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It is widely accepted that changes in the

cell walls of the barley corns and of sesds in general,

play & vital par f

t in germination, but ﬂeﬁﬂi. nis,
very little info rm@+10ﬂ is svailable on the subject.
The problem of the elucidation of the chenges in the
ecell wall and the agencies respousible for them, finds

interest in practical as well =28 academic circles, since

the ﬁhrqvom“ and

rl

there is 1ittle_doubt thaet chenges in

chemical nature of the cell wall play a principal part

4 -+

iﬁ'ﬁhﬁscpgversion of the hard barley corn to the
characterist@g, friable corn of malte | |
Ling discussing this subject (1904 ) noted
taat according. to B rovm and liorris there is a graaaalﬂ”.?
diasqluﬁipn of the cell walls of the barley endosperm
during germiﬁa;ibn, this change being sccompanied by-a
Sofﬁen§ﬁg_Oﬁ_th@;QonﬁeﬂtS;Of the endosperm. Grﬁgs
howevﬁr_yad laﬁgr prgduced evidence to giow that these

_vorke¢s were 1n error uo su.oose t at thﬁ cell wall was

'f?completely alssolved, 2 resmdual wall oelﬂg lef whidl

‘was only v151ble after Sualnlﬁg. From his own results

a

'was&_lso of tne 0P 1 on tnet tae dlSSOluuZOP of the

cali_walls_Was_not.aomnlece, ana Droceeded to show that
hydrolysis was reatest ut the germ end and in the

Werlpﬂef&l Doru“on of tne enoogverm, ‘rather han in <the



centre and at the distal end.  Hopkins and Krause (195?)_
sﬁa%a'ﬁhe prevelent opinion that diffusion of amylases
from the scutellum to the endosperm is Ffacilitated by

the action of hemicellulases on cell Wall-materials; o
leave & skeleton permeable to .amylases.

It was therefore fell Qﬂat information of both
practical and theoretical value wauldfaccruevfromuan ik
investigation of the enzymlc processes wnlch lead to
the hydrolysis of ecell wall and related m@terials,aﬂd from
g study of the enzyma or enzymes coﬁcerned,_usually_refer:ed_
to as cytases

_ Inzymes capable of hydrolysing cell wall
ﬁaﬁerials have been isolated from various sources, and
in some cases have been given names aceording to their

various substrates, e.g. Sumner and Somers (1947) describe

an araban from'takadiastase, a-lichenase from
oryzze and 2 xylanase from the digestive julces of the-

sna;l, these hydrolyse araban,flidﬁenin

_and;xyiéﬁ'réspedﬁive1y¢ In other cases the enzymes
have oeen 1ncluded under the general names cvt
or_nemlcellulases, of which the formex is. .to be preﬁebed,
51nce ds- by noimeans'ceftain that .all the substanﬁes
':attmcked by tﬂewe enzymes-are.tﬁue acmicel¢uloses.

H-prescnce 0¢_cytase 1n ‘many seeds: ﬂ“S oeon

notcd %y;fﬁksmmn and Davlﬁon (1926) the mogt abundsnt
sources ineluding the.sseds of barley, oats ond rye,
in which cytase are mnpurently loeated in the alsurone

'flayex;_:thegenzymamlqgh@mage,;m@nticped.aﬁove, is.sﬁat@@
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by: them to-he present in germinsting barley.

The asumption that each of the different

activity of the geme enzyme. - It .seems likely that e more
limited number.of cyzgtases exists capable, in different
.combingtions, of producing the various sctions observed.

Preliminary investigetions on ithe cytase of
ﬁ@rgey have beea nade by . various workers (Griss 1802, Baker
;aﬁd ﬁultdm_;Ql?, Iflers and Volksmer 1928, ILflers and lialsch
ﬁlazazj-using-green malt as the source of cybases -comment
;Qn:théirfresults will be more conveniently made below,
in the. introductions to subseguent sections,

The cell wall constituents attacked by cytase
are:commoﬂly,accepﬁed to be hemicellulosges and hemicellulose=-
like suhstances, and in the past such substances from
various sources other than barley have been used as
gubstrates for bwrjew cytase (Fr a8, 100 git: Lders and
Volkamer, loc.gif: Iflers and Malsch, loce«cit:) leaving
the results open.to the criticism that the cytase underx
 _:investigaﬁion was not acting on its natural.substrate.
 ”In_ﬁhe'g:esenﬁ work ﬁherefoveaan attempt hias been made
to studv tne cytolJ51s of nemlcellu1031c substances
from marley.

The uevm_nem¢ce7¢u¢ose was orsgln&ted by

Eor :

Sdhulze a8 a group name £*0 subsumnceu, wnldh, although

-Jtln gome respects s¢m¢lar to cellulose, dif er from it
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in being soluble in dilute alkali, and readily hydrolysed
by boiling, dilute mineral acids. - Darlier workers were
of the opinion that hemicelluloses were hexo-pentosan
in nature, the principal sugers obtained on hydrolysis
being glugose, mamnose, xylose and arabinoses . - . --;
Subsequent workers have however shown that uronic. acids
enter into the constitution of some hemicelluloses, |
and although the nature of the uronic acids present

has not been deﬁini??%?péﬁpiﬁeé.iﬂ“%%%hcéﬁﬁsf.whe?e4
uronic acids are associated with xylose and arabinose
#b%v.a?e_tﬁoggﬁt;#9 be glucuronic and galacturonic
acids respectively.  Detailed information is given

in reviews on this subject by Normen (1937) and more.
recently by Preece (1948); information relative to the
gpbjeqps pf;?h? present studies appears in the relative

sections below,



II. PREPARATION OF NON STARCHY POLYSACCHARIDES

FROM BARLEY AND WILILOW WOOD

~ Before beginning the discussion of the
methods of preparation used in this section, it would -
benwell to sux?ey_brisf;y_thgnnature_oi the @pn-starchy
polysaccharides and polysacﬁxmide—like mgterials_pf-ﬁhe
bar;ey”grain,' Thg_plaséiﬁicatipn“pf these materials is
in a-gpmeﬁh@t_cpnfused sﬁate,_but“;ha materials fit

broadly into the following classes.

4o Cell wald wotexlole.
| I. Cellulose,
1T, Pectic substances.

I1I. Hemicelluloses.

(a) Cellulosans, intimately
' associated with cellulose,: and
possibly structurally related to it.
(%)- Encrusting hemicelluloses,
initially more soluble than cellulosans,
and- possibly having-seﬁe structural
gp@logyfwith the pectic substances

and plant gums. -

Ie T}le bal‘ley‘ g'{ms. '. s

(a) smylan, soluble in hot water 40°C

(p) amykan, soluble in cold Wates
) : 15-200¢



. pogsibla_inter—relationsh;pg of these materials
have been discussed in detail in a recent paper by
I.,A.Preece (1948).

Cellulose and the pectic substances need not
beqfurtier. digousned, as Bhey aresoutsdde thessooney:
of investigation at this stage, but some knowledge of
the remaining classes is vital as a preliminary to fe .
study of cytolysis, since these are possible substrates.
for'cytgsef “qu;ugiohiof-the:pecﬁ@q subgﬁances can not
be regarded as final, as it will become clear as -
description of the present work proceeds that oytolysis
énd pectolysis a:e pbt_necessari;y¢gn:§la$§§, -

_ The functions of the hemicelluloses are not. ..
precisely understood, but it appears that the cellulosans
exesespentislly structural materfals, wnilss the
encrusting hemicelluloses, which may serve. as structural
material especially when in association with lignin
(see e.g. Norman, 1937), may also serve as reserve. .
carbohydrates  Thus the hemicelluloses of the barley
husk will be considered a8 structural carbohydrates, e
whllst those of the endosperm may combine both structural
and reserve Iunctlons.
me#hOQS:%Q?‘#he.ﬁﬁparatﬁ-?Kt?&?t%?nrpf thertwo claﬁﬁeﬁ
have been developed;-.consequently extractions of variable-
proportions of the. two. Ltogether are made with dilute. alﬁall

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



hemicelluloses,lalthgug@ initial;y insolub;e_in_wa?er

in the natural state, are soluble in dilute alkali.

Numeroms workers have proceeded along these lines
(O'Dwyer 1923; Norris and Preece 1930, 193la, 1931b;

Norme» log.cit.) A method for the fractionation of.
hemicelluloses has been described by‘Horrigian@-Preece
(lgg‘ggi.), by which the following fractions are
distinguisheds _hemicellﬁlqse”A,_p:epipitate@ by acidification
of the alkaline extract, lemicellulose B, from the filtrate
from this by the_additioﬁ of é half volume of acetone,

e i i S i ol o i
addition of more acetone. - Tractions B and C may further

be divided into B and C-(precipitated from alkaline . -
solution by Fehling's solution) and ngand-cgu(prepipitate@
from alkaline soluﬁion byiEehLingfsfgp;ut¢0n-;n_the-preSence
of acetone). A given tissue may yield °n9:°r“m°??;°f
these - fractions, the spent grains from all malt mash
yielded hemicelluloses By B, C1 and Cp (Preece 1951a),
Worris and Preece (loc.cit) are careful to point out that
1t is not claimed that these fractions represent chemically
homogeneous entities, but rather that they must be

regarded as aggregates of molecules of similar properties.
AT niion wusuihe Grevn G0 WS Cao S hond ceRlul OB,
slthough insoluble in water in their maturel state,. aze
freglisntl st ey SOl lesl tan Dl A0 Bin Dye s petiedy
described, - others however are. only water- soluble as thelir
FRRIUGE Wl L iBotiets e B0t goRbenE bie wekeits
solubility is due to rp@ture;pf“associatiQng;Qf;hemicellulose

with substences such as lignin, or to depolymerisation of



the hemicelluloses is not clear.
It appears frqm ﬁhe_reoent_wpxk of Preece - -
(1944) that extraction of hemicelluloses is influenced

by four factorss:

Ao Penetration of the tissue by the solvent.

B. Ergedom f;om gssopigﬁipnnwith other
substances (e.g. lignin). .. -

Ce Conversion to- e.g. their sodium salts.

D Depolymerisation,

NaOH would be effective under all four headings,
extracting a proportion of all classes of hemicellulosess
alcoholic NaOH also satisfies all four of the conditions,
but does not result in hemicellulose extraction in cases
Whersaleohol foonuen NBvn B e oniter Mol S0fy MaweTEY
if ﬁne_pissue-is e;¢:actgdiWith boiling water-subsequent. .
to treatment withfggpohplig NaOH, hemicellulose extraction
is- achieved, the extract again containing a mixture of
both classes of hemicelluloses. -

. (At present it therefore sppears that workers: .
mpstfrémaip cpntgntutoguseymixed hem@pe;lulgse preparations,.
and further investigation in the field of separation-ie
§ U Nt lee R 610, BNS Bppddach RoNniNly boing tae
search for a solvent which would achieve one or more of - -
the ooﬁditionsflistedlabove,*but_lgamﬂ;g-o$hera unsatisfied,
_ ~+ - Turning to. the barley gums, let it be said at
L eTS tHES GhE. Beby boTTEy BUn Lo prefERed. Bh.
"emylan" since the latter term implies a close relationship

to starch; indeed the term was originated with that object
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in view (see O'sullivan ;882). There has been little useful
work carried out on these substances since O!'Sullivan's
original communication,_though'spme advance was achiQVGQ@
by Preece and Hunter (private communieation), who prepared
barkeylgums by_a modificationwof_Q'Sullivanfs metho@.
These workers extracted barley gum with water atfrgpm-
temperature after inactivating the enzymes of the grasin by
refluxing With bpi;ing-alcoh9l; bgrlgy gun was- then - .-
extracted with water at 40°C..  Whereas O'Sullivan found
thatvﬁhe“ﬁwo gums Were‘botﬁ essen?iallylhexosan-in natu:g,
Preece and Hunter (logc.git.) whilst showing that the  gum
approached this structure, yielding only a small percentage
of furfuraldehyde, possibly due o impurities, showed that
the . gum was quite different, giving spproximately. 25 . -
furfuraldelyde, and appearing to consist in the-main part
of urono-xylan. . -loreover both gums are precipitated
by Fehling's solution in the presence of acetone, and
Preece: (1948) has proposed that the and . gums should be.-. ...
regarded as analogous to hemicelluloses Bo and Cp respectively;
thesghsuystanceglwil;_phug‘be sgbsequently reférred to as
barley gum Bp and barley gum Co,. - _

~+ It would appear therefore that.great similarity.
exists between these gums and the hemicelluloses, and. that
‘they differ .9.“;*3?:- m that former are initially water soluble,- -
whereas the latter are initially insoluble. Preece and Hunter
(Log.cit.) have further shown that. the yield of barley gum
fosenn Beincneased by bustrdatment ol the. haxler. Witk
alcoholic NaOH, and this without any apparent change in

the nature of the gum, Hence initially insoluble



material is apparently present in the grain, which
differs little if at all from the soluble material. -.... ...
It would be illogical therefore to regard @helhgmicelluloses
and gums as materials of widely different nature. .---.

_ lMethods 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 abundapt sources of hemicelluloses is willow
wood, end it is for this reason that preparations of

hemicelluloses foom willow wood were made,

EXPERIMENTAL
Preparation of Barley Gums:-  The method used for the

preparation of barley sgmsrisfbaﬁed%ﬂ that of Preece and
Hunter (log.cit);  the cold water and hot water soluble
barley gums, (barley gums C and B respectively) were
hoﬁever extracted in pﬁel0p33a¢;0n7with;water‘at~4OQCfJ@-
ezt R00gEs0f barley, ground 1n the coffee mill, were
extracted twice, for 30 minute pebiods, Wlth boiling 80%
@lCQﬁolﬂgﬁéerf?eflux’ to inactivate enzymes and remove
sugars etc., the residues being filtered off through -
cloth at the pump and the extract discarded. After ?9m°viﬂ%
the aleohol as completely as possible, the residues were
?¥t?&°t€¢j?Wi°e with Eoom?'.q?%ntitiﬁs_bfgwa#e? a#_4900"
filtgration being ®ffected through cloth & the pump..
The combined extractgs were filtered through a layer of- .

Kieselguhr on paper, giving a water-clear filtrate, which



w1de

was then reduced to small volume by distillation under
reduced pressure.

To the concentrated extract was_added-raﬁherf:
more than half its volume of acetone, containing a little
HCl, and the precipitate of barley gum B allowed to settle;
the decanted sﬁpergaﬁamt liquid was poured into a wolume-
of acetone equal to that previously used, and the precipitate,
barley gum C, allowed to settle. Thgiprepipiﬁatng@er&
individuglly re-dissolved-in Water,-and-the preeipitat§op:
;epeated; the gums were then washed with acid- BOa alcohol,
and taken to drymess bylWashing_With";nqreasing“strgpgths
of alcohol, with final drying in a vacuum desiccator..

_A £urther_p:gparati0n of barley gum Cg was made
in the following ‘manners. _ ; : :

500g. of barley, pre—treated as before with i
bpi}ing_alcgho;;mwerefextpac$e@-thr;pg-wzthJW1th 1,250ml.
Juoit HiNacoft e Fonsh oot beupsudiuR el Re R IR0 Mukintay
each extraction, filtering after each extraction through
cloth at the pump.  The combined extractds were filtered
bright through a layer of Kieselguhr on paper, and.
reduced to small volume by distillation under reduced -

- pressure,  The concentrated extract was seen-to contain
suspended matter, presumably coagulated proteln, and wa.s
'consequently filtered clear through paper =t the pump.
The. clear concantrate-wagwpppredﬁgntp‘an@egua;:vplume_ i
of acetone, to which a little HC1l, had been added,. and he
PEAsinttate obtatned N epaRRERd e TRe TP TRG DR AR (WA

dissolved iy water, reprecipitated by pouring into an
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equa}hYplume”qf_acid acetone, and taken to dryness in
the usuel manmer, - - -+ . o ER

It had been reported by Preeceu(lQQSJ that a
separation of the barley gums_cou}q"be achieved through
the copper complex; taking into cpnsidgration-thefﬁapt
thet this method tends to give a preparation of less ash
contepthfhan the:abqve, an“a?fempt wa.s made to isolate
barley gum Co py;?ﬁis method. |

. A cold water extract of bérley was prepared -

and concentrated using the methoﬁ'déspxibed in the previous
experiment. To the filtered concentrate was added
sufficient NaOH to give a final concentration of 4%,
nixed Fehling's solution was then added until a blue - --
colouration could be seen in the liquid, and the resulting
viscous fluid was poured intp-s;ightly_less-thaﬁ half;its
volume of acetpne.._ The_gelatinoug_precipitate formed
Was_f;ltered-pff_fhrpughlmus;ip,_redissp;ve@ in the.
minimun of dilute HOl, end reprecipitated by pouring imto
one. and a_hélf Volumeé_Oi_acetonef_;;?he precipitate was
was washed with 60% acetone containing-a ?Litf_le HELy _'a«nd
taken to dryness in the usual menner after washing with
Whesatime, o o0 e R O LT

It is of interest to note that barley gums -
32 aﬁ@fQ2Zar? 5?°WTW?@¢??.fibr°u? 5“?5#3#93? of very low
densiﬁy, Whi§hlsﬁow ﬁlgcﬁyostgtic_ﬁropeities on.grihding

% SR : :
in_a-mg%@riif_sufficientiyudry; - this description

corresponds to that givenmby.OﬁSulliﬁan.(1gc.ggi) for his

o and’ gamylans, Also solutions of these substances
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appeared to be very. viscous, and to posses some.surface
activity,the extracts being very difficult to filter,

giving on boiling a very stable foam,

problem to be faced during these preparations was the
removal of starch prior to the extraction of hemicelluloses,
and several attempts to achieve thié had to be made
before a successful method was evélved,
e ~ 100 ge of coffee-mill ground barley, in
which the enzymes pad_beenflaactivated in the usual
memmer, were stirred with water at 57°C,  To this
mix were added 100 ml. of a 5% malt-extract, in which
A amylase and cytase had been inactiveted by heating
at 70°C. in the presence of O.z%icalcium acetate;
the mix was then incubated at 3?00 for 4 hours to - -
a110W'£iamylase act1v1ty to proceed, and at ﬁhe end of
sels Tino “ge mesldus Wap- Ll vered OfT and-uonteds fRr- - -
starch, -As starch was shown to be present the procedure. .
wa.s repeateq,:but'aggin starch persisted, and the preparation
was not proceeded with. R R S

-~ =oo. Again, 100 ge of barley, pretreated as usual,
were added to 250 ml. of a 5% malt extract, 4 amylase
free and cytase free, at ?0 Cey and the temperature
. maintalned~for-15 min,  The mixture wasﬁhen-dlluted by
the addition of 250 ml. of water, and hydrolysis allowed
to-proceed for 56 hours at 37°C.  Again starch was not
ol Al DELOANe BEGELRE e LHE h e SRR v il L
| In view of the failure of the above experiments



it was decided to gelatinise the starch prior to the
addition of the malt exiract. _. B M) et

._ ~ 100 g. of ground barley were added to 400 ml,
of boiL;ng.water_at such g_raté that the water stayed on
the boil; after cooling to 75°C., 250 ml, of a &% malt
extract were added, and a temperature of 70°C.maintained
'fp:_znhpurs, ~No inactivation ofﬂﬁ%gmylggg_p;_gfﬁase wes
attempted as it was considered that the temperature of
the mash Would be sufflclemt to achieve thls. ;Op e
.testing it was found that only a sllght trace of stardh
remained, and this was removed by a further similar
.. ~ The starﬂh free r831dues were flltered off
through cloﬁh at the pump, and WaShed thoroughly Wlth
hot water to remove the dextrins produced by the enzyme
bydrolysis. The residues were then extracted once .
with 500 ml, and twice with 250 ml,. of 4% NaOH in the
cold for twenty mimite periods, filtering after each
extﬁaction through clcth at the pump; - the combined-
extracts were flltered brlghtwthrough paper pulp, and
ﬁhe hemlcelluloses recovered in. ﬁhe manner described
for the alkaline, concentrated entraots of barley
gum 02. . Two hemicelluloses were isolated, one of
series one, ﬂhis fractaon is des;gnated 31’ iz 22 73
precipitated on the addition of Fehling's solution
alone, and one of series 2, @ designated Soy on-the

addition of acetone to the filtrate from the above.



