oxide may
be formed.

(¢) Fehling's test. Boil a few c.c. of freshly made Fehling’s solution in a test-tube
and note that it is wnaltered. Then ndd an equal quantity of the glucose solution
and boil again. A red precipitate of cuprous oxide is formed,

(d) Osazone test. Take 10 c.c. of a 019/, solution of glucose in a test-tube aud
add as nwch solid phenylhydrazine hydrochloride as will lie on a sixpenny piece,
at least twice as much solid sodium acetate and also 1 c.c. of strong acetic: acid.
Warmn gently until the mixture is dissolved and filter into another test-tube. Then
place the tube in a beaker of bhoiling water for at least 4 hour, keeping the water
boiling all the tinte. Let the test-tube cool slowly, and a yellow crystalline deposit
of phenylglucosazone will separate out. Examine this under the microscope and it
will be found to consist of fine yellow needles variously aggregated into sheaves and
rosettes, Glucosazone melts at 204-205° C.

The osazone reaction takes place as follows:
CH,OH (CHOH), CHO +HyN * NHC(H,=CH,OH (CHOH); CH : N - NHCyH;+ H,0.
Glucose phenylhydrazone

The phenylhydrazone is very soluble, but if an excess of phenyl-
hydrazine is nsed, a second hydrazine complex is introduced and an
insoluble osazone is formed :

CH,OH (CHOH)3—C—CH:N - NHC¢H,,
N-NHCH;

Glucose reacts in this way by virtue of its aldehyde group. Phenyl-
hydrazine hydrochloride does not give an osazone when boiled with
glucose unless excess of sodium acetate be added. This acts on the
hydrochloride to forin phenylhydrazine acetate and sodium chloride.

Galactose. Galactose rarcly, if ever, occurs free in plants, though it
is fairly widely distributed in the form of condensation products, the
galactans, in cornbination with other hexoses and with pentoses (see p. 60).
These galactans form constituents of varions gums, mucilages, etc.
Agar-agar, which is a mucilage obtained from certain genera of the Red
Seaweeds (Rhodophyceae), yields a high percentage of galactose on
hydrolysis with acids. Galactose also occurs as a constituent of some
glucosides from which it may be derived on hydrolysis.

One of the most important reactions of galactose is the formation of
mucic acid on oxidation with nitric acid. Muecic acid is practically
ingoluble in water and separates out as a crystalline precipitate on
pouring the products of oxidation into excess of water.
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Euxpt. 42. Preparation of gulastose friwn agar-ayar. Weigh out 50 gus. of agar-
agar. Put it into a rornl-bottomed flask fitted with an air condenser (see p. 45).
Add 500 c.c. of 29, sulphuric acid and heat on a water-bath for 4 hes, Neutralive
the solution with calciwm carbonate and filter. Concentrate on a water-bath to a
syrup. Onstanding, crystals of galactose will separate out. Then add a little 5¢-759/,
alcohol and warm gently on a water-bath, By this means much of the dark-coloured
product will go intd solution and can be poured off’ leaving the crystalline residue.
Talke up this residue in a little hot water, boil well with animal chareoal to decolorize
the solution and filter, Concentrate again on & water-bath, On cooling, colourless
prisms of galactose will separate out,

Expt. 43, Ozidation of guluctose tu muctr uaid. Hent the galactose obtained in
the last experiment with nitric acid (1 gm. gabctose to 12 ¢.c. of nitric acid of sp. gr.
1115, i.e. 5 pts. of conceutrated acid and 12 pts. of water) on a water-bath, until the
liquid is reduced to one-third of its bulk. Then pour the product into excess of
distilled water. On standing (for a dny or two), n white sandy microerystalline preci-
pitate of mueic acid will separate out.

Mannose, Mannose has not been detected free in many plants, but
is widely distributed as condensation products, the mannans, in certain
mucilages and in the cell-walls of th¢ endosperm of various seeds
(see p. 59). From the mannans th¢ sugar can be obtained by hydrolysis.
On adding phenylhydrazine hydrochloride and sodium acetate to a
solution of mannose, the phenylhydrazone, which is nearly insoluble in
water, is formed almost immediately and hence constitutes a ready
method for the detection of the sugar.

Laevulose. This sugar, which is also termed fructose, is widely
distributed in plants, in the tissucs of leaves, stems, fruits, ete. It is
formed, together with glucose, in the hydrolysis by acids of cane-sugar.
The original cane-sngar is dextro-rotatory, whereas laevulose is more

~ laevo-rotatory than glucose is dextro-rotatory ; hence the mixture from
the hydrolysis is laevo-rotatory and is known as invert sugar, the change
being termed inversion. The same hydrolysis is brought about by the
widely distributed enzyme, invertagse. The polysaccharide, inulin, also
yields laevulose on acid hydrolysis. Laevulose is a white crystalline
substance, soluble in water and alcohol. Unlike glucose, it contains a
ketone instead of an aldehyde group:

CH,OH

C=O0

HO- —IC-—H
H——-IC———OH
H--C—OH

éH,,OH
d-Fructose
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Laevulose reduces Fehling’s and other copper solutions. It yields
the same osazone as glucose with phenylhydrazine hydrochloride and
sodium acetate. It also forms an osazone with methylphenylhydrazine
(up. 158° C.), a reaction which constitutes a distinction from glucose
since the latter gives no osazone with this substance.

Ezpt. 44. Tests for lacvulose. The following tests should be performed with a
02/, solution of laevulose in the same way as for glucose (see p. 48).

(a) Moore's test, A positive result is obtained.

(D) Trommen’s test. A positive result is obtained.

(=) Felding's test. Rednction takes place.

(d) Osazone test. Note that the crystals are identical with those formed from
glucase.

(e) a-Naphthol test (see p. 44). A strong reaction is given.

(f) SeliwannfP’s test. To 5 c.c. of Seliwanoff’s solution (prepared by dissolving
005 g of resorcinol in 100 c¢.c. of 1 in 2 hydrochloric acid) add a few drops of
lnewidose solution and boil. A red eoloration and a red precipitate are formed. Add
a little alcohol nud the precipitate forms a red solution.

DISACCHARIDES,

These sugars are formed from the monosaccharides by condensation
with elimination of water. By boiling with dilute acids, or by the
action of certain enzymes, they are hydrolyzed into monosaccharides.
The two most imnportant disaccharides found in plants are maltose and
cane-sugar.

Maltose. Maltose or malt-sugar, though it probably occurs in smaller
quantities than glucose and laevulose, is widely distributed in plant
tissues. It is fornied in the hydrolysis of starch, and its relationships in
the plant to starch and to other sugars will be considered later. It is a
white crystalline substance soluble in water and alcohol. In constitution
it is a glucose-a-glucoside :

CyH;05—0—C-H
H—b—on
l
HO—C—H 0
nb
H——-Cl——-OH
CHzOH
Maltose

It reduces Fehling's solution; but less readily than glucose. With

phenylhydrazine hydrochloride and sodium acetate it forms an osazone

4—2
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(m.p. 206° C.), which is more soluble than glucosazone and crystallizes
in broader flatter needles. Maltose is dextro-rotatory.

Expt. 45, Tests for maltose. The tests «, b, ¢ and e should be performed with a
029/, solution of maltose ; test d with a 29/, solution (see also glucose, p. 48).

(@) Moore's test. A positive reaction is given.

(B) Trommer’s test. A positive veaction is given.

(¢) Fehling's test. Reduction takes place, but less strongly than with glucose.

(d) Osazone test. Take 10 c.c. of the solution and treat as for glucosazone. The
crystals of maltosazone will be found to be much broader than those of glucosazone.

(¢) Hydrolysis. Take 20 c.c. of the sugnr solution and add 2 c.c. of concentrated
liydrochloric acid. Heat in a boiling water-bath for half an hour. Neutralize and test
for the osazone. Glucosazone will be formed.,

Sucrose, Sucrose or cane-sugar is very widely distributed in plants,
in leaves, stems, roots, fruits, etc. It is a white substance which crystal-
lizes well, and is soluble in water and alcohol. As previously stated it is
hydrolyzed by dilute acids and by invertase into one molecule of glucose
and one molecule of laevulose. It is formed by the condensation of
glucose and laevulose with the elimination of water. Its constitution is

in all probability as follows :
o

CH4OH * G- (CHOH); * CH * CH,OH
o}

CH'(CHOH)¢'CH - CHOH " CH,OH

(o]

so that both the ketone and aldehyde groups are rendered inactive. It
does not reduce Fehling's solution and does not form an osazone. It is
dextro-rotatory. '

Ezxpt. 46, Tests for cane-sugar. The following tests should be made with a 19/,
solution of pure crystalline cane-sugar (see also glucose, p. 48).

(@) Moore's test. A megative result i§ obtained.

(b) Fehling's test. No reduction takes place.

(¢) a-Naphthol test. A positive result is given sinee sucrose yields laevulose,

(d) Hydrolysis. To a few c.c. of the solution add a drop of strong sulphuric acid
and boil for two minutes. Then neutralize with caustic soda using litmus as
indicator. Boil again and add Fehling’s solution drop by drop. A reduction takes
place owing to the inversion of the cane-sugar by sulphuric acid.

() Seliwanoff's test. A positive result is [obtained owing to the liberation of
laevulose.
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PoLYSACCHARIDES.

These substances are formed by condensation, with elimination of
water, from more than three molecules of monosaccharides.

PENTOSANS.

It has already been mentioned that condensation products of the
pentoses, the pentosans, are widely distributed. The two most frequently
occurring pentosans are xylan and araban. No enzymes are known
which hydrolyze the pentosans. It is characteristic of xylan and araban
that they form copper compounds in Fehling’s solution in presence of
excess of alkali.

Araban. This pentosan may be regarded as a condensation product
of arabinose as already indicated. It occurs in various gums (Gum
Arabic, Cherry Gum) frequently in combination with othetr substances.
On hydrolysis with acids, araban yields arabinose. (See also gums and
arabinose.)

Lgpt. 47, Preparation of araban from Gum Arabic. (Salkowski, 27.) Weigh out
20 gms. of guin arabic and dissolve in 500 c.c. of warm water in a large evaporating
dish. Then add 200 c.c. of Fehling’s solution and excess of caustic soda solution,
The araban will be preeipitated as a white gummy mass which will settle at the
bottom of the dish, Filter off through muslin. Take u} the precipitate in dilute hydro-
chloric acid (1 pt. of acid : 1 pt. of water), and then add alcohol. The araban separates
out as a white precipitate. Wash away the copper ehloride with alcohol.

Eypt. 48, Hydrolysis of araban. The araban from the last experiment is put
into a round-bottomed flagk with about 200 c.c. of 2 9/, sulphuric acid and heated on
a water-bath for 2 hours, the flagsk being fitted with an air condenser (see p. 45).
Then neutralize the liquid with calcium carbonate, filter from calcium sulphate, and
concentrate on & water-bath., The sugar is extracted from the syrup with 909/, aleohol.
Arabinose crystallizes with difficulty but the process may be facilitated by sowing
the concentrated alcoholic solution with a few crystals of arabinose. Some of the
solution of arabinose should be tested with all the tests given in Expt. 38.

Xylan, This pentosan occurs in lignified cell-walls, and is the chief
constituent of “wood gum.” It is found in the wood of many trees (not
Coniferae), in bran, in wheat and oat straw, in maize cobs, in the shells
of coconuts and walnuts, in the testa of the cotton (Gossypium) and in
many other tissues: also in some gums. On hydrolysis, xylan yields
‘xylose; hence wood shavings, bran, straw, etc., will give the pentose reac-
tions on hydrolysis.
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Ezpt. 49. Detection of pentose from pentosuns n bran, suwdnst und straw, Take
a small quantity of bran and boil it up several times with 98 %/, alcohol, filtering off
the aleohol after each treatment. This should remove any sugars or glucosides
present. Allow the alcohol to evaporate off from the bran, and then make the
following tests for pentoses (see Expt. 38):

(a) Heat, for about one minute, a small quantity of the bran in a test-tube, with
sufficient concentrated hydrochloric acid to cover it. Care should be taken uot to
char the material. Then add as much solid orcinol as will lie ot the tip of a pen-
knife. Heat gently again for a fow seconds, Then add one or two drops of strong
ferric chloride solution ; a green coloration will be produced. Add amyl aleohol and
the green colour will pass into the alcohol.

(b) Heat again another portion of the bran with the same quantity of coneentinte
hydrochloric acid in a test-tube, but this time heat more strongly. After heating a
few minutes place a piece of filter-paper soaked in a solution of aniline acetate in the
mouth of the test-tube. A cherry.-red coloration will denote the formation of
furfural.

The above method and tests with bran may be repeated in exactly the same way
using sawdust or straw.

Ezxpt. 50, Preparation of aylan from sawdust. Extract one kilo of sawdust with
4 litres of 1-2 9/, ammonia solution for 24 hrs, Then filter off the ammoniacal solution
through muslin and repeat the extraction. The xylan is insoluble in ammoniacal
golution, and in this way colouring matters are removed. Finally wash the sawdust
well with water and press dry from the liquid. Then add to the sawdust sufficient
59/, caustic soda solution to make a thiek mush (about 1000-1500 e.c.) and allow it
to stand for 24 hrs, in a warm place. The alkaline solution is then pressed out
through calico and filtered through filter.paper. To the clear filtrate add an equal
volume of 969/, alcohol which will precipitate the xylan as a sodium compound.
Filter off this precipitate, wash with aleohol, and decompose with alcohol to wlich
a little strong hydrochloric acid has been added to remove the sodiurn. The free
xylan is again washed with alcohol, and can be dried by washing with absolute
alcohol and ether and finally in a desiccator. It is a dirty-white powder whicl is
almost insoluble in water. Make the tests for pentoses (see Expt. 38) on a little of
the solid xylan. The reaction will be given in each case.

Expt. 51. Hydrolysis of xylan., Put the xylan obtained in the last experiment
in & round-bottomed flask fitted with an air condenser (see p. 46). Add 100 c.c. of
49/, sulphuric acid and heat on a water-bath for 4 hrs. Neutralize the solution with
calchun carbonate, filter from calcium sulphate and concentrate on a water-bath.
Test a portion for pentoses (see Expt. 38) and a positive reaction will be obtained,
To a small quantity add also a few drops of Fehling’s solution and boil, Reduction
will take place.

To the remainder of the xylose solution add bromine (see p. 45) gradually until
there is excess. Then remove the excess of bromine by warming on a water-batls,
Neutralize the solution, which contains xylonic acid, with cadmium carbonate and
evaporate on a water-bath. Extract the residue with alcohol and filter, On concen-

trating the alcoholic extract, white prismatic needles of cadmium xylonate separate
out,
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It has been shown that pentosans, xylan and probably araban, oceur
in leaves (Davis, Daish and Sawyer, 15). It is likely that the xylau is
widely distributed in all tissues since it forms a constituent of lignified
cell-walls.

Ezpt. 52. Detection of pontoses froin pentosans in leaves. (Davis, Daish and
Sawyer, 15.) Take two large leaves of the Sunflower (Helianthus annuus). Tear into.
small pieces and drop into boiling 989/, alcohol in a flask. Boil well and filter off the
alcohol, Repeat wntil all the green colour is removed. Then dry off the alcohol aud
grind up the leaf residue. Perform the test for pentoses (Expt. 38 a and ¢) ou the
dry leaf tissue. It should give the above tests showing the presence of pentosans.

Leaves of the Violet ( Viola odorata) and Nasturtiunt (Tropacolum majus) may
also be used.

Expt. 53. Method for determination of pentosans in tissues, bran and leaves, ets,
Weigh out 2 gms. of bran, put it into a.yound-bottomed flask, add 100 c.c. of 129/,
hydrochloric acid and fit the flask with a water condenser. Heat gently over wire
gauze and distil into a solution of phloroglucin in 129/, hydrochloric acid. A green
precipitate of furfural phloroglacide is formed which eventually becomes almost
black. For accurate estimations of peutosans this is filtered off and weighed on a
(fooch crucible. The same niethod may be used with leaf residue as in Expt, 52.

STARCHES.

Starch. This is a very widely distributed substance in plants. It
occurs as solid grains throughout the tissues, in leaves, stems, roots,
fruits and seeds. It is absent, however, from a number of Monocotyle-
dons, e.g. Irvs, Snowdrop (Galanthus), Hyacinthus, ete. It forms one of
the chief reserve materials of plants, that is, it is synthesized from sugar
when carbon assimilation and carbohydrate synthesis are in progress, and
is stored in the solid form in tissues as grains. In other circumstances of
the plant’s existence, when material for metabolism is not available
from carbon assimilation, as for instance in germinating seeds or
growing bulbs or rhizomes, the starch is hydrolyzed into dextrin and
soluble sugar, which is translocated and used as a basis for meta-
bolism. During the night in leaves there is also a similar hydrolysis
of the starch which has been temporarily stored from the excess of
sugar synthesized during the day.

Starch has a very large molecule and thus a high molecular weight. It
is insoluble in cold water. When heated with a little water it gives starch
paste, but on boiling with water it gives an opalescent “solution” which
really contains starch in the colloidal state as an emulsoid. In this con-
dition it does not diffuse through dialyzing membranes and does not
depress the freezing point of water. The “solution” cannot, strictly
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speaking, be filtered, but generally, when hot, it passes te& some extent
through ordinary filter-paper. Starch is insoluble in alcohol and is pre-
cipitated by it.

The most characteristic reaction of starch is the blue colour it gives
with iodine solution. This blue colour disappears on heating, but re-
appears again on cooling. Starch is precipitated from "solution” by
half saturation with ammonium sulphate: it does not reduce Fehling’s
solution,

By boiling with dilute acids, starch is first converted into “soluble
starch” which still gives a blue colour with iodine. On further boiling,
various dextrins (see dextrins) are obtained which give either purple,
red or no colour with iodine. The final product, after prolonged boiling
with acids, is glucose. Hydrolysis with diastase yields dextrin and
maltose (see diastase, p. 73).

Ezpt. 54. Preparation of starch from Wheat, Starch may be prepared from
a cereal by the following method.

Take 25 gms. of flour and make it up into a dough with a little water. Allow it
to stand for half an hour. Then tie a piece of muslin over the top of a beaker which
is filled with water. Place the dough on the top of the muslin and rub it gently with
a glass rod. The starch will be separated from the gluten, and will be washed
through the muslin and on standing will sink to the bottom of the beaker. Allow
this to stand till the starch has settled, then decant off the bulk of the liquid. Filter
off the starch, and wash well with water, then with alcohol and finally with ether.
Dry in the steam-oven,

For the detection of starch in green leaves, see Expt. 77.

Exzpt. 55, Tests for starch, Take a small quantity of the starch prepared in the
previous experiment and shake up with a little cold water in a test-tube. Filter, and
test the filtrate with a drop of iodine (in potassium iodide) solution. No blue colour
is obtained, Pour a drop of the iodine solution on the residue in the filter. It tuwrns
dee} blue,

Weigh out 2 gms. of the starch prepared in the last experiment, and mix it into
a thin eream with a little water. Boil rather more than 100 c.c. of water in an evapo-
rating dish, and then gradually add to it the starch paste, keeping the water boiling
all the time. A opalescent  solution " is obtained, With a few c.c. of the solution
in each case make the following tests:

() Add 1-2 drops of iodine solution. A blue eolour is obtained. Heat the solu-
tion : the blue colour disappears, but reappears on cooling.

(b) Add an equal volume of alcohol : the starch is precipitated.

(¢) Add an equal volume of saturated ammonium sulphate solution : the starch
is precipitated, i.e. by half saturation with this salt.

(d) Add basic lead acetate solution : the starch is precipitated.

Ezpt. 56, Hydrolysis of starch. To 50 c.c. of the starch solution prepared in the
last experiment add 1 c.c. of strong sulphuric aecid. Boil for 10-20 minntes in a
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vound-bottomed' flask. Test a portion of the solution with iodine from time to time ;
a purple, red or brown colour is formed due to the dextrin produced iu hydrolysis,
To the remaix}der of the solution after neutralization, using litmus as indicator, add
some Fehling’s solution aud boil. Reduction ‘takes place owing to the glucose formed
in hydrolysis.

DEXTRINS.

These compounds occur in the plant as transitory substances, since
they are formed as intermediate products of the hydrolysis of starch by
diastase. They are also formed on heating starch or by boiling it with
mineral acids (see previous experiment). The hydrolysis of starchi to
dextrins i1s fairly rapid, but the conversion of dextrins into maltose is
a much slower process.

Both starch and dextrins have the same empirical formula. Various
forms of the latter have been identified, such as amylodextrin which gives
a blue colour with iodine, erythrodextrin which gives a brownish-red
colour with iodine, and achroodextrin which gives no colour with iodine.
The dextrins are readily soluble in water; they are precipitated by
alcohol but not by basic lead acetate. On hydrolysis with acids, they
are converted into glucose.

Lrpt. 57, I'repuration of dextrin by hydrolysis of starch. (a) By diastase from
leaves of the Peq (Pisum sativium). Weigh out 10 gms. of commercial potato starch
and make it into a sobition in 250 c.c. of boiling distilled water as in Expt. 55 and
cool. Then weigh out 10-15 gms. of fresh leaflets of the Pea (I'isum sativum) and
pound them well in a mortar. Add to the pounded mass 100 ¢.c. of distilled water
and a few drops of chloroform (see maltase, . 75) and filter. The filtrate will contain
diastase (see also Expts. 78-80). Then add the diastase extract to the starch solu-
tion in a fAask, plug with cotton-wool and put in an incubator for 48 hrs. If a little
of the liquid is withdyawn fron time to time and tested with iodine, it will be found
that the blue colour dne to starch gradually disappears and is replaced by the
brownish-ved colonr due to dextrin. After 48 hrs. there will be no trace of blue
colowr; then filter the liquid and concentrate the filtrate on a water-bath to a syrup.
"Treat the residue with 96-989/; alcohol and filter. A sticky mass of dextrin is left
which should be extracted with a little hot alcohol and then reserved for the next
experiment. T« show the presence of maltose, the alcoholic extraet is evaporated to
dryness on a water-bath, the residue taken up in a little water and the osazone test
wade (see p. 49) with the solution. Crystals of maltosazone will separate out,

(b) By diastass from germinating Barley (Hordeum vulgare). Grind well 26 gins.
of barley grains in a coffee-mill. Put the flour into a flask and extract with 96-98°/,
aleohol by heating ou a water-hath. This will largely free the grain from sugars.
Make a starch “solution” of the residue by boiling with 500 c.c. of water and filtering
through fine muslin,
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Weigh out another 25 gms, of barley grains and allow them to germinate ly
soaking and spreading on damp blotting-paper for 5-7 days. Pound the grains well
in a mortar, add 100 c.c. of water, allow to stand for 2-3 hrs, and filter. Precipitate
the filtrate with alcohol and allow to stand for 24 hrs. Filter off the precipitate,
take up in water and add it to the barley starch '“solutiou,” together with a few
drops of chloroforn.. Proceed as with (@) only the time for hiydrolysis may be much
shorter, i.e, 6-12 hrs.

Ezpt. 58. Tests for dextrin. Make & solution of the dextrin prepured in the laxt

experiment and note that it is very soluble in water. With the solution make the
following tests :

(@) Add a little iodine solution. A reddish-brown colour is produced, Heat the
solution and the colour will disappear. Cool again and the colour will reapipear.

(b) Add an equal volume of strong alcohol. The dextrin is precipitated.

(¢) Add au equal volume of saturated ammonium sulphate solution, i.e. half
saturation with ammonium sulphate. The dextrin is not precipitated.

(d) Add some basic lead acetate solution: the dextrin is not precipitated.

Invrin,

Inulin. Thissubstance occurs as a soluble “reserve material” in the
cell-sap of the underground stems, roots and also leaves of a number of
plants, especially members of the Compositae, eg. Dahlia (Dakliu
variabilis), Jerusalem Artichoke (Helianthus tuberosus), Chicory (Cicho-
rium Intybus) and the Dandelion (Tarazacum officinale). It is said to
occur also in the Campanulaceae, Lobeliaceae, Goodeniaceae, Violaceae
and many Monocotyledons (Hyacinthus, Iris, Muscari and Scilla).

Inulin is a condensation product of laevulose to which it bears nuch
the same relation as starch to glucose. It is a white substance, soluble
in water and insoluble in alcohol. It crystallizes out in the cells, in
which it occurs, in characteristic sphaero-crystals on addition of aleohol
to the tissues. It is hydrolyzed by mineral acids to laevulose: also by
the enzyme inulase which occurs in the plant.

Ezpt, 59. Extraction of inulin. Cut off the tubers from two Dahlia (Dakliu
voriabilis) plants, wash well, and put them through a mincing machine, Carefully
collect the liquid and the crushed tuber, and boil well with sufficient water to cover
the crushed material. Add also some precipitated calcium carbonate to neutralize
any free acids present. Then filter through fine muslin, and to the filtrate, which
should again be made quite hot, add lead acetate solution until a precipitate
(of mucilaginous substances, etc.) ceases to be formed. Care should be taken to
avoid the addition of a large excess of lead acetate, Filter off the lead precipitate,
and saturate the filtrate with sulphuretted hydrogen till all excess lead is removed.
Filter off the lead sulphide, neutralize the filtrate to phenolphthalein with amomonia,
and evaporate to half bulk or less on a water-bath, when the inulin will probably
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begin to deposit. Then pour into an equal volume of alcohol, and allow to stand for
one or two days. The erude precipitate of inulin is filtered off, dissolved in a small
amount of water, and reprecipitated with aleohol, It can be washed with alcobnl
and ether and dried over sulphuric aeid.

The Artichoke (Hdliunthus tuberosus) may also be used, about 12 tubers Leing
Lecessary.

Ezpt. 60. Tests for inulin. Make a solution of some «of the innlin prepared in
Expt. 59 in hot water. It will readily dissolve giving a clear solution. With the
solution make the following tests :

(@) Make a very dilute solution of iodine and add to it a drop or two of inulin
sohution : the brown colour will be unaffected.

(b) Boil some innlin solution with a little Fehling : wo reduction takes place.

If the inulin solution which is being used should reduce Fehling it indicates that
sugar is present as impurity. If this is the case, theu a little of the solid inulin
should be washed free from sugar by means of aleohol before proceeding with the
following tests.

(¢) To a little inulin solution add some 1 9/, aleoholic solution of a-naphthol and
a few drops of concentrated sulphuric acid and warm. A deep violet colour is
produced. This is due to the formation of furfural from the laevilose produced in
hydrolysis (see laevulose, p. 51).

(@) To a little inulin solution add about an equal quantity of strong hydrochlorie
acid and a few crystals of resorcin. Ared coloration is formed. This reaction
(Seliwanoff’s test) is also due to the presence of laevulose (see laevulose, p. 51).

Exzpt. 61. Hydrolysis of tnulin. Some inulin is dissolved in very dilute hydrochlorie
acid (about 0-5 %/,) and heated on a water-bath for half an hour in a round-bottomed
flask provided with an air condenser (sec p. 45). The solution is then neutralized
with sodium carbonate and concentrated on a water-bath. With the concentrated
solution make the following tests :

(a) DPoil with a little Fehling : the solution is rapidly reduced.

(b) Make the osazone test (see p. 49). Glucosazone crystals will be found to be
formed on mieroscopie examination. (Laevulose forms the same osazone as glucose.)

(¢) Make the tests (c) and (d) of the last experiment, A positive result will be
given in each case.

MANNANS.

The mannans which have already been mentioned (see p. 50) are
condensation products of the hexose, mannose. They occur most fre-
quently, either mixed, or in combination, with the condensation products
of other hexoses and pentoses (glucose, galactose, fructose and arabinosc)
as galactomannans, glucomannans, fructomannans, mannocelluloses, etc.
Such mixtures or compounds of which mannans form a constituent are
widely distributed in the seeds of many plants, ie. Palms (including the
Date-palm), Asparagus (Ruscus), Clover (Trifolium), Coffee Bean (Coffea
arabica), Onion (Allium Cepa) and of members of the Leguminosae,
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Rubiaceae, Coniferae and Umbelliferae. In seeds the mannans may
constitute, together with cellulose, the thickened cell-walls of the endo-
sperm and are included in the term " reserve- or hemi-cellulose " though
they are not strictly celluloses. “ Vegetable ivory,” which is the endo-
sperm of the Palm, Phytelephas macrocarpa, contains considerable
quantities of a mannan and is used as a source of mannose. Mannans,
in addition, form constituents of certain mnucilages, as for instance those
in Lily bulbs (Lilium candidum, L. bulbiferum, L. Martagon and others)
(Parkin, 23) and tubers of various genera of the Orchidaceae: they are
also found in the roots of the Dandelion (Turazacum). Helianthus and
Chicory, Asparagus and Clover, and in the wood and leaves of various
trees.

Many of the mannans, unlike true celluloses, are readily hydrolyzed
by dilute hydrochloric and sulphuric acids. The mannan in the Coffee
Bean, however, is hydrolyzed with difficulty.

GALACTANS.

These substances bear the same relationship to the hexose, galactose,
as the mannans to mannose, that is, they are condensation products of
galactose (see p. 49). Similarly they frequently occur, together with
the condensation products of other sugars, as galactoaraban, galactoxylan,
galactomannan, cte. As such they form constituents of many gums and
niucilages and of the cell-walls of the reserve tissue of seeds, i.e. the
Coffee Bean (Coffea arabica), the Bean (Faba), the Lupin (Lupinus), the
Paeony (Paeonia), the Kidnecy Bean (Phaseolus), the Date (Phoeniz),
the Pea (Pisum), the Nasturtium (Tropaeolum) and many others (Schulze,
Steiger and Maxwell, 29),

Gums.

These substances occur widely distributed among plants, especially
trees. Some gums are wholly soluble in water giving sticky colloidal
solutions : others are only partially soluble. They are all insoluble in
alcohol. In the solid state they are translucent and amorphons.

Chemically the gums are varied in nature; they may in general be
regarded as consisting of complex acids in combination with condensa-
tion products of various sugars, such as araban, xylan, galactan, etc.

* On hydrolysis they give mixtures of the corresponding sugars, arabinose,
xylose, galactose, etc., in varying proportions, though in some cases one
sugar preponderates.
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Some of the best-known gums are the following :

Gum Arabic (arabin). This substance is obtained from an Acacin
(Acacie Senegal), a native of the Soudan. The gum exudes from the
branches. Other species of Acacia yield inferior gums. Gum arabic is
a mixture of the calcium, magnesium and potassium salts of arabic acid,
a weak acid of which the constitution is unknown, in combination with
araban and galactan.

Gum Tragacanth. This is a product from several Tragacanth shrubs
which are species of Astragalus (Leguminosae), chiefly 4. gummifer. It
is obtained by wounding the stem and allowing the gum to exude and
harden. On hydrolysis it gives a mixture of complex acids and various
sugars such as arabinose, galactose and xylose.

Cherry Gum (cerasin) occurs in the wood of the stems and branches
of the Cherry (Prunus Cerasus), the Bird Cherry (P. Padus), the Plum
(P. domestica), the Almond (P. Amygdulus) and other trees of the
Rosaceae. It exudes from fissures of the bark. On hydrolysis it yields
almost entirely arabinose.

Lzpt. 62. Roactions of (Fum Arabie. Put a little gum arabic into an evaporiting
dish and add a little water. Heat gently and stir. The gun will slowly dissolve,
giving a thick sticky solution which does not solidify or gel on cooling. Make the
following tests, using a little of the gum solutiou in a test-tube ench time.

(@) Add a little alcohol. The gum is precipitated.

(b) Add a little Febliyg's solution and boil. No reduction takes place.

The three following experirnents show the presence of pentosan complexes in the
gum (see also Expt. 38, p. 44):

(¢) Add a little phloroglucin to the gum nnd then strong hydrochloric acid. No
colour is produced. Now heat, and a cherry-red colour appears,

(d) Heat the gum solution with a little concentrated hydrochloric acid and then
add a trace of orcinol. Warm again and then add one or two drops of strong ferric
chloride solution. A green coloration will be produced.

(¢) Heat the gum solution strongly with hydrochloric acid, and, after heating for
a few minutes, place n piece of filter-pmper soaked in a solution of aniline acetate in
the mouth of the test-tube. A cherry-red coloration indicative of furfural will be
formed.

Expt, 63, Hydrolysis of Gum Arabic. Weigh out 10 gms, of guin arabic. Fnt it
into & round-bottomed flask and add 100 c.c. of water and 4 c.c. of strong sulphuric
acid. Warm gently until the gum goes into solution. Then fit the flask with an
air condenser (see p. 45) and heat on a water-bath for about 4 hrs. Cool the
solution, and neutralize with barium carbonate. Filter off the barium sulphate and
eoncentrate the solution on a water-bath, Boil a drop or two of the syrup with
Fehling’s solution and show that reduction takes place. (The original gum either
does not reduce Fehling at all) or, if so, only slightly.) Thew add a little nitrie acid
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(sp. gr. 1’15, ses Expt. 43) to the syrup and heat on a water-bath almost to dryness.
Pour the residue into about 100 c.c. of water and allow to stand. A microcrystalline
precipitate of mucic acid is formed showing the presence of galactose (see p. 50) as
a product of hydrolysis.

MuorLdees.

The characteristic of these substances is that they swell up in water
and produce colloidal solutions which are slimy.

Mucilages are widely distributed and may occur in any organ of the
plant. Sometimes they are confined to certain cells, mucilage sacs or
canals. They are distinguished from the pectic substances by the fact
that they do not gelatinize. Some of the best known examples of
mucilage-containing tissues are those in the root and flower of the
Hollyhock (Althaea rosea): in succulent plants (Aloe, Euphorbia), in
bulbs (Scilla, Alliwm) and tubers (Orchis Morio): in seeds of Flax or
Linseed (Linum) and in fruits of Mistletoe (Viscum album).

The mucilages vary in composition. They appear to be largely, if
not wholly, condensation products of various sugars (galactose, mannose,
glucose, xylose, arabinose), similar constituents to those of many guing
and hemicelluloses. On hydrolysis various mixtures of sugars are pro-
duced. Of the mucilages, that from linseed has been thoroughly
investigated. It has been found on hydrolysis to give sugars only, e.g.
arabinose, xylose, glucose and galactose. In this respect mucilages differ
from gums, since the latter have always some other accompanying sub-
stance.in addition to sugars.

Ezpt. 64. Preparation and properties of muciloge from Linseed (Linum) (Neville,
21). Take about 60 gms. of linseed and let it soak for 24 hrs, in 300 c.c. of water.
Then separate the slime from the seeds by squeezing through muslin, and add to the
liquid about twice its volume of 96-980/, alcohol. The mucilage is precipitated as
a thick slimy precipitate. Filter off the precipitate and wash with alcohol By
waghing with absolute alcohol and ether and finally drying in a desiccator, the
mucilage may be obtained as a powder,

Add water to some of the mucilage. It swells up and finally gives an opalescent
solution. Make with it the following tests:

(@) Add iodine. No eolour is given.

(b) Add a little Fehling’s solution and boil. No reduction takes place.

Lzpt. 65. Hydrolysis of Linseed mucilage, Put the remainder of the mucilage in
a round-bottomed flask and add 50 c.c. of 49, sulphuric acid. Fit the flask with
an air condenser (see p. 45) and heat for at least four hours on a water-bath.
Cool and neutralize with barium carbonate. Filter off the barium sulphate, and
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concentrate the filtrate on a water-bath. With the concentrated solution make the
following tests:

(«) Add a few drops to a little boiling Fehling solution. Reduction immediately
takes place,

(0) Make the phloroglucin, orvinol and furfural tests for pentoses, using a small
quantity only of the liydrolysis mixture for the tests. A positive result will be given
in each case. The pentoses, arabinose and xylose, are responsible for these reactions.

(¢) Add to some of the solution phenylhydrazine hydrochloride, sodium acetate
and a little acetic aecid, and leave in boiling water for half an hour for the osazone test
[see Expt. 41 (d)]. A mixture of osazones will separate out, among which glucosazone
can be identified.

(d) Concentrate the remainder of the solution and theu add some nitric acid of
sp. gr. 115 (see Expt. 43), Evaporate down ou a water-bath to one-third of the bulk
of the liquid and then pour into about 100 c.c. of water. A white microcrystalline
precipitate of mucic acid will separate out, either at once or in the course of a day or
two, This demonstrates the presence of galactose.

Proric SUBSTANGES,

These substances are considered at this point since they are said to
constitute, in more or less intimate connexion with cellulose, the middle
lamella of cell-walls in many tissues. The pectic substances are fre-
quently found in the juices of succulent fruits in which the tissues have
disintegrated, such as red currants and gooseberries. They have been
isolated chiefly from fleshy roots, stems or fruits, as, for instance, from
turnips, beetroot, rhubarb stems, apples, cherries and strawberries.

Recent work (Schryver and Haynes, 28) points to the fact that in
turiips, strawberries, rhubarb stems and apples, there is the same pectic
material, and it is possible that all such substances may be identical.
The compound isolated in the above case is of an acidic nature and has
been termed pectinogen. When pectinogen is treated with dilute
solutions of caustic alkali at ordinary temperatures, it is rapidly changed
into a second substance termed pectin, which is readily converted into
a gel under certain conditions.

In the case of juicy fruits, such as currants and gooseberries, the
pectinogen can be precipitated as a gelatinous precipitate by adding
alcohol to the expressed juice. In the case of fleshy fruits, stems and
roots, the procedure is as follows. The tissues are thoroughly dis-
integrated in a mincing machine and pressed free from all juice in a
powerful press. The residue is then dried, finely ground, washed with
water and finally extracted with dilute ammonium oxalate solution in
which pectinogen is soluble. The extract is concentrated and the
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pectinogen precipitated by alcohol. It may be purified by reprecipita-
tion.

