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.. i dely accepted .th t c'1aanges in 

ce -1 7 wall of the i - ÿ corn, aTc f seeds reY?-'cl 

a vital -part in e- nation, but cdcspl 

iJ er ylittle information the -. available on t:we s 

The problem of the e? ̀I.cidp t i.on of the changes in ü:ïie 
a.. 

the .v n cell ä11 áand ç apenc i e 
interest in practical as we 

little doubt that changes 

ons io 1 

there 

..: .. .:... .. 
. . .. 

. . 

the cal nature o :3; W à; j e £s'.. _!_ wall 

^ :... 

the r3 ä: conversion o äÇ` WI_ a.:;.:,. 

characteristic, friable 

for trierA, finds 

io circles, since 

the physical and 

orn of. malt, 

7sÌmr, ...-di...s;c1:3.ss1.ng tile subject (120A) noted 

that according to Br o-:;n , and viorr there is a gradual 

d.7;;esol:ütion of the cell walls 

d - , n ; Frermination, this char 

softening of the : contents 

of the barley endosperm 

r being accompanied by á. 

endosperm, Grass t,.L1 

..._ 
- . y .; however I:o: later producer., evidence to a ot-; .. the 

;okers vere ïn error ,Qse that l( all was 
. 

,omple`e:l.;r dissolved, a :cesï.cLua. wall `G .I ; left trhzaa. 

N M : ónly v s4b1.e a, ter staining, tainin Lrom:his own results 

Q..ó n 1,i ïc that -the dissolution of the e 

call. wálKl.......,s #i,s not co- _o lc te$ and proceeded to shol, that 
, , . á.ydáolysa.s .as r°.ec. °est, W.. .. ._4. a. .i the y 
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sentre and: at the distal end. ns and irat^ J1' . 

state Ghe prCv2lGTi ooi ni on that diffusion o aT, 1 ases 
from :,:the sc.`ell-cn. to the endos,y>> s .r:c.:.ita,ed, . Y 

the action of he4içellulases on oeJ l wall .ter,aZ.s; to 
leave a. skeleton permeable uo am,¡'l t,>JlryA 

:t ,eref ore L, í o ^r.nation of both 

practical and theoretical T ?uc ,.cr7?w; accrue from an 

investigation 

the hydrolysis 

of tie e_r;.z,1.rc -roces e, .ÿaics: lead 

cc.-al wall ï.Gi. 7 el'û r,z tCr ials? And "fr0T31:. 

a study of the enzyme r enzymes concerned usually. ,referred 

cyta: sG. 

Enzymes ç. apable of w, cr o, - eell, wäll 

mGÚe-- ÿÿ N have been isolated Lú o7 sources, 
in some cases -jyave been given names ace:ord:i:ag to ' 

.. various substrates: c.'r, `r:n..>-r ::..c ..omers {Z947} desczle 
an :araban from takädiast,ase a :lichena:se : fro 

oY'Vzaa: and.:.a xyla i 0 r` ro-. ..e c.;c :.ive. jr.:;ces.. f' e 
sná, .: h l.= -ÿ no t! these hydrolyse araban -erai22 

and l an respectively. 4.1r. In ocher cases the; enz: es 

hav e been ̀;á.nclia.cj ed "al names c ase 
. , , .. 

or heiïllcellulases, o.i. T...? C- u,zc.: a ústi.Gr 1.S to be .re ered 
since. 7 t s oy ,r3o .;eano e'er i,-at all the t Î3>`> is ncC 
ldtaCkVd b.Jy t4e:rdt enzymes are true hF '.,.!_ce osxt.. 

P 
... 

of . 

« 

., 
r nç.>C".717.4w('; 

o.L. C ÿ i:.' r.t: ¡! ' ' a:Äft tee s;..a b eeY7 

... . .... . .. . . . . ... ... .... 

no Od man a.nc J,,..-r .. , :. ( _ n-",) a ry e : :o s- abundan r 

sources including the ,,oc:ct s of oar óa. 

c.a.?. e ytase are ap, en:,"f_;,r ïrG11 

.r - 
. w 

mentioned 
. . 

:::i.J sta w,...eá,z;ye .I.._cxc},°,sn .op.aecr. böv , 7 



17 ;Til to be present 541 gerriinating barley. 

The amumption that each of the diff r6nt 

-ctiOn%a--(!i00 :Croni a specific enzYme is not justifiable 
_at prer.ient, and. it 7,:ould. be eaually ,unjustif iable to 

suygose. :that -L-aeze actions are different aspects of the 

ctivity o± . the. same- enz,Tmew -It seems likely ti'lat a more 

limited,number of.ayttases exist capable in different 
combinations,-_-of producing the-various actions observed. 

Preliminar-,r investiqations on the cytase of 

barley have been ...3.ade by various workers (Gress 1902 Be-t- 
, 

and I .L11.1 t on 1 r.)1 7 iyaer s and -Volkamer 1928, Liters and Italsch 
'Dr) ) 

.;;-, 
,us...Z1t, green 7.2 1 t the .:,..ouree:_of.cytase------,,,comment 

on their results:will -oe -more, conveniently made- below, 

in the introductions to subsectuent-eections.,., 

The .,cell ri1 .constituents attacked by cytase 

--o lonly. accepted to be hemicelluloses and henicellulose- 

like substances, and in the past such substances from 

various soiree s other than barley have been used as, 
substrates for barley cytase (Grass, 1.u...g.,41; Liters and 

Volkamer, Liters and Malach, lago,11;_t:) leaving 
the results open to the criticism taat the cytase under 

investigation was not acting'Cn.its naturalsubstrate. 
In the pp::.:e:sent work tereforegan attempt has been made 

to study the cytolysjs of heraioellulosic substances 6 4 

.7t:* OT,'1 

7.1.2e term hemiceilulose was or:.giñated by 

Schulze as a group noz'-.e subs EnCCC, whio14:: although 
. 

n soMe respects sini3p- to cellvlo-e djffer from it 



being soluble in dilu 

by boil.ing, dilute miner 

of the opinion that hemicelluloses were hexodpentosan . 

ture the principal sugars obtain-ed on, hydrolysis 

being glucose, mannose, x,ylose and arabixaose, 
F..e_ . ,, .......,. ... ... ... 

Subsequent workers have-however shown that uronic acids 

enter into the.. constitution. of some hemicelluloses, 

and altho.uh the nature of the uronic.... acids present 

and readil r hydro1ysed 

ids. Earlier.., workers were 

has not been definitel3 decided in all cases, where M,.. 
uronic acids are associated with Nylose ance arabinose 

they are thought to be g°u.curonic and galacturonic 

ar'.ds r esP. oo tiVely, ,Detailed inior..:: mato n is- given ._. 

, 
.. 

a.n reviews on this subject by Norman, 0.937) and-more 

eoently by Preece (19410P- infarmàt:%on' r-elative 

subjects of , the present studies appears in the relative 

sections below. 
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PO.Li SACat71iR 

OW WOOD 

Before beginning e di ou on o: 

me iods o earati on used in this 

be we l o survey briefly the nature of. th noï-stàrehy 

polysaccharides and olysasd=ide-like materials of 'the, 

barley grain. Tae classification of these nater.a,ls 
.._ : ._... ,:. 

. 
... ... . . . :: .... 

in - a --somewha.t 

broadly into 

confused. state, but the materials fit 

he following 'classes. 

Ç,lL1 at e,ra.als.; 

Cell.ul o e. 
. i. Pectic sxbstançee... 

III.. mi celiul o.s es.. 

C:e3.lul. o san.s, intima.t,ely 

associated with cellul©eë, aná- 

,cossdbly- structura;l3.y rela-ted to it. 

_ 
bs M:lncrst. ,ng hea.a.cel.l.uloses,'- 

initially- more soluble than cell.ulosans., 

a,nd4osÑibly having ,some atructiaral. 

analogy'with the pectic: substances 

and`: plant gums. 

B. Other Pol-v,Tsacchari de- 
I. The barley gums4- 

( 
) 

am-ylarn, soluble 

(b) any soluble 

hTa;teia 

in hot at- , 40°{ 
. . _ : ... 

in cold. it/Ate; 
-2n C. 



possible inter-relationships of thesi materials 

have been d.iscu sed ïn detail in a recent paper by 

I.A.Preece (1948). 

Cellulose and the pectic substances need not 

be fwrther discussed, as they are outside the scope 

of investigation at this stage, but some knowledge of 

the remaining classes is vital as a preliminary to to 

study of cytolysis, since these are possible substrates, 

for cytase. Exclusion of the pectic substances can not 

be regarded as final, as it will become clear as 

description of the present work proceeds that cytolysis 

and pectolysis are not necessarily unrelated. 

The functions of the hemicelluloses are not 

precisely understood, , but it appears that the cellulosans 

are essentially structural materials, whilst the 

encrusting emicelluloses, which may -serve as structural 

material especially when in association with lignin 

(see e.g. Norman, 1937) , may also serve as reserve 

carbohydrate. Thus thehemicelluloses of the barley 

husk will be considered as structural carbohydrates,, 

whilst those of the endosperm may combine both structural 

and reserve functions. 

Preece (1944) - has shown that as yet no reliable 

methods for the separate extraction of the two classes 

have been developed;- consequently extract:ons of variable- 

proportions of the. -two together are made with dilute, alkali 

(usually 4% NaOH) in accordance with the definition that 



hemicelluloses, although initially insoluble in water 

in the natural state are so-luble in dilute alkali. 

3ne'rmls workers have proceeded along, these lines 

(O'Dwyer 1923; Norri and Preece 1930, 1931a, 1931b; 

Norma r lag/akl. ) A method for the fractionation of 

hemicelluloses has been described by Norris and Preece 

190-q.cit.)$ by which the following fractions are 

distinguished: hemioellulose A4 precipitated by acidification 

of the alkaline extract, hemicellulose. Bp from the filtrate 

from this by the addition of a half volume of acetone, 

and hemicellulase Cp from the second filtraue 

addition of more acetone. - Fractions B- and C may further 

be di an vided into B d tpre --.(cipitated from alkliane_ 
. _ 

solution by 17,'ehlingts Solution) and 3 and .e, 

from alkaline solution by- Fdhling's -tolUtion;in the presence _. 

of acetone). , given tissue rna'r yield -one,-..or_more of 

these fractions; thetpent 'grains from,- 
. , A. 

yielded haMicelluloses Bi B2 ql and Co (Preece 1931a). 

Norris and Preece (Lap.x.a.,1.1) are careful to point -cut that- - 

it is not claimed that these fractions represent-Chemically 

homogeneoUis entities, but rather that they must be 

regarded as accwegates of molecules of similar properties, 

Attention must be drawn to the fact that haaicelluloses, 

although insoluble in water- in their naturea state; - are, 

frequently water soluble after, extraction. by.4-.-the., methods, 

described, others however are only :water- soluble as their 

sodium salts; whether this jp st-preparative water 

solubility is due to rupture of associations of hemicellulose 

with substances such as lignin, or to dOP olymerisation of 



the heft icellixloses 

It appear the r ecen ` wvr of pree 

(1944) that extraction of hem cell' loses is ix?fiuened 

by- four factörs: 

r> . 

Penetration of- the. tissue- by the sol 

Freedom from association with other 

substances (e.g. 7.. ir;nix~z 

ent. 

Conversion to e. g. their 

Depol;merisation. 

ITaCH "mould be effective cler all four headings, 

extracting a proportion of á` 
..., ,.... _.., ses of hemicelluloses; 

alccïholic NaOH '`älso :;satisfies all four of the conditiods, 

but does not r.etùat 1ri °biezriice3.lulose extraction in.-cates 

where alcohol e-ontentra::ZOn- .s . 

. 

greater ; tari 8©0, 'however 

if ''. the tissue is extracted with boiling water subsegtXent- 

to treatment with alcoholic hea.icellulóse extraction 

is achieved, the extract again 'containirig a rmixture of 

both classes ' of hemice:l.luloses. 

At present it therefore appears that workers 

st retnain content to use mixëd b.emicellulose preparations, 

axxd t,irther- 3.nvestigo,tion in the f° ie.d 
clearly most desirable, one approach.-pos s,ibly being the 

search fox a solvent which would achieve one or more of ,. 
the conditions listed above, but 32 aving others unsatisfied. 

Turning to the barley!,gurrxs, let`. it- be ,sa,id at 

e outset that the term "barley ' gam.' is !prefered to 

amylan" since the latter term implies a close relationship 

indeed the term was ori;inat ed with t object 

separation is 

to tarch; 



in view see 0 iv 

12-j 

2) . There has been little u.sefü:l 

work carried out on these substances since C4Su.l.l...van-'s 
.. .... .. . .. . .. _ _.. , ... .. . .. . . .. . __ _ .... .. .. ..: _ -. . .. . . .. ,. .. _ ,' . 

original communication, though some advance was achieved- 

by Preece and IIUnter (private communication) _, who prepared 

barley gums by :a modification of G'Sul3.ivan:ts method 

These :.workers acted barley w:it water ae room 

temperature inactivating enzymes of :the grain by 

r-efluxing with boiling alcab.ol; barley; m was, then 
... ..... ...... ._.: .__.,. 
extracted with, water at 400á.C- -Whereas O'Sullivan found 

that the two gums were bath essentially hexosan i.n, nature, 

Preece and :Hunter {lac. c. whilst showing _that the- .gam 

approäohed thi s structure, ; yïeldi ni; only ma sm a11 percentage 

of -f:urfuraldehyde, possibly due to irTpurities, showed that 

gum was different, giving, approximately- 25% .. 
furfuraldehyde, . and appearing to consist in the main part 

of urono®xylan, 1,:Woreover both gams-are precipitated 

by i, eh7 lng f s solution in the presence of acetone, and 

Preece- ; (1948) häs .. proposed that the . , and gums. should be. s. 

regarded as analogous to heraieellu.loses, B2 and-C- respectively; 

these substances will thus be subsequently referred to :as 

barley, gum B2 and barley guYn: Ch. 

It would appear therefore -that great similarity, 

exists between these gams and the hemicelluloses, and that 

they ffer only in that former art, initially. water soluble,. w.. 

whereas the:; latter are initially insoluble. Preece and-Runter :.... 
ç1I. ) háve fur the shown that-the yield of barley gum 

can .be increased by ,pretreatment öf the barley with 

al.cob.clic NaoIl,,; and this out any =.apparent C;hange in 

the nature of the Henco initially: insoluble 



me;teria1 is' apparently present in the gr ain, r which 

differs little- if at all from the soluble ma 

It would be illogical ;therefore to regard the hemicell`u` Zoses 

and gums as materials of widely different nature, 
Methods for the preparation of representatives 

of both classes from, barley, and hemicelluloses from 

willow are considered below. Preece (1941) has shown that 
one of the_ most abundant sources of 'hemicelluloses is willow 

wood, and it is for this reason that preparations of 

hemsoe.11.tiloses : fvom willow -wood were made. 

Barlev Gums: method used for the 

preparation of barley gums is bàasedión that of Preeoe and. 

Hunter (12Q. cit ) , the cold water, and hot -Aiater ÿsalube . 

barley gums, (barley gums C and ;B respectively) were 

however extracted in one operation with water at 40 °C. 

200g. of barley, ground- the '`coffee-mill, ;were 

extracted twice,' - for 30 minute pe iods, with boiling 80% 

alcohol, under ' reflux to inactivate enzytes and remove 

SU ars etc., the residues being filtered off throu 
cloth at tie pump and the extract discarded. 
the alcohol as completely as possible, thé-, residues were 

extracted twice with 600m1. quantities of :grater at 40°00, 

filt4ration being £fected through cloth at the pump® 

combined extractes were filtered through a layer of. 

selguhr on paper, giving a water- clear fil 
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then'-.reduced to small volume by di 

educed pressure. 
To the concen trated extract 7as added 

more than half : its- volum e of acetone, containing a 

under 

ITGI and the precipitate of barley, gum B l:owecl .:. to ..:settle 

the decanted supernatant liquid was poured into . a volume- 

of acetone equ.al to that previously used;, and the precip e, 

The precipitates- were-- barley gum G, allowed to settle. 
individually re dissolved in wate and, the prepiation 
repeated?. the guns were then washed with acid 8C% alcohol, 
arId taken to c7rZrness by washing with .inorea sing stsen.gths 

alcahc7, with final drying in-a va;cUuna desiccator.W 

,,'.k furtn:er :preparation of barley gum C; was made 

following manner;: , 

5OOg. -`af barley, pretreated ass, before with 

boiling alcohol,- were extracted thrice- with with 1 ,250m1. 

in .'the 

'quantities of water at rflom :temperature, for 20 mi:ntates 

each -extraction, filtering after each extraction tlarough- 

cloth at the pump,;. ' Me combir:ieä. extact0s- were filtered 
. .,.... .. .. ..: ........,..,.. ..:..,.: 

bright through. a -layen of Yxeselgu.hr,,ón paper, and.-,; 

reduced to small .volume by distillation under roducod. 

ressure. :, : The concentrated extract- was.snwto. contain ...:. _.. .,. 

suspended matter,L. presturie,bly, coagulated protein, and. was 

conoPquently filtered cl+ear;' st the pump., 

Th c,; c° l ear coxa,ce:.ntrate ; red>: t n equal vol3e- 
of acetone, towwb.ich a little 1-101, had1 been added., and, -the 

pro ,pito,te obtained,- peparated. °:. 

di olved 14 water, reprecipitated by pouring into an 



equal volume cid- acetone, and taken to dryness in 

the usual-manner-,-- 

It lad been reported by Preece (1948) that a 

separation of the barley gums could be achieved through 

the copper complex; taking into consideration the fact 

that this method tends to give a preparation, of less ash, 

content than the above, an atteupt was made to isolate 

barley gum C2 by t his method. 

A cold water extract of 

and concentrate'ä. 

experiment. To 

using : the method 

the 

described i 

filtered concentrate was 

ea 

the previous 

added 

sufficient NaOH to give a final concentration of 4 %, 

mixed Fehling'.e- solution was then added until a blue 

colouration could be seen in the liquid, and. the resu 

viscous fluid was poured 

volume of acetone. 

ting 

into slightly less than half_ 

The gelatinous precipitate f o,rmed 

was filtered off through muslin, redissolved in the 

minimum of dilute HC1, and :reprecipïtated by pouring 

one and a half volumes of acetone. . The Drecip .taie was 

was washed with 60,5 acetone con°Laining-a little HOi, and . 

taken to dryness in the usual mariner after washing with 

into 

,6Q%-ac tone. 

It is of interest to note that barley gums - 

B2 and 02 are snow- white, fibrous substances of very low 

density, which tiow lect rost. atïc properties es o. n grinding 

this description in a motar sufficiently-dry; 

to that given by 0'$ i11ivan (1oc.,ç t) for 

amylans. Also solutions of these substances 



appeared to be very aus, and to posses same surface 

activity, the extracts being very difficult to ffilter, 
. . ,., 

giving on boiling a very stable foam. 

JOiNration .531:131014ZE áLem ü:loses®-: : The: main; ': 

problem to be faced during :these preparations was` tbe' 
. 

removal of starch arior to the :extraction of hemicel.ulcses, 
s;nd` several attempts to adhiere tn.i-a had to be made 

before a suceessful`methad was evmZ,red.' 
.. 

_Ot g, of eoffee-mi1.l ground bá,rlek, in 

Whic"n the enzymes had been 'inacti`v°ated:'in the usual ,... .:. 

manner, were stirred with water at '3700, To this 

mix were added 1tJ0 m:. . -of a- ._ma.t -extract, which 
. _. .:: :... .,. 

. . . . .. . . . ,:...,,:. .n ... . . . 
. .. :... Y .... ... .x ' _.. .. ... 

rArläse ande' cytase lutd '' been inà tarated by.heating 

at 70°C, '`.n the presence: of .04 ell= ' acetate; .:.. . , . ... 
the mix was then incubated-at-31,-0-2. fr 4 hours te 
ell ow A:anayrlase activi.ty to proceed, and.::atM -the end of 

this time the residue was filtered off and tested for 

A, starch was shows to be present the procedure- 

eated, but again starch persited, and ̀ the'iarea 

roceeded with.: 

Again, 100 of barley, ̀ pretreatecl, as usual 
ere added to 250 ml. of a 5% malt extract amylase ., 

.. , 

ee and cytase free, at 70oO.., and the temperature 

maintained for 15 rrlixï:. The mixture then d 1 ted by 

the addition`:of 250<m1,. of water, and hydrolysis ; allowed 

to proceed for 36 hours at 37°C. Again starch was not 

eli.inated.° 
In view of 



«.17- 

was decided to gelatinise he stare. prior to 

addition of the malt extract, 
.... .... .. 

100 g, of ground barley were added to 400. 111d 

boiling water at such a rate that the water stayed on 
, - 

the boil; after cooling to 75°C., 250 mi. o-F° a 5% malet 

extract were added, and a temperature of 700C,maintained 

for 2 hours, To inactivation of 4anylase or cytase was 

attempted as it was considered that the temperature of 

the mash would be sufficient to achieve `this. On 

teOting it was found that only a slight trace of starch 

remained, and this vas removed by a further similar 

treatment 

The starch free residues were filtered-off 

through cloth at the pump, and- washed thoroughly with 

hot water to re-eve the dextrins produced by the enzyme 

hydrolysis. The residues were then extracted once .. 

with 5n0 mile and twice with 250 ml-. of -- 4% NaOH. in the 
cold for twenty minute periods, filtering after each 

extraction through cloth at the ;pump; .- the ooanb ned 

ztracts were filtered-bright-through paper Pup and 

the hemicelluloses recovered in the manner described 

the alkaline, concentrated extracts of barley 

2. Two heriicel..luloses were isolated, one ò: 

series one, this fraction i$ designated Si, 
} . , . 

precipitated on the addition of ,li`ehling's solution 

,Lane, and one of series 2, designated S-, on the ....,..: , ..,. .,_ 2. 

addition of acetone to the filtrate from the above. 



6.4:00.... 

uri;ng the course of:- subsequ.ent work a;further 

preparation of her..a:icelluloses.wa:s Made 'exam, a different 

sample of b- ley, using precisely the same Method- as 

described above a but xn till* -ease,: .no hemiacellulose 

could be separatedy- -.thougb.. 4t= mllet: be notedthat- a., 

go eat Increase in viscosity and turbiditv occUrréd on 

the addition of I'ehlingt s solution.- A second-preparati n 

was therefore made from the same sample of barl:ey , :: alad 

the absence of hezniceliulose Sl; age.in noted. 

e 
;: 
barley hemicellulo..ses:: are very similar., 

in appearance to- the: barley gums be:irz, white, t.bro.s .. 
substances, ;but; not showing such pronounced electrostatic 

properties ;the <bariey 

Both, ,bary hemá,c-e1:lx.lase S ard ; 
... ,, . ..: 

- wer$-_- 

ion;ate.d on.°a, small scale- 1:17-- the-method-of-Norris 

and Preece (loc. cit.) Hernicelulose Sl ydelded :.. 

fractions A, B, and C aid hemicellulose- 0. fractions,;__ 

B and C; t:k -.. utter is in confor l .ty With the 

results of prey .,ous workers,,= no hem . cellulose 

being obtained from any source to ,date. The barley 

hemiceliulose °S2 which wo s unaccompanied by o,- 

hemicelllose 015 :was also fractionated yielding again 
. .. . , . 

x 

. . 
. . 

fractions B ,and C. The above fractionation must only 

be :regarded as= a preliminary. experiment, as nO a. 
, . 