- During the course of subsequent work a further
preparation of hemicelluloses was made from a different
sample of barley, using precisely the same method as
described above, but in this case no hemicellulose Sy
could be separated, though it must be notedthat a
great increase in viscosity and turbidity occurred on . -
the addition of Fehling's solution. - A second preparation
was therefore made from the same sample of barley, and
the sbsence of hemicellulose S, again noted. - -
- The barley hemicelluloses are very similar
in appearance to the barley gums, being white,fibrous
s‘_ubats,n_c_:zes,_ bufc not _showiz__zg_ _51:1011 pronounced electrostatic
properties as the barley gumse - - - cooo oo

: ~Both barley hem-@?;lluil"ée: Sif and S, were --
frastionated: oni&. small-scale. by-ihe method. of -Norris

and Preece (loc. git.).  Hemicellulose S; yielded .
fractions A, B,and C, and hemicellulose Sy fractions
B end C3  this latter is in conformity with the

results of previous workers, no hém?9¢%1u1059 Aoying
being obtained from any source to date.. -The barley
hemicellulose Sy which was unaccompanied by-a-. . .. -
Fﬁmés?%??lose_si’.was.élsovf?acti9@a#e@;yi&%@ins:aaﬁ%?
fractions B and C. - The ebove fractionation must. only

be regarded as a preliminary. experiment, as no attempt . -
wag made to isolate the fractions for drying and ive-ighing’.
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Preparation of Willow Hemicelluloses;- Hemicelluloses
were prepared from willow sawdust by the method of Norris
and Preece (1930), the treatment with 1% NaOH being - ..
omitted since Preece has subsequently ghown that treatments
involving the_use of hot NaOH tend to cause the loss of
furfuraldehydefyielding material. A hemicellulosgse of
series 1 was isolated.

A second preparation was made using a method
based on an observation by Preec (1944),_that_a proportion
of the willow hemicelluloses can be rendered soluble in
bqiling water ?y pretreatment of the wood with cold
alcoholic NaOH,

100g. of willow sawdust were treated in the cold. -
with 4% NaOH in 80% alcohol for 24 hours and, after filtering,
the residues were washed with 80% alconol containing a
little Hgsoé:uﬁti; free from alkali, and then with 80%
a}cohol-until Iree_fromzacid._ After-¢emoving the alcohpl:
as completely as po§sible,-the residues were_extracted_yiﬁh
one litre oflboi;ing Water_gnder_reflux for one hour, and
the extract separated through cloth at the pﬁmp,-=T@e-;~
filtrate was then reduced to smal;_volume-by:disti}latipg:
under reduced pressure, and the hemicellulosesxprecipitated
by the addition of a half volume of acetone, i.e. the .
preqiyitate-gompriged a-mixture of hemicelluloses A-and-Bj- -
a slight precipitate. was. obtained on raising the concentration
of acetone in the fi;trateyto_pne'vo;umg,-i,e. hemicellulose
Cy but this was too small to allow recovery.- |

All the preparations described above, and in



addition some repeated prepsrations, were subject to

analysis for moisture, ash and uronic acid contents and
furfuraldehyde vield. The latter was determined. by
distillation of the substance with 12% HC1, and precipitation .
as the phlorglucide by Kr8ber's method (Brown and Zerban 1941);
the uronic acid content was determinedLbyidistillation with
12% HC1l and adsorption of the carbon dioxide evolved to.
standard_Ba_(OH)z! as described by Dickson, Otﬁersqn and

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

with figures for yield.



polysaccharide preparations.

Yield and_pompqsmtion of various

e & L - 7 v ¥ b
g _Dryyash-frees: AN
; 2 Xield CATAsh o Uronic: ‘Furfural
Substance. ~ag % of | as % of . --aeid - yield ag
|starting’ |substance. as' % of ° as % of
material, substance. substance.
Barley gum B. = O:?' 9352 l.16 5 96
Barley gum C. * 0e3 1:}2- ———— R6410
Baxley gum Co % O Apos vy o i
Barley gum Co. # 0.2 0.0 1,04 25461
Bagley gum Lo 77 o s s i
Barley gum 02.. ” Ost Gz0 Sk e
Bazpley i it }-'ﬁg 1.4 0420 47.94
hemicellulose By, q ) il
Bayley = @ 0.8 0e44 36448
hemicellulose 82,' = ' '
Barle"’ :l‘..i :__.w B Ae O.e - s EmemEm 0000 omem e ewem
hemicellulose Sl.%k i
Barley = LEhets 1.1 0.0 45.50
hemicellulose Sp.fk o ik -y
Willow i 9B 1.9l - 59.32
hemicellulose Sq. ) . -
Willow 0485 1.8 - 52.98
hemicellulose (A&B)

Jblntxy ez tracted at 40 O.

A

*. Precipitated by soetonss. .
#

# Preparation 1.

o ?teﬁaration Re

Precipitated- by Fehlingfs solution and acetone,




DISCUBSION

The suggestion made by Preece (1948) that the
cold and hot water soluble gumsloi.OfSu}liyan are analogqqs‘
-to hemicelluloses Cp and Bg respectively has been confirmed.
The figures for furfuraldehyde yield from the'barley_gmmﬁ
égscribed herein, agree quite well With-those-obtainq@;by -
Preece and Hunter (;gg,g;;) for their_pxeparatipps'(tgble 11)4
and little doubt 9an-remain that_pgptosang do entexr into
thgqunstiﬁutipn_pf the barley gums. It will be seen
hQWer;"that-bar;ey gﬁm_Bg is essentially hexosan in
constitution, and the possibillity that a pentosan s -
present as a contaminating material can not be dismissed.
There would appear to be very little, if any uronic acids

present in, either barley gum Bzor 02.

Eﬁﬁli Ilp Eurfuraldg@yde'yields from barley gums prepared

by different workers.

FTurfursl yield as % of dry,
.. . agh=free substance.

" ¥

Substance. Prepé%ed'by Present

Preece and preparation,
Hunter. ;
Barley gum Ba. D4, 39

Barley gum 02. 5 2601




The isolation of two; hiﬁherto unprepared,

hemicelluloses from whole barley has been described, -

and some information as to their_cgnsti#utiop obtaingd.-=-
The problem of the removal of starch proved very difficult,
and the methods which had eventually to be used were

rather drastic; whether the yield or nature of the hemicelluloses
is affected by this treatment is not known, and information
on this point would be of va;ue, s e e e
B For purposes of comparison, the furfural yields
frthﬁhe hemicelluloses obtained by Preece {lQSl)pfrom
spent brewers grains are given in table. III., along with
_thd5§ 9f1thg_hemipelluloses under discussion. Although
no_strict comparisonlmay be_m&de, it is pf interest to
note that both in the case of spent grains, and in the

caese of whole barley, where fractionation was pgssibl@,

the furfuraldehyde- yield of the series 2 hemicellulose is

less than that of the corresponding S1 hemicellulose.




$ab1e IIT. Furfuraldehyde yields from various hemicellulose

preparations,
Substance, : Sources, . Furfﬁral &ieid'és
% of substance.
Hemicellulose B&: Spent grains. | 57 76
Hemigellulose By, Spentsgraing) £o4 60
Hemicellulose C;. Bpeut pradnes phads
Hemicellulose Cg, Spent grains, - 485;8
Hemicellulose Sy, Vhole barley, 47,04
Hemicellulose Sg. Whole barley. '3.}?;:'.‘%8
Hemicellulose S,. %  Whole barley. 45,50

¥ -~ no Si isoiated.

i _rm.é_ _S,a@l?:ie:- of barley, from vhich both series 1
Mnd ﬁeriee 2 hamiéelluloseS-WEIe isolafed; yielded five_
nemicellulose fractions, namely hemxcelluloaes Al, Bl, Cl’
Bgand Cos and the barley from which only series 2
‘nemioelluloses were obtained gave two fractions,
h,emi;cﬁ%l?i_o.seﬁ Boand Coe -4  was podmted-out-in the
experimental section, the fractionation experiment.
can only be regarded as a preliminary to future work . ..
on these hemicelluloses, and it is olearly most importent
that this fractionation should be cerried further,-.-
with particuler reference fo the yields and campositions
of the individusl fractions, before sny great sdvence

in.ﬁhe knowledge of these hemicelluloses is possible.
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The absenée of hemicellulose Al-from the hemicelluloses

of spent grains will be noted (table_lli), but no--
conclusions of any value may be drawn from this since

it is possible that this fraction was absgnt from the barley
fromhwhidh‘the malt was prepared. - Preece(1940b).
investigated the effect of germination on the furfuraldehyde-
yiel#ing constituents of barley, and showed that a
substantial increase in these substances occurs on
germination; the methods used did not involve the
isolation of the substances, furfuraldehyde determinations
being carried out directly on the grains, Clearly
therefore it would be of great interest and value- to

Study the Saflugues. of ‘geamination; "and oonsbqueatly
malting, on the individual hemicelluloses of barley.

There can be- two-possible explanations for - - .

the sbsence of hemicellulose §; from the second preparation that <

was made, The first is that hemicellulose Sy was absent
fubm; sk gnain;: sinoe tie sepond: prefiaration yas varrled
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 depolymerised,
or otherwise modified, to- the extent that &t is.no .
longer precipitated by the addition of Fehling's-solution
alone, and appears in the hemicellulose Sp-fraction, on
addition of acetone., - The second possibility has been
intimated by Preece: (1944), who showedifliat treatments

involving the use of cold agueous and alcoholic NaOH
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ceused degradation of hemicelluloses., Some indication-
that this mey be the cause of the absence of hemicellulose Si,
is the fact that a great increase in viscosity and - .-
turbidity is noted on the addition of Fehling's solution.
1% is possible Xhat -the S'i materials are of such a
cogposition as to bé%ear a critical point in fespeqtz
of precipitation by Fehling's solution; thus, slight
(perhaps un-noticed) modifications of procedure, e.g.
a somewhat longer oon@acplwithlﬁagﬂ, might suffice to
take them beyond the precipitation point, The series
of changes precipitation - high viscosity - no
precipitation, would appear to be consistent with this.
e great similarity between the Darley gums
and_the hemicelluloses, which hss been commented upon
in the introduction, is 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 hemicelluloses, or on the other .
hand & modification of the definition of hemicelluloses

so as to include such matberials as the barley gums,
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SUMMARY ,

The preparation and fractionation of barley
gums By and C, have been described,

Barley hemicelluloses have been prepared by
hithervo nopablished LeREOEs. . oh
Preliminary fractionation of the barley
hemicelluloses has been described, and the
following fractions shown to be present in

one sample of barley: Ay, By, Cp Bornad Copc
Whe;eas frqm_angtheyﬁga@ple only hemicelluloses

Bo.and Cs were-gbtalned,.

Two willow hemicelluloses have been prepared,

one of them by a hitherto unpublished method,
The furfuraldehyde yilelds of-the barley gums.
and hemicelluloses and the.willow hemicelluloses
have been determined, and-the uronic acid

content of the barley gums.
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1II. PRELIMINARY EXPERTMENTS ON THE ACTION OF
CYTASE, INVOLVING THE USE OF EXTRACTS
AD A PRECIPITATED FORW OF CYTASE,

Credit for the first work on cytase is due to
Griss (loge.cit), who extracted the enzyme from green
malt, and showed that it hydrolysed a galactan from
gun tragacanth and a mennan from date stone, to produce
galactose and mannose respectively.

Baker and Hulton (Loc.git.) showed that the
furfuraldehyde~yielding substances of barley embryos
increased during germination, wiilst a corresponding
decrease occurred in the endosperm. This they took
Tfor the existence of a
whieh, acting in s manner analogous
allowed the trsnslocation of furfuraldehyde~yiclding
if green

meterial to: the embryo.  Again, they showed,

malt and barley are extracted together, more furfursldehyde~

yielding material is extracted than if they are extracted

sépara%elyy suggesﬁiﬁg action by eytolytic enzymes
on poluble materials to render them soluble. Further
iﬁfd?ﬂatiqn given by these workers is that the enzyme
mabeefpreeipitated_@y.a&cohol in an sctive form, and
that:iﬁ?isﬂcagéblé"ﬁf hydrolysing furfuraldehyde~-yielding

polysaccharides to sugars.




robably the most important contribution {to the

k)

that of I¥ers and Volkamer (loc.cit.)

U’l
e
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wwledge of cytas

t a8 a source of c¢ytase, and two Xylan

w
=
o

wio uged green ma
preparsations a8 substrates, one from elder pith and the other
from barley. The optimum pH and temperature were found to
be 5.0 and 45 C., activity being lost at pH 5,0, and after
heating at 60°C, for 15 minutes :- the workers cited showed

that the enzymes could be precipitated by alcohol without

ing its aet ivity, and that by adsorption on aluminitm:

[#3
jgv

log

Dydroxide at pHE 5.0 and elution with vhospliate huffer
S8 E & I

at pH 8,3, 2 great increase in ol

]..r.

30 o

C"-

urity was attal

o]

Lylose was identified as one of the products of substrate
hydrolysis,and it is stated that ‘excess of tiis sugar
retarded the action of cyltase. An important feature of
their investigation, is the extreme slowness of the
actions two days were nevessary to achieve & hydrolysis
of ?q%, even_gnder ﬁhé most favourable conditions. |
L L&grs gn@ Ha1sch (;gg,_ft ) ?o1jowed up Lnls
Work by an 1nves gatioﬁ into;ﬁhe effeCo on cjtmse of
the a,e:c'“unau:;.cm and kljnlng of mﬁluiﬁg. By studying the

Aylan ﬁydrolvs1ng activity of extracts of barley at various

stages dur;ng malting, they showed that 4 though cytase

}1ty decreases durzng steeping, it increases later
"to a value :pproxlmately D tlmes +that of the original

barley; on kilnine however cytase is inactivated, until




in the_final malt its activity is iess than that of the
original barley. . ——r.- - i T S

The work described herei@, Wbich was intended
to serve as a foundation for future and more-detailed .
invegigation inqluded: a segrch for a_qonvenieptlspurcg i |
of cytase, a study of thefcytplyﬁip.;ctivity;o? e xtracts,
ﬁhe-p;eparation of & precipitated-form-oi gytase, 8,
preliminary_exgminatipn of the pH and temperatu;a
relationships of cytase and the iesting of several possible
substrates, the preparation of which has been described

in the previous sed ion.

EXPERINVENTAT,

The Search for a Source of Cytase

Several possible sources of cytase were examined,.
inclpding those used by p;eyious:wp:kgrg%ipa@ely,rge;ginated
barley and ungerminated oats, (Grdes loc.git. Baker and...
Hulton 1og.cit. Iders and Volkemers loc.oit.); in addition
_ﬁhe-oyﬁolytic_ggtivity of a specially prepared, low-dried

malﬁ wa.s tested.

_Eﬁﬂa.mﬁli 25@. of bamley were steeped in water for 24-hours
and subsequently germlnatedhln tne dark on m01stened paper
forwﬁidays;ﬁ:;tgwa;l be convenient.henceforth to refer to
barley treated.thus as-! greea- e o s

- The green madt wa.s - ground ;puthg-mineingAmaphine,

further ground with sand to a pulp, and extracted with




150ml. of water at_?léc. for 1z hours.Two ml quantities -

of the filtered extract were tested aga;nstIIOOm;;zqugnﬁitigg

of Q.loﬁ (dry, ash—f:ee equivalent) solution_of the_fpllpwing

sunstances: willow hemicellulose Si, willow hemicellulose

(A and B), barley gum By, and barley gum Cp, & comtrol

being carried out on water. The substrate solutions were

buffered with sodium acetate/acetic acid buffer so;ﬁt;pp:_.n-:«

to pH_&,; prior to the a@dition Qf e;iract, and the-pqnyersidns

were carried out at 379C._“|The course of the hydrolysis

was followed by the determination of the reducing groups,

liberated, using the Hanes-Somogyi method (Hockenhull and

Herbert, 19&5),_ﬁ@e results being expresses as apparent . --

xylose, after correction_fd% th@ :@dgcing groups indroduced

in the enzyme preparation,. The results will be found in
seeiC RRRL L tE. taat-aone-of the agtion praduced - -

was due to amylases, was examined by repeating the experiment

on-barley gums B, and Co, the.2 ml, of green malt extract

being replaced by 2 ml, of a 5% malt extract in which A

The results will be found in table V, and will be seen

o :09-nfim that barley gum By is conteminated with - -

é?%rd@’;?g;?ﬁﬁ suspected from other evidence.' Barley: .

gum C, is free from starch, and apperently from dextrins

susceptible to the acfion of amylase.
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The cytolytic action of 2 ml, of a 16.6% -

Ll

extract of green malt on various substrates at pH 4.6 and 37%¢,

[ ]
Corrected reduczng groupa llberated (as x"lose) 7
~as % of substrate.
Times CWillow L Wlllow LAt Barlev Barley
hemicellulose hemicellulose. gum’ gun
Sl. (A and B). | Bz. 02-.
GQmin. 039 O:O 546 ~9,3
{90 min, 0.0 0.0 4.2 19.5
48 113:'80 0&0 000 ---'%' 1409

Zable V. The action of the « amylase of 2.ml. of a 5% °

% = outside ramgé of determination,

malt extract on barley gums B, and C,, at pH 4.6 and 378¢,

”iTiﬁél,
in min,
30

£y
L8O
120

Corpected reducimg groups liberated
(as xvliese) as % of substrate,

) Barley gum Bo, Barley gum Coe
1 6 0.0
2 Q 0.0
6o 6 (0.0
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Oats:~ 25 g. of ground, ungerminaﬁed_pats_were_extracted
with 70 ml. of water at 2;8Q. for 3 hours, and the- . -
extract filtered tirough paper.. -2 ml. of the extract
were tested for cytolytic activity against barley gum Co
by the method desorlbed ‘above,

Lowadrledmagia—ﬂ The»cyﬁolytlc actmvzty of a speczally
prepargdllowTdria&,malt,;wnldh had been dried by heating
at 50 - 53°C. for 24 hours, and in vhich gnerefore.
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 ané low-dried malt nossessed some
activity, but the action was so slow that no more than
4% hydrolysis was achieved after 4 hours comversion,
Attempts were made to increase the hydrolrsis by -
increasing: the yolume of extract used, but this imtroduced
too great a concentration of reducing groups and substances
suspeptible Lo tub sosdon of the enzymes-dr- the-sxizast,
and dhe ToRLte VT Septrding - 0% Daubkiul FRdReEic i
The effect of long period coﬁ?ersion was therefore tried.
Long Period Comvession:- 25 g of green malt wews
géoup@‘;n & m@ﬁégngﬁgadhine,lgnd extracted with 150 ml.
of water at 21°C, for 5 hours. 2 ml. of the filtered
extract were allowed to act on 50 ml, of 0.10% (dry,-
asn-free equivalent) solutions of each of iae following
ﬁ?@?t?a?e?r.adﬁus#ed‘to-9ﬂ14eg with sodium acetate/acetic
acid,buffer solutiony barley hemicellulose Si’




barley hemicellulose Sos ba:leyvgﬁﬁgfgg aﬁ@@gg; willow

~ hemicellulose S;, and willow hemicellulose (A and B)-

ﬁhe redu01ng groups- 11berated were determlned af&er

16 end 66 nours conversion (tsble VI), The possibility

that some of the action was due to amylases was tested

in the manner described previously. - Only in the case

of barley gumiﬁzlﬁaécs%ardh found to be present.