Pectinogen is precipitated from aqueous solution by alcohol as a very
bulkygelatinous mass,but when dried it forms an almost colourlessgranu-
lar powder. Put into water it absorbs large quantities of liquid and dis-
solves slowly, giving an opalescent solution with a distiuctly acid reaction.

As mentioned above pectinogen in alkaline solution is rapidly con-
verted into pectin. A solution of pectinogen is not precipitated either
by acid or dilute solutions of calcium salts but, after treatment with
alkali and conversion into pectin, both the aforesaid reagents produce
gelatinons precipitates. A similar precipitate is also formed when lime
water is added in excess to a solution of pectinogen and it is allowed to
stand. There is little doubt that the pectinogen is converted by the
alkali into pectin. Pectin is also an acid substance and it is insoluble
in water, giving an insoluble salt with calcium. After treatment of
pectinogen with alkali the pectin can, as already stated, be precipitated
by adding acid.

Analyses of pectin from various sources have led to the suggestion
ot C,;H,,O as its formula, There is also evidence that it contains one
pentose group. This can be detected and estimated by the furfural
phloroglucide method (see Expt. 53).

Ezxpt. 66, Extraction and reactions of pectinogen. Take about half a pound of red
currants and squeeze out the juice through fine muslin into a large beaker. Then add
to the juice about 2-3 times its bulk of 96-98 %/;alcohol. A bulky gelatinois precipi-
tate of pectinogen will separate out. Allow the precipitate to stand for a time in the
alcohol, and then filter off. Wash with aleohol and finally press free from liquid.
Dissolve the precipitate in as little water as will enable it to go into solution. To two
small portions of the solution add respectively (a) a few drops of strong hydroehloric
acid, (b) an excess of calcium chloride solution, Note that no precipitate is formed in
either case.

Expt. 67. Conversion of pectinogen into pectin, and reactions of pectin. Take about
one-third of the pectinogen solution prepared in Expt. 66, make it alkaline with
caustic soda, and let it stand for about 10-15 minutes. Then divide the solution
into two parts and add respectively () sufficient hydrochloric acid to acidify,
(D) excess of calcium chloride solution. In the first case a gel of pectin is formed :
in the second case a gelatinous precipitate of the calcium salt of pectin.

To a further quantity of the pectinogen add excess of lime water and let it stand.
The gelatinous calcium precipitate will separate out in a short time,

Expt. 68, Detection of the pentose group in pectinogen. Filter off the pectin gel
obtained in the last experiment and allow it to dry. Then test for the pentose group
by the orcinol, phloroghwcinol and furfural tests (see Expt. 38). All results will be
found to be positive.
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The extraction of pectinogen, ete. in the above experiments can equally well be
carried out with other material, c.g. ripe gooseberrios, inspberries and strawbennies,
using exactly the saiue methods.

Ezpt. 69, Preparation of peetinogen from Turnips. ke two full-sized twrnis
and minee them finely in n mincing machive. Then wrap the mass in a piece of
strong unbleached calico and press vut the juice ny completely as possible in a press,
The juice contains little pectinogen and can be tlheown awny. The pressed mass is
then thrown into 0% %/, ammonivm oxalate solation Liented to 80-90° ¢, on a water-
bath and stirred to wwkea prste, The lignid isngniv rapidly pressed out ti the press.
To the viseid extract an equal volmne of 96 ¢/ nleoliol is added, and the pectinogen
separates out as a voluminows gelatinons precipitate, This is filtered off and, when
pressed free from nlcoliol and dried, can i used for tests an in the previous experi-

ments,

The gelatinization of peetinogen can also be bronght about by certain
enzymes termed pectases which arc found in the jnices of various plants,
ie. root of Carrot (Daucus Curotu) and leaves of Lncerne (Medicago
sativa), Lilac (Syringa vulyarisy and Clover (Trifolium pratense).

Expt. 70. Action of pectuse on pestinogen. Make nn extrnct of either Lucerne or
Clover leaves by poundiug them in a wortar with n little water, and then filter. Add
the filtrate to some of tlie pectinogen solution prepared in Bxpt. 66 or 69. On
standing a gelatinous precipitate will be produced.  Should the renction be slow, it
may be accelernted by placing tho mixture in nn incnbator.

CRLLULOSES.

Celluloses are very important polysaccharides. They form constituents
of the structural part of all the higher plants. The cell-wall of the
young cell consists entirely of cellulose, but in older cells the walls may
be lignified, cuticularized, ete., 1.c. the collulose may be accompanied by
other substances snch s lignin, eutin, mucilage, cte. In the light of
these facts the term collnlose is made to include :

1. Normal cclluloses.

2. Compound celluloses.

(a) Ligno-ccllnloses,
(b) Pecto-cellnlosos,
(c¢) Adipo- or cuto-cellnloses.

3. Pseudo- or Reserve celluloses,

True or normal cellulose. Of this substance, as we have said,
many cell-walls are composed. The most familiar form of cellulose is
cotton, which consists of hairs, each being a very long ¢mpty cell, from
the testa or coat of the seed of the Cotton plant (Gossypium herbaceum).

0. 5
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Crude cotton (ie. the hair cell-walls) is not quite pure cellulose, bt
contains a small amount of impurity from which it is freed by treatinent
first with alkali and subseqnently with bromine or chlorine. All kinds
of cotton material, cotton-wool, and.the better forms of paper (including
filter-paper) may be regarded as alnost pure cellulose.

Pure cellulose is a white, somewhat hygroscopic, substance. It is
insoluble in water and all the usnal solvents for organic substances. 1t
is, however, soluble in a solution of zinc chloride in hydrochloric acid in
the cold, and in a solution of zinc chloride alone on warming. It is nlso
soluble in ammoniacal cupric oxide (Schweizer's reagent),

In addition cellulose is solnble in concentrated sulpharic acid, wluch
on standing converts it first into a hydrate and then finally into
glucose. If, however, water is added to the sulphuric acid solution as
soon as it is made, the gelatinons hydrate of cellulose is precipitated.
This substance is termed “amyloid " since it gives a blue colour with
iodine. Concentrated nitric acid converts cellulose into nitrates, of
which one is the substance, gun-cotton. In 10°/, alkalis cotton fibres
thicken and become more cylindrical. This procedure has been em-
ployed by Mercer to give a silky gloss to cotton, and the resultant
product is called mercerized cotton.

Ezpt. 71. The colour tests and solubilities of cellulose.

(@) Dip a little eotton-wool into a solution of iodine in potassium iodide. Then
put the stained wool into an evaporating dish and add a drop or two of concentrated
sulphurie acid. A blue coloration is given, This is due to the formation of the
hydrate “amyloid " mentioned above.

(b) Dip some cotton-wool into a calcium chloride iodine solution. (To 10 c.e. of

a saturated solution of calcium chloride add 05 gm. of potassium iodide and 0°1 gm,
of iodine, Warm gently and filter through glass-wool.) A rose-red eoloration is
produced which eventually turns violet.
“" (¢) Heat a strong solution of zinc chloride (6 pts. of zinc chloride to 10 pts. of
water) in an evaporating dish and add 1 part of cotton-wool, The cellulose will in
time become gelatinized, and if a little water is added from time to time, a solutiou
will eventually be obtained on continuous heating.

(d) Make a solution of zinc chloride in twice its weight of concentrated hydro-
chloric acid and add some cotton-wool. The wool will rapidly go into solution in the
cold,

(€) Add some cotton-wool to an ammoniacal copper oxide solution and note that
it dissolves. (To a strong solution of copper sulphate add some ammonium chloride
and then excess of caustic soda. Filter off the blue precipitate of cupric hydroxide,
wash well, dry thoroughly, and dissolve in strong ammonia.) Add strong hydrochloric
acid and the cellulose is preeipitated out again. Then add water and wash the
precipitate until it is colourless. Test the roughly dried precipitate with a little
iodine and strong sulphurie acid. A blue coloration is given,
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All the above tests may be repeated with threads from white cotton material,
with filter-paper and good white writing paper.

Try tests (a) and (b) with newspaper, and note that they are not so distinct as
with writing paper owing to the presence of ligno-cellulose (see Expt. 73).

Eapt. 72, Hydrolysis of collulose by ucid. Dissolve as much filter-paper as possible
in 5 c.c. of concentrated sulphurie acid and when all is in solution pour into 100 c.c.
of distilled water. Boil the solution in a round.bottomed flask fitted with an air
condenser (see p. 45) and use a sand-bath for heating, Aftex boiling for an hour,
cool and neutralize the sohition with solid caleium carbonate. Add a little water if
uecessary and filter, Test the filtrate with the following tests:

() Make the osazone [see Expt. 41 (d)]. Note that crystals of ghicosazone are
formed.

(b) Add a little Féhling's solntion and boil. Note that reduction takes place.

Tustead of using filter-paper, the nbove experiment may also be carried out with
cotton-wool or threads from white cotton material,

Ligno-cellulose. As the cells in plants.grow older the walls usually
become lignified, that is part of the cellulose becomes converted into
ligno-cellulose. The extreme amount of change is found in wood. The
least amount in such fibres as those from the stem of the Flax (Linum
usttatissimum) which, when freed from such impurities, consist of cellu-
lose only and constitute lLinen. Other fibres, containing more ligno-
cellnlose, are those of the stem of the Hemip plant (Cannabis sativa)
and the Jute plant (Corchorus) from which string, rope, canvas, sacking
and certain carpets are made. The percentages of pure cellulose in
these various lignified tissues are as follows:

Cotton fibre............... 8839/,
Flax and Hemp fibre... 72-73 ¢/,
B E1L 7 S 549/,

Beech and Oak wood ,.. 35-389/,

The ligno-celluloses are generally regarded as consisting of cellulose
and two other constituents, of which one contains an aromatic nucleus
and the other is of the nature of a pentosan (see xylan, p. 53). Both
are sometimes classed together and terued lignin or lignon. The lignin
reactions (see below) depend on the presence of an aromatic complex.
It has been suggested that coniferin, vanillin and allied compounds
which are present in wood are probably the substances responsible for
the reaction (Czapek, 6).

Although the best paper is made from cellulose, cheaper forms of
paper are manufactured from ligno-cellulose, and, as a result, they give
reactions for lignin and are also turned yellow by exposure to light.

Ezxpt. 73.  Reactions of lignin.

One of the most striking reactions of lignin‘(due a8 it is supposed to a furfural
PO
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grouping) is the magenta-red coloration given by phloroglucin i the presence of
concentrated hydrochloric ncid.

Soak the tissue to be experimented upon with an alcoholic solution of phloro-
ghucin and then add a drop or two of strong hydrochloric acid. Tlie magenta-red
colour will be produced.

As material, practically any lignified tissue may be wsed. Shavings from twigs
of any tree or shrub, e.g. pith and wood from the Elder (Sambucus nigra), will be
found useful : also shavings from a match ; straw, bran, ewarse string, cheap white
paper, such as newspaper or white aud pale-coloured pupers nsed for wrappings.

Make the phloroglucin test on goud white writing paper, It should uot give the
reaction since it is made from cellulose.

Other phenols and their derivatives will also give colour reactions with lignin in
the presence of hydrochloric acid, but the colorations in most cases are not so much
developed as with phloroglucin (Czapek, 6). For this reason (though it is also possible
to use any of the lignified tissues suggested above) good results are obtuined by using
strips of any cheap newspaper, since the reagents seem to peiletrate this material
quickly.

Soak strips of newspaper (or other material) in alcoholic solution of the following
substances, or such of them as are available, and then add a few drops of concen-
trated hydrochloric acid, It is useful to put the material on o white glazed tile ox
plate :

Reaction
Phenol ... ... ldue-green coloration
Resorcinol ... violet “
Orcinol ... oo ved-violet "
(fatechol ... greenish-blue ,,
Pyrogallol ... Dblue-green
Gnaiacol ... yellow-greeu ,,
Cresol .. ... greenish .
a-Nuphthol ... greenish "
Thymol oo green "
Indol ... ... cherryred
Skatol .. ... cherry-red

It shonld be noted that strong hydrochloric acid alone will sonietimes
give a red colour with woody tissues: this is due to the presence of
phloroglucin in the wood itself (see phloroglucin, p. 88).

Egzpt. 714. Destruction of the lignin element in wood. Take sorme paper which gives
the phloroglucin reaction for lignin strongly and cut it up into pieces about an inch
square. Then boil the paper in some 1 ¢/, sodium hydroxide selution for a short time,
After washing well, put it into a flask or large test-tube with a few c.¢. of bromine-
water.and allow it to stand for an hour or two. Then wash again and heat in a
2 9/, solution of sodiumn sulphite. Wash free from sulphite, dry and test with
aleoholic phloroglucin solution and strong hydrochloric acid. No red colour, or very
little, will be produced. If a little red coloration is formed, the process should be
repeated until finally all the lignin reaction disappears.
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Pecto-cellulose. The non-cellulose constituents in this case belong
to the class of pectic substances which have already been considered
(see p. 63). Such celluloses occur in the cell-walls of the tissues of
many fleshy roots, stems and fruits.

Adipo- and cuto-celluloses. These products are found in the walls
of corky and cuticularized tissues. Their chemical composition is
obscure but they appear to contain substances of a fatty or wax-like
nature,

Hemi-celluloses. These are not strictly celluloses since they are built
up of mannans, galactans and pentosans on lines which have already been
considered (see pp. 59 and 60). They frequently occur united with each
other, for instance as galacto-, gluco- and fructomannan, galactoaraban,
galactoxylan, etc. They are found in the cell-walls of the tissues of
many seeds.

THE SYNTHESIS AND INTER-RELATIONSHIPS OF CARBOHYDRATES
IN THE PLANT.

Now that the properties and characteristics of various carbohydrates
have been dealt with, their synthesis and their relationships, one to
another, may be considered.

In the previous chapter it has been shown how the plant synthesizes
a sugar from carbon dioxide and water by virtue of the chemical energy
obtained from transformation of radiant energy by means of chlorophyll
When this sugar reaches a certain concentration in the cell, in the
majority of plants, starch is synthesized from it by condensation with
elimination of water. The starch is thus the first visible product of
assimilation and is temporarily “stored ” in an insoluble form during the
day, when photosynthesis is active. During the night photosynthesis
ceases but the sugar is still translocated from the leaf, as it was in fact
during the day; thus, since the supply ceases, the concentration in the
cell falls, and the “stored " starch is then hydrolyzed again into sugar,
and the process continues until the leaf is either starch-free, or contains
considerably less starch. During the next day, the starch formation is
repeated and so forth. The process of hydrolysis of starch is carried out
by the enzyme, diastase, with the formation of dextrin and maltose. In
all probability this same enzyme controls the synthesis of starch.

On the other hand, it has been shown that many plants do not form
starch.at all in their leaves but only sugar. Examples are the adult
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Mangold plant (Beta vulgaris) and many Monocotyledons (Allinwm,
Scilla). '

As to the question of which sugars are present in the leaf, thore is
only evidence from accurate work on a few plants. Carefnl investiga-
tions have been made of the sugars in leaves of the Mangold (Betw
vulgaris) (Davis, Daish and Sawyer, 15), Garden Nastnrtium (Tropaeo-
lum mujus) (Brown and Morris, 5), the Snowdrop (Galanthus nivalis)
(Parkin, 24), the Potato (Solanum tuberosum) (Davis and Sawyer, 17)
and the Vine (Vitis winifera). The general conclusions drawn from
these investigations are that sucrose, glucosc, and laevulose are nlways
present in leaves: that maltose results from the hydrolysis of starch,
being absent from leaves which do not form starch. Maltose is not pre-
sent in appreciable quantity even in starch-producing leaves because it i
rapidly hydrolyzed into glucose by maltase. (In such cases where it has
been detected it has been due to diastase action during the drying of
leaves before extraction.) Other leaf carbohydrates arc the pentoses
which have been found in a good any species examined and may be
widely distributed; the pentosans, their condensation products, also oécur
as well as dextrin (Potato).

The next question to be considered is what sngar is first synthesized
in the leaf. Is it glucose, laevulose, sucrose or maltose ? It is known
that the enzymes, invertase and maltase, are commonly present in leaves
and that these enzymes respectively control the hydrolysis, of cane-
sugar into glucose and laevulose, and of maltose into glucose. Tt is also
possible that they respectively control the synthesis of sucrose and
maltose. Laevulose, likewise, as may be supposed, can be obtained from
glucose. Thus all the sugars can be readily converted one into another, but
to ascertain which is the first product of synthesis is not an easy problem.

In addition to the above-mentioned work on the nature of the sugars
present in leaves, a good deal of careful analysis has been made as to the
proportions in which the sugars occur relatively to cach other during
stated periods of time, with a view to answering the question as to
which is the first-formed sugar. There are two possibilities: one, that
it is sucrose and that it is hydrolyzed into glucose and fructosc: the
other, that it is glucose, from which fructose is derived, and the two are
then synthesized to form sucrose. '

Opinion is divided on this point and there is not at present sufficient
experimental evidence to decide the matter. The majority of investi-
gators regard sucrose as the first-formed sugar, and suggest that it is
inverted into hexoses for purposes of translocation, since the smaller
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niolecules would diffuse faster. There i experimental evidence thit
there is ap inerease in hexoses in the condneting tissnos,  Others favour
the view that glucose is the first-forned sugr, and bring forward
evidence to this cffect. There is however no reason why hoxoses should
not be formed first and then converted into cane-sngar and temporarily
stored as such, being again reinverted into hexoses for translocation,
Nor is there any reason for snpposing that the fist-formed sugar is
always the sane in every plant. '

There appenrs to bo very little donbt that waltose is formed in
the hydrolysis of starch, aud also that starch is a temporary reserve
material in the leaves, but whether formed direet from snerose or from
hexoses cannot be statoed,

There is some cvidence i favonr of the view that glneose is more
readily nscd in respivation than luevnloss, for nuder circuinstances when
neither can be increasd, the ghncose tends to disappear,

From the loaf the various sugars are translocated to other organs of
the plant, c.g. root, stem, Hower, fruit and seed. In some cases starch
is synthesized from the sngars and “stored ™ in roots, tubers, tuberous
stems, finits and seeds,  In other cases the sngars themselves niay be
“stored,” as, for instance, i the root of the Beet (Betu vulgaris), or they
nay have a biologieal sigmificance, as in sweet fruits. It must also be
borne i wind that sugars are cmployed throughont the plant in re-
spiration and in the synthesis of more complex snbstances, ie. cellulose,
gums, pentosans, nmeilage, aronmtic snbstaicos, fats and to a certain
extent proteins; in fact they or their preenrsors constitute the basis
from which all organic compomnds are synthosized.

The following experitnents can be perforined with either the Garden
Becet or the Mangold Wurscel, both of which are varietics of Beta vulgaris,
the Common Bectroot, The sugars in the leaves and petioles of the
Mangold have been investigated (Davis, Daish and Sawyer, 15) and
sucrose, lacvulose and glncose have been found, Starch is absent in
the adult plant and also waltose. The opinion is held that sucrose is
the first-formed sngar of photosyuthesis and that this is hydrolyzed for
translocation on acconnt of the greater rate of diffusion of the smaller
molecules of glucose and lasvulose, These are again synthesized in the
root to form sucrose where the latter is stored, and hexoses arc almost
absent from this organ. Though the facts concerning the distribution
of the sugars stated above arc reliable, it is not certain that the deduc-
tions are permissible. The leaf contains the enzyines, invertase, maltase
and diastase (Robertson, Irvine and Dobson, 25).
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In connexion with the ocenrrence of variong sngars i leaves it s
of interest to note that glucose, fructose and manuose cann pass over
into one another in alkaline aqueous solution. This has been explained
by their conversion iuto the enolic (nnsatarated) forne connaon to all
three hexoses :

CHO CHO CH,(OH CH{OH,
HICOH HOICH cO C-OH
HOCH HOéH HOICH HOICH
HCOH HCOH HéOH HCLOH
HCOH HICOH HICOH HéOH
CIHZ(OH) éHz(OH) éHZ(OH) CIZH,(OH)
Ginecose Mumose Pructose Euolic form

Expt. 75. To show the presence of both hexaes and sucruse {n the lnif (Davis,
Daish and Sawyer, 15). Tnke nbout 5 grmos, of fresh leaf of eitlier tho Beet or Mangold.
(Leaves of the Garden Nusturtium (Tragmeolum rajus) and Wilkd Chervil (Chaeru.
phyllum sylvestre) mny also be used.) Tear them iuto sall picces and dyop thew
into boiling 80-989/, alcohol in a flnsk onon watersbath, In this way the «usyraes of the
leaf are killed, and no cluwges will occur ia the ecarboliydrates prsent. After builing for
4 short time, the nlcohol is filtered off and the oxtmetion repunted. Evapornte the
filtrate to dryness in an evaporating disl on & water-bath, The filtrate will contain
c¢hloroplyll and various pigments, sngars, glucosides, nroraatic componnds and other
substances according to the plant ased, Thon add abont 20 c.c. of water and at in-
tervals & few drops of basic lend acetate until it censes to form a precipitnto, By this
weans all hexoses comlinad with aromatic substances as gincosides (sse p. 142) are
precipitated as insolable lead salts. The precipitate is filtered oft nod the lead in the
fitrate yormoved by sodium onrbonate, avoiding excess,  Filter agnin and the ltyatoe
will contain the sugurs, Boil the Intter nud add Fehlings solation drop by drop till
rednction ceases, Filter off the copper oxide and then boil the sulntione with dilute
sulpliuric acid for o few minntes and make neutrnl to phenolpltlndein, Ruchiction
will occur on adding wore Felding and boiling, owing to the inversion of the caus.
sagur present.

Ezpt. 76, To show the presence of hexoses in the lenf ly meuna uf the foruatiur of
glurosazone, Leaves of Botu, Clueruphyllum sylvestre, or Trupaedluin muy be used,
Extract as in the previons experiment and precipitate the glicosides with the

minimal amount of basic lead acetate. Test for osamone in thoe fltrate as in
Expt. 41 (d).

Expt. 77, To obtain sturch frum green leaves, Wigh ot 25 s, of lenflets of the
Pea (Pisum sativum). The leaves should have been picked in the evening aftor a
sunny day, and it does not matter if the cut leaves are left overnight. Dip the leaf-
lets for a moment into boiling water, remove excess of water and dray them into
200 c.c. of 96-989/, aleoliol and boil till the chloropliyll is extracted : then filter.
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Take the residue of leaves and pound (but not finely) in a mortar and then wash
thoroughly with distilled water. Filter through muslin and press free from water
(this process extracts most of the protein). Boil the vesidue with 100 c.c. of water and
filter, To the filtrate add iodine, At first the colour may disappear owing to the
presence of protein in solution i addition to the starch. When more iodine is added
a deep blue eoloration is formed.

Prant ENZYMES WHICH HYDROLYZE CARBOHYDRATES.

Diastage. In the plant starch may be regarded as a reserve product.
It is synthesized fromi sugar, and may be again hydrolyzed into sugar.
It can be shown experimentally that starch is converted into ‘glucose by
boiling with acids, but in the plant the hydrolysis of starch is catalyzed
by the enzyme, diastase. Although the reaction is doubtless of con-
siderable complexity, it may, broadly speaking, be represented as
follows : .

(CoH1Og)n+ HaO ~—> (CyH,1005),+ CpaHOn
Dextrin  Maltose

Thus the final products under these conditions are dextrin and the
disaccharide, maltose ; and not glucose.

It is reasonable to assume that cells which contain starch also either
contain, or are capable of producing, diastase. But the amount of
diastase present, or at any rate capable of being extracted, varies in
different tissues. Diastase, like most enzymes, is soluble in water. In
many cases, however, a water-extract from fresh crushed tissues in which
diastase occurs, will not contain any appreciable amount of enzyme.
This is sometimes due to the fact that the protoplasm does not readily
yield up the enzyme until it has been killed. If the tissues are dried at
a moderate temperature (30-40°C.) both the powdered leaves them-
selves and a water extract are fairly rich in diastase; or, if the living
tissues are macerated and extracted with water to which chloroform
has been added, the cells die more rapidly and yield up the enzyme to
the solvent. From such a water extract, a crude precipitate containing
the enzyme may be obtained by addition of alcohol. For obtaining the
maximum results with diastatic activity in leaves, a water extract
should be made after they have been killed, either by drying, or by the
action of toluol or chloroform.

It has been shown (Brown and Morris, 5) that in leaves which con-
tain tannin, the presence of the latter largely inhibits the action of the
enzyme and may be the cause, in such cases, of an entire lack of activity
in the extract.
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The diastatic activity of leaves appears to vary lugely in ditferent,
genera and species. The snbject has been investigatid (Brown und
Morris, 5) and a list of their relative activities has been drawn np as
follows.

[The wumbers represent the amonpt of maltose expressed i grovas, whidh 10
s, of air-dried leaf will produce froa soluble-sturel (starcly trasted with dilnge
hydrechlovie acid) by hydvolysis in 48 hex nt 307 €]

Pl sutivinn. oo, 2030 Nelinnthins aupins,, ..., 39404
Phiassolus puadtifferus ... 11019 1, tubersns oo, 378
Imthyrrws odembus ..., 100-37 Fankin sivensis ..o 541
L. potensis o 34r74 Allinm Cepm ooovnniniinnnins 376
Trifoliuw pantense ........... 89-4it; Hemeroendlis lva,.....n. 207
T, ochrolowsnin ... 56:21 Popmlug 8P coveviviniiinniinin 370
Vicin sativn cee TYHD Syriugn vulganis ., 2003
V. Wrsut oveeeeveveecerreennenne 5323 Cotyledon Cinbilicas. ..ol 4061
Lotus corienbubus ........eoi. 1948 Huntalas Lupnlns .........2°01 60
Lupinus 8}, ..oocovinninninnenn.. 301 Nytacnophytlnm demissao .., 420
Girass with Clover ............ 2794 Hydrocloris Morsas.enaae .. 00267
Tropaeolum majus . ........ 3-68-9-G4

From the above table it is scon that the leaves of genera of the
Leguminosae we apparently very rich iu diastase.  Whether this is so,
or whether in other plants the diastatic activity is inhibited by other
substances, has not yet beon ascertained.  As mentioned above, tnnins
inhibit the action of diastase, and heneo leaves rich in tannin, eg. Hop
(Humulus), cannot be expeetod to yield good resnlts,

The tissues of germinating barley (Hordeum. vulgure) nlsn contain
large quantitics of diastase, and this material can be nsed to demon-
strate the solubility, isolation and activity of the engyrue,

The action on starch of diastase fromn the leaf of the Cowmon Pea
(Prsum sutivum) and from germinating barley grains has already heen
demonstrated [sce Expt. 87 («) and (b)] in conuexion with dextrin, The
following cxperiments have special reference to the enzyie,

Ezpt. 78, To demonstrate the activity of diastasr frion geenidnating beerley, Grind
2-3 gms. of barley graius it a coffeeanill,  Boil the product with 100 .. of water
and filter, first through fine muslin if necessary, then throngl filter- puper. A starch
“golution ¥ will be obtained.

Pound up 2-3 gms. of genuinated Larley graing in a nortar and extract the ninss
with 50 c.c. of water, Filter, and take two eqnal portions intwo testtules, Boil one
tube. To both tubes add an equal quantity of the starch solution prapured above,
Place the tubes in a beaker of water at 38-40" (&, From thne to thne withdraw a
drop from each tube with a pipette aud test with iodine solntion on a white tils, The
starch in the unboiled tube will gradually give the dextrin renctions (see p.57); that
in the boiled tube will remaiu unchanged.
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This simple method may also be adopted for showing the diastatic activity of
leaves. Iustead of germinating barley, a few lcatlets of the Pea (Pisusn sutivum) or
Clover (T'rifolium pratense) should be pounded up in a mortar and extracted with
50 c.c. of water and filteved.

Expt. 79. To show that leaf-diastuse is still witivs after deying the leuves at
tewmperatures not higher than 38° C. Take 10 gms. of' fresh Pea leaves and duy ly
spreading them: in the sun, Then powder and finally dry in an incubator at 38° C.
Make up 500 c.¢. of a 19/, solution of starch (see Expt. 55). To this add the dry leaf
puwder together with a few drops of toluol and keep in an incubator at 38° C, Test
the solution with iodine from time to time and note the hydrolysis of the starch.

Expt. 80, To show that the uction of diastase is impaired by contart of the enzyme
with alcohol. Pound up 10 gms. of fresh Pea leaves, add 100 c.c. of water, i few drops
of toluol and allow the mixture to stand for 12 hrs, Filter off the extract, and
add at least an equal bulk of 96-989/, alcohol, A white precipitate is produced
which, among other substances, contains crude diastase. Filter, and wash the
precipitate with a little water into 500 c.c. of a 14/, starch solution. Add a few dvops
of toluol, plug with cotton-wool and put in an ineubator. Test with iodine from
time to time. It will be found that the hydrolysis takes place much more slowly
than in the previous experiments.

Ewpt. 81, To show that the uction of diustase is inkibited by tunnie acid. Take
about 05-1 gm, of dried powdered Pes leaf. Let it stand for about 12 hrs. in 50 c.c.
of water containing a few drops of toluol. Filter off, und to equal amounts of the
filttrate in two small flasks add about 10 c.c. of a 19/, starch solution. Add also
10 c.c. of a 0'59/, tannic acid solution to one test-tube. Put both tubes into an
incubator. Test with iodine solution after a few hours. It will be found that the
tannic aeid has inhibited the action of the diastase.

Maltase. This enzyme hydrolyzes maltose into two molecules of

glucose :
CyzHpO 1+ Hp0 =2C4H 20y

Investigations upon maltase have, until recently, produced rather
contradictory results, but later work (Davis, 12: Daish, 13, 14) has led to
more satigfactory conclusions. The latter show that maltase is most
probably present in all plants in which hydrolysis of starch occurs. It
has been detected in leaves of the Nasturtium (Tropaeolum), the Potato
(Solanum), the Dahlia, the Turnip (Brassica), the Sunflower (Helianthus)
and the Mangold (Beta), and it is most probably widely distribnted in
foliage leaves. Its detection is not easy for varions reasons which are
as follows. It is not readily extracted from the tissues by water: it is
unstable, being easily destroyed by alcohol and chloroform. Its activity
is also limited or even destroyed at temperatures above 50° C. Hence
the extraction of maltase, by merely pounding up tissues with water,
does not yield good results: moreover, as an antiseptic, toluol must be
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used and not chloroform. Finally, if the enzyme is to be extracted from
dried material, this must not be heated at too high a tewmperatnre
previous to the extraction.

Maltase ocenrs in quantity in both germimated and nugernunated
seeds of cerenls. If, in kilning, malt has not been heated at too high a
temnperature, the maltase may not be destroyed, and, 11 such cases, malt
extract will contain both diastase and maltase.  This would explin the
fact that glucose, instead of maltose, has somctimes been obtained by
the action ‘of malt dinstase on starch, In other cases, when a higher
temperaturo has been employed, the maltase will be destroyed.  Maltase
itself, of course, does not act dircetly upon starch but only on naltose.
The use of chloroform, as an antiseptic, by some observers explains how
they came to overlook the presence of maltase, thns obtaiting maltose,
and not glucose, as an end producet in hydrolysis by malt extracts. The
optimum temperature for the inaltase reaction is 39 C,

The presence of maltase in leaves is not readily shown for the
following reasons. Since maltase is destroyed by alcoliol, the prepara-
tion of a ernde precipitnte: of the cnzyme by precipitating a wator
extract of the leaves is not satisfactory. If the water vxtract is added
directly to maltose, and incnbated, hydrolysis may be demonstrated by
determining the redncing power of the sugars formed. A control
experiment must, howover, be made by inenbating the water extract
alone, and subsequently deterinining the reducing power of any sugurs
present,

Invertase. This cngyme hydrolyzes cane-sngar into one moleenle
of glucose and one moleenle of lnevulose

CizHyy04) + HyO -~ CoH 1204 + CyH1400.

Invertasc is probably very widely distributed in plants.  Its presence
has been demonstrated in the leaves and stem, though not in the root,
of the Beet (Betu vulgaris) (Robertson, Irvine and Dobson, 25). Also in
the leaves of a number of other plants (Kastle and Clark, 20). Its de-
tection, by its action on sucrose, 18 not ey on acconut of the presence
of uther ¢nzymes and reducing sugars in leaf extracts,

The absence of invertase from the root of the Beet raises a difficnlty
as to how the cane-sugar is synthesized from the hexoses supplied frowm
the leaves (see p. 71). Some observers (Robertson, Irvine and Dobson,
25) incline to the view that cane-sugar is synthesized in the stems and
travels as such to the roots. Othors (Davis, Daish and Sawyer, 15)

maintain that the cane-sugar is synthesized in the root, even though
invertase is absent,
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CHAPTER VI
THE FATS AND LIPASES

A rFaT may be defined as an ester or glyceride of a fatty acid. Just
as an inorganic salt, such as sodium chloride, is formed by the reaction
of hydrochloric acid with sodiuin hydroxide, so a fat is formed by the
reaction of the trihydric alcohol, glycerol, and a fatty acid.

The word fat is not a familiar one in botanical literature, the term
0il being more commonly used. It is generally met with in connexion
with the reserve products of seeds. The oils of seeds are, however, true
fats. The term oil may be misleading to some extent, because a fat
which is liquid at ordinary temperatures is usually spoken of as an oil,
and yet there are also inany other substances, of widely differing chemi-
cal composition, which liave the physical properties of oils, and which
are known as such.

Most of the vegetable fats are liquid at ordinary temperatures but
some are solids.

The best-known series of acids from which fats are formed is the
series C,H,, 0, of which formic acid is the first member. The other
members of the series which occur in fats are:

Acetic acid CH,COOH or CH,,
Butyric acid C,H,COOH or CH,O,
Caproic acid CH,,COOH or CH,O,
Caprylic acid C,H,,COOH or CH,O,
Capric acid  C,H,,COOH or C,H,O0,
Lauric acid C,H,COOH or C,,H,0,
Myristic acid C),,H,COOH or C,H;0,
Palmitic acid C,H,COOH or C,H0,
Stearic acid C,H;COOH or CxHyO,
Arachidic acid C,,H,COOH or C,H,O,
Behenic acid C,HCOOH or C,xH,O,

Another series is the oleic or acrylic series C,Hy, 0, of which the
members are :

Tiglic acid  C,HO,

Oleic acid CeH,,0,
Elaidic acid C,H,0,
Iso-oleic acid C,.H,O,
Erucic acid  C,H,0,
Brassidic acid C,H,,0,
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Of these, oleic acid (as glyceride) 15 the wost widely digtribnted,
Yet other series are:
The linolio C.H., _ 0,
The Iinolenic Cally, 0,
The clipanodonic C,Hy, 40,
The ricinoleic. (1, H,, . .0,

The fat which ocenrs in an oil-contaiming seed is not composed of
the glyceride of one acid, Int is a mixtnre of the glycendes of several,
or even a large mnuber of different acids, often wmeabars frour more
than onc of the above series. Thus the fat of the frnit of the Coconnt
(Cocos nucifera) consists of a mixture of the glycerides of enproie, capry-
lic, capric, lauric, myristic, palmitic and oleic neids,  Linsied ol from
the seeds of Limwumn wsitotissimun again is a mixture of the glycerides
of palmitic, myristic, oleic, linolic, linolenic and isolinohmic acds, Sinn-
lar mixtures are found in other fruits and seeds.

Since glyeerol is a trihydric aleohol, it wonld be possible for one or
more of the threc hydroxyls to react with the acid to form mono-,di- or
tri-glycerides. All these cases oceur and, sometimes, one hydroxyl is
replaced by one acid, and another hydroxyl by w different neid,

When the distribution of fats among the Howering plants is con-
sidered, they arc found to be more widely distributed than the botanist
is generally led to supposc,

The following is o list of some of the plants especially rich in fats
as reserve material in the friits or seods, It represents only a selection
of the better known gencra, since many other plants have fatty sceds,
An approximate percentage of o1l present in the finit or seed is given,

Graminaceac : Maize (Zea Muys) 49/,

Palmacenc : O1l Pulin (Elaeis guinensis) 62 %/: Cocount Paln (Clucos
nucifera) 65 °/,.

Juglandacene: Walnnt (Juglens regia) 52 */,.

Betulaceac : Hazel (Corylus Avellanu) 559/,

Moraceas : Hemp (Cannabis sative) 33°/,.

Papaveraceae : Opinmm Poppy (Papuver somniferum) 47/,

Cruciferac : Garden Cress (Lepidium sativune) 25°/,: Black Mustard
(Sinapis nigra) 20°/,: White Mnustard (Sinapis alba) 25°/,: Colza
(Brassica rupu var. oleifera) 33°/,: Rape (Brassica napusy 427/,

Rosaceae: Almond (Prunus Amygdalus) 42°/,: Peach (P, Persica)
35°%,: Cherry (P. Cerasus) 35°/,: Plum (P. domestica) 27 9/,

Linaceae ; Flax (Linum usitatissimum) 20-40°/,,

Euphorbiacese : Castor-oil (Ricinus communis) 51°/,.
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Malvaceae : Cotton (Gossypium herbaceum) 24°/,.

Sterculiaceae : Cocoa (Theobroma Cacao) 54°/,.

Lecythidaceae : Brazil Nut (Bertholletia excelsa) 68 °/,.

Oleaceae : Olive (Olea europaea) 20-70°/,: Ash (Frazinus excelsior)
27 %,.

Rubiaceae : Cotfee (Coffea arabica) 12°/,,

Cucurbitaceae: Pumpkin (Cucurbita Pepo) 41°/,.

Compositae : Sunflower (Helianthus annuus) 38 /,.

The conclusion must not be drawn from the above list that the
seeds of the plants mentioned have cxclusively fats as reserve materials.
Iu many cases fat mnay be the chief reserve prodnct, but in others it
may be accompanied by either starch or protein or both.