- 
. . _.. .:. . . . . ... . .wx: 

. . .... . . . . . . 

was made to isolate the fractions for drying and 



7re12arat21on of Will.o`z ileraiaelluloses; Hemicelluloseñ 

were prepared--from - low _ sawduSt by t'.e :method of Norris 

and Preece (1930) treatment -,vith 1.;' ITa.0H being 

omitted since Preece h.ás su?o.sequentl.v shown tña;t treatment s 

involving the use of :not Na,C?H tend to cause the loss of 

fuxfural.dehydebyielding material. 
isolated 

A second pre paratic: 

A he:c.licellulase of 

e made using a method 

Pd o:n an observation by Preec (1944} ;; that a,ropo°rtion 

of tde willow heznioelluloses can 

boiling water by pretreatment 

alcoholic ï;a0H ., 

be rendered soluble in 

of the wood with cold 

100g. f willow sawdust were treated in- txe cold 

45 NaOH in 05 alcohol for 24 hours and, after filtering,: 
the residues w 

e %ï 04 unt 

alcohol until free rom acid. After removing the .acphol,_ 

hod wi . e305 alcohol containing a 

e e from a lkal i , and then with 82% 

completely as possible, the iduea were eatrac-ted with 

one litre of boiling wa ter under reflux for one 12=4 and 

extract, separated through clotl?.-:.at7 the lumxl,:.- 

rate was then reduced to small volume by distillation 

under reduced pressure, and tac ï.ea.licelluloses precipitated 

by the addition of a half volume of acetone, 

l;:recipita,te comprised: a mixture of hera.ic wil.uloçe 

., slight precipitate was - obtained on raising the 

of acetone in the ,d`:_l_ f,r _.te to o 

A' and 

C. but this was too sr1all., to allow recovery.- 

par.a.tions described above, and 



addition some repeated preparations, were subject. 

analysis for moisture, ash and uronic acid content -s and 

furfuraldehyde yield. The latter was determined by;- 

distillation of the substance with 12% HC`!, and .precipitat .on 

as the pb.lorglucide by E:rfter's method ;(Brown and Zerban 1941) - 

the uronic acid content was determined by ds tillation with 
12 HCl and adsorption o 

standard Ba (OH) as described 

arbon.., dioxide evolved to 

Dickson, Otterson and 

Link (1930) . Results will be found in table 1. together 

with figures for yield. 



Yield and c©mpos tion o IOU 

poly saccharide preparations. 

Substance. 

Barley gun, 

Barley gum C. 

Baxley gum C. 4g 

Barley gym C2 

Barley gum C® v 

Barley gam C2. 

Bariey' . 

hemi ê'®llul o se 
Barl eY 
.'éMieelltxlose 
Barl eT : 

hemicellulose 
Bari er. 
?emiëllu:Lose 

hemicël:Lulose 
W'íllni°s 
hemicellulose 

Dry, ash-free.., 

Lsm.:. . Uróri.c:- .. _ acid- <.,.. 
_.as ;. flf a s , of acid .. 

;"s"ta.xting° substance. a:.5 . of 
m.aterial. substance 

.. 

.. 

:.. .a... 
, . 

.. 0. s.%32 

,112- 

-.16 

ta.àürä 
yield a 
as %` 

e substance 

ato toe - 

=o .96 

s.zo 

2á.ót 
,... Y1:...a 

25.6 
28,81 _. 

25 3,3 

47 . 94 

36.48 

45.50 

9. 32 

52.98 

Join extracted 
Precipitated by s::cetone. 

Precipitated by Pehlincf s 

at 40oC.. 

Preparation l. 
74-?reparation 

o...tiox and C e one. 
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-DISCUS ICIT 

The suggestion made by Preece (1948) that the 

cold and hot water soluble ginals of. 0 tSulli..'van are analogous 

to 11.emicelluloses C2 and B2 respectively has been- confirmed. 

T.he figures for furfuraldehyde yield from the barley- gums 

described herein, agree quite well with th.ose obtained- by 

Preece and Hunter (1°0.11;0 for their preparations (table 11)p 

and little doubt can, remain that pentosans- d.o enter into 
the constitution of the barley gums - will, be seen 

however that ',barley gum 32 is essentially hexosan in 

constitution, and the possibillity that . pentosan, 

present as a contaminating materia,1 can not be dismissed,. 

'There would apDear to b-e very little if any u.1701110 acids 

present in, 
E 

ei.. ther barley gum B2or C2. 

Furturaldéhyde 7103,de from barley gums prepared 

by different workers. 

ITiurfural yield as ei-1 of' drys, 
ash-free substance, 

Prepared by Present 
Preece'and preparation. 
Hunters 

BarleY gmn:32. v_tr, 3.9 -.- 
Barley gun 02. 214 26.1 



e isolation of two, hitherto unprepared, 

.i-celluloses from whole 

and some information as to 

problem of removal o 

ey has been described, 

r_ constitution obtail d. 

and the methods which had eventus 

-oved very difficult, 

used were- 
,. 

rather drastic- whether the yield or nature of the hemiceI oses 

is -affected by this treatment is not known, and information 

on this .point would be of älize. 
For purposes of com.pa:rison, he furf. al yields 

from the hemicelluloses obtained by Preece (1931) from 

spent brewers ,grains are given . in table, IT1. , along with 

those of the 11emi elluloses under discussion. Al thaudh 

no strict comparison may be made, it is of interest to 

note that both in the ent grains, and in the 

case of whole barley, - Where fractionation was, 

the furfuraláehYde yield of 

less thän of the co 

le, 

cellulose. ,` 



Table 

Substance. 

IIemicellulose B 

B2. 

Hem.icellulose C1. 

Hemicellulose 02. 

xlemicellulose S1, 

Hemi.cellulose S2. 

ldehyde yields °.rom various hem. ceilu.lose 

Source, 

Spent grains.. 

Spent grains, 

Spent grains. 

Spent grains* 

Whole barley. 

Whole burley, 

Furi`ural yield as 
% of substance. 

57 0 76 

19,60 
,. .,.. 

56,4 
45,68 

`7.94. 

:56.48 

5,5áá Hemiceilulose S2. Ak Whole barley. :. 

- no Sl isolated. 

The sample -.of- barley, from which both series 1 

and er. 2 hemicelluloses were i-solated., yielded five 

hemicellulose fractions, namely hem.icelluloees A1, Bl, 

Bland C2, and the barley from which only series 2 

hemicelluloses were obtained gave two fractions, 

hemi.celiui®ses B2and 02. .As was pointed-out in the 

experimental section, the fractionation experiment-- 

can only be regarded as a preliminary to future work- 

on these hemiceiluloses, and it is clearly most important 

that this fractionation should be carried further, .,. 
with particular reference to the yields and compositions 

of the individual fractions-, before -. any great advance 

n the knowledge of these hemicelluloses is possible. 
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The absence of hemicel lulo se A, from 

of spent gr will be ' noted ( table 

hemicelluloses` 

but no . 

conclusions of any value may be dram from this since 

it is possible that this fraction was absent from the barley 
from which the malt was prepared, Preece(1940b) 

-investigated the effect of germination on the furfuraldehyde- 

yielding constituents :of barley, and :showed that a 

increase in these substances occurs-on 

germination; the-methods used did not involve 

isolation of the substances, furfUral;d:ehyde determina ions 

`being oa:aried out ..da.rectly on tb.e. -gra:ns«- C3.early 

thorefore it; wou:%d be of great- interest ánd = value- to 
study the influende .... of=..germination, and consequently 

maltin;, on the indivxdual lemzeellulasés, of-barl:.ey. 

There can be two possi.bl.e explanations, for 

the absence of hemicellulose Sl from _the second prepara-tion that 

was made. The first is that hemicellulose 

om the grain, since-the second - preparation was carried 

out on a different sample of. barley. The second 

possible reason is that the treatment to which the . 

hemicellulose *was subjected caused it- to-...be depolymeri:sed, 

or otherwise modified, to the extent . that, . t is no 

longer precipitated by the addition of l'ehl ing°s sol.ution. 

alone* anda appears in the hemicellulose Sp fraction, -ot 

addition of acetone. The second possibility- has been 

intimated by pxeece (1944), who showed ' 
that treatments 

invol.viag tlá;e "uSe of cold aqueous and alcoholic Nakx 



c 

caused degradation of hemicelluloses. Some indication-, 

that this may be the cause of the absence of heriicellulose 

the fact tria t a great increase in viscosity and . 

turbidity is noted on the addition of Fehling solution. 

is possible that the S materials are of such a 

osition as to behear a critical point in respect 
. _ .. . 

of precipitation by Fehling's solution; thus, 

(perhaps un-noticed) modifications of procedure, e. g. 

a somewhat longer contact with NaOII, might suffice to 

take them beyond the precipitation point. 
, - .. 

of Changes precipitation - high vzscoi3ty - no 

The series 

precipitation, would- appear to be-consistent with this. 

The great similarity between the barley- gums 

and the hemicelluloses, Which has been commented upon 

the introduction, = iss, further stressed 'by- the work 

described in the present section;- it therefore appears 

that a strong case can be_ made- for the classification 

of the barley gums as hemicellu:l.oses, or ori, the other.. 

modification. of the definition of hemicellulosea 

so as to include such materials as the barley gums. 
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SWIM' A. 
_ ... 

preparation and fractionation of barley 

gams B2 and C2 have been- described, 

2. Barley. hem:icellulosss.. have been prepared by 
.. .... .:..: ....;..:° ,..,_.. 

. ...:_.. ... ... : '.':....:, .... . ¡.N. s 
.. 

hitherto unpublished n.etahods. 

Preliminary fractionation of the barley: 

ñernice1114Loses-_has, been described, and the 

following fractions shown o be present in 

one sampleofbarleys,,B, C,B ,at,d.0 1 i , . . - 2 ;.. 

whereas fr®m, another sample, only hemicelYUloses 

B9 and C were obtained. 

Two willow hemicelluloses have been prepared# 

_one .. -of, them by a hitherto unpublished mm` ad.. 
. 

The furfuraid"ehyde yields of the barley gis 
.;ti. 

and hen lcellulosoa and ....the-willow : hemicelluloses 

have been determined,-,.and, the uronie .acid 

content of the barley gums, 



-27- 

PRELlivill\TAPY 10a.L.--3.1=1,1S ON TIM ACTION' 

nTTASE , T"'''' u lei 

.A 1IpITAm 20 "T'i C1TASE 
ea.ammonmosttom 

Credit for the first work on cytase is due to 

-Grtss (lóa.eit), who extracted the enzyme from green 

malt, and showed that it hydrtlysed a galactan from 

Ram tragacanth and a mannan fromHdate- stone, to produce 

gaIaCtose and mannose Tespectisi-y. 
Bakei.- and Hulton (1 ) 'shotted that the 

rfqraldehyde-yielding substances of barley embryos 

increased during* .,:erraination, ,,::Thilst a correspondirw 

decrease :Occurred in the endosperm. Th:is -they took 

to be- evidence for the existence of a system of entyraes. 

which, acting in a manriex ana,logous to -bhat of diastase, 
allowed the trans3.oca,tion of furfuraldehyde-yielding 

material to the a1ir»:70. Aron, they showed, if green 

malt and_ barley are extracted together, more furfura--adehyde- 

yieldinc niaterial Is extracted than if they are extrao-bed 

separately, saes bing a.c-tion by cytolytic enzrnes 

soa.tfole':Materials to render .t.40M:', soluble. Purtier 

inforlLJ i an giren oy----Lhese oers i s that the enzyme 

be precii6itatod. by alcohol . in:. an active form, and 

that 'it is c3o1e of bydro1yrg furfu "'aldehyde -yielding 
pe1ys.acc.daxidee2 sugars. 



:Probably the mest important "bontribttion to 

knowledge of cytase is that of Ilers and Volkamer (loc.cit.) 
who used green malt as a source of cytasei and two'.'Xylan 

pi parations as substrates, one from elder pith and the other 

from barley. The optimum pH and temperature were found to 

be 5.0 and 450Cv, activity being lost at pH 0.0, and after 
heating at GO C. for 15 minutes; the- woncers cited showed 

that the enzymes could be -1-_,-recipitated b7,7 alcohol without 

losing its bt ivittr ord that by adsòrption on a.luniniuM: 

hydrokide' at -pH 5.0 and elution with -.oho nhate bUffer 

at pH 8.3, a great inbrease in -curity was attained. 

Xylose was identified as one of the -oroducts of oubstrate 

hYdrolysis,and it is stated that-excess of this sugar 

retarded the action of cytase . A inportant feature of 

their investigation, is the' extrerae slovmess of the 

action; two da:rs were necessary to achieve a 1,Lydro'lysis 

of 70%, even u.ncler the most favourable conditions. 

litters aiir1 "iTa3 soh (lnc® cit. ) followed up this 
work by an investigation. into 1-21c effect on cytase pf 
the er-,olination an.d. kilning of :By' studying the 

xylan *hyd.rolysing activity of extracts of be,rley at various 
stages during ,me.ltng, they dn. owed - that a thoug'a cy tas e 

activity deors.aseS- :during steeping', i increases later 
to a value: appr oximo,tely 2,5 times that of e- 'origititti 
barley; on ici1raing however cytase is inactivated, until 



in the final malt its activity is less than that of the 

original barley. , 

The work described herein, which was intended 

to serve as a foundation for future and more detailed - 

investigation included: a search for a convenient source 

of cytase, a study of the cytolytic activity of e xtracts, 
the preparation of a precipitated form of cytase, 

preliminary examination of the oil and temperature 

relation Ships of cytase and the testing of several possible 
substrates, the preparation of which has been described 

in the previous sect ion. 

IDCPER3IDTAITT.-41 

Searq,b. .1,1gr a Source of. Ziae, 

SeveraL-pos-sible- sources of cytase were exarained,,- .... ,. 
including those used previous workers, , namely,- germinated 

barley and ungerminated. oats, (Gist S S loc.cit. Baker and 

Hulton Loc.gatt. Liters and Volkamers loc.cit.); in addition 
liC cytolytic activity 

malt was tested. 
of a specially predared, low-dried 

. '. . 

LI-Leen U. 
- - " 

Ualt. 25g, of barley were steeped in :water for 24-hours 

and subsegv.ently germinated in the dark on moistened PaPer 

for 5- days; it will be convenient, henceforth to refer to 

'barley trea,ted.,:thu.s .11 green Inaltil 

.. The- =earl marl.t was P.rollnd the. mi.n.oing, machJ.ne, 

further ground with sand to a pulp, and extracted with 



150m1. of water at 21.°C.: for l* hours. Two ml. quant t-.es 

of the filtered extract were .tested against l00m1. quantities,. 

of 0.1 dry, 

sunstan.ce willow hemicellul.o.se willow hemicellulose 

(A and barley gum 

ash-free equivalent) solution of the following 

g 

buf f ered 

and barley. ;g,m, C 
: 

a control 
a . .: . 

..... ,,._.... 

out on waver-.- The - :substrate solutions were 

th sodium acetate /acetic acid buffer solution 

to pH 4.6 prior to the addition of extract, and - the conversions 

we led out at 37°C. course of the hydrolysis 

was followed by '°the determination o - the reduci groups, 

liberate C, using the HansComonehod (HocLeull add 

Herbert, 1945), e results bein , expresses as apparent 
-1,__ 

xy.lose, after correction fok reducing groups indroduced 

in the enzyme preparation. The results will be . found in 

The, . :psei 1 -.ty that .some. ...of the action produced 

was due to ,a ylases -,- was examined.. -by- repeating the eeper irae nt 

on barley -.. s 3 and Co the :2 ri,:1::r of. . green malt extract 

being replac ed by 2 ml. of a 5% ma t e. tract in which ... id 

yl_aso, and presumably cytase, been been inactivat.edy... 

The resultsr::w1.l.l be found in table. U, and will be seen 

to confirm, that barley gzm. 13 bn-taminated vv 

,tarch, as was suspected from tither elldence. ïar7.ey. 

gum Co is free from starch, ara.d a,pparen+7..,,y from dextrins 

susceld°tibl`e to the action o: 



Table iil'..- The ctolytic action of 2. m,, of a .. 
. .. _. . _ . . ;._ ... 

_ _ 
... 

extract of green malt on various substrate.. at ;pH 4,6 and 

Correc ted reducing ° groups libërated äs x; lose 
as % of substrate. 

b.eìmiceilul r\se 
SZ. 

30 min. 0,0 
.. . 

60min. 0.0 

90 min. 0.0 
.. 4ry `J.Lrs. .0.0 

Itillcw Barley 
hemieel;lulote: 

(A, and 13), ;: 112. 

0.0 2.3 
..:.. ... 

.. . .. .: . 
. .... .. . . .. .. ... 

3.6 
..., 

0. 0 

0.0 4.2 

0.0 

; 
- outside ;razge of :;determination, 

Table ii'. 
. 

The action of the vt, amylase of:2 .>. :of a! ,...;,.,., ,... .,. . . .. . .. 
_ 

. _.. 

malt extract on barley gums B2 and C2, at p.1.1 ..4.:6 and 378C. 

Time 
in man.: 

Corrected reducing groups. liberated 
(as xvlse) as % of substrate. 

..,.,..,,. 

Barley gam B2, Barley gum 02. 

3 6 0.0 

60 2 .p 0.0 . . 

90 4 ..0. 

20 S ,p.o.- 



Oats:- 25 , g. of ground, ungelminated oo,ts were c°ted. 

with 70 mi.: of water at 218C. for 3 hours,, and the- 

extract filtered thrcugb. :paper,, ., 2 ml. of the eXtract 

were tested for c.ytolyti,c activity against barley guna. C 

by the method described above. 

Low- drìe.c7m.at;-..,_. The Wtolytic activity of a special y 

prepared lev driid m,alt, which had been dried by heating 
. . . . ..: ,. ,. 

at 50 - 5300. for. 24 hstà.rs;, and in wh.ich. therefore, 

. cytase -might be extected. ° to have survived with little-- 

or no deterioration, was tested :in the manner described 

for oats. 

The_ results of the -last experiment-showed 

that both oats and :10w-dried malt possessed sane, 

activityr "out the actir- váas so slaw, that no more than 
. ... .. . , . , . . ... . 

0, hydrolysis was acñieved, after. 4 hours -conversion. 

Attera,pts .were made to increase drolysis.,.b 

_creasing the volvme of extract used, bu-t- this introduced 

too great a concentration ;mf reducing groups and-- -subste,#nes 

susceptible -t4 the action :of. the ,enytn.e.s. of, the- axtrac ., ....:..... , ,.. ..,. 

the results ere.. accordingly o:` doubtful value.- 

The effect of long period conversionOyas therefore tried. 

Lo. Period Conver ion:- 25 g4 : nf 'green malt were 

. , 

groun. mincing machine, and extracted with .54 m.. d ¡}yyry ryy g y} ^ 
4J 4md.b .S.n a 11.L 

the filtered 

extract were allayed to act on '50 ml. of a.4,0%-(dry,- 

a :free equivalent) solutions : of each of the fo lowi 
. 

substrates. adjusted to pl, 4.6 with sodium acetate, acetic 
acid buffer solu-tiou barley hemicellulose 



barley hemioeliulose S 
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barle""f' ..° B2 and -C will®w 

hernicellulose S s 
and illow hemiaeY'lulose -(A and 1;}, 

the reducing groups liberated were detr?.áned:. s,fZer..é 
, .._.,.... 

18 and 66 hours coriversiars table Yl.. Te pbssibi: 
that same of the act.on''was :due to amylases was =tsste. 

in the described . manner described previously. Only in the case 

of barley gum. lti7 ,za s n starch found to be present. 

Table VI. Cytolytio aotaón .. of 2 rç2,. of . a 6.6% green- 

malt extract, at pII 4,6 and 37 C.i over long period 

conversion, 

Corrected reducing, gröups 'l.i.berated, {as xylo lose 
as of. substrate, - . - - ****w_m. 

Vallova Barley 13ar.cy Barley' 
hemäcell- hemibell= gum he4;iv..ell= hemicelL 
ulose Sl. ulose (A & Bj C2. ulose S ulose 8,. 

Since. starch was aaiñ shown to, be present in 

barley gum Br the figures for this substance have 

been omitted from tha table of results 
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c activity of a --dried 

malt extract was tested in the same manner against 

barley. gum C2 and the barley hem,icelluloses SI and 

the results will be found in table VII, 

Table VLL. The cytolytic activity of 2 ml. 

low -dried niait extract, acting on 50 ml. quanti 

o 0.10% solution pH of various substrates, at pi 4. 

Time 
in 

Corrected reducing grmzns 
(as xylose) as % of substrate. 

liberated 

izours. B ail ey "B srl eÿ 
., ,. 

B árI èÿ 
gum* hemicellulose hemicellulose 

C2. r 1. S2. 

2.0 ' 0.0 248 

1$' .9 0.9 3.0 

42' 1.9 . 4.1 

rom the above experiments it is d: ear that 

green malt and law-dried malt possess some cvtolytic 

activity, the extracts of the latter`5eing the more active, 

ana it is highly probable that cytase is also present 

in oats, but this remains to be confirmed. 

There can be-little-doubt that. teith er of-the 
. 

. 
. .. 

... .., 

willow hemicellul-oses .s atte.cked- by these preparations 

of cytase-, and only slidiat hydrolysis of barley 

hgmicellulo.se- S1 has been achieved. All the remair 

substrates tested,. viz. rley gum 732,1 barley. gum C 

and barley hemä.çellulose S2, have be,en shown susceptib 



to ovtase act but only barley gum Ç and barley 
heaniëei].uZose S are suitable as .substrates, sZnee 

starch- has been shown to be present in %ar1 ey gum B2 

and at t emp 

However it 

to eliminate it have so far failed. 

doubtful whether anflaselaction- on the 

starch ::in barley gum B2 can be responsible for 

hydrol_Ysproduced by the g.reen malt extract. 

all the 

ita 

25 g. dried-. malt ,., ground in ttle rtnalt- 

mill,, were extracted with 500-mi. 
. of water at 21°C 

three hours, the extract-was then fi:ltered thrntz 

fluted pager, and having remeved a portc to be-test ed 
ww, ... .. .. .. , . ,., .,, m .. . 

immediately for cytólytic, activity, the remainder- was 

dialysed throu parchxnent against water _for l8 honrs, 
at the end of which time the reducing group content 

was substantially nil. 

The cyt o l, tic activity of the dialysed: extract 

was tested by adding 2 ml. quantities 50- ml, -.of 

(dry, ash-free equivalent) barley twa 02 sïlution,,., 

and to 50. ml. of water to serve as a eOntrolA, both. 

buffered to pH 4.6 with sodium acetate lacetic acid 

buffer solution. For purposes of comparison the 

undialysed extract had been teste 

preparation in the same max Conversion w 

out at 37°0., and the reduc n ; groups determined 

1. 18, and 42 hours. 

after' 



le41224 VIII. The cytolytic action of 2 ml . of a 5% 

low-dried malt extract 'before and after d.ialysie; 

substrate barley gum 02, pH 46 3700, 

5 Time 
in hours. 

1 

18 

42 

. ' . 