Table VI.  Cytolytic action of 2 ml, of a 16.6% green-

melt extract, at pH 4.6 and 37°C., over long period

conversion.
? % Corrected reduc1ng groups llb;rated (as xylaaefh
LN _as % of substrate. - - -
e e i - .
in " " Willow - Willow Baxley Bamley Barley '
hourse| hemicell-  hemicell- guim”’ hegmnell- hemicell® |
ulose 8. ulose (A & 3B) Coss ulose Sq. ulose S50 |
: ‘ {
66 0.0 9040 25.1 4.8 14:1 §

Since. starah was again shown to,be present in

barley gum - Bg, the figures for ﬂhus substance have

been omitted from the table of results.
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|  The cytolytic activity of a 5% low-dried
melt extract was tested in the same manner against
barley gum C, and the barley hemicelluloses 8, and 8,3
the results will be found in table VII,

Teble VLL., The cytolytic activity of 2 ml. of a-- .-
Bﬁ low-dried malt extract, acting on 50 ml. quantltles

of 0.10% solutions of various substrates, at pH 4.6 and ZV Ce

aaggécted reduclng grouns 11berated '
Time (as xylose) as ? of substrate.
a0, e
hourse. Barley Barley ' ~ "Barley
gum’ hemlcellulose hemicellulose
;- o Py B
<A 2.0 0.9 2.8
18 L e

LI T Ei e T H P jioey ——

From the abgve experiments it is & ear that
ereon malt and low-dried malt posséss some: cytolybic.- -
activity, the extracts of'#heglattﬁ?%e?n@_¢he-moxeractive,
and it is highly prbbable that cytase is also present
in oats, but this remamns to be confirmed.. - : :

- There can be 1little doubt tha« neither of- the
willow hemlcelluloses-1s:attacked»by~ﬁhese preparations
of cytase, and omly slight hydrolyszs of- barmey
hemtcellulose 81 has been achieved., All the remaining
substrates tested, viz. barley gum By, berley. gum Oy

and barley hemicellulose S,, have been shown susceptible




to cvtase action, but only barley gum Cg and barley
pemicellulosp Seuare suitable as substrates, since |
starch hes been shown to be present in Warley gum B,
and attempts to eliminate it have so far failed.-
However it is doubtful vwhether amylasdaction on the¢.
starch in barley gum Bg can be responsible for all the
‘hydrolysis produced by the green malt extract.

Preparation of g Lrude Precipitated

Foxrm of Cytase.

25 g. of low=-dried malt, ground in the malt-
mill,”WQ;ewgziracted Wﬁth 500“m1. of Waﬁer-at_zlocth
for three hours, the extract was then filtered thruugh
fluted paper, and having removed & portdon to be. tested
immediately for cytolytic activity, the remainder was
dlelysec. throuss Percanent. seainsl-waler, Lor 18- bonrs,
atltbg ?QQ,P? ghichdppne the reducing group content
was substandially ndle. ivow i oo e smpmaman e
ot e The cytolytic activity of the dialysed extract
was, tested by adding 2 ml. quantltles to aO ml. of 0.10%
(ary, ash-free equivalent) barley gum C, solution,
and. to 50.ml. of water %o serve as.a control, botn
busdeced ko PH by 6 with sodium acetate/acetic acid
buffer solution. .  ¥or purp oses of comparison the
undislysed extract had been tested on the day of
preparation in the seme menner. = Conversion was carried
Egtiat ;7?3,, ang-#§e_reduc§ng groups dete;mined after

1. 18, and 42 hours.
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Table YIII. The cytolytic action of 2 ml. of a 5%
low=dried melt extract, before and af ter dialysis;

substrate barley gum 62, pH 4., 6, 3700.

Corrected reducing g;Eups liberated
(as xylose) as % of substrate. ?
Pime b e ol S, |
in hours. Undialyseéd Dialysed f
. extracte. extgget.
1 0.0 1.8
18 7.8 942
42 9.2 1% |
N

oo Although at-the-time of testing the- dialysed
extract had been nefeﬁsar_i_ly been kept 24 hours,- it
will be seen that_#he;e_haS:been_np ;bss of activitj;
the activity of solutions of cytase is therefore
apparently_unchanggd_@ytgeap;ng at room temperature
for 24 hours, or on dislysis, - -~ .. .- __

 TVorksble guambities of precipitated enzymes
@Q;e_nqp_pbta;@ap}e ffom this extract, due to its
low concentration, - - _

In a second eXperiment, 200 8o of- low-dried

malt were extractea w1th-500 ml.. of water at 2100.--d
fgg'g hggrg?m ﬁhe extract was flltered through a fluted
péper,and ﬁoured lnto 4 volumes of 957 alcaholr_- ﬁhe
preclpltate mras%.llowed to- settle, the superna.ta,n'b
¢iquid decanted off, and the. preczpatate taken to dryness
in the usual menner, the whole process being carried out

in as short a tim® as possible to avoid undue
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inactivation by.the_alcdhol.m - This. preparation will. be
referred to below as "erude precipitated malt enzymes",

_3§b;gfggf_ fiield and ash centent of crude precipitated

malt enzymes.

L 3

Dry, ash-free yield. .- 1.8% of malt.
Ash content. 11.2%

Influence of pH and Temperature on Cytolvsis.
Lgng pg;;g@‘ngzg;g;gg:- -The ip@luenqe_of pﬂland_tempe;ature
onﬂqytolysﬁs was sﬁu@ied over 1¢pg"psriodxgonygrs§on s &%t
temperatures 33, 41.and 45°C., and at B values 4.6,
5.0 and 5.4. - The investigation of pil effects at 33°C,
was combined with a study of the effect of increasing
amounts. of enyyme, and was carried out using 1, 2,
45 5 and 10 ul. quantities of &:6.10% (dry, ssh-free -
equivalent) solution of crude precipitated malt enzymes
added to 50ml. quantities of a 0.10% (dry, ash-free .
equivalent) barley gum Cp solution, controls on water
being carried out for each quantity of enzyme. . Tho
conversion mixtures. were adjusted to 4.6, using
sodium acetate/acetic acid buffer solution, reducing

groups liberated beimg determinedafter 20 and 44 hours,
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Cytolysis_at 41 and‘45?Q, was_studie@.in the
following manner: 1 and 3 ml., quantities of 0.10%
tdry,_aﬂh—free equivalent)_c?ude p;eeipitated(malt enzymes
solution were added to 50 ml. quantities of O;lo%_-

(dry, ash-free equivalent)barley gum C, solution and

to 50 ml, quantltles of Water to serve as contr ols,

the conver51ons were adgusted to the appropriate pH

value with sodium acetate{acetzc acid buffer solutzons,l
and_lncubated at the required temperature , the reducing
groups liberated being determined after 20 hours - _
conversion, The results of the above experiments will
be found in tables X and XI,

Ieble X+ The cytolysis of 50 ml. of 0.10% barley -

_gyn_cz_sqlution byﬂvarying amounts of crude precipitated

malt enzymes at 33°C,.

. Corrected redu01ng grou$s 11berated (as xylose) -?
me. of : as / of substrate. |
enzyme _ _;
added. plj:_é.s % pH 5.0 ;p;L-s.zL

20 hrs. 44 hrs. | 20 h:r_g. 44 hre. | 20 hrs. 44 hrs,|
2 248 fe9 6:65 10,5 | 6,7 1.6 |
2 | .75 .85 | 183 19,4 | W5 183 |
4 | 173 186 | 187 @ | 16 15,0
.5 22.5 25,5 25,5 35.2 17,0 20,1 |
10 34.6 3600 36‘1 41-0 21.0 [T g
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Table XL 20 hour cytolysis of 50 mle of 0.10% -
barley gum Co solution by crude p;gpipitated1malt

enzymes at various pi values and temperatures.

éoﬁfected reauclng groups Liberated (a8 xylose) >
— - ‘ a8 % of substrate.
Tempe. | 1 mg. of enzyme. 1 . 3 mg.- of enzyme. - .
N 4,6  §I5.0  pHS.4 pH 4.6  pH 5.0  pH 5.4
33 9.8 gegB et 48, 1% 17,5 % 12,7 ¥
a 8.4 829 B3 R3.3 2.8 18.7
45 4.4 7.9 6.6 | 11.2 14.9 14,9

# « interpolated from fig. I

 The results are graphed in figs. 1-4, and the
figures fO?.hyd??lysé?i?ynﬁ.@g°;9f o i 53?9'-We?é
Zead off -the spiwerwdets ourve in £ig -l - It-will-be
seen from the curves that hydrolysis is substentially
proportionsl to enzyme concentretion up to figures of
about ZQ%Lhy@rOIygis';nﬁthebgges;pf\fhe;lowe::témgerature
and pil values; in the case of hydrolysis at ph 5.4
and also at 45%. P_rosﬁ?or‘ti?nai_w_ between hydrolysis -
and enzyme concentration is rapidly lost and hydrolysis
tends to stop after a figure of 207 hydrolysis is reached.
o hyazolysis/si o hydrolysis/temperature -
curves have been drawn, but from an exemination of the
figures in table XI, the respective mexima sppesr to-be
in ﬁhe-regiens of ﬁHwﬁ»O and-40°G‘, though~considerable

_ variation will he noted, especially that of op timum

$H with temperatwe. It may well be considered
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that more than one enzyme is concerned, the components
Wk Jeak K e el Y
of the systenm showinghtimeZ%emperature/bH relationships.

Short Period Comversions:~- It was considered desirable
to gxwmine cytolysis over-ahort periods rather ﬁhan
long, and to this end a standerd method was designed,-
laying down strict conditions of working in order that
figures obtained from different experiments might be
comparable, and that figures after 1-5 hours conversion
might be considered reliable.

In the”staﬁdard short pgr;cd_method", the
volume of the substrate solution was adjusted'so that -
when the enzyme solution has peen adde@,-ﬁhe total conversion
liquid was in all cases gO mls, containing the equivalent
of_éb mg?_pf ary, as%-fr?e:substratg, an@_including
the appropriate sodium acetate/acefic acid buffer solution.
?he_éonceﬂtratiop-of enzyme solution used was. commonly
1 mg. (dry, ash-free equivalent) of enzyme per ml.,
end 5 or 10 ml, of this were added to the conwersion,-
the substrate being adjusted to the required temperature
before gd@inglthe eﬂ;yme?_l_cpptrols;gn enzyme -
buffer - water mixtures were rum throughout the duration
of all conversions, and for the purpose of determining
the initial reduction of the conversion mixtures, .
the ?éduc@ion‘oﬁ_ﬁhe;supstrate“itsg;f_was determined.
Semples for the determination of reducing group - .- -

content were removed immediately on adding the enzyme
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soluti&n, apd afge: },:5? and 5 hpurs oi qonversion.

- . The above method was used to examine the
influence of pH and temperature on the cytolysis of
barley gum Cz. The tgm?eratu;es uged wereuzo, 37,

44 and 51°C.; the pH values 4.%,_5.@ and 5.4 were

tested at each temperature, and the source of the -
enzyme was crude precipitated malt enzymes. The resulis
will be founa 1n table XII, and the curves drawn from

them in figs, 5-8.

-_,zghlglzll  The inflaence of pil and temperature on
the cvtolyszs of barley gum Coy uslng short period

{1-5 hours) conversion.

Corrected reduclng groups 1iberatad (as xylase)
a8 % ef substrate.

Temp. F e == W
i pﬁ_g,ﬁ-,; a: ci e Re o pﬁ 5.4
lhr. 3hr, 5hr. 1 hr;-'S B, 5 hr. 1hr. §br.
| - ot 5 mg, of enzyma. |

 5Qi: .;33%_5q;5E3: : 7;Q :- . 4";,§,2 _ €§:? :;3555'. .

& | 3¢ 57 B 1?'..235f*? BE %4 -1 3

5 1o z,g;;;fagg;;*mz+sf;;;;“;;?;
0 mg.;;ffJ

|3 |54 7.6 10,6 --'5 2 f4 0,8 48 68 -
137 |58 64 127 36 78 1 38 Y2 3

{8 (23 53 74 82 8t 80 R 30
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- The above experiment was repeated qprbarley

hemicelluloses Sp and 8., using the same pi values - -
and temperatures. During the determination of reducing
groups at O time, a starch-iodine colour was noticed
with both hemicelluloses; - the action of & amylase
on these substances was therefore tested as before - - ..
(page 30).  The presence of starch in both was confirmed.

- It was also found in these experiments with
barley hemicelluloses, which were carried out before
the full short method was adopted, that in the case -
of barley hemicellulose S; and S, there was a difference
Lo dne Sohrs Slgres B O houxs beiyesy e Sikstenis -
solutions containing 5 mg, and those containing 10 mg.,
at o1l temperatures and pi. velues (table XITI), which .. -
was greater than f?;‘-"-.e""_°°§.TG?P°n@:i¥¥%_'. difference in the controls.
The onlygppssib%e_@aﬁiamatiﬂp.sﬁeerﬁo_bﬁ that there is .
a0 almoss in_s"‘,a?l..’“?’tnﬁeé’-’-s_ liberation of reducing groups
on adding the enzyme, and that this liberation is . - -
greater with 10 mg. than with 5 me. - The inconsistency
of the varation probably erises from slight, unavoidable
differences in time between adding the enzyme aid.
withdyewing the selutdon fob determanation. . -I% was
for this reason that the method alreadv described,
involving the exemination of substrate and enzyme alone,
was adopted. - The results in table XIV —were calculated
using the full method of control, so avoiding the

errors outlined above,
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Zeple XIII. "0 hour" titre figures for barley hemicelluloses

8, and B,, obtained when substrate and enzyme solution

were mixed and samples taken as rapidly as possible,

&

| ‘ml. N/100 Na,S50z0 ﬂ RS

Temp. . pH 46 - PH'53° RO ° - & - S S

Co |5 #g. of 10 Mg, of 5 mg., of 10 Mg, of 5 mg. of 10 mE. of
Ll enzyme. - enzyme. . - enzyme. snzyme enzyme.

|
il
H
i

~ Barley hemicellulose Sq. | B
30 9.8 9.7 9.8 9.75 9.9 9.7

44 9.8 9.4 9.8 9.4 9.8- 9.5
51 9.35 89 .86 .- Ba9 0465 - - 8.9

Bawleyuhemicellu%gse 32 kg =
9.8

30 10.0 9.6 10.0 9.7

934"
9.3
9.2

44 9.6 9.35 9.55 9.15

9
37 | 9.25 a0 98 248 9
: ek ] ;
9

51 9.5 9.2 9.45 9.15

S e it i - e




_ Table XIV. -

Sl e

The influence -of- pi-and temperature on -

thelgvtolysis pf barley hem;cellulgses'Si and 82, using

ghort period (1-5 hour) conversion.

e g

) Corrected reduclng Erouns llbera*ed ( a8 xylose)
_____ as-% of substrate.
Temp, PH 4.6 - pH 5,0 i . pH- 5.4
oC. lhr, 3hr. 5.hr..Lhr. 3hr..5-hr..l-hres3hr. 5 hr.
Barley Hemicellulose Sy,
5 mg. of enzyme.
30 5,8 6.9 Ta2 6.2 6.5 74 5.5 5.9 6.7
37 §~8.7- 95 107 8.4 9.6 9.9 8.3 9.4 7.6
Shpush Bl 5o Tole - i Bode o Bl HnOrteBulle thidudiiond.y - -Tud
Bz b Ty . Bser Tolie s Bl 52 Taher il Biroa i Bie 648, - Tk
% 10 mg. of enzyme. .
30 é 6.9 8.4 0.9 6.D 8.0 9.9 Bl Tl 28.6
s o] 9.6 01004 8.8 10,0 pelleby 182 14 Dikesd0.9 - 11,6
44 ; 8.1 8.4 9D 7.4 el 96 o Brvrsia l 9.0
51 i-7.4 8.8 Sl 8.4 9.0 Qllow: 6Gal 7.8 8.2
i Barley Hemicellulose Sy
? - 5-mg. of enzyme.
30 4,1 5 7.0, 4.6 64D 8.0 4.6 Baé 5
37 5.2 6.4 g;g 4.9 6.5 8.4 5.4 74 8.4
44 6.8 . M0 v O FB B Bir st B B 8y
Bl Bak 5.5 549 5.4 6.4 B.7 .8 T8 72
10 mg. of enzyme.
30 5.5 . 9.1- 10.4 5.9 ..5847 _‘_105566 5‘? -13"'2 ii-i
Ul 0.4 0088 L EE Taed 1ad a e m
b1 T 98 Bd. 6B B i B0 BT Bl 8
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None of the figures for reducing groups
liberated from either of the hemiceliuloses by the
action of crude precipitated malt enzymes can be
considered truly representative of ecytolytic action,
due to the presence of starch in these substances and
the consequent amylase action.