Some of the best-known examples of fut-containing seeds which
yield " oils " of great importance in commerce, inedicine, cte., are Ricinus
(castor oil), Brassica (colza oil), Gossyprum (cotton-seed oil), Cocos
(coconut oil), Elaeis (palm oil), Olea (olive oil).

In the plant the fats arc present as globules in the cells of the fat-
containing tissues.

Plant fats may vary from liquids, through soft solids, to wax-like
solids which generally have low melting-points. They float upon water
in which they are insoluble. They are soluble in ether, petrol ether,
benzene, chloroform, carbon tetrachloride, carbon bisulphide, ete.: some
are soluble in alcohol. With osmic acid fats give a black colour, and
they turn red with Alkanet pigment which they take into solution.

Expt. 82, Tests fur futs. Weigh out 50 gms. of Linsced (Linum usitatissimam)
and grind in a coffee-mill, Put the linseed unical into a finsk, cover with ether, cork
and allow the mixture to stand for 2-12 hrs. Filter off the ether into a flask, fit
with a condenser and distil off the ether over nn eleetric heater., (If a heater is
not available, distil from a water-bath of boiling water after the flame has been
turned ont.) When the bulk of the ether is distilled off, pour the residue into an
evaporating dish on a water-bath und drive off the rest of the ether, With the residue
tnake the following tests in test-tubes :

() Try the solubilities of the oil in water, petrol ether, alcohol and ehlorofonn.
It iss insoluble in water and aleohol, but soluble n petrol ether nnd chloroform.

() Add a little 1Y, solution of osmiic acid. A black colour is formed. (This re-
action is employed for the detection of fut in histological sections.)

(¢) Add to the oil a small piece of Alkanet (Adnchusc officinalis) root, and warm
gently on a water-bath, The oil will be coloured red. Divide the oil into two portions
in test-tubes.  To one add a little water, to the other alcohol. The coloured oil will
rise to the surface of the water in one case, and sink below the aleohol in the other.
The Alkanet pigment being insoluble in both water and alcohol, these liquids remain
uncoloured.

Keep some of the linseed oil for Expt. 83,

0, 6
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It is well known that the hydrocarbons of the unsaturated ethylene
series C,H,, will combine directly with the halogens, chlorine, bromine
and iodine to.give additive componnds, thus:

CyHy+ Bry=C.H,Br,
ethylene bromide

The acids of this series also behave in the same way, and since many
plant fats contain memnbers of the series, the fats will also combine with
the halogens.

Ezpt. 83. To show the presence of unsaturated groups in a fat. To a little of the
linseed extract add bromiue water. Note the disappearance of the bromine and the
formation of a solid product.

One of the most important chemical reactions of fats is that known
as saponification. When a fat is heated with an alkaline hydroxide the
following reaction takes place:

Cy7H3CO " O—CHy

C17H3sCO *O—CH  +3KOH =3C,;H3COOK 4 CH,OH - CHOH * CH;0OH
| glycerol
Cy7H3CO - O—CH,
tristearin

The potassium salt, potassium stearate, of the fatty acid, stearic
acid, is termed a soap. The ordinary soaps used for washing are mix-
tures of such alkali salts of the various fatty acids occurring in vegetable
and animal fats, and are manufactured on a large scale by saponifying
fats with alkali. The soaps are soluble in water, so that when a fat is
heated with a solution of caustic alkali, the final product is a solution of
soap, glycerol and excess of alkali, The soap is insoluble in saturated
salt (sodium chloride) solution, and when such a solution is added to
the saponified mixture, the soap separates out and rises to the
surface of the liquid. This process is known as “salting out.” If the
saponified mixture is allowed to cool without salting out, it sets to
a jelly-like substance. When caustic potash is used for saponification
and the product is allowed to set, a “soft ” soap is formed. Hard soaps
are prepared by using caustic soda and salting out.

The properties of soaps in solution are important. When a soap
goes into solution, hydrolysis takes place to a certain extent with the
formation of free fatty acid and free alkali. The free fatty acid then
forms an acid salt with the unhydrolyzed soap. This acid salt gives rise
to an opalescent solution and lowers the surface tension of the water
with the result that a lather is readily formed.

The property of soaps of lowering surface tension is the reason for
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their producing very stable emulsions when added to oil and water (see
chapter on colloids, p. 11).

Ezpt. 84, Hydrolysis of fat with alkali. Take 12 Brazil nuts, the seeds of Berthol-
letia (Lecythidaceae). Crack the seed coats and pound the kernels in a mortar. Put
the pounded nut in a flagk, cover it with ether, and allow the mixture to stand for
2-12 hrs, Filter into a weighed or counterpoised flagk and distil off the ether as in
Expt. 82. Weigh the oil roughly and add 4-5 times its weight of alcoholie caustic
soda (prepared by dissolving caustic soda in about twice its weight of water and
mixing the solution with twice its volume of alcohol), Heat on a water-bath uutil
no oil can be detected when a drop of the mixture is let fall into a beaker of water.
Then add saturated sodium chloride solution, The soaps will rise to the surface.
Allow the soaps to separate out for a time and then filter. Press the soap dry with
filter-paper, and test a portion to see that it will make a lather, Neutralize the
filtrate from the soap with hydrochloric acid and evaporate as nearly as possible to
dryness on a water-bath, Extract the residue with alcohol and filter. Test the
filtrate for glyeerol by means of the following tests:

(«) To a little of the solution add a few drops of copper sulphate solution and
then some sodium hydroxide. A blue solution is obtained owing to the fact that
glycerol prevents the precipitation of cupric hydroxide.

(b) Treat about 5 c.c. of a 0'H 4/, solution of borax with sufficient of a 19/, solu-
tion of phenolphthalein to produce a well-marked red colowr. Add some of the
glycerol solution (which has first been made neutral by adding acid) drop by drop
until the red colunr just disappears. Boil the solution : the colonr retwrns, The re-
aetion is probubly explained thus. Sodium borate is slightly hydrolyzed in solution
and boric acid, being a weak aeid, is only feebly ionized, and therefore the solution
is alkaline. On adding glycerol, glyceroboric acid (which is a strong acid) is formed
and so the reaction changes to acid. On heating, the glyceroboric acid is hydrolyzed
to glycerol and boric acid, and the solution again becomes alkaline.

(¢) Heat a drop or two with solid potassium hydrogen sulphate in a dry test.tube;
the pungent odour of acroléin (acrylic aldehyde) should be noted :

C4HgO3=C,H, - CHO +2H,0,

In addition to Brazil nnts, the following material can also be used :
endosperm of Coconut, ground linseed, almond kernels and shelled seceds
of the Castor-oil plant (Ricinus): about 50 gms. should be taken in
each case.

Expt. 85, Reactions of soaps. (a) Take some of the soap which has been filtered
off and shake up with water in a test-tube, A lather should be formed. (5) Make
a solution of a little of the soap in a test-tube and divide it into three parts. To each
add respectively a little barium chloride, calcium chloride and lead acetate solutions.
The insoluble barium, calcivm and lead salts will be precipitated. (The curd whieh
is formed in the case of soap and hard water is the insoluble caleium salt.) Thirdly,
take the remainder of the soap and acidify it with dilute acid in an evaporating dish,
and warm a little on a water-bath, The soap is decomposed and the fatty acids are
set free and rise to the surface.



84 THE FATS AND LIPASES [ou,

Expt. 8G. Reactions of fietty weids, (1) Try the solubilities in ethersad aleolol
of the acids from the previous expeviment. They are soluble, (h) Shake ap aleoleldie
solution of the fatty wcids with dilute brombie witer, The colour of tle byomine is
discharged owing to the bromive fumuing additive oanpounds with tle nesaturated
acids.

The gnestion of the metabolism of fats in the plant is a very com-
plicated one and has not yet been satisfactorily investigated.  All plants
may have the powar of syuthesizing fats, and a great nnmber, as we have
seen, contain large stores of these compounds nr the tissues of the
embryo, or endosper, or both,  The point of interest is that of tracing
the processes by which these fats are synthesized, ad are again hydro-
lyzed and decomposed, The products of decomposition nuy serve for
the synthesis of other more vital componuds as the cinbryo develops,
and before it is able to synthesize the hutial carboliydiates, and to
absorb the salts reguisite for geneal plantonetabolisi,

One fact seems fairly clear, munely that when fat-contiining seeds
germinate, aml enzyme is present in the tissnes which has the power of
hydrolyzing fats with the formation of fatty acids and glycemnl. Such
enzymes are termed lipnses.

The Lipase which has been mnost nrvestigated is that which ocans in
the sceds of the Castor-oil plant (Ricinus comonunis). 1t has heen shown
that if the germinating sceds are crnshied and allowed to antolyze
(p. 19) in the presence of an antiseptic, the mnonnt of fitdy acid in-
creases, whereas in a control experiment in which the ensyme has been
destroyed by heat, no such inerease takes place (Reynolds Graen, 49, 10),

Investigation has shown the engzyme to he present also i the resting
secd, but in an inactive condition as a so-called zymogen (Annstrong,
4,5, 6, 7). The zyinogen is considered to be o salt and, after neidifien-
tion with weak acids, the salt is decomposed, and the enzyine becomes
active. After the preliminary treatinent with acid, howaever, the cozyme
is most active in neutral solution. The effect of acid on the zymogen
may be demonstrated by antolyzing the amshed seod with a little
dilute acetic acid; the increase of acidity will be found to be wuch
greater than in the ease of a control experiment in which acid has not
been added.

It has not been found possible to extract the enzyme from the
resting seed. An active material can be¢ obtained by digesting the
residue, after extraction of the fut, with dilute acctic acid and finally
washing with water. This material can then be usel for temting the
hydrolytic power of the enzyme on various fats,
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There is little doubt that lipase catalyzes the synthesis of fats as
well as the hydrolysis; the reaction, in fact, has been carried out to a
certain extent in vitro.

Eazpt. 87. Demonstration of the existence of lipase in ungerminated Ricinus seeds.

4. Remove the testas from about two dozen Ricinus seeds and pound the kernels
up in a mortar. Into three small flasks («), (b) and (¢), put the following :

(@) 2 gms. of pounded seed + 10 c.c. of water.

(b) 2 gms. of pounded seed + 10 c.c. of water + 2 c.c. of N/10 acetic acid.

(o) 2 gms. of pounded seed + 10 c.c. of water + 2 c.c. of N/10 acetic acid, and
boil well,

Add a few drops of chloroform to all three flasks, plug them with eotton-wool,
and allow them to incubate for 12 hours at 37°C. Then add 2 c.c. of N/10 acetic
acid to flask (), and 25 c.c. of alecohol to all three flasks, Titrate the fatty acids
preseut with N/10 alkali, using phenolphthalein as an indicator. A. greater amount
of fat should be hydrolyzed in () than in (), aud also slightly more in (@) than in

(¢). The addition of alcohol checks the hydrolytic dissociation of the soap formed on
titration,

B. Pound up about 15 gins. of Ricinus seeds which have been freed from their
testas, aud let the pounded rnass stand with ether for 12 hrs, Then filter, wash with
ether aud dry the residue. Weigh out three lots, of 2 gms. each, of the fat-free meal
and treat as follows :

(#) Grind up the 2 gins. of wmeal in & mortar with 16 c.c. of N/10 acetic acid
(ie. 8c.c. of acid to 1 g, of wmeal), and let it stand for about 15 minutes. Then
wash well with water to free from acid, and transfer the residue to a small flask.
Add 5 c.c. of castor oil, 2 c.c. of water and a few drops of chloroform.

() Treat the 2 gms. of meal as in (a), but, after washing, and before transferring
to the flask, boil well with a little distilled water. Add 5 c.c. of oil, 2 c.c. of water
and a few drops of chloroform. '

(¢) Put the 2 gms. of meal into the flask without treatment and then add 5 c.c.
of vil, 2 c.c. of water and a few drops of chloroform.

Incubate all three flasks for 12 hours, and then titrate with N/10 caustic soda,
after addition of alcohol ag in 4. A certain amount of acetic acid is always retained
by the seed residue, and this is ascertained from the value for flask (). Flask (c)
will act as the control.

Another question to be considered is the mode of synthesis in the
plant of the complex fatty acids which form the components of the fats.
No conclusive work has been done in this direction, but many investi-
gators have held the view that the fats arise from carbohydrates, notably
the sugars. In fact, it has been shown that in Paeonia and Ricinus, as
the seeds mature, carbohydrates disappear and fats are formed.

The sequence of events, however, in the synthesis of fatty acids
from sugars is very obscure. If we examine the formulae, respectively,

of a hexose :
CH,OH ' CHOH *CHOH * CHOH * CHOH * CHO
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and a fatty acid, c.g. myristic acid :
H,G—CHg* CHy* CHy " GH,* CH " CHy * CHa * CH, * GH *CHy * CH, * CH, - COOH

it is seen that threc main changes are concerned in the synthesis of
such a fatty acid from sngar, i.e. reduction of the hydroxyl granps of the
sugar, conversion of the aldehyde gronp into an acid granp, and finally
the condensation or linking together of chains of carbon atoms, Au
interesting fact in conmexion with thig point is that all natmally ocen
ring fatty acids have a straight, and not a branched, earhon chai, It
has been suggested (Sneedley, cte., 11-13) that acetaldehyde and a
ketonic ncid, pyruvie acid, may be formed from sugar, Uy condensiation
of aldehyde and acid, another aldehyde is formed with two move carbon
atoms., By repetition of the process, with final rednetion, fatby acds
with straight chains are prodnced.
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CHAPTER VII
AROMATIC COMPOUNDS AND OXIDIZING ENZYMES

THE aromatic compounds may be defined as substances containing
the benzene carbon ring or a similar ring. A very great number occur
among the higher plants but of these many are restricted in distribation,
and may only be found in a few genera or even in one genus: others,
on the other hand, are widely distributed. At present our knowledge of
the part they play in general plant metabolism is obscure.

The more widely distributed aromatic plant products may be grouped
as:

1. The phenols, and their derivatives,

2. The aromatic alcohols, aldehydes and acids (including the tan-
nins), and their derivatives.

3. The flavone, flavonol and xanthone pigments, known as the soluble
yellow colouring matters.

4. The anthocyan pigments, known as the soluble red, purple and
blue colouring matters.

In connexion with the aromatic compounds it should be noted that
many of them contain hydroxyl groups, and one or more of these groups
may be replaced by the glucose residue, CgH,,O5—, with elimination of
water and the formation of a glucoside, in the way already described
(see p. 48). The majority of such compounds are sometimes classed
together as a group—the glucosides—regardless of the special nature of
the. substance to which the glucose is attached (this course has been
followed -to some extent in Chapter 1X with compounds, the chief
interest of which lies in their glucosidal nature). In treating of the
aromatic substances in the following pages, mention will be made when
they occur as glucosides, this combination being in these cases only a
subsidiary point in their structure,

The various groups of aromatic substances will now be considered
in detail.

PHENOLS.

There are three dihydric phenols, resorcinol, catechol and hydro-
quinone, but of these only the last is known to exist in the free state in
plants. The two former frequently occur as constituents of complex
plant products, and may be obtained on decomposition of such complexes
by fusion with strong alkali, ete.



88 AROMATIC COMPOUNDS AND {si:8

OH
OH
OH
OH OH OH
Resoreinol Catechol Hydroquinione

Hydroquinone has beeu found in the fiee state in the leaves and
flowers of the Cranberry (Vaccinium Vitis-Idaea). As a glucoside,
known as arbutin, it occurs in many of the Ericaceae (see also p. 151).

Phloroglucin is the only member of the trihydroxy phenols found
uncombined in plants. It is very widely distributed in the combined
state in various complex substances (Waage, 27).

HO OH

OH
Phloroglucin

AROMATIC ALCOHOLS AND ALDEHYDES,

The following are some of the better known compounds of this group:
Saligenin, or salicylic alcohol, in the form of the glucoside, salicin,
occurs in the bark of certain species of Willow (Saluz), and in the
flower-buds of the Meadow-sweet (Spiraea Ulmaria). Salicin is hydro-
lyzed by an enzyme contained in the plant in which it occurs, into
saligenin and glucose (see also p. 152).
CH,O0H

OH

Saligenin
Salicylic aldehyde occurs in species of Spiraea and other plants.
Coniferyl alcohol, as a glucoside, coniferin, is found in various
conifers and also in Asparagus (Asparagus officinalis). Coniferin is
hydrolyzed by dilute acids or by enzymes (emulsin) into coniferyl alcohol

and glucose (see also p. 151).
CH=CH—CH,0H

OCH;,

OH
Coniferyl aleohol
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Coniferyl alcohol when oxidized yields the aldehyde, vanillin (so
much used for flavouring), which occurs in the fruits of the Orchid
(Vanilla planifolia).

ARoMATIC ACIDS.

Of this group the following are some of the best known representa-
tives:

Salicylic acid is a monohydroxybenzoic acid. It occurs both in
the form of esters and in the free state in various plants.

Protocatechuic acid is a dihydroxybenzoic acid. It has been found
in the free state in a few plants, but is more widely distributed as a
constituent of many plant products. As will be shown later it forms
the basis of one of the series of tannins.

COOH COOH
OH
OH
OH
Salicylic acid Protoeatechuic acid

Gallic acid is a trihydroxybenzoic acid :
COOH
N

HO OH

OH

It occurs free in gall-nuts, in tea, wine, the bark of some trees and
m various other plants. It forms a constituent of many tannins. It is
a crystalline substance not very readily soluble in cold but more soluble
in hot water. In alkaline solution it rapidly absorbs oxygen from the
air and becomes brown in colour.

Expt. 88, The extraction und reactions of gallic acid. Take 100 gms. of tea, dry
in a steam oven and grind in a mortar. Put the powder into a flask and cover well
with ether, "The preliminary drying nud grinding can be omitted, but if carried out
will make the extraction more complete, After at least 24 hrs. filter off the extract,
and either distil or evaporate off the ether. The ether will be coloured deep green
by the chlorophyll present in the dried leaves, and a green residue will be left, Add
about 20 c.c. -of distilled water to the residue, heat to boiling and filtter. Heating
is necessary because the gallic acid is only sparingly soluble in cold water. Keep the
residue for Expt. 91. 'With the filtrate make the following tests; for (@), (6) and (¢)
dilute a few drops of the filtrate in a porcelain dish:

(@) Add a drop of ferric chloride solution. A blne-black coloration is given.
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(&) Add a drop or two of indine solution, A tranwient red eoluvur apponrs.

(¢) Add a drop or two of lime water. A reddish or blne colopntion will he given,

(d) To a few c.c. of the filtmte in n porcelain dish add a little lewd acetnte solu-
tion, A precipitate is formed which turns red on nddition of ouwtic potash solatio,
aud dissolves to a red solutinn with excess of potash,

(6) To a few v of the filrate in a test-tulns add n little potassiom eynidde
solution. A pink colour nppenrs, bt disappenrs v stading. Onshaleing witl nir it
renppears,

(f) Tonfew c.c. of the filbmte in a test-tnbe add a lew drops of 109, welatine
solation, No precipitnte is forued.

(9) Ton fow c.c. of the filtente i a test-tube addon little lead vitmte solution,
No precipitate is formed,

TANNINS,

This is a large gronp of snbstances, many of which are of comrplex
composition. They arise in the plant from sinpler compounds, snch as
protocatechuic, gallic and cllagic acids. Their forpation takes place in
various ways, either by condeusation, accompanicd by climination of
water, or by oxidation, or both; there may also be condensation with other
aromatic complexes,

The tannins are widely distribnted in the higher plants and, althongh
no ‘very systomatic investigation has been made, it is obvious that some
plants arc rich in these snbstances, others poor, and othiers, again,
apparently cntirely withont them. The tanning generally ocenr in
solution in the colls of tissnes of the root, stem, leaf, froit, seed and
flowers: sometimes they are confined to special colls, tarmin-sacs, but
after the death of the cell, the cell-walls of the dead tissne Leeomne
impregnated with the tannmin,  In tannin-prodncing plants, the tamin
is generally found thronghout the plant, and it probably tends to
accumulate in permancent or dend tissues, such as the bark (dead cortex
and cork), woody tissue, underground stems, ote.

Tannins appear to be more frequent in woody than in herbneeons
plants, though in the latter they naturally only accumulate in the
persistent underground stemns and root-stocks. In annuals, also, tannins
seem to be more rare: this may be due to the fact that in a short-lived
plant, comparatively little tannin is formed and is not so readily detected
as in the tissues of a perennial,

In certain plants which are highly tannin.producing and are also
woody perennials, the bark becomes very rich in tannins, These barks
are consequently of considerable commercial importance for tanning of
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leather. As examples may be taken species of Caesalpinia, Spanish
Chestnut (Castanea), Eucalyptus, Oak (Quercus), Mangrove (Rhizophora),
Sumac (Rhus). Tanuins also occur in quantity in galls, especially on
species of Quercus.

As a class, the tannins are non-crystalline and exist in the colloidal
state in solution. They have a bitter astringent taste. They have
certain properties and reactions in common, i.e. they precipitate gelatine
from solution, are themselves precipitated from solution by potassiuni
bichromate, and give either blue or green ‘colorations with solutions of
iron salts. Many tannins occur as glucosides but this is by no means
always the case.

It is possible to classify the tannins into two groups according as
to whether they are complexes derived from protocatechuic acid or gallic
acid ;

1. The pyrogallol tannins. These give a dark blue colour with
ferric chloride solution, and no precipitate with bromine water.

2. The catechol tannins. These give a greenish-black colour with
iron salts, and a precipitate with broniine water.

Ezxpt. 89. Reuctions of tannins. Take three oak galls (the brown galls formed by
species of Cynips on the Common Oak) and pound them finely in a mortar. Boil np
the powder well with a small amount of water in an evaporating basin and let stand
for a short time. Then filter. The filtrate will contain tannin together with
impurities. Make the following tests with the extract :-

¢x) Put 2 c.c. of the tannin extract into a small evaporating dish, dilute with
water, aud add a drop or two of ferrie ehloride solution. A deep blue-black colour is
produced.

(b) Put 2 or 3 drops of the tannin extract into & small evaporating dish, and
dilute with water: add a little dilute ammonia and then a few drops of a dilute
solution of potassium ferricyanide solution. A red eoloration will appear.

(¢) To 5 c.e. of the tannin solution in a test-tube add some strong potassiwm
dichromate solution. The tannin will be precipitated.

(d) To about 5 c.c. of the tannin extract in a test-tube add a little lead acotate
solution. The tannin will be precipitated.

(¢) Melt a little of a 10 9/, solution of gelatine by warming gently and then pour
drop by drop into a test-tube half full of tannin extract, The gelatine will be
prrecipitated,

For the above tests, in addition to galls, the bark stripped from two to three yecar
old tyjgs of Quercus may also be used, and will'give the same reactions, The bark
should be cut into small pieces for extraction.

It should be noted that although many tannins give the above
reactions, it does not necessarily follow that all tannins will give all the
reactions.
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Eapt. 0. Tu denuastrate the cxisteove uf pyengallol uwl victechol tnanivs, The
existence of a pyrogrllol tmmin which gives a blue reaction with iven salts has
been illustrated in the last experiment on the Onk gulls and the bark frow Oak twigs,
The bark of the Sumae (Zhus Corinrin) and the fiuit pericarp, leaves nol bark of the
Sweet Chiestuut (Crestrense rudipeois) iy be nsed as additional materind for pyrogaliol
tanming,

For an iron.greening timnin strip off’ the anter bark finta two to tlnee year old
twigs of the Horse Chostont (deseclus Fippueistiomm),  Cnt r tenr the bark into
sindl pdeces wind boil swell with a listle water in mn evaporating dish,  Filter and test
the filtrate with ferric clilovide solntion ws in Expt. 89, A green colomtion will e
given. lron.greening tanming may also be extracted from the bark of twigs of the
Wilnut (Jughoas regie) nud of the Tmrch (Liave europuen),

It the case of botl classes of taming, inouddition to the fervic eldorite reaction,
the tests of Bxpt, 89 (¢) and (#) should also be mude on the exteacts, i order to
confirm the presence of tannin, since other snbstances, sucl ay thwones, oy give n
groen color witdy ron sults (see p. ).

Some of the individaal tannns will now be considered.

Gallotannic (or tannie) acid is onc of the most importint of the
pyrogallol tannins. It ocenrs in Oak galls and Onk wood, iir tea, in the
Sminac (Rhus Cortaria), ete.  According to recent investigations (Fischer
and Freudenberg, 8) tannic acid may bo regarded as o componnd of one
molecule of glucose with five moleenles of digallic med i which five
hydroxyls of the sugar are esterified by five moloenles of aeid

CH,y(OX)* CH(OX) - CH * CH(OX) - CH(OX) * CH(OX
I o i
where X= —CO - CyH,(OH), 'O CO ' CyH,{OH},

Tannic acid is an almost colourless muorphons sabstauce, It has an
astringent taste, is solnble i water and aleohol, only slightly soluble in
cther, and insoluble in chloroform, It is decomposed, by boiling with
20/, hydrochloric acid, into gallie acid.

Lizpt, 81, Extraction und rewctions of twnnis (or gellntwnnic) acid. By a crude
method a solntion of gallotannic aeid can be obtaired from ten. Alsmit 5 gros, of the
residue, after the extraction with ether in Expt. 88, is agnin extracted with other
once or twice which will rainove all but traces of galliv acid. Boil np the residud from
ether with a little water and filter. With the filtrate make the following tests which
differentiate between gallic and gallotannice acid :

(@) To about 10 c.c. add o little 109/, gelatine. The gelatine is precipitated.

(8) To a little of the filtrate add » few drops of lend nitrate solution. The tannic
acid 18 precipitated,

The remaining tests are given in eounnon with gallic acid.  If the extract is too
coloured, dilnte with water.

(c) Dilute & fow drops of the flitrate with water in a porcelain dish and add a
drop of ferric chloride solution. A blue-black ¢olour is given,
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() Dilute a few drops of the filtrate with water in a porcelain dish and add a
drop or two of jodine solution. A transient red colour is formed.

(@) To a little of the filtrate in a test-tube add a few drops of potassium cyanide
solution, A reddish-brown colour is formed which changes to brown but beconies

red again on shaking with air,

In addition to tannic acid, a great many other tannins are known,
but their constitution is obscure.

Ezpt. 92. To demonsirate that in tannin-tontaining plonts the tonain may be
also present in the leapes. Take about two dogen leaves of the Common Oak
(Quercus Robur) and pound them in a mortar. Then Loil the crushed mass in an
evaporating dish with a little water. Filter, and with the filtrate make the tests for
tannin, Leaves of other trees also may be used, e.g. the Wig Tree (Rthus Cotinus),
Sweet Chestnut (Custanca eulgaris).

Ezpt. 93, Tn demonstruts that tannins muy be present in herbaceous as well as
woody plants. Extract some leaves, as in the last experiment, of Scarlet Gerauium
(Pelargonium zonale) and test for tanuin.

Ezxpt. 94. To demonstrate that tannins may be present in potuls and fruits, in
addition to other parts of the plant, Extract and test for tannins as in the last experi-
ment, using petals of Pelargonium zonale, Common Paeony (Paconia officinalis) or
Rose (any garden vaviety), inflorescence of Flowering Currvant (Ribes sunguineum),
flowers of Horse Chestnut (Acsculus Hippocastanum) or pericarp of Sweet Chestnut
(Castanea).

TuE FLavoNE AND FrLavoNoL PIGMENTS,

These yellow colouring matters are very widely distributed in the
higher plants (Shibata, Nagai and Kishida, 26). They are derived from
the mother substances, flavone and flavonol, the latter only differing
from the former in having the hydrogen in the central -pyrone ring
substituted by hydroxyl :

COH

B la,v one Fla.v onol

The naturally occurring pigments, however, have additional hydro-
gen atoms replaced by hydroxyl groups, that is they are hydroxy-
flavones and flavonols, and the various members differ among each other
in the number and position of these hydroxyl groups. Some of the
members are widely distributed, others less so. Quite often more than
one representative is present in a plant.



9% AROMATIC COMPOUNDS AND [cn.

The flavone and flavonol pigments arc yellow crystallime snbstances,
and as members of a class thoy have similar propertics.  They ocenr in
the plant most frequently as glucosides, one or more of the hydroxyl
groups being replaced by glucose, or, somctimes, by some other hexose,
or pentose.  In the condition of glucosides, they ate much less colonred
than in the free state, and, being present in the cell-sap in very dilute
solution, they do not produce any colomr cffect, especially i tissnes
containing chlorophyll. Occasionally they give a yellow colour to tissnes,
as in the rather rare casc of some yellow flowers (Angirrhinwm) where
colour is dne to soluble yellow pigment.

In the glucosidal state, the flavonc and flavonol piginents are, as a
rule, readily soluble in water and aleohol, but not in ether. In the non-
glucosidal state they are, as a rule, readily soluble in alcohol, somewhat
soluble in ether, but soluble with difficnlty in water.

The flavone and Havonol pigments can be casily detected in any
tissuc by the fact that they give an intense yellow colour with alkalies
(Wheldale, 29). If plant tissucs be held ovor smnonin vaponr, they turn
bright ycllow, showing the presence of flavone or flavonol pigments: the
colour disappears again on noutralization with acids, (The reaction is
especially well seen in tissues free from chlorophyll, suchias white flowors,)
This reaction will be found to be almost universal, showing how wide is
their distribution.  With iron salts, solntions of the pigments give green or
brown colomtions. With lead, insoluble salts arc fomued. Scveral of
the mombers are powerful yellow dyos, and henee some plants in whieh
they ocenr, such as Ling (Erica cinerea), Dyer's Wald or Rocket (Reseda
luteola), have been nsed for dycing purposes. The valne of these colonr-
ing matters ag dyes has led to their chemieal investigation, and as a
result tho constitution, cte., of the hydroxy-flavones and flavonols is
well established,

Ezpt. 95, Demonstration of the preseve of flusme ur fliaoonol pigments in tissues
without chlorophyll. Take flowors of any of Lhe wadermentioned species and put
thew in a flask with o few drops of ammonin. Thay will rapidly turn yellow owing
to the formation of the intenwely yellow salt of the flavone or flavonol pigments

present in the cell-sap. If the flowers are next treated with acid the yellow colour
will disappear.

Also make an extruct of some of the flowers with  little bolling water, Filter,
cool and add the following reagents :

(a) A little alkali. A yellow colour is produced.

(b) A little ferric chloride solution. Either a green or brown coloration is
produced.

(¢) A little basic lead acetate solution, A yellow precipitate of the lead salt of
the flavone er flavonol pigment is formed,
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The flowers of the following species can be used : Snowdrop (Galanthus nivalis),
Narcissus (Narcissus poeticus), white variety of Lilac (Syringa vulgards), Hawthorn
(Crataegus Oxyacantha), White Lily (Lilium eandidum), white var. of Phlox, double
white Pink, white Stock (Mazthiole) ete., ete., in fact almost any species with white
flowers or a white variety.

Ezpt. 96. Demonstration of the presence of jlavone or flavonol pigments in tisgues
contaiuing chlorophyll. Make a hot water extract of the leaves of any of the under-
mentioned species, Make with it the same tests as in the previous experiment.

The following plants may be used : Snowdrop (Galanthus nivalis), Dock (Rumex
obtusifolius), Goutweed (A egopodium Podagraria), Dandelion (Tarazacum officinale),
Violet (Viola odorata), Ribwort Plantain (Plantago lanceolata), Elder (Sambucus
nigra),

The most important flavone pigments are apigenin, chrysin and
luteolin,

Apigenin has not yet been found to be widely distributed. Its
formula is:

~.

N
SOH

It occurs in the Parsley (Carum Petroselinum) (Perkin, 18) and in
the flowers of the ivory-white variety of Snapdragon (Antirrhinum
majus) (Wheldale and Bassett, 30).

Expt. 97. Ertraction of apiin, the glucoside of apigenin, from the Parsley (Carum
Petroselinum). Take some Parsley leaves and boil in as little water as possible.
Filter off the extract and make the following tests for apigenin :

(a) Add alkali. A lemon yellow coloration is given.

(b) Add basic lead acetate solution. A lemon yellow precipitate is formed.

(6) Add ferric chloride solution. A brown colour is produced.

(d) Add ferrous sulpbate solution. A reddish-brown colour is produced.

Apiin frequently separates out in a gelatinous condition from aqueous
and dilute alcoholic solutions.

Chrysin is a flavone occurring in the buds of various species of
Poplar (Populus). It has the formula:
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Luteolin does not appear to be widely distributed, though possibly
it occurs in many plants in which it has not yet been demonstrated.  Its

formula is represented as :
o}
N
16"
OH
H
CO}

It occurs in the Dyer's Weld or Wild Mignonette (Resede Luteoln)
(Perkin, 17), Dyer’s Greenweed or Broom (Genistu tinctorie) (Levkin, 23)
and in the yellow variety of flowers of the Snapdragon (Antirrhinum
majus) (Wheldale and Bassett, 32). It has been much used as a yellow
dye: hence the names of the first two plants (Perkin and Horsfall, 20).

The most important favonol pigments arc quercetin, kacupferdl,
myricetin and fisetin.

Quercetin is apparently one of the most widely distributed of the
whole group of yellow pigments, and has the formula
On
OH

O;OH

It occurs, either frce, or combined with various sugars (glucose,
rhamnose) as glucosides, in many plants, as for instance the following :
in the bark of species of Oak (Quercus), in berries of species of Bncek-
thorn (Rhamnus), in flowers of Wallflower (Chesranthus Chetrt), Hawthorn
(Crataegus Ozyacanthu) (Perkin and Hummel, 22), Pansy (Viola tricolar)
(Perkin, 19) and species of Narcissus: in leaves of Ling (Callunce erica)
(Perkin, 23), and the outer scale leaves of Onion bulbs (Perkin and
Humniel, 21).

Lzxpt. 98, Preparation of « glucoside of yudreetin from Nersissus flawers, The
species of Narcissus which can be used are V. Tazetta, N. incomparabilis, snd any of
the common yellow trumpet varieties. Pound about 50 flowers in ainortar and then
extract in a flask with boiling alcohol. Filter off the alcoholic extract and evaporate
to dryness; then add a little water and ether and transfer the whole to a separating
funnel. The ether takes up the plastid pigments, but at the plane of separation of the
liquids, the glucoside separates out as a crystalline deposit. This can b filtered off ;
with a dilute solution in alcohol make the following tests :

() Add a little alkali. The yellow colour is intensified, but the intensification
disappears on adding acid.
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() Add a little lead acctate solution. An orange precipitate of the lead salt is
formed.

(¢) Add a little fewric chloride solution. A green coloration is produced.

(d) Heat some of the alcoholic solution on a water-bath, acidify with strong
hydrochloric acid and add zinc dust. A magenta colour is produced (see p. 106).

Euxpt. 99. Preparation of erude quercstin from Ownion skins (Perkin, 21). Take
about 50 gms. of the brown outer skins of onions and boil with 900 c.c. of water for
an hour. Then filter and allow the filtrate to stand for 24 hrs. A brownish-yellow
deposit is forined which is crude quercotin, Filter this off and dissolve in 759,
aleohol and allow to evaporate stowly. Quercetin will be deposited. With a solution
in dilute alcohol make the same tests as in the last experiment,

Ezxpt. 100. Preparation of u quorcetin glucoside from Wallflower (Cheitanthus
Cheiri) flowers (Perkin and Humiel, 22). Take 20 gms. of petals of flowers of either
the brown or yellow variety and drop them into boiling aleohol in a flask. Filter and
evaporate the extract to dryness on s water-bath, Dissolve the residue in water and
add ether. In the case of the yellow wvariety the yellow plastid pigments are taken
up by the ether, and the quercetin glucoside partly crystallizes out from the water
as in Expt, 98. In the case of the brown variety both quercetin glucoside and
anthocyan pigwment are present as wellas plastid pigments. The two former go into
solution in the water and the glucoside iu thne crystallizes out, In either case the
glucoside can be filtered off and tested as in the previous experiment. A positive
result will be given in each case.

Kaempferol occurs in the flowers of a species of Larkspur (Delph:-
nium consolida) (Perkin and Wilkinson, 25) and Prunus (Perkin and
Phipps, 24) and in the leaves or flowers of several other plants. It has

the formula :

OH

o;OH

Myricetin and fisetin are two other flavones which have been found
in species of Sumac ‘(Rhus) and other plants. They have respectively

the formulae :
OH OH
OH HO OH

OH

;OH }OH

Myricetin Figetin
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THE ANTHOCYAN PIGMENTS.

These pigments are the substances to which practically all the blue,
purple and red colours of flowers, fruits, leaves and stems are due
(Wheldale, 3). They occur in solution in the cell-sap and are very
widely distributed, it being the exception to find a plant in which they
are not produced. As members of a group, they have similar properties,
but. differ soniewhat among themselves, the relatlonshlps between them
being mucli the same as those between the various flavone and flavonol
pigments, They occur in solution in the cell-sap but occasionally they
crystallize out in the cell. They are present in the plant in the form of
glucosides, and in this condition they are known as anthocyamins: as
glucosides they are readily soluble in water and as a rule in alcohol
[except blue Columbine (4 quilegia), Cornflower (Centaurea Cyanus) and
some others] but are insoluble in ether and chloroform. The glucosides
are hydrolyzed by boiling with dilute acids, and the resulting products,
which are non-glucosidal, are termed «nthocyvnidins (Willstiatter and
Everest, 35). The latter, in the form of chlorides, are insoluble in ether,
but are generally soluble in water and alcohol. The anthocyanins can
be distinguished frora the anthocyanidins in solution by the addition of
amyl alcohol after acidification with sulphuric acid. The anthocyanidins
pass over into the amyl alcohol, the anthocyanins do not. The antho-
cyanins and anthocyanidins themselves (with one exception) have not
yet been crystallized, but of both classes crystalline derivatives with
acids have been obtained (Willstéatter and Everest, 35),

In considering the reactions of anthocyan pigments the difference
between those given by crude extracts and those of the.isolated and
purified substances must be borne in mind. With acids the anthocyan
pigments give a red colour: with alkalies they give, as a rule, a blue or
violet colour when pure, but if flavone or flavonol pigiments are present
(as may be the case in a crude extract) they give a green colour, due to
nixture of blue and yellow. In solution in neutral alcohol and water
many anthocyan pigments lose colour, and this is said to be due to the
conversion of the pigment into a colourless isomer which also gives a
yellow colour with alkalies (Willstitter and Everest, 35); hence even a
solution of a pure anthocyan pigment may give a green coloration with
alkali due to mixture of blue and yellow. The isomerization can be
prevented or lessened by addition of acids or of neutral salts which form
protective addition compounds with the pigment. With lead acetate
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anthocyan pigments give insoluble lead salts, blue if the pigment is
pure, or green, as in the case of alkalies, if it is mixed with flavone or
flavonol pigments, or the colourless isomer.