. . , 

Corrected redticing` groups libe±sted 
(as xylose) as % of substrate. 

Utdialysed 
extract. 

Dialysed 
extraet. 

1.8 

- 0.2 

11.3 

Although at the time of testing the dialysed 

extract had been netessarily been kept 24 heUrst -it 

will be seen that theWe has been no loss of activitY; 

the activity of solutions of cytase is theFef9F?, 

apparently unchanged by keeping at roan temperature 

for 24 hours, or on , 

Workable quantities of precipitated enzymes 

were not obtainable from thiS extract, due to its 

low concentration. -, - 

In a second, experiment, 200 g. of low-dried 

malt were extracted with 500.ml.'of water at 2100.- 

for 3 hours; the extract was filtered through a fluted 

paoer,and poured into 4 volumes of 95% alcohol. The 

precipitate wa411owed to settle, 4h supernatant 

liquid decanted off,'.. and the-precipitateetaken to dryness 

in the usual mannorthe whole preppss being carried out 

in as short a time as posSible to avoid undue 



inactivation by the cob.ol:. 

referred to below as '°crude 

T. 

e on will . be 

ted enzymes", 

-® Yield and ash c ̂ nten t of crude Pi ec ip 

enzymes. 

aced 

f ,a= Lemaèrature 'Az2 C3rtolveis. 

Igag Dezl.ça ca.nve-rsi ctD: - The influence of and tempera 

on -cytolysis was studied over long .period. conVerszon , at 
. 

«: . 

temperatures 33,, 41 and 4voC®, and at pH-values 4,.6-,:: 

5 .e and 5.4. The ïnvea-tigati.on of pH- effects at 33°C:, 

was cor." .n.ed with a study of the effect of increasing 

am.ounts of engym.e, and was carried-out using Z, 21 
. ,. 

5 and 10 ml. quantities -e . 0.10;; ( dry, ashaw f r e e. ,. , 

e4uival.ent) sol=utä.oxi- .of crude precipitated malt enzymes 

added to 50m.1. quantities of a 0.10% ( d ah-free.. 

equivalent) barley gum C solution, contro.s on sater 
,,. . ... ... _ 

be4ing carried out for -eáçh quGnti.ty of .enzym.e;0, 
!.v, 

The: 

conversion mixtures-Were adjusted to pH. 4. G,. .u,Oing , 

sodium acecate/acetic - acid buffer solution, reducixg ï 

groups liberated bein g d.eterminedaftcr 20 and 44 hours. 



Cytolysis at 41 and 45,°C, was studied 

following : manner: 1 and 3 ml. quantities of. .0.10% 

(dry, ash- ree equivalent) rude precipitated malt enzymes 

solution e added t© 50 quantities of 0.10% 

dry, ash ee,ï eauival,ent)barl.ey gum C2 solution and 

ants pies of water to serve as controls; 
conversions were adjusted to the appropriate 

value with sodium acetate/aetie acid buffer solutions, 
and incubated at the required temperature 

liberated being determined after 20 hours 

The results of the above experiments will 

reducing 

be found in tables X and XI, 

444;1. 
gum ",-, 

e .crto,ÿsis ''of - 54 1 .....,.,,..... ,_ .. ... ...... . .. .. . .... . .. 
. .... . 

solution ì.",:Vry.rïg amounts of csud.e pre.,pitated. 
malt enzymes 

my'. of I 

enzyne ,. 

added. 

..........,...,....._... .,,.-h.,.....:._ ..... ....._._rti,....,.......a..,._...,.... . 
Corrected reducing groups liberated (; as xylas 

of 
.....: 

as ö oT substrate. 

pH 5.0 pH, 5.4 

20 hrs. 44 s. 20 hrs. 44 hrs. .. ... 20' 1. 44 hrs, 
. .. . ., ..... .._: . ,- : . 

. 3.8 ' 10 . 3 i al. t. .0 6.65 
,...m ti.,. 

2 $ 7.5 - -: 5 13.3 1.4 ... 18. 3 
: a 

4 17.3 6 18.7 
,. :, .. .. . . . . , t, +P . .. .. '. . _: 

4 146 19.9 
. L 

. 
a 

5 22.5 2 5.5 . 25.5 35. 7.0 20.1 
` . 

..._' :. 

10 34.6 6 ..Q . 36.1 41.0 21.0 »..... 
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barley gum solution by crude precipitated malt 

enzymes at varims pH..válues an.d, teMperatures. 

13.1 4 7 . 

,..m2. 

7 

2 3. 3 f2 . 8 8 7 
L 

, 

.. 

1.2 14. 14.9 

The results are graphed in figs. 1-4, . a,nd the 

figures fo hydràaysis. by 3mg. of enzyme at 33°C.,-were 

read off the 

'eQn:-','.roi .;. ; e; 

ropriate curve in 

urves that hydrolysis is 

propertionál to enzyme concentration up 

sub 

to 

drolysis in thecases of the lower temperature 

and pH values; in the case of hydrolysis at ph 3®4 

and also at. 4500. proportionality between hydrolysis 

enzyme, concentration is rapid y lost and .. hydrolysis 

atop "after a figure of 20% hydroly sis is reasdhed. 

drolysis/pH or hydrolysis/temperatur 

eexï' drawn, but from an 
. 

the r .m$ <bf 

the respective maxima app e 
0y.0 and 4000., though considerable: 

ion wi g, be n. ed, especially that of optimum 

th temperature. It may well be considered 



...... _ :. ..; ... ... ..;...._ 

----- --- 4 

,t-'.< :, ... 
.. .,. .. _ .....:......... . , 

4. .. . 



that ore than one'enzrme is concerned, the components_ 

of the sy showing 

. AA. 

to examine cytolysis over short periods rather t 

long, and to this end a standa 

laÿinc down strict conditions of working in order tha 

tres oo ta..i-ned from different experiments mi t be 

iperature/pH relationships. 

considered 

Method was designed 

comparable, and that figures after i 5 hours conversion 

t be considered reliable. 

e °standard short 

substrate solution eras adjusted so that 

k'Á 

When the 

iod met od", the 

enzyme solution has been added, the total c onvers ion 

liquid was in all cases 60 ml., containing, the equivalent 

60 mg, of dry, ash-free-substrate, and including - 

ta e appropriate .:sod.i:u:m a:c.etate/acetic acid bufi°er sol:uta.on.. 

The concen'hra:Gi.on- of enzyme-solution used was coommonly 

áShf r ee equiwval ent } o-. 

and 5 or 10 ma.- oi`. this were added to the -o.anrersion, 

e substru,te being adjn:sted to the required temperature 

before adding the enzyme. Controls on enzyme e p 
.... . . .,,... . . .L: .. 

buffer were..edia throughout tie duration 
. , 

of all Conversions, and fo. r the lourposc of deternining 

the initial reduction of the;::Cöntrer siäri mixtures,- 

the redü.ction. ' o. f the substrate -it-s-eIf was determined. 

amples -for the... determination-of reducing group, 

content were removed immediately on. adding the enzyme 
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and. 5 hou 

ove method was used to examine the, 

of and temperature on the cytolysis 

barley gum C-. The temperatures used were 30, 373;. 

44 and 51oC. ; the - values 4. 6, 5.0 and;-5.4 were 

ted at each temperature, and the source of the . 

enzyme was crude precipitated malt enzymes. The results 

will be found in table tLII, and the curves drswn 

them in f iEs. 5-8. 

Tab),e I. The influence of pwi and temperature on 

the cytolysis of barley gum C2, using short period 

(1 -5 hours) conversion. 

Corrected reducing groups liberated 
as % of substrate. 

Temp. 

oC 

30 

37 

44 

51 2.4 
r- 

3.4 5.3 

3.4 5.7 8.1 

2.2 5.0 7. 0:<<` 

2.9 4.9 

«5.4 t} 

7, 6 

3.8 6.4 1 .7 

3.1 8.4 v.J 

2.9 .3 7.4 

30 

37 

44 

51 

1(,) 01` (.). 



CA. 
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intent - was repcat:ed .bar eÿ 

hennicelluloses Sl ándy S, using the -same. px,ralues 
and ternperatures* . , 

During the .determination of reducing 

groups at 0 time, a starch-iodine. colour was noticed 

with both .hemicelluYosee; the-action of OL 

on these substances was therefore. tested' as befo e- -- .... 

The preence sf-- sta in both, was, troirmed 
It was also found. in thiise experiments with 

emioelluZoses, whil.a. were carried out before 

the full short method was adopted, that .3.n - the case- 

of barley :b.emicel.lulose S and was a difference 

in the titre fi;txres at. tl hours between the- su`bstrate 
._.. ..H_.; . 

solutions -containing 5 and those containing lß log*, 
- 

at all temperatures and pa values (table XIII) ,- whiehr 

was greater , than the corresponding- difference, in the oöhtrolsi 

The only possible explanation seems, to- be that t,b.er.e, 

an alKn nstantaneous liberation-of-reducing groups 

on adding the-, e.n2Yme and that this. liberation, is . - 

.. 

a°er with.--,10 Mg. than wi.t,n. 5 mg4- The ons.stenc.. 
ation probably arises from sligh t,-- unavoidable 

d,:i,fferences in time - between.- adding :the. enzyme and 

withdrawing the solution for determination. . It was 
, 

. 

for this reason that `tl^e- method already descr i`raecX, 

involving the examination of substrate and enzyme alone, 

adopted. -TYie results.. 

using the full.- Method of control 

errors outlined above, 



-43- 

Tatble Xj 0 hour" titre figures for_ barley- hemicelluloses 
and S obtained when substrate and enzyme-solution. 1. 2' 

were mixed and samnples taken as rapidly as possible. 

IV100 1a2S20.4 

ITemp. 11 pH 4.6 pH 5.0 pH 5.4 - 

oc. tg; 6f 10 ing.- of 5' tg;;" of io -tg; Of 5 tag-4,' of 6f 
enzyme. enzwo.e. enzyme, enzyme. enzyme enzyme. 

30 9.8 

7 8.45 

44 L 9.8 

.2 

I 51 9.35 

Barley hemi' cellulose 
9.7 9.8 9.75 9. 

8.0 8.9 8.3 9.25 

9.4 9.8 ._ 9.4 9.8, 

8.9 .-- S.6 - - , 8.9-- 9.65 
. _ 

Barley :nemioellulose S2 

0 10.0 9.6 3.0.0, 9.7 9.9 

7 9.25 9.2'- 9.3- 

44 9.6 9.35 9.5e 9.15 
, - 

51 9.5 9.2 
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The influeno.e-of- I,and temperature on 

the cytolysis of barley liem-i,celluloses S1 arid S2, using 
short period (1-5 hour) coriversiort. 

Temp, 

Corrected reducing grouDelibérat,ed 
as-% of substrate. 

pH 4.6 

hr. 3 hr. . 1 hr. 3 hr. 5 hr. 1 hr. 3 hr. 5 

pli 5.0 - pH, 

Barley liemicellialose S10. 

5 mg. of' enzym.e. 

30 5,8 6.9 

37 f 8.7 9.5 

44 6.8 7.:1 

51 6.7 6.8 

6.9 8.4 

9.6 10.4 

8.1 8.4 

7.4 8.8 

7.2 6.2 6.5 7.4 5.5 

10.7 8.4 0.6 9.9 8.3 

8.4 6.0 7.0 8.1: 6.4 

7.4 8.4 7.0 7.8 6.1 

10 mg. of enzyme. 

9.9 6.5 8,0 9.9 6.2 

12.8 10.1 11.6 12.2 9.4 

9.3 7.4 8.4 9.6 7.2 

9.1 8.4 9.0 9.7 6.7 

Barley Hemioellulose S2° 

5 mg o-i.' enzyme. 

30 4.1 5.7 7.0 
/-4,- 

37 5.2 6.4 AfF6 

44 6.2 7.0 7.5 
51 5.1 5.5 5.9 

30 5.5 9.1 10.4 
37 6.1 10.4 12.8 
44 7.2 9.9 11.3 

7.8 8.1 

5.9 6.7 

94 7.6 

6.7 7.4 

6.8 7.4 

7.4 8.8 

10.9 11.6 

8.1 

7. 8.2 

4.6 ,_... 6.5 8.0 4.6 5.8 

4.9 6.5 8.4 5.4 7.4 

5.9 7.5 83 5.8 7.5 
5.4. 6.7 6.7 5.8 7.2 
10 mg. of enzyme. 
5.9 8.7 10.6 5.9 9.0 
6.1. 
6.8 
6.8 

9.2 
10.1 
8.4 

1,5.6 
12.3 

9.0 

0.0 
7.1 
6.7 

..6 
i0.3 
8.4 

8.0 

8.4 

8.7 
7.2 

12.2 
14.5 
lo.0 
9.4 

..embeffirrearestWrIer;WeltaramOrrpue-u,...,..1,,ncau,.......-,......mona.Denaamorroner.nrap.vnemmenym- 
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None of the figures for reducing groups, 

liberated from either of t ,e hemicel- luloses by the 

action of crude precipitated malt enzymes can be 

considered t representative of cytolytic action, 

due to the presence of starch in these substances and 

the consequent amylase action. 

interesting to note that whereas in long 

period cytolysis of barley/ gum C2 the relationship between 

hydrolysis and enzyme concentration appeared substantially 

linear from the start of the action,the expected 

linearity hydrolysis and time eras not observed in 

case of short period cytolysis, there being a rapid 

liberation of reducing groups at the start of the,ction, 

followed by a slower liberation of reducing groups, the 

latter being proportional to time (figs. 5 -8). Similar 

actions will be noted in the case of the barley hemicelluloses, 

but here some of this action is probably due to amylase 

action. Hydrolysis /pH and Hydrolysis /temperature curves 

have not been drawn for these results, but from an 

examination of the figures for the cytolysis of barley gum 

(table XII), it would appear twat tae optimum conditions 

for tais action are at p: 5.0 and 44 °C. 
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zyiye fr o*. 

Empx..4.11-1_a e 33ázagz and Oats. 

100 g. each of ungerminated barley and ungerminated 

oats were extracted with 250 ml. of water at room temperature 

for 2 hours; the filtered extracts were poured into .4 volumes 

of 95% alcohol, and the precipitates obtained taken to 

dryness in the usgal manner. The dried precipitates were 

tested for cytolytic activity against barley gum, C, by the 

standard short period, method at PH 5.0 and 3700.; a conversion 

using crude precipitated malt enzymes was also run for 

purposes of comparison. 

The hydrolysis of barley gum 02 by cride - 

precipitated enzymes from various sources at pli-,5,0and- 37°C. 

Corrected reducing groups liberated 
(as ylose) as of substrate. 

Source of mg. of 
enzyme - 1 hour. 3 hour. 

enzyme.- added.- 

Ungermind, 5 1.2 2.1 
barley. 10 1.5 3.3 

Ungermind. 5 2.4 5.6 
Oats. 10 3.3 6.2 

1,ow -dried 5 3,5 5.3 

barley malt - 10 4.1 - 9.8 

As mill be seen in tabie-,21T and fig 11, 

hYdrolYsis of barley gum 02 by the 
precipitated enzymes from 

oats is sdbstantially similar to that of crude precipitated 



4-t, 

; 
: : : : , t .,,...Y-_ 

-- , ; . : i . .......,..a;_:_ t;-i-.. ;--i__....._. 



malt enzymes, the only difference lying ixi the lower activity 

of the oat preparation. The action of the ungerminated 

barley preparation however is entirely different, substntial 

ceasing after 1®3 hours action, and it would appear that an 

enzyme of entirely different nature ham been extracted, 

DI CUSSION. 

The use of extracts for the study of cytolysis 

has proved of little value, principally because of the low 

activity of the extracts, allied with the large number of 

contaminating substances introduced into the conversions 

by the extracts. However the presence of cytase in - 

green malt and low-dried malt has been clearly shown, 

and its Presence in ungerximated oats indicated, by the 

use of extracts. 

A comparison of the activities of green-malt ana 

low-dried malt will be found in table XVI, where it will 

be seen that the low-dried malt is 06nsiderably more active 

than the green malt-extract in the case -of the oytlolYsis 

of barley gum 02; this however is not the case for the 

barley hemicsiluleses, particularly with barleyhemicellulose 

where it will be seen that the green malt extract was the 

more active. Mether this greater activity, 'where barley 

V= C2 is concerned inherent in the malt itself cannot 
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be definitely stated, since it may be due to the more 

efficient extraction possible in the case of low-dried 

malt, the malt 'being extremely difficult ot . 

Accordingly the use of green.eealt as a source of cytase 

was discontinued, and attention concentrated on low-dried ma 

able XVI. Comparison of the cytolytic activities of 

exttacts of green maltand low -driedemalt,e -at: 370C.; 

2 ml of extract used inleadh'ebase. 

e-, 

Substrate. 

Barley gum C2. 

Barley 
hemicellulose 81. 

Barley 
hemicellu ose 

Corrected reduCing groups liberated (as xylose ) 

as % of substrate, after 18 heurs conversiOn. 

Green malt. Low-dried malt 
extrait, extract. 

Pound --Calculated 

e 16.0.... ..ac.P 

.4.1 - 

5.0 3.0 

. -2. 
. 

Of the substrates examined,' although f.911;;Of, 

these were susceptible to cytase action, namely,. barley gum B2, 

7.9 

Pound Calculated 

7.9 15,8 

O 

6.0 

bar le gum (43,,, barley hemicellulose.S- and barley hemicellulose S 
, 

. 1 

only onefbarley gum C2, has proved suitable for worL in the 

tnmediate futtre, the remainders being contaminated te'an 

appreciable extent with starch. " The hydrolysis of the barley 

homice13 uloses was extremely slow, especially in the case 

of hemicellulose 811. *hen oily 4. ydrolysis was adhievdd 

after 66 hours conversion C table IaT ; no measurable action 



could be observed in the cases of willow :damicelluloses 

and (Aand B), 

The findings of previous workers that cytase is 

precipitable in an active form by alcohol has been cdmfirmed, 

and the use ofaprecipitated form of cytaselneoessarilY 

contaminated with amylases etc., has provided some interesting 

results. 

That cytase does not depend on the presence of 

dialysable material for its action is apparent, since the 

dialysed extract was active without the addition of,such 

substances other than buffer majerials (table VIII); 

the possibility that sodium or acetate ions activate 

cytase cannot be dismissed however, as these materials 

were present in the buffer solutions used to adjust the 

pa value of the conversion solutions. The age of the 

dialysed extract 01.t:4Sting was of necessity 24. henrs, but 

its cytolytic activity was unimpaired; it seemssafe to assume 

therefore,4hat nO,Anactiyation of cytase occurs over 7a 

eriod- cf,24 hours4' at least in dialysed. extracts. 

The crude PreciPitated is Atable in_the dry ormtli 

,for appreciablelengths,,pf time; the same preparation Las 

been used, over Periods-of several months,. with,--no .appreciable 

deterioration. 

on Eari aaglat am 22 + The cur-Teti 

hurirolysis/enzyme concentration (figs. 1-4) for long Period 

cy-,olysis-,o.f.barleyguin 02, show that the two bear a 

substantially linear relationdhtp at first. This is no 



marked 
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4e in which case hydrolysis irï constant time 

arid enzyme, ̀ cone tra ion were proportional at each of the 
. 

temperatures tested; with -increase pH value 'linearity 

is lost, paxtzciildr1y ,t 45 C. with :higher enzyme conoentrations 

linearity 18 speedily lost, particula,rly at the higher pH 

values; extension of the reaction time to 44 hours at pH '5.4 

gives substantially no increase in hyd.rolysis 'with five Fold 

increase in enzyme concentration. . Under optimum conditions 

hydrolysis and ''enzyme concentration show proportionality 

up to =20% h.yd.rolysis, but beyond this point even, under 

optimum conditions linear i ty is rapidly lost; JA ̀ is 

possible "that the point 

Of a :particular phase of 

reached ̀ "inol ud.es the 'end 'point 

olysis for this °substrate. 

Frç?m , the above it may be concluded that there is a substantial 

decrease in the stability of` cytase'with 'decrease in acidity, 

even at .the: loyer ;temperatures ; fige. 2-4 illustrate 

cie rly this decrease in stability with increase in pH value. 

The influence of pH varies with temper ture9 at 

a temperature of 37°C. hydrolzsi.s is "greatest in the rance 

5.0 - 5.4, but ̀ with increase- in temperature the optimum 

shifts to a value between 4.6 and 5.0. l'or temperature 

a more definite optimum may be stated, viz. 

pH having little . i.nfl.taence on its position. 

Assuming ;` the akif3te'l'lce of two types of lm 

ubstrate molecule ' each attacked by a differ 
,,.. 

enzym e,: these observations may be taken to indicate 
the 

resence inAßr tase preparatipn used of two cytolytic 

in the.. 



factors. Thus factor X with an oiotim4m pH value near 5.4 

gives a rapid hydrolysis of the substrate, but its action 

ceases after the total hydrolysis reaches 10 - 20%, whilst 

factor 'Y with an optimum pH value near 4.6 and little or 

no stability at pH 5.4 gives a more prolonged hydrolysis 

at the lower pH values. The optimum temperature for both 

factors wogid appear to bein the region of 40°C. 

Possible reasons for the absence of an action by factor X. 

after the stage of hydrolysis rePresented by a total 

liberation QC 20% of reducihg groups has been reached are: 

firstlY that the enzyme has been inactivated, and secondly 

that, by the time this stage has been reached, all the 

linkages susceptible to the action of this enzyme have been 

broken, and consequently no further action is Possible. 

Further suPPort for the suggestion that two enzymes 

axe jrriscived comes from the observation made abaves that 

whilst the low-dried extracts are more active in the case 

°f barle gam C2than green malt extracts, in the case of 

barley hemicellulose S tile latter is the:more aotiVes- and 

in the case of barley lielaicellulose S their activities 

are aPProximatelY cqua 01,1d be undarstandable if 

more than one c7tolytip factor was concerned ,attacking 

different linkages, the distribution of whidh would be 

e3ç9ected to differ in different ubstrates. 

'hort Pe iecl, gany.,ehullua f Barlgz a21.......5 hours.) 

hydrolysis/time curves for short period conversions of barley 

gum 0 2 are extremely interesting, 
and it'must be noted that 

this material is free from starch. These curves are not 



ex e 

-2,. 

he usual type for enzyme actions.ins d an 

y rapid hydrolysismis indicated at the commencement 

f the ac tion, subsequently the curve flattens and 

ereafter shows marked proportionality between hydrolysis 

and time. As was pointed out in t:.e experimental sectiom, 

the initial action 

in; a fraction of a 

ch hydrolysis and 

sufficiently rapid to be noticeable 

nute. Turning to the phase 'during 

time bear a linear relationship; 

the reducing groupe l.ibex°ated during this period are 

plotted against enzyme concentration it will be seen that 

the relationship is, in the majority of cases, substantially 

linear f. 9). 

e relationships between ph and hydrolysis and 

temperature and hydrolysis are extremely compleu, and. curves 

to á.11ustrate these relationships have not been drawn; 
At 

hawever from a study of table "V-T'S certain inferences may 

be drawn, The influence of ä, early varies with temperature 

of conversion and length of conversion, being of greater 

importance at higher temperatures; at low temperatures 

(30 and 37°C.) and short conversions (i.e. gxp toi lour) 

theoptimula pli välue... is 4.6 or lower, 

temperature and ijncrep se 

tJU I with rise N+ .1.1'1' 
:... 