It is interesting to note that whereas in long
period cytolysis of barledf gum 02 the relationship betwéen
hydrolysis and enzyme concentration appeared substantially
linear from the start of the action, the expected
linearity hydrolysis and time was not observed in the
case of short period cytolysis, there being a rapid
liberation of reducing groups at the start of ghehction,
followed by a slower liberation of reducing groups, ‘the
latter being proportibnal 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 té amylase
action, Hydrolysis/pH and hydrolysis/temperature curves
have not been drawn for these results, butl from an
examination of the figures for the cytolysis of barley gum Co
(table XII), it would appear that the optimum conditions

for this action are at pH 5.0 and 44°C.



siliBa 5

Ihe Breparation of z Precipitated Enzyme from
Ungerminated Barley and Oats.

100 g. each of ungermiuaied barley and ungerminated
oats were extracted with 250 ml. of water at room temperature
for 2 hourss the filtered extracts were poured into 4 volumes
of 95% alcohol, and the precipitates obtained taken to
dryness in the uswal manner.  The dried precipitates were
tested for cytolytic activity against barley gum C, by the
standard short period method at pH 5.0 and 37°C.; a conversion
using crude precipitated malt enzymes was also run for

purposes of comparison.,

Iable XV. The hydrolysis of barley gum Cy by cride

precipitated enzymes from various sources at pH 5.0 and 37°¢.

Correctéd reducing groups liberated
(as xylose) as % of substrate.

Source of mg. of
. enzyme 1 hour. 3 hour. 5 hour.

enzyme. added.

Ungermind. 5 1.2 Rl 2.0

barley. 10 145 3.3 38
Ungermind. 5 2.4 3.6 5.6

; OatSo 1.0 503 6.2 9.0
Low~dried. 5 3B 5.3 T
barley malt 10 4.1 9.6 13:8

As will be seen in table XV and fig 11, the

hydrolysis of barley gum Cs by the precipitated enzymes Irom
oats is substantially similar to that of crude precipitated
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malt enzymes, the only difference lying in the lower activity
of the oat preparation., The action of the ungerminsted

barley preparation however is entirely different, substantially
ceasing after 1-3 hours action, and it would appear that an

enzyme of entirely different nature has been extracted.

DISCUSSION.

The use of extracts fdr the study of cytolysis
has proved of little value, principally because of the low
activity of the extrazcts, allied with the large number of
contaminating substances introduced into the conversions
by the extracts. However the presence of cyfase in
green malt and low-dried malt has beem clearly shovm,
and its presence in ungermimated oats indicated, by the
use of extracts,

A comparison of the activities of green malt and
low=dried malt will be found in table XVI, where it will
be seen that the low-dried malt is considerably more active
than the green malt extract in the case of the cytlolysis
of barley gum Cgj; this however is not the case for the
barley hemicelluloses, particularly with barley hemicellulose 8,
where it will be seen that the green malt extract was the
more active. Whether this greater activity, where barley

gum 02 is concerned, is 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
melt, the green malt being extremely difficult ot grind.
Accordingly the use of green-malt as a source of cytase

was discontinued, and attention concentrated on low-dried malt.

iable XVIe Compaxrison of the cytolytic activities of
extzacts of green malt and low-dried malt, at pH 5.0 and 37°C.;

2 ml. of extract used in each casge.

Corrected reducing groups liberated (as xylose))
a8 % of substrate, after 18 hours conversion.

Substrate. Green malt. Low=dried malt
extrast. i extract.
Found Calculated Found Calculated
16%. 10%. 5% 10%.
Barley gum Co. 16.0 10.0 7.9 15.8
Barley _ X _
Barley
hemicellulose 82, 7.9 5.0 2.0 6.0

Of the substrates examined, although four of

these were susceptible to cytase action, namely barley gum.Bz,
Barley gun €5, barley hemicellulose 81 and barley hemicellulose Bs,
only one,barley gum Co, has proved suitable for work in the
immediate future, the remainaérs-being contaminated to an
appreciable exteng with starch. The hydrolysis of the bérley
hemicelluloses was extremely slow, especially in the case .

of hemicellulose Sl, when only 4. 8? hydrolysis was échiavéd

Vi -
after 66 hours conversion (table I#T); no measurable actlon
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could be observed in the cases of willow hemicelluloses 8,
and (Aand B),

The findings of previous workers that cytase is
precipitable in an active form by alechol has been confirmed,
and the use of_aﬁprecipitatéd form of cytase,necessarily
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 materials (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.
pH value of the conversion solutions.  The age of the
dialysed extract on testing was of necessity 24 hours, but
its cytolmtic activity was unimpaired; it seems%afe.to assume
therefore, that no inactivation of cytase occurs overra
period of 24 hours, at least in dialysed extracts.

The ecrude precipitated is stable in the dry form
for appreciable lengths of time; the same preparation has

been used over periods of several months, with no appreciable

deterioration.

Long Period Conversions of Barlev gum Coir The curves
hydrolysis/enzyme concentration (figs. 1-4) for long period

cytolysis.of barley gum CP, show that the two bear a8

substentially linear relationship at first. This is most
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marked at pH 4.6, in which case hydrolysis in constant time
and enzymeée concentration were proportional at each of the
temperatures tested; with increase ih'pH value linearity
is lost, particularly at 45°C, wWith higher enzyme concentrations
linearity is speedily lost, particularly at the higher pH
values; extension of the reaction time to 44 hours at pH 5.4
gives substantiakly no increase in hydrolysis with five fold
increasge in enzyme concentration. Under optimum conditions
hydrolysis and enzyme concemtration show proportionality
up to R20% hydrolysis, bu{ béyond this point even under
optimum conditions lineasrity is rapidly lost; it is
possible ‘that the point thus reached ind udes the end point
of & particular phase of cytolysis for this substrate.
From the above it may be concluded that there ig a suﬁ%tantial
decrease in the stability o6f cytase with decrease in acidity,
even at the lower temperatures; figs. 2-4 illustrate
clearly this decrease in stability with increase in pH wvalue.
The influence of pH varies with temperdture; at
a temperature of 37°C. hydrolgsis is greatest in the range
5.0 = 5.4, but with inecrease in temperature the optimum
shifts to & valume between 4.6 and 5.0,  For temperature
o more definite optimum may be stated, viz. 40°C. or lower,
PH having little influence on its poQition.
Assuming the existence of two types of linkage
in the substrate molecule, each attacked by a different
enzymé, these 6béeivatioﬁs may be teken to indicate the

: : the _ :
Presence inAqvtase.preparation used,of two cytolytic



factors. Thus factpr L with an optimum 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 gn optimum pi 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 wowld appear to becin the region of 40°C.
Possible reasons for the absence of any action by factor X
after the stage of hydrolysis represented by a total
liveration of 20% of reducihg groups has been reached are:
firstly that the enzyme has been inactivated, and secondly
that, by the time this stage hasg been reached, all the
linkages susceptible to the action of this enzyme have been
broken, and consequently no further action is possiblé.
Further support for the suggestion that two enzymes
are involved comes from the observation made abuve, that
whilst the low-dried extracts are more active in the case
of barley gum Cgthan green malt extracts, in the case of
barley hemicellulose Sl the latter is the more active, and
in the case of barley hemicellulose Ss their activities
are approximately equaly this would be understandable if
more than one cytolytig factor was concerned attacking
different linkages, thec distribution of which would be

expected to differ in different substrates.

Short Period Comversions of Barley Gum Co:(1-5 hours.):~ The
hydroiysis/%ime curves for short period conversions of barley

gum'cgare'extremexy interesting, and it must be noted that

this material is free from starch. These curves are not




5

at all the usual type for enzyme actionsyinstead an .
extremely rapid hydrolysismis indicated at the commencement
of the action, subsequently the curve flattens out, znd
thereafter shows marked proportionality between hydrolysis
and time. As was pointed out in the experimental sectioﬁ,
the initial action is sufficientiy rapid to be noticeable
_in a fraction of a minute. Turning to the phase during
wﬁich hydrolysis and time bear a linear relationship; if
i® the reducing groups liberated during this period are
plotted against enzyme concehntration it will be seen that
the relationship is,in the majority of cases, substantially
linear (fig.9}.

- The relationships between pH and hydrolysis and
temperature and hydrolysis are extremely complex, and-curves
to illustrate these reiationahips have not been drawn;

-~ however from a study of table ﬁé&& certain inferences may

be drawn, The influence of pH & early varies with temperature
of conversion and 1engﬁh of conversion, being of greater
importance at highﬂr temyeratureé; at low temperatures

(30 and 37°C.) and short conversions (i.e. wp to 1 hour)
thepptimum pH value is.4.6 or lower; but witn rise in-

- temperature and increase in conversion time tue optimum

pH rises to a value in the région of 5.0, Similarly the
.influence of temperatute varies with pH and length of
conversions for conversions up to 1 hour the optimum temperature
is 30°C. or lower at all pH values, but for longer

conversjons the optimim temperature will be seen to vary
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with the pH value, being near 44°c. at PH 5.0, but near 4400.
at pH values 4.6 and 5.4,apparently inconsistent with the

findings for long period conversions.

Short Period Conversions of-Barley Hemicelluloses S; and 8,3~

The presence of starch in the barley hemicellmloses has
unfortunately caused tie figures for the hydrolysis of

these by crude precipitated maly 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 recognised that 80% of the breakdown of starch by
amylases occurs within the first hout 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 reaci completion, Thus

it may be safely assumed that by the end of tae zirst hour
of the hydrolysis of barley hemicelluloses by crude precipitated
malt enzymes,amylase action will have suwstantially ceasedy -
and toat any further action will ve due to g tase.

Amylase action has been eliminated from these figures
uerefore, by taking the difierences between the 1 ana 3

nour and the 1 anu & hour as due to cytase; these figures
will be found in table XVII and the curves drawn from

them in fig 1Ob. It thus appears legitimate to use these

figures for a study of the second, linear phase of

cytolysis.
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Teble XVII. Corrected figures for the cytélysis of
barkey hemicelluloses By and S, by erude precipitated
malt enzymes,

Barley hemicellulose Sl'

. . : Coréected re&ucin4 gréugs 1ibeéated .
mng. Tempexr- (as xylose) as % of substrate.
ature. : '
of oc. PH 4.6 oH 5.0 PH 5.4
enzyme . 3=l hr. B~l1 hr. 3-1 hr. 5-1 hr. 3-1 hr. 5-l hr
30 3.4 1.4 0.3 1.2 0.4 1.1
5 37 0.8 2.0 T2 1.4 e R %
44 0 1.6 1.0 230 T LDB % |
51 0.3 0.8 0.5 75 S - 1+3
30 RS 3.0 1.5 Bk TR 2.4
10 37 03 3.2 1.4 2% 1.5 2.8
44 0,3 T2 1.8 2.2 0.9 1.8
51 1.5 A R B 1.8 0.9 1.6
Baxley hemicellulose Sa.
80 1 LleG ol 20 1.9 3.4 b 3.4
B LB T TERR L L e 3.5 W R
| S R R g - 2.4 1.7 2.9
51 Gen U T T 2.4 T B
80 TRt Ag T e g v 6.3
e e e e R TR 84D
EOVIREES S AR 5.5 %K N
LT L By AR 2.8 =3 5%
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An example typical of the hydrolysis/%ime-curves
for both substrates for the corrected figures has been
given in fig. 10b, and the corresponding one for the
uncorrected figures in fig 10a. Both of these amrves
show the broadly linear relationship between hydrplysis
and time during the second phage. It is of interest to
note that in the cases of the hemicelluloses the firsgt
phase is more marked tilan in the case of barley gum Cs
(tables XII and XIV,figs. 5-8 and 10a),and there seems
little doubt that, though some of this greater action is
due to the hydrolysis oi siarch by amylases, the initial
rapid action is present during the hydrolysis of tiese
substrates by cytase. In the case of barley hemicellulose
Sl poti pi and temperature have little iniluence on
cytolysiss conditions seem t0 be most favourable atia pH
value oi 5.0 and a temperature of 30°@. or lower.  The
effects of tewperature and pH on the cytolysas of
hemicellulose Sg are more pronounced; the optimum pi
vaiue tends to be a little higher tuan in the case of
barley guu Co, being at least 5.4, and tue optimum temperature
18 around 3700. It must be noted, that as yet there is
no evidence Fhat the same actions are involved in all the
three cases under discussion, and &t is possible that the
ahift in optimum pH observed with hemicellulose Sg may be

&Ue to a different type of action being involved.
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Cytase as a Svstem of Enzymess~ The hydrolysis of
barley gum Co by the precipitated cytase preparation from
barley is very interesting, as it is apparent from an
examination of the hydrolysis/time curves (fig.ll) that a
different type of action is involved, the action of the
engyme ceasing after 1-3 hours conversion.  The hydrolysis
achieved (approximetely 3%) corresponds to that of the
initial rapid action of the malt enzyme. The presence
of cytese in ungerminated oats has been wmonfirmed by the
preparation of a precipitated mixture of enzymes from this
source.. The action of this enzyme preparation on barley
gun Cois similar to that of crude precipitated malt enzymes
(table XIV, fig.ll), 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
groups, and secondly a more prolonged hydrolyéie which
is proportional to time. 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 enzyme,or groupg of enzymes, whrchk
hydrolysésﬁhe breakdown products of the action of the
first enzyme, and possibly the unchanged substrate, to
(eventually) simple saccharides. It is possible in view
of the complex constitution of the barley gums and hemicelluloses

that different types of linkage are involved in these changes.
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The suggestion that more than one enzyme is
involved in cytolysis fits in admirably with the observation
made above on the action of crude precipitated enzymes
from barley, since it would eppear 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 pH effects noted with
barley gum Co. Here it will be noted that two groups
of optime are present, one ;;% conversions up to 1 hour,
in which the respedt ive optima are pH 4.6 and 30°C., and a
second group %?g conversions up to 5 hours, in which the
relationships are more complex,

If the linear portions of the hydrolysis/%iﬁe
curves for barley gum Co are extended to cut the hydrolysis
axis, it will be seen that the intersections of the majority
fall indiscriminstely witinin a close range of hydrolysis
from 3=-5%. = 1t would appear therefore that the initial
rapid action is limited in its extent, and thet this limit
can not be exceeded by increasing the enzyme concentration,
thus supporting the contention that this action comprises
depolymerisation or disaggregation, rather than a continuous
hydrolysis.

It was noted whilst discussing the long period
W a=~ction of pytase on barley gum 02..that the available
evidence poinﬁed to the pfesence of two enzyme actiong, and
sindé the actioﬁ must éorresbond to that of the "enzyme"
responsible for the linear p@ase of short period conversions,

A IR S LBt At .
this may be takenﬁthat thisAitself'is e system of enzymes.
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This possibility is further supported by tihe complex nature

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

absence of any indication of the existence of the initial

rapid phase during long periodractions is not surprising,

gince the conversion was aliowed to proceed 20 hours

before the reducing groups liberated were determined,and

consequently departure from linearity woﬁld be masgked by

the large number of reducing groups liberated in that time.
Thus it appears that cytase eomprises a system

of enzymes and not a single enzyme as previous workers

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

at present, the enzymes or system$of enzymes have the

following properties:

Qxiaﬁg_lgu An enzyme capable of producing a rapid hydrolysis

of hemicellulosic suhstances.from barley immediately the

two are brought in contact, without large scale liberation

of reducing groups; this enzyme may be.coﬁvenientiy termed

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

little affected by changes in temperature or pH wvalue, but

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

The possible mode of its action is to hydrolyse the substrate

to molecules of still complex néture, which are the acted

upon by.cytase 2e .. |

2= An enzyme, or more likelyhmisystem of enzymes
acting on the products of "cytoclastase"action or on the

substrate itself, at a much slower rate than "eytoclastase',
the action being long lasting. This enzyme or enzyme
gystem may be termed "cytolytase", and its action "eytolysis",

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.; at pH values

4,6 and 5.4 the optimum temperature is 37°C.

MILARY ,

1. Cytase has been shown to be present in green malt,
low=dried melt, ungerminated barley and upgerminsteéd
oats, low~dried melt being the most convenient
gsource. Alprecipitated form of cytase has been

~roprepared whlch is stable over long periods of time
in the dry state.

Be Of six substances tested as substrates for cytase,
only ones barley gum Cy, has proved fully suitable.
No measurable Hydrolysis was observed in the cases

of the willow hemicelluloses, but barley gum By and the
barley hemicelluloses have been shown Susceptible
to cytase action, but the use of these is complicated
by their confamination with starch.

Se Ehe action of_cytasg comprises two distingﬁ-phases,
the total action not being proportional to time
from the start of the action. The first phase is
an extremely rapid action of short duration,
@roducing few reducing groups; a linear relationship
exists during the second phasge, u@_tO-a_liberation

of  of 20% reducing groups. The pH and temperature

relationships of the two phases have been examined.



4. ko &8 SugEERied (ot AytaEe 48,8, SyRten el at.
least two enzymes, _”cyto_clasta_s_e" and f'cfvtply‘fbase"
(itself possibly a mixture), and the peoperties of

these have been described as far as is possible at the
present Bfﬁage. Whilst both are present in low-
dried malt and ungerminated oats, ittappears that

s osubstantially only gytdclastase is present in
ungeriinated barley.
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IV. OBSERVATIONS ON THE CCOMPLEX HATURE OF CYTOLYSIS.

In the previous section evidence was given
which showed that the action of cytase involved two phases,
and led to the conceptioéwof cytase as a system of at
least two enzymes, i.e. the cytolmbtic and c¢ytoclastic
factors. -

Three poséible meﬁh@ds by which these actions
might be separately stuﬁﬁeﬁ_augaest_thamselvés=_ firstly - -,
the separation of the enzymes rei£§251ble for the two phases;
secondly the preparation oﬁ4suscept*blﬂ to only omne of the
factors; the use of methods for following the partﬂcular
aspects of cytase_gction-Qtﬁher_ﬁhan that of determination
of reducing groups. In this sectioh it is only proposed
to deal with the second of these methods. ' _

AIQOSSile methpd oy whipb'the prgpaﬁéticniqﬁ-

a modified substrate might be achieved:wasfindicated when “-
the'cytase-of_ungerminatéd barley was gxamined,'the
resultS'of:which examinatiqn led to the coﬁhiusipn-¢haﬁ
substantially only the cytoclastic factor was pmesemf

{Section III), It was hoped that by allowing the precipitaged
m eparation from barley o act on the substrate prior to the
action of crude precipitatéd malt enzymesg, the substrate

wowld be sufficiently modified to eliminate the gytoclastic

. action normally observed, and thus produce 2 sﬁbétrate

suitable for the study of cytolysis. s '

During the preparatidn of ﬁodifiea substrates it
will be shown that if an extract of barley is incubated at

i
P



=52

37°C. for & sufficient length of time, no precipitate can
bebbtained on the addition of Fehling's solution and acetpne,
indicating presumably a complete hydrolysis of barley gum Co.
This initiated a study of the water seluble polmsaccharides
of malt, & nce it would appear that the constitution of
these substances changes radically during germinstion.