When anthocyan pigments are treated with nascent hydrogen, the
colour disappears but returns again on exposure to air. It is not known
what reaction takes place.

Ezpt. 101, The veactions of anthocyanins and anthocyanidins, Extraet petals of
the plants mentioned below with boiling alcohol in a flask. Note that the anthocyan
colour may disappear in the alcoholic extract. Filter off some of the alcoholic extract
and make the following tests («) and (b) with it :

(2) Add a little acid and note the bright red colour.

(b) Add a little alkali and note the green colour,

The decolorized petals, after filtering off the extract, should be warmed with a
little water in an evaporating dish. The colour is brought back if pigment is still
retained by them.

Evaporate the rexnainder of the alcoholic extract to dryness and note that the
anthoeyan colour returns, Dissolve the residue in water and continue the following
tests, taking a little of the solution in each case :

(¢) Add ether and shake, The anthocyan pigment is not soluble in ether.

(d) Add acid. A bright red colour is produced.

(¢) Add alkali, A bluish-green or green colour is produced which may pass to
yellow.

(f) Add basic or normal lead acetate solution, A bluish-green or green precipitate
is produced.

(9) Add a little sulphuric acid and then amyl alcohol and shake : the latter does
not take up any of the red eolour, indicating that the pigment is in the anthocyanin
(glucosidal) state.

() Heat a little of the solution on a water-bath with dilute sulphurie aecid and
then cool and add amyl alcohol. The colour will pass into the amyl aloohol, indicating
that the pigment is now in the anthocyanidin (non-glucosidal) state.

(?) Acidify a little of the solution with hydrochloric acid and add small quantities
of zine dust. The colour disappears. Filter off the solution and note that the colour
rapidly returns again.

For the above reactions it is suggested that the following flowers be used as
material : magenta Snapdragon (Antirrhinum magus), brown Wallflower (Cheiranthus
Cheire), crimson Paeony (Padonia officinalis), magenta « Cabbage’ Rose, Violet
(Viola odorata), but the majority of coloured flowers will sexve equally well,

Though the above represent the reactions and solubilities given by
the greater number of ‘anthocyan pigments, it will be found that all are
not alike in these respects.

Ezxpt. 102, Demonstration that anthocyaning may be insoluble in alcohol but soluble
tn water. Extract petals of any of the species mentioned below with boiling alcohol
and note that they do not lose their colour. It will be found that the pigments are
either completely or largely insoluble in alcohol, but are soluble in water, Test the

— -~
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water extract ns in Expt, 101 (2)-(5). Also take erpanl quantities of the water extract,
inn two evnporatiug dishes. To ongoudd sodimu chiloride. Note (a8 menticaad nbove,
see p. 98) that the colowr fades less mpidly from the extenct containing thesalt, The
flowers of the following species can be used ; blue Larkspar (Delphiniowr), Comllower
(Cmituwuren Cyanna), blae Columbine (dygeilnygia).

There is a sl gronp of plants belonging to some allied natnral
orders, of which the athocynn pigments give chamieal reactions stall
more ditferent from the genernl type already deseribed, thongh they
nevertheless resenble cach other. Snch, for instace, are the piginents
of various gencra of the Chenopodiaceao [Beet (Bet), Ovachie (A tripler)),
Amarantaceae (Amarnthius and other genera), Phytolncencene (Phyta-
laccr) and Portnlacacene (Portulace). These anthocyar pigments ae
insoluble in alcohol but soluble i water: they give a videt colonr with
acids, red to yollow with alkalies, and o ved precipitate with basic lead
acetate,

Lizpr. 103, Rearetions of the Bert-runt (Deta vnlgaris) pigpneat. ke sowme Teot
root leaves, tear then into siaall picees nud pnt thens intw nleolnl, Allow the lewves
to stand for somo tine md note thut the cliloropliyll is extracted but tlee red pigieent,

is imsoluble. Then pour off the aleoldd nud wdd water: the red plgent. goes into
solntion, Filter off the solution and ninke the folbwing tests

(1) Add acid, The pigment tarus violet,

() Add alkali, The pigment becomes redder ud famdly toam yellow,

() Add basic lend acotate, A red precipitate s formed.

(d) Acidify witli hydrochloric ncid and ndd zine dast, The coloar disappears, bat.
on filtering oft from the zine it does not yetnrn agnin,

Anthocyan pigments may also oceur in leaves, and this is very obvions
in red-leaved varietios of varions species snch as the Copper Beech, the
Rad-leaved Hazel, cte.

Kzpt. 104, Extraction of anthoryn pigment frum the Red leaemd Hicel, Extract,
wome lenves of the Blood Hazel (Curylus Avellaun vay, rubra) with aleolwl,  Filter off
and evaporate the solution to dryness. Add water. Poura Little of the ceude mixture
in the dish into a test-tube aud add other. There will be a separation into o green
ethereal layer containing shlorophyll, nnd a lower water layer containing nuthocyan
pigment. Filter the extract remaining in the dish and with the filtrate raake the
tests already given in Expt. 101 (¢)-(9).

The leaves of the Copper Beech (Fagus sylvativn var, purpuren) can alwo bo usesl.

In many flowers, the cells of the corolla may contain yellow plastid
(see p. 39) in addition to anthocyan pigments. The colonr of the petals
is in these cases the result of the combination of the two, and is usually
some shade of brown, crimson or orange-red, us in the brown-flowered
variety of Wallflower (Cheiranthus Cheirt).
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Expt. 105, Dewvstentiun uf the peesence of wathocyan aud pdastid poyments
tugether o gutals (goradan Mept 1005, Fxtract petals of e brown-Howered vudely of
Willflower with alenhol. VVilter, mud evaporate the oxtract to dryness. Toke up
with water and wdd etlor. Pane the wixtine into o sepunting fonnel. The phustid
pigraent will pass o solutian in the ether, npd the nnthoey pignient will remnin
i the water,  Tests the agneous solution ng in lepta 101 () (3,

Thes following may L used as material 0 vay flovats of bronze or erivason Oheys-
anthegeunn, ony flovets of Goilluedio nid oraogo-ved lowers of Nastirtion (Prupraentan
s,

Anthocymrns uid anthocyaniding have been isolated from varions
species. The pignients themselves with one exception have wat hee
obtained 1 the erystalline state, It erpstalline eongounds with acids
have been prepured both of the glicosidal and non-glaeosidal forms,

All the pigments so far deseribed appear to be derived frows three
fundamental componnds, pelargomdin, eyamidin and  delplinidin, of
whicli ghe chlorides are represented thos:

Cl Cl

Y BEstR

» ~ OH
/: / 1l (e}

. C
"C/

H H
Cyanidin cliloride ﬂ‘*"lfl‘"

OH H
Delplissidia ¢hloridie
It has been suggested, at least in the case of eyanidin, the pigmoent
of the Cormflower (Centanrsa Cywnns), that the pigmont itself is a nentral

substance, purple in colour and of the following structure (Willstitter,
33, 36):
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Further, that the blue pigment of the flower is bhe potassimn saly
of the purple, and the red acid sals, cyaridin chloride, depicted above, is
a so-called oxonium componnd of the purple.

Pelargonidin, morcover, has been prepaved syuthietically -(Willstittter
and Zcchmaister, 45).

The above three piginents, either as glicosides or in the forur of

mothylated dorivatives, ave found i a wmuber of plants whiceh ave listed
below (Willstiitter, cte, 33-46). The sugay residnes or methyl gronps
may, of conrse, occnpy different positions, thns giving rise ta isomers

iy
Pelargonidin, Fils.

Onllistephin Monoglucoside of pelargonidin Flowers o Astor < Ceillistophos vhiurusis)
Pebugotin Diglucoside of pelargoridin Flowers of Searlet Ceranimn (Peborgupiom
2nedled, pink wie. of Corullwor (Coutrinrey
(ypronus) aanl certiic vars, of Dallin (0,
riericvlis)
Cynuidin, er Lo / u
Astoriu Monoglncoside of cynnidin Fluwers of Astoer oChllistephus vhiurnaix)
Chrysanthemin | Monoglucoside of eyanidin Flowers of Clirysanthenmm (€ dudiriem)
Idaein Monogalactoside of cynnidin Frait of Craadwerry ¢ Varviuiem Vitis. Idrea)
('yanin Diglneoside of cyanidin Flowers of Cornbiower (Cratitera Cyunus),
Roge gpdlicn and coxtain vurs, of Dahlia
(D, egrichilis)
Mekoeynnin Diglneoside of eynnidin Flowers of Voppy (Pupuver fhoeas)
Kemeyanin Rhamuoglucoside of eyanidin Fruit. of Cherey (/feamin Coraxns)
Peonin Diglucoside of {;euui«lin (cyanidin | Flowers of Pneony (Poewnia affieinalis)
monaoethyl cther)
Delphinidin,
Violanin Rhamnogluciside of delphinidin | Flowers of Panwy { Viele tricolur)
Delphinin Diglncoside of delphinidin 4+ | Flowers of Larkspur (Delphiniam consolida)
#-hydroxybenzoic acid
Ajsipelopsin Monoglucoside of ampelopsidin | Fruit of Virginisn Cresyer (A mpelopsis quin-
(delplinidin monomethyl ether) |  guefolia)
Myrtillin Monogalactoside of wmyrtillidin| Fruit of Bilberry (Vs wium Myrtitlux)
(delphinidin monomethyl ether)
Althaein Monoglucoside of myrtillidin Flowers of deep purple var, of Hollyliock
(Althaea rosen)
Potunin Diglueoside of petnnidin (delphi- | Flowers of Petwiin (P, efolaci)
nidin monomothyl ether)
Malvin Diglucoslde of malvidin (delphi- | Flowers of Mallow ( Mulva sylvestrix)
nidin dimetliyl ether)
Oectiin Monoglucoside of oenidin (delphi- | Fruit of Graye ( Vits vinifera)
nidin dimethyl ether)
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Of the meghylted conrponnds, myretilidin and oenidin may be re-
proesented thns:

01 Cl
rw e OH

A O Oohn
HOF ™ o - N OH S \cf N OCHj
f o [N A

OH
C H, N _ C—~OCH
X Yoo 3
HO H
\1_\, rtillidin Oenidin

Foapt VO6, Leeueratiou iuch coitins of puduegionin. eldocide, Lxtmet the Howers
frona two or tlaee bage bosses of the Searlet Genoinne (Pelargonium conals) 1o o
flaske with Lot akenliol, Vilter ol med conmmtrate onon water-Inth, T poar the
L concentrated solution into abont half its volinne of steoug hydvoshibaric neid, O
sooling, a crystallive precipitate of pelargasin shdoridesepumtes ont. Bxamine mder
the saieroseope il rote tlnd it consists of slanves and rosettes of needlos,  Filter
off the erystads, ke np e water el 1aake the following experients with the
sudutinm

() Addnlknli, A deep Bacvinlet colone is produced,

(h) Tuke twn cqual qnantitios of solution in two evpanting dislies. To ove wdd
s opniekly s possilde sone solid sodinm ddoride, Plaseoloar in thesolution witlt,
salt. will rapidly Hule owing to the foramtion of the oolowdess isotaer in >umtml
solution: this changs is preventad to n corsiderable extent in the solibion eontaining
mlt owing to the fornodion of w owddition cotponud of the panpgonin with the
solinm eliloride which prevents ismueristion (see p, D8). To portions of tho wator
solntion (withont sadiin, eliloride) wldel has Tost its colonr add respostively acid
and alkadi. The red colour retinns with acid owing to the formation of the red neid
oxumilng salt : with alkali a greonish.ydlow colonr will be prodused due to the
fornmtion of the st of the colonrless isomer. 16 nlkodi & owddad to the portion of the
pigiuent sedavion comtaining the sodivin cliloride, it will ba forud tlnt it still gives
a violet eolour,

{ry Add sulplwrie agid wnd mnyl wleoliol, The aleohol dow pot take up the
colonr, Add iyl aleolid after acidifying another portion of the soliution with
sulpliorie acid nvd heating on n water-bath,  The aloohol now abstracts sonus of the
colonr, This shows that. the gloeoside pelurgonin exists in the first case, but is
decompomd fnto tlie nomeglacasidal pelargouidin after heating with acid.

() Acidify witl bydrochloric acid and add zing dust: the colour disappeas and
returns agai after filtoring,

Bzpt, Y07, Fyeparativu of the asetic wiid salt of peluvganin,  Make ax aleoholic
extract of petals us in Expt, 108, Evaporate dowy snd ponr into glusial avetic acid
instead of hydrochloric acid, The crystals of the salt formed are smaller and more
purple in colonr than these of the chloride.

Rapt. VOB, Preparation und reavtions of erude peonin chinrids, Extract the jetals
of one or two Howers of the Urimwou Preony (Pasoniu nffininalis) with 95-989/,
aleohol, Filter and evaporats uearly to dryness. Theu add soine methyl alcolol and
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pour into a little strong hydrochloric acid. Then add ether to the mixture in a
separating funnel, A crude precipitate of peonin chloride will separate out after a
time, which may be more or less erystalline. Filter off this precipitate, take up in
water and make the following experiments:

(@) Take two equal quantities of the solution in two evaporating dishes. To one
add solid sodium chloride as in Expt. 106 (5). Then neutralize both portions carefully
with very dilute sodium carbonate solution until the eolour changes slightly to
purple. The colour will fade more rapidly in the solution without sodium chloride
on aceount of the formation of a colourless isomer, as in the case of pelargonin
chloride. The water solution after standing will give a green colour with alkali owing
to admixture with the yellow sait of the isomer.

(b) Add alkali. A deep blue colour is produced. A crude extract of the fresh
petals made as in Expt. 101 will give a green or blnish-green colour with alkali owing
to the presence of the accompanying flavone.

{¢) Add amy! alcohol and sulphurie acid. No colouris taken up kty alcohol, The
pigment is present as the glucoside peonin. Boil another portion with sulphuric
acid and add amyl alcohol. The pigment is partly hydrolyzed and the peonidin goes
into solution in the alcohol.

(d) Reduce another portion with zinc dust and hydrochloric acid. The colour
returns after filtering,

In considering the anthocyan pigments, the question now arises—
What is the chemical significance of the various shades in the living
plant 2 Apparently the same pigment may be present in two flowers
of totally different colours, as in the blue Cornflower and the magenta
Rosa gallica. It has been suggested that in such cases the pigment is
modified by other substances present in the cell-sap: thus it may be
present in one flower as a potassium salt, in another as an oxoniwm salt
of an organic acid, and in a third in the unaltered condition. But exactly
how these conditions are brought about is not clear. In one or two
cases, moreover, where there is a red or pink variety of a blue or purple
flower, the variety, when examined, has been found to contain a ditferent
pigment and one less highly oxidized than that in the species itself.
The above phenomena are exemplified in thc Cornflower (Centaurew
Cyanus). The flowers of the blue type contain the potassium salt of
cyanin, the purple variety, cyanin itself, while those of the pink variety
contain pelargonin.

The mode of origin of anthocyan pigments in the plant is as yet
obscure. It has been suggested (Wheldale, 29) that they have an
intimate connexion with the flavone and flavonol pigments, which can
be seen at once by comparing the structural formula of quercetin with
that suggested for cyanidin :
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o] OH | AN OH
\ﬁ '__,/ N, OH //O\C OH
A -

Yenmamy

OH C —OH
co’ \ﬁ/
Quereetin Cyanidin

All the anthocyan pigments so far isolated, however, have been
fonnd to contain the Havonol, and not the Havone, mmclens,

Just ay i the case of the flavone and flavonol piginents, some of
the anthocyan piginents are specifie, whilo others, on the contrary, we
commmonr to varions genera and species,  Also ore than one anthocyan
piginent may be prosent i the sane plat,

It will he pointel ont later that snall saounts of a snbstance iden-
tical with cyanidin are said to be formaed by rednetion of gquoercstin with
mseent hydrogen, but this does aot necessarily prove shat the formation
of anthoeyan pignients in the plant takes placo on the same lines.  If
we compare the formulae for o ammber of anthosyan with flavone and
Havondl pigments, it is seen that they may bo rvespectively ammged in
a series, each inceibar of which differs from the next by the addition of
an atonr of oxygen:

Lnteolin, kaaanpferol and fisotin CyH O, Pelargomdin CyH,,0,
Quercetin CLH (0, Cyntidin Ci:H,,04
Mymieetin CyH 0 Delphinidin Gy H,,0),

The relationship botween these twa classes of substances in the
plant can only be ascertained by dissovoring which flavone, flavonol and
anthocyan pigments are present together, and then to detennine whether
the relationship is one of oxidation or rednetion, a problem which has
not yet recoived adequate attention (Kyverest, 6).

A reaetion which is of interest in connexion with the relationship
between the above two classes of piginents 18 that which takos plage
when solutions of sonn: flavone or flavonol pigiments are treated with
uaseent hydrogen.  If an acid aleoholic solution of guoercetin is treated
with zinc dust, magnesium ribbon or sodiam amalgain, a brilliant magenta
or crimson solution is produced, and this solution gives a green colour
with alkalics (Combes, 5). The red substance thus producod has been
termed “ artificial anthocyamin” or allocyanidin, The product is not a
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true anthocyan pigment but has, it is suggested, an open formation

(Willstatter, 36):
HH OH
Y
C
o

—OH
OH H

It is said, however, to contain siall quantities of a substance iden-
tical with natural cyanidin from the Cornflower (Willstiatter, 36). I'lie
fact that sinall quantities of a natural anthocyan pigment can be obtained
artificially from a hydroxyflavonol by reduction does not necessarily imply
that one class is derived from the other in the living plant.

From the above reaction of quercetin the result follows that when
many plant extracts [most plants (see p. 94) contain flavone or flavonol
pigments] are treated with nascent hydrogen, artificial anthocyan pig-
ment is produced. Moreover, it seems probable that if the yellow
pigments acted upon are in the glucosidal state, and if the reduction
takes place in the cold, allocyanin (the glucoside of allocyanidin) is
formed and the product is not extracted from solution by amyl alcohol.
But if the flavone is non-glucosidal, or if the solution is boiled before or
after reduction, then allocyanidin (non-glucosidal) is formed and is
extracted by amyl alcohol.

Ezpt. 109. Formation of allocyanidin from quercetin. Make an alcoholie solution
of a little of the glucoside of quercetin prepared from either Narcissus or Cheiranthus
(see Expts. 98 and 100), Acidify with a little strong hydrochloric acid and heat onn
water-bath. Add a little zine dust from time to time. A brilliant magenta colour
due to allocyanidin is produced. To a little of this solution add some alkali: a green
colour is produced. If the alcohol and hydrochloric acid are evaporated off, and a
little water and sulphuric acid added, on shaking up with amyl alcohol, all the
allocyanidin passes into the amy!l aleohol. (The distribution of the allocyanidin in

the amyl alcohol is greater with aqueous- sulphuric acid than with aqueous hydro-
chlorie acid.)

Ezpt. 110. Formation of allocyanin from quercetin. Make a suspension of the
glucoside of quercetin from Cheiranthus or Narcissus(see Expts, 98 and 100)in about 2N
sulphuric acid, and then add zinc dust (or a drop of mereury about the size of a pea
and a little magnesium powder) in the cold. The red or magenta, colour is gradually
developed. Divide the coloured solution into two parts in two test-tubes, Boil one
for 5-10 minutes. Then add amyl alcohol to each. In the unboiled test-tube the
amyl alcohol extracts no colour, since allocyanin is present. In the boiled test-tube
allocyanidin is taken up by the amy! aleohol as in Expt. 109,
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Is‘,r/rL 10, Ferunitua h:l'u//ur"l/um'u. ol u//nq)/u.m}lin'/'mm. gl ant sutrants, For this
pwpese tlas yellow varietis 2 Vrilarose” or *Cloth of Gold” of the Wallllowsy
(Cheivisthuy Cledrsy enn Iesnsed, The flewors e ponoded S1c n pntar, extractod
with eolll water, the water exteet neidified with salplawie weid, and zine dast O
werenry amwl 1aagnesiae powder as onbove) added. A ved colortion is slowly
develpeal. T sovve of the red solutbm add anyl adeobol, Tlas coloar 8 not
whatxieted folloeyaniue, Bofl avetlesr portion. The nlloeyanin is thas convertad hito
alloeynidin whiels is tleen trden np on wldition of anyl alcobol.

Ty OXA1DIZING ONZYMES,

There 18 u eertain gronp of engyines of whioh we Liave most infora-
tion i their conmexion with aromatic substancees, These are the oxi-
dizing cuzynus,

The presenec of snell enzymes in plants was long ago associnted with
the following plienowena,  If the expressed jnices, or water oxtinets of
the tissnes, of some plats are added to a solntion of gnninaun g, in
the presence of air, o deep bl colonr 38 obtained ina short time. On
the other hund, expressed juices, or water extrnots, of other plants adeded
to guninenmy solution prodoce no bine colonr,  On addstion, however, of
a few drops of hydrogen peroxide, in the latter ease, the blne colour
rapidly develops, Plants are said to contain an oxidase when the extracts
give the blue colonr with gmaiacnmn tinetnre alone. ® Those, of which the
extracts only bring about blueing on nddition of hydrogen peroxide, are
said to contain a peroxidase (Chodat, 1),

Kagt, V12, Demonsteotion of the greseure of na oaidase. "Take n portion of n fresh
Potato tubar and pend well in s mortur with o little water, Filter, nad to the
extmet, in a white evaporating disl, add n fow drops of 19/, guainenm solation i
alcoliol, The gunincain tinctare will be foand to give a blne colonr at onee with the
potato extract,

A contral tube: slonld be propured by 0nfl boiling wone of the water extract. of
the tnber, cooling and thon adding gosiscam, No eolonr is produced, owing to the
fact that the enzyime has boen destroyed by hoiling.  Other tissnes which may be
used to demonstrate the above renctions are @ root of beet wnd fruits of apple, penr
und phon,

Chsiacom ginn is obtained from two West [ndian species of Chiaiacnin trees,
G. officinale and . sanctum, partly as o natiral exudation and partly Ly moum of
incisions, It gives a yellow solution with aleoliol which coutains guainconje neid,
and the latter, on oxidation, yields guaincnm blue, As far as possible, inner portions
of the resin lumnps shonld Lie nsed, ax the resin oxidizes i alr, and then may give
unrelisble results, Tt is best to tnake the tincture freshly before use, and, as a
precaution, to boil It on u water-bath with a little anbnal charcoal and filter.,
Guaiacum gum tends to form peroxides on exposure to air, nud these are removed by
the above treatment.
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Expt. 113, Denumstration of the greseare uf w peravidase. Wepeat the alove
experiment, using scales frour nu Ouion bulb. Add a few drops of Lipdrogen pevoxide
solation.  Green pen tissue 1ay slse be used. No blue colour is prodneed ratil after
the wddition of liydiogen pevoxide,

If a systematic examination is made of genera from varions natnral
orders with the guaiacmin test, it will he fonmud thiat the oxidase reaction
is shown by all, or nearly all, genern of some orders, for instancee most Unn-
belliferae, Lubiatac, Boraginaceae and many Compositae, Iri other ovders,
i.c. Cruciferac and Crassnlaceae, the poroxidase reaction 18 predonnnant.

Morcover, the oxidase-containing genera show another phenonienon,
as follows. If the tissne extracts aro loft in air, they become dark-
coloured, generally brown or reddish-browu, If the plants thaasielves
are braised or injured, they tinm brown. The same offeet may be pro-
duced very rapidly by the action of ehloroforns vaponr, These phenanena,
the darkening of extyucts and the diseoloration, both on injury and in
chloroform, will be fonnd to be alsent from plants giving the peroxidase
reaction only.

Eaxpt, 114, To show the distrileutiun wf wsidisses amd perucidieses ie verinva pdiants,
and the corvelatiun betiesy the prsever of wxidase awl browaing an Hjursy or in
chloraform vaguner. Tnke n seluction of the plants given boelow, uad in onch ense grind
up n portion of the plant in a wontar with n little water awd tilter. Divide the
filtrntet into two purts in smdl porcelain dishes, Allow onge part to staad 1o air, and
note the darkening in coloar in cases where mu oxidase is present. To the othor wdd
a few drops of guaincum, Tw extmets cootaining o peroxidase only, after 7110
minutes, add inowddition o few drops of hiydrogen peroxide. Fuarther, small pioces
of tha plas to be tested should be phiced in a corket flank contaidng w few drops
of chloroform, mul the development of browning noted i the ease of plants contain-
ing an oxidwe,  For deraonstntion of oxidases the following plants way be nsed ;
Christinng Rose (Helleborus wiger), Dundelion (Taveyaecnm offieimle), Forget-menot
(Myosotis), Hawthorn (Cratuspusy mul White Dead Nottle (Lamdn wlbinm). For
pernxiduses : Aralas, duhrietin, Battercenp (fununcelus weris), Pew (Fisum setivam),
Stock (Matthiols), Wallflowor (Clodranthus Cliiri) snd Violet ( Viedu).,

Varions hypotheses have been snggested in explanation of the re-
actions of oxidizing enzymnes. The one most generally accepted (Chodas,
1) 18 that the oxidase consists of two components, a peroxide and a
peroxidase. The peroxide may be cither hydrogen peroxide or some
organic peroxide. The peroxidase acts npon the peroxide, depriving it
of an atom of oxygen which is transferred, in an " active ” condition, to
some substance (acceptor) which becomes oxidized. Guaiacum is the
acceptor in the above experiments. The reaction ay be approximately
expressed thus:

2A0 + O, ==2A0, (peroxide;.
AO;+peroxidase=AO +0,
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The above conception would represent a system which is capable of
absorbing molecular oxygen and of transforming it into active oxygen.
In this way substances can be oxidized which would not be affected
by molecular oxygen to any extent.

Accordingly, on the basis of the above hypothesis, it is assumed that.
an organic compound which can act as a peroxide is present in the
expressed plant juices or extracts which give the oxidase reaction. When
this ovganic peroxide is absent, hydrogen peroxide must be added to
complete the oxidase system.

The above definition of oxidases and peroxidases is based upon their
behaviour towards guaiacum. There are, however, a number of other
oxidizable snbstances, such as a-naphthol, benZzidine, p-phenylenediamine,
pyrogallol, ete.:

NH,
OH NH,
a-Naphthol Benzidine p-Phenylenediamine

which are only oxidized by oxidases with the assistance of hydrogen
peroxide, the oxidase system being insufficient ; they are also of course
oxidized by the hydrogen-peroxide-peroxidase system. Such snbstances
(in the presence of hydrogen peroxide) are used as tests for oxidizing
enzymes,

Ezxpt. 115. Additional tests for oxidizing enzymes. To a few c.c. of an extract of
Potato tuber (Expt. 112) in a small evaporating dish, add a few drops of the following
reagents, and subsequently a few drops of hydrogen peroxide :

(@) A 19/, solution of a-naphthol in 509/, aleohol. A lilac colour is developed.

() A 19/, solution of benzidine in 509/, alcohol. A blue colour is developed,

(¢) A 19/, solution of p-phenylenediamine hydrochloride in water. A greenish
colour is developed.

The peroxidases, like other enzymes, can be extracted either with
water or dilute alcohol and precipitated from solution by strong alcohol.

Expt. 116, Preparation of peroxzidase from Horse-radish (Cochlearia) roots. Mince
up the Horse-radish roots in a mineing machine. The product is allowed to stand for
24 hrs. to enable the glucoside, potassium myronate, to be hydrolyzed by the enzyme,
myrosin. Then extract with 809, alcobol. The alcohol is decanted off, and the
residue pressed free from alcohol in & presa. The residue is next extracted with 40 %/,
alcohol for 48 hrs., filtered and precipitated with 909/, alcohol. The precipitate,
which contains the peroxidase, is filtered off. Dissolve up in water and make the:
test for peroxidases (Expt. 113).
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The oxidation of pyrogallol, in the presence of a peroxidase and
liydrogen peroxide, has been used as a method for estimating the activity
of these enzymes. Solutions of known strength of pyrogallol and hydro-
gen peroxide are used, and to the mixture a solution of a known weight
of prepared peroxidase is added. An oxidation product, termed purpuro-
gallin, is formed. After a definite time, the reaction is stopped by
adding acid, and the purpurogallin extracted by ether. The ether
extract is colorimetrically compared with an extract containing a known
amount of purpurogallin (Willstatter and Stoll, 47).

Ezpt. 117, Outline of method for estimating peroxidase by formation of purpuro-
gallin, Make a solution of 05 gm. of pyrogallol in 200 c.c. of distilled water, and
add to it 1 c.c. of 5%, hydrogen peroxide. Then add about 5 c.c. of a solution of
Horse-radish peroxidase from Expt. 116. After 5 minutes add to half the mixtwre
25 e.c. of dilute sulphuric acid and extract the purpurogallin with ether in a
separating funnel. The purpurogallin will be extracted by the ether, giving a yellow
solution. Allow the other half of the mixture to stand. The colour will deepen, and
a reddish deposit of purpurogallin will be precipitated. Examine a little of the
deposit under the microscope. Tt will be found to consist of sheaves of erystals,

A solution of peroxidase from Alyssum leaves [Expt. 119 (b)] can also be used. -

It has recently been shown (Wheldale Onslow, 11) that the per-
oxidase element (Expt. 118) of certain oxidases (fruit of Pear, tuber of
Potato) can directly oxidize the phenol catechol (see p. 88), as well
as other substances containing the catechol grouping, that is two
hydroxyl groups in the ortho position, e.g. protocatechuic acid and caffeic
acid :

COOH CH=CH ' COOH
OOH OOH OOH
OH OH OH
Catechol Protocatechuic acid Caffeic acid

A brown colour is produced, giving rise to some oxidation product
which will then act as a peroxide, the peroxidase being present, to form
the system (oxidase) which will blue guaiacum,

It appears probable that the above phenomenon, as illustrated in
the Pear and Potato, affords an explanation of the reaction of the oxidiz-
ing enzymes of all plants which give the oxidase reaction and turn brown
on injury. For such plants usually contain an aromatic substance
with the catechol grouping. On the death of the cell (which may be
brought about, either by injury, or treatment with chloroform vapour,
Le. on autolysis, see p. 19) this aromatic substance is oxidized by the
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peroxidase with the formation of & brown colonr (browning o injury)
and an oxidabion 1)1«»(111( te which then aots as an organic peroxide (as
postalated above) i thic oxidase systen.

Tarther, the peroxidases, of pbuits wlich give the oxidase reaction
and brown o injury, appeur to be spesific in their action on the
catechol grouping and will not oxidize other phienolie gronpings, ic.
those of resorcinol, hydrogninone, pyrogallol, ete,

T plansts (g A lysswn) wineh only give the peroxidaso reaction and
do not brown on jury, the above-mentioned aromatic conrponds are
uot present, nor do the peroxidases of sneh plants act oa catechol,

1t should, however, he borme i mind that in some plants the com-
ponents of the oxidase systentinay be present, but the reaction is masked
by the presenee of an excess of tannin, sngars, cte.

Hence it appems that the oxidase reaction of plants (as detected by
gaatnenn) is the onteome of postemorten, chauges after tho death of
the cell. It s possible, however, that the processes giving rise to it
may tike place to some extit, thongh nuder control, in the living cell.

It has also been shown that in the Pewr froib and Potato tnbor
(Wheldale Ouslow, 11) it is possible by chemical methods to sepurate
the claanents whielt go to minke up the oxidaso systeu, i.c, the peroxidase
and the aromatic snbstance.  If the tissues are gronnd np rapidly with
aleohol, and filtered before oxidation can take place, and the process
repeated, the aromatic substance, which is soluble in aleobol, is washed
away, and a water extract of the residue gives only a peroxidase reaction,
From the alecholic extract the aromatic substance can be precipitated
as & lead salt, the lead then removed s insoluble lead sulphate, and the
aromatic set free agnin in solation. If the peroxidase is then added to
the solution of the nromatic, the brown colonr appears together with the
formntion of the oxidation produet (peroxide), and the mixture will give
the bluo roaction of an oxidase with ganiacum,

Eopt. 118, Lesoltion of the cumponsnts of the omiduse tn the Putito tuber. (A)
Neparution of peroxidiuse,  Unt o few thin slices frow o posled potato and pat thr
in a mortar which contains sufficient b6 7/, aleoliol to provent, as far an possible,
exposare to the air, wnd pound them thorenghly.  Filter ¢uickly on a filter-pump,
and repeat the process several tinwes antil a colourless powder, consisting of cell-
residues, starch, ete, is obtuined, The enzymes (Including the peroxidase) of the colls
are procipitated by the aleohol and renmin iir the cell.-residue, Make a water extract
of the white powdor and filber, To a portion of tho filtrate add a fow drops of
guaiscum tincture : no blue colonr is given. Add further a few drops of dilate
hydrogen peroxide ; a Llue colour appears. (B) Separatiorn of the aromatic substincn,
Take about 500 ginu of freshly pesled potato taber, ount it into thin slices nud drop
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them as rapidly as possible into a flask containing 250 e.c. of boiling 96 ¢/, alcohol
on a water-bath, Continue boiling for 15 mins., and then filter. Evaporate off the
alcohol from the filtrate, take up the residue in a little water, warm and filter. To
the filtrate add concentrated lead acetate solution until a precipitate ceases to be
formed. Filter off the precipitate, which is pale yellow in colour, stir up in a little
water and add 10 ¢/, sulphuric acid drop by drop until the yellow colour is destroyed,
and the lead is converted into lead sulphate. Filter off the lead sulphate: the filtrate
contains the aromatic substance in solution, Neutralize the solution carefully with
19/, caustic soda and make the following tests with separate portions in small
evaporating dishes :

(@) Add a drop of ferric chloride solution : a deep green colour appears, Add
further a few drops of 19/, sodium carbonate solution. The green colour changes to
a bluish- and finally, a reddish-purple. This reaction is characteristic of aromatic
compounds containing the catechol grouping, ie. two hydroxyl growps in the
ortho position (see p. 110).

() Add a little of the peroxidase solution prepared in (A). The mixture will
gradually turn brown owing to the oxidation of the aromatic by the peroxidase.

(¢) To (b) add a few drops of guaiacum tincture, A blue colour is given owing to
the presence of the peroxide formed in (b), the oxidase system being now complete.

Ezpt. 119.  Action of peroxidases on catechol, (a) The perozidase of the Potato
tuber (or Pear fruit). Make a 19/, solution of catechol in distilled water. To some
of this solution, in a small evaporating dish, add a little of the peroxidase solution
from Expt. 118 (A). Note that the catechol solution gradually turns brown. Add
further a few drops of guaiacum tincture. A blue colour appears. (b) Peroxidase of
Alyssum leaves. Pound up 2-3 Alyssum leaves in a mortar with some 969/, nlcohol,
and filter on a filter-pump. Repeat the process until the residue is practically
colourless, Extract the residue with a little distilled water and filter. Proceed as in
(@). No browning of catechol takes place and no blue colour is formed on the
subsequent addition of guaiacum.

For section (a) the following material may also be used : fruits of Apple and
Greengage, flowers of Horse Chestnut (Aesculus) and leaves of Pear, the method of
preparation in (d) being employed. For section (b) flowers of white Arabis may also
be used.

If in the preparation of the peroxidase from the Potato tuber, the
tissue is allowed to brown before extracting with alcohol, the cell-residue
is tinged with brown and, on extraction with water, the filtrate will give
an oxidase reaction with guaiacum. This is to be explained by the fact
that the peroxide has been adsorbed by the tissue residue. This pheno-
menon is probably the explanation of the preparation of some oxidases
called “laccases” Such enzymes have been obtained by the precipita-
tion with strong alcohol of the expressed juices (containing peroxide
since they were obtained by crushing the tissues) of plants which brown
on injury. The enzyme and other organic matter is precipitated and
carries with it the peroxide.
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The hWrowning of plants on dnjury, as already mentioned, s very
wide-spread : more varely, the same type of reaction nmy lead to the
formation of variensly colonred prodnets, other aromatic snbstnees in
addition to the prroxide bemg mall probalility mvolved. The following
examples may begnoted. In soure of the Higher Pangi, Boletus Luiidies
and B, eynnescens, when the pilens is broken across or injured, the tisse

apidly torns a decep Prosstaar blue on exposire to the nir - Also in the
Fangns, Russule nigricons, the colonr changes from pink or reddish to
black. The latex of the teee, Rhns sernicifera, when exposed o air,
tarns blnck and constitates the produet, Japanese Laegner.