,... 

n conversion time tae optïm 

pH rises to ä value in the region of 5.0. ; Similarly the 
... 

influence of temperatute varie:s with la and length of 

for conversions : up to l; hour the optimara t conversion; 

3000. or lower at all pa: values, but for longer 

conversjons the o amper ture will: be seen-to va 

np erat 



.. 



with the pH value, being near 44°C. at pH 5.0, but aear 44°C. 

at pH values 4.6 and 5.4,apparently inconsistent with the 

findings for long period conversions. 

Short Period Conversion f--y emicelluloses al and 

The presence of starch in the barley hemicellgloses has 

unfortunately caused the figures for the hydrolysis of 

these by crude precipitated malj; enzymes to be unreliable 

as a measure of total cytolysis. An attempt has been 

made to correct these iigures for amylase action. It is 

well recognise& that 80% of the breakdown of starch by 

amylases occurs within the first hour of their action, 

if their concentration is high (as it is relatively here 

and that hydrolysis beyond this point is extremely slow, 

taking up to 40 hours or more to reach completion. Thus 

it may be safely assumed that by the end of the .lirst hour 

of the hydrolysis of barley hemicelluloses by crude precipitated 

malt enzyle.us,amylase action will have substantially ceased, 

anct 1.,at any further action viii e due to 7 tase. 

AmYlase action has been eliminated from these figures 

i.i.le.i.efore,by taking the, differences between the 1 anu 3 

nour and the 1 anu hour as due to cytasei these figures 

will be found in table XVXT and the curves drawn from 

then in fig 10b4 It thus appears legitimate to use these 

figures for a stud.y of the seoondtlinear phase of 

eytelYsie. 



;Tab:L e. Corrected 

báx3by hez°Zá.cel°,u1,ases 

enzymes. 

ane. Sr, by crude cipitated 

hemicellul e s;e 

Corrected reduczn ßup « liber,e 
mg. Temper- ( as xyl©se of sub trate. 

ature . 
of H 5 0 n 

C. 
enzyme 

. 

0 4 0.....3 .. 0.4 

37 1.1 

44 1m0 O. 

51 0 .:3 O. 0.5 1.4 0 . 7 

pH 5.4 

5-1: hr 

3Q.. 3 5 1 . 1.5 - .4 . . . 

.. 

10 7 0.3 3.2 2. 2 

44 . 0. 2 1.0 2. 0.3 

51 5 7 0»6 l.3 0. 

1 .7 2. 
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An oxamp1e typical of the hydrolys time curves 
for both substrates for the corrected figures has been 

given in fig. 101D, and the corresponding one for the 
uncorrected figures in fig 10a. Both of these carves 
show the broadly linear relationship between hyd.rplysis 

and time during the second phase. it is of interest to 
note that in the cases of the hemicelluloses the fit 
phase is more marked than in the case, of barley gum 02 

(tables XII and XIV figs. 5-8 and lOa)tand there seems 

little doubt that, though some of this greater action is 
due to the hydrolysis oi starch by amylases, the initial 
Tepid action is present during the hydrolysis of these 
substrates by cytase. In the case of barley hemi0ellulose 
S bot.E.L ± and temperature have little influence on l 
cytolysis; conditions seen to be most favourable atLa pH 

value oi 5,0 and a temperatare of 304t. ur laver. The 

effects of temperature and pH on the cytolysis if 

hemicellulose 82 are more pfenounced; the optimum p2d: 

value tends to be a little higuer taan in the case of 

barley gum 02 being at least 5.4, ana the optimum temperature 

is arOund 37°C. It must be noted, that as yet there is 

no evidence that the same actions are involved in all the 

three cases under discussion, and it is possible that the 

shift in optimum pH observed trith :helicellulose S2 may be 

dike to a different type of action beink involVed. 



2,miaasi gY.P te The hydrolysis of 

barley gum C2 by the precipitated cytase preparation from 

barley is 'very interesting, as it is apparent from an 

examination of the hydrolysis/time curves (fig.11) that a 

different type of action is involved, the action of the 

enzyme easing after i-3 hours conversion, . The hydrolysis 

achieved (approximately 3%) corresponds to that of the 

initi -1 rapid action of the malt enzyme. The presence 

of cytase in ungerminated oats has been aonfirmed by the 

preparation of a precipitated mixture of enzymes from this 

source. The action of this enzyme preparation on barley 

gun C2is similar to that of crude precipitated malt enzymes 

(table XIV, fig.11), although the preparation is less 

active. 

Clearly cytolysis by crude precipitated malt 

enzymes involves two distinct actions: firstly a rapid 

hydrolysis corresponding to production of 3;5% of reducing 

graaps, and secondly a more prolonged hydrolysis which 

is proportional to tine. It seems highly probable that 

these two phases arise from the action of more than one 

enzyme, the initial phase arising from the action of an, 

enzyme which attacks the substrate by breaking it down to 

molecules of still large size, e.g. depolymerisation, the 

second being due to an enzymeor graup0 of enzymes, 40.14L40- 

hydrolysisthe breakdown products of the action of the 

first enzyme, and possibly the unchanged substrate, .tø 

(eventually) simple saccharideE3. It is possible in view 

of the complex constitution of the barley gums and hemiceliulcaes 
that different types of linkage are involved-in -these changes. 
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The suggestion that more than one enzrme is 

involved in cytolysis fits in admirably with the observation 

made above on the action of crude precipitated enzymes 

from barley, since it would appaar that only one of these, 

namely that responsible for the initial rapid action, is 

present in barley. 

Further evidence in favour of the above suggestion 

is provided by the temperature and pE effects noted with 

barley gum C2. Here it will be noted that two groups 
+eit 

of optima tare present, one fa..11$ conversions up to 1 hour, 

in which the respedbive o -ima are pH 4.6 and 30°C., and a 
404- 

second groulo x.11 conversions up to 5 hours in whidh the 

relationships are mere complex. 

If the linear portions of the hydrolysis/time 

curves far barley gum 02 are extend d to cut the hydrolysis 

axis, it will be seen that the intersections of the ,majority 

fall indiscriminately within a close range of hydrolysis 

from 3-5%. It would appear therefore that the initial 

rapid action is limited in its extent, and that this limit 

can net-be exceeded by increasing the enzyme concentration, 

thus supporting théjcontentienthat this -'action Oemprises 

depolymeriSatiener-dibaggretatien, rather -than a:.,Continuous 

It was noted whilst discUssing the long period 

larso.etion of cytase on barley gum C2. that the available 

evidence pointed to the presence of two enzyme action and 

since the action must correspond to that of the "enzyme" 

responsible for the linear phase of short period conversions, 
ct.) Veut-A- 2/1""1"-r"- 

this may be taken that this itself is a system of enzymes. 
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This possibility Is further supported by the complex nature 

of the pH and temperature effects cle_ the linear phase. The 

absence of any indication of the existence of the initial 

rapid phase during long eeriodactions is not surerising, 

since the conversion was allowed to proceed 20 hours 

before the reducing groups liberated were determined,and 

consequently departure from linearity would be masked by 

the large number of reducing groups liberated in that time. 

Thus it appears that cytase comprises a system 

of enz-mes and not a single enzyme as previous workers 

appear to have assumed. As far as it is possible to state 

at present, the enzymes or 

following properties: 

em$of enzymes have the 

2Ztae- An enzyme capable of producing a rapid hydrolysis 

of hemicellulosic substances from barley immediately the 

two are brought in contact, without large scale liberation 

of reducing groups; this enzyme may be conveniently termed 

cytoclastase, and its a-ction cytoclasis. It is apparently 

little affected by changes in temperature or DE value, but 

conditions are best for its action at pH 5.0 and 30°C. 

The possible mode of its action is to hydrolyse the substrate 

to molecules of still complex nature, which are the acted 

upon by cytase 2. 

A :.ereae 
Cytase Z:- An enzyme, or more likel system of engymes 

. acting on the Products of "cytoclastase140tIon o on the 

substrate itselfieatea *144Telower rate than uoytoolaStase 

the action being 1Pngelasting. 'eThiseenzYme orcrIzYme 

system may be termed "cytolytase", and its action "cytoly 

The optimum pH of this "enzyme" is 5,0, and at this, the 
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optimum pH, the optimum temperature is 44°C. ; ät pH val es 

4.6 and 5.4 the optimum temperature is 37°C. 

1. Cytase has been shown to be present in green malt, 

low-dried malt, ungerminated barley andLupgerminated 

oats, low-dried malt being the most convenient 

source. AOprecipitated form of cytase has been 

se:e prepared which is stable over long periods of time 

in the dry state. 

2. Of six substance tested as substrates for cytase, 

only one, barley gam C2, has proved fully suitable. 

No measurable Wdrolysis was observed in the cases 

of the willow hemicelluloses, but barley gum B2 and the 

barley hemicelluloses have been shown susceptible 

to cytase action, but the use of these is complicated 

by their contamination with starch. 

3. The action of cytase comprises two distinct phases, 

the total action not being proportional to time 

from the start of the action. The first phase is 

an extrce ely rapid action of short duration, 

producing few reducing groups; a linear relationsh 

exists during the second phase, up to: a liberation 

of of 20% reducing grOups. The pH and taAperature 

relationships of the two phases have been examined. 
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It is ..sugf;ested :tb.at, cytase .i is G system of a, 
. 

least tuo enzym.es, "cytoclastase" and «artol3rta 

( itsepossibly a xt°are 

thes e have described a 

!I 

and the :PrOperties of 

as is possible at the 

present stage. ilwst 
. both are present in low- 

dried malt -nd ungermited.. oats, ittappears that 

Substantiall only gytalolastase is present in 

ungerminated barley. 
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section eviden e was ven 

whi, owed that the action of cytase involved 

and led to the conception cytase as 

o phases, 

system of a 

le t two enzymes, i. e» the oytol.ytic a oc 

factor 

Three possible h:eds by which these , otions 

might be separately stu^9e4 AuTgest themselves: firstl; 

tire separation of tb.e enzymes responsible r the two phases; 

sec anc, iy the preparation of susceptible to only one of the 

aspects of cytase 

of ;methods for folluwing the particular 

action :?er than that of .4etermina: 

of reducing groups. ̀ .. In this section it is only proposed 

to deal with the second of these methods. - 

A possible method by which the px'epatatxanï 

a modified substrate might be achieved was indicated when 

c;rtac,e of lingerminated: barl ey was examined, the 

results of which examxnatiora, led to the conclusion that 

only the cy toclastic fe:ctor was present 

(Se .r.t:1..©r III l was 1. op e d that by allowing the prepipita 

eparation from barley to act : on, the substrate prior to the 

action of crude preCipitated ma ymss, the substrate 

=lad he sufficiently modified to eliminate the qytoclastic 

:action normally observed, d thus p duce a substrate 

axi°Labl_e for the study of cytolysis. 

During the preparation of modified substrates it 

il.l' be shown that if an extract of 'barley is 'incùbateci at 
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37°C. for a sufficient length of time, no precipitate can 

be btained on the addition of Pehuings solution and ,acetnne. 

indicating presumably a complete hydrolysis of barley gum C2. 

This initiated a study of tae water sOluble polysaccharides 

of malt, d.nce it would appear that the constitution of 

these substances changes radically during germination. 

An increase in the soluble pentosans of barleY during 

germination has been reported by Windisch and 'van Waveren 

(1909), and annincrease In the total pentosans i.e. soluble 

and insolubles has been reported illy various workers (Sch8ne 

and Tollens, 1901. van Laer and. Masschelein, 1924 

Preece 1940b) Several of these workers (Baker apd, 

Hulton, loc c Preece¡ 1940b.) have tudied-the,change 

in the pentcsans of ,various sites in the :kernel, i.e. 

embryo, endosperm and husk; the method used was the determination 

of furfuraldehyde yield from the respective sources, and 

as yet no attempt to isolate these -substances has been 

reported. It was therefore .felt that information of 

considerable interest wnuld Pbtained if the water-soluble 

polysacdharides of malt could be isolated and subjected 

to analysis. 

EXPERILIMiTAL. 

In view of the very - low yeilds of barley gam c2, 

etc., it- was considered advisable "0 carrY vat, preliminary 

experiments to test the possibility outlined Jan the introdudtion, 

before commencing large scale preparations of modified 

substrates directly from barley. 
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loo 111.. of a solution containing th equivalent 

of 75 mg. of dry, ash-free barley gam C2 per 40 ml. were 

prepared, and 40m1. of thi were pipettdd into each of 

two conversion flasks. The substrate solutions were 

adjusted to pH 4.6 with sodium acetate/ acetic acid 

buffer sblution and to 30°0., and 10 ml. of a 0.10% (dry, 

eh-free eatiivalent) solution of precipitated barley 

enzymes were added to each; the conversions were allowed 

to proceed for two hours when the solutions were boiled. 

Controls on water were prepared in a similar manner. 

After boiling, the controls and conversions were :made tip 

to 50 ml. with the prior addition of 1 ml. of PH 5.e 

sodium acetate/acetic acid buffer solution, and 10 ml. 

of each withdrawn for reducing group (ietermination. 

15 ml. of water were addeAto each of one control and one 

conversion, and 10 ml. to each of the other pair, the 

former' to receive 5 ml. of 0.10% (dry, ash-free equivalent) 

crude precipitated malt enzymes solution and the latter 10ml., 

making the total opnversion volume 60 ml. in all cases; 

the flasks were broug.ht th 37°C., and the requisite amount 

of enz7Ine solution added. Reducing groups were determined 

after 1,5 and 5 hours conversion, the 0 hour figure being 

taken as that of the substrate solution after boiling, but 

Prior to the addition of crude precipitated malt enzymes 

solution. i 

It, is important to note that the final enzyme/ 

substrate relationships are the same as in the standard 

C onversion method prevotisly used, 
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tigri o± crude prec %pi tated 

on 0.760% barley gam C2 solution te 

alt enzymes 

usly acted 

precipitated barley enzym es; 5.0, 37 Ca 

by 

. 

Corrected reducing gro7a.ps liberated 
mg. of (as r,ylose as iú of substrate. 
enzyme 
added. 1 hour. 3 hour. . 5 hour. 

5 .3 3. 45 5.4 

10 2.4 7-1 _ 10 . 95 

As will be seen in table II and fig. 12 , a 

considerable measure of success has been. achieved, and 

although cytoclasis has,not been-completely eliminated, 
. , 

its extent has been considerably reduced. ln this 

eriment howerer ne control was exercised over the 

action of the precipitated barley enzymes, and consegue tly 

it may ; not have reached completion in the e; allowed.; 

in: order to .eliminate this oss. bil.ty as far as possible 
.:. 

the experiment was modified belowo; 

1.0 g. barley gzm Ç2 was diesQ3.ved in water, 

1 ml. of sodîum. acetate /acetic acid buffe solution added, 

and the volume ̀ made _up to 100 ml. The solution was ple,céd 

in a conversion : flask and -immersed in a 'bath at 30oC. 

0.050 g. Cdry, ásbfrea eqiuvUlont) of precipitated barley 

e tes were dissolved in water, ' and added to the barley 

Co so tation. Reducing groups wore detexta.ined after 

hour, ? hour anc?. thereafter at table intervals 

until the a,ction had ceased, a,nd the ba.iey Ruin was th 
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recovered in .e usual manner, the treatment stopping 

enzyme .ction. The action of crude preci_?itatec 

enzymes on the ^oduct, Modified barley 

wesrtested using the standard sho 

teruperäture used being 37°C, and 

u ,ts will be found in table 

graphs in fig. 

gam C2, 

riod method, the 

e pii value 5.0; 

and e oorrespon'ding 

on a modified barley gum 02 prepare 

C 

ii1g. 

of 
enzyme. 1 hour. 

5 1.8 ;. 

0 2.7 

PH 5.0 and 7 °C. 

Corr ed reduc ng groups liberate 
(as xyláse) as % of substrate.; 

4.05 

7.95 

5 hour. 

6.15 

.05 

2rom the results . it appeared- that the attem 

to prepare a substrate susceptible only to 

been largely successful, consequently large scale preparat 

of modified substrates were attecipted, 

Yto].YsisYliad ., 

5t3d^ 

Pre MQdified 13àrlev gum G2:- 1 g. of barley 
.:: 

were ground and extracted three times with 1,000 lni. 
_ 

quantities of water without previous inactivation of 

enzymes, filtering through ëloth after each eirastion. 

The cob7.ned extracts were raised to 30°C., and held' a 

o 

Y 

s.. 



 

that temperature for three hours. :Note that the action 

of barley enzymes was necessarilY proceeding fol' several 

days during this PreParatien. The tamPerature of 

was Chosen as earlier work (SectionIII) had indicated tha.t 

the cytoclastic factor was most active at this or lower 

temperatures. The extract was then filtered through 

parer covered with a laYer of Kieselguhry and the volume 

reduced to approximately 300 ml. by distillation under reduced, 

pressure. The extract was then filtered through paper 

10114, and HaOH added to a concentration of 4%. Pehling's 

solution was added until a blue colouration was visible in 

the extraCt: no precipitate was Obtained, 'as was expected, 

and acetone was added but again ùo precipitate Was dbtained. 

It seems apparent that long contaet between the barley gum 

and the barley enzyme has medified the g-Um-th the extent 

that it can not be precipitated by the addition of Pehling's 

solution and acetone. 

To eliminate th s laag contact between the gam 

and the enzyme the following method was adopted; 

$ oo g. of garley were ground and extracted twice 

, - 
- 

with:belling 80% alcohol under reflux for 20 min to inactivate 

the ehzYmee. The residues were filtered off through cloth 

at the pump, szid extracted thrice with 1,000 ml. quantities 

Of water at roCM'"tediPeratUré;,.f4,IT;*ei'iùtÙrdugÙ-Clothat-- 

the pump after each extraction. The extracts were 

combined, raised to 30°C., and 300 ml. of a 20% barley extract 

were added. ' The extract ...was maintained at 304't unii a 
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constant titre was obtained by the usual reducing group 

determination. The extract was then boiled for a short 

time to inactivate the enzymes, filtered through a layer 

of Kieselguar on paper, and tae volume reducedto approximately 

300 ml by ristiriation under reduced pressure. The 

concentrate was filtered tiarmign paper ptlp, and lqa0a added 

to a concentration of 4%; Fehling's solution was then 

added followed by half a volume of acetone, and the precipita e 

obtained, modified barley gum C2, taken to dryness in the 

usual manner. 

2=Dazaiian e.tModified Parley Hemicelluloses:- In this 

first method it was hoped that the action of the enzymes 

o the barley under treatment, with the addition of an 

Of-amylase containing extract would prove sufficient both 

to modify the hemicelluloses, and to remove starch. 

100 g. of ground barley were mixed with 500 

of water at 008C., and thentemperature maintaired foa: 

hours; 200 m14 of a 5f4 low-dried malt extract, in which 

gylase and cytase had been inactivated in the usual 

manner, wereaadded, and the temperature raised to 570C. 

overnight. On testing, starch was found to be still preSent 

in the extract. The residues were filtered off through 

cloth at the pump, mixed with 500 ml of a 52; barley extract, 

and the temperature raised to and maintained at 3000. for 

2 hours. At the end of this time 200 ml. of a 5, Wlase 

free and cytase free, malt extract were added and the 

temperature raised to 
5700. overnight. Starch was still 

present after this further treatment and the 
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preparation was discontinued. 

In view of the failure of the preceeding 

experiment , it was decided to gelatinise the starch before 

attempting the modification of the hamicelluloses. Accordingly, 

100 g. of ground barley. were added slowly to 700 ml of 

boiling water so that the water did not go off the boil, and 

the mash formed was boiled for a, short time. The 

gelatinous mixture was then pooled to 80°C., 150 ml. of a 

:Law-dried malt extract added, and the temperature held 

for _20 min. to liquefy starch. The mash was 

cooled to 30°C., 300 ml, of a 20% barley extract added, and 

the temperature held at that temperaturefor:khour. At 

the 044 of thl,,,e time the temperature wesfraised to 57°C., 

150 ml, of a4pamy1ase free an&cytase tree malt extract 

added,and the maSh,inoubated at that temperature overnight. 

Starch was still present after the treatment, bat after a 

further similar treatment starch, was completely removed. 

The residues were filtered off through cloth at the pump 

and thouroughly washed with hot v4ter to remove dextrins etc. 

The residues were extracted with 500 ml. and two 

further 250 ml quantities of Ila0-1-1, filtering after each 

extraction through Loth at the pump. Pealing's solAtion 

was then added, but no preepitate was obtained, 1,e. 

hemioellulose SI vas absent. Half a volume ofacetone was 

therefore added giving a precipitate of liemicellulose 

which was recovered in the usual manner. 

It will be noted that no henieellulose SI was 
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obtained, Whereas this fraction Was present in previous 

preparation. A further preparation of modified barley 

hemicelluloses, and also two norral hemicellulose preparations 

were made from the same barley, but in no case was a 

hemicellulose B1 obtained. 

The furfuraldehyde yields of the modified7substrates 

verc determined, and the results will be found in table :A.X. 

Table ZZ. Yields of) and furfuraldehycle Yields from 

modified substrates. 

Substance. 

Iblodified barley gum C2. 

Modified barley 
hemicellalo se Sp 

DrY, ash-free. 

Yield as Furfural 
%oof as % of 

barley. substance. 

0.5 25.55 

3.4 3.7 46.90 

eparations 

The a,ction of crude precipitated malt enzymes on 

the modified substrates was tested by the standard short 

period method, at piI 5.0 and 3700. In ord.erhat the action 

of cyta,se on t.ae modified substrates could be more accurately 

comp.red with its .normal: .:subS#ait,es., convesions..- 

on. barley gum C and barley hemicellulose 82 were run concurrently. 
2 

The results are ecortied in table 'MI and graphed in fig* 14. 
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Takla -Au.. Action of 10 mg. of crudeTrecipitated malt 

enzymes on modified and unmodified substrates at pH 5.0 and 5700. 

Substrate. 

0 

Corrected reducing groups 
liberated(as xylese ) as 

% of substrate. 

1 hour. 3 hour. 5 hour. 

Modified barley gun 02. 4.2 12.15 17.55 

Barley gu m 02. 5.55 7.5 10.05 

Modified barley 
hemicellulose Sp. 

3.45 5.55 7.05 

Barley hemicellulose 3.15 5.1 6.9 

. . : 

It would:appear ,ff0m .the resultsthat, in the 

case of modified barleY 02, the searOn for a substrate 

susceptible to the action of the cytolytic factor alone 

has been successful, the action of the cytoclastic factor 

being almost completely eliminated* In the casepf 

i !Modfied hemicellulose Sp however, a a> neiderablemeasure 

of as is remains. It must be 'noted that slight traces of 

starch were detected in both of the modified substrates and 

in barley hemicellulose 0,, during t...2.0 determination of reducing 

groups before the start of the action, but this had -- 7 - 

opmpletely disappeared at the end of one hours conversion. 