An increase in the soluble pentosans of barley during
germination has been reported by Windisch and van Waveren
(1909), and an:increase in the total pentosans i.B. soluble
and insoluble, has been reported ¥y various workers (SchBne
and Tollens, 19@l; wvan Laer and lasschelein, 1923;

Preece 1940b.) Several of these workers (Baker and

Hulton, logc. cit.; Preecey 1940b.) have studied the change
in the pentosans of various sites in the kernel, i.e._
embryo, endosperm ana 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 would be obtained if the water-soluble
ﬁolysaccharides of ma 1t could be isolated and subjected

to analysis.

EXPERTMENTAL.

In view of the very low yeilds of barley gum Co
etc., it was considered advisable to carry out preliminary
experiments to test the possibility outlined im the introdudtion,

before commencing large scale preparations of modified

substrates directly from barley.
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100 M . of a solution containing th%equivalent
of 75 mg. of dry, ash-free barley gum Co per 40 ml. were
prepared, and 40ml. of this were pipettéd into each of
two conversion flasks., The substrate solutions were
adjusted to pH 4.6 with sodium acetate/ acetic acid
buffer sélution and to 30°C., snd 10 ml. of 2 0.10% (ary,
ash-Ifree equiivalent) solution of precipitated barley
enzymes were added to each; the conversions were sllowed
to proceed for two hours when the solutions were boiled.
Controls on water were prepaked in az similar menner.

After woiling, the controls and conversions were made up

to 50 ml. with the prior additlion of 1 ml. of pH 5.0

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

of each withdrawn for reducimg group determination.

15 ml. of water were addedto each of onecontrol and one
conversion, and 10 ml. to each of the other pair, the
former to receive 5 ml. of 0,10% (dry, ssh-free equivalent)
crude precipitated malt enzymes solution and the latter 10ml.,
meking the total conversion volume 60 ml. in all cases;

the flasks were brought to 37°C., and the requisite amount
of enzyme solution added. Reducing groups were determined
after 1,3 and 5 hours conversion, the O hour figure being
taken as that of the substrate solution after boiling, but
prior to the addition of crude precipitated malt enzymes
solution. It is importent to note that the final enzyme,/
substrate reiationships are the same as in the standard

conversion method previously used.
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Table XVIIL. Action of crude precipitated malt enzymew
on 0.10% barley gum Cg solution previously acted on by

précipitated barley enzymes; pH 5.0, 37°C.

) ) Corrected ;educing groups.liberated
mg. of (as xylose} as % of substrate.
enzyme :
added. 1 hour. & hour. 5 hour.

5 1.8 - 3.45 5.4
10 2.4 v 10.95

Ag will be seen in table XVIII and fig. 12, a
considerahle measure of success has heen achieved, and
although cytoclasis has not been combletely eliminated,
its extent has been considerably reduced. In this
experiment howewer no control wés exercised over the
action of the precipitated barley enzymes, and consequently
it may not have reaclied completion in the time allowed;
in order to eliminate this possibility as far as possible
the experiment was.modified a8 below,

i.O g. of barley gum Co was dissblved in water,

1 ml. of sodium scetate/acetic acid buffer solution added,
and the volume made up to 100 ml. - The solution was placéd
in & conversion flask and immerséd in a wdbr bath at 30°C.;
0,050 g. (dry, ash=free eqiuvelent) of precipitated barley
eﬁzymea were dissolved in water, and added to the barley
gum Co solution. Raduéiné groups were determined after

1 hour, 2 hour and thereafter at suitable intervals

untilithe action had ceased, and the batley gum was then"
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recovered in the ususl manner, the treatment stopping
the enzyme action. The action of crude precipitated
malt enzymes on the produect, modified barley gum Cz,
wasydested using the standard short period method, the
temperature used being 37°¢, and the pH value B.0; the
results will be found in table XIX and the corresponding

graphs in fig. 13.

Table XIX. Action of crude precipitated malt enzymes
on a modified barley gum Co prepared from a solution of barley

gun Co; PH 5.0 and 37°C.

’ ’ Corrected %educing_groups.liberated '
ng. _ (as xylose) as % of substrate.
en;;gme. 1. hour. 3 hour. 5 hour.
5 1.8 4.05 6.15
10 ot 7.95 13.05

From the results it appeared that the attempt
to,prepare a substrate musceptible only to cytolysis:ihad
been largely successful, consequently large scale preparations
of modified subatrates-wgre attempted.

d L oS0 :
Preparation of Modified Barley Gum Coi=- 1Y g, of bvarley

wexre ground and extracted three times with 1,000 ml.
quantities of water without previous inactivation of
éhaymes,'filtéring through cloth after each extraction.

The combined extracts Weresfaised to 30°C., and held at
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that temperature for three hours. Note thnat the action

of barley enzymes was necessarily proceeding fof several
days during this preparation. The temperature of 30°C.

was chosen as earlier work (SectionIII) had indicated that
the cytoclastic factor was most active at this or lower
temperatures. The extract was then filtered through

paper covered with a layer of Kieselguhr, and the wvolume
reduced to approximately 300 ml. by distillation under reduced
pressure. The extract was then filtered through paper
pulp, and NeOH added to a concentration of 4%. Fehling's
solution was addedkntil a blue colouragtion was visible in
the extract: no pfecipitate wes obtained, as was expected,
and acetone was added but again no precigitate was obtained.
It seems apparent that long contact between the barléy gum
and the barley enzyme has modified the g-um to the extent
that it can not be precipitated by the addition of Fehling's
solution and acetone. ' |

To eliminate the lmg contact between the gum
and the enzyme the following method was adopted,

500 g. of garley were ground and extracted twice
with b0111ng 80% alcohol under reflux for 20 min. to 1nact1vate
the enzymes. The re51dues were flltered off through cloth
at the pump, and extracted tnrlce wztn l,OOO ml. quantltmes
of water at room temperaturé, filtering through cloth at
the pump after each extraction. The extracts were
combined, raised to 30°C., and 300 ml. of a 20% barley:éxtract

were added. Thé extzactiwas maintained at SObC. un$11 =
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constant titre was obtained by the ususl réducihg group
determination. The extract was then boiled for a shor:

time to inactivate the enzymes, filtered through a layer

of Kieselgunr on papeg, and tuae volume reducedto approximately
300 ml. vy vistillation under reduced pressure. The
concentrate was filtered through paper pulps and HeOH added

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

added followed by half é volume of acetone, and the precipitate
obtained, modified barley gum Cs, taken to dryness in the

ugual manner.

Ereparation of lodified Barlev Hemicelluloses:- In this
first method it was hoped that the action of the enzymes
of the barley under freatment, with the addition of an
& emylase containing extract would ﬁrove sufficient both
to modify the hemicelluloses, and to remove starch.

| 100 g. of ground barley were mixed with 500 ml.
of water at 50 C., and thentemperature malnta&nad for
5 hours; 200 ml. of a 5% low~-dried malt extract, in which
/A amylase and cytase had been inectivated in the usual
manner, wereéédded, and the teﬁpeiature raised.to 5708..
dvernight. Om testing, starch Waé found fo bé stili prepent
in the extract. The residues were filteréd off thrdugh
cloth at the pump, mixed with 500 mle of a 5% haﬂley extract,
and the temperature raised to and malntalned at 20%a, for
2 hours. At the end of this time 200 ml., of a 5?,/bamylase
free and cytese free, malt extract vere added and the

temperature raised to 57°C. overnight. Starch was sti11
present after this further treatment , and the
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preperation was discontinued.

In view of the failure of the preceeding
experiment , it was decided to gelatinise the starch before
attempting the modification of the hemicelluloses. 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 s short time. The
geletinous mixture was then cooled to 80°C., 150 ml. of a
low=dried malt extract added, and the temperature held
at 78°8. for 20 min. to liquefy starch. The mash was
cooled to 30°C., 300 ml. of a 20% barley extract added, and
the temperature hekd at that temperature for 1 hour. At
the end of this time the tempersture washaised £0.:57°0,

150 ml. of a:ﬂﬁ amylase free and cytase free malt extract
added,and ﬁhé mash incubated at that temperature overnight.
Starch was still present after the treatment, Wt after a
further similar treatment starch was completely removed.

The residues were filtered off through cloth at the pump,

and thouroughly washed with hot water to remove dextrins etc.

The residues were exgré¢£e&.with 500 ml. and two
further 250 m.'.l... quantities of 4‘%'1‘@;&,0}1, ‘filtering after each
extraction ﬁhroﬁgh doth at thé:pump. Fehling's solmtion
was then added, but no preciputate was:obtéined, i.e.
hemicellulose B, was absent., Half a volume of,acetone was
therefore added giving a precipitatecof hémicellulose Sé,
which was recovered in the usual ménnér.

It will be noted that no hemicellulose Si wa.s
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obtained, wherezs this fraction was present in previous
preparations. A further preparstion of modified barley
hemicelluloses, and also two normsl hemicellulose preparations
were made fpom the same barley, but in no case was sz
hemicellulose 8 obtained.

The furfuraldehyde yields of the modifiedvsubstrates

were determined, and the results will be found in table XX,

Table ZX. Yields of, and furfuraldehyde vields from

modified substrates.

Dry, ash~free.

Substance. Yield as Furfural

: Goof as % of

barley. substance.
Modified barley gum 02. 0.5 25.55
Modified barley Bvd . 3.7 46,90

hemicellulose Sg.

¥ =~ 2 preparations

\ The action of crudé precipitated malt enzymes on
the modified substrates was tested by the standard short
period method, &t pH 5.0 and 37°C.  In orderthat the action
of eytase on the modified substrates could beimore accurately
compared with its actiob on normal substrates, conversions
on barley gum 02 and barley hemicellulose S5 were run concurrently.

The results are recoréded in table XXI and graphed in fig, 14.
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Iable XAL. Action of 10 mg. of crude precipitated malt

enzymes on modified and ummodified substrates at pi 5.0 and 37°C.

Corrected reducing groups ’
liberated(as xylose) as
Substrate. % of substrate.

1 hour. 3 hour, 5 hour.

Modified barley gum Co. 4.2 12.15 4785
Barley gum Co; 5,55 :5 - 10.05
Modified barley 3.45 5.55 7.05

hemicellulose So.

Barley hemicellulose Sq. ks 5. 6.9

It would appear ffom the results that, in the
case of modified barley gum Co, the seardhhfor a substrate
susceptible to the action of the cytolytic factor alone
has heen successful, the action of the cytoclastic factor
being almost completely elimingted, ~ In the casebf
modified hemicellulose S, however, a ® nsiderable measure
of cytod. asis remains; It must be noted that slight traces of
sfarch_were detected in:both of the3modified-subatrateﬁ.and
in barley hémicellulose So durlmg the determination of reduelng
groups before the start of the action, but this had
: _aampletely dlsappeared at the end of one hours conversion.
The slmght deviatzon from kinearlty between hydrolysis and
time at 1 hour may, in the case of modified barley=gum Cos
be due to ﬁha,abtion of amylases on this small amount of
atarch;.iﬁhis.is less likely to be the casé with modified
barley hemivellulose 85. A point worthy of note is that

the action of cytase on modified barley gum Cgié more
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rapid than its action on the umodified substance.

Malts = 500 g. of a normal brewers maelt were treated in

the mamner described for the preparation of bvarley gum'Cg,
and a polysaccheride was isolated thrdugh its copper complex,
being precipitated by the addition of Fehling‘s solution

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

The first striking feature about this substance
is its entirely different physical nature from the
corresponding, fibrous barley gum Cg.; the dried substance
from malt is a white, comparatively haxrd, granular substance,
of muech greater density than barley gum Csoe.

Sinee it had hgen shown possible to isolate a cold-
water=soluble polysaccharide from malt, it was considered
advisable to examine the malt for the presence of a hot=
wateﬁ*Qoluble-polysacdharide, i. e. one corfesponding to
barley gum Bs.

. Accordingly, 500 g. of malt after pretreatmen%
in the usual memmer to inactivate enzymes, were extracted
with successive 1,000 ml; guantities of water until little
or no further extraqtion oceurred, and the first three of
ﬁhese-éxtracts ﬁere.reserfed for the preparation of, the
éoid;wéter-abluble polysaccharide, (above), the subsequent
® ld-water extracts being discarded. The malt residues
were then extracted thrice with 1,000 ml. quantities of

water at 40°C,, the extracts beingmseparated through



cloth at the pump after each extraction, and the
polysaccharide was recovered from the extracts in the
maxner described for barley gum Cs. This polysaccharide
again proved to be of the second series, and was of very
similar nature to the coldewater-soluble polysaccharide.

The subsiances were subjected to the usual
anslytical determirations, the results of which will be fuund

in table XXII.

date

Table ZXIL. Analyticalyon the water-soluble polysaccharides
7 :
of malt,
L ] L] @ ®
Dry, ash=free.
Ash g 4t |
Substance, as % of Yield Furfural
substance. a8 % of as % of
barley. substance.
Cold=water~soluble _
malt polyssccharide, 0.0 0.5 44,05
Hot-water~-soluble
malt polysaccharide. 0.0 0.1 12.50

The action of cytase on the malt polysacdharides
was studied using the method described for the modified
substrates; The results will be found in teble XXIIT and

 the corresponding curves in fig. 15.
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Table XXITI, The acticn of 10 mg. of crude precipitated
malt enzymes on the water-soluble polysaccharides of

melt, at pH 5.0 and 37°C.

Corrected reducing groups liberated )
Time (as xylose) as % of substrate.
in ,
hours. Cold=water-soluble Hot=water-soluble

polysaccharide polysaccharide.

1 0.75 1.95

3 2.4 ' .

5 3.75 ' 5.2

From the Tesults it is clear that the water=
soluble malt polysaccharides are hydrolysed at a much
slower rate thax%melthe corresponding;barley-gums;_thé_-
hydrolysis of the cold—Water-sOlubla_Suhstanqe is propp;tiohal
to time, whereas that of the hot-water-soluble substanoe
is not. This latter substance gives a purple-brown colour
with iodine, possibly due to the présénﬁe of starch-dextrins.
It is interesting to note that extracts of the
melt polysaccharides, in distinction from extracts of the

barley gums, filtered quite easily.

DISCUSSION.,

The Prepoxation of Modified Substrates:- The attempted
eliminatiom of thoclasis has giveﬁ.same_véry'satisfactory
results, all the ?ariations of method being sﬁcceszul to

a greater or lesser extent.
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Thqﬁirst of these methods, i.e. the modification
of a stamdard barley gum Co solution, though the action
of barley enzymes was uncontrolled, gave a substrate waich
winen acted on by cytase showed linesrity between iydrolysis and time
from the start of the action (table X¥III, fig 32). |

The success of the firstuexperiment led to the hope
that the preparation of modified substrates on a large scale
i.e. directly from barley, would be possible, so obviating
the necessity for the preliminary hydrolysis with barley
enzymes each time a study of cytolysis was to be made. A
Preliminary experiment on the precipita¥iom of modified
barley gum Cgpwas thereforezcarried out ,using a preparation
of barley gum C, as the starting point, This again proved
successfitl, and the hydrolysis/time curves (fig 13) for
the action of cytase on this préparation are straight lines.
Also as was noted in the previbus Section for the secona
phase oi normal cytase action, the gradients of the curves
are proportional to enzyme concentratiadn,

The first and unsuccessful attempt to prepare
modified barley gum C, from barley yielded valuable
information., This was that sufficiently long contact (4-5 days)
between barley gum Coand the cytase of barleynAi;e. the
supposed cytoclastic factor, breaks down theigm to the extent
that it can no longer be precipitated by Fehling's solution
and acetone. The second attempt to prepare modified barley
gum 02 from barley, in which the action of the barley
enzymes was controlled, came up iw 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 straigat
line curve for hydrolysis/time (fig. 14). It is most
interesting ta note the iﬁcreased susceptibility of
modified%arley gum Co, to the action of crude precipitated
makt enzymes; the gradient of the hydrolysis/time curves
is much steeper than the gradient of the straight portion
of normal actions.

When the first preparation of modified barley
hemicellulosesuwas completed, it appeared that a radical
change had occurred iﬁ the nature éf the hemicelluloses,
i.e. thepresence of series 2 only, where previously both
geries 1 and geries 2 hemicelluloses had bheen obtained,
However whem & normal preparstion of hemicelldloses was
made from a sample of the same barley, and again only
series 2 obtained, it became apparent thatttheébsence of
hemicellulose 87 was not due to the action of barley
enzymes, but wes duento either its,absence from the barley,
or to the method of preparation; these last two possibilities
were discussed in Section II. The action of crude
precipitated malt enzymes on the modified hemicellulose did
not provide such promising results as the modified gum,
the hydrolysis/time curve (fig, 14) being very much the
usual shape, and_théhydrolysis attained no greater then with

barley hemicellaulose 8o,
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Teble KXFTT. Comparison

of yields and furfurazldehyde

yields from modified and normal barley gum Co and

barley hemicellulose 32 breparations.

Substance.

Barley gum Cg.

Modified barley gum Cs.-

Barley hemicellulose 89
Barley hemicellulose So.
Barley hemicellulose 52'

Modified
barley hemicellulose Sg.

¥

Dry, ash-free,

Yield Furfural.,
as % of vield as % of
barley. - substance.
X:-:0:8,:0¢3;-044 25460
0.5 2D0.08
1.0 4. 94
0.9 35.48 :
By Led 45.50
4# Sady 3.7 46,90

¥ = three preparations.

X = no hemicellulose S, isolated.

#Fo- two preparations.