Annlogons pigments formed after death have been observed in
Sehenclic Wumenueionn (Rubincene) where the whole plant turns bright
red m chlorofimn yaponr, as well as e species of Jusdinge and Aloe,
Blue pignuents are also formaed after deabh in the Teasel (Dipsaeus), in
the fHowers of an Orchid (Phajus), in the Dog's Merenry (Mercuriabis
perennis), ammal Mevenry (M. cannfi) and in the well-known iudigo-
producing plants, the Woad (Lsatis tinctoria) mud the Indigo (Indigofer)
(Walthier, 28) (see p. 152). It has not been shown, however, that oxidizing
cnzynies are present i oall the above enses,

There is a well-known oxidizing enzyne, tyrosnmse, which is some-
what specific in its action in thatot will only oxidize tyrosine and a few
other snbstances, snch as p-cresol, It oeenrs in the tmbers of the Dahlia
(Daklin voriabilis) and Potato (Solanum tuberosum), in grains of barley
(Hordeund) and whent (Triticnm) and in Popaver arentale. In the lowor
plants it is fornd among the Basidiomyeotes,

When tyrosinase acts apon tyrosine, a yellowish-pink colour is fivst
produced which rapidly darkens to red, brown and finally black. A
solution of p-oresal

can be used ns a delicate test for the enzyme, If the enzyme is present,
a yellowish- or orange-red colour is formed.

Tyrosinase of the Potato tuber can be precipitated from a water
extract with absolute aleohol: or if the potato tissue iy oxtracted with
cold 96¢/, aleohol, the enzyme is precipitated and remmins in the

0, 8
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tissuc residue, as does the peroxidase [18xpt. 118 (A)], but the tyrosine is
almost entirely washed away.

Lzt 120, Desanstration uf the goesence af tyvusivase su the Putietn, "Unke aliont
half a jotato and proceed ns in the preparation of perosidase [see Expt. 118 (A)]
Rouglily dry the pewder loft on the llter and then ndd abont, 100 e of water and
allow to stand for 15 mivs. Filter, and divide the filtimte into six porticas o, &, r, d,
e and f. Make a suspension of n little tyrosing in water (tymsine is only slightly
solnble in cold water),

To u add 5 .0 of tyrosive snspension,

To b add 5 o.c. of tyrosine suspension and n few dvops of Lydrogeo peroxide,

To £ wdd 5 c.c. of tyrosine snspension nnd boil,

To d ndd n few drops of hydrogen peroxide only.

To ¢ add sorne g-cresol.

To f nothing is ndded.

Plag nll the tubes with cutton-wool, put in wn ineabutor nt 387 C, for 2.3 lim.
Note that tnbes « and b fuirly rapidly tum red, then lrowy and tiodly black,
Tubes ¢ aud £ may darken n little owing to the nction of tyrosinase and poroxidase
ou the traces of phat nrontics left in the tissue. Tnbe ¢ rernins wnaltered. Tube
e gives an orunge-red colour,

Another point which may be tonched upon is the signifiennce of the
oxidizing enzymes in plant metabolism, The facts as they present
themselves may be stated thns, On denth or iujury we discover a
system (oxidase) in some plants which can oxidize certain acceptors,
eithor artificially introduced, snch ag gnaincwin, or other aromatic sub-
stances present in the plant itself.

The question is whether the oxidase system as deseribed above
functions in metabolimt for the purpose of oxidation and respiration in
tho living plant. If it docs, there are varions suggestions as to how it
may act. For instance, it is possible that aromatic substances are oxi-
dized to pigments by the oxidnso system, and the pigmoent is then
deoxidized by products of anacrobic respiration, hience constituting a
mechanism for thig function. Such pigments have been terned *respi-
ration pigments’ (Palladin, 12-16). It is saggested that they arc not
present in any quantity in the living plast and their production is
controlled by oxidizing and reducing systeins :

autoxidizable snbstance + moleelar oxygen = peroxide
peroxide + peroxidase = active oxygen
aromatic substance (acceptar or chroruogen) + active oxygen=
pigment
pigment + reducing substance = chromogen,
The above hypothesis is only applicable to plants containing oxi-
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dases, so that some modification would be necessiuy to fit tho ense of
plants containing peroxidases only.

Tt shonld be mentioned that the aromatic snbstances which becorno
oxidized arve frequentdy present i the plant as glocosides, that is, some
of the hydroxyl gronps are replaced by sugar.  Indoxyl, the precmsor of
indigo, forms a good exmmple, as it s present in bhe plant as o colonrless
glucoside, indican (sce p. 152). 16 18 probably only after the hydrolysis
of the glncosides that the aromatic substices ean become oxidized,
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CHAPTER VII1
THE PROTEINS AND PROTEASES

No class of eompounds is of more fandauental sigmifience than the
proteins.  The matrix of protoplasm lugely consists of protedns in the
colloidal state, and, without doubt, they oconr to some extent e the
same condition in thoe eell-sap. They are also fonud in the cell i the
solid state, in the forin of either mmnorphons granules, terned alenrone,
or crystalline or semi-crystalline bodies, termed arystallaids,  Both solid
forms constitute * reserve materinl” and are often found i sceds, tiubers,
bulbs, buds and roots.
Plant proteins may be classified on the follownig plan

1. The simple proteins.
{a) Albimins.
(0 Globulius.
(¢) Prolanins (Gliadins).
(d) Glutelins,
2. Conjugated proteins,
(a) Nncleoproteins,
3. Derived proteins,
(a¢) Mectaprotoins,
(6) Proteoses (Albnmoses),
(c) Peptones,
(d) Polypeptides.

Although they are present in every ccll in all parts of plants, little,
however, is known of plant proteins, except of those in secds, beeause
of the difficultics of obtaining them in sufficiently large quantitics, and
of separating thum from cach other,

Proteins are in the colloidal state when in so-called solution, and are
unable to diffuse through parchment membranes. The protcoses and
peptones, however, which have simpler molecnles, can diffuse throngh
such membranes,

The vegetable proteing are solublo in varions solvents acconding to
the nature of the protein; some arc soluble in water, others in dilute
salt solutions, others, again, in dilute alkalies, and a few in dilute
alcohol. Vegetable albumins are coagulated from solution on beiling,
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but most of the globulins, unlike the corresponding animal products,
are only imperfectly coagulated on heating and some not at all. The
precipitate formed when coagulation is complete will not go into solution
again either in water, acid, alkali or salts. Alcohol precipitates the
proteins; in the case of animal proteins, the precipitate becomes coagu-
lated and insoluble if allowed to remain in contact with the alcohol, but
this docs not appear to be so with plant proteins.

In addition, certain neutral salts, the chlorides and sulphates of
sodium, magnesium and ammonium, have the property of precipitating
proteins (except peptones) from solution when added in sufficient quan-
tity. The protein is quite unchanged in precipitation and can be made
to go into solution again. The various proteins are precipitated by
different concentrations of these salt solutions (see p. 124).

The salts of calcium and barium and the heavy metals produce
insoluble precipitates with the proteins, and in this case the reaction is
irreversible.

In regard to chemical composition, the proteins contain the elements
carbon, hydrogen, nitrogen, oxygen and sulphur. There is every reason
to believe that the protein molecule is constituted of amino-acids con-
densed, with elimination of water, on the plan which may be depicted
as follows :

Ri RM R

Conversely, when the proteins are acted upon by hydrolyzing en-
zymes, a series of hydrolytic products are formed which have smaller
molecules than the original proteins. They may be enumerated as:

1. Albumoses.
2. Peptones.
3. Amino-acids.

In the same way when proteins are boiled with acids, a number of
the amino-acids are obtained as an end-product.

The above amino-acids may be either aliphatic or' aromatic, and they
are characterized by having one or more hydrogen atoms, other than
those in the carboxyl groups, replaced by the group — NH,. Thus they
are acids by virtue of the carboxyl groups, and bases by virtue of the
—NH, groups: towards strong acids they act as bases, and towards
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strong bases as acids. The mmnina-acid, alnine, for instance, forns salts,
sodinnm amino-propionate with a base, and alanine hydrochloride with
an acid :

CH,~—-CH---COONa. CH;—CH—COOH

NH, ILH._. “HCl

Substances behaving in this way have been termed * amphoteric ™
eleetrolytes (sce also p. 15).

In the proteins, which are formed by condensation, as explamed above,
there are always some NH, and COOH gronps loft unecombined.  Hence
a protein nust, in the sne way, have the properties of both an acid
and a base.

The amino-acids which are obtained by the hydrolysis of plant pro-
teins may be classified as follows:

Alipluctie zimpounily,

Mono-carboxylic niono-amine ncids :
Glycine or e-amino-acetic acid
CHy(NH,) ' COOH
Alanine or e-nmino-propionic acid
CH,* CH(NH,) - COOH

Valine or a-amino-iso-valorie acid
CH;4
>CH  CH(NH;)* COOH
CHy

Leucine or a-amino-iso-caproi¢ actd

CH
CH * CH, * CH(NH,) - COOH
CHy

Iso-leucine or a-nmino.Banetliyl. B-cthyl-propionic acid

CH,
CH * CH(NH,) - COOH
CyH;

Serine or a-amine-B-hydroxy-projdonic acid
CH,OH * CH(NH,}* COOH
Dicarboxylic mono-amino acids :
Aspartic acid or a-amino-sticeinic acid
COOH * CH, * CH(NHy) - COOH
Glutaminic acid or a-amiuosglutarie acid
COOH *CH,’ CHy ' CH(NH,) - COOH
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Mono-carboxylic di-amino acids:
Arginine or §-guanidine-e-amino-valeric acid
7
HN=C—NH ‘CH, ' CH, ' CH; * CH(NH,) ' COOH
Lysine or a-e-di-amino-caproic acid
CHgy(NH;) - CHy " CHy * CHy * CH(NH,) - COOH
Dicarboxylic di-amino acid :
Cystine (dicystéine) or di-B-thio-a-amino-propionic acid
CHy—S—S$—CH,
CH(NH;)  CH(NH,)

COOH COOH

dromatic compounds,
Mono-carboxylic mono-amino acids :

Phenyl-alanine or 8-phenyl-a-amino-propionic acid
CyH;* CHy " CH(NH,) *COOH

Tyrosine or p-hydroxy-phenyl-alanine
OH - CgHy " CHy - CH(NH,) - COOH

Heterocyclic compounds.
Proline or a-pyrrolidine-carboxylic acid
CHy——CH,
CH, CH: COOH
i

Histidine or 8-iminazole-alanine
CH

A
NH N

L]
CH==C—CH, ' CH(NH,) - COOH
Tryptophane or 8-indole-alanine CgHgN * CHy * CH(NH,) - COOH

C ' CHy - CH(NH,) - COOH

CH
NH
Different proteins are formed by various combinations of the above
acids and hence give different amounts on hydrolysis.
There are certain properties and chemical reactions by means of
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which proteins can be detected. These are illustrated in the following
experiment,

Expt, 121, Tests for proteins. Weigh out about 10 gms. of dried peas (Pisuwm),
grind them in a coffee-mill and then add 100 c.c. of water to the ground mass.
Allow the mixture to stand for an hour, Filter, and make the following tests with
the filtrate (see p. 133).

(@) The zanthoproteic reuction. To afew c.c. of the protein solution in a test-tube
add about one-third of its volume of stroug nitric acid. A white precipitate ‘is
formed (except in the ease of proteoses, peptones, etc.). On boiling, the precipitate
turns yellow, and may partly dissolve to give a yellow solution. Cool wnder the tap,
and add strong amimonin till the reaction is alkaline. The yellow colour becomes
orange. The precipitate is due to the fact that metaprotein (see p. 127) is formed
by the action of acid on albumins or globulins, and this metaprotein is insoluble in
strong acids. The yellow colour is the result of the formation of a nitro-compound
of some aromatic component of the protein, such as tyrosine, tryptophane nnd
phenylalanine.

(b) Millon's reaction. To a few c.c. of the protein solution add about half its
volume of Millon's reagent!, A white precipitate is formmed. On warming, the preci-
pitate turns brick-red, or disappears and gives a red solution. The white precipitate is
due to the action of the mercuric nitrate on the proteins. The reaction is character-
istic of all aromatic substances which contain a hydroxyl group attached to the
benzene ring. The aromatic complex in the protein to which the reaction is due is
tyrosine. ’

(¢) The glyoxylic reaction (Hopkins and Cole). To about 2 e.c. of protein solution
add an equal amount of “reduced oxalic acid”2 Mix the solutions, and then add an
equal volume of concentrated sulphurie acid, pouring it down the side of the tube.
A purple ring forms at the junction of the two liquids. If the liquids are mixed by
shaking the tube gently, the purple colour will spread throughout the solution. The
substance in the protein molecule to which the reaction is due is tryptophane. If
carbohydrates are present in the liquid to be tested, the colour is not good, owing to
blackening produced by the charring with the strong sulphuric acid.

(&) The biuret reaction. To a few e.c. of the protein solution add an excess of
sodium hydrate and a drop of a 19/, solution of copper sulphate. A violet or pink
eolour is produced. The reaction is given by nearly all substances containing two
CONH groups attached to one another, to the same nitrogen atom, or to the same
carbon atom. The cause of the reaction with proteins is the presence of one or more

3 This reagent is made by dissolving 30 c.c. of mercury in 570 c.c. of concentrated
nitric acid and then adding twice its bulk of water. It contains mercurous and mercuric
nitrates, together with excess of nitric acid and a little nitrous aeid.

2 Reduced oxalic acid is prepared as follows : (@) Treat 500 c.c. of a saturated solution
of oxalie acid with 40 gms, of 29/, scdium amalgam., When hydrogen ceases to be
evolved, the solution is filtered and diluted with twice its volume of distilled water. The
solution contains ozalic acid, sodium binoxalate and glyoxylic acid (COOH - CHO).
(b) Put 10 gms, of powdered magnesinm into a flask and just cover with distilled water.
Add slowly 250 c.c. of saturated oxalic acid, cooling under the tap, Filter off the insoluble
magnesium oxalate, acidify with acetic acid and dilate to a litre with distilled water,



vin] TUHE PROTEINS AND FROTEASISS 123

aronpings formed by tle condensation of the ovloxylic gronp of an amino-naid with
the amino group of nuotlvr moivo-acid (see po 119).

() The sulplens ervstyun, Vil o fow e, of the protein solatien with some 409/,
siclima hiydrate for two dnates, and thon add o drop or twecof loud neetate, The
solutione tuens black. This reaction is doe to the fornmtion of sodinm sulpbide by
tlees suetion of Lhe strong alkali o tlie salplne of the protein,  Onnddition of the leud
salt, o Dlack precipitate of lead snlphide is fumed. The saljduw in the protein
mtdecile is poinly prosent s eystine

Por the following reustbas, & protein solution free fmm other Dnparities is
vaquirad. For this papese tike 10 s, of gromel pos, b to the meal wbout,
w00 eae, 107, sxadiaar eldorides solabiny, el wllow thae mixtore to stand, witli ocen-
shawd stareing, for 3 12 s, fsee o 1340 Thae Bl off the extract, Brat thironglh
nulin, mul, salseqaetly, thoeph Giltar-paper. Pot the extract to dindyze for
24 lies, in a eollodionn dixdvzeel gl the protein is well precipitated,  (Toluol
should he swlided to the Hguid in the dindyzer)  Then Blter off the proteia, Ruserve
Tidf, sund dissodves the otler Lhalf in alvnit 50 ce of 5 Y, sodim nitende solution,
With this solution Zaftee reserving n portion for Wxpt. 123) ndke the following tosts

([ Drevigntation by rdevhol, To o few ce, a testetubey add axoess of absolnte
wleoliol. The protein is prevcipitatoed,

(o) L'recipitation by the heary wiotals, Miasure oute a fow e of tlue protein
solution iuto three text-tubes, et add espectively n little (1) copper sulplnte
solution, 2y leul acetate solution, (3) mercaric chlovide solution: the protein is
precipitated in owl case,

The following test. cannot I dwaonstiated o the Pun protein, since enrbo-
hyileates are nlment in this ease. Tt ean, however, be dasonstrated in Inter
expoerimonts (sea p. 180),

(A Midixeh's cewtinne, “Po o fow e, of the Jrotein solation add o fow drops of o
17/, wolution of w-naphthol @ aeoliol.  Mix, and than run in wn equal volome of
stroug salplinzic neid down thie side of the tnbe, A violot ring is formoed nt thoe
junction of the twn liguids, e regation sigrdfies the existonce in the protein of n
carboliyilrate groap whicle gives rise, on trentinont with neid, tefurefueal, Tho lntter
then eondenses with a-naplithol to give o parple colonr (see also Expts. 38, 44, 46),

(5 Previpitutiun by acotn of alkuline wirth metels, To a fow ce. of the protein
solntion adl o little barimn phloride solution. A precipitute is formed on standing,

(jy Precipitutive by wnutrul salts, Saturnge o fow e of the protein solutio
with finely powdered aminmdunsulpluste, 'The protein is procipitated or “satted ont.”

Sinee from a ueate] salt solution the pen globulin is precipitatid by weid
(vee p. 120), Lhe tonts (k)-Om) should e exrried aut with o solntion of the protein in
dilute ncid. Dissolve, therefore, the remundor of the solid pes globulin in about
40 e of 1097, avetiy acid, filter, sl mnke the following tosts:

(k) Procipitetion by tuande aeid, Add alittle tannicacid sobation : the pratein is
precipitated.

¥ The collodion solution is mwde Ly adding 75 o.¢. of ather to 8 gms. of well-dried
pyroxylin, allowing it to stand for 10-15 minutes and then adding 25 c.c. of absolute
aleohol. The dialyzers are prepared by eoating the inside of a large test.tabe with the
solution and then filling with water, after the film is sufficiently dricd %o as not to be
wrinkled by touching with the finger. The sac can then be withdrawn from the tube,
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(1) Procipitation by Esbicrk's solutiont, Add a little Exbneld's solation: the pro-
tein is precipitated.

(m) Precipitution by phosphutwaystis acid, Add a little 2 %, solution of plios-
photungstic acid i 5 ¢y snlphiric neid : the proteiu is precipitated.

Tho substances uscd in the tests (k)~(m) nre tenned © alkaloidal ve-
agents” because they also cause precipitation of alkaloids (see Chap. x).

We arc now in a position to deal with the different gronps of pro-
teins in detail :

Albumins. Very few vegetable albmming have been investigated.
They can be best defined as proteins which are soluble in water and are
coagulated by heat. Animal albnmins arc distinguished by the fact
that they are not precipitatod by satnrating their nentral solutions with
sodium chloride or magnesimmn sulphate; nor are they precipitated by
half-saturation with ammonium sulphate. This distinetion cammot be
applied to vegetable proteins, since some are precipitated by the nbove
treatment. It is often not easy to determine whether a plant protein is
an albumin, on account of the difficulty of removing traces of salts, acids
or bases which canse solubility, and also of separating the albnmins froin
the globulins with which they oceur. Albumins are however probubly
widely distributed in plant tissnes.

The best-known albumins arc;

Leucosin, which occurs in the sceds of Wheat (Z'riticum wulgure),
Rye (Secale cereale) and Barley (Hordewm vulyare).

Legumelin, which occurs in seeds of the Pea (Pisum sativum), Broad
Bean (Vicia Fuba), Vetch (Vicia sativa), Lontil (Ervum Lens) and some
other Leguminous seeds,

Phasclin, which occurs in the Kidney-bean (Jhaseclus vulgaris).

Ricin, which ocenrs in the Castor-oil Bean (Rictnus conumunis).

Ezpi 122. Demonstration of the presence of an albumin (lewcostn) in wheat or
bucrlay flour (sce also Expts, 128 and 130). Weigh out 10 gms. of wheat or barley flour,
add 100 c.c. of distilled water aud allow to stand, with occasional stirring, for

2-6 hrs, Then filter off the solution, Slowly heat the solation to boiling, and note
that a precipitate of coagulated protein is formed.

Globulins, These may be defined as the proteins which are in-
soluble in water but soluble in dilute salt solutions, the concentration of
the salt solution necessary for complete solution (see p. 125) varying
with the salt or protein under consideration. It should be noted that,
in making water-extracts of plant tissues, it may happen that globulins

1 Esbach's solution is prepared by dissolving 10 gms, of pieric acid and 10 gms, of sitvie
acid in water and making the solution up to a litre,
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pass mto solntion to some extent owing to the presence of Dnorgane
salts in the tissnes themselves, This s also already been ilhistrated
in Lxpt. 121 du wlich s extrnet of the globulin of the Pea was obtamed
by treating gronnd Pea seeds with distilled water only.

It is characteristic of animal globnling that they are precipitated by
sapurntion of their solntions with magnesimm snlphate,  Many of the
vegetable globnlins caamot be precipitated by the above nieans, shongls
they ave all, a8 far as tested, precipitated by sodinm salphate at 33° ('
Mauy also (ke aniimal globnling) are precipitated by half-sataration
with ammioninm snlphate, though others are not precipitated nntil their
solutions are nearly satiated with this salt {seo Expt. 121 (4)].

Unlke animal globnhus, vegetable globuling are, as a mle, only
nnperfeetly congmlated by heat, even on boiling,

Eapt, 123, Dewnstea v af the cigrelitivo. af giolodhin. Noat w few ce of the

solutivn of dialyzel Pea globalin {froan Bxpt. 121) in a test-tube. Nobo that the
protein is lnrgely precipitabed, Tt the solution does amt become qaite clowr,

One very important charactenstic of the vegetable globnling is the
ease: with wlich anmmbor of themt can bo obtained in erystalling form,
This result may be selneved by dinlyzing a salt solntion of the globulin,
The salt passes ont throngh the membrane, and the protein is deposited
in the forn of crystals.  An alternative method 18 to dilute the saline
solution of globmlin with water at 50--80" (7. until a slight turbidity
appears. ‘Thea warm further until this goes to solution, and conl
gradually, when thoe protein will separate in crystals. Tho globulin,
cdesting from sceds of the Hemp (Cannabis sative) crystallizes very
readily (see Expt. 133) and erystals can also bo obtained of the globulins
from the seeds of the Brasml mat (Berthalletia emcelsu) (sce Expt, 136),
the Flax or Linsced (Linum usitatissinaem) (sec Expt, 135), the Oat
(Avena sutiva) and the Castor-oil plant (Rictnus communis) (sco Kxpt.
134): othor globulins separate out on dialysis as spheroids, sometimes
mixed with crystals,

The solubilitics of plant globuling are further complicated by the
fact that some of these substances form acid salts which have different
solubilities from the proteins themselves, Thus edestin is insoluble in
water, but soluble in either dilute salt solution or acid. In the presence
of acid it forms salts which arc insoluble in diluto salt solutions. Thus
edestin in dilute acid solution is precipitated by a trace of salt, or in
dilute salt solution by a trace of acid (see Expt. 124). Leguinin, on the
other hand, from the Pea and other Leguminosae is solubly in watoer in
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the free state: combined with o small mnonnt of acd as o salt, it is
insoluble in water but soluble i nentral salt solntiom, that 1s, it has the
solubilities of a globulin (sce p. 134).

Erpt. 124, The furvention of sults by sdestin. Crigd np 5 g of seds of the
Hemyp (Cronnndis sutiva) i n coffecanill, Wxtrnet with 90 e of waurne 7uot above
60° C.) 109/, sodinm cldoride solntion wnd flter. Add wilrop ol st hydroeblorie
acid to the filtrate. Edestin chloride, whicls is iusoluble in salt solutious, is precipi-
tated. Filter annd drain off wll the liquid, and tlen suspend tle procipitate in
distilled watawe. Add 1 or 2 drops of hydrochiloric neid oweefully and stiv till vaost or
all of the precipitate gues into solution.  Filter, and to the flteate dd n few drops
of satirated sodiwi chloride solntica, The edestin acid salt i3 agnin precipintel.

The following is & list of the principal known globulins (Osborne, 2):

Pea (Pisum sutisum),

Broad Bean (Vicia Fola),

Yeteh (Victa sativu).

Lentil (Ervaem Lens).

Vignin, in seeds of ............... v Cow Pen (Viguo sineaxis),
Glycinin, in seeds of ,..............  Soy Bean ((1lycine kispidic).
Kidney Bean (Phaseolus vilgaris).
Adzuki Bean (L. radiatus).

lLima Bean (P, Lunatus).

Lupin (Lupinus),

Pea (Piswm sutivim).

[Br(md Bean (Vicie Faba),

Lentil (Krvnm Lens).

Hazel Nut (Corylus Avellana).
{Alm«md (Lrunus Amygdadus),

Legumin, in seeds of ...............

Phaseolin (crystalline), in secds of
Conglutin, in secds of .,.,........
Vicilin, in sceds of .oovvviiniinenes,
Corylin, in secds of ...............
Peach (I, Persica),

Plum (L. domestica),

Apricot (P. Armentaca).
{Eumpcnn Walnt (Juglans regia).

Amandin, in sceds of ...... b reeeens

Juglansin, in seeds of........,...... American Black Walnng (J, nigra).

Axwerican Butter-nut (J, cinerea),

Excelsin (crystalline), in seeds of  Brazil Nut (Bertholletia excelsa).

Edestin, in seeds of ...............  Hewp (Cannabis sutiva).

Avenalin, in seeds of ...............  Oat (dvena sutiva)

Castanin, in seeds of ............... Sweet Chestnut (Castanea wvul-
garis).

Maysin, in seeds of .u.vocvivvvnnen...  Maize (Zea Mays).

Tuberin, in tubers of ......e,......  Potato (Solanum tuberosum).
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Crystalline globulins have also been isolated fromn the following
seeds but have as yet no distinctive names: Flax (Linum usitatissimum),
Squash (Cucurbita mazima), Castor-oil Bean (Ricinus communts), Coconut
(Cocos nucifera), Cotton-seed (Gossyprum herbaceum), Sunflower (Heli-
anthus annuus), Radish (Raphanus sativus), Peanut (Arachis hypogaea),
Rape (Brassica campestris) and Mustard (Brassica alba).

It will be seen that the majority of reserve proteins of seeds are
globulins, It is probable that native and artificial crystalline protcins
are identical in many cases.

Prolamins. These proteins are characterized by the fact that they
are insoluble in water and dilute saline solutions, but are soluble in
70-90 9/, alcohol. Such proteins are peculiar to plants, and are formed
to a considerable extent in the seeds of cereals. The principal ones
which have been isolated are:

Gliadin found in the seeds of Wheat (Triticum vulgare).

" " " Rye (Secale cereale).
Hordein " Barley (Hordeum vulgare).
Zein " " Maize (Zea Mays).

The properties of the gliadins are demonstrated in Expts. 128, 129,
130 and 131.

Glutelins. The proteins of this group are insoluble in water, dilute
saline solutions and in alcohol, but they are soluble in dilute alkalies,
Glutenin of wheat is the only well-characterized member of this class
which has so far been isolated, though other cereals most probably
contain similar proteins. A protein of this nature has also been obtained
from seeds of Rice (Oryza sativa). The properties of the glutelins are
demonstrated in Expts. 128, 129 and 131.

Nucleoproteins, Though these proteins probably form constituents
of all cells, the only members of the class investigated are those of the
wheat embryo. This has been possible since nuclei form a large pro-
portion of the tissue of the embryo. They may be regarded as protein
salts of nucleic acid, i.e. protein nucleates. On hydrolysis with acids or
enzymes they split up into various proteins and nucleic acid. The
nucleoproteins are also connected with the purins (see p. 164).

Metaproteins. These are hydrolytic products of albumins and glo-
bulins formed by the action of water or dilute acid or alkali. They
are insoluble in water, strong mineral acids and all solutions of neutral
salts, but are soluble in dilute acids and alkalies in the absence of any
large amount of neutral salt.
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Ezpt. 125, Recstions uf vwtipratein, Dissoleeabont T of edestin (se Ex)#.133)
in 50 c.c. of a 2%/ hydracdoric acid mud keep on o boiling water-bath fior 2 lirs,
Neutralize with dilnte sodimm cmlonate solution. A enpious precipitute of acta-
protein separates ont which is insoluble in waler. Vilter off the precipitute wud
wash, Male with it the folluwing tests

(a) Dissolve up soane of the precipitato momin in 01 25, hyrroehlorie weid, Lo
poxtions of the solntion add: (i) Dilute sodima carbonate : the netaprotein is pro-
cipitated agnin and redissolves e exerss, (1) Coneentrated lydeoeblorie acid: the
metnprotein is precipitnted, (iii) Boil some of the neid solution, No eoagalig ig
formed : the metaprotein is wot precipitated by Loiling whien in sadution, nud cax
still b precipitated by neatrnlizing with sodimn enrlonnte,

(0) Saspend some of the precipitate e water and el Cool ned wld 00l
hydracliloric neid @ the precipitate is now insoluble, sinee the netaprotein is congne
lated wlien hoiled br snspensinn,

() To some of the precipitate suspemled in water, ndl goduadly st amted
atmmoniwm Milplinte solntion @ the metaprotein is insolable i all coreentrations of

thie salt.

Proteoses (albumoses) and peptones. These substances are formed
as prodncts of hydrolysis by enzymes. When prescut in extracts from
gsoeds, howevar, it 18 somctimes ancertain whether they forael orginal
constituents of the sceds or resulted from hydrdysis,

As a result of the enzyine hydrolysis of proteins a mixtore of varions
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chloride solution even after 24 honrs in the incubator, no precipitate will be given
with sodium chloride, in contrast with the copious precipitate given on the addition
of salt solution to the unaltered acid solutinn of edestin (see also Expt, 124). After
four days, the incubated mixture is neutralized with dilute sodium carbonate
solution, filtered and saturated while boiling with solid ammonium sulphate.
A precipitate of proteoses is formed, which cau be gradually collected together as
a stieky mass and remwoved with a glass rod. Dissolve the precipitate in some hot
water, filter and make the following tests:

(a) Xanthoproteic reaction. Add a few drops of nitrie acid. It is characteristic
of most proteoses that a precipitate is fornied which disappears on heating and
reappears on cooling. In the case of the proteoses from edestin, only a slight pre-
cipitate may be given, but it is increased by adding a little sodiiun chloride solution.
The colour is intensified in the usual way by addition of ammonia.

(b) Millon's reaction. A positive result is given.

(¢) Glyoxylic reuction, A hositive result is given.

(d) Biuret reaction. A pink or pinkish-violet colour is given.

(e) Sulplur reaction. A positive result is given.

(f) Add a little tannie acid solution. A precipitate is formed.

(9) Add a drop of copper sulphate solutiorn. A precipitate is formed.

(A) Add a drop of strong acetic acid and then a couple of drops of potassium
ferrocyanide. A precipitate is formed which disappears on heating and reappears
on cooling.

(?) Boil some of the solution. No coagulum is formed.

Eaxpt. 127, Detection of peptone. The saturated solution, from whieh the proteoses
have been precipitated, is then filtered and to a measured quantity (about 5 c.c.)
twice the volume of 409/, sodium hydroxide is added and a drop of 19/, copper
sulphate solution. A pink colour appeais, due to the presence of peptone. A test
should be made with the control solution containing hydrochloric acid and pepsin
only. An adequate amount should be saturated with ammonium sulphate, filtered
and 5 c.c, tested for peptone. The reaction is less marked than in the actual hydyo-
lytic product. Conecentrate the remainder of the peptone solution on a water-bath
and pour off from the excess of ammonium sulphate crystals. Filter and make
the following tests: (i) Xanthoproteic, (i1) Millon's, (iii) Glyoxylie, (iv) Taunic acid.
A positive result is obtained in each case,

THE SEED PROTEINS OF CERTAIN PLANTS.

The proteins present in the seeds of certain genera and species, upon
which special investigations have been made, may now be considered.

It should be borne in mind that there are always several proteins
present in the seed. Some are reserve proteins of the cells of the
endosperm or of the storage tissue of the cotyledons: others are proteins
of the protoplasm and nuclei of the tissues of the embryo and of the

endosperm,
o. 9
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Prorrins op CEREALS (((R4I1NVACEAE),

As far as mvestigntions have gone it may be smd that the starchy
sceds of cereals wre poor in albmniis and globnlins, The ehicf reserve
proteins belong to the peenlianr group of proliming, mid a considerable
portion also consists of glnti-ling,

The geain of Wheat (Priticum vulgare) contmns some proteose and
a small percentage of an albnmin, lencosing A globnlin ocenrs only
in very small mnount. The balk of the protein consists of ghadin (a
prolamin) and of glatenin (a ghitelin). Nncleoproteins are present in
the entbryo, but there is no gliadin or glatenin (Oshorme and Voorhees, T4),

Lypt. 198, Bxtractina of the preoteivg uf the Wheat yeoin, Ao, Eotroction of
allrumin (fewcusin) wwd piretrose, Tuke 100 s, of white flour (the s spnantity of
wheat grins which have bean geomud inon cofliseamill inay e wad, bat the extract ion
in this owe is slower), put the ground mass in a g Bk or benker and add
250 c.e, of distilled water.' Tet the ndxtnre stand for 14 Les,, sloking oconstonally.
Filter off s of the Liquid, first through musthoud then ona filter-pump,. Reserve
the residue on the filtor nrud test the filtente for yeoteins [Bxpt. 121, &) (d)].

Boil a second portion of tle Hltrate (after wdding a deop or two of acetic acid).
A precipitate of the albmuin, lenensiu, is hemed, Pilter ofl’ this precipitate, cool the
filtrnte and nomkoe the protein tests ugnin, All theabove tosts are given by the proteose
in solution: in the case of the xanthioproteic, the precipitate disappears on Leating
and poappears on cooling (Expt. 126),  Also amke the fallowing special test for
proteoses (Expt. 126): Add & little potassima fapicyanide solation and wetie acid.
A white precipitate is foriaed which disappears on Leating wand renppesars on cocling,

(&) Krtractiun of the glubulin, Take tle resibic of gronnd whient wnd drain onr
a filtor-pump, Then extract with 250 c.c. of 109, sbimn chloride rolation for
12-24 lirs.  Filter off, first through nnwlin, avd then through paper on n Gilter-
pump. Put the extract to dialyze in o cdllodion dialyzer for 24 hies, (tolnol should
be added to the liquid in the dinlyzer). Filter of the precipitate, which will be very
sliglet, and dissolve it in o littlo 104/, sodiuns chiloride, (Though so little globulin is
present, the experbnint in instractive for comparson with tha large amonnt of
globulin obtained frour maaty other semds.) Mnke tho tests for protein [Expt, 121,
(@)+{d)] with the solution (Millia's cannot be mwed on nccount of the presence of
chlorides), Also try the efleet. of (i) boiling the sadinm chloride selution: congniation
is not complete, (i1) adding a little acid: a precipitate is formed s i the cose of
edestin,

(6) ELztractivn of ghadin. Vake the wheat residue, which has heen filtered from
the sodium chloride solution, and add 250 c.c. «f 95 9, aleohol, Warm on a water-
bath and filter. Fvaporate the bltrate, which contains glisdin, ou & water buth (or
better distil off the alcolol in vacun), When reducsd to about half its bulk, take a
little of the filtrate and filter. Divide this tiltrate into twn purts in test.tubes, To
one add water: to the otlier absolute alcohol. A white precipitate of gliadin is
formed in each case, Mince it i inwolnlde jo hoth water and strong aleobol, though
soluble in dilute alcohol, The remuinder of the gliadin extract is evaporated almost



Vi) THE 'ROTEINS AND PROTEASES 131

to dryness, and then poured futo n largs volune of distillel witer, A milky proecipi-
tate of glinedin is Dned wldeh raay L made to settle by adding a little solid sodion
chloride nud stirvbys, Filter off the gindin wd dissolee fn 10 9, weotic neid,  With
the solation wake tlee tests for pootein [Bxpl. 121, (1) ()],

() Fatrectivn of yhaeaio. Vako half the wheat residue from the aleololic ex.
trantion, poand well inoa weortar ael extract again with ware aledhol nad sibseguotly
witle water, The residue woust be free foom water- mud aleohol-sobible progoaings ng
they e also soluble in alkalies, Then extract the rosidne with 041 9/, ennstic potash
solutiaon. Filter off the extrnet which containg the glntenin, o w portion of the

tiltrates add l'\(‘) sulplineie neid deop Ly drop. A precipitate of glutinin is foraald,

Test the yemaiuder of the tiltmte for proteins [ Bspt. 121, (0)-(4)].

The ghadin of wheat las the peenliar property of combining with
water to form o sticky news which binds togother tho purticles of
glutenin, the whole forning what s tenued glnten, Itis this phenomoenon
wlhich gives the sticky consistency and elastic properties to dongh,

Koept, 129, T dounstyte the fuct that gluten furmution depamds un the presencs
of glindvu. Toake two sall evapomting dishes, F5H oue with ordinary flone, 19l
tlet otleer with tlour that Lias een extracted with 70 24, nleolwl for two ar three duys,
(The aleodod is nllowad to stawd on the wlost i the cold, 1t is then ponred off, and
nware adided, and the process repeated, Tl tlonr is now dried agnin, liest in air, then
in the stenm-oven awd finally is gromd in woavortar) A little watie is added ko
enelt of tlee disbes und the fhar worked up ivto o dmgl, s s tHea allowed to
stand for kalf au hour, The dengle sonsists of glaten (gliad @ nd glutain) to which
thestarch adhorns, Noxt take two benkers, fill with wator, and avor the top of enel
tienanuslin cover, Phwe the two namples of dougl on thuaansiin on the two beakors,
atud rab gently with » glass rsd, Tl starel will Iicwnslied nwny into the beakoers, {n
thie ensis of the nortaal flour nosticky nows of gliuten will ranain, T the otlar suwe
there will be no glaten on noeonat of tle whsaee of glivdine To thoe suspasion of
starclin the bonker add soe ialine solution, nad it will turre o desp blue-black coloar,

In tho Barley (Hordewnm imdyure) grain, small percentages of an
albnmin, apparently identical with lenzosin, and of a globulin, barley
edestin, arg present, togother with some protcogse. The main protein is
a prolamin, hordein, very shuilar to, bt nat identical with, gliandin,
There is no well«defined glutelin (Osborne, 9).