The slight deviation from linearity between hYdrolYsis and ' 

time at 1 hour may,,2i,in the case of modified barley gura 02, 

1. 

be due to the actiOn of amylases on this Small amount of 

starch. this is less likely to be the caso with modified 

barley hemiirellulose 3,1. A point worthy of note is that 

, , 

the action of cytase on modified barley g u m C i s more 



71 

rapid than its action on the unmodified substan e. 

14A kreUgeueleia De: Welet=eeeki.2 osa hari.e from 

VibOt:- 500 g. of a normal brewers malt were treated in 

the manner described for the preparation of barley gam 02, 

and a polysaccharide was isolated thrdugJa its copper complex, 

being precipitated by the addition of Fehling's solution 

and acetone, i.e, a series 2 polysaccharide. 

The first striking feature about this substance 

is its entirely different physical nature from the 

corresponding, fibrous barley gam C2.; the dried substance 

from malt is a white, comparatively hard, granular substance, 

of much greater density than barley gem C2. 

Since it had bien shown possible to isolate a cold- 

uater-soluble polysaceharide from malt, it was considered 

advisable to examine the malt for the presence of a het- 

watex.soluble polysaccharide, i e . one corfesponding to 

barley gum B2. 

Accordingly, 500 g. of malt after pretreatment 

in the usual mnmmer to inactivate enzymes, were extracted, 

with successivo 1,000 ml. quantities of water until little 

or ne further extraction occurred, and the first-three of 

these extracts were reserVed for the preparation oÍ, the 

C old-water-soluble polysaccharide, (above) , the subsequent 

ide.erater extracts being discarded. The malt residues 

were then extracted thrice with 1,000 ml, quantities of 

Veater-at 40OC., the extracts beingmseparated through 



oth at the pump after each extra ction, and 
polysaeoharide was recovered from 

manner described for barley gum 02. 

again proved to be of the second seri e 

olysa c chariú.e 

was of very 

i.lar nature to the cold at. tvr-soluble polysacc:- ride. 

áäe substances were subjected to 'the usual 

ytica cd.eterrtlinati.o 

in table XXII. 

Table '2,w, Ana2yticc. 

malt. 

Substance, 

the results of Which will be faun 

a ater-»solub le olysac ides 

Dry. aah -free. 
ÿ 

as fa of Meld 
substance. as of 

barley. 

Purf ural 
as % of 

substance. 

Cold-water-soluble 
malt polysaccharide. Qd0 0 5 44.05 

Hot-water-soluble . 

malt polysaccharide. 12.50 

ae action of cytase on the malt poly.sacc,harides 
_......... 

was studied using tae method described for the modified 

substrates; e results will be found in table and 

tYie corresponding curves in fig. 15. 
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ction ©f 10 mg. of de pitated 

enzymes on the water-soluble pa y'sa 

,t pH 500 and 37°C. 

Time 
in 

hours. 

Corrected 'reducing groups libera tesi 
as x,r1ose). as ó of substrate. 

Coll- water-s.oluble Hot-wa ter -soluble 
i olysac aar id e, polysaccharide 

om the results 

5 

5. 

dear that the water- 

uble malt polysaccharides d at -a much 

slower'' rate tlia ' sre the corresponding barley : gums 

hydrolysis of the cold-water-soluble substan 

the 

propor'tional 

to time, whereas that of the hot-vrater soluble substance °.. 

is nïit, substance gives a purple- brown colour 

with iod.ine, possibly' due to t.ae`prisence ̀ of starch-dextrins. 
interesting to nets 'that extracts Of the 

malt polysoä 

barley gv.ms 

'.des, in distinction from extracts` the 

Zbigl rEtvs.rá.tigg au,bstatest- ,. 
The a.ttempted, 

, . inatiom of cytoclasi.s has givet: some very satisfactory 
suits, all ,riations of method being sücce to 

greater or lesser extent. 



The irst of these methods, i.e.. the modification 

of a standard baler 31.131 02 solution, thoui the action 

of barley enzymes was uncontrolled, gave a substrate which 

when acted on by cytase Showed linearity between hydrolysis and time 

from the start of the action (table XVIII, fig 12). 

The success of the firet,experiment led to the hope 

that the preparation of modified substrates on a large scale 

L e. direotlY fram barleY, would be possible so obviating 

the 'necessitY for the preliminary h YdrolYsis with barley 

enzymes each time a study of cytolysis was to be made. A 

tfreliminarY experiment on the PreciPita*iau of modified 

barleY gum 02 was therefore-carried out 'using a preparation 

of barley gum C2 as the starting point. This again proved 

successttl, and tae hYdrolYsie/tiMe curves. (fig 13) for 

ths action of cytase on this préparation are straig,Lit lines. 

Also as was noted in the PreTious Section for the second 

of normal cytase action, tae gradients of the carves 

are iroportional to enzyme concentratiOn, 

- The first and unsuccessful attenTt to PrePars 

modified barley gum C- fram barley yielded valuable 2 

information. This was that sufficiently long contact (4 6 days) 

between barley gam C2and the cytase of barley, i.e the 

supposed cytoclastic factor, breaks down the to the extent 

that it can no longer be precipitated by Fehlingts solution 

and acetone. The second attempt to prepare modified barley 

gum C 
2 

from barley, in which the action of the barley 

enzymes was controlled, came up tm expectation, giving a 

reasonable yield (0.5%), and a substrate which when acted 
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on by crude precipitated malt enzymes gave a straight 

line curve for hydrolysis time (zig® 14). It is most 

interesting t6 note the increased susceptibility of 

modifie4barley gm C2 to the action of crude precipitated 
malt enzymes; the gradient of the hydrolysis/time curves 

is much steeper than the gradient of the straig.ht portion 

of normal actiond. 

When the first preparation of modified barley 

hemicellulosesilwas completed, it appeared that a radical 

dhange :had occurred in the nature of the hemicelluloses, 

i.e. the resence of series 2 only, where previously both 

series 1 and Series 2 hamicelluloses had been obtained" 

However wham a normal preparation of homicelIiloses was 

made from a sample, of the same barley, and again only 

series 2 obtained, it became apparent tdatttheabsence of 

hemicellulose 8/ was not due to the action «of barley 
enzymes, but was due-to either itsiabsence from the barley, 

or to the method, of preparation; these last two possibilities 

were discussed in Section IT The action of crude 

precjp¡tat;d malt ensYmes on the modified hemicellulose did 

not provide such promising results as the modified gum, 

the hydrolysis/time curve (fig. 14) beitg very much the 

usual shape, and thhydrelYsis attained no greater than with 

barley hemicellulose sp. 



XC 
Tablea4XXalT . Comparison of yi:elds and furfurál,dehycé 

ields from modified and normal be,rley 
. gum. C2 and 

barley hemicellulo 3e ,'Cr, re,ratzons 

Substance. 

Barley gum C2. 

Modified barley gam C2. 

Barley hemiceilulose 

Barley hemicellulose S 

Barley hemicellulo.se S 

0 

t Bry, e s free. 
Yield 2urfural. 

as %Q of yield as % of 
barley. substance. 

2, ;0 .3 s 0.4< 25.60 

0.5 25.55 

47.94-- 

0.9 35.48. 

1.3 .. 45.50 

Modified 
barley hemicel.l® 

3.45, 3 .7 
ose 

- three preparati,ßns. 

. no hemicell.ulose Sl .eo: 

- two preparations. 

By comparing the yields of barley gum 02 --with 

that ..c.f ~modified' barley gum 02, it is clear that <'modifica tiox 

has resulted in no substantial , los of material, and from 

ed. 

a comparison of the furfural.dehyde .yi0las of the substances, 

it "would aPpear that modification has not led to ̀ any drastic 

change ' in the chem3.oal nature of the gum "` txibugh the absence 

fany ' change in furfta.raldehyde yokld frazn the t-ra substances 

does not exclude the possibility that some depalymeriso.tiör.: 

di.saggregation has occurred. 

Turning to,m.adified hemiceZ:lulose,,S it wil.l be 

seen that modification has led to a great increase in the 

yield of hemicellulose; it must be noted that a 



similar increase could not occur in the case of modified 

barley gain C2, since modification was carried out 

subsequent to the extraction of the gum, whereas with the 

hanicellulose it was carried out in the prepence of the 

grains. This increase in yield mast presumably be due 

to the action of barley enzymes on the insoluble hemicelluloses 

of the barley to render allarger proportion of them soluble. 

This observation confirms those of previous workers, who, 

using the cytase from green malt not barley, noted that it 

brought about an increase in the soluble furfuraldehyde yielding 

material when allowed to act on barley grains (Section III) 

Mere id an apparent slight increase in furfuraldehyde 

yield in the modified hamicellulose over that yielde d by the 

hemicellulose S2 isolated along with a hamicellulose Si 

but the validity of sudh a comparison id very doubtful, 

since the hemicellulose S2 isolated in the absence of any S, 

fraction gave a furfuraldehyde yield which is essentially 

the same as that of modified hemicellulose S 
2. 

Thus, as 

in the case of the gun, modification would appear to have 

caused no change in character of the herAicellulose; 

however it must not be overlooked that the modified 

heracellulose containe material not present in the normal. 

preparation,Whidh might confer a change in character aa 

the substance undetectable determination of furfuraldehyde 

yield. 

lalar-m, liAlt;- Two water- 

Oxus 2 
soiiibio:p analogous to barley B2 and 



in so far' as their solubilities are similar, have been 

isolated from malt. These substances have proved to 1)e 

entirely different from the barley gums both in physical 

appearance and texture, and also in Chemical constitution, 

The barley gums are both very light fibrous substances, 

whereaas the substances are denser, cp4pact, granular bodies, 

and do not posses. ai l,p. electrostatic properties® The 

yield of furfuraldehyde from the:two groups of substaflces 
x v 

P..st1Y different ( table ZYarr) 4, the malt polysaccharideP 

givingmuch larger yields; however it must be noted: t:hat 

in this -respect,. the two groups s'hdW..a siVailaritYs na,mely. 

the yield of furfuraidehyde from the cold-water-soluble 

substances is the greater in both. 

xv 

ZA122,g, PurfuraldehYde Yields from water-soluble - 

PolYsaocha.rides of barle$' and malt. 

Substance. 
% of dry, ash-free material. 

Furfural yield. Uronic acid. 

Barley gim 02 . 26.10 1.04 

Barley gun, Bo. 3.96 1.16_ 

,C old.-wa ter- s oluble 
mat polysaccharide. 

44,05. 7.64 

Hot-water-soluble 
malt polysaodharide. 

12.5b - 2.05 

There seems little doubt that the malt polYsaocharides 

n type entirely differen -t from the barley' ohm. 

'and' that consequently they should 'riot 'classified sta Vita* 
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It has tentatl7ely decided to name these substances 

e-dextrinsV This name has been chosen since 

these substances, though excluded from the class "hemicelluloses" 

through the initial water solubility, are much more hemicellulosic 

in nature than are the barley gams (higher furfuraldehyde yield, 

and physical appearance of preparation); the term "dextrin" 

hasioeen introduced to indicate their initial w-ater solubility 

and their possible origin as break down products of hemicelluloses 

in analogy with stardh (9.A.f. Preece, 1948.). The cold-water- 

soluble substance will thus be know as "hemicellulose-dextrin" 

C2 and the hot water soluble substance as "hemicellulose-dextrin 

B2". 

The ac tion of cytase on malt hemicellulose- dextrins 

further enphasises their difference from barley gums. The 

most striking feature about the action of cytase on these 

substances is their much ,reater resistance to its action 

(table XXIII), only 3.5% hydrolysis being achieved in the 

case of hemicellulose-dextrin C2, and 5.2% in the case of 

hemicellulose-dextrin B2, whereas figures for the corresponding 

barley gams excede 10%. Again iì the case of hemicellulose- 

dextrin C2, no cytoclastic action was observed (fig,15), 

and in the case of hemicellulose-dextrin B2, though *his 

action was present, its extent was considerably reduced. 

Little doubt can therefore remain that the w-ater-soluble 

constituents of melt are entirely different from those of 

barley, and consequently results have confirmed the predictionS 

made in the introduction, namelif that radical changes in the 

constitution of the substances susceptible to cytase occur 

during germination. 



The deso2u.oed in this section stren,7the1s 

the conviction that cytase comprises at least twd enzymes, 

or enzyme systems, and had no other useful purpose been 

served, this 7Toa1d --)rove ample justification for the work. 

The results aave sh c7in that although a separation of the 

enzymes of the systom has not been achieved, it is possible 

to separate the actions involved; Jai.e cytociastic phase in 

the action of precipitated barley enzymes on barley gum. C2 

and the cytolytic phase in the action of crude precipitated 

malt enzymes on modified barley .gum C9 and hemicellulose 

dextrin C20 There seems little doubt therefore that the 

theories developed to explain the action Of qYtass, so 

far as they. have gone have a fina foundationi±n facts 



 sÜ"itrrigks-d° 

1. i 1e preparation of substances, modified_ barley 

gum C2 and modified barley hemicellulose S21 possibly 

suitable as substrates for.the study of cytolysis, 

has been described; the action of cytase on these 

substances has been examined and one of them, 

modified barley gum C,2, apraved 

cytolysis.: 

Modification, i. e. the 

susceptible only to 

ction of precipitated barley 

enzyr.es, has been shorn to result in an increased 

Yield of barley hemicell loses, and a possible 

explanation for this . suggested. 

Water- soluble polysaccharides, ,described as 

hernicellulose- dextrins, have been prepared from 

malt, and the action of cytase on them studied.> 

these.: uhetances .have. been;.shoWn to be .quite 

different frog.. barley gums.,.. and the suggestion 

radical changes in the hemicellulosic constituents 

of ae.rley, occur during germination, has been confirmed. 

Sejeral of the earlier suggestions as to the nature 

cytase h a v e been .,con firmed, 
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AIL) PURI2ICATI01; CYTAS4.. 

During the course of the 'work described in the 

previous sections, evidence has accumulated which, it would 

appear, is consistent with the assumtion that cytase is 

not a single enzyme, but a system of enzymes. However, 

no matter how great the volume of indirect evidence for 

the presence of more than one enzyme, the ultimate acceptance 

of this suggestion will require the separation of 

individual enzymes from the system. 

The problem of separating these enzymes, and 

incidentally the purification of cytase, has been approaened 

from three directions; firstly ffactiOnal precip1tation by 

alcohol, secondly adsorption, and lastly extraction with 

buffer solutions of varying pH value. 

The adsorption of ,an enzyme by its substrate 

has been demonstrated, in the case of (4-amyiase)by 

liockenhull and 7erbert (1045), who carried out itbe adsorption 

on a suspension of starch in the presence of 50,% alcohol 

at 0°C., and eluted with phosphate buffer of pH value 5.8. 

It was therefore decided, since the substrate Viz . barley 

gam G2, is not suitable for this purpose awing to its 

solubility, to attempt the adsorption on a water inc" 

hemicellulosel viz. willow hamicellulose Si. 

In considering methods which might lead to a 

: higher yield, a purer preparation or a fractionation of 

cytase, the possibility that th H value at which extraction 
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was carried out might have some influence aro The T&I 

value of extraction could be effective in two ways; firstly 

by increasing the solubility of one or more of the components 

of the enzyme system, or secondly by decreasing the solubility 

of the usually contaminating substances, That both of 

these possibilities exist will be seen when it is appreciated 

that both cytase, and much of the contaminating material 

are protein in nature, and as such will have isoelectric 

points at which they will be in their moat insoluble 

state. An examination of the influence of pH on the extraction 

of cytase has therefore been made. 

liders and Malsdh (1929), in a 1tiy of the effect 

of malting on cytase, concluded that althougl] a loss of 

cytase occurred on steeping, cytase was produced during 

germination to an amount 2.5 times that of the original 

barley. TImse workers vere of the opinion that cytase was 

a single enzyme, whereas it has been suggested that cytase 

is in fact a system of enzynes, and that only one of these, 

the cytoclastic factor, is -Present in ungerminated barleys 

It seams imperative therefore that the behaviour of 

cytase during germination should be ze4,46katitined,'bOth to 

test the findings of the above workers, and more important 

still to determine the stage at whidh'the cytol tie' faottor 

appears. 



'1DalIamIEN AL 

The LAlarRIIAL f 212 111.1.1.92 Herrljose :- 

The method,used for the attempted adsorption of cytase is 

based on that of Hockenhull and -.1:erbert (12LQ. 

outlined in the introduction to this section. Willow 

hemicellulose Siwas chosen because of itd similarity to 

the barley gums (see Section :Ii and its insolubilitY in 
water. A preliminary experiment :had shown that the 

highest concentration °Ofialotholwhith *would yiO.t cause 

an PreciPitation from a solution of crude precipitated 
malt enzymes was,40:fe, i.e. 3 mi. of 95% alcohol/5 ml, of 

solution, and prior o adsorption ,aloohol to this concentration 

was added to the enzyme solution. 

125 ml of crude precipitated malt enzymes solution, 

containing the equivalent of 3.2 mg. of dry, ash-free 

enzyme per ml. were prepared- to 50 ml. of this solution 

50 ml of water were added, to give the control enzyme 

solution of concentration 2 mg./ini., and to a further 25 ml 

of the solution 15 ml. of aloc*ol were added, giving the 

enzyme plus alcdhol control solUtion of concentration 

2 mg./ml. 

To the remaining 50 ml. of solution, 30 ml. 

95% alcohol wer dded, and the solution well mixed; 

12.5 mi. quantities -of the mixed solution were added to 

each of four centrifUge tubes, which already contained 

0 l'g', of willow:hemicel2ulose Si, and contact between the 

enzyme and ha4ioellulote maintained for a Short time. 



tubes were centrifuged until the supernatant liquid 

clear, and the residual solutions decanted and reserved 

in a cl ean1 dry beaker. The hemicellulose in. each tW be 

then washed with a mixture of 50 mi. of water and ßá0 nil 

of 95% alcohol; the washings were centrifuged bright and 

discarded. Elution was then attempted, by adding .2. 

of water, allowing to stanai for a snort.tinie and 

centr ._,zging; the tiel..us,tes were decanted and combined in a 

clean, dry beaker. Control enzyme solution, enzyme plus 

alcohol control :solution, residual solution after dsorption, 

and eluate vere tested for cytase'_-actinity against barley 

C2, using the standard short period method at pH 5.0 

and 44°C., 10 ml.. of each solution aere used,. i.e. 

q lent to 10 mg. o f enzyme, and the res .lte were thus 

rabic. 

XXVI, The hydrolysis of .barl.eY gum C.2 by solu 

ase before and a 

pH 5.0, 44 °C. 

Enz3me . 

} Control enzyme 
solution. 

Co) Enzyme .8e älcohol 
control soution. 

sidual solution 
fter adsorption. 

(d) lu te 

er:a e adsorption a,nd : 

Corrected reducing groups 
liberated (as xylose) 
as % of substrate. 

hour. 

4.5 

311our. .5 hou r.. 

0.7 

4 

0.7 

ions 
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prom the results, recordedjin table XXVIand 

graphed in fig. 16, it will be seen that, since the sums 

of (c) and (d) agree within limits with the value of (b) 

for the same length of conversion, to a certain extent 

the attempted adsorption and elution has been successful. 

Attentio4niut be drawn to the influence of alcohol on 

the action of cytase; it will be seen that in the false 

of the enzyme and alcohol control solution (b)0 the 

action of cytase is less at one hour than in the cOntrol 

enzyme solution a), and that this action ceases completely 

after three hours conversion, suggesting that inactivation 

of cytase has occurred. 

The -Influence of paValue an the Nature ofthe gzIAgg 

;aka;- 100 g. samples of low-dried malt were ground 

and extracted with 200 ml. quantities of sodium phosphate/ 

ditric acid buffer solutions of the following pH values: 

2.2, 3.0, 4.0, 5,0, 6.0, 7.0 and 8.0; at the end of 3 hours 

the extracts were filtered, and their pH values measured 
- e 

using a glass-electrode. The- extracts were then dialysed 

against running tap water until substantially free from 

eats; it was observed that during dialysis a precipitate 

was :thrown down, prestmablY,proteint.eand in all cases this 

was filtered off. :.The dialysed extracts, after 

volumes had.lbeen measured, ewerepotredAttO4 volumes of 

95.Valco14,:and taken to dryness in the usual manger. 
, . 

Theeactivities of the Preparations were:tested- 

4gainst barley gum ep using the standard. short period 

method, 10 and 20 mg. quantities of the preparations being 



used )at pH 5.a and 37°C. 

gur es 

87- 

for the final pH values of the extracts) 

and yields and ashes of the preparations will be f ouundin 

Table 27, and the resin of the hydrolysis of barley ;um 02 

by the preparations will be found in table ;28:. 

Zahla aILLA ` various data on the extrac Ls o ow»-dried. 

malt at various PH values and the preparations obtained 

f xam thern 

ßrigina/: 
value of 
extract. 

2.2 
3.0 
4.0 
5.0 
6.0 
7.0 
yr 
GJ . 0 

ph value 
after 

extraction. 

o.5 
3.75 
4.45, 
5.- 
5.9 
6ry . 8 
( e.3 a1 

Volume of 
extract 
m1. 

1¡00` . 

100. 
120 
120 
140 
140 
90 

Yield mg. 
(dry, ash.-free 
of enzyme. 

247 
237 
676 
743 
516 
411 
403 

A 
as of 

reparation. 

0.3 
1.5 
.G . 7 

1.8 
2.4 
2.4 
-y 1.9 

.. .. .::. ,..:. 

Tr ; `e hydro 77 is 0 f bárl.ea 

precipitated from extracts . of low-dried ma1.t, of the 

orinal pH values indicated; pH 5.0 and 370C, 

C 2 by enz yme 

Origi:näl 
. 

pH of 
extract. 

2.2 
3.0 
4.0 
5.0 
6.0 

7.0 
8.0 

Corrected red,uein 
(as Xvl.ose) as 

'of enzyme,.: 

1 hour. 3 hour. 5 heur., 

4.5 
4.0 

3.0 
1:5.6 

12.3 
11.7 
12.3 

12.45 
11.0 

3.9 
22 . 5 
17.7 
17.1 
18.9 

18.45 
17.05 

k.. 
. -.. . . 

. 
'. 

. 

groups libera e 
of substrater..;. 

20 mg. of en.zyme. 

l: hour. hour. 

3.15 5.1;. 
12.15 28. ù 
9.0 k/ /.9 
9.0 20.4 
8.7 19.5 

our. 