By comparing the yields of barley gum Co with

that of modified barley gum.Cg, it isclear that modification

¢

has resulted in no substantizl loss of material, and from

L
a comparison of the furfuraldehyde yiglds of the substances,

it would appear that modification has not led to any drastic

change in the chemical nature of the gum, though the absence

e

of any change in furfuraldehyde yetld from the two substances

does not exclude the possibility that some depolymerisation

or dlsaggregatlon has oceurred._

Turning to,modlfled hemlcellulose So, it will be

seen that modification has led to a great inerease in the

yield of hemicellulose;

it must be noted that a
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similar inerease could not oceur in the case of modified

barley gum CB’ since modification was carried out

subsequent to the extraction of the gum, whereas with the

hemicellulose it was earried out in the presence of the

grains. This increase in yield must bresumsbly be due

to the action of barley enzymes on the insoluble hnemicelluloses

of the barley to render & :larger 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 vielding

material when allowed to act on barley grains (Section III)
There is an apparent slight inerease in furfﬁraﬁdehyde

vield in the modified hemicellulose over that yielde€d by the

hemicellulose S2 isclated along with s hemicellulose Sl,

but the validity of such a comparison ig wvery doubtful,

since the hemice}lulose S, isolated in the absence of any 54

fraction gave a furfuraldehyde yield which is essentially

the same as that of modified hemicellulose-sg. Thus, as

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

caused no change in character of the hepicellulose:

however it must not be overlooked that the modified

hepicellulose contains material not pmesent in the normal

preparation,which ﬁight confer a change in character of

the sﬁbstance undetectable determination of furfuraldehyde

yield.

The Water-soluble Polvsaccharides of Malts;~  Two water-

soluble polysaccharides, analogous to barley gums Bgzand Co



in so far as their solubilities are similar, have been
isolated from malt. These substances have proved to be
entirely different from the barley gums both in paysical
‘appearance and texture, and also in chemical constitution,
The barley guﬁs are botil very light, fibrous substances,
whereaas the substances are denger, capact, granular bodies,
and do not posses any electrostatic properties. The
yield of furfuraldehyde from the two groups of substances
are vastly different (tab;e E%g%),_the malt polysaccharides
giving much larger yields; lhowever it must be noted that
in this respect, the two groups show a similarity, mmely
the yield of furfuraldehyde from the cold-water-soluble
substances is the greater in both.

XV
Iable XEl. TFurfuraldehyde yields from water-soluble »

polysacchariées of barley and malt.

% of dry, ash~free material.

Substance. g3
et Furfural yield. Uronic acid.
Barley gum Co. _ 26410 1,04
Barley gum Bg. Be96 l.lé
Cold-water-soluble 44,05 ' 7.64

‘malt polysaccharide.
Hot=water-soluble 12,50 2.05
malt polysaccharide.
There seems little doubt that the malt polysaeccharides
are in type entirely differen t from the barley gims,

and that consequently they should not be classified as gums.
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I% has tentaﬁively decided to name thess substanceé
"hemicellulose~dextrinsy This name has been cliosen since

thege substances, ﬁhough excluded from thé class "hemicelluloses™
'through the initial water solubility, are much more hemicellulosic
in nature than are the barley gums (higher furfuraldehyde yield,
and physical appearance of preparation); the term "dextrin"
haékeen introduced to indicate their initial weater solubiiity
and thelr possible origin as break down products of hemicelluloses,
in analogy with starch (g.f. Preece, 1948,). The cold-water-
soluble substance will thus be know as "hemicellulose-dextrin®

Co and the hot water soluble substance as "hemicellulose~dextrin
Bty

The = 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 greater resistance to its action

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

case of hemicellulose-dextrin Co, and 5.2% in the case of
hemicellulose~dextrin By whereas figures.for the corresponding
barley gums excede 10%. Again in the case of hemicellulose-
dextrin Cg, no cy%ocléstic action was observed (fig,15),

and in the case of hemicellulose~dextrin BE’ though 41 is

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 indroduction, namely that radical changes in the
constitution of the subgtances susceptible to cytase occur

during germination.
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The work described in this section strengthens
the convichtion that cytase comprises at least two enzymes,
or enzyme systems, and had no other useful purpose been
served, this would prove ample justification for the work.
The results have shown that although a separation of tne
enzymes of the system has not been achieved, it is possible
to separate tine actions involwved; . the cytoclastic phase in
thie action of precipitated barley enzymes on barley gum Ca,
and the cytolytic phase in the action of crude precipitated
malt enzymes on modified barley gum Cg and hemicellulogse=
dextrin 02, There seems little doubt therefore that the
theories developed to explain the action of cytase, so

far es they have gone, have a firm foundationiin fact.
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The preparatioh of substances, modified barley

gum 02 and modified barley hemicellulose Bo, possibly
suitable as substrates for the study of cytolysis,
has been described; the action of cytase on these
substances has been examiﬁed_and one of thnem,
modified barley gum C,, proved susceptible only %o
cytolysis.

Modification, i.e. the action of precipitated barley
enzymes, has been shown to result in an increaged
yield of barley hemicelluloses, anq a possible
explanation for this suggested.

Water-soluble polysaccharides, described as
hemicellulose~dextrins, lhave been prepsred Irom
malt, and the action of cytase on them studied.
these suhstances have been shown to be guite
different from barley gums, and the suégeetion

that radical changes in the hemicellulosic constituents

of barley, occur during germination, has been confirmed.

Y ;
Seperal of the earlier suggestions as to the nature

of cytase have been confirmeds



V. THE FRACTIONATION AXD PURIFICATION OF CYTASE.

During the course of the work deseribed in the
prévious sections, evidence has accumulated which, it would
appear, is consistent with the assumption 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 systenm.

The problem of separating these enzymes, and
incidentally the purification of ecytase, has been approached
from three directions; firstly ffactional precipitation by
alcohol, secondly adsorption, and lastly extraction with
buffer solutions of varying pH value.

The adsorption of.,an enzyme by its substrate
hes heen demonstrated, in the case of &-amylase,by
Hockenhull and Herbert (1945), who carried out fhe adsorption
on a suspension of starch in the presence of B0% alcohol
at 0°C., and eluted with phosphate buffer of pH'value 5:8.
It was therefore decided, since the substrate viz. barley
gum Cs, is not suitable for this purpose owing'ﬁo its
solubility, to attempt the adsorption on a water insoluble
hemicellulose, viz. willow hemicellulose Sl.

In considering methods which might lead to a
higher yield, & purer preparation or a fractionation of

eytase, the possibility that the@ﬁ value at which extraction
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was carried out might have some influence arose. The
value of extraction muld be effective in two ways; ILirstly
by increasing the solubility of one or more of the components
of the enzyme system, or secondly by decreasing the solubility
of the usvelly contaminating substances, That both of
these possibilities exist will be seen when it is appreciated
that both cytase, and much of the contaminating materizl
are protein in nature, and as such will have isoelectric
points at Which they will be in their most insoluble
state. An examination of the influence of pH on the extraction
of cytase has therefore besn made.

Ifers and Malsch (1929), in a study of the effect
of malting on cytase, concluded that although a loss of
cytase occurred on steeping, cytase was produced during
germination to an amount 2.5 times that of the original
barley. The se workers were of the opinion that cytase was
a single enzyme, whereas it has been suggested Tthat cytase
is in fact & system of enzynes, and thet only one of these,
the cytoclastic factor, is present in ungerminated barley.
Tt seems imperative therefore that the behaviour of
cytase during germination should be re=examined, both to
test the findings of the above workers, and more important

still to determine the stage at which the cytolytic factor

appears.
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EXPERTMENTAL,

The Adsorption of Cvtese on Willow Hemigellulose §j:-
The method,used for the attempted adsorption of cytase is
based on that of Hockenhull and Herbert (loc. git.),
outlined in the introduction to this section.,  Willow -
hemicellulose Slwas chosen because of it8 gimilarity to
the barley gums (see Section II}, and its insolubility in
water. A preliminary experiment had shown that the
highest concentration ofialeohol whieth would not cause
any precipitationgfﬁpm a solution of crude precipitated
malt enzymes ﬁasﬂgég? i.e. 3 ml. of 95% alcohol/5 ml. of
solution, and prior to adsorption aleohol 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
30 ml. of water were added, to give the control enzyme
solution of concentration 2 mg./ml., and to a further 25 ml.
of the solutign 15 ml. of alcokol were added, giving the
enzyme plus alcohol control solution of concentration
2 mg./ml.

To the remaining 50 ml. of solution, 30 ml. of
95% alcohol Werdédded, and the_solution well mixeds
12.5 ml. quantities-of the mixed solution were added to
each of four centrifuge tubes, which already contained
0.1 g« of willow hemicellulose Sl’ and contact between the

enzyme and hemicellulose maintaified for a short time.



The tubes were centrifuged until the supernstant liquid

was clear, and the residual solutions decanted and reserved
in a clean,dry beazker. The hemicellulose in each tube

was then washed with a mixture of 50 ml. of water and 30 ml.
of 95% alcohol; the washings were centrifuged bright énd
discaréed. Elution was then attempted, by adding 12.5 ml.
of water, allowing to stana for a shortiiime and
centrifuging; the eluates were decanted and combined in a
clean,dry beaker. Control enzyme solution, enzyme plus
alcohol control solution, residual solution after adsorption,
and eluate were tested for cytesetactivity against barley
gum Coy, using the standard short period method at pH- 5.0
and &%GC.; 10 ml. of each solution were used, i.e;
equivalent to 10 mg. of enzyme, and the results Weré thus

comparable.

Eahlﬁ ZXVI, The hydrolysis of barley gum Co by solutions
of cytase before and after attempted adsorption and

elution; pH 5.0, 44°c,

Corrected reducing groups
liberated (as xylose)
_ as % of substrate.
Inzyme.
1 hour. 3 hour. 5 hour.

(a3 Control enzyme ; :
solution. 4.5 8.3 2.9

(b) Enzyme & alecohol
control soution. Sk 4:3 4.3

(¢) Residual solution
after adsorption. Bed Gud

I
~2 [

(d) Eluate 0:7 0.7 0.
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From the results, recordedlin tzble 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 ecertain extent
the attempted adsorption and elution has been successful.
Attentioﬁmust be drawn to the influence of alcohol on
the action of cytase; it will be seen that in the @ se
of the enzyme and alcohol control solution (b), the
action of ¢rtase is less at one hour than in the conteol
enzyme solution (a), and that this action ceases completely
after three hours conversion, suggesting that inactivation

of cytase has occurreé.

IThe Influence of pH ¥Value on the Nature of the Cytase
il 2 e 100 g. samples of low=-dried malt were ground

and extracted with 200 ml. quentities of sodium phosphate/
citric acid buffer solutions of the following pH values:
.25 3.0, 4.05 8540, 6.0, 7.0 and 8.0; .at the end of 3 hours
fhe extraéts were filtered, and their pH values measured
usiﬁg a glaés-electrodé. The extracts were then dialysed
against running tap wafer until substantially free from
salts; it was observed that during dialysis a precipitate
was thrown down, presﬁmably protein, ahd in 21l cases this
was filtered off, The dialysed extracts, after theizr
volumes had been measured, were poured into 4 volumes of
95% ealecohok, and taken to dryness in the usual manner.

The activities of the preparafions were tested
against barley gum €, using the standard short period
method, 10 and 20 mg. quantit%es of the preparations being
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used,at pH 5.0 and 3%%,

Figures for the final pH values of the extracts,
and yields and ashes of the preparations will be found in
Table 27, and the results of the hydrolysis of barley gum Cy

by the preparations will be found in table 28.

Teble XO[IL. Various data on the extracts of low-dried
melt at various pH values and the preparations obtained

from them.

] ] ® ] »

Original pH  pH wvalue Volume of Yield mg. Ash
value of after extract (dry,ash-fre¢ as % of
extract. extraction. ml. of enzyme. preparation.

242 345 100 247 Qad
3.0 3.75 -4 100 B LB
4.0 4,45 120 676 R
5.0 DeR 120 743 1.8
6.0 6.9 140 516 Red
7.0 6 a8 140 411 Red
8.0 743 20 403 1.9

Table XXVIII. The hydrolysis of barley gwm:QE by enﬁymes
precipitated from extracts of low-dried malt, of the

ortnal pH values indieated; pH 5.0 and 37°C.

o

. L] - ® L L]
Corrected reducing groups liberated
Original (as xylose) as % of substrate.
pH of =
extract, 10 mg. of enzyme. 20 mg. of enzyme.

1 hour. 3 hour.. 5 hour.. 1l hour. 3 hour. 5 hour.

2.2 2.1 3.0 3.9 EEETITEE 7.2
3.0 6.9 15.6 92.5 1215 2835 +dl.1
1.0 6.6 12.3 17.7 9.0 2/ I.9  33.6
5,0 5.7 11.7 17.1 9.0 50.4 32,7
6.0 4.8 12.3 18.9 8. 19.5 31.8

) 2.45  18.45 8 . .Y
g . 12.85 1558 g8 +8:2 86+ L
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The figures in table XXVIII, as they stand,
and the curves in fig. 17, can only provide informatibn
relating to the purity of the enzyme preparations, and the
relative proportions of the cytolytic and ecytoclastic
factors pregent; no definite conclusions on the actual
yvield of cytase can be made at this stage, and comment will
be subsequently made in-ﬁhe discussion. Let it be said
at the stert that no fractionation of cytase has been achieved,
as the hydrolysis/time curves all show the characteristic
shape 1o a greater or lesser extent, and although in the
ca.se of the curve for the preparation from the pi 3.0
extract the departure from linearity is only slight, this
is more probably due to theﬁncreased gytolytic activity
masking the cytoclastic action , than to decreased dytoclagtic
activity; that this is correct will be seen if the
straight line portion of this curve is extended to cut the
hydrolysis axis,when it will be seen that the point of

intersection coincides with that of each of the other
curves (3-4% hydrolysis). pH has little influence on

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 cytolytic factor; at pH 2.2 however the extractidulof
both factors is considerably reduced. The most aﬁtiﬁe
preparation iz clearly that prepared from the extract of
original PH value 3.0, the slope of the straight portion
of the hydrolysis/time curve for this preparation being

much greater than those of the other curves; the activities
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of the preparations extracted in the pH range 4.0 = 7.0

are for all practical purposes identical.

dractionzl Zxecipitetion of Cyiase by Alcohol:~ It will
be shown during the discussion, that the greatest yield of
cytase from low-dried malt is obtained by extraction with
a. buffer solution of ov¥iginal FH value 5.0. For this
reason it was deecided to preparé the extract for use in the
fractionation experiment with a buffer solution of the
original pH value above.

Accordingly, 150 g, of low=-dried mal{ were extracted
with 300 ml. of & sodium phosphate/citric écid buffer solution
of pH value 5.0 for 3 hours at room temperature; the
extract was filtered through paper at the pump and dialysed
through cellophane tubing against running water for 20
hours. The dialysed extract was centrifuged to remove
any precipitated material, and poured inte an equal volume
of 95% alcohol; the precipitate was separated in the
centrifuge and reserved. = The fractionation was carried out
in a like manner, i.e. by the addition of volumes-of
alcohol equal to the yvolume pf:ox;ginal extract present,
until no further precipitatés could be obtained.

Separable precipitates were obtained at_alcohol.concentrationé
of 49% (1 wolume), 65% (2 wolumes), 74% (3 volumes) and

79% (4 wvolumes), and these weré-taken ﬁo-dryness-in the usual
mahner. | . |

The activities of 10 mg. quantities of the pfeparations

were tested against barley gum Cy and barley hemicellulose Sy
by the standard short period method, at pH 5.0 and z700,
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the results will be found in table IXX, and the curves

Pron

drawyn from them in fig. 18.

Table XXX, The hydrolysis of barley sum C? and barley
hemicellulose SE by fractionally precipitated preparations

of cytase from lowe-dried malt, at pH 5.0 snd 37°C.

L L

1 a L3 Ll L ] »
Corrected reducing groups 1ibera%ed
(as xzylose) as % of substrate.
Time _ _
in Alcohol concentratiom used for precipitation.
hours. ; S : e Ve
49 %. 65 %, T4 %. 19 % 49 %o 65 %B. 4 %. W9 %.
] ~_ Barley gum C.. Barley hemicellulose Ss.
1  4.65 7.05 4.65 3.6 2.4 2,85 1.65  mem
3 649 16.65 5,25 3.9 3.9 5.4 2.l -
5 . 8.7 2508 5‘1? 4.05 309 7.2 2-1 .

The results of the experiment have proved very
satisféctory, and it is possible that a partial separation
of the two factors of cytase has been accomplished, since
since it will be seen thet the fraction precipitated by
79% of alcohol when acting on bariey gum Cg shows
substantially no hydrolysis after.l hours convérsion;
it seems highly probable thérefore_ﬁhat ﬁhie fraﬁfion
consists solely of the cytoclasfic_factdx. If the figures
for the hydrolysis of barley gun Gé.hyethezgxaeﬁioﬁﬁﬁ Nk
precipiteted by 654 alecohol are compared wiﬁh the figures-
fdf the hydrolyéiéhof the same substraté by the preparation
precipitated from the pH 3.0 extraét (table XXVIII), it
ﬁill.be seén that the former is the more active, and is
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as a consequence the most active preparatibn of cytase
isolated to date. The gydrolysis of barley hemicellulose
Szby these preparatibns is in all cases much less than

that of barley gum Cos 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 wvery iimited action of these preparations

on this substrate.

Ihe Behoyiour of Cytage During the Gexmination of Barlev:e
The original intention was to study the changes in eytase
during the germibation of barley by directly examining
the: activities of extracts of bérley at warious stages of
germination, however this proved unsatisfactory due-to
the presence of substances susceptible to cytase in the
extracts ﬁhemselves. Zhe stady had therefore to be
carried out using precipitated enzymes prepared from the
extracts. _
samples of Darley

Four 25 g%4were steeped in water for 48 hours
at room temperature; the steep-water was then decanted
off, and the grains washed with water. 3 semples 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 unsteeped 25 g. sample of barley, a steéped, ungerminated
sample, and samples of barley removed after 2, 4 and 7 days

germination were tested for examination of their cytase

activity in the following manner:

The sample of barley was ground in a mortar with
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%and,;n;b. the steéped'sample-ﬁas ground in the coffee~-mill,
and extracted with water to 125 g.; (sand excluded), for

13 houds at 21°C. ‘The extract was filtered through paper

at the pump, and crude precipitated enzymes were prepared
from it by pouring into 4 volumes of 95% alcohol, and taking
t0 dryness in the usual manner, The vﬁlumes of the extracts,
and the yields, moistures and ashes were determined, and are
recordedﬁn table XXXI, The activities of 5 and 10 mg.
guantities of the precipitated enzymes were tested against
barlgy gun Co by the standard short period method at pH 5.0-
and 37°C., controls being run in all cases. Little or no
liberation of reducing groups occurred: in the controlé,

and figures for these have therefore been omilted itrom

the table of results (%able XXXII); allowanece however

nas been made for the controls,whére necessafyjin calculating

the hydrolysis due to cytase.

Table XXXK. The mean conditions prevailing in the dark chamber.

L] ® L] ]

Meaximum - Mindmum Relative
temperature. temperature. humidity.