Kapt. 180, Batractive of the proteing of the Burley yrain. (a) Kaotraction uf the
albumin and proteose, Grind ap 100 giow, of Larley grains in a coffeeansl], or use
proferably Larley flour. Add 250 e of distitled water to the ground wenl, aad
allow the mixtnre to stand for 1-4 hrs, Filter off’ the extract, first throngh maslin
aud thon throogh filter-paper. The extract will contain a small quantiby of the
albumin, lencosing and proteoss, With the filtrate make the tests for proteins
[Expt. 121, (w)-(d)},

Boil a second portion of the filtrate. A wlite precipitate of the congulated pro.
tein is formed, Filtor off the precipitate, cool the filtrate coutaining the proteome

92
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and test for proteius, All the tests will be positive : in the case of the xanthoproteic,
the precipitate disappears on heating and reappears on cooling, a characteristic of
proteoses (Expt. 126). Make also the special test for proteoses : Add a little potas-
sium ferrocyanide and acetic acid. A white precipitate is formed which disappears
on heating and reappears on cooling.

() Ewmtraction of the globulin. To the barley residue, after extraction with
water, add 250 c.c. of 10 ¢/, sodium chloride and allow the mixture to stand for
12-24 hrs. Filter first through muslin and then filter-paper, and put the extract
to dialyze for 24 hrs. Filter off the precipitate of globulin which will have formed,
and take it up into solution again in as small a quantity as possible of 10 ¢/, sodium
chloride. Make with the solution the following tests: (i) The usual (except Millon's)
tests for proteins [Expt. 121, (a)~(d)]: these will give positive results. (ii) Boil a little
of the solution : imperfect coagulation will take place. (iii) Add a little acid: a pre-
cipitate is formed, as is usual with plant globulins.

(¢) Eztraction of the prolamin, hordein. The residue, after the sodium chloride
extraction, is then extracted with 250 c.c. of warm 95 ¢/, alcchol. Filter, and con-
centrate the filtrate on a water-bath (or better, distil in vacuo). After concentration,
test a little filtered extract as follows: pour a few drops into (1) absolute aleohol,
(2) distilled water, A white precipitate of hordein is produced in each case, since,
like gliadin, it is insoluble in both strong aleohol and water, but soluble in dilute
alcohol. Then pour the whole extract into a large volume of water. The protein is
precipitated as a fine white suspension, but will settle out more readily if a little
solid sodium chloride isadded. Filter off the hordein, and dissolve in 1 9/pacetic acid.

Make the usual protein tests [Expt, 121, (a)-(d)] ; there will be a positive result in
each case,

In the Rye (Secale cereale) grain there are small percentages of’
proteose, and of leucosin and edestin. The greater part of the protein
is gliadin, said to be identical with that in wheat.

In the Maize (Zea Mays) grain there is apparently no true albumin,
though there is some proteose. There are small quantities of globulin,

but the greater part of the protein is a prolamin, termed zein, and a
glutenin (Osborne, 10).

Ezxpt. 131, Extraction of proteins of the Maize grain. (a) Extraction of proteins
soluble in water. Grind up 100 gms. of maize grains in a coffee-mill, or preferably use
maize meal, Add 250 e.c. of water and allow the mixture to stand 1-4 hrs, Filter-
off, first through nuwslin, and then filter-paper. The filtrate contains proteose and
probably a little globulin which has gone into solution owing to the preseice of salts
in the seed, Make the usual tests for protein [Expt. 121, (a)-(d)].

Boil another portion of the filtrate. Some coagulation of protein will take place.
Filter, cool the filtrate and test for protein [Expt. 121, (2)}<(d)]. Positive results will be
given by the proteose present. Make also the special test for proteoses : Add a little
potassium ferrocyanide and acetic acid." A white precipitate is formed, which dis-
appears on heating and reappears on cooling.

(b) Eatraction of globulin. The residue, after water extraction, is next treated
with about 250 c.e. of 10 ¢/, sodium ehloride golution for 12-24 hrs. Filter, first.
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through muslin, and then through filter-paper. Dialyze the extract for 24 hrs. Then
filter off the precipitate of globnlin which will have separated out, and dissolve
in 10 9%, sodiuwm chleride. Make with the solution the following tests: (i) The usual
(except Millon's) tests for proteins [Expt. 121, (a)-(d)] : these will give positive results,
(ii) Boil a little of the solution: imperfeet coagulation takes place. (iii) Add a little
acid: the protein is precipitated.

(¢) Extraction of the prolamin, zein. The residue after salt extraction is then
extracted with 250 c.c. of hot 95 9/, alcohol. Filter, and concentrate the filtrate,
which contains the zein, on a water-bath (or, better, distil in wvacuo). Pour a few
drops of the coneentrated extract into (1) absolute alcohol, (2) distilled water. As
in the case of gliadin and hordein, a precipitate of zein will be formed. Then pour
the whole extract, after evaporating to a small bulk, into excess of distilled water,
and add a little solid sodium chloride. The precipitate of zein will slowly settle, and
can be filtered off. Zein is not readily soluble in acids and alkalies. Hence Millon's
and the xanthoproteic tests should be made on the solid material. Zein does not
contain the tryptophane nucleus. To demonstrate this, the glyoxylic reaction should
be made by shaking up some solid zein in reduced oxalic acid and adding sulphuric
acid and mixing. No purple eolour is formed.

(d) Extraction of glutenin. Take about half of the residue after the alcoholic
extraction, pound in a mortar, and extract again with alcohol. Then extract the
residue with 01 ¢/, caustic potash solution. Filter off the extract which contains

the glutenin. To a portion of the filtrate add il% sulphuric acid drop by drop.

A precipitate of glutenin is formed. Test the remainder of the filtrate for proteins
[Expt. 121, («)~(d)].

Prorervs oF Leeuminovs SEEDS (LEGUMINOSAE).

In the Leguminosae, which are starchy seeds, the chief reserve
proteins, as contrasted with those of cereals, are globulins. The various
proteins occurring may be enumerated as:

Legumin. A globulin which forms the chief protein in the seeds of
the Broad Bean (Vicia Faba), the Pea (Pisum sativum), the Lentil
(Ervum Lens) and the Vetch (Vicia sativa). Legumin itself is soluble
in water, but occurs as salts which are insoluble in water and soluble
in saline solutions. Some portion can be extracted from the seed by
water only.

Vicilin. A globulin occurring in smaller quantities than legumin
and found only in the Pea, Bean and Lentil seeds.

Phaseolin. A globulin forming the bulk of the protein of the
Kidney Bean (Phaseolus vulgaris).

Conglutin, A globulin forming the bulk of the protein in Lupin
(Lupinus luteus) seeds.
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Legumelin, An albumin found in small quantities in the Pea,
Broad Bean, Vetch and Lentil.

Phaselin. An albumin found in small quantity in the seeds of the
Kidney Bean (Phaseolus vulgaris).
Small quantities of proteoses are found in most of the above seeds.

Ezxpt. 132, LExtruction of the proteins of the Pea (Pisum sativam) (Osborne and
Campbell, 11, 12; Osborne and Harris, 13). As we have seen (Expt. 121), a certain
amount of protein, including globulin, goes into solution when ground peas are ex-
tracted with water. A more complete method of extraction is as follows, Grind in
a coffee-mill 20-30 gms. of peas, add to the ground mass 50-60 c.c. of 10 9/, sodium
chloride sotution and allow the mixture to stand for 1-2 hrs. Then filter off and
saturate the filtrate with solid ammonium sulphate. The globulins, legamin and
vivilin, are precipitated out. Filter off the precipitate, and then take up i dilute
ammoniuin sulphate (135 saturated) and add saturated ammonium sulphate in the
proportion of 150 c.c. to every 100 c.e. of the solution (% saturation). The legumin
is precipitated and can be filtered off. Saturate the filtrate with axumonium sulphate :
the vicilin is precipitated and can be filtered off. Dissolve up a little of each preci-
pitate in 109/, sodium chloride, and boil. The vicilin is coagulated, but the legumin is
not, Then dissolve up the remainder of the precipitates in dilute ammonium sulphate
and test both the solutions for protein by the usual reactions [Expt. 121, («)~(d)].

The albumin, legumelin, which occurs only in small quantities in the seeds, can
be obtained by dialyzing a water extract of the ground peas until all the globulin is
precipitated. On filtering and heating the filtrate, a coagulum of legumelin is formed.

PROTEINS OF FAT-CONTAINING SEEDS.

Of the seeds which contain fat as a reserve material, those investi-
gated have been found, in contrast to the cereals, to contain largely
globulin as reserve protein. In many cases these globulins have been
obtained in crystalline form after extraction from the plant.

The Hemp-seed (Cunnabis sativa) contains one of the best-known
crystalline globulins, namely edestin. Pure neutral edestin is insoluble
in water but soluble in salt solutions. In the presence of acid, however,
edestin forms salts which are insoluble in salt solutions. Hence a
solution of edestin in sodium chloride is precipitated by even small
quantities of acids, and, conversely, a solution of edestin in acid is
precipitated by small quantities of salt (Osborne, 8).

Ezpt. 133, Extraction and crystallization of edestin from Hemp-seed. Take 50 gms.
of hemp-seed and grind in a coffee-mill. Put the ground seed in a large evaporating
dish and add 200 c.c, of 59/, sodium chloride solution. Heat with a small flame and
stir constantly. A thermometer should be kept in the dish, and the liquid must not
rise above 60°C. Filter off, in small quantities at a time, keeping the solution in the
dish warm, On cooling, the edestin separates out from the filtrate more or less in
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crystals, To obtain better crystals, filter off' the edestin that has been deposited, and
pour the filtrate iuto a dialyzer; add a little toluol, and suspend the dialyzer in
running water., As soon as it is cloudy, examine the dialyzed solution for crystals
under the microscope. Add a little 59/, sodium ehloride solution to the original
precipitate of edestin in the filter. Make with the filtrate the following tests:
(i) The tests for proteins [Expt. 121, («)~(d), except Millon’s]. (ii) Boil a little of the
solution : it is imperfectly coagulated. (ili) Add a little acid: edestin chloride is
precipitated.

In the Castor-oil seed (Ricinus communis) there is also present a
globulin which can be obtained in a crystalline form by the method of
Expt. 134, In addition, there is present an albumin, ricin, which has
peculiar toxic properties (Osborne, 8).

A well-crystallized globulin can be obtained from the Linseed (Linuin
usttatissimum), and a globulin, excelsin, from the Brazil nut (Bertholletic
excelsa) also in crystalline or semi-crystalline form. Similar globulins
can be extracted from a number of other seeds, i.e. Coconut (Cocos
nucifera), Sunflower (Helianthus annuus), Cotton-seed (Gossypium her-
baceum), Mustard-seed (Brassica alba) and many others. The fat is first
removed from the ground seed by ether or benzene; the residue is then
extracted with dilnte sodium chloride and the extract dialyzed.

Lzpt. 134. Eatraction of the globulin from Ricinus, Weigh out about 50 gms, of
Ricinus seeds, take off the testas and pound in a mortar, Extract the oil by the
method given in Expt. 82. After extracting the oil, grind up the residue again in a
mortar, and then treat it with about twice its bulk of 10 9/, sodiium chloride solution
for 6-12 hrs. Filter successively through muslin and filter-paper and dialyze the
filtrate. The globulin will be precipitated in semi-crystalline spheroids. When
the bulk of the globulin has separated out, filter off the precipitate, and dissolve it
in as dilute a sodium chloride solution as possible. Make the following tests with
the solution: (i) The tests for proteins [Expt. 121, (2)-(d), except Millon's]. (ii) Boil
a little of the solution: the coagnlation is 120t complete. (3ii) Add a little hydrochlorie
acid : a precipitate is formed.

Ezpt. 135. Extraction of the globulin from Linseed (Osborne, 7, 8). Weigh out
about 50 gms, of Linseed and grind itin a coffee-mill. Extract the oil asin Expt. 82,
Treat the residue with about twice its bulk of 109/, sodium chloride solution for
6-12 hrs.. Then filter through muslin and filter-paper, and dialyze the filtrate,
Tha globuliu separates out in oectahedra. Filter off the protein, and take up in
dilute sodium chloride. Test the solution as in the case of Ricinus globulin in the
previous expeviment.

Expt. 136, Extraction of the globulin (excelsin) from the Brazil nut (Osborne, 8).
Weigh out about 100 gms. of the nut, free from the testas, and, after pounding in a
mortar, extract the oil by the usual method. Then proceed as in the two previous
experiments, The protein separates out in semi-crystalline spheroids. Filter off the
precipitated excelsin, and dissolve in dilute sodium chloride solution. Make with
it the tests as for the globulins in the last two experiments.
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THE AMINO-ACIDS.

There is every reason to believe, since they always arise in hydrolysis
of proteins, that amino-acids are universally distributed in the plant.
It is, however, difficult to isolate and detect them, except in certain
special cases, as, for instance, in germinating seeds when a large store
of protein is being rapidly hydrolyzed and translocated. The following
is a short account of the occurrence of some of the amino-acids in the
free state (see also p. 120).

Valine has been isolated from seedlings of the Vetch (Vacia), Lupin
(Lupinus) and Kidney Bean (Phaseolus). It is present in larger amounts
in etiolated seedlings of Lupin than in the green plants.

Leucine is widely distributed. It has been isolated from seedlings
of Vicia, Vegetable Marrow (Cucurbita), Lupinus, Pea (Pisum) and
Goosefoot (Chenopodium). It has also been found in Phaseolus, Water
Ranunculus (Ranunculus aquatilis), buds of Horse Chestnut (Aesculus
Hippocastanum) and in small quantities in Potato tubers and other
plants.

Isoleucine has been extracted from seedlings of Vicia sativa.

Aspartic acid. The amide of this acid, i.e. asparagin,
CONH, * CH, - CHNH, * COOH

is widely distributed in plants. It is present in shoots of Asparagus
from which it derives its name. It has also been extracted in very
considerable quantities from etiolated seedlings of Vveia, Lupin, and from
various plants such as Potato, Dahlia, Garden Nasturtium (Tropaeolum),
Cucurbita and Sunflower (Helianthus).

Glutaminic acid. The amide, again, of this acid, i.e. glutamine,
CONH, " CH,* CH, * CHNH, ' COOH
is widely distributed. It has been isolated from seedlings of Cucurbita,
Lupinus, Helianthus, Castor-oil plant (Ricinus), Spruce Fir (Picea excelsa)
and a number of Cruciferac.

Arginine has been isolated from seedlings of Lupinus, Cucurbita,
Vicia, and Pisum. It is especially abundant in the seedlings of some
Coniferae, i.e. Picea excelsa, Silver Fir (Abies pectinata) and Scotch Fir
(Pinus sylvestris). It also occurs in roots and tubers, as for instance in
those of the Turnip (Brassica campestris), Artichoke (Helranthus tubero-
sus), Chicory (Cichorium Intybus), Beet (Beta wvulgaris), Potato and
Dabhlia, and in thé inner leaves of the Cabbage (Brassica oleracea).
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Lysine has been isolated from seedlings of Lupinus, Vicia and
Pisum. Also from the inner leaves of the Cabbage and tubers of the
Potato.

Phenylalanine has been isolated from seedlings of Lupinus luteus,
Vicia sativa and Phaseolus vulgaris.

Tyrosine is very widely distributed. It is present in seedlings of
Vicia sativa, Cucurbita, Lupinus, Tropaeolum and tubers of Potato,
Turnip, Dahlia, Beet and Celery. Also in berries of Elder (Sambucus),
in Clover (T'rifolium), Bamboo (Bambusa) shoots and other plants.

Proline has been isolated in very small quantities from etiolated
seedlings of Lupinus albus.

Histidine has been isolated from seedlings of Lupinus and tubers of
Potato.

Tryptophane has been isolated from seedlings of Lupinus albus and
Vicia sativa.

THE PROTEASES.

We have seen in the previous pages that proteins can be hydrolyzed
artificially with the intermediate production of proteoses and peptones,
and the final production of a number of amino-acids. There is no doubt
that this process of hydrolysis takes place in the living plant, and it is
believed that the converse process, the synthesis of these proteins from
amino-acids, also takes place in the cell.

There is evidence that this hydrolysis of proteins is catalyzed by
certain enzymes which have been termed proteases. On analogy with
other enzymes, we may suppose that these enzymes also catalyze the
synthesis of the proteins.

It seems highly probable that the proteases are of two types:

1. Pepsin-like enzymes, which catalyze the hydrolysis of proteins to
peptones, and, in all probability, the reverse process.

2. Erepsin-like enzymes, which catalyze the hydrolysis of albumoses
and peptones to amino-acids, and, in all probability, the reverse process.

We now turn to the evidence for the existence of proteases. In
autolysis (see p. 19) the hydrolytic activity of many enzymes is un-
controlled, and in the case of the proteins, the amino-acids are formed
as end-products. Amino-acids are rarely present in plants in sufficient
quantity to be detected readily, at any rate in small quantities of
material, butif the tissues are put to autolyze at temperatures of 38-40°C,,
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the amino-acids then accumulate and can be detected. Of all the amino-
acidstheone whichismostreadily identifiedis tryptophane. If the antolyzed
product is boiled, acidified and filtered to remove the remaining proteins,
and, to the filtrate, bromine is added, drop by drop, the formation of a
pink or purple colour will indicate the presence of free tryptophane, and
hence it may be assumed that protein-hydrolysis has taken place.
Probably the formation of amino-acids in autolysis is a universal property
of plant tissues, for tryptophane has been detected on antolysis of many
different parts of plants. Examples are the germinating seeds of the
Bean (Vicia Faba), Scarlet Runner (Phassolus multiflorus), Pea (Pisum
sativum), Lupin (Lupinus hirsutus) and the Maize (Zea Mays): and in
ungerminated seeds of the above, though less readily. It is also said to
be formed on autolysis of leaves of Spinach (Spinacia), Cabbage (Brussica).
Nasturtinm (Tropaeolum magjus), Scarlet Geranium (Pelargonium zonale),
Dahlia (Dahlia variabilis) and others: also of fruits of Melon (Cucumis
Melo), Cucumber (Cucumis sativus), Banana (Musa sapientum), Tomato
(Lycopersicum esculentwm) and others: of bulbs of the Tulip (Tulipa),
Hyacinth (Hyacinthus orientalis) and underground roots of Turnip
(Brassica), Carrot (Daucus Carota) and Beet (Beta vulgaris) (Vines,
16-24; Blood, 3; Dean, 5, 6).

Ezpt. 137, The formation of tryptophane on autolysis of resting seeds. Grind up
in a coffee-mill 15 gms, of Mustard (Brassica albe) seed. Transfer to aflagk, and add
100 e.c. of distilled water and about 2c.c. of toluol. Plug the mouth of the flask
with cotton-wool and put in an incubator for 3 days. Then filter off the liquid, boil
the filtrate and add a few drops of acetic acid. Filter off any precipitate formed,
cool the filtrate and add bromine water slowly and carefully drop by drop, shaking
well after each drop. A pink or purple colour denotes the presence of tryptophane,
Excess of bromine will destroy the colour. Then shake up with a little amyl
alcohol. The purple colour will be extracted by the amy! alcohol which will rise to the

top of the water solution. A control experiment should be made using 10 gms. of
seed which has been well boiled with water in an evaporating dish,

It has been assumed that the formation of amino-acids from proteins
on autolysis is the outcome of two processes, the hydrolysis of proteins
.to peptones by pepsins, and the hydrolysis of peptenes to amino-acids
by erepsins.

The next point to be considered is the possibility of detecting these
two classes of enzymes separately. If either the pulp, or water extract,
of various plant tissues be added to peptone solution and allowed to
incubate at 38°C., tryptophane can be readily detected after a day or
two, This has been found to be true for the tissues of many seeds,
seedlings, roots, stems, leaves and fruits (such as those already mentioned
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above and others); the result indicates the wide distribution of an
erepsin type of ensyme. The detection of this enzyme is facilitated
by the addition of the attificial supply of peptone.

Expt. 138, The detection uf wrepsins in plunts.

(@) In resting seeds. Grind up 10 gnis. of seeds in a coffee-mill, and add 100 c.c,
of water, 0'2 gm. of Witte's peptone and a little toluol. Incubate for 2-3 days. The
following seeds may be wsed : Hemip (Cananbis sutiva), Custor-0il (Rivinus communis),
Pea (Pisum sativum), Scarlet Runner ({'haseolus multifinrus), Broad Bean (Vicia
Faba) and fruit of Wheat (Zriticum vulyare). Test for tryptophane. Controls
should be made in these and the fallowing cases.

(b) In germinating sevds. Take 10 germinating peas, pound in a mortar, add
100 c.c. of distilled water, 02 gm. of Witte's peptone, and a little toluol. Ineubate
for 3 days. Test for tryptophane,

(¢) In leaves. Pound up a smnll cabbage leaf, add 100 ¢.c. of water, 0°2 gm. of
Witte's peptone and a little toluol. Incubate for 3 days. Test for tryptophane,

(d) Inroots. Pound up about 20 gma. of fresh carvot root. Add about 100 ¢.c. of
water, 0°2 gm, of Witte's peptone and a little tolwl. Incubate for 3 duys. Test for
tryptophane,

The pepsin type of enzyme is less readily detected. It has long
been known that the pitchers of the Pitcher-plant (Nepenthes) secrete
an enzyme which digests fibrin. A few other cases of protein-digesting
enzymes are well known, such as the so-called “ bromelin " from the fruit
of the Pine-apple (Ananus sattvus),” cradein " from the latex and fruit of
the Fig (Ficus) and “ papain ” from the fruit and leaves of the Papaw
Tree (Carica Papaya). Such cnzymes were formerly termed “vegetable
trypsins” as they were thought to be of the type of animal trypsin which,
alone, hydrolyzes proteins to amino-acids. On analogy with the results of
research with other enzymes, it seems likcly that “ papain,” “cradein’
and “ bromelin " are all mixtures of pepsin and eropsin. In addition to
these better known cases, it has also been stated that fibrin is digested
by extracts or pounded pulp of the fruits of the Cucumber and the
Melon, the *“ germ ” (embryo) of Wheat, the bulbs of Tnlip and Hyacinth,
the seedlings of the Bean, Pea, Scarlet Runncr, Lupin and Maize, and
the ungerminated seeds of the Pea, Lupin and Maize. These have also
been shown to contain erepsin.

A separation of pepsin from erepsin has been achieved in the case
of the seeds of the Hemp (Cannabis sativa) by means of the different
solubilities of the two enzymes in water and salt solutions.

Eaxpt. 139. The extraction and the separation of the two enzymes, erepsin and
pepsin, from Hemp-seed (Cannabis sativa) (Vines, 22), Weigh out 50gms. of hemyp-seed,
grind it in a coffee-mill and extract with 250 c.c, of 100/, sodium chloride solution.
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Allow the mixture to stand all night and then filter, Both operations should be
carried out at as low a temperature as possible, Measure the filtrate, and add acetic
acid to the extent of 0:29),, A dense precipitate is fornied. Filter again, keeping as
cool as possible.

The acid filtrate contains the erepsin, but not the pepsin, Measure ont 40 c.c.
into each of three small flasks, and add the following: (i) 02 gm. of Witte's
peptone, (ii) the same, only boil the whole solution, (iii) 02 gm. of carmine fibrin!.
Add a little toluol to all three flasks, plug with cotton-wool, and incubate for three
to four days. Test for tryptophane in flasks (i) and (i); the first gives a marked
reaction, the second little or no reaction. The fibrin in (iii) will remain unaltered,

The precipitate produced by the acetic aeid is then washed on the filter twice
with 100 c.c. of 10 ¢/, sodium chloride solution, containing 0-2 ¢/, acetie acid, to
remove traces of erepsin, The precipitate is then treated with about 70c.c. of
water, allowed to stand for a time, and then filtered. The filtrate is divided into
three equal portions. Add the following respeetively: (i) 0'1gm. of carmine fibrin,
(i) the same, but the solution is boiled, (i) 02 gm. of Witte's peptone. Add a
little toluol to all three flasks, plug with cotton-wool and incubate for 3-4 days.
The fibrin will be seen to digest slowly in flask (i): (ii) will show no digestion, and
(iii) will give no tryptophane reaction.
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CHAPTER IX

GLUCOSIDES AND GLUCOSIDE-SPLITTING ENZYMES

ATTENTION has been drawn to the fact (Chapters v and vir) that in the
plant, compounds containing hydroxyl groups often have one or more of
these groups replaced by the C;H,,0,— residue of glucose. Such com-
pounds are termed glucosides. The substances in which this substitution
most frequently occurs are of the aromatic class, and the glucosides may
be regarded, on the whole, as ester-like compounds of carbohydrates
with aromatic substances, The non-sugar portion of the glucoside may
vary widely in nature, and may be, for instance, an alcohol, aldehyde,
acid, phenol, flavone, etc. The sugar constituent is most frequently
glucose, but pentosides, galactosides, mannosides and fructosides are also
known. Sometimes more than one monosaccharide takes part in the
composition of the glucoside. (These various relationships are shown in
the accompanying table.) The inclusion of all glucosides in a class is
in a sense artificial: the character held in common (with very few
exceptions) is that, on boiling with dilute acids, or, by the action of
enzymes, hydrolysis takes place, and the glucoside is split up into
glucose (or other sugar) and another organic constituent. A number of
compounds occurring as glucosides have already been dealt with, for
example, the tannins and flavone, flavonol and anthocyan pigments, but,
in these cases, the significance of the compounds lies rather in the
nature of their non-sugar constituents than in the fact of their being
glucosides.

There are, however, a number of glucosides which have been grouped
together and are more readily classified in this way than in any other.
Some of them, doubtless, have come into prominence as glucosides on
account of their association with well-known and specific enzymes, as,
for instance, the glucoside amygdalin associated with the enzyme emul-
sin, and the glucoside sinigrin with the enzyme myrosin.

The hydrolyzing enzymes are by no means always specific, for in
vitro one particular enzyme may be able to hydrolyze several glucosides,
Many glucoside-splitting enzymes have been described, though there is
no reason to suppose that each glucoside is only acted upon by an
enzyme specific to that glucoside. It is likely moreover that some of
the different enzymes described will probably prove to be identical.

In some cases where more than one monosaccharide is attached to
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the glucoside, the different sugar groups are removed separately by
different enzymes (see later, emulsin, p. 145).

The glucosides as a whole (cxcept flavone, flavonol and anthocyan
pigments) are colourless crystalline substances, When extracting them
from the plant, it is usually necessary to destroy the accompanying
enzyme by dropping the material into boiling alcohol or some .other
reagent (see autolysis, p. 19).

In Chapter Vv it has already beecn mentioned that d-glucose exists in
two stereoisomeric forms, the a and the 2 form.

It was also pointed out that the glucosides can be classed either as
a- or B-glucosides, according to whether the a or the 8 form of glucose
combines with the non-glucose residue.

RO— C—H H— C—O0OR
H— lc:-—-O H H— C—O0OH
HO——-IC———H o] HO— (l.'>—H o
H—GC H-—clz
H———é ~—OH H———Cl———O H
CH,OH ICH(_,O H
a-glucoside B-glucoside

Maltose, for instance, is regarded as an a-glucoside of d-glucose. It
has been further shown that the enzyme maltase can only hydrolyze
a-glucosides, whercas other enzymes, e.g. the prunase component of
emulsin, only act on B-glucosides.

The various glucosides considered in detail in this chapter together
with some others are grouped under the following headings (Arm-

strong, 3):
Glucoside Plant in which commonly Produets of hydrolysis
found
Alcohols
Coniferin (Coniferae, Betu, Asparagus, | Glucose +eoniferyl alcohol
Scorzonera)
Populin (Populus) Glucose + saligenin + benzoic acid
Salicin (Satiz, Populus) Glncose + saligenin
Syringin (Ligustrum, Syringa, Jasmi- | Glucose + syringenin
num)
Aldelydes
Amygdalin (Prunus, Pyrus) Glucose + henzaldehyde + prussic
acid
Dhurrin - (Sorghum) Glueose + parahydroxybenzaldehyde
. . + prussic acid
Linamarin (Zinum, Phaseolus) Glueose + acetone + prussicacid
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Glucoside

Prulaurasin
Prunasin
Sambunigrin

Vicianin

Gaultherin
Strophanthin

Arbutin
Hesperidin
Naringin
Phloridzin

Aesculin
Fraxin

Glucotropaeolin
Sinalbin

Sinigrin

Apiin
Isoquercitrin
Lotusin
Myricitrin
Quercitrin
Robinin
Rutin

Cyanin
Delphinin

Malvin
Oenin
Peonin
Pelargonin

Aucubin
Digitalin
Indican

GLUCOSIDES AND

Plant in which commonly
found

(Prunus)
(Cerasus, Prunus)
(Sambucus)

(Vicia)

(Qaultheria, Spiraec)
(Strophanthus)

(Ericaceae)
(Critrus)
(Citrus)
(Rosaceae)

(A esculus)
(Frazinus)

(Tropaeolum, Lepidium)
(Brassica alba)

(Brassica nigra)

(Carum)

(Gossypium)

(Lotus)

(Myrica)

(Quercus, Frazinus, Thea)
(Hobinia)

(Ruta, Capparis, Polygonum)

Centaurea, Rosa)
Delphinium)

(Malva)

(Vitis)

(Paeonia)

(Pelargonium, Centauren)

(Aucuba, Plantago)
(Digitalis)

(Indigofera)

[cH.
Products of hydrolysis

Aldehydes (cont.)

Glugé)se + benzaldehyde + prussic

aci

Glug:i)se + benzaldehyde + prussie
aci

Glucose + benzaldehyde + prussic
acid

Vicianose + benzaldehyde + prussic
acid

Acids
Glucose + methyl salicylate

Mannose + rhamnose-+ strophanthi-
din

Phenols

Glucose + hydroquinone

Glucose +rhammnose + hesperetin
Glucose 4 rhamnose +narigenin
Glucose +phloretin

Coumarin derivatives

Glucose +aesculetin
Glucose + fraxetin

Mustard-oils

Glucose + benzyl isothiocyanate +
potasgsium hy({rogen sulphate

Glueose +sinapin acid sulphate+
acrinylisothiocyanate

Glucose + allyl isothiocyanate +
potassium hydrogen sulphate

Flavone and flavonol pigments
Apiose +apigenin
Glucose +quercetin
Glucose +prussic acid +lotoflavin
Rhamnose +myricetin
Rhamnose +quercetin
Rhamnose +galactose 4 kasmypferol
Glucose +rhamnose +quercetin

Anthocyan pigments
Glucose+cyanidin
Glucose +oxybenzoic acid +delphi-
nidin
Glucoso4-malvidin
Glucose +oenidin
Sugar + peonidin
Glucose +pelargonidin

Vorious constituents
Glucose + aucubigenin
GHlucose + digitalose + digitaligenin
Glucose +indoxyl
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CYANOPHORIC GLUCOSIDES.

The characteristic of these substances is that they yield prussic acid
as one of the products of hydrolysis. They are fairly widely distributed:
the following list (Greshoff, 15) includes most of the natural orders in
which such glucosides occur: Araceae, Asclepiadaceae, Berberidaceae,
Bignoniaceae, Caprifoliaceae, Celastraceae, Compositae, Convolvulaceae,
Cruciferae, Euphorbiaceae, Graminaceae, Leguminosae, Linaceae,
Myrtaceae, Oleaceae, Passifloraceae, Ranunculaceae, Rhamnaceae,
Rosaceae, Rubiaceae, Rutaceae, Saxifragaceae, Tiliaceae and Urticaceae.

Amygdalin. This is one of the most important of the cyanophoric
glucosides. It occurs in the seeds of the bitter Almond (Prunus
Amygdalus) but it appears to be almost entirely absent from the sweet
or cultivated Almond. It also occurs in the seeds of the other species of
Prunus—the Plum (P. domestica), the Peach (P. Persica), etc.—of the
Apple (Pyrus Malus) and the Mountain Ash (P. Aucuparia). It occurs
sometimes in leaves, flowers and bark. . _

By the action of an enzyme, originally termed emulsin, which occurs
in both the bitter and the sweet varieties of Almond, the glucoside is
broken up as follows in two stages:

CyuHypNOy, + HyO = CyHyO4 + Cy HyNO,
mandelonitrile glucoside (prunasin)

CH;;NO; + H,0 = CgH ;04 + HCN + CgH,CHO
benzaldehyde

It should be noted that the sweet Almond contains emulsin although
it is almost entirely free from amygdalin.

Recently (Armstrong, Armstrong and Horton, 8) emulsin has been
shown to consist of two enzymes, amygdalase and prunase: amygdalase
hydrolyzes amygdalin with formation of mandelonitrile glucoside and
glucose, whereas prunase hydrolyzes mandelonitrile glucoside (prunasin)
with formation of benzaldehyde, prussic acid and glucose. On the basis
of these reactions amygdalin is represented as:

Cg4H
o (1aH
CH,0H CHOHCH CHOH CHOHCH O CH,CHOH CH CHOH CHOH CH 'O -CH
[ I |
° CN

Prunasin occurs naturally in the Bird Cherry (Cerasus Padus), and
it is found that prunase may exist in a plant, e.g. Cherry Laurel
(P. Laurocerasus), which does not contain amygdalase.

L WaY
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Prulaurasin (laurocerasin) is a glucoside occurring in the leaves of
the Cherry Laurel (Prunus Laurocerasus). It has been represcnted as
racemic mandelonitrile glucoside, prunasin being the dextro forn.

Sambunigrin is a glucoside occurring in the leaves of the Elder
(Sambucus nigra). It has been represented as laevo mandelonitrile
glucoside.

When tissues containing cyanophoric glucosides and their corre-
sponding enzymes are submitted to autolysis, injury, or the action of
chloroform, hydrolysis takes place (see autolysis, p. 19). A rapid
method (Mirande, 17; Armstrong, 5) for detecting the prussic acid is to
insert paper dipped in a solution of sodium picrate into a tube con-
taining the plant material together with a few drops of chloroform. In
the presence of prussic acid the paper becomes first orange and finally
brick-red owing to the formation of picramic acid.

In addition to those previously mentioned there are other British
plants, the leaves of which give off prussic acid on autolysis (presumably
from cyanophoric glucosides), as for example the Columbine (Aguilegia
vulgaris), Arum (Arum maculatum), Hawthorn (Crataegus Oryacantha),
Reed Poa (Glyceria aquatica), Bird's-foot Trefoil (Lotus corniculatus),
Alder Buckthorn (Rhamnus Frangula), Black and Red Currant and
Gooseberry (Ribes nigrum, R. rubrum, R. Grossularia), Mcadow Rue
(Thalictrum aquilegifolvum) and the Common and Hairy Vetches ( Vicia
satiwva and V., hirsuta).

It has been shown (Armstrong, 7) that of the species L. corniculatus
there is a variety (L. uliginosus) (taller and growing in moister
situations) which does not produce cyanophoric substances and hence
does not give off prussic acid on autolysis,

Ezxpt. 140. Method of detection of cyanophoric glucosides in the plant. Take three
flasks: in one put a whole leaf of the Cherry Laurel (Prunus Laurocerasus): in the
second a leaf which has been torn in pieces and then either pricked with a needle or
pounded in a mortar: in the third a leaf with a few drops of chloroform. Cork all
three flasks, inserting with the corks a strip of sodium picrate paper. (The paper is
prepared in the following way: strips of filter-paper are dipped in a 19/, solution of
picric acid, are then suspended on a glass rod and allowed to dry in air. Before
using, the paper is moistened with 10°/, sodium carbonate solution and is suspended
in the moist condition just above the material to be examined. In the presence of
prussic acid, the paper first becomes orange-yellow, then orange and finally brick-red.)
In a short time the paperin the flask containing the leaf and chloroform will turn red :
in the flask with the injured leaf, the reddening will take place rather more slowly,
whereas in the case of the entire leaf, the paper will remain yellow.

The above experiment may also be carried out, usually with success, on leaves of



Ix] GLUCOSIDE-SPLITTING ENZYMES 147

the Qolumbine (Aquilegiv vulgars), the Arum (drum maculatum) and plants of the
Bird's-foot Trefoil (Lotus corniculatus): also with bitter almonds and apple pips, and
young shoots of Flax (Linum perenne). In the case of the seeds, these may be used
crushed, both with aund without chloroform, the uninjured seed being used as a
control,

Expt. 141. Preparation of amygdalin. Weigh out 100 gms. of bitter almonds.
Remove the testas by immersing them for a short time in boiling water. Then
pound up the almonds well in a mortar and transfer to a flask. Add about
200-300 c.e. of ether and allow the mixture to stand for 2-12 hours. Filter off the’
ether and extract again with fresh ether. The greater part of the fat will be removed
in this way. Then dry the residue from ether and, as rapidly as possible, extract
twice or three times with boiling 90-98 %/, alcohol which removes the amygdalin.
The residue, after ether extraction, contains both amygdalin and emulsin, and, if
allowed to stand, the emulsin will hydrolyze the amygdalin: heuce the neeessity for
rapid extraction with alcohol. Evaporate the filtered alcoholic extract on a water-
bath or, better, distil ¢n vacuo to a small bulk, Then add an equal volume of ether
and allow the mixture to stand for a time. The amygdalin separates out on standing,

ey anoe . te N . eier Y ¢ vae
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Take six sweet almonds and remove the testas as before. Pound in a mortar and
transfer to a flask. Add a little ether and allow to stand for a short time. Pour off
the ether, and add a little more which should againbe poured off. This removes some
of the fat and makes extraction of the emulsin easier, Then extract the residue
with about 40e.c. of distilled water and filter. The filtrate contains the enzyme
emulsin,

Take 10c.c. of the emulsin solution, and divide it into two portions in two test-
tubes. ‘Boil one well (see Expt. 143 a), and to both add equal quantities of a water
extract of the amygdalin prepared above, Cork the tubes and insert picric paper
with the cork in each case.