7.2 
41ai 
3. 6 

32.7 
31.8 

Pv4 IR.i N.g 
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The figures in table XXVIII, as they stand, 

and the carves in fig. 17, can only provide informatibn 

relating to the purity of the enzyme preparations, and t e 

r°1ative nroportions of the cytolytic and cytoclastic 

factors pesent; no definite conclusions on the actual 

yield of eitase can be made at tais stage, and comment will 

be subsequently made in the discussion. Let it be said 

the start that no fractionation of cytase has been adhieved, 

as the hydrolysis time curves all show the characteristic 

shape to a greater or lesser extent, and although in the 

case of the curve for the preparation from the pH 3.0' 

extract the departure from linearity is only slight, this 

is more probably due to thencreased bytolytic activity 

masking the aytoclastic action than to decreased cytoclsstic 

activity; that this is correct will be seen if the 

straight line portion of this curve is extended to c 

hVdrolysis axis,when it will be Seen that the point 
. . 

intersection coincidts with that of each of the other 

cures (3-4% hydrolysis). pH has little influence on 

t the 

the relative extraction of either of the cytase factors, 

' ' - - 
' 

- - 

within the range 3.0 - 8.0, although at the highest 

value there -would appear to be some slight inactivation of 

the cyLblytid factor; at pH 2.2 however the extraction oi 
- . 

both factors is considerably reduced. The 7110St aotive 

paration it clearly that prepared from the -ettraot'of 

o iginal PH value 3.0, the aloe of the straight portion 

of the hydrolysiatike Curve for this preparaticin being -- 

much greater than those of the other curves; the activities 



of the preparations 

are for all practic< 

.. 9- 

tracted in the pH rang 4.0 - 

l purposes identical. 

be shown during the discussion, that the greatest yield of 

cytase from how -dried malt._ is obtained by extraction with 

a buffer solution of p2iginai p41 value 5.0.. 

ason it was decided to 

S'o r this 

epa,re the extract for use in the 

fractionation experiment with e buffer solution of the 

original _pH value above. 

Accordingly, 150 g 
witaa. 300 ml.. f á_ sodium phóspbäatefcitrie acid buffer 

of pH value 5.0 for 3 hours at ro om temperature; the 

extract via s filtered through paper at the pump and dialysed 

through cellophane tubing azainst running -water for 20 

Vä t- dialysed'. extract `täs centrii.a.ged to remove 

ec ipitated :naterial , and- poured into an equal 

ted 

ion 

heurs. 

o 5! XcohQl; the precipitate was separated in the 

centrifuge and rewerved,. 

e.;.manner, i.e. by 
equal to the voluxrL 

untr.l no further Tr ecipita 

volume 

e : fraetf.one tton Was . cartted out 

the addition of volumes. of 

e of original extract present, 

tes could be obtained. 

Separable. precipitates were obtained at alcohol concentrations 

yolume) , 65 ¡; (° volumes) , 74 (3 volumes) 

d these were dryness the usual 

The activitles of :LO....mg, g,uantitiës ó the prepa 

ted against barley gurn. 02 and barley :éiemicellui.ose 

standard short period method, at pH 5..0 and 37°G. 



31 

H1 1 

1 

f I- +- -4-----;.- ,',-4- -I 
I I, :. 

..... 4 -. 

I r' 1 , 1,1f-k.:14,,,.k,,,,t,A -,t ., '-',, 4, _i_ 
k 1,-,....a............,..,,..., ,....0....., ,... r_....,),.... h. ,v... 

...1 , 0. , 

.1....,....0,-- s,:-A, L./ vs... (:_t, ,j,,,L;, ...,:,...,.. ',,,,,I, 



result be found in table IX XX, 

orn them in fig. 

curre s 

hem.ic lulose So by ,- 
of cytase from 

ion ally precïpitáVed prepa 

}-d.ried malt, at :pH 5.0 and 37óC. 

a.Vions.; 

Corre ved re,.ucing group liberated 
.ylose) as % of :G7etl'atG¡. 

< . . eonG;n ration used _for p::ecp taston. 

° 65%.. 74 r 

Barley gum .C. 
4.65. 7.05 4.65 

6,9 15.65 5,2,5 

49 r' 

79 
. 

¡g . . 

. 

U" i :: 
! ̂  %si ; . 

3arle;ÿ- hemicellulose 82. 

.6 r . 4 2.85 .1. . Ll 5 r'_ 

3.9 3.9 5.4 2.1 ..,«. 

2. 4.05 

The results of the experiment 

+.tisfactory, and it is possible that a 

e proved very 

rtial separation 

the two factors of dytase has been a,ccomplisb:ed, since 

since it will be seen that the fraction precipitated by 

79% of alcohol when acting on barley gum C- dhows 
,,. 

substantially no hydrolysis after 1 hours conversion; 

it :seems hi rhly próbable therefore that this frG.,etien 

consists solely of the cytoclastic factor. If the fá., 

for the hydrolysis of barley gum 02 byethe traetici.t:M 

preciiitated by 65 alcohol are compared with the figures 

for the hydrolysis of the same substrat; by the preparation 

precipitated from the pH 3.0 extract (table XXVIII), it 

will be seen that the former is the more active, and is 



as- s 

isolated to 

-91- 

e "ae most active preparation of cytase 

The "Aeydrolysis of barley haticellulose 

Spby these preparations is in all cases much less than 

that of barley gum 02 and from the results it would appear 

that the cytoclastic factor only is present in the fraction 

precipitated by 74% alcohol; however is purely tentative 

owing .to the very limited action of these preparations - 

on this substrate. 

Zga Behaviour eZ eeeeete,4-es1 Pete2;e1=, eae 2erelinaletole e.f.BarleVp. 

The original intention was to study the changes in cytase 

during the germination of barley by directly examining 
- , 

the activities of extracts of barley at VEriaus stages of 

germination, however this proved unsatisfaotOrY due to 

the presence of substances susceptible to cytase in the 
e - 

extracts themselves. T4e stddy had therefore to be 

carried out using precipitated enzymes prepared from the 

extracts. 
samples of barley 
Four 25 geAwere steeped in water for 48 hours 

et room temperature; the steep-water was then decanted 

6 

off, and the grains wadhed witn water. 3 samples of 

steeped grain were then placed in a dark chamber on 

blotting paper provided with a sufficient supply of water 

to keep it moist, and allowed to germinate at room temperature. 

An unstoeped e5 g. sample of barley, a steeped, ungerminated 

sample, and samples of barley removed after 2, 4 and 7 days 

germination were tested for examination of their cytae 
activity in the following manner: 

The sample of barley was ground in a mortar with 



sand, neo. e steeped sarp1e-.was grog e 

nd extracted with wate: to 125 g., excluded), fbr. 

hours at 21°0. . The extract was filterec' through paper 

the pump, a crude precipitated enzyTnes were prep-.red 

from it by pouring into 4 volumes 90) alcohol,, and taking 

The volumes of the extrac to dryness in the usual manner. 

and the ̀ yields , moist ores arad ashes were determi ed and are 

recorde in table XXXI. e activities of 5 and 10 mg 

quantities of the precipitated enzymes were tested against 

barley gum c2 by the standard short period method at pr 5.0 

and ; ?'C , controls being run in all cases. 

liberation of reducing groups occurred :Lin the controls, 

and figures for these have therefore been omitted from 

the table of results ( table III); allowance However 

Little or no 

been made for the contrQls;where necessary; calculttir_g 

the hydrolysis dus' to cytase. 

I.Q.12,10. . .n conditions prevailing in the dark rxeanber. 

Maximum Relative 
temperature, tamperature. humidity. 

61.5°C. 47.0oC_. 100 %. 



.. 3- 

;; i.elc3.s and ash contents of precipitated 

enz prepared from extracts of barley u s stages 

of ge lnataY':. 

ber of daps Volume of Ash as % of . ïeld mg. 
germination. extract.ml. preparation. (dry, ash-free 

UTlste+E;ped + 0 
Steeped 

ecipi. 

200 10.8 657 
120 10.3 304 
120 7.3 354 :o 6.9 252 
100 10.1 477 

e hydrolysis of barley gmm by 

es from extracts of barley at... various .. 

..of germinatic+n, at pH 5,0 and. 3?c0. 

c teca reduci. 
se) _agi 

Time 
in 

hours. 

groups liberated 
of, substrata. 

TTnetee,ped. ed:. 2 day_. 

:5 g. of , enzym 

4 day. 7 day. 



'11 

1 



It clear that production of cytase starts 

even during steeping (fig. 19), an d that this production 

continues throughout the 7 day period investigated. 

There appears to be little or no :production of the 

cytoclastic factor above that present in the original 

barley . 

gxtrQr1 2,17. 
Qtts tI ESZI A-1.901104.:- 100 g, of low- 

dried malt were ground, and extracted with 125 ml. of 20% 

alcohol for 3 hours at room temperature. The extract was 

filtered, and poured into a sufficient volume of alcohol 

to bring the concentration up to 79%, and the recipitate 

obtained was taken to dryness in the usual mariner. The 

yield and ash content of theprecip.tetec. enzyme will be 

found in table 

ZDELLI. Thefrie1d and ash content of the predipitated 

e preparation from a 20% extract of low-dried malt. 

Ash Dry, ashfree. 
as % of 

preparation. Yield Yield 

me;" as (7-:, of malt. 

6.1 772 0.9 

The hydrolysis of barley gum 0 by m 2 g' 

quantities of the preparation was examined at pH 5.0 and 

by the sta,ndard shprt-',-period method; a control 

convertion with crude precipitated malt enzymes was carried 

out under the same conditions, f or purposes of comparison. 

The results are reco::ded in table XXXIV, and graphed in fig. 20. 
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95- 

TAbl.Q :,_ The n.ydrolys of bar y gum C2 30 mg. 

quantities nf crude . recipita'ced malt enzymes, and an 

enzym 

Time 
in 

ñours. 

ed from a 2 alcohol extract of lav-dried 

5.0 and 57°C. 

Corrected' reducing groups liberate 
(as xylose) as % of substrae® 

Grude precipitated Prepared from 20% 
malt enzymes. al.eohol extract.. 

Clearly extr 

a much more active pre- ,aration than does 

water. 

. 

. 

,,dsu u.Qxy ç. "« - It seems clear that some 

.. . . . 
. . . 

.. . . 

ul;easuré Of -adsorption and 'elution Of cytase ̀h.as been 'athieved 

*hen the results of this experiment ( table XXVI) axe: 

xamined. I. vviZl be seen that the sum of the hydro34rsis 

achieved by the residual enzyme solution after ads 

and that by the eluate agrees, well as midUt be 'expect d, 

the hydrolysis achieved by tb.e' enzyá. 

ëantral, which would be the anticipated 

adsorption follared by elution been suc, 



for hydrolysi. for the action of the solutiebb (fig. 

Shaw that the action of the eluate ceases after 1 hours 

conversion, indicating that only the cytociastic factor 

was eluted, and since elution WaS Complete (see'abolte))it 

would appear that only the cytoclastic factor was adsorbed. 

However it must be noted that the 'hydrolysis/ticQe curve 
, - 

far.the enzyme plus alcohol control is not of the usual 

shape for cytase-antrent4 and hydrelysis will be seen te- 

. 

ceaee.,..-.after 3-hoUrif:''It must be concluded therefore that 

atthe--tverature òf conversion, a concentration Of 6 

ardeheI.';'. ..inhfloitt- or inactivates at leaSt pa rt. of the 

cytasetompiex. Consequently it cannot be conclusively 

claimed that only one factor is adsorbed, since the 

absence of any action after 1 hour in the hydrolysis 

. . .. 
by the elua e m to be due o ei 

th th 
er e inhibiting effect 

of slight tbaces of alcohol present ih:thb elate, or the' 

very Icw activity' bf the eluate. 

au .1.1111BIlag. aL 1.471 nr1 t e E41,11gatig.:Qat_faigal:- The - 

results of the study of the influence of.11H on the antraction 

of .eytase were a little diappointing, in that no clear 
: , 

separation cf the factors of cytase was achieved. Prom the 

hydrolysis/time curves (fig 17), it .a clear,:thatthe most 

active PreParatien, and PremmtablY thorefore 'he pUrest, 

s that extracted at pH 3.75. N.B. the -pH value to which 

oStase is subjected for the majbr part of the extraction - 

is hot that of the buffer%zolution before extraction, but 

that of the final extract, and consequently the pH value 



quoted ahoye, and ifiilcr eres quoted in trae futu 
will be those of the final extract. 

., tarie portions of the curves ing 
tolysis are extended to cut the hydrolysis axis 

be seen t at their points of intersection coincide, 
f r f pproximately 3%; it seems quite conclus re o a 

efore t 
the pH 

ve 

a t-:a,ere is no variation in cytocis,stic activity 
of extraction. The absence of any increase 

oclastic activity i not une42ected, ince it confirms 

an earlier suggestion that -cytoclasis reaches a limiting ve,lte 

for each substrate, hic).a is inàependant of the amount of c 
the cytoclastic factor present. lt therefore cannot 

definitely stated. whether .taere is any increas n the e ac ion 

of the cy toclastic factor or not. 
Since no change in the total cytoclasis occurs., 

te quantity of cytase present in the preparations can be 

expressed in terms of cytolytic activity, and to this end 

a; unit for factor has been defined. 
. 
One .;cytolytic 

factor unit is_ taken to be the.°L, amount of enzyme which 

produces reducing groups equivalent to 1% of the sub.stre,te 

in 1; hour, during the linear- phase of its action on 

bärlsy u C Using tht marrereZ measure of ... 

the amount of cytase extracted, and the purity of fihe pre pare ..°:xons i possible, and figures for this purpose will be found 

in table IOCCA'. 
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Ta;, .e :CXXV. The yields of cytase precipitated from 

extracts of barley of various pH values, calculated' fran 

the cytolytic activities of the preparations. 

e 

Original pinal yield (dry, cytolytic factor units/ 
pH of pH of ash-,free) o f per 

extraetich extraction. preparation . 

from 100 ml0 mg. of 100 ml. of 
of extract. prepe,ration. extract. 

2.2 

.- 

3.5 247 mg. 0.05 
- 

3.75 237 :mg. 0,4 : 95 - 

4 ..0. 4.45- 563 :ag. 0,5 

- 519 ;mg, 0.3 . '185- 

,6*0 9, 
3692. -0.3- 111 

7.0 ' 

8..0 1.5 448-.-- mg.. - 0,2- 

. - 

The figures, tor bytolytio factor units/Mgi of 

preparation confirm the observations made from a study af . 

the hydrolysis/time curves, :that the most active, preparation 

is that prepipitated after extraction at pH 3.754 alad-that 

tUe aotivities. of preparations extracted at pH values 

iden, ical. The greatest--I4eld- 

::.obtaited-by extraction at pH 5 2 a 1 t4P1.144 

04.0r t 45 iv es only ,a, slightly lowCr Yi0X4..: 

. , 

FrP qticrlal -7reciVitatiPla hz 
. 

. 

study of the fractional preciloitation of cytase by aledhol.' 

has given some extremely interesting and valuable results, 

and his led to tho most efficient separation of the oytalytio 



and cytoclastic factors yet achieved. From a study of 

the hydrolysis/ me curve fig. 18) for the preparations 

it will be seen that although although same of the cytolytic 

factor is precipitated by an alcohol concentration of 44, 

the bulk of this factor is precipitated by an alcohol 

concentration of 65%, and the preparation so obtained is 

theriactive preparation of cytase isolated up to the time 

pf this ez,periment, as will be seen if the hydrblysis of 

barley gtxm C2 by this preparation is compared with those 

of Dst preparations; the activity of the preparation 

precipitated oy 65% alcohol may be expressed numericallY 

as C.47 cytolytic factor units/mg. However, to 

preparation of the cytolytic factor free fran the cYtoola tie 

was obtained, since it will be seen that the most active 

preparation with respect to cytolysis shows same departure 

from linearity between hydrolysis and time at lhour. 

The shapes of the hydrolysis/time curves fox a 

the preparations show that the cytoclaStio factor is 

precipitated continously throughout the range of alcohol 

concentrations used, and, for the' reason given whilst 

discussing the influence of pH on the extraction of cytase, 

the alcohol concentration giving the greatest yield of this 

factor cannot be stated. . . 
.... 
HoreOI.byclTolys is by the 

fraction predipitated 7 of aloe:he' ceases after I hours 

action, and it seems therefore not unlikely that this 

fraction contains the cytoclastic factor free from the 

cytolytic. The action of the fraction precipitated by 

74 ,Z, of alcohol is very aimited after 1 hours conversion, 
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and this fraction presumably only contains a sIit ainow 
e cytolytic factor. 

It is pleasing to note tha again the extent of 

cytoclasis is in all cases approxLmately equal, and further 

that this extent agrees very well with that readhed by 

past preparations, confirming once, more that aytoclasis 

reaches a maxim= value for each substrate. 

It will be convenient at this point to discuss 

the cytase preparation from tie 20% alcohol extract of 

low...dried malt, since the purpose of this, and the preceeding 

experiment was to prepare a more active form of cytase. 

The cytase activity of this preparation, and the 

total amount of cytase yielded may be most conveniently 

expressed in terms of cytolysis and figures to this end 

will be found in table =XVI; similar figures for crude 

precipitated malt enzymes, the preparation precipite,ted 

directly by 79% alcohol-from a low-dried malt amtract at 

3.75, and the -preparation fractionally precipitated 

by 65.5% alcohol after extraction of 10w-dried malt at 

PH 5.2 have been include n the table for purpoSes of 

comparison. Pram the oontetts of table -21=V an the 
,........... 

nydrolysis/tjme curve for the preparation under 
, 

discussion, it will be sedii.:.-thEtt btitic--61,::the factors of 

cytase are present, and that fractionation has occurred. 



Cytase'yields and activitiee ai° prepara ions 

fro m. low-dried rna1tA 

Description of enzyme 
preparation. 

Cyto %tic factor units 

per mg. of Yield from 
epá:ration. 100 g. of malt 

recipitated by 79% alcohol 
fter extraction at 3.75. 

Vractionally precipitated 
After extraction at pLE 5.2 

Precipitated by 79% alcohol 
after extraction with 
20% alcohol. 

te 

Ò:41. 

0.57;. 

-1116M11116 

4`5cY 

es in table =XVI mak o it clear . that 

the most acts e preparation, and taie .greatest tie /d of 

cy'tase is obtained by extraction with 20% alcohol. 

Extraction at pH 3. 7.75, , 

extraction with 20% 

alcohol., and precipitati.cn. by 65% alcohol with prior 

removal of the precipitate obtained by 40% ;alcohol, all 

lead to a purer preparation of cytase, ahd it is possible 

that by a combination of t40100,, xaethods ä very active 

preparation of cytaee would be aehieved. A possible 

line of approach to the pxoblem of pux°Ifying cytase midh.t 

be to dissolve tb.pprecipit,te obtained after extrti..t:á.t7'z 

with 20% alcohol in a buffered solution of pit va.lue 3s 7a, 

e.nd áf ter maintaining contact between the enzyme and 'bui f¿" 

for a suitable add alcohol to a concen,tration o 
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after removing any precipitated or undissolved material, 

cytase might then be precipitated by raising the alcohol 

concentration to 65%; 

labia 227., 

Several interestin otnts arise from the Vesults of the 

study of .,the Change in cytase during germination. Fran the 

shapes of the hydrolysis/time curves it is clear that t.lo 

production of cytase occurs during geemination. It had 

been previously shown that =geminated barley contains 

substantially only the cytoclastic factor, and it is 
pleasin g to note that this is confirmed by the present 
experiment. Contrary to the findings o f Ltiers and Malsch 

who were of the opinion that a loss of cytase 

occurs during steeptag, it is quite clear reduction 

of the cytolytio fa,ctor starts even during steering, since 

the action of the steeped-ungerminate mpl- continues 

throughout the wh o e conversion period. As in the pH 

extraction and fractional precipitation stttdies there is 
no substantial increase in cytoclastic action over the 

stages of germination sttliditod., though, as explained above, 

this does not exclude the possibility that some production 

of the oytoolastic factor occurs, or that germination 

facilitates the extraction of this factor, as is the' case 

with fiamylase; again therefore, production of cytase may 

be measured in terms of increase in cytolysis. Pigares 

for'the production of cytase during germination ,will be 

fOund in table =VII. 
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The yields and activities of cytase preparations 

from barley at variou- stages of germination, in terms 

of cytolytic factor units. 

Yield (dry, Cytolytic factor units per 
Stage of ash-free) of 

germination. preparation mg. of 100 of 
from 100 ml. loweiparation., extract. 
of extract.mg, 

Unsteeped. 329 0.00 0.0 

Steeped. 253 0.06 15.2 

2 days. 295 0.07 20.6 

4dayse 280 0.08 22,7 

7 days. 477 0.3.6 76.3 

From the figures for cytolytic factor units/100 ml, 

of extrac t it id apparent that the cytase present in the 

barley increased 5 times within 7 days germimation. 

ltrther, this increase is accompanied by an increase in the 

activity of the preparations i. e. the preparations contain 

les s inactive material -as germination proceeds. This increase 

in purity may be accounted for in two ways: first that 

during germination thereiis some enzymic degradation of c 

oonta:minating material, e. g. by pro teolYsiS, and by cytocIasis 
. , 

of ,barley gums etc.; -66 a point Tvhere -tey are 

precipitated by the concentrntion of aledhol used to 
. , 

precipitate cYtais, and secondly that 'ay-6as is present 

in rtngerminated barley and consequently in the enzyme 

preparation s in an inactive form, which is activated 

during germination, possibly by the removal of an 
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inhibiting group. 

The results of the present work do not agree 

with those Of Lei's and -1,1alsca ( . cit. ) on two,points, 

firstly whereas these workers reported a loss of cytase 

during steeping, the work under discussion indicates a 

cain,4the increase in cytase obterved above is double that 

villich they observed. However it must be noted that Leers 

and. Malsdh carried out their investigation using extracts 

of the barley to study the change in cytase, whereas 

during the preeent work precipitated enzymes ,have been used; 

the results may therefore not be stricIly comparable. 

It is not improbable that the loss Of cytase observed by 

the abdtve workers during steeping is an apparent, not 

true loss, arising vat of the decreased efficiency of 

grinding, and hence extraction, involved in the use of 

wet grain. It is also important to note that Iders 

and lialsch used a different substrate than the one in 

present use. 

After consideration of the results herein, tnere 

can be little doubt that cytase comprises a system of 

enzymes, since in addition to proviaing further indirect 

evidence, it has been shown possible to effect partial 

separation of the factors of cytase; indeed by one methods 

i.e. fractional Precipitation with alcohol, it would 

appear tklat a PreParation of the °Yt°°1astic factt°r filee 

fram the cytolytio factor has been achieved. The present 

work has further confirmed in more than one instance the 

very limited nature of cytoclasis. 
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. The adsorption and elution of cytase : on willow 
hemicellulose has been studi:ed. 

The pH value leading to the .most ac *ye extraction 
of :: cytase has been shown to be 3.75 and : that 

ing the maximum extraction to be 5.2 
The fractional precipitation of cSrtase lias been 

studied and the results :show that the bulk of 

the cytolytic factor is precipitated by a 

concentration of 65% alcohol, and it is highly 
probable that the fraction precipitated by 79% 

alcohol contains only the cytoclastic factor. 
The most active, and presumably therefore the 

purest, preparation of cytase i:sola°tecd:. to date, 
is that precipitated from by 79% alcohol fro 
a 26$ ::alcohol extract o f low-dried malt. 

5. The change in cytase during the germination of 

barley hE.,s been studied,; and it has been shor°rn 

that production of the cytolytic factor starts 
even during steeping, and continues up to at 
least seven days. Produc° `,i.on of the cytoclaastic 

factor , has not been. demonstrated. 