61.5°C., 47.0°¢. 100 %.
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Table XKL .- The yields and ash contents of precipitated
enzymes prepared from extmacts of barley at various stages

of germinatisn.

£ - & L]
Mumber of days  Volume of Ash as % of Yield mg.

germinstion. extract.ml. preparation. (dry, ash-free)
Unsteeped = O 200 10.8 657
Steeped - O 120 R & (P 304
2 120 T 354
4 180 6.9 202
7 160 10.1 477
Isble XXXIL'. The hydrolysis of barley gum C, by

precipitated enzymes from extracts of barley at various

siages of germination, at pi 5.0 and 37°C.

] E ® ] L ] L ]
Corrected reducing groups liberated
(as xylose) as % of,substrate.
Time . e ) :
in Unsteeped. Bteeped. 2 day. 4 day. 7 day.
nours. ' -
5 mg. of enzyme.
1 0.9 1.2 1.8 1.95 b 0 4
] 0.9 1.85 2.25 2.55 3.9
5 0.9 1.85 2.7 3.3 5.4
. 10 mg. of enzyme.
1 1.5 1.8 P.85 2455 2.85
3 1.95 3.15 BedB a6 6.15
5 243 465 4,8 Batb 9.3
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It is clear that production of cytase starts
even during steeping (fig. 19), and 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.

Zxtraction of Gyiese with 20% Alcohol:~ 100 g. of low=
dried malt were ground, and extracted with 125 ml. of 20%
aleohiol for 3 hours at room tempersiture. The extract Wés
filtered, and poured inté a sufficient volume of alcchol
to bring the concentration up to 79%, and thebreciyitate
obtained was taken to dryness in ﬁhé usual manner. The
yield and ash content of ﬁhébrecipitated enzyme will be

Ffountt in table XXXIITX.

Table KKKELL.. Thepield and ash content of the precipitated

cytase preparation from a 20% extract of low-dried malt.

: Ash 3 Dry, aéh-free. g
as % of | _
preparation. Yield ; Yield
Mg as. % of malt.
6.1 A, s : 0.9

The hydrolysis of barley gum C, by 10 mg.
quantities of the preparstion was examined at pH 5.0 and
37°C., by the standard short period method; 2 control
conversion with crude precipitated malt enzymes was carried

out under the same conditions, for purposes of comparison.

The results are recorded in teble XTIV, and graphed in fig. 20.
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Table ZXXIV. The hydrolysis of barley gum C, by ‘10 mg.
quantities of crude precipitated malt enzymes, and an
enzyme prepared from a 20% alecohol exiract of low-dried
melts H 5.0 snd 37°C.

Corrected reducing groups liberated

Time (as xylose) as % of substrate.
hoi?s. Crude preécipitated ’ ?réparéd from 20%
malt enzymes. 8lcohol extrack.-
1 4.2 = 6.9
3 9415 & ekBNa
.5 13.6b : 26

Clearly extraction #with 207 alcohol leads to

s much more active preparation than does extraction with

water.

DISCUSSICON.

It seems clear that some

measure of adsorption and elution of cytase has been achieved
when the results of this experiment (table XXVI) are
exemined. It will be seen that the sum of the hydrolysis
achieved by the residual enzyme solution after adsorption
and that by ﬁﬁe'eluate agrees, as well as might be expectéd,
with the hydrolysis achieved by the enzyme plus alcohol
bOntiol, Whﬁdh'would be *the anticipated result had

adsbrption followed by elution been successful.  The curves
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for hydrolysis)%ime for the action of the solutions (fig. 16)
gshow that the sction of the eluate ceases after 1 hours
conversion, indicating that only the cytoclastic factor
was eluted, and since elution was complete (see above), it
would appear that only the cytoclastic factor was adsdrbed.
However it must be noted that the hydrolYSis/%ims durve-
for the enzyme plus alcohol control is not of the ususl
ghape for cytase actions, and hydrolysis will be seen to
cease after 3 hours; it must be concluded therefore that,
at the temperature of conversion,-a'concentration of Sd%
alcohol inhibits or inactivates at least parﬁ of the '
cytase complex. Consequently it cannot be conclusively
claimed thet only one factor is adsorbed, since ﬁhe_: '
absence of any action after 1 hour in the hydrolysis

by the eluate may be due to either the inhibiting effect
of ‘slight traces of alcohol present in the eluate, or the

very low activity &f the eluate.

The Influence of M on the Extraction of Cvtase:~  The
results of the study of the influence.of pH on the extraction
pT cytase were a 1ittle'disa§pointing, in that no clear
veparatlon of the faCuors of cvtase was achleved. From the
hjdrolysia/%nne curves (flg 17), it is clear that ﬁhe most
active preparation, snd presumably thanefore the purest,

is thau extracted at pH 3.75. N.B. the pH value to which
oytase is subjected for the majar part of the extraction

is not thaet of the buffervsolution before extraction, but

that of the final extract, and consequently the pH wvalue



quoted above, and siﬁilar figures quoted in the future,
will be those of the final extract.

11 the portions of the curves representing
cytolysis are extended to cut the hydrolysis axis, it will
be seen that their points of intersection coincide, at a
figure of approximately 3%; it seems quite conclusive
therefore that there is n6 veriation in eytoclastic activity
with the pH of extraction. The gbsence of any increase
in cytoclastic activity is not unexpected, since it confirms
an earlier suggestion that cytoclasis reaches a limiting valte
for each substrate,which is independant of the amount of ¢~
the cytoclastic factor present. It therefore cannot be ¢
definitely stated whether there is any increase in the exdraction
of the cytoclastic factor or not. '

Since no change in the total cytoclasis occurs,
the quantity of cytase present in the preparations can be
expressed in terms of cytolytic activity, and to this end
a unit for this factor has been defined. One cytolytie
factor unit is taken to be that amount of enzyme which
produces reducing groups equivalent to 1% of the substrate
in 1 hour, during the linear phase of ité_action on
barley gum Co.  Using thisiunit a numerical measﬁre of
the amount of cytase extracted, and the purity of the preparations

is possible, and figures for this purpose will be found

in table XXXV,
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Table ZXXV. The yields of cytase precipitated from
extracts of barley of wvarious pH values, calculated from

the cytolytic activities of the preparations.

Original Final Yield (dry, Cytolytic factor units/
PH of PH of ash=free)of per
extraction. extraction. preparation
from 100 ml. mge. of 100 ml. of
of extract. preparstion. extract.

2.2 3.5 247 mg. 0.05 i2
3.0 3.75 237 mg. 0s4 95
$.0F v 4.45 563 mg. 0.3 169
5.0 5.2 619 mg. 0.3 186
6.0 549 5g9 me. 043 155
7.0 6.8 203 mqg. 0.3 88
8.0 7.3 448 mg. 0.2 90

The figures for eytolytic factor units/mg. of
preparation confirm the observations made from a study of
the hydrolysis/time curves, that the most active preparation
is that prepipitated d@fber extraction at pH 3.75, and that
the sctivities of preparations extracted at pH wvalues
between 4.45 and-g.s are idengical. The greatest yield
of eytase is obtained by extraction at pH 5.2, although

extraction mtipH 4.45 gives only a slightly lower yield,

B A o s s Tl
study of the fractional precipitation of cytase by alcohol
has given some extremely interesting and valuable results,

and has led to the most efficient separation of the eytolytic



and cytoglastic factors yet schieved. From a study of

the hydrolysis/time curves (fig. 18) for the preparations

it will be seen that although although sofre of the cytolytic
factor is precipitated by an alcohol concentration of 49%,
the bulk of this factor is precipitated by an alcohol ’
concentration of 55%, and the preparation so obtained is
thé:ggzi?e preparation of cytase isolated up to the time

of this experiment, as will be seen if the hydrdlysis of
barley gun 02 by this preparation is compared with those

of pest preparations; the activity of the-ﬁreparation
precipitated by 65% alecohol may be expressed numerically

as 0.47 cytolytic factor units/ mg. Howe?er,_no
preparation of the cytolytic factor free from the cytoclastic
was obtained, since it will be seen that the most aétive
preparation with regpect to cytolysis shows some departure
from linearity between hydrolysis and time at %hour.-

The shapes of the hydrolysis/time curves for all
the preparations show that the cytoclastic factor is
precipitated continously throughout the range of alcohol
concentrations ﬁsed, and, for tha’ 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.. However, hydrolysis byithe
fraetion predipitated 79% of alecohol ceases after 1 homrs
action, and it seems therefore not unlikely that this
fraction contains the cytoclastic factor free from the
eytolytic. the action of the fraction precipitated by

na% of alecohol is very .iimited after 1 hours conversion,
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ond this fraction presumably only contains a slight smount
of the cytolytic faetor,

It is pleasing to note thet agsin the extent of
cytoclasis is in all cases zspproximately equial, and further
that this extent agrees very well with that reached by
past preparations, confirming once more that cytoclasis
reaches a maximum #alue for each substrate.

It will be convenient at this point 6o discuss
the cytase preparation from the 20% alcohol extract of
low=dried malt, since the purpose 6f this, and the preceeding
experiment was to prepare a more active form of cytase.

The cytase activity of this ?reparation, and.' the
total amount of cytase yielded may be most conveniently
expressed in terms of cmtolysis, and figures to this end
will be found in table XXXVI; similar figures for crude
precipitated malt enzymes, the preparation precipitated
directly by 79% alcohol from a low=dried mslt extract at
pH 3,75, and the preparation fractionally precipitated
by 65.5%. alcohol after extraction of low-dried malt at
pH 5.2 have been includediin the table for purposes of
comparison.  From the contents of table XXXIV ana the
nydrolysis/time curve for the preparation under
discussion, it will be seen that both of the factors of

cytase are present, and that no fractionation has occurred.
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Table XXXVI. Cytase yields and activities of preparations

from lowedried malt.

L]
Cytolytic factor units,
Desecription of enzyme 3
preparation. per mg. of  Yield from
preparation. 100 g, of malt

Crude precipitated malt ) :
enzymes. 0425, 450

Precipitated by 79% alcohol _
after extraction at pH 3.75. 0.41 95

Fractionally precipitated
cafter extraction at pH 5.2 .47 -

Precipitated by 79% alcohol

after extraction with 0.57 450
20% alcohol.

The figures in table XXXVI meke it clear that
the most active preparation, and the greatest yieid of
cytase is obtained by extraction with 20% alcohol.

Extraction at pd 3.75, exmtaction with 20%
alcohol, and precipitation by 65% alcohol with priof
removal of the precipitate obtained by 49% alcohol, all
lead to a purer preparation of cytase, and it is possible
that by a combination of these methods a very active
preparation of cytase would be achieved. A possible
line of approach to the problem of purifying cytase might
be to dissolve therprecipitate obtained after extraction
with 20% alcohol in a buffered solution cf_gH value 3.75,
and after maintaining contact between the enzyme and buffer

W
for a suitable time, add alecohol to a concentration of 7
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after removing any precipitated or undissolved material,
cytase might then be precipitated by reising the alcohol

concentration to 65%.

Ihe Behaviouxr of Cytase During ithe Germination of Baxley:-
Several interesting poiﬂfs arise from the results of the
study of #he change in cytsse during germination. From the
shapes of the hydrolysis/time curves itiks clear that i ¢
production of cytase ocdurs during gerhinstion. It had
been previously showvn that ungerminated barley contains
substantially only the cytoclastic factor, and it is |
pleasing to note that this is confirmed by the present
experiment. Contrary to the findinsgs of I#lers and Malsch
(1oc. cit.)s who were of the opinion that a loss of . cytase
occurs during gteepimg, it is quite clear that production
of the cytolytic factor starts even during steeping, since
the action of the steeped-ungerminated sample continues
throughout the whole conversion period. As in the pH
extraction and fractional precipitation studies, there is
no substantial increase in cytoclastic action over the
stages of germination studied, though, as explained.above,
thig does not exnlude.the possibility that some production
of the cytoclastic factor occurs, or that germination
facilitates the extraction of this factor, as is thé case
with Bemylase; agein therefore, ﬁroduCtion of cytase may
be measured in terms of increase in cylbolysis.  Figures
for the production of cytase during germination will be

found in table XXXVII.
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Igble XXXVII. The yields and activities of cytase preparations
from barley at verious stages of germination, in terms

of cytolytic factor units.

: Yield (dry, - Cytolmtic factor units per ’
Stage of agh-free) of
germimation. - preparstion SR, wof 100 ml. of
from 100 ml. preparation. extract.
of extract.mg. - ;
Unsteeped. 329 £:0400 0.0
Steeped. 8BS o 0.06 #15.2
2 days. BAG % 0405 i 20.6
7 days. 477 ; % &0 el ALY BRSY,

From the figures for cytolytic factor units/100 ml.
of extract it i& apparent ﬁhét the cytase present in the
barley increessed 5 times within 7 days germimation.

Further, this increase is accompanied by an increase in the
activity of the preparations, i.e. the preparations contain
legs inactive material as germination proceeds. This increase
in purity may be accounted for in two wayss first that
during germination thereiis some enzymic degradation of ¢
contaminating material,e.g. by proteolysis, and by cytoclasis
of barley gums etc., to a point where they are not
precipitated by the concentration of alcohol used to
precipitate oytase, and secondly that cytese is present

in ungerminated barley and consequently in the ehzyﬁe
preparations in an inactive form, vhaich &8 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 &f I#lérs and Malsch (log. git.) on two,points,
firstly vwhereas these workers reported é loss of cytase
during steeping, the work under discussion indicates &

B A svetidaq 3
gain,ﬂthe increase in cytase obeerved above is double that
vinichh they observed. However it must be noted that L#lers
and Malseh carried out their investigation using extracte
of the barley to study the change in cytase, whereas
during the present work precipitated enzymes have been useds
the results mey therefore not be strietly comparable.
It is not improbable that the loss &f cytase observed by
the above workers during steeping is an apparent, not
true loss, arising out of the decreased efficiency of
grinding, and hence extraction, involved in. the use of

wet grain. It is also important to note that LHers

present use.

After consideration of the results herein, there
can be little doubt that cytase comprises a system of
enzymes, since in addition to providing rurther indirect
evidence, it has been shown possible to effect partial
separation of the factors of cytase; indeed by ane method,
i.e.fractional precipitation with alcohol, it would
eppear that a preparation of the cytoclastic factor frmee
from the cytolytic factor has heen achieved, The present
work has further confirmed in more than one instance the

very limited nature of cytoclasis.
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SUMMARY .

The adsorption and elution of cytase on willow
hemicellulose has been studied.

The pH walue leading to the most active extraction
of cytase has been showvn to be 3.%5, and that
giving the maximum extraction to be 5.2

The fractional precipitation of cytase has been
studied, and the results show that the bulk of

the cytolytic factor is precipitated by =
concemtration of 65% alcohol, and it is highly

el probable that the framtion precipitated by 79%

alcohol contains only the gytoclastic factor;_
The most active, and presumably therefore the
purest, preparation of cytase isolated to date,
is that precipitated from By 79% alcohol from

a 20% alcohol extract of 1owudried malte

The éhange in cytase during the germination of
barley has been studied, and it has been shown
that production of the cytolytic factor starts
even during steeping, and continues up to at

least seven days. Production of the cytoclagtic

factor has not been demonstrated.

The present work has provided ample confirmation
for the suggestion that cytase is a complex enzyme

system, comprising at least two enzymes.
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pendix to Section V.

In view of the high activity of the precipitated
cytase preparation from the extract of §HA5.75, it was
considered that a greater measure of sucéess mnight be
achieved with e adsorption experiment if it were repested
uwsing this preparation. The experiment wss however
modified, and alcohol was not added to the enzyme solution
prior to adsorption, gince it had been shown to have an
inhibiting influence on cytase action.

Willow hemicellulose 84 wés added to a solution
of the above enzyme preparation of concentration 2 mg./mi.,
and-after standing for_a short time the hemicellulose was
separated by centrifuging; the enzyme solution wag decanted,
ancd the hemicellulose washed with water. After separating
by centrifuging, &t was noted that the bulk of the hemicellulose
had dissppeared, and since the supernatant liquid after
each centrifuging was clear, it can only be assumed that the
hemicellulose had gone into salution.

It must be noted that this hemicellulose preparation
is very iﬁsoluble in water under normel circumstances,
being difficult to dissolve even in boiling water; it

appear
Wculdkthat the cytase preparation used is ecapable of

attacking the willow hemicellulose Sl,_to render it

goluble in water.
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VI. FURTHER STUDIES ON HEMICHLILULOSES.

In the introductionito 8ection IV, possible
methods by whidh the actions of individusl factors of
cytase might be separately studied were suggeéted, two
of which, viz. the préparation of modified substrates
and the fractionation of cytase, have now.been examingd
(see Sectione IV and V). In this Bection it is proposed
to deal with the laSt of these suggestions, namely, the
use of methods other than that of determlnaolon of reduclng _
groups for following the particular aspects of cytase action.
By definition, cytoclasis is teken to be the
breakdown of the substrate to molecules of still comparatively
1aége size, i.e. to sizes of the order of ten sugar
residues; that is to saﬁ, ﬁhe molecﬁlar gize of the
subsﬁrste should be rapidly rpduced td thefextent that the
normal hemicellulose preplpitaulon methods are not effectlve.
What 1t is possinle for cytoc1331s ta proceed to this |
extent was showm in Bection Iv., where it was observed
that if the enzymes of barley, which contains substantwally
only tne cytoclastic factor, are allowed to on a barley extract
for a sufficient 1engkh of tlme, no precipitate is obtained
on zdding Pehllng g 301utmon and scetone,
During ﬁhe course of the work to be desc 1oed
in this Section, it will be shown that the hemicellulose -
precipiﬁaﬁion using Fehling's solution and acetone, although
excellent for the purpose of pure, ash~free materials, does

not give a quantitive yield of hemicellulose, and an
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alternative méthod, that of Angell and Worris (1936), was
examined.

It was observed during the preparation of modified
berley hemicelluloses, that whereas previously hemicelluloses
of series 1 amd 2 had been isolated, a fresh sample of
barley yielded omly hemicellulose 85, even in an ummodifiéd
preparation; possible reasons for the absence of hemicellulose
f%g were suggested in Section II. Since the Fehling's
solution/acetone method of hemicellulose precipitation has
been gshown to be unrelisble with respect to quantitative
yvield, a study has been made of the hemicellulbses'from
different varieties of barley, in the hope that it might
be shown whether the method of preparation, or the barley
itself wes responsible for the absence of hemicellulose 54.