It has been found, as previously mentioned, that emulsin can
hydrolyze other glucosides, as for instance, salicin (see pp. 48,152). On
hydrolysis, salicin splits up into salicylic alcohol (saligenin) and glucose.
Salicin, itself, gives no colour with ferric chloride but saligenin gives a
violet colour, and by means of this reaction the course of the hydrolysis
can be followed.

Expt. 144. To demonstrate the hydrolysis of solicin by emulsin. To 10 c.c, of a.
19/, solution of salicin in a test-tube add 10 c.c. of the emwlsin solution prepared in.
Expt. 142 or 143, As a control boil in a second test-tube auother 10 c.c. of the
emulsin solution and add 10 e.c. of salicin solution. After about an hour, ndd to
both test-tubes a few c.c. of strong ferric chloride solution. A purple colour will be
given in the first test-tube but no colour in the eontrol, The process of hydrolysis
will be accelerated by placing the tubes in an incubator.

A modification can be made as follows. A second pair of test-tubes should
be prepared as before and to both sufficient ferric chloride should be added to give a.
faint yellow tinge. The unboiled mixture will gradually acquire a purple colour at
ordinary temperature,

Other cyanophoric glucosides are dhurrin, phaseolunatin (linamarin),
lotusin and vicianin,

Dhurrin occurs in seedlings of the Great Millet (Sorghum vulgare).
On hydrolysis it yields glucose, prussic acid and parahydroxybenzalde-
hyde (C;H, - OH : CHO). It is hydrolyzed by emulsin.

Phaseolunatin occurs in seeds of the wild plants of Phaseolus
lunatus and in seedlings of Flax (Linum). It is associated with an
enzyme which hydrolyzes it into acetone, glucose and prussic acid.

Lotusin occurs in Lotus arabicus. On hydrolysis by an accompanying
enzyme (lotase) it gives glucose, prussic acid and a yellow pigment,
lotoflavin, ‘

Vicianin occurs in the seeds of a Vetch (Vicia angustifolia). It is
hydrolyzed by an accompanying enzyme into prussic acid, benzaldehyde:
and a disaccharide, vicianose.
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MuUSTARD-0IL GLUCOSIDES.

These are glucosides containing sulphur and they have been found
chiefly among the Cruciferae. Sinigrin and sinalbin, the glucosides of
mustard, have been most investigated.

Sinigrin. This glucoside occurs in the seed of Black Mustard
(Brassica nigra) and other species of Brassica. Also in the root of the
Horse-radish (Cochlearia Armoracia). Sinigrin is hydrolyzed by the
enzyme, myrosin (Guignard, 16; Spatzier, 18) (which occurs in the
plant together with the glucoside), into allyl isotliiocyanate, potassium
hydrogen sulphate and glucose:

CioHyOyNS,K + HyO = C,HNCS + C;H,,04 + KHSO,

Expt. 145, Extraction of sinigrin from Black Mustard. Weigh out 100 gms. of
Black Mastard seed. Grind the seed in a coffee-nill and afterwards pound in a
niortar. Heat 175 c.c. of 86 9/, aleohol to boiling in a flask on a water-bath and add
the pounded mustard, aud after boiling about } hour, filter and press out the alcohol.
Then put the dried cake of residue into 300¢.c. of water and allow the mixture to
stand for 12 hours. Press out the liquid aud after filtering and nentralising with
barium carbouate, concentrate ¢n vacuo to a syrup, Then extract with 904/, alcohol
and filter. On concentrating and exposing in a crystallizing dish, the sinigrin
geparates out in white needles.

Sinalbin occurs in the seeds of White Mustaxd (Stnapis alba). By
myrosin it is hydrolyzed to p-hydroxybenzylisothiocyanate, acid sinapin
sulphate and glucose:

CyoHOyN,S, + Hy0 = CyH 0y + CrH,ONCS + C,H,,O4NHSO,

Ewxpt. 146. Extraction of sinalbin from White Mustard. Weigh out 100 gms. of
White Mustard seed. Grind and pound well aud extract the fat with ether. Then
extract with twice its weight of 85-90 %, alcohol several times and well press out the
alcohol. The extract is evaporated to half its bulk and filtered. On cooling the
sinalbin separates out in crystals.

Expt. 147. Preparation of myrosin. Weigh out 50 gnis. of White Mustard seed and
grind in a coffee-mill. Add 100 c.c. of water and allow the mixture to stand for
12 hours. Then filter and allow the filtrate to run into 200c.c. of 95-98 %/ alcohol.
A white precipitate is formed which coutains the myrosin. Filter off the precipitate
and wash on the filter with a little ether,

Expt, 148, Action of myrosin on sinigrin. Put into two test-tubes equal quantities
of a solution of the sinigrin prepared in Expt. 145. Dissolve somo of the myrosin
prepared in the last experiment in water and divide the solution into two parts,
Heat one part to boiling and then add the two portions respectively to the two test-
tubes of sinigrin. Plug both test-tubes with cotton-wool. After about % hour a
strong pungent smell of mustard oil, allyl isothiocyanate, will be detected in the
unboiled tube.

A more simple method of demonstrating the action of myrosin iy as follows.
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Pound about 5gms. of Black Mustard seed in a mortar and then boil with water.
Some mustaxd oil will be formed before the myrosin is destroyed, so that boiling
should be continued until no pungent odour can be detected. Then filter and cool
the solution and divide into two parts. To one add some myrosin solution. To the
other an equal quantity of boiled enzyme solution. After 4 hour the smell of allyl
isothiocyanate should be detected in the unboiled tube.

SAPONINS.

These substances are very widely distributed, being found in the
orders: Araliaceae, Caprifoliaceae, Combretaceae, Compositae, Cucurbi-
taceae, Graminaceae, Guttiferae, Lecythidaceae, Leguminosae, Liliaceae,
Loganiaceae, Magnoliaceae, Myrtaceae, Oleaceae, Piperaceae, Pitto-
sporaceae, Polemoniaceae, Polygalaceae, Primulacéae, Proteaceae,
Ranunculaceae, Rhamnaceae, Rosaceae, Rutaceae, Saxifragaceac,
Thymelaeaceae and the majority of the orders of the cohort Centro-
spermae. On hydrolysis with dilute mineral acids the saponins yield
various sugars—glucose, galactose, arabinose, rhamnose—together with
other substances termed sapogenins,

The saponins are mostly amorphous substances readily soluble
in water (except in a few cases) giving colloidal solutions. These
solutions froth on shaking, and with oils and fats they produce very
stable emulsions. By virtue of this property they have been used as
substitutes for soap. The Soapwort (Saponaria) owes its name to the
fact that the root contains a saponin,

CoUMARIN GLUCOSIDES.

These substances are hydroxy derivatives of coumarin, which itself
may be represented as:
CH=CH—CO

—

Aesculin is one of the best known of these glucosides. It occurs in
the bark of the Horse Chestnut (desculus Hippocastanum). On hydro-
lysis with dilute acids it yields glucose and aesculetin, the latter being
represented as:

CH=CH—CO

o]

HO
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Aesculin is characterized by giving in water solution a blue fluor-
escence which can be detected even in great dilution. The fluorescence
is increased in alkaline, and decreased in acid, solution.

Expt. 149. Demonstration of the presence of aesculin in Aeseulus bark, Strip off
the bark from some young twigs of desculus and boil in a little water in an evaporating
dish, Filter and pour the filtrate into excess of water in a large vessel. A blue
fluorescent solution will be formed.,

GLUCOSIDES OF I'ravoNE, FLAVONOL AND ANTHOCYAN PIGMENTS.

These substances have already been considered in Chapter Vi,

(GLUCOSIDES OF VARIOUs COMPOSITION.

Coniferin. This glucoside occurs in various inembers of the Coniferae
and also in Asparagus. On hydrolysis with mineral acidg or emulsin, it
breaks up as:

CH = CHCH,0H

Cy4H..05 + H.0 = CH,0; +

Coniferin OCH,

OH
Coniferyl alcohol

Arbutin, This glucoside is found in the leaves of the Bearberry
(Arctostaphylos Uva-urst), Pyrola, Vaccinium, and other Ericaceae and
also of the Pear (Pyrus communis).

On hydrolysis with acids arbutin yields hydroquinone and glucose:

C,2H140; + H,O = CHO, + CgH ;04
the same hydrolysis is brought about by the enzyme emulsin.

It has been suggested that the darkening of leaves of the Pear
(Bourquelot and Fichtenholz, 11, 12, 13) either on autolysis or injury, or
at the fall of the leaf, is due to the hydrolysis of the arbutin by a gluco-
side-splitting enzyme in the leaf, and subsequent oxidation of the
hydroquinone so formed by an oxidase.

Ezpt. 150, Extraction of arbutin from leaves of the Pear (Pyrus communis).
Weigh out 100 gms, of fresh leaves (without petioles). Tear the leaves into small
pieces and drop them as quickly as possible into about 500 e.c. of boiling 96-98 0/,
alcohol in a flask. Boil for about 20 mins., adding more alcohol if necessary. Then
filter off the alcohol and pound up the leaf residue in a mortar and extract again with
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boiling alcohol. Filter and distil off the alcohol from the extrvact #u vacuo. Extract
the residue with 100-200 c.c. of hot waterand filter. Warm the filtrate and precipitate
with lead acetate solution until no more precipitate is formed, This removes flavones,
tannins, etc. but the arbutin is not precipitated. Filterand passsulphuretted hydrogen
into the filtrate to remove any excess of lead acetate. Filter and concentrate the
filtrate ¢n vacuo to a syrup. Then extract twice with small quantities of ethyl acetate.
Concentrate the ethyl acetate on a water-bath and cool. A mass of crystals of arbutin
will separate out. This shonld be filtered off on a small filter, and recrystallized from
ethyl acetate. Take up a little of the pwrified glucoside i water and add & drop or
two of ferric chloride solution. A blue eoloration will be given.

Salicin. This substance occurs in the bark of various species of
Willow (Saliz) and Poplar (Populus): also in the flower-buds of the
" Meadow-Sweet (Spiraen Ulmaria). On hydrolysis with acids, or on
treatment with emulsin, salicin is decomposed into saligenin or salicylic
alcohol and glucose;

Cy;Hig0; + Hy0 = C4H,OH * CH,OH + C4H,,0,
Saligenin gives a violet colour with ferric chloride solution and in this
way the progress of the reaction can be demonstrated (see also p. 148).

Indican (see also p. 115). This glucoside occurs in shoots of the
so-called “Indigo Plants,” Indigofera Anil, I. erecta, I. tinctoria, I. suma-
trana: also in the Woad (Isatis tinctoria), in Polygonum tinctortum and
species of the Orchids, Phajus and Calanthe. When boiled with acid or
hydrolyzed by an enzyme contained in the plant, it gives glucose and
indoxyl:

C*0 ' C;H, O T C*OH
+ H20 = ” -+ CQHIQO(;
CH CH
NH NH
Indican Indoxyl

The colourless indoxyl can be oxidized either artificially or by an
oxidase contained in the plant to a blue product, indigotin or indigo.

*OH HO'C ¢o oc¢
" + 20 + “ =2H,0 + I I
CH HC C=——=C
NH NNHZ N NH “NH

Indoxyl Indoxyl Indigo
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CHAPTER X

THE PLANT BASES

THERE are present in plants a number of substances which form a
group, and which may be termed nitrogen bases, or natural bases.
These substances are of various constitution but they have the property
in common of forming salts with acids by virtue of the presence of
primary, secondary, or tertiary amine groupings. Such groupings confer
a basic property upon a compound and, as a result, salts are formed
with acids on analogy with the formation of ammonium salts:
NH; + HCl = NH,CI (NH; - HCI)

CHyNH, + HCl = CH;NH, * HCI
methylamine

(CHy); NH + HCI = (CH,), NH * HCI
dimethylamine

(CHg)s N+ HCl = (CHy); N HCI
trimethylamine

The hydrogen atoms of ammonia can also be replaced by groups of
greater complexity, as will be seen below.

Complex ring compounds in which nitrogen forms part of the ring
are termed heterocyclic, such as the alkaloids, purines and some amines,
for instance pyrrolidine (see below).

The plant bases can be conveniently classified into four groups and
this is also to a large extent a natural grouping. They are:

1. Amines
2. Betaines )
3. Alkaloids.
4. Purine bases.

The first two groups have been termed the simpler natural bases,
They are much more widely distributed in the vegetable kingdom than
the alkaloids and purins, since they have probably much more significance
in general metabolism. The isolation of the simpler bases is a matter of
much greater difficulty than that of the alkaloids: the former are soluble
in water but insoluble in ether and chloroform, and so are not readily
separated from other substances. The alkaloids, however, occur in the
plant as salts of acids and if the plant material is made alkaline the free
bases can be extracted with ether or chloroform.

Simpler natural bases.
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The betaines are amino-acids in which the nitrogen atom is comw-
pletely methylated, and, with one or two exceptions, this grouping does
not occur in the true alkaloids. The betaines have only feebly basic
properties.

The alkaloids, in contrast to the simpler natural bases, are rather
restricted in their distribution, many being limited to a few closely
related species or even to onc species.

The purine bases are a small grqup of substances intimately related
to each other and to uric acid.

AMINES.

Methylamine, CH,. NH,, occurs in the Annual and Perennial Dog's
Mercury (Mercurialis annuw and M. perennis) and in the root of the
Sweet Flag (Acorus Calamus).

Trimethylamine, (CH,);. N, occurs in leaves of the Stinking Goose-
foot (Chenopodium Vulvarin), in Howers of the Hawthorn (Crataegus
Ozyacantha) and Mountain Ash (Pyrus Aucuparia), and in seeds of
Mercuralis annu,.

Putrescine, NH, (CH,),. NH,, ocenrs in the Thorn Apple (Datura)
and tetramethylputrescine in a species of Henbane (Hyoseyamus
mutrcus).

Hordenine occurs in germinating Barley grains. It is represented

as:
HOQCH2 * CH, " N(CH,).

Pyrrolidine is said to occur in small quantities in leaves of the
Carrot (Daucus Carota) and Tobacco (Nicotiana) leaves. It is repre-
sented as:

CHy——CH,
CH, CH,

Other amines occur among the lower plants (Fungi).

Choline is sometimes classified with the betaines. It is however
intimately connected with the phosphatides (compounds of the fatty
acids with phosphorie acid and nitrogen) which is not the case with the

betaines. It may be represented as:
OH

(CHy), ; N<c
H,* CH,OH
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Choline is very widely distributed in plants.” It is a constitnent o'f t:,hc
phosphatide, lecithin, and is probably thereby a constiticnt of all 11'\71ng
cells. It has been found in seeds of the Bean (Vicia Fabe), Pen (Pisum
sativum), Strophanthus, Oat (Avena sutiva), Cotton (Goss"r/piym her-
baceum), Beech (Fagus sylvatica), Fenugreck (I'rigonelln /j‘oeuzqn.-
graecum) ‘and Hemp (Cannabis sativa): in seedlings of I‘"me’ Soy
beans, Barley and Wheat: in Potatoes and Dallia tubers and in thin
subterrancan parts of Cabbage (Brassica napus), Artichoke (Ilelianthus
tuberosus), Scorzonera hispanica, Chicory (Cichorium Intybus), Celery
(Apium graveolens) and Carrot (Daucus Carota): acvial parks of Meadow
Sage (Salvia pratensis) and Betony (Betonice officinalis), and any
other tissues. It can only be isolated in very small gquantity.

BETAINES.

The betaines, as previously stated, arc anuno-acids in which the
nitrogen atom is completely methylated. Most betaines erystallize with
one molecule of water; thus betaine itsclf in this condition probably has
the following constitution, from which its relationship to glyeme or
aminoacetic acid is indicated :

OH
(CHy), N< H,N - CH, " COOH
CH, ' COOH
Betaine (< hydroxytrimethyl- Aminoncetic neid
aminoacetic acid

When dried above 100° C., the betaines lose water and ara represented

as cyclic anhydrides; thus betaine becomes:
o]
(CH,),: N co
Nony”

The individual betaines, probably on account of their closo connexion
with proteins, are more widely distributed than the individual alkaloids,
Further investigation may show an even more general distribntion of
betaines.

Betaine or trimethylglycine occurs in all species of Chenopodiacene
so far examined including the sugar Beet (Beta vulgaris) from which it
derives its name; in some genera only of the Amarnntaceae; in the "'Tea
Plant " (Lycium barbarum): in seeds of Cotton (Gossypium herbaceum),
Sunflower (Helianthus annuus) and Oat (Avena sutiva): in tubers of
Artichoke (Helianthus tuberosus), shoots of Bamboo (Bambusa), leaves
of Tobacco (Nicotiana Tabacum) and in malt and wheat germs,
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Stachydrine, though a betaine, is included by most writers among
the alkaloids, and this classification has been followed here (see p. 161);
it is probably a derivative of proline (see p. 121).

Betonicine, C,;H,;0,N, is also, like stachydrine, found in the Betony
(Betonica officinalis). It is a derivative of oxyproline.

Hypaphorine or trimethyltryptophane, C,H,;0,N,, occurs in the
seeds of a tree, Erythrina Hypaphorus, which is grown for shade in
Coffee plantations.

Trigonelline, like stachydrine, is usually classed with the alkaloids
(see p. 160) but it should probably be included among the betaines on
account both of its structure and of its wide distribution,

Other betaines, trimethylhistidine, ergothioneine, occur in the
Fungi,

ALKALOIDS.

The plant alkaloids, so-called because of their basic properties, have
attracted considerable attention on account both of their medicinal
properties and, in many cases, their intensely poisonous character. They
were also the plant ‘bases to be first investigated. As previously men-
tioned they are not widely distributed, some being, as far as is known,
restricted to one genus, or even species. Moreover, several closely
related alkaloids are frequently found in the same plant, The orders in
which they largely occur are the Apocynaceae, Leguminosae, Papa-
veraceae, Ranunculaceae, Rubiaceae and Solanaceae.

The alkaloids may be present in solution in the cell-sap in the
young tissues, but in older and dead tissues they may occur in the solid
state; they may be found throughout the plant or more abundantly in
the seed, fruit, root or bark (quinine).

The alkaloids are, as a rule, insoluble in water, but soluble in such
reagents as alcohol, ether, chloroform, etc. The majority are crystalline
solids which are not volatile without decomposition, but a few, for
example coniine, nicotine, which contain no oxygen, are volatile liquids,

The alkaloids occur in the plant as a rule as salts of various organic
acids, such as malic, citrie, succinic and oxalic, and sometimes with an
acid peculiar to the alkaloid with which it is united (e.g. quinic acid in
quinine and meconic acid in opium). Artificial salts, ie, sulphates,
chlorides and nitrates, are easily prepared and are readily soluble in
water, and from these solutions the free base is precipitated again on
addition of alkali,



158 THE PLANT BASES fon.

The alkaloids themselves belong to various classes of comipounds,
though the basic character always preponderates. Thus, for cxample,
piperine is an amide and can be hydrolyzed into the basc piperidine
and piperic acid: atropine is an ester made up of the base tropine and
tropic acid.

Various methods are employed for the extraction of alkaloids but
the exact course of events depends on the alkaloid in question. On the
whole the method is either to treat the plant material with alkali and
then extract the free alkaloid with ether or chloroform and finally purify
by making a salt again; or to extract the alkaloid from the plant with
dilute acid, set free the insoluble, or difficultly soluble, base with alkalj,
and then prepare a salt of the base.

Though individual alkaloids have distinctive reactions, the group as
a whole has certain reactions in common, namely the precipitation by
the so-called “alkaloidal reagents.” These reagents arc tannic, phospho-
tungstic, phosphomolybdic and picric acids, also potassimmn-increurio-
iodide solution and iodine in potassium iodide solution.

Ezpt. 151, General reactions of alkaloids. Muke a 0% 0/, solution of quinine
sulphate in warm water and add a few drops of each of the following reagents:

(@) Tannic acid solution, A white precipitate is formed.

(0) Mercuric iodide in potassium jodide solution [Briicke's reagent: 50 gms, of
potassium iodide in 500 ¢.c. water are saturated with mercuric iodile (120 gms.) and
made up to 1 litre]. A white precipitate is formed.

(¢) Phosphotungstic acid (50 gms. of phosphotungstic acid and 30 c.c. of conc. sul-
phuric acid are dissolved in water and made up to a litre). A white precipitate isformed,

(d) Iodine in potassium iodide solution. A brown precipitate is formed.

(¢) Picrie acid solution. A yellow precipitate i formed.

Expt. 162. Extraction of the free base from quinine sulphate. Add strong sodium
carbonate solution drop by drop to some of the quinine sulphate sclution until a
white precipitate of quinine is formed. Then add ether and shake u} in a separating
funnel, The precipitate will disappear as the gninine passes into solution in the ether,
Separate off the ethereal solution and let it evaporate in a shallow dish. The quinine
is deposited, Take up the quinine again in dilute sulphuric acid and test the solution
with the alkaloidal reagents.

The alkaloids are classified into five gronps according to the nucleus
which constitutes the main structure of the molecule. These five groups
are:

1. The pyridine group.

2. The pyrrolidine group.
3. The tropane group.

4. The quinoline group.

5. The isoquinoline group.
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X‘]
O "
N N N

Pyridine Pyrrole Tropaue Quinoline

qj N N/\_N>
‘ N N\/N N7

Isoquinoline Pyrimidine Iminazole Purine

1. The pyridine alkaloids.

These are, as the name implies, derivatives of pyridine. (Pyridine
is a colourless liquid which boils at 115°C, It is a strong base and
forms salts with acids.)

CH
N\
CH CH

[

CH CH

N7
N

Pyridine
The more important members of this group are: arecoline, coniine,
nicotine, piperine and trigonelline.

Arecoline occurs in the “ Betel Nut " which is the fruit of the Areca
Palm (Areca Catechu).

Coniine occurs in all parts of the Hemlock (Contum maculatum),
but more especially in the seed.

Nicotine occurs in the leaves of the Tobacco plant (Nicotiana
Tabacum). It is a colourless oily liquid which is intensely poisonous.
Tts constitution may be represented as:

CH  CH,—CH,

N\ | [
CH C—CH CH,
I N/
CH CH N
N/ |
N CH,

It is readily soluble in water and organic solvents.
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Ezpt, 153, Extraction and reactions of nicotine. Weigh out 100 gms. of plug
tobacco and buil up the compressed leaves with water in an evaporating dish or in a
saucepan, Filter off the extract and concentrate on a water-bath, The concentrated
solution is made alkaline with lime and distilled from a round-bottomed flask fitted
with a condenser, the Aask being heated on a sand-bath, The distillate has an un-
pleasant smell and contains nicotine in solution. Test the solution with the alkaloidal
reagents employed in Expt. 151. A precipitate will be obtained in each case.

The nicotine can be obtained from solution in the following way. Acidify the
aqueous distillate with oxalic acid and concentrate on & water-bath, Make the con-
centrated solution alkaline with caustic soda, pour into & separating funnel and shake
up with ether. Separate the ethereal extract and distil off the ether. The nicotine
is left behind as an oily liquid which oxidizes in air and turns brown. The alkaloidal
tests should be made again with the extracted nicotine,

Piperine occurs in various species of Pepper (Piper nigrum). The
fruit, which is gathered before it is ripe and dried, yields a black
pepper, but if the cuticle is first removed by maceration, a white pepper.
Piperine is a white solid which is almost insoluble in water but soluble
in ether and alcohol.

Expt. 154. Extraction ond reactions of piperine. Weigh out 100 gms. of black
pepper. Put it into an evaporating dish, cover well with lime-water and heat with
constant stirring for 15-20 minutes. Then evaporate the mixture completely to
dryness on a water-bath. Grind up the residue in a mortar, put it into a thimble
and extract with ether in a Soxhlet. Distil off the ether and take up the residue in
hot alcohol from which the piperine will crystallize out. With an alcoholic solution
make the following tests:

(¢) Add the alkaloidal reagents mentioned in Expt. 151 and note that a pre-
cipitate is formed in each case.

(b) Pour a little of the solution into water and note that the piperine is pre-
cipitated as a white precipitate.

(¢) To a little solid piperine in a white dish add some concentrated sulphuric
acid. It dissolves to form a deep red solution.

Trigonelline occurs in the seeds of the Fenugreek (Z'rigonella
Foenum-graecum), Pea (Pisum sativum), Bean (Phaseolus vulgaris).
Strophanthus hispidus, Hemp (Cannabis sativa) and Oat (Avena sativa).
It is also found in the Coffee Bean (Coffea arabica); in tubers of
Stachys tuberifera, Potato and Dahlia and in roots of Scorzonera kispanica.
It is really a betaine (see p. 157).

2. The pyrrolidine alkaloids.

These are derivatives of pyrrolidine, of which the mother substance
is pyrrole. (Pyrrolidine is a liquid boiling at 91°C. It isa strong base
and forms stable salts with acids.)
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161
CH—CH CH,—CH,
[ I
CH CH CH, CH,
N/ N
NH NH
Pyrrole

Pyrrolidine
These alkaloids form a small group containing :

Hygrine and cuskhygrine which occur in Coca leaves (Erythrozylon
Coca).

Stachydrine which occurs in tubers of Stachys tuberifera and leaves

of the Orange Tree (Chitrus Aurantium) and in various other plants
(Betonica). The formula is:

CHy,—CH,
|

CO—CH CH,

|
O———N (CHy),

from which it is seen that it is really a betaine (see p. 157).

3. The tropane alkaloids.

These are derivatives of tropane, which may be regarded as formed

from condensed piperidine and pyrrolidine groupings. (Tropane is a
liquid boiling at 167°C.)

CH,

CH, CH,
| !
CH CH
N /
NCH,

CH,—CH,
Tropane

The alkaloids in this group are limited to four natural orders and
are as follows:

Solanaceae: Atropine occurs in the root and other parts of the
Deadly Nightshade (Atropa Belladonna), the Thorn Apple (Datura
Stramonium) and Scopolia japonica. Atropine may be represented as:
CH-—0-—CO—CH * CH,OH
/N I
CH, CH, CgH,
éH : éH

N/

NCH;

CH,—CH,
0.

11
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Hyoscyamine occurs in the Henbane (Hyoscyamus niger), H.
muticus and also in the Mandrake (Mandragora).

Erythroxylaceae : Cocaine and tropacocaine occur in Coca leaves
(Erythrozylon Coca) together with smaller quantities of allied alkaloids.

Cocaine has the formula :
H OCOCH;

N/

C
CH, CHCOOCH;
CH CH

N /S

NCH,

CH,—CH,

Punicaceae: Pelletierine and other allied alkaloids occur in the root
and stem of the Pomegranate Tree (Punica Graratum).

Leguminosae: Sparteine occurs in the Broom (Spartium scoparium);
lupinine in the yellow and black Lupins (Lupinus luteus and L. niger)
and cytisine in the Laburnum (Cytisus Laburnum).

4. The quinoline alkaloids.

These are derivatives of quinoline. (Quinoline is a colourless liquid
which boils at 239° C.) Its constitution is:

CH CH
7 ' \
CH ﬁ CIH
I

CH C CH
N\ N\ A
CH N

Quinoline

These alkaloids form two natural groups, (a) the cinchona alkaloids,
ie. quinine, cinchonine and allied forms, and (b) the strychnine alkaloids,
Le. strychnine and brucine.

Quinirie occurs in the bark of various species of the genus Cinchona
(Rubiaceae) which are trees, originally natives of S. America, but now
cultivated on a large scale in Ceylon, Java and India, The species
employed are C. Calisaya, Ledgeriana, officinalis, succirubra. The yellow
bark of Calisaya has the highest percentage, 1.e. 12/, of alkaloid.

Quinine is a white solid which crystallizes in long needles containing
water of crystallization. It is very slightly soluble in cold water, more
80 in hot but readily soluble in alcohol, ether and chloroform. With
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acids it forms salts, which are soluble in water, the sulphate being
commonly employed in medicine. Quinine is said to have the following

constitution :
CyoHy(OH)N

ocH,

Ezpe, 155. Extraction and reactions of quinine. Mix 20 gms. of quicklithe with
200 c.c. of water in a basin and then add 100 gms. of powdered Cinchona bark. Stir
together well and then dry the mixture thoroughly on a water-bath, taking care to
powder the lumps. The dried mixture is then extracted in a Soxhlet apparatus with
chloroform. The chloroform extract is then shaken up in a separating funnel with
25 c.e. of dilute sulphuric acid. The chloroform layer is run off and again extracted
with water. The sulphuric acid and water extracts are mixed together and neutralized
with ammonia. The liquid is evaporated on a water.bath until crystals of quinine
sulphate begin to separate out. With the quinine sulphate the following tests should
be made. (It is better to use a solution of the hydrochloride prepared by adding a
few drops of hydrochloric acid to the sulphate solution):

(@) Test with the alkaloidal reagents of Expt. 151.

(b) Add to a little of the solution some bromine water and then some ammonia.
A green precipitate is formed which gives a green solution with excess of ammonia.

(¢) Dissolve a little of the solid quinine sulphate in acetie acid and pour into a
large volume of water. A blue opalescence is produced which is characteristic of
quinine.

Cinchonine occurs together with quinine in Cinchona bark. It is
very similar in constitution to quinine, the latter being methoxy-
cinchonine.

Strychnine and brucine occur in the seeds of Nux Vomica (Strych-
n0s Nuz-vomica) and St Ignatius’ Bean (S. Ignatii).

Expt. 156. Tests for strychnine. Add a little concentrated sulphuric acid to a
small quantity of strychnine in an evaporating dish and then add a small amount
of powdered potassium bichromate, A violet coloration is produced which changes
to red and finally yellow,

Curarine, the South American Indian Arrow poison, occurs in
several species of Strychnos (8. toxifera and others).

5. The isoquinoline alkalovds.

These can be divided into two groups: (a) the opium alkaloids and
(%) the berberine alkaloids.
The opium alkaloids again fall into two classes: (1) the papaverine

11—2
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group which includes papaverine, laudanosine, narceine, narcotine
and others, and (2) the morphine group including morphine, apomor-
phine, codeine, thebaine and others.

Opium is the dried latex obtained by making incisions in the cap-
sules of the Opium Poppy (Papaver sommferum).

Allied to the papaverine group is hydrastine which occurs in the
root of Hydrastis canadensis (Ranunculaceae).

The constitution of all these alkaloids is very complex.

Exzpt. 157. Tests for morphine.

(@) Add a little ferric chloride solution to a solution of a morphine salt. A deep
blue coloration is formed.

(b) Dissolve some morphine in cvncentrated sulphuric acid and then after
standing about 15 hrs, add concentrated nitric acid. A deep blue-violet colour is
produced which afterwards changes to rved.

Berberine occurs in the root of the Barberry (Berberts vulgaris) and
is also found in isolated genera in Anonaceae, Menispermaceae, Papa-
veraceae, Ranunculaceae and Rutaceae,

Corydaline occurs in Corydalis cava (Fumariaceae),

Many other alkaloid substances have been isolated from a large
number of different plants, but since the constitution of most of them
is unknown, they have not been classified.

PURINE BasESs,

These substances, as indicated, have a heterocyclic ring structure
and are derivatives of purine: the atoms of the ring are numbered in
the order indicated below:

N==CH .
|| IN—-fC
HC C—NH |
! ’C %C—'N
! CH RN
! 3 4 9 /
i y N—*C—N
N—C—N
Purine

Purine itself is a crystalline basic compound (m.p. 211-212° C.)
which forms salts with acids. It is composed of two rings, the pyrimi-
dine and the iminazole: the latter grouping also occurs in histidine:
(see p. 121).
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The chief purine bases which occur in plants are xanthine, caffeine,
theobromine, guanine, hypoxanthine and adenine,

Xanthine may be regarded as 2, 6-dioxypurine:
HN—C=0

O“:—:é IC———NH
AN

CH

4
HN—C—N

It is widely distributed in plants and has been found in leaves of the
Tea plant (Thea sinensis), in the sap of the Beetroot (Beta) and in various
seedlings.

Caffeine or theine is 1, 3, 7-trimethylxanthine:

CHy* N—C=0

0=C C—N 'CH,

CH

4
CHg* N—C—N

It occurs in the leaves and beans of the Coffee plant (Coffea arabica),
in leaves of the Tea plant (Thea sinensis), in leaves of Ilex paraguensis
(“Paraguay Tea'), in the fruit of Paullinia Cupana and in Kola nuts
(Cola acuminata),

Ezpt. 158, Preparation of caffeine from teal. Digest 100 gms. of tea with 500 c.c,
of boiling water for a quarter of an hour. Then filter through thin ecloth or fine
muslin using a hot-water filter in order to keep the liquid hot. Wash the residue
with a further 250 c¢.c, of boiling water. Add to the filtrate a solution of basic lead
acetate until no more precipitate is formed. This removes proteins and tannins,
Filter hot and to the boiling filtrate add dilute sulphurie acid until the lead is pre-
cipitated as sulphate, Filter from the lead sulphate, and concentrate the solution,
with the addition of animal chareoal, to 250-300 c.c. Filter and extract the filtrate
three times with small quantities (50 c.e.) of chloroform. Distil off the chloroform
on a water-bath, and dissolve the residue in a small quantity of hot water. On
allowing the solution to evaporate very slowly, long silky needles of caffeine separate,
which may have a slightly yellow tint, in which case they should be drained, re-
dissolved in water, and boiled with the addition of animal charcoal. The yield
should be about 15 gm,

Evaporate a little of the caffeine on a water-bath with bromine water, A reddish-
brown residue is left which becomes purple when treated with ammonia.

! From Coanen, Practical Organic Chemistry,
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Theobromine is 3, 7-dimethylxanthine:

HN—C=0

=C C—N'CH,
N

CH

4
CHg* N—C—N

It occurs in the fruit of the Cocoa plant (Theobroma Cacao), in
leaves of the Tea plant (Thea sinensis) and in the Kola nut (Cole
ACUMINALCL).

Guanine and hypoxanthine can be represented respectively as
2-amino, 6-oxypurine and 6-monoxypurine:

HN—C=0 HN—C=0
| |
H;N—C C—NH HC C—NH
I\ N

CH CH

Wz v
N—CN N—C—N

Guanine Hypoxanthine

They usually occur together and have been found in the germinating
seeds of the Sycamore (Acer pseudoplatanus), Pumpkin (Cucurbite
Pepo), Common Vetch (Vicia sativa), Meadow Clover (Trifolium
pratense), yellow Lupin (Lupinus luteus) and Barley (Hordeum vulgare):
also in the juice of the Beet (Beta).

Adenine is 6-aminopurine. It is represented as:
N=C—NH,

[ ]

HC C—NH

AN

CH

i
N—C-—N

It has been found in Beet (Beta), Tea leaves (Thea sinensis) and in
leaves of the Dutch Clover (Trifolium repens).

Guanine, hypoxanthine and adenine are all obtained by the hydro-
lysis of plant nucleoproteins.
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Tigures in heavy type denote main refevences.