The present ;.work has provided =pie .confirraxati.on 

for the suggestion that cytase is a complex snzyme 
. 

sYstem, compris4.ng at least two es. 
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Appendix ection . 
In view of the high ctivityg of the precipitated 

54. 

cytase preparation from the e _t °.act o " pT:tv. t >, it was 

considered that e greater measure of success might be 

achieved tiritrl e adsorption e.peri.er_t if it were 
ing this preparation. 

modified, 

repeated 

e experiment was however 

lcohol was not added to the enzyme 

prior to adsorption, since it had been shown to hav 

nhibiting influence on cytase action. 

Willow hemicellulose 
. l 

e above enzyme preparation of 

and after standing for a Sher 

separated by centrifuging; 

anc 

olution 

s added. to a solution 

oncen.tration 2 mg. frzJ.. , 

e the 'cellulose was 

enzyme solution was decanted, 

em eliulose was 

by.. centrifuging, òt was noted that the bulk 

d disappeared, and 

each centrifuging vus 

hemiceilulose 

is very in 

separating 

the hemicellulose 

a ce the supernatant liquid after 

fear, it can only be assumed , 
that the 

d gone into selution. 

It must be noted, that this her_Zicellulose prepara t:on 

oluble in --rater under normal circumstances, 

being difficult to dissolve even in 
appear 

wouldAthat the cytáse, prepáration u ed is capable of 

attacking the -millow hem.iceia,uiose : , tó render it 

boiling water 

soluble in water. 



me ho 

cytati., 

and 

1:1 'T'S 014. LILULOSES .. 

introduction ,to Section IV; possible 

e actions of individual factors of 

arately studied were suggested, two 

preparation of modified substrates 

might be se 

ch, viz. the 

e fractiona ti on of cytase 
see Section and V} 

to deal w 

use of me 

e last 

ode other 

have now been examine 

. In this Section it is proposed 

f these suggestions, namely, the 

an that of determination of red4cing 

groups for following the particular aspects of cytase action. 

o' be the 

break f still conipars,tiv 
large e ze, i to sizes of the order of ten sugar 

residues; that is to say, the molecular size of .tee 

substrate should be rapidly reduced to the. extent that the 

normal hemicellulose precipita Dion, methods are not effective. 

That it is possinle for cytoclasis to proceed to this 

extent VMS shown in Section IV., where it Kvas observed 

that if the enzymes of barloy, yhici.2. contains s._bs tant :.ally 

only the cytoclast:ic factor, a i. o e,liovo d to on a barley extract 

for a sufficient length of time, no precipitate is obtained 

on adding I'ehlingt 

wring te course of the work to be described 

s Section, it will be shown that the hemicellulose 

ipitation using Fehlingt s solution and acetone, although 

excellent for the purpose of pure, al -»free materials, does 

not give a quantitive yield of hemiaellulose,. and an 

By definition, cytoclasis is e 

down of the substrate to molecules o Y 

solution ani. acetone. 
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alternative Teethed, that of Angell and Eel- 

examined. 

36), was 

It was observed during the preparation of modified 

barley hemicelluloses, that whereas pretiouely hemicelluloses 

of series 1 and 2 had been isolated, a fresh sample of 

barley yielded only hemicellulose Spl even in an unmodifidd 

preparation; -possible reasons for the absence of hemicellulose 

were *ggested in Section Since the Fehling's 

solutio ,oetone method of hemicellulose precipitation has 

been Shawn to be unreliable with respect to quantitative 

yield, a study has been made of the hdmicelluloses from 

different varieties of barley, in the hope that it might 

be shorn whether the method òf preparation, or the barley 

itself was responsible for the absence of hemicellulose SI. 

During' the preparation of various water-soluble 

polysaccharides of barleyeand malt, it was noted that 

whereas-the barley polysaccharides gave very viscous 

solutions, their extracts proving very difficult to filter 

and giving a very stable froth 'whilst boiling under reduced 

Pressuret the malt polysaccharides gave much less viscous 

solutions, e.g their extracts filtered quite easily 

through paper. Accordingly it was thoudht that information 

of interest might be obtained if the viscosities and 

surface tensions of these polysacCharides were determined; 

the optical rotation of those substances has also been determinei 
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.-LLKEYERnMET. 

e C te :- It was 

prcroosed to use two methods for the tud o cytoclasis, 

but before proceeding with than it 'was necessary to know 

whetier the c-,uantitative precipitation ana recovery of 

hemicellulo es was possible using the Pehling's solution 

and acetonc method of precipitation . 

59 49 3 and 2 ml quantiti a solution of 

barley guai Co, of concentration 10 mg. dry equivalent) 

or m.1., were Pilaetted into,centrifuge tubes containing 

1 mD. of 24 Na011; the volume of the 1íquid in each tube 

was made up to 6 na. with water, i.e. to give a concentration 

of NaCH in each case, and three ml. of Fehling's solution 

and 4 m1. of acetone were added, and the precipitates 

obtained were separated by centrifuging. 
60% 

were washed .ace with acid (HC1)1 acetore 

The PreciPi'.ta:tes 

twice 'with 60% 

acetone,,..and,..three timee,Irgith -9A%, alcohol, 

after each washing to deposit thm-precipitate, and the 

precipitates were then transferred 4Uantitatively to dried, 

: - 

Weighed4"binterglass crucibleSt' '''''the'-Trecipitateb were 

tathea on the crucibles with absolute alcohol, and after 

drying overnight in a vaett* desiCCatit; dried in a 

Oven for 2 hours. rile dried Crucibles were weighed 

rapidly in a stoppered bottles The.eXtieriment:06.e 

repeated on barley hemibellulbses Sl: 
,,, , _ 

bC.MiC6I1U1666:S 
, 
-amittitthe addition: Cf-aCetbne-tn'tbie-' 

1 
, , 

case Cf eeries2111micelluiCees. 
- - 



TablQ Z1X7IIZ. The recovery of hemicelluloses etc5 using 

the Fehlines solution/acetone method of preci itation 

Weight of 
substance 

taken. 
mg. 

3arley 
gum 

Recovery as % of 

BarIeTJ.:. 

hemiCellulse 

riginai substancet 

BarleY 
hemicellulose 

2:. 

hemicellulosz. 
S- 1' 

50 83.0 

40 83.0 58.0 67.0 

30 85.8 52.1' 79.9 66.7 

20 83.0 53.0 84.5 61.0 

Mean recovery 83.7 55.7 al,5 65.4 

From the results (Table XXXVIII) it seemed _safe to 

absume that reasonably reproducible results for the recovery 

of hemicelluloses and barley gum C0 001110 he attained, and 
- - - 

a method for studying oytoclasis based on the above results 

was designed. Recovery of series 2 products is considerably 
, 

better than sees 1, doubtless due to the influence ot the 

added acetone. 

PirstMetho Eg1.124as Cvtoolasistp4. 0.60 g. (dry, ash.-free 

equivalent) of barley gum Owere dissolved in water, 1 ml. 

of pH 5.0 sodium acetate/acetic acidbuffer solution added, 

and the volume made sup to 50 ml,; the Sellation,Was 

t.'ansfeired to a suitable Conical flask, and pIaced it a 

water bath at 37°C. After allowing the substrate ,toreadh 

the temperature of the bath, mi, of a solution; containing 

1».11mg. of crude precipitated malt enzymes per z.1., and 

5 ml. of water were added, and the time carefully notea. 
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After 5, 15, 30, -0 180 and 300 min. conversion, 5 mi. 

quantities of conversion solution were ' iette d into 1 mi. 

24% HaOH in a centrifuge tube; 3 na. of Fehlingl,s solution 

and 4 mi. of acetone were added, and the precipitates obtained 

were treated exactly as in the previpus experiment. It is 

important to note that the 5 ml. of conversion solution 

contain 0.5 mg. of crude precipitatdd nol't enzymes, and that 

the results will be in error to the extent of any hemicellulose 
present in the crude precipi ated malt enzymes, but as the 

total of the 1ptter s thnly 1,": of the barley gam, this error 

will be of little srgnificance, and consequently no 

control was run. 

The experiment was repeated on barley hemicellulose 

S the results for which, with those for barley gum C2 will 

be found in table JJ in calculating the percentage of 

residual barley gam the recovery was taken as 85% and 

for barley bemicellulose Sp 80.3%. Cures drawn fran the 

results will be found in fig.21.* 

zullaIaao 

hemicellulose 

and 37°0 

Cytoclasie.of barley gum C 2 and barley 

by crude precipitated -malt enzymes at pH 

. 0 

Corrected residue as 
Time substance. 
in 

minutes. Barley Bexle.7 
gam C. hemicellulose 22. 

5 100 79 

15 90 78 

0 79 76 

60 78 76 

300 81 70 



I 
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; 
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EglaLv Liztocl rfsi. PPP Lie intention 

beildnd this 'exTootiment -was to icE-3=si-e. teciastIc activity 

by time taken by the enzyme to 'break down the 

to the extent that it could. ,ncylenger be pfecipitate4 

7.e4iinVp ..0o1utioxi..and acetone. 

TIT substrate solution vras Di'eaa:'ed exactly ac in 

tkria fip,?st .met4od and adjusted to 379C 5.170a. of mtelp 

and 5 ml. .polutdon containing 12. MF. of crude 

-refecipitatecimalt enzymes per mi. were added tr....) tn.c subst2ate 

solution) and the time carefully noted 5 min. ,after the 
addition of the enzyme 5 mi.. ofconvorsloh solution wcfe-. 

. 
. , 

. . . . . n 
. . . . . . . . . 

. . 

. 

I4Detted irto 1 mi. of 24 ya,C)H. in a cor,I.:::ELnage tube; to 

trais 7Texe t'ien,added 3 iii. . of :1;'ehlinF'e soldtion and 4.ml, 

of aectolle,...and 'L:1,2 presence or absence of a necip,itate 

noted after centrifuging. beic procedure maseeatc(i 

after 15, 30, 30, and 180 min., but at no stage did tLI,e. 

addition o4* t.4).preagents fail to a precipitate. 

It would appear that taAs second TiO't LOO o7;ri, be 

-put to littlel4so.at .Desent. The results of tn.e 

experiment ate more encouraging, and it be seen taat 

they Confirm the suggestion that the action of the cTtioclatic 

fact6x is ext2o7;aely rap n. The points of Anflection of tae. 

curves woulj cor:cespond tp the end of cytociasis, anduare 

reached ill 20 - SO mdn. under the conJitIons aesc:21bed- 

O ir,ce ttz. mAterial precipitable by -T5 solutioc and:.- 

acetone is still. present at the end of cytociasis, it 

ay)Dear that the products of c',yteclasis are etill of. 

elatively largo molecular size. E.owever is 0 lea:c taat. 
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Ang 

was 

e tho 

t- 

e d are 

does not ].vE', 

is Clea 

and a he of 

for the ;?recipi.tation of 

therefore examined, in the hope that 4ght give 

e oducib? e reedits. 
. 

, 

3, and 2 ráuantities of barleT:gizm C2 

oses 

solution of concentration 10 rag. fml. ,vffere pïpetted into 

centrifuge . tub es containing 1 ml. of 24% N'a4H444d 

of glyceroL, and the volumes made up to 6 ml. wíth water. 

To each 4f the tubes added 3ml. of acetones and ; the 

p ecipit e te0 obtained were separated in the ce ifdge.. 

The sup ernatnnt ,solutione were :decanted, and ,the ,precipitates 

treated exactly as in the .;xec©;vexY experiment äbave. 

The experiment was repea,ted:.on barley hem.ieeilulose S 
and ,'willow hemiceZltxiose 8i, with the omission of the Addition 

tone; results will be found in table XL.: 

Recovery of hezni e luáoses: etc.. using 

Angel and .or ris. P s method.. - 

7.ght of 
substance 

taken. 
mg. 

Re, over as 

Barley 
icellulo 

al. 

Original substance. 

Barley 
gum 

Willow 
icellulase 

.. 50 31 85 60 
40 31 86 60 
30 30 90 64 
20 32 82 62 
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Here again it riii be noted that the method 

not sufficiently ro-Dred-Jcible te :ustify its use u.nder 

the present conditions, and consequently work along these 

lines vas discontinued. Rectivery by the last method is 

very similar to that obtained using Fehling's for barley 

gum Cpand willow hemioellalose 

for b7,rley hemicellulose (c 
1' 

f 
° 

but marked nferior 

able XXXVXII). 

fror4 erent 
sit are;- The pur-Dose of this experiment was to try to 

discover whether the yield and types of hevilicelluloses 

ated from barley are v, ietal characters, or are 

dependent on the treatment to which they have been subjected. 

Accordingly hemicelluloses were prepared from a 

selection of,barleys by the MethOd described in Section II, 

On the addition of Pehling's solution alone to the extracts 

three different phases could be noted;- (1) a definite 

precipitate, (2) a great increase in viscosity and turbidity, 

(3) no appreciable change; the changes observed oh the addition 

of Fehling's solution alone ti11 be found in table ILI., 

together with the yields of the hemicelluloses isolated. 



Tab: e. , .. 
T 

of barleys. 

Mange on 
adding 

Pehling's 

hemicellulose^ frá a sel;ection 

Id (dry, 

He icel.á.ulose 
Si. 

a ee) <as ; 

1 ioneer. 0.00 2.46 

Californian. e71 0.84 

prefect. 0.0(7 2.09 

Cyprian. 62 C.98 

Plumage Arche. A. 0.00 i.40 

ratt Archer. 0.00 1.90 

Australian.. 0.00 2.2 
Variety 

Scotch unaYnown. 0.00 4,68 

- definite precipitated 
increased viscosity and turbid.ity., 

- no appreciable change. 

lose 

The ppeparatión was repeated on those barleys 

from which heslicelluä.oses of both series were isolated, 

i.e. 

herni 

prel 

,lifornian and an, but in neither could a 

lulo se be 

ninary survey of the 

d a se.cond t±m.e . sitom a 

results it would appear that the 

isolation of hemiceilu.lose Sifrom barley is influenced by 

the methd of extraction, though varietal differences of 

character cannot be excluded. 

qa 11127212L1 Consta, is for lha 

`.T.,a.,; viscosity and surface tension of 0.450% -(dry, a6a. 

equivalent) solutions of e'ch of the various polysaccharides 

isolated from barley and malt were measured, using the 

bsrley. 

_Lc) 1. 

2 55 

2.00 

2.55 

1.40 

1.00 

2.22 

2.68 
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^)1Lowirg methods; 

Viscosity:- The a-oparatus used was the "Ostwald Viscometer", 

and the method =2 that described by Hatschek (1923). The 

viscosities of the various solutions were calculated 

relative to that of water, the viscosity of water being 

taken as 2LOON 

Surface 7ension:- Surface tension was measured by the 

"Capillary rise" method, using the apparatus descrihed by 

Sugden (1930); the surface tensions were calculated by 

comparison with water, the surface tension of water being 

taken as 72. 

All measurements were carried out in a water bath 

at-25°C. (A- 0.05°). 

The optical rotation of the substances Tase also 

meaSured, there possible., and W!ofor the substances calculated. 

The results and a brief description of the 

àppe5ava:nce-of the substances will be found in table XII 

- - 



consant ;' 
`.a ZLII . PhysicalA f ór barley an 
:1o.,.ysaccn.ar ed.des. 

anee. Appearance. 

non- ti 

uP.r cn; 

Determined on O sol7tti on, 

W.6 
.50 

v 

Surface `"ä'. ,cgo, +r 
tengion 
?5. C.* 25°c. # 

Barley gam, C2. 

Nádif i ed 
barley gam 

Malt - hemicellu osé- 
dedextrin ri B 

Malt h emi c el1.0 os 
dextrin 

Barley 
h emi e oi.1.' o e S 

Bäz1.ejr 

hemic e1:lu2,. o s e 

Barl e 
he?.J'li cell:ü:lo e 

ibrous «.63. 

Pulver 
ul ent . 4-148.8c) 

Pulver - 
Ulbntw sa.o°. 

Pibrous . 

72 

147 

114 

71 

Pibrous. 

.ibrous . 

Fibrous. 

71 

_.. .. .... 

372 

solution opa 
water xoo . 

Alf .r. water 
. 

72. ' 

no hernice 1.1:izlose 
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cytocla sis essenti 1, :,;.r 

method for `ofowing 

imetric method f r .the 

determination of hemicellul osic substances-, and would be 

interest 

value for 

that respect .alone, it had proved of no 

purpose for Which it ,was., designed. It will 

be seen from the results (tables II and 5.) c;, more 

clearly from the curves drawn from them (fig.21), that 

the method d Zs no J , as, re e as could be wished. 

'Nevertheless the res ts support the sugge,stion that.. 

cytoolasis comprises a rapid depolyrerisation or disageegation 
of the substrate, and t h a t the . action is complete within 

20 - 0 rnin.s. . The o : urtes ; dr:vYr frori these results shiw., 

the extremely rapid nature of cytoclásis, the point of inflection. 
being reáohed in 30 min. ri cases, .by which time only 

79 and 76% respectively of ba 1eV gum C2 and barley 

hemicellulose S2 were recoverable, the action would seem 

,be more rapid in the case of barley hemieeilulose $2, 

when a 20% fall in recovery occur ed in 5 min. The results 

obtained by the second method for .following 
. 

cytoclasis 

indicate tria- tl 

tlriough this does 

when more 

method is of little use at present, 

not exclude its possible use in the future, 

active preparations should be available... 
to ,, the recover; r of riem`3:c 1.u,1 o s i c Turning 

substances in ekle 

seen that in no 

using the Pehl i.n 

absence of enzyme action, it will be, 

e was a complete recovery possible 

solution acetone method of precipitation* 



-120- 

and that in al -,ses the figures were not very reproducible. 
It is interesting to note that the recove °y of series 
substances, viz. barley heraicellulose Si and willovv- 

Is' mu di? lower,.2than that of the series 2 substances 
barley gum and barley hemicellulose S2. The 

recovery of hernicellulosic substances by' Angell and Norris s 

method (loc.- ) has -proved no -mere' reproducible than 

recovery by the Behlin,g s lutionlacetone 'method, and the 

uSe of gravimetric methods for- follow.ing -4y-toolasis.has - 

therefore been terAporarily discontinued. It is tui. 

to note that again the recovery of series 1 subs,tances by 

gell and iTorris's method. is lover than that of series 2 

substances. 

;11, ait 

As was pointed out in the introduCtion to this Section, two 

possible explanations for the absence of hemicellulcsé S 

have been advanced: (a) that this lieMicellulose was 
- . . - 

absent from the barley, and (b) that the treatment to Which 

the hemicellulose has been subjectect has caused it to be 

depolYmerised so that it Can not be precipitated by the 

the addition of Fabling's solution: normal method 

alone. 
Although the two possibilities are not mutually 

exclusive, from the results it seems that of the two, (b) 

is -a more correct explana,tion, since it was found that on 

a second Preparation from tha barleys frou *hic., a 

bemicellulose S/ was obtained previously, no hemioellulose 3 

eould be isblated; however the posibility that 



hemitellulose S,is absent from ,seme. of ...tne.barieys.cannet 

be c:cluded. 

The series of changes from the ixr sence of a 

precipitate through high viscosity and turbitity to ho 

change on adding Pehling's solutjon toethe alkaline extracts 

noted in Section h-- again been obsULVed thus cönÍimnn - 

the suggestion that hemicellulose S is ina, critical 

condition with respect to precipitation with Paling's 

solltion, in which cdindition very slight modifications of 

method mint result in no precir,itate beinc obtained dth 

adding Fehling's solution. 

241 Thyic e- g.t.17/2=JL. gaZIAZ 221Ysacchari.013;- 

It is of some satisfaction -to note tEat.tne CavvalUe 

for barley gum ,C2 table. 1i) is quite close to that Obtained 

.by O'Sullivan for hi- amylan, viz. 55.e; no coMpar Sen of 

the optical to .,tiet-of-!barley gum-B,-, with this-werker's 
. 

figure for his e,i4lan can be made, as the solution of 

barley gam B2 rias too opalescent. Modification of barley 

gum 02 causes little change in i.ts optical properties . 

interesting to note that whilst the Wil,VL,lues 

for barley gam C2 (-54.8) and malt hemicellulose -dextrin C2 

(.88.01 are negatxte, the value for malt hatioellulose- 
.. 

dextrin B2 is positive (+148.80). It has been previou 1 
. 

, 

noted that malt hemioellulose -dextrin B 2 i is dhefly 

hezosan in nature (section Iv), and it does not Seem 

improbable that the small quantity of furfuraldehyde 

obtained from this substance originates in a contaminating 

pentosan; this possibility is further strengthened by 



the-discrepanty between; ti of- thit-subbtanCe :and -those 

of barley tuM ,and Malt hemicellUloSédektrin 

C4) 'Malt heritLieellulesedektrin.:-% CerreSPends-Mbre: to -alat 

of -the ttardh-dextrinb,---typichl-figareS ferthiCh-are-these 

givenby Baker'and"-HUlten (19 --ler'Malte-dektrinl fld 

Baker (1941) for str,,ble-dextrin; A- 178.2° and +195.. o 

respectively. It rould therefore appear taat the substance 

designatee. mat hcmicellulose -dextrin n 
2 
is actually a starch 

dextrin, or a mixture og dextrins, contaminated to a certain 

extent wita pentosan '_LdtE:.`_'..abl® 

- Unfortunately no fi res are available for the 

valmies of the barleyhemiCe11140ept,-.-..-..as so...Lat,ions of these 

substances were too opalescent to alit# pdlarimeter 

readings to be taken. 

C1oar7.1-7 none of the materials under discussion, 

other than barle.y gum1B,..:.w4ich_causes,an apPreciabti 

lowering of the surface tension of.mwtex.,. 2oppozpes surface 

these7,:r.substances are 

viscous to a greater or lesser degree, with the exception 

of barley hemicellulose Modification will be seen to 
. , " . 

have caused a decrease in the viscous properties of beth 

barley um C2 and 'barley hemigellulote $:-.1,:and the suggestiOn 
, 

that the malt hemicellulose -dextrins are less viscous than 

the barley gums has been confirmed. 

Wist appreciating that the results may be n 

error t some extent, since the validity of-certain 

assumptions was not proved, it was considered that information 

interest might be obtained by calculating the molecular 

of 



weights of barley gum C2, nodified kfarley gum op 

malt hemicellulos dextrin C2 from both their viscosiiies 
and. their reducing powers, assuming that the polymeric 

Unit was in each case :wlose, and. that the substances in 

question had straight chain molecules with only one 

reducing grour,, 

To calculate the molecular weights from. viscos 

(Illation given by Kraemer (1943) was used:- 

sp 

C. 
gal 

laere .m.olecular weight.- 

lÖKCei 

specific viscosity increment. 
ative viscosity of subs - . -- ' cositv f water 

Viscosity of water 

.0 concentration.. as molaritl- of polymeric unit. 
the -constant' = 

The :redUcinE.:, powers of 0..10% solutions of barley. 

gum C2, Inodified ba:rley m C 2 and niait heraicellulose- 

extriii c2 are, 0.31 0.45, .:an d 1.65% as 4yloee Of .Subs -atee 

Molecular weigats of various barley polysacchari 
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figures for molecular weip. t can onij be 

accepted as minimum figures since it has been assumed 

th e molecules are built up from pentose, i.e. xylose, 

residues Laone whereas there can be no boubt that the 

stibstanccs contain a considerable proportjon of hexose 

resiemes. 

The agreement between the molecular weights 

calculated by the two methods is excellent in the oases of 

barley. gum C2 and modified barley gum C2, and it -would 

therefore aPPear that the assumPtions made above are 

justifiable for these two substances. It seams probable 

taerefOre that barleY gum 02 and modified barleY glm O. 

have straight chain molecules, as was suspected from their 

fibrous aPPearanoe, and, in viaw of theil' verY high 

vigoosities, it does not seam imProbable t:hat modified 

barleY hemicelluloso s2 and ialrlOY 4emicellulose S2 have 

a stmilar molecular stricture. 

Turning to malt hemicell-llose-de:17trin C2, the 

meleeular wei t calculated from v-I.scositY is over three 

tjmes greater than that oaloulated front reducimg Power, 

throwteg susPiciae on the validitY of the assu4Ptions in 

this Particular case. It would thus appear that this 

substo.,noe is not a strait chain polymer, but has 

bx%nched ntolecuLar " truc tur e mh ch woul d 6...4*.:2accoxd 

its > a;morp4ousapp e and such a structure wi th 

three .....free :radAtiag groups --louId ,7ive or,-eement iii 4iO 

molecular weights ca1u1ate by the two methods.* ,however 

great confidencepannAt be plaóect on this latter onciusiofl 

jncC the equation used to calculate 
the molecular 
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wei,j-It from "V is cos i ty is derived for straigllt chain polymers, 

V 
and does not reliable results for branched polymers. 

A 

Diratzki 1936) showed taat malt kilned after three 

to 'our days on the floor gave brta.:Orybnormally high 

viscosity, of the value of 1,300 compared with 1,060 for 

a normal m al t taking water as 1 sk 0 00 ; the MintMUM tiale on 

the floor to give a malt which on mashing gave a wort of 

normal viscosity was quoted az 5 days. Piratzki was 

therefore led to conclude that the viscosity of wort 

depends to a large extent on the degree of modificication 

of the malt from which it was prepared. Piratzki and 

Vglecha (1937) Showed that the action of arude amylase 

or pectid enZyme preparations greatly 'reduced the viscosity 

of abnormal malts, whilst the action of proteolytic enzymes 

was ineffective in this respect, and they concluded that 

the action responsible for the decraase was that of aytase 

on hemicellulosic substances. They further showed that 

whereas the maximum viscosities of a large number of -Torts 

showed wide variatiaft, the minimumAfell within a narrow 

range, and they were of the opinion that the minimum values 

reprosonted a condition in which the hrclro1ysis of hemicelltlosic 

ubstances by cytase had. ceased. 

rjho present resilts do not confirm the above 

workers conclusions, since it has been shown that although 

the viscotity of the malt hemicellulose-dextrins is 1 

than that of the corresponding barley rnis, the decree 

not sufficient to account for the above change, w4en the 

enhanced total yield of the malt products is taken into accoun 
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Meredith and Sallans 1945), have shown wort viscosity to 

be closely correlated with the salt soluble nitrogen of 

barley and vita wort nitrogen it woUld:therefore aPpear that 

the solution to this problemmust be,:souight:in PrOt.PolYsis. 

Turning to the barley h4MiteIlu.loses. 

be noted:.thatthe hamicellu1OPO.P4).,A4Plated.inthe..absence 

of hemicellulose S has a much ihigher viscosity than the 

hemicellulose. 52isolated along with a hemicellulose SI; 

this observation, which is the opposite of that which would 

be expected -since. hemicellulose $ has a luttoh lower vieo0Bity 

than hemioellulose Saxand is thought to aPPea/' with the 

hemicellulose S2 when absent fl'om the preparationfrequi:res 

furthTer invtstigation before jt can be explained. 

Since modification is Q ons id r ed to result from 

the action of the cytoclastic factor, the decrease in viscosity 

observed as a consequence of it indicates a method by Which 

crytociasis might be followed, namely by studying the change 

in viscosity of substrates subjected, to this action. 
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Two m t rods for z'o11os, *ing eytoclasis Piave been 

designed, but their use did not prove entirely 

satis-factory, However the results obtained 

seemed to confirm the observations on the very 

rapid and limited nature of cytoclasis. 

The isolation of hemicelluloses from different 

varieties of barley has been studied, and it would 

appear that the possibility of isolation of hemicellul.ose 

is influenced to a large extent by slight variations 

in the method used. 

values for the barley and malt :iolysaccharides 

hay£ been determined, and it seems tha t"malt 

hemicellulose -d ea trin B2" is la:r,gel;jc of the nature 

of a starch -dextrin. 

The viscosity and surface tension of the bar 

and malt polysacC arides have been measured; 

modification has been shown to lead to a decrease 

viscosity of the material treated. 

] iolecular weights: ,have been calculated for the 

barley and malt cold -water -soluble polysaccharides. 
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discussion has been made in each section 

but it is now,to collect the material 

the 

of the work therein, 

together in., such e manner that a full appreciation 

conclusions reached can be 

work indicated. 

The fact of cytoly 

both by direct and indirect e 

de, and l± esefor fut 

s 

has been amply con 

idence. Probably the most 
.................. 

indirect evidence is the great increase in yield 

of ext ,'table barley hemicellulose on modification; 

barley enzymes were allowed to act on starch- 

here 

e barley 

grains prior to the extraction of hemi cel.l'uloses, with th 

that the yield of hemicel ulo se Jas more than doubled, 

ttle or no apparent change in the type of hemi.cel.lulose 

extracted. 

finds 

ere can be no doubt that this increased yield 

origin in initially insoluble hemmicelluloses, 

soluble by the ac which were rendere 

barley. A parallel 
modification could not be esec 
siaace the barley enzyned were a 

increase in': 
` .oi of a cytase 

Id of barley gum C 

ed in the method used, 

o v d to act on the gum 

subsequent to extraction; modification of barley gam C2 

did however provide indjreot evidence of cytase action, 

timely the f ail.ute of 1?ehling's solution and acetone to 

produce a precipitate from a barley gum C extract which 

had been in long contact with barley enzymes. Here 

in it must be assimed that the absence of a prec . ai ate 

due to the action of cytise on barley 
gam Cry 

on 



the gam being broken down to the e! t en t that the usual 

method of prec tatios^ was not effec 

indirect evidence fer the presence of a cytol r ti 

system - in barley is the radical change 

water soluble polysacoharides on maltingn 

Turning to °the direct evidence . of ey se açti.on; 

the homicellulcse-.like substances : epáred from .bar,ey 

e bem, sn sceptible to tie action of an enzyme, 

system of . e:nzym.es present in germina ted bará.ey, and a 

precipitated , fora of this enzyme, presumably cytase, ,näs 

been prepared. The hydrolysis Of the hemicellulosiç su:bStances 

fr©M barley by this precip ita ted. en#Me ..háe been studied, 

and it is clear frod the resulp,, thät the: problem o; 

cytase action is not so simple äs previous workers seem to 

hae a.ssutned . 

e hyd479lys3.s áf u.nmodified substrate,s, 

exception of malt hem.içellulose-deztrin C, is not 

normal type for simple enzyme actions, and therlOat be no 

doubt that this hydrolysis involVes two distinctr.actions 

namely, a -rapid.l..berat.on o. reducing groups (an action 

of limited duration), 

action which is proportional to time. 

convenient 

cytolysis" respectively. 

and mod d barley gmm e 

to describe these actions as"cytoclasis"and. 

alt hemi.cellui.ose-dU:ut-rin 
are not susceptible 

and show proportionality between hyd:colys 

tne'start. 
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It will be noted that the tH and temperature relation- 

ships for the action of cytase on barley cum C and barley 

hemicelluloses and show appreciable variation. 

with barle:e7, gum l C2 and barley hemiceilulose Si optimum pH 

value for cytolysis is near 5.0, Whilst eith "e.emieollelose S 
- 2 

the optimumeepH value is in the region of 5.4. Even greater 

variation will be seen in the eptlmum temperature for the 

cytloysis of these substrates, the values6eing 44°C. for 

bar14 gum C2at the eptimum pH, 30°C. for barley hemicellulose 

and 33°C. for bore: hemloe3 -lose '""e 2urther, the 

rate of cytolysis of different substrates by the same enme 

dparation "and 'under the sameecenditionS. varie6 Considerably, 

that of malt hemicellulose-dextrin Cp being extremely slow 

camparecT,,owith thateof barley gum Cp vhilst the hydrolysis 

of the barley hemicelluloses is intermediate to the:twe. 

The above observations, and the hydrolysis of 

arley rem Co 1,, y a precipitated enZyMe from barley, which 

was Shown to correspond to the cytoclastic actidu only, 

are consistent with the presence in cytase of at least 

two enzymes viz. cytoclastase and oytolytase,.'and it seems 

inconceivable that the widebrange of properties noted for 
e 

qTtelytese arise frem the ,action of a Single enzyme. 

Indeed foe evidence of long period conversions of barley gum 
. 

may be taken to indicate the presence of two enzymes in cytolytase, 

one of which is responsible for the major partbof hydrolysis 

up to a total liberation of reducing groups of approximately 

20% under optimum conditions, and a second which gives 
a 



slower and moro prolonged hydrolysis . The po ssibility 
that enzymes other than the above are present in the cytase 
of barley cannot be e?a1.rlllnatGCr.® 

The system of enzymes 7.-fhich it has been suggeSted 
are presen-b in cytase, even supposing, as seems highly 
probable, that each enzyme is snecific for.-one type of 
linkage, would be capable of producing the' wide range of 

properties -which has been observed.. As was pointed out in 
the General Intr. oduction and in the IntrodUction to Sedtion 
the polysaccharides under discussion 'are built up from a 

limited number of mono-saccharide and presumably a:. 

limited /lumber of linkages will be involved.. A particular 
enzyme,- specific for one type of. linkage-, woud. 

be capable capable pf attacking variety of SubStrates, though with 

varying efficiencies- accdird.ing to the extent to which the 

particular linkage vra,s present in- the substrates. Thus 

with two or more enzymes, the varying pit and -temperature - 

optima and types of action observed for the action of 

vtase on these niateria,1S are what would be expected.' 

aetion of bytooOlaStaj1/4.s_e iib to be-- 

extremelY r a P id, and it seems probableka d.epolymerisation 

or disaggregation of the molecule. Such a suggestion 

fits verY well the o oncepti on of trtase 'action outlined 

above, since if the linkage for which c$toclastase iS 

specific was present to only. a, slight extent- in the-substances 

investigated hydrolysis by this -enzyme would cease after, 

a shOrt time -and only result .in the. break do= of the 

substrate to moleoulos of still complex nature..- 
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The absence of cytoclasis from the hydrolysis of Malt 

laemicellulose-dextrin C2 could, also be easily explained 

by the absence of the specific linkage from tnis substance. 

During the General Introduction ib was intimated 
that cytolysis and. 'oectolydis- are not neceSsarily unrelated 
and this possibility is further strengthened- by certain 
peculiarities in the hydrolysis of pectinous substances by 

polygedacturonase noted b7 :1:f±' and Joslijn in a recent:',' 
review of literature relatiraz to the pectic enzymes (1947). 
As presented by °diet these peculiarities were quite 
unconnected, but on further examination they would appear 
to- -be 'closely related, as cause is- to effect. The first 
.peculiatity noted is a rapid drop in the viscosity of the 
substrate during the initial stages of polygalacturonase 
action: and the se cond is that the hydrolysis consists (if 

two stages: (a) an initial rapid hydrloysis of 4 - of 

the glycosidic bonds and (b) a slow stage in which the residua 
btuads are hydrolysed. The rapid fa.L.t. in viscosity would 

be the e:zected result of a partial disaggregation or 

depolymerisation of the substrate molecule: which, need only 

be accoxnpanied by the fission of relatively few linkages: 

as was observed. It is tempting to suggest that, like 
cytas e bolygala,cturonas e is a system involving two 

enzymes. 

Clearly great similarity exists between the actions 

of barleY malt cYtase and polygalacturonase; indeed the 

actjons are almost identical in, that they both consist of 

am, initial r.pi& phase succeeded by a slower phase. 



Thouathe -progressive change in viscosity of sub1rate 

solAtions during the action of cytase has not been 

measured, it rould appear that a fall in viscosity, 

corresponding to that observed during the action of 

polygalacturonase,00curs during 'the action od cytoolustaso, 

since it has been shown that modified substxates, i.e. 

substrates which have been subjected td the action of cjt 

cYtoelastase have considerably lower viscosities than the 

itial urmiodifi d materials. 

..taking into consideration the great similarity 

between the two actions, the possibility that the action 

under investgeton is that of ew-s-s-e, or the converses 
A, 

cannot be lightly dismissed, and it is important that this 
should be examined. A Valuable contribution to the 

elucidation of the prob:Lem would be more detailed information 

on. the constitution of the barley gums and hetaicelluloes 

than. is available at present. 

A major part of the present work ha s. been th.e 

preparation of hemicellulosic substances o: baey which 

might serve as substrates for cytase action, or 

themselves contribute to a closer understanding of the 

problem, on hand; in the course of these preparations 

several new substances have been isolated,- namely, .the 

barley lasisicelluloses and the malt IiemiceIlulose-clextriris. 

In the introduction to Section II comexat was 

passed on the great simtlari-ty between the .barley gunis and 

lieraicellul,oses, and the work described herein on these 

substances has confirmed this. Ined it .appeara. that 
. . 



trae only essential .difi'zronce bet'aceen the (.t.-,:fis and the 

homicelluloses in traoir initial 'watoi 

Clearly the vater.solUbIe taLt 7:polysaccharides', 

the malt homicellulose-de..xtrins.,:are:Cdifferent dhemiCaI 

and physical nature from 'trio barIOY duMsì- 'the latter arc 

fib-Thus sUbstarce.yilt:little or no ,urPnic anhyd.aide 

content, yieldinc 25 -23;2. oí ftrfaraldehydein tho acso of 

barley gam C2., nd ai..proaditately 4C in the c'ob of baalcy 

gnm "2; Therdice'lluIcse -detrin .(2l qranular, 7afis,TP-nat 
f 

'substance 7dth 7 - of.Uronic anhydni.de, arTd a 

lt tee..ts probable that .371..?.1t hemIcelllose 

dontnin 73," "natin a low itronfLe anhydride content. and 

nature 1,, -.."-24" but a staxtettii, There c:tm 

bo no dOubt 'Unar!efore that tL'beicley r71.TrIr 

duTin germi1y'6ion, and are replaced by substances of sen.e- 

different nature; t5hot2er substances are pro,duced 

by t'cle action of oytese on pre,Tionly 

n'r "1";,2 .restIt of enaymlc sytthesib-, cannot bc said, 

b,nt of t'ac t'ao poro:' ln ori-gins the former f3eans 

probable. 

. - . . . . . . . . . . .. - , 
.::',:.':-::,...... Zrom tae review of the ipublished 

..,.....,......:::..... ;.:...:.........., J........... .:..,..,...-:::,..-.. ....:...............,:...,..- ..,........-....- :.......:::. 

hemtcell,lloses etc. griver. 1,.n 4ene General intrcuction, ,J .. . 

and in the itroductlen to Section II, it is clear 
-A - 

little -,:.:sa..ecise InfOrmatiot on the conctitution of ft).6.1.-.2- 

avr1.11c,,blet. -In:Teed it ti2aollbtfuIwhoh.r 

no-Peparations of tO.ose substanoes, and the oar. 

":0.eoCribefa nexein,--ae chenstca1 17! 



Clearly such a state of affairs is extremely undesirable, 

and there cn be no c;oubt that before av great advance 

the hnowledge of cytase is possible, a detailed examination 

of the substances on which jt acts must be made, primar-' 

with respect to the .oreparation, if possible, of chemically 

homogeneou, samples and subsevently to an examination of 

their chemical constitutions 

mn not be claimed that any great advance in 

the knowledge of cytase has been adhieved, nor was- the work 

described primarily intended to Serve such a purpose; The 

aim of the present rork has been te provide a general 

survey of the problem of cytase action, to foam a foundation 

for more detailed investigation, and to indicate possible 

future lites of work; it would seem justifiable to claim 

that the endto which the worklm aedesigned. has been 

adhieved . 

possible metheads for,the purification of cytase 

ha Ve been examined, and from the results it would appear 
- 

, 

that several of these ehow premise, namely, attraction of 

CLytase 74th buffer solutio ns, extraction: with 2O aIcdhol, 

tmd tradtionation with-alcohol. -7,The adsorption 

cytase On willow heMibellu lOse S has been studied, and, , 

although this work did not give sue satisfactorY res41ts 

as the above it does not coom improbable that a cytase is 

Hro:lwd by this oubrtance. 

sUmmarised in Table XXXVI 

The results of the three successful methods are 

101,) ,and itwill be seen 

that the same degree of purification was attained by each 

of tae, i.e the precipitated cytase preparation 
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obtained by each method was aximately tice asactire 

aS crude p1eciDitatea malt enzymes, the standard eytape 

...prg,paration tnen in use. A. praftisingrgpproach to the 

problem of the :purification of cytase would seam to be th 

use of a combination of these methods possibi- in the 

manner indicated in Section V 

The final acceptance of the uggestion that cytase 
, - - 

is a system of enzymes must inevitably depend on the 

separation of the individual enzymes. An attempt was mao,e 

to achieve this object drng the course of the present worh; 

it was hoped that one of the methods of purification :might 

also lead to the peparation of the enzymes, and it would 

appear that some measu..,..-1, if success has been achieved. 

The results of the adoorption experiment indicate that 

of the two factors, only the eytociastic factor has been 
:..... 

adsorbed and aubsequently eluted, but in *Jew of the very 

low activity of the cytase solutions as a result of the 

adsorption etc. and the inactivating action of the 

alcohol used, these results must be treated with some 

suspicion. More concrete results were obtained by 

fractional precipitation with alcahol. Clearly the bulk 

of the cytolytie factor is precipitated by a concentration 

of Ta% alcohol, although it is possible that some of this 

factor is left in solution at tais concentration. The 

cytoclastic factor would appear to be precipitated continuously 

over the range of alcahcl concentrations studied, but from 

the shape of the hydrolyse/time curves (Section V, fig. 18) 



seem s likely L, the final fraction, i.e. 

cipit^.teci by a concex,rati 79% alcohol, contains 

the cytoclastic factor_ free frona the oytolytá.ce Extraction 
b ffr1 solutions or with 20% a.aycohoi. seems 

lective , action.. 

e separation the cytcolastic and cy:ttslyti c . 

factors by fractional precipitation with alcohol shows 

considerable promise of success, and this m.etnof, cot:a d nm 

dágbt,be used to ;reat ádvante,ge., ::e. parallel method> 

must not be overlooked ms fractionation using CRI1 } 0 4. 

:At er 

as the precipitating agentm Though the result of the 

adeorptiIn experiment 'were rather unreliable, this .meth oc' 

clearly calls for investigation and agrei ter measure 

of success might be achieved if this method were applied to 

a more active preparation of cytase, or 
: 
to the oytase preparation 

precipitated by 6á;:, alcohol . after removal of the fraction 

preci,i tatec by 49% aloohol... 

As stated above, . to great emphasis oanno t be 

laid on the importance ;; of a: more : oozn..plete kxáowledce of. the 

MateWials on wb.ioh oytäse acto 9 as a Preliminary to a cl oser 

appreciation ; of the problem; on hand. Of prime importance 

is the preparation of .Chemically' homogeneous substrates, 

since a po.ssible alternative explanation, which however 

unlikely cannot be overlooked, : of the two feid nattre: o 
cytase action e. g . `. on barley gum C2 , is that this substance. 

actually a mixture of two compounds and that the two 

phases of :the; action arise from the la.yd:rolysá.s of theSe 

c òmpoundS ,. An obvious step towards ;áccinplishing this 
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is the search for methods of precipitation and fractionation 

alternative to that involving the use of Fehling's solution 

and acetone, since this method, though excellent in many 

respects, has not proved opmpletely satisfactory. A knov.ec 

of the number of different types of linkage pre ent in 

substances susceptible to cytase action mculd be of great 

assistance) should the suggestion made in the cresent work 

on the complex nature of cytase prove correct; :have 

however it may prove that the mechanislof cytase action 

will eventually provode the key to tnis problem as 

appears to be the case with starch and amylase action. 

Before turning to the more practical applications 

of the material presented, an attempt must be made to 

indicate the probable physiological function of cytase, 

a far as is pe ible with the availab e information. 

Cytase has been shown to be capable of an extensive 

hydrolysis of tha hemicellulosic constituents of the cell 

wa3:1 of barley, and this pressumably will be its principal 

function during germination, thus rendering the cell walls 

permeable to larger molecules such as those of other enzymes, 

and facilitating the translocation of materials essential 

to germination from one part of the seed to anctler. 

In the absence of an action such as this the amylases 

\1O1fl presumably net be capable of carrying out iieir 

functieh-ef'hydrelyting'the star6hof the endosperMi";'.'. 

- - 

since these. enzyme's originate in the scutellum, and -cetId 

- 
not be broUghthin'tentact With their substrate had the cell 

a2lb not been mad :6 perMeable to theM.-.7...""ElmilattlY 
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cytase might be expec -d to influence other enzyme actions 

occurring during germination, by facilitating the free 

Passage of the enzymes and their products through the cell 

raii of the seed. 

The work undertaken leaves no doullt of the 14Portanoe 

of a greater knowledge . cytase as an aid to a closer 

understanding of the ,malting changes of barley. The change 

frm the hard coral of barley teethe friable corn of malt 

is clearly closely connected witll the action of cytase, since 

this action must inevitably lead to a considerable decrease 

in the physical strength f the cell walls, and hence of 

the barley corn. The influence of cytase in producing 

materials of modified character which might be expected 

affect the properties of Tort, and hence probanly of beer 

cannot be overlooked, since cytase has been shown to 

produce drastic changes in the wer-soluble polysaccharides 

during germination. There can be no doubt that the action 

ef cytase leads to the presence of larger .proportion of 

ber-soluble polysacdharidee in malt than in the original 

bbarley, are,. that these substances, tae malt hemicellulose- 

dextrins, though of lower molecular size than thdebarleY 

gums are molecules of still complex ne,tdr5; however the 

effect of such substances oh the properties of wort can 

not be recisely stated. Piratzki (lee* c' .) and Piratzki 

and Inecha (loc.cit.) were;,of the opinion that the lowering 

of wort viscosity was dependent oh the degree of modification 

of the malt, especi.11y with resbect to cytase action; this 

however has not been confirmed, as, although the viscosities 

of the malt hemicellulose- clextrins are lower than those of 
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the corresz?oning barley gams, the larger quantity of the 

Llenicellulose-dextrin present in malt largely offsets the 

effect of their lower viscosities. It would appear therefore 

that cytase has little influence on the decrease in wort - 

viscosity associated witli increase in the degree of 

modification of t:le malt, and consequently tlie o1utioxi to 

this partcuIar problem must be soueat elsewhere, e.g. in 

-).rotoolysis. 
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