Abderhalden, 9, 24, 77, 86, 140, 153, 167 Anchusa officinalis, 81

Abies pectinata, 136 Aniline acetate {test for pentoses), 44
Acacia, 61 Anonaceae, 164
Acacia Senegal, 61 Anthocyan pigments, 87, 98
Acer pseudoplatanus, 166 —_— artificial, 106
Acetic acid, 79 —_— ——  isomerization of, U8
Acetone, 143, 148 —_— reactions of, 99
Achroodextrin, 57 Anthocyanidins, 98
Acorus Calamus, 155 Anthocyanins, 98
Acroléin, 83 Antirrkinum, 94
Acrylic aldehyde (see Acroléin) majus, 95, 96, 99
—— sgeries, 79 Antiseptics, 18
Adenine, 166 Apigenin, 95, 144
Adipo-celluloses, 65, 69 Apiin, 95, 144
Adzuki-bean, 126 Apiose, 144
Aegopodium Podagraria, 95 Apium graveolens, 156
Aesculetin, 144, 150 Apocynaceae, 157
Aesculin, 144, 150 Apomorphine, 164
Aesculus, 112, 144, 151 Apple, 63, 107, 112, 145
——  Hippocastanum, 92, 93, 136, 150  Apricot, 126
Aetiophyllin, 30 Agquilegia, 98, 100
Aetioporphyrin, 32 vulgaris, 146, 147
Agar, 13, 49, 50 Araban, 43, 45, 53, 60, 61
Alanine, 120 Arabic acid, 61
Albumins, 118, 124 Arabin (see Gum Arabic)
Albumoses, 118, 119, 128 Arabinose, 41, 43, 44, 53, 60, 61, 62, 63
Alcoholic fermentation, 21 Arabis, 108, 112
Alder Buckthorn, 146 Araceae, 145
Aleurone, 118 Arachidic aoid, 79
Alkaloidal reagents, 124, 158 Arachis hypogaea, 127
Alkaloids, 154, 157 Araliaceae, 150
Alkanet, 81 Arbutin, 88, 144, 151 .
Allen, 9, 86, 158, 167 Arctostaphylos Uva-ursi, 151
Allium, 62, 70 Areca Catechu, 159
Cepa, 59, 74 Areca Palm, 159
Allocyanidin, 105, 106 Arecoline, 159
Allocyanin, 106, 107 Arginine, 121, 136
Almond, 61, 80, 126, 145, 147 Armstrong, 19, 24, 77, 84, 86, 115, 145, 146,
Aloe, 62, 113 153
Althaea rosea, 62, 102 Aromaitic acids, 87, 89
Althaein, 102 —— alcohols, 87, 88
Alyssum, 110, 111, 112 ——  aldehydes, 87, 88
Amandin, 126 —— compounds, 1, 87
Amarantaceae, 100, 156 Arsenic trisulphide sol, 12, 16
Amaranthus, 100 Artichoke, 59, 186, 156
Amines, 154, 155 Arum maculatum, 146, 147
Amino-acids, 119, 186, 156 Asclepiadaceae, 145
Ampelopsidin, 102 Ash, 81 -
Ampelopsin, 102 Asparagin, 136
Ampelopsis quinguefolia, 102 Asparagus, 59, 60, 88, 148, 151
Ampbhoteric eleetrolytes, 15, 120 ——  officinalis, 88
Amygdalsse, 145 Aspartic acid, 120, 136
Amygdalin, 24, 142, 148, 145, 147 Aster, 102
Amylodextrin, 57 Asterin, 102
Amyloid, 66 Astragalus, 61

Amnanas sativus, 139 ~——  gummifer, 61
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Atkins, 77

Atriplez, 100

Atropa Belladonna, 161
Atropine, 161
Aubrietia, 108

Aucuba, 144
Aucubigenin, 144
Aucubin, 144

Auld, 24, 25.
Autolysis, 19, 138, 146
Avena sativr, 1235, 126, 156, 160
Avenalin, 126

Bawboo, 137, 156
Bambusa, 137, 156
Banana, 138
Barberry, 164
Baxger, 167
Ba,rl%y, 57, 113, 124, 127, 181, 155, 156,

16
Basidiomycetes, 113
Bassett, 95, 96, 116
Bayliss, 14, 16, 19, 24
Bearberry, 151

Beech, 156

-—— Copper, 100

— -wood, 67
Beet, 03, 71, 72, 76, 100, 107, 136, 137,

138, 156, 165, 166
Behenic acid, 79
Benrzaldehyde, 24, 143, 144, 145
Benzidine (test for peroxidase), 109
Benzoic atid, 143
Berberidaceae, 145
Berberine, 164
Berberis vulyaris, 164
Berthollia excelsa, 81, 83, 125, 126, 135
Betn, 72, 75, 143, 165, 166 :
— olgeeris, 70, 71, 76, 100, 186, 138,
156

Betaines, 154, 156
Betonica, 161
officinalis, 156, 157
Betonicine, 157
Betony, 156, 157
Betulaceae, £0
Bignoniaceunt:, 147
Bilberry, 102
Bird Cherry, 45, 61, 145
Bixd's-foot Trefoil, 146, 147
Biuret reaction, 122
Blau, 153
Blood, 138, 140
Boletus cyanescens, 113

—  luridus, 118

Bolton, 116

Boraginaceae, 108
Borneol, 2
Bourquelot, 147, 151, 158
Bran, 45, 58, 54, 55, 68

Brassica, 75, 81, 138, 149
alba, 127, 185, 188, 144
campestris, 127, 186
Nepus, 80, 156

169

Brassica nigra, 144, 149

uleracea, 136

raya var. oleiferu, 80

Brassidic acid, 79

Brazil nut, 81, 83, 125, 126, 134

Broad Bean, G0, 124, 126, 133, 134, 138,
139, 156

Bromelin, 189

Broom, 162

Brown, 70, 73, 74, 77

Brownian movement, 14

Brucine, 163

Briicke's reagent, 158

Buchner, 21

Buckthorn, 96

Burton, 16

Buttercup, 108

Butter-nut, 126

Butyric acid, 79

Cabbage, 136, 137, 138, 139, 156
Caesalpinia, 91

Caffeic acid, 110

Catfeine, 165

Calanthe, 152

Caldwell, 24, 25

Callistephin, 102

Cullisteyhus chinensis, 102
Calluna erica, 96
Campanulaceae, 58

Campbell, 184, 141

Camphor, 2

s— tree, 2
Cane-sugar (see Sucrose)
Caunabis sativa, 67, 80, 125, 126, 134, 139,
156, 160

Cupparis, 144

Capric acid, 79, 80
Caprifoliaceae, 145, 150

Caproic acid, 79, 80
Caprylic acid, 79, 80
Carbohydrates, 1, 41
in leaves, 69
Carbon assimilation, 5, 26
Carboxylase, 21

Carica Pupnyn, 139

Carotin, 27, 28, 29, 39
Carrot, 39, 65, 138, 189, 145, 166
Carum, 144

- Petroselinum, 9%
Castunea, 91, 98
vulgaris, 92, 126
Castanin, 126

Castor oil, 81
-plant, 80, 83, 84, 125, 136
-seed, 124, 127, 135, 139
Catalase, 20, 21, 23

Oatalysts, 17

Catechol, 68, 87, 110, 111
Celastraceae, 145

Celery, 1387, 156
Celluloges, 41, 65
reserve, 65

tests for, 66

115
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Centaurea, 144

——  Cyanus, 98, 100, 101, 102, 104

Centrospermae, 150
Cerasin (see Cherry guum)
Cerasus, 144

——  Padus, 145
Chaeroplyllum sylvestre, 72
Cheiranthus, 106

" Cheiri, 96, 97, 09,100, 107,

108
Chenopodiaceae, 100, 156
Chenopodivn, 136
o Vulvaria, 155
Cherry, 45, 61, 63, 80, 102
——  gum, 43, 45, 53
Laurel, 145, 146
Chervil, 72
Chicory, 58, 60, 186, 156
Chittenden, 128, 140
Chlorophyll, 13, 27
—_— a, 27, 29, 32
—— b, 28,29, 32
—_— allomerized, 36
—_— colloidal, 35, 87
—_— crystalline, 32
Chlorophyllase, 33
Chlorophyllides, 33
Chlorophyllins, 29
Chodat, 107, 108, 115
Choline, 155
Christmas Rose, 108
Chrysanthemin, 102
Chrysanthemum, 101, 102
—_— indicum, 102
Chrysin, 95
Cichorium Intybus, 58, 186, 156
Cinchona, 162, 163
——  Calisaya, 162
——  Ledgeriuna, 162
-———  officinalis, 162
——  succirubra, 162
Cinchonine, 168
Citrus, 144
——  Aurantium, 161
Clark, 76, 78, 115
Clover, 59, 60, 85, 74, 75, 137
—~—— Dautch, 166
—— Meadow, 166
Clupanodonic acid, 80
Coca, 161, 162
Cocaine, 16¢
Cochlearia, 109
Armoracia, 149

Coconnt, 53, 80, 83, 127, 185
~ o0il, 81

Cocos, 81

—— nucifera, 80, 127, 185

Qodeine, 164

Oo-enzyme, 21

Coffea arabica, 59, 60, 81, 160, 165

Coffee bean, 59, 60, 81, 160, 165
Colee acuminate, 165, 166

INDEX

Cole, 9, 43, 122
Collodion dialyser, 124
Colloidal state, 4, 10

—_— precipitation of, 15, 16

Columbine, 98, 100, 146, 147
Colza, 80

— oil, 81

Combes, 105, 115
Combretaceae, 150

Compositae, 58, 81, 108, 145, 150

Conglutin, 126, 138
Coniferae, 53, 60, 136, 143, 151
Coniferin, 67, 88, 143, 151
Conifers, 2, 28

Coniferyl alcohol, 88, 1438, 151
Coniine, 159

Conium maculatum, 159
Continuous phase, 11, 14
Convolvulaceae, 145
Corchorus, 67

Cork, 69

Cornflower, 98, 100, 101, 102, 104, 106

Corydaline, 164
Corydalis cava, 164
Corylin, 126

Corylus Avellana, 80, 126

——  var, rubra, 100

Cotton plant, 53, 65, 81
—— ‘seed, 127, 135, 156
— — g¢il, 81

Cotyledon Umbilicus, Tt

Coumarin, 150

Courtauld, 24, 25

Cow Parsnip, 32

Cow Pea, 126

Cradein, 139

Cranberry, 88, 102

Crassulaceae, 108

Crataegus, 108

——  Ozyacantha, 95, 46, 140, 15

Cresol, 68, 113

Cruciferae, 80, 108, 136, 145, 149

Cucumber, 138, 139
Cucumis Melo, 138
——  sativus, 188

Cucurbita, 186, 187
mazima, 127

—~——  Pepo, 81, 166
Cucurbitaceae, 81, 150
Curarine, 168
Currants, 63

—— Black, 146

—— Red, 146
Cuskhygrine, 161
Cutin, 65
Cuto-celluloses, 65, 69
Cyanidin, 101, 102, 105, 144
Cyanin, 102, 144
Cynips, 91
Cystine, 121, 123
C, 20

COytisine, 162
Cytisus Laburnum, 162
Crapek, 9, 67, 64, 77

i1



INDEX 171

Dahlia, 58, 75, 102,113,136, 137,184,1536,160  Ythylene secries, 8¢

Daklia varinbilis, 58, 103, 113, 138 Fwcalyptos, 91
Daisl, 55, 70, 71, 72, Téa, 76, 77 Kuler, 24
Dandelion, 58, 60, 95, 1015 Euylwrbin, 62
Date-palm, 59, (0 Puphorbiaceae, 80, 145
Datura, 155 Lverest, 98, 105, 115, 116
Stramonium, 161 Bwnrt, 115
Duncus Carotw, 65, 138, 17, 156 Excelsin, 126, 135
Davis, 42, 53, 70, 71, 72, 75, 76, 77, T8
Dead Nettle, 108 Fugus sylonticen, 156
Deadly Nightshade, 161 —  —— var, purpuren, 100
Dean, 138, 140 ts, 1, 79
Delphinidin, 101, 102, 105, T4t tosts for, 81
Delphinin, 102, 144 Futty acids, 79
Delphiniun:, 100, 144 —  synthesid of, 85
—_— comxnlidu, BT, 102 Fehling’s test, 49
Dextrin, 41, 56, 57, ti9), T, T3 Penugrack, 156, 160
——  tests for, 68 Ferric hydroxide sol, 12
Dhurrin, 113, 148 Iibrin, 139
Dialysis, 10, 13 —— cuarmine, 140
Diastasge, 20, 56, 57, 19, 73 Fichtenlwlz, 151, 143
Digallic acid, 92 1"?'{:11.3‘ 189
Digitaligenin, 144 Tig, 189
Digitalin, 144 Fischer, 92, 115
Digitalis, 144 Fisetin, 97, 105
Digitalose, 144 Flavone pigments, 87, 93, 104
Dipsacus, 113 IMlavouol pynnents; 87, 93, 104
Disaccharides, 41, 51 ux, G2, 67, 80, 125, 197, 147, 148
Dispersed phase, 11, 14 Flowering Cnrrant, 93
Dobson, 71, 76, T8 Forget.meamot, 108
Dock, 95 lormaldehyde, 26,27, 86, 38
Dog's Mercury, 113 Fraxetin, 114
—_— annual, 133 Praxin, 144
—— —— perennial, 155 Praxinus, 144
Dunstan, 153 ¢ e pxcelyior, 81
Dyer's Greenweed (Broom), 96 FPreudenberg, 92, 115
—— Weld (Rocket), 94, 46 Fructomannans, 49, 69
Practose (see Lasviloso)
Edestin, 125, 126, 128, 134 Junrinceae, 164
of Barley, 181 Fungi, 20, 118, 155, 157
Elaeiz guinensis, 80, K1 Funkin sinensis, 74
Elaidic acid, 79 Furfural, 44, 67
Elder, 28, 68, 94, 187, 146 -——  phoroglucide, 6, ti4
Ellagic acid, 90 ,
Emulsin, 20, 88, 142, 148, 147, 151, 152 (Insllardin, 101
Emulsions, 11, 12 Galactans, 41, 49, 60, 1, 69
Emulsoids, 11 Ualactoaraban, 60, 69
Enolic forni, 72 Galactomnannan, i9, 60, 69
Enzymes, 7, 17 Galactose, 41, 47, 49, 50, 60, 61, 62, 68, 144
—_ ciassiﬂca.tion of, 19, 20 (talactoxylan, 60, 69
——  hydrolysis by, 8, 17 tinlanthus, 35
——  synthesis by, 4, 19 e miévalis, T, 98
Erepsin, 20, 187 Guleopsis, 88
Ergothioneine, 157 ——  Tetrahit, 32
Erica cinerea, 94 Gallie acid, 88, 90
Ericacese, 88, 144, 151 (all-nuts, 89
Erucic acid, 79 Gallotsnnio acid, 92
Ervum Lens, 124, 126, 188 (3alle, 91
Erythrina Hypaphorus, 187 — QOak, 92
Erythrodextrin, 57 (arden Cress, 50
Erythroxylaceae, 162 Gaultheria, 144
Erythrozylon Cocu, 161, 162 Gaultherin, 144
Esbach’s solution, 124 (elatine, 18

Essential oils, 2 Gels, 13, 63
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(Fenista tinctoria, 96
Gliadin, 118, 127, 130
Globulins, 118, 12¢
Glucomannans, 59, 69
Glucose, 41, 4B, 46, 56, 62, 70, 73, 142
a and B, 48

——  tests for, 48
Glucosides, 48, 72, 87, 91, 142
a and 8, 48, 143
coumarin, 150
cyanophoric, 145
mustard-oil, 149
Glucotropaeolin, 144
Glutamine, 136
Glutaminic acid, 120, 136
Glutelins, 118, 127, 130
Gluten, 131
Glutenin, 130
Glyceria aquatica, 144
Glycerol, 79, 82, 83
Glycine, 120, 156
Glycine hispidic, 124
Glycinin, 126
Glycogen, 21
Glycogenase, 21, 24
Glyoxylic reaction, 122
Gold sol, 12, 16
Goodertinceas, 58
Gooseberry, 63, 1i5, 146
Goosefoos, 136
Stinking, 155
Gosney, 86
Gossypium, 53, 81, 144
herbacewn, 85, 81,127, 135, 156
Goutweed, 95
Grahaw, 13
Graminaceae, 80, 130, 145, 150
Grape, 102

—— sugar (see Glucose)
Great Millet, 148
Greengage, 112
Greshoff, 145, 158
Guaiacol, 68
Guaiaconic acid, 107
Guaiacum gum, 107
Guaiacum officinale, 107
sanctum, 107
Guanine, 166
Guignard, 149, 1538
Gulose, 46
Gum Arabie, 12, 43, 53, 61
Gum Tragacanth, 61
Gums, 41, 49, 60
Gan-cotton, 66
Guttiferae, 150

Haas, 9

Harden, 22, 28, 24, 25

Harris, 134, 141

Hatschek, 16

Hawthorn, 95, 96, 108, 146, 155
Haynes, 63, 78

Hazel, 80

—— -nut, 126

INDEX

Hazel, redsleaved, 100

Hedge Woundwort, 82

Helianthus, 60, 75, 136

annuus, 53, 74, 81, 129, 135,
156

tuberosus, 58, 59, 74, 136, 156

Helleborus niger, 108

Hemerocallis fulva, 74

Hemi.cellulose, 60, 69

Hemlock, 159

Hemp, 67, 80, 125, 126, 156, 160

seed, 184, 139

Hemp-nettle, 32

Henbane, 155, 162

Henry, 24, 25, 153, 167

Heracleum, 83

Sphondylium, 32
Hesperidin, 144

Hesperitin, 144

Hexoses, 41, 45

Hill, 9

Histidine, 121, 137

trimethyl, 157

Hollyhock, 62, 102

Hop, 74

Hopkins, 122

Hordein, 127, 131

Hovdenine, 155

Hordeum vulgare, 57, 74, 1138, 124, 147, 131,

166

Hovrse Chestnut, 92, 93, 112, 186, 150
Horse-radish, 109, 110, 149

Horsfall, 96, 116

Horton, 145, 153

Hummel, 96, 97, 116

Humulus Lupulus, 74

Hyacinth, 138, 139

Hyacinthus, 55, 58

orientalis, 138
Hydrastine, 164

Hydvrastis canadensis, 164
Hydroc haris Morsus-ranae, T4
Hydroquinone, 87, 88, 144, 151
Hygrine, 161

Hymenophyllum demissum, 74
Hyoscyamine, 162

I yoscyamus muticus, 155, 162

niger, 162

Hypaphorine, 157

Hypoxanthine, 166

Idaein, 102

Idose, 46

Ilex paraguensis, 165
Iminazole, 159, 164
Indican, 115, 144, 152
Indigo, 118, 115, 152
plants, 152
Indigofera, 113, 144
Anil, 152
erecty, 152
sumatrana, 152
tinctoria, 152

Indol, 68
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Indoxyl, 115, 144, 152
Inulase, 20, 58
Inulin, 41, 50, 58

—— tests for, 59
Invertase, 20, 21, 24, 50, 76
Invert sugar, 50
Iris, 55, 58
Irvipe, 71, 76, 78
Isatis tinctoria, 118, 152
‘Tsochlorophyllins, 30
Isoleucine, 120, 136
Isolinolenic acid, 80
Iso-oleic acid, 79
Isoquercitrin, 144
Isoquinoline, 159
Isothiocyanate, acrinyl, 144
allyl, 144, 149
benzyl, 144
p-hydroxybenzyl, 149

Jacobinia, 113
Japanese lacquer, 113
Jusminum, 143 -
Jerusalem Artichoke, 58
Jorgensen, 27, 36, 40
Juglandaceae, 80
Juglans cinerea, 126
—— nigra, 126
—— regia, 80, 92, 126
Juglansin, 126
Jute, 67

Kaempferol, 97, 105, 144

Kastle, 76, 78

Keeble, 115

Keracyanin, 102

Kidd, 27, 36, 40

Kidngy Bean, 60, 124, 126, 133, 134, 136,
16

Kishida, 93, 116

Kola nut, 165, 166

Labiatae, 108

Laburnum, 162

Laccases, 112

~y-Lactone, 47

Laevulose, 41, 50, 58, 70

tests for, 51

Lamium album, 108

Larch, 92

Lariz europaea, 92

Larkspur, 97, 100, 102

Latex, 11

Lathyrus odoratus, 74

pratensis, T4

Laudanosine, 164

Lauric acid, 79, 80

Laurocerasin (see Prulaurasin)

Leathes, 86

Leocythidaceae, 81, 83, 150

Legumelin, 124, 134

Legumin, 125, 126, 133

Leguminosae, 59, 74, 125, 183, 145, 150,
157, 162
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Lemon, 2

Lentil, 124, 126, 133, 1384
Lepidium, 144

sativum, 80
Leucine, 120, 136
Leucosin, 23, 124, 130
Lignin, 65, 67, 68
Ligno-celluloses, 65, 67
Ligoon (see Lignin)
Ligustrum, 143

Lilac, 65, 95

Liliaceae, 150

Lilium bulbiferum, 60
candidum, 60, 95
—— Martagon, 60
Lily, 60

Limonene, 2

Linaceae, 80, 145

Linamarin, 143, 148

Ling, 94, 96

Linolenic acid, 80

Linolic acid, 80

Linseed, 62, 81, 125, 185
Linum, 62, 143, 148

perenne, 147

35 usitatissimum, 67, 80, 81, 125, 127,
Lipase, 20, 8¢

Lobeliaceae, 58

Loganiaceae, 150

Lotase, 148

Lotoflavin, 144, 148

Lotus, 144

—— arabicus, 148

—— corniculatus, 74, 146, 147
~—  uliginosus, 146

Lotusin, 144, 148

Lubrzynska, 86

Lucerne, 65

Lul;gg, 60, 126, 133, 136, 138,139, 156, 162,

Lupinine, 162

Lupinus, 60, 74, 126, 136, 187
albus, 137

hirsutus, 138

luteus, 183, 137, 162, 166
niger, 162

Luteolin, 96, 105

Lycium barbarum, 156
Lycopersicum esculentum, 138
Lysine, 121, 187

Lyxose, 43

Mackenzie, 77

Magnoliaceae, 150

Maize, 80, 126, 127, 132, 138, 139
—— cobs, 53

Malligon, 116, 117

Mallow, 102

Malt, 76

Maltase, 19, 20, 21, 22, 41, 78
Maltose, 19, 51, 56, 57, 69, 70, 78, 75
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Maltose, tests for, 52
Malva, 144
—  sylvestris, 102
Malvaceae, 81
Malvidin, 102, 144
Malvin, 102, 144
Mandelonitrile glucoside {see Prunasi)
Mandragora, 162
Mandrake, 162
Mangold, 70, 71, 72, 75
Mangrove, 91
Mannpans, 41, 50, 59, 69
Mannocelluloses, 59
Mannose, 41, 46, 50, 59, 62, 144
Martin, 117
Matthiola, 95, 108
Maxwell, 60, 78
Maysin, 126
Meadow-Rue, 146
—— -Sage, 156
-Sweet, 88, 152
Medicago sativa, 65
Mekocyanin, 102
Melon, 138, 139
Mendel, 128, 140
Menispermaceae, 164
Menthol, 2
Mercerised cotton, 66
Mercurialis annua, 113, 155
——  perennis, 113, 1556
Metaproteins, 118, 127
—_— reactions of, 128
Methylamine, 1556
Methylene blue, 23
Methyl salicylate, 144
Mieg, 117
Mignonette, 96
Milk, 11
Miller, 86
Millon's reaction, 122
Mirande, 146, 158
Mistletoe, 62
Molisch’s reaction, 123
Monocotyledons, 55, 58, 70
Monosaccharides, 41, 42
Moore, 115
Moore's test, 48
Moraceae, 80
Morphine, 164
Morris, 70, 73, T4, 77
Mountain Ash, 145, 155
Mucic acid, 49, 50, 62, 68
Mucilages, 41, 49, 50, 60, 62, 65
Musa sapientum, 188
Muscari, 68
Mustard, Black, 80, 149
——  White, 80, 127, 149
——  seed, 185, 138
Myosotis, 108
Myrica, 144
Myricetin, 97, 105, 144
Myricitrin, 144
Myristic acid, 79, 80
Myrosin, 20, 142, 149

INDEX

Myrtacese, 145, 150
Myrtillidin, 102, 103
Myrtillin, 102

Nagai, 98, 116
a-Naphthol tests, 44, 68, 109
Narceine, 164
Narcissus, 95, 96, 106
——  incomparabilis, 96
——  poeticus, 95
——  Tazetta, 96
Narcotine, 164
Narigenin, 144
Naringin, 144
Nasturtium, 55,§60, 75, 101, 138
—_— Garden, 70, 72, 136
Nepenthes, 139
Nettle, 28
Neville, 62, 78
Newbury;, 116
Nicotiana, 155
——  Tabacum, 1561 159
Nicotine, 159, 160
Nolan, 117
Norris, 23, 25
Nucleic acid, 127
Nucleoproteins, 118, 127, 166
Nux Vomica, 163

Oak, 91, 93, 96
— wood, 67, 92
Oat, 125, 126, 156, 160
Oenidin, 102, 108, 144
Oenin, 102, 144
0il Palm, 80
Olea europaea, 81
Oleaceae, 81, 145, 150
Oleic acid, 79, 80
Olive, 81

— oil, 81
Onion, 59, 96, 97, 108
Onslow, 110, 111, 115
Opium, 164

——  Poppy. 80, 164
Orache, 100
Orange Tree, 161
Orchid, 89, 113, 152
Orchidaceae, 60
Orchis Morio, 62
Orcinol, 68

—— test for pentoses, 44
Ormerod, 86
Oryza sativa, 127
Osazones, 49
Osborne, 180, 181, 1382, 184, 185, 140
Osmic acid, 81
Ostwald, 18
Oxidases, 107, 108, 151, 152
Oxidizing enzymes, 8, 107
Oxybenzoic acid, 144
Oxyproline, 157

Paeonta, 60, 85, 144
—— officinalis, 98, 99, 102, 108



INDEX

Paeony, 60, 93, 99, 102, 108

Palladin, 9, 114, 115

Palm, 59, 60

—— oil, 81

Palmacese, 80

Palmitic acid, 79, 80

Pansy, 96, 102

Papain, 130 )

Papaver orientale, 113
——— Rhoeas, 102
—  somuiferum, 80, 164

Papaveraceae, 80, 157, 164

Papaverine, 164

Papaw Tree, 139

Parkin, 60, 70, 78

Parsley, 95

Passifloraceas, 145

Pawllinia Cupana, 165

Pes, 57, 60. 72, T4, T4, 108, 122, 124,
125, 126, 133, 184, 138G, 188, 130, 1506,

160
Peach, 80, 126, 145
Pes-nut, 127
Pesr, 107, 110, 111, 112, 151
Pectase, 20, 67
Pectic substances, 41, 83, 69
Pectin, 63, 64
Pectinage, 20
Pectinogen, 63, G4
Pectocelluloses, 675, 69
Pelargonidin, 101, 102, 104, 144
Pelargonin, 102, 103, 144
Pelargoniumn, 144
zonale, 98, 102, 103, 188
Pelletierine, 162
Pentosans, 42, 88, 54, 55, 61, 67, 69, 70
Pentoses, 41, 42, 54, &5, €3, €4, T
Peonidin, 102, 144
Peonin, 102, 144
Pepyper, 160
Peppermint, 2
Pepsin, 20, 128, 137
Peptones, 118, 119, 128, 129, 187
Perkin, 95, 96, 97, 115, 116
Peroxidase, 20, 21, 22, 107, 108, 109
mhibitor, 23
Peroxides, 108
Petunia violacea, 102
Petunidin, 102
Petunin, 102
Phaecopborbides, 34
Phaeopbytin, 31, 87, 8
Phajus, 118, 152
Phaselin, 124, 134
Phaseolin, 126, 138
Phaseolunatin, 148
Phaseolus, 60, 186, 143
lunatus, 126, 148
multiforua, 74, 188, 189
radiatus, 126
wulgaris, 124, 126, 188, 184, 187,

160
Phenol, 68
Phenols, §7
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Phenylalanine, 121, 122, 137
p-}’él‘;znylenediamine (test for peroxidase),
Thilip, 16
Phipps, 97, 116
Phloretin, 144
Ihloridzin, 144
I'hloroglucin, 7, 68, 88
—_ (test for pentoses), 44
Phlox, 93
Phueniz, 60
Thosphatides, 155
Ihosphotungstic acid, 124, 158
Phyllivs, 30
Phytelephas macrocarpa, 60
Ihytoctdorins, 81
Phytol, 30, 83, 38
Phytolacca, 100
Phytolaccacene, 100
Thytorhodins, 31
Diceu excelsa, 13065
Piepaxnic neid, 146
Tine.apyle, 189
Vinene, 2
Pink, 94
Pinus sylvestriv, 156
Péper wigrum, 160
Pipernconc, 150
Piperidine, 161
tiperine, 160
Iigum, 60, 122, 136, 137
sativem, &7, 12, 74, 75, 108, 124,
126, 1838, 184, 188, 189, 166, 160
itcher-plant, 180
Pittosporacens, 150
Plantago, 144
weemm laneeolalw, 95
Plastid pigments, 89, 101
Plimmer, §
Plu, 61, 80, 107, 126, 145
Polarization, 47
Polemoniscens, 150
P'olygalacese, 160
Polygonum, 144
tinctorium, 152
Tolypeptides, 118
Polysaccharides, 41, 53
Pomegranate Tree, 162
Poplar, 85, 152
Poppy, 102
Populin, 148
Populus, T4, 97, 148, 152
Porphyrins, 82
Portulaca, 100
Poriulacacese, 100
Potaasium hydrogen sulphate, 144
Potato, 70, 75, 110, 111, 112, 118, 114, 126,
186, 187, 156, 160
Priestley, 86, 40
Primulaceae, 150
Prolamins, 118, 137, 180
Proline, 121, 187, 157
Proteaceas, 150
Proteages, 28, 187
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Proteins, 2, 12, 16, 118
——  crystalline, 125, 127, 184
———  of cereals, 130
——  of fat.containing seeds, 134
——  of Leguminosae, 133
——  tests for, 122
Proteoses, 118, 128
Protocatechuic acid, 89, 90, 110
Protoplasm, 4, 8
Prulaurasin, 144, 146
Prunase, 145
Prunasin, 144, 145
Prunus, 97, 143, 144, 145
Amygdalus, 61, 80, 126, 145
drmeniaca, 126
Cecasus, 45, 61, 80, 102
domestica, 61, 80, 126, 145
Laurocerasus, 145, 146
Padus, 45, 61
Persica, 80, 126, 145
Prussic acid, 24, 143, 144, 145
Punica Granatum, 162
Punicaceae, 162
Punmpkin, 81, 166
Purine, 159, 164
—— bases, 127, 154, 164
Purpurogallin, 110
Putrescine, 155
Pyridine, 159
Pyrimidine, 159, 164
Pyrogallol, 68, 109, 110
Pyrola, 151
Pyrrole, 159, 161
Pyrrolidine, 155, 161
Pyrus, 143
—— ducuparia, 145, 155
—— communis, 151
— Malus, 145
Pyruvic acid, 86

Quercetin, 96, 105, 106, 144
Quercitrin, 144
Quercus, 91, 96, 144

——  Robur, 93
Quinine, 158, 162
Qumolme 159 162

Radish, 127

Raffinose, 41
Ranunculaceae, 145, 150, 157, 164
Ranunculus acris, 108
aquatilis, 136
Bape, 80, 127

Raphanus sativus, 127
Raspberry, 65

Red Seaweeds, 49
Reductase, 20, 21, 23
Reed Poa, 146

Reeves, 141

Reseda luteola, 94, 96
Reserve celluloses, 65

[T

——  materials, 9, 55, 58, 71, 80, 118

Resorcinol, 68, 87
Respiration, 5 71, 114

INDEX

Respiration pigments, 114
Reversible reactions, 18
Reynolds Green, 84, 86
Rhamnaceae, 145, 150
Rhamnose, 96, 144
Rhamnus, 96

~ Frungule, 146
Rhizophora, 91
Rhodophycese, 13, 49
Rhubarb, 63

Rhus, 91, 97

Coriaria, 92
-— Cotinus, 93

— wernicifera, 118
Ribes Grossularin, 146
nigrum, 146

e gubrum, 146
sanguinewn, 93
Ribose, 43

Ribwort Plantain, 95
Rice, 127

Rlcm 124, 135
Ricinoleic acxd 80
Ricinug, 81, 83 85, 136

—— communis, 80, 84, 124, 127, 127,

1345, 139
Robertson, 71, 76, 78
Robinia, 144
Robinin, 144
Rosa, 144
gullica, 102, 104
Rosaceae, 61, 80, 144, 145, 150
Rose, 93, 99
Rosemary‘
Rubiaceae, 60, 81, 118, 145, 157, 162
Rumez obtuazfoll‘ns 95
Ruscus, 59
Rugsula nigricans, 118
Ruta, 144
Rutsﬁeae, 145, 150, 164
Rutin, 1
Rye, 124, 127, 182

Sacchuromyces, 20
St Ignatius' Bean, 163
Salicin, 48, 88, 143, 144, 152
Sahcyhc acxd 89
—_— alcohol 48, 88, 148, 152
_— aldehyde 88
Saligenin, 88, 143, 148, 152
Saliz, 88, 143 152
Salkowskx, 58, 718
Salvia praterwia, 156
Sambucus, 187, 144
——  nigra, 68, 95, 146
Sambunigrin, 144, 146
Saponaria, 150
Saponification, 82
Saponins, 11, 180
Bawdust, 45, 54
Sawyer, 42 55 70, 71, 72, 76, 77
Suxlfmgaceae, 145 150
Scarlet Geranium, 98 102, 108, 188
—— Raunner, 138 18
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Sclienckia blumenaviana, 113
Schryver, 38, 39, 40, 63, 78
Schulze, 60, 78
Schweizer's reagent, 66
Scilla, 58, 62, 70
Scopolia japonica, 161
Scorzonera, 143 .
Lispanica, 156, 160
Scotelt Fir, 136
Secale cereale, 124,127, 132
Seliwanoff's test, 51
Serine, 120
Shibata, 93, 116
Silicic acid, 13
Silver Fir, 136
Silver sol, 12, 16
Sinalbin, 144, 149
Sinapin acid sulphate, 144, 149
Sinapis alba, 80, 149

—  aigra, 80
Sinigrin, 142, 144, 149
Skatol, 68
Smedley, 86
Snapdragon, 95, 96, 99
Snowdrop, 55, 70, 95
Soap, 11, 12, 16, 82, 83
—— tests for, 83
— wort, 150
Sodium picrate test, 146
Solansceae, 157, 161
Solanum, 75

——  tuberosum, 70, 113, 126
Sorghum, 148

—-  vulyare, 148
Soy-bean, 126, 156
Spanish (Sweet) Chestnut, 91, 92, 93, 126
Sparteine, 162
Spartium scoparium, 162
Spatzier, 144, 153
Spinach, 138
Spinacia, 138
Spiraca, 144

——  Ulmaria, 88, 152
Spruce Fir, 136
Squash, 127
Stachydrine, 157, 161
Stachys sylvatica, 32

—  tuberifera, 160, 161
Starch, 12, 16, 55, 69

—— soluble, 56, 74
tests for, 56
Stearic acid, 79
Steiger, 60, 78
Sterculiaceae, 81
Stereoisomerism, 43, 46, 143
Stiles, 27, 40
Stock, 95, 108
Stoll, 27, 40, 110, 117
Straw, 45, 58, 54, 68
Strawberry, 63, 65
Strophanthidin, 144
Strophanthin, 144
Strophanthus, 144, 156

—_— hispidus, 160

Strychnine, 163
Strychnos Ignatii, 163
-  Nuz-womica, 163
——  toxiferu, 163
Substrate, 18
Sucrose, 41, 52, 70, 76
——  tests for, 52
Sulphur reaction (for proteins), 123
Sumac, 91, 92, 97
Sunflower, 55, 75, 81, 127, 135, 136, 156
Suspensions, 11, 12
Suspensoids, 11
Sweet Flag, 155
Sycamore, 166
Synthesis by condensation, 3
——  of aromatics, 6
——  of earbohydrates, 5, 26
——  of fats, 6, 85
——  of proteins, 6, 119
Syringa, 148
-——— ovnlgaris, 65, 74, 95
Syringenin, 143
Syringin, 143

Talose, 47
‘Tannic acid, 75, 92, 123, 158
Tannin, 73, 74, 89, 90, 111
resctions of, 91
Taraxacum, 60
—_— officinale, 58, 95, 108

Tautomerism, 48
Taylor, 16
Tea, 89, 92, 165
—— plant, 165, 166
Teasel, 113
Terpenes, 2
Thalictrum aquilegifolium, 146
Lhea, 144
—— ginensis, 165, 166
Thebaine, 164
Theine (see Caffeine)
Theoliroma Cacao, 81, 166
Theobromine, 166
Thorn Apple, 155, 161
Thyme, 2
Thymelseaceae, 150
‘Chymol, 68
Tiglic acid, 79
Tilinceae, 145
Tobacco, 155, 156, 159
Tomato, 138
Tragacanth, 61
Trier, 167
Trifolium, 59, 187

~—  ochroleucum, T4

——  pratense, 65, 74, 75, 166
repens, 166
Trigonella Foenum.graecum, 156, 160
Trigonelline, 157, 160
Trimethylamine, 155
Trisaccharides, 41
Trigtearin, 82
Driticum, 118

——  vulgare, 124, 127, 180, 139
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Trommer’s test, 49

Tropacocaine, 162

Tropaeolum, 60, 75, 136, 187, 144
— majus, 55, 70, 72, 74, 101,

138

Tropane, 159, 161

Trypsin, 139

Tryptophane, 23, 121, 122, 137, 138
—_— trimethyl, 157

Tuberin, 126

Tulip, 138, 139

Tulipa, 138

Turnip, 63, 65, 75, 136, 137, 138

Tyrosicase, 113, 114

Tyrosine, 113, 121, 122, 137

Ultramicroscope, 14
Unbelliferae, 60, 108
Urtica, 28
Urticaceae, 145
Usher, 36, 40

Vaccinium, 151
Myrtillus, 102
Vitis Idaca, 88, 102
Valine, 120, 136
Van Rijn, 153
Vanilla planifolia, 89
Vanillin, 67, 89
Vegetable ivory, 60
marrow, 136
Vernon, 24 ,
Vetch, 124, 126, 133, 134, 136, 148
. —— common, 146, 166
—— hairy, 146
Vicia, 136, 187, 144
—— angustifolia, 148
—— Faba, 124, 126, 133, 138, 139, 156
—— hirsuta, 74, 146
~—— gativa, T4, 124, 126, 133, 186, 137,
146, 166
Vicianin, 144, 148
Vicianose, 144, 148
Vicilin, 126, 133
Vigna sinensis, 126
Vignin, 126
Vine, 70
Vines, 138, 139, 141
Viola, 108
~— odorata, 55, 95, 99

INDEX

Viola tricolor, 96, 102
Violaceae, 58
Violanin, 102

Violet, 55, 95, 99, 108
Virginian Creeper, 102
Viscum ulbum, 62
Vitis, 144

vinifera, 70, 102
Voorhees, 180, 141

Waage, 88, 116
Wallflower, 96, 97, 99, 100, 101, 107, 108
Walnut, 53, 80, 92, 126
—— American, 126
Walther, 113, 116
Water Ranunculus, 136
Wax, 69
Well, 117
Wheat, 56, 113, 124, 127, 130, 13, 156
Wheldale, 94, 95, 96, 98, 104, 113, 116
Whitley, 115
Wig Tree, 93
Wilkinson, 97, 116
Willow, 48, 88, 152
Willstitter, 27, 40, 98, 101, 102, 106, 110,
116, 117
Wine, 89
Winterstein, 153, 167
Woad, 113, 152
Wohlgemuth, 24
Wood Gum, 53

Xanthine, 165

Xanthone, 87

Xanthophyll, 27, 28, 29, 39
Xanthoproteic reaction, 122

Xylan, 45, 88, 54, 55, 60, 67

Xylonic acid, 44, 54

Xylose, 41, 43, 485, 53, 54, 60, 61, 62, 63

Yeast, 20

Zea Mays, 80, 126, 127, 132, 138
Zechmeister, 102, 117

Zein, 127, 182

Zilva, 22, 28, 24, 25

Zollinger, 117

Zymase, 20, 21, 22
Zymin, 21, 22

Zymogen, 84
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