During the preparatién of various water-soluble
poiy%accharides of barley:and malt, it was noted that
whereascthe barley polysaccharides gave very viscous
gsolutions, their extracts proving very difficult to filter
and giving a very stable froth whilst boiling under reduced
pressure, the malt polysaccharides gave much less viscous
solutions, 8.8. their extracts filtered quite easily
through paper. Accordingly it was thought that information
of interest might be obtained if the viscosities and
surface tensions of these polysaccharides were determined;

the optical rotation of these substances has also been determined
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Lethods for Following the Course of Cytoclagisi~ It was
proposed to use two methods for the study of cytoclasis,
but before proceeding with them it was necessary %o know
whether the quantitative precipitation and recovery of
hemicelluloses was possible using the Fehling's solution
and acetone method of precipitation .

S5, 4, 3 and 2 ml. quantities of a2 solution of
barley gum C,, of concehtration 10 mg. (dry equivalent)
per ml., were pipetted into.centrifuge tubes containing
1 ml. of 24% NaOH; the volume of the liquid in each tube
was made up.to 6 ml., with water, i.e. to give a concentration
of 4% WeOH in each ecase, and three ml. of Fehling's solution
and 4 ml. of acetone were added, and the precipitates
obtained were separsted by centr%fuging. The precipitates
were washed once with acid (HCli?ﬁcetone, twice with 60%
acetone, and three times with 95% alechol, centrifuging:
after each washing to deposit the precipitate, and the
precipitates were then transferred guantitatively to dried,
weighed, cinter-glass crubibies; ﬁhe}precipitates were
washed on the crucibles with ébsolute'alcdhol, and after
drying.overnight in a vacuum desicéatdr;'dried in s 100%c,
oven for 2 hours. The dried crucihies:weré.weighed
repidly in a stoppered bottle. The experiment was
fépéated on barlej hemicelluloses Sl and’Sé,aﬁ& WiIQOW
hemicellulose Sy, omitting the addition of acetone in the

case of series I hemicelluloses.
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Table ZXXVIIL. The recovery of hemicelluloses etc¢. using

the Pehling's solution/acetone method of precifitation

Weight of Recovery as % of original subsiances
gubstance - W oW
taken., Barley w = Barley Barley ok
me. gum nemicellulose hemicellulose henmicellulose
TCgo Sln " 7 5211 H.Bl-
40 83.0 58.0 80.2 ' 670
30 85.8 521 79.9 66.7
20 83.0 53.0 84.5 61.0
Mean recovery 83.7 55.7 81.5 65.4

From the results(?able XXXVIII) it seemed safe to
ggsume that reasonably reproducibie results for tﬁe recovery
of hemicelluloses and barley gum Cy could be attained, and
s method for studying cytoelasis based on the azbove resulis
was designed. Recovery of series 2 products is considérably
better tham series 1, doubtless due to the influence of the

added acetone.

First Method for Following Cvioclagigse 0.60 g. (dry, ash-free
equivalent) of barley gum Cowere dissolved in water, 1 ml.

of pH 5.0 sodium acetate/acetic acid buffer solution added,

and the volume made up. to 50 ml.s the solution was

transferred to a suitable conical fiéék, and placed in a

weter bath at 37°C.  After allowing the substrate to reach

the temperature of the baith, 5 ml. of a solution containing

1.2 mg. of crude precipitated malt enzymes per ml., and
5 ml. of water were added, and the time carefully noted.
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After 5, 15, 30, 60, 180 and 300 min. conversion, 5 ml.
guantities of conversion solution were pipetted info 1 nml.

of 24% RaOH in a centrifuge tube; 3 ml. of Fehling®s solution
and 4 ml. of acetone were added, and the precipitates obtained
were treated exactly as in the previous experiment. It is
important to note that tiie 5 ml. of conversiom solution
contain 0.5 mg. of crude precipitatéd malt enzymes, and that

the results will be in error to the extent of any hemicellulose
‘present in the crude precipifated malt enzymes, but as the

total of the latter is dnly 1% of the barley gum, this error
will be of little significancé, and consequently no
control was run. |

The experiment was repeated on barley hemicellulose
523 the results for which, with those for barley gum:Gg will
be found in table IXL 5 in caleculatihg the percentage of
residual barley gum the recovery wag taken as 85%, and
for barley hemicellulose Sq 80« 3%« Curves drawﬁ from the

results will be found in fig. 29,

Table IXL. Cytoclasis of barley gum C, and barley
hemicellulose S, by crude precipitated malt enzymes at pH 5.0
and S?OC.
g .COrrected residue as % of original
Tinme substance.
in _
minutes. Barley Barley
gum 02. hemicellulose 32.
5 100 *;g
5 90 8
: 7 75
60 78 76

300 8l 70
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Second ethod for Following Cvtoclasis:~ The intendion
behind this experiment was to measure cytoclastic activity
by the time taken by the enzyme to break down the substrate
to the extent that it could no longer be precipitated_by
Fehling's solution and scetone.

Tle substrate solution was prepared exactly as in
the first method, and adjusted to 3706.; 5 ml. of water,
and 5 ml, of a solution comtaining 12 mg. of crude
precipitatedmalt enzymes per ml. were added fo the substrate
solution, and the time carefully noted. 5. min. after_the
addition of the enzyme,b ml, of qanveﬁsicn_solutign were
pipetted into 1 ml. of 24% NaOH in a centrifuge tube; to
this were then added 3 ml. of Fahlingfs solution and 4 ml.
of acetone, and the presence or absence of a precipitate
nctéd after centrifuging. This procedure was repeated
affer 15, 30, 60, .and 180 min., buﬁ at no stage did the
addition of the reagents fzil 1o give_a precipitate.

It would appear that this second method can be
put to little use at present. The results of the first
experiment afe more encouraging, and &t will be seen that
they confirm the suggestion that the action of the cytoclasgtic
foctar is extremely rapid. The points of inflection of the
curves would correspond tp the end of cytoclasis, and are
reached in 20 -~ 30 min. under the coﬁﬁitions described.
Since XkE material precipitableé by Fehling's solution and
acetone is still present at the end of cytoclasis, it
would appear that the products of cytoclasis are still of

relatively large molecular size. However it is clear that
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the method does not give sufficiently reproducible
results, since it is clear that some of the figures
guoted are in error, and an alternative method, that_of
Angell and Norris, for the precipitation of hemicelluloses
was therefore exemined, in the hope that it might give
more reproducible resalts. |

5, 4, 3, and 2 ml. quantities of barley: gum Cy
solution of concentration 10 mg./ml. were pipetted into
centrifuge tubes containing 1 ml. of 24% NaOHsand C.25 ml.
of glycerol, and the volumes made up to-é,ml} with water.
To each of the tubes was added 3 ml. of acetone; and the
precipitates obltained were separated in the cehtrifuge.
The supernatafnt solutions were deécanted, and the precipitates
treated exactly as in the recovery experiment above.
The experiment wag repeated on barley hemicellulose él
and willow hemicellulose Sq, with the omission of the addition

of acetones results will be found in table XL.

Table XL Recovery of hemicelluloses etc. using

Angell and Norris's method

Weight of Recovery as % of original substance.
subgstance
taken. Barley Barley Willow
mg. hemicellulose gum hemicellulose
SL. Coe Sq .
50 31 856 60
40 3L 86 : 60
30 30 90 64

20 32 82 62
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Here again it will be noted that the method
is not sufficiently wreproducible to.justify its use under
the present conditions, and consequently work along these
lines was discontinved. Recovexry by the last method is
very similar +o that obtained using Fehling's for barley
gum Coand willow hemicellulose Sﬁ, but markedlyﬁnferior

for barley hemicellulose Sl(cf.'table.XKKVXII).

The Breporation of Hemicelluloses from Different ¥arieties
of Barlevi- The purpose of this experiment was to try to
discover whether the yield and types of hepmicelluloses
igfldated from barley are varietal characters, or are
dependent on tie treatment to which they have heen subjected.

Accordingly hemicelluloses were prepared from a
selection of.barleys by the method described in Section II.
On the addition of Fehling's solution alone to the extracts
three different phases could be noteds;- (1) a definite
precipitate, (2) a great increzsse in #iscosity and turbidity,
(3) no appreciable change; the changes observed oh the addition
of Fehling's solution aioné'will be found in table XLI.,

together with the yields of the hemicelluloses ﬁéolated.
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Izble XLI.. The yield of hemicelluloses from & selection

of barleys.

Change on Yield (dry, ash-free) as % of barley.
Barley. adding '
Fehling's Hemicellulose Hemigeilulose Total.
S oo - S _ g .
4 : 2
Piomeer. = 0.00 2+ 46 2.46
Californian. % X s 0.84 205
Prefect., x * 0007 2.09 ' 2.09
Cyprian. > R - 1.62 0.953 2.55
Plumage Archer, - 0.00 1.40 | L.40
Spratt Archer. - 0.00 1.90 1.90
Australian, X 0.00 8.28 RvRR
Variety _
Scotch unknown. . 0.00 2.68 - 2.68
x x - definite precipitatec
X = increased viscosity and turbidity.
- = no appreciable change.

. The preparation wes repeated on those barleys
from which hemicelluloses of both series were isolated,
i.e. Californian and Cyprian, but in neither could &
hemicellulose S; be isolated a second time. Fiom a
preliminary survey of the results it would appear that the
isolation of hemicellulose S, from barley is influenced by
the methiad of extraction, though verietal differences of

character cannot be excluded.

Yarious Physicel Comstants for fhe Bexlev Bolvsackharides:-
The viscosity and surface tension of 0.50% (dry, agh-free
ecuivalent) solutions of each of the variaus polysaccharides

isolated from barley and malt were measured, using the
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following methodss
Viscosity:- Tne apparatus used wasg ﬁhe "Ostwald Viscometer',
and the method was that described by Hatschek (1928). The
viscosities of the various solutions were caleulated
relative to that of water, the viscosity of water being
taken as 100,
Surface Tension:=- Surface tension was messured by the
"Gapillary rise™ method, using the apparatus descrihed by
Sugden (1930);' the surface tensions were calculmated by
comparison with water, the surfsce tension of water being
taken as 72.
All measurements were carried out in a water bath
at-28°C. (¥ 0,05°). |
The optical rotation of the substénces wes: also
measured, where possible, and &), for, the substances calculated.
The results and a brief deseription of the

appearance of the substances will be found in table XLII.
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constants
Table XLIT. FPhysieal, for barley and malt non-starchy

polysaccharides.
Determined on 0.5% Solutions,
Bubstance. Appearance. : 3] - Surface Viscosity
o > tengion
15.5°C, 25°C. % 259, #
Barley gum Bo. Fibrous. X 54 128
Barley gum 02. Tibrous, w54,8° o2 190
Modified " | S |
barley gum Co. Fibrous. = =63.6° 2. . o 147
Mglt hemicellulose~ Pulver= .
dextrin Bg. "~ ulent. +148.8° o) 134
lalt hemicellulose~ Pulver- o |
dextrin C,. filenty- -88.0° e b 156
Barley Fibrous. X s
hemicellulose Sl. 75 107
Barley ' :
hemicellulose 8y, ~Flbrous. g 71 167
Baxleg .
hemicellulose ‘82.7?‘ Fibrous. X 71 421
Hodified barley |
hemicellulose So. Fibrous. X 70 . B2

= golution opalescent.

-~ waber 100 .

- water T2

= no hemice llulose Sl isolated.

+ ¥ B X
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DISCUSSION,

Regovery Zxperiments:-  The first methéd for following
cytoclasis is essentially a gravimetric method for the
determination of hemicellulosic substancega_aﬁd would be
of interest in that respect alone, if it had proved of no
value for the purpose fox which it was.designed. 1t will
be seen from the results (tables XXXVIII and IXL) anl more
clearly from the curves drawn from ﬁhéﬁ (fig.21), that
the method i® not,as reliable as could be wished.
Wevertheless the results support the suggestion that
cytoclasis comprises a rapid depolymerisation or disaggregaFion
of the substrate, and that the actign is complete within
20 ~ 30 mins. The curves.drawn from these results show
the extremely rxrepld nature of cytoclasis, the point qf inflection
being reached in 30 min. in both cases, by which time only
79% and 76% respectively of barley gum C, and barley
hemicellulose Sz were recoverable; the action would seem
to,be more rapid in the case of barley hemicellulose Sp,.
- vhen a 20% fall in recovery ocpured:ih 5 min. The xeéults
cﬁtained 5y the aedond method for following cyfoclasis
indicate that this method is of 1ittla use at present,
?hough this does not exclude its possible use in ﬁhe_fature,
ﬁhem more active preparations should be available.

Turﬁing to, the recovery of hemicellulosic
éubétances in the absence of enzymé_gction, it wil; be_

seen that in no case was a complete recovery possible
using the Fehling's solution/acetone method of precipitation,
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and that in alﬁcases the figures were not very reproducible.
It is interesting to note that the recovery of series 1
substances, viz. barley hemicellulose 97 and willow hemicellulose
By, is much lowercthan that of the series 2 subsiahces,
viz. barley gum Co and barley hemicellulose 8o, Thel
recovery of hemicellulosic substances by Angell and Norris's
method (loc. git.) has proved no more reproducible than
recovery by the Fehling's s lution/acetone method, and +the
use of gravimetric methods for: following eytociasis has:
therefore been tem@orarilyIdisconﬁinued. It is intereting
to note that again the recovery of serieg 1 subsiences by
Angell end Norris's method is lower than that of series 2
svbsf&ncés.' | ' |
MW mmmmﬁ%m
As was pointed out in the introduttion to this Segtion, two
possible explanations for the absence of hemicellulosé S
have been advanced: (a) that this hemicellulcse was
sbhsent from the barley, and (b) that ﬁhe treatment to which
the hemicellulose has heen subjected has caused it to be
depolymerised so that it can not'ﬁe precipitated by the
normal metnod, i.e. the additlon of Fenlzng 8 salutmon
alone. | | . s
Although the two possibilities are not mutually
eﬁbivéive, $roh the results it seems that of the tﬁé; (Ej
is a more cc“rect eyplanatlon, Sinée it wﬁs foﬁnﬁ that on
a second preparatlan from tha, barleys Irom Whidh a
hamicellulose S was obtained prevzously, no hemicellulose Sl

could be isolated, hovever the possiblllty that



Wi B

hemicellulose Slis cbsent from some of the barleys. cannot
be excluded.

The series of changes from the preseﬂce of =&
precipitate through high viscosity and turbitity to no
change on adding Fehling's sclution to.the alkaline extracts
ngted in Sectionii, has again been obségﬁed, thus confirming
the suggestion that hemicellulose Sy is inca eritical
condition with respect to precipitation with Fehling's
gsolution, in which cdndition wvery slight modifications of
method might result in no precipitate being obtained dn

adding Fehling's solution.

W Characters of Non-sterchy Baxley Polvsaccharidesi-

It i3 of some satisfaction to note taaﬁ the &I, value
for barley gum €, (table XLII) is quite elose %tc that obtained
by O'Sulliven for his A amylan, viz. 65.89; no comparison of
the optical rotation of barley gum Bs with this worker's
figure for his £ amylan can be mede, as the solution of
barley gum By was too opalescent. Iodification of barley
gum 03 cauges litfle change in its optical properties.

It ﬁ.s”interesting to note that whilst the @]5?&3’.\:16'5
for barley gum Co (-54.8} and malt hemivellulose-~dextrin Co
(—88.09} are negative, the %alue for malt hemicellulose=
dextrin By is positive (+148.89), It has been previously
noted that melt hemicellulose-dextrin By is chiefly
hexosan in ‘nature (Section IV), and it'does not seem
1mprobabl£ Ehat the small quantity of furfuraldenyde
obtained from this substance oraglnates in & contamlmating

pentosan; this possibility is further strengthened by
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the discrepancy between the(l{] of this substance and those

of barley gum C,and malt hemicellulose-dextrin Cs.  The
@], of malt hemicellulose-dextrin.32 corresponds more to that
of the starch~dextring, typical figures for which are those

given by Beker and Hulton (1938) for malto-dextrin, and
Beker (1941) for stable~dextrin, viz.+ 178.2° and +105.10
respectively. It would therefore appear that the substance
degignated malt hemicellulbse-dexﬁrin:Bgis actually o starch-
dextrin, or a mixture of dextrins, contaminated to 3 cexrtain
extent with pentosan material.

Unfortunstely no figures are aveilable for the
velies of the barley hemicelluloses, as solutions of these
gsubstances were too opalescent to allow'polariméter_
readings to be taken.

Clearly none of the materials under discussion,
other than barleymgumfﬁé, which causes an appreciablsa
lowexdng of the purface tension of water, possessgs_sqrface
activity (see table XLII), but all of these substances are
viscous to a greater or lesser degree, with the exception
of barley hemicellulose Sj. __Mo@ifiqation Willlbe_seen tq
have caused a decrease in the viscous properties of both
barley gum C, and barley hemicellulose Sg;-%ﬁd_ﬁhe sugges?;on
that the malt nemicellulose~dextrins are less TiscouS“thgn;
the barley gums has been confirmed. i

Whilst appreciatih@kﬁaat the results may be in_“
error to some extent, since the validity of certain
assumptions was not proved, it was considered that information of

interest might be obiained by calculating the molecular
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weights of barley gum Co, modified _ba:eléy gum (32 and
malt hemicellulose~dextrin Cs from both their viscosities
and their reducing powers, assuming that the polymeric
unit wag in each case xylose, and that the substances in
question had straight chain molecules, with only one
reducing group.
To .caleculate the moiecular weights from viscosigy

Thetbquation given by Kpaemer (1943) was useds-

& M s
M = P XlOA
Gia
- Where M =molecular weight.:
\qs-g specific viscosity inerement.
P relative viscosity of substance=~- yvigscosity of wa

Viscosity of water
Cg{ concentration as molarity of polymeric undt.
K,g1= the constant for cellulose. = &0

’l‘he rcdacmr powers of 0.10% solutions of hc,,rloy
gam Cﬁ, "‘10(3.....-.3.661 ba:cley gum CrJ nd. ma,l hemicellulose=

de:f"Lr:L Co are, 0.3, __0.45, ancl 1.6.3/5 a8 :_qy‘losé of substrate.

Eﬁ&lﬁ m. Molecular weights of various barle;}r poiysac-chm’idas.

PR R et e S e e S5 St : o .

Molecular weight ~  Barley Modifiied MaLt

- galeulated froms = . pum - DParley gum hemicellulése-
Lt 4 :.T.': “.Ggf__. e an T dextrin an

Viseosity. 46,400 9;,?00 | 264800

‘Reduping power. 44,000 20,800 - 8,000

ter



The figures for molecular weidht can only be

accepted as minimum figures sinee it has been assumed that
he molecules are built up from pentose,li{e. xylose,
residues alone, whereas fhere can be no doubt that the
sdbstances contain a considerable proporticn of hexose
residues.

The agreement between the molecular weights
calculated by the two methods is execelleng in the cases of
barley gum Co and modified barley gum Cs, and it would
therefore appear that the assumptions made above are
justifiable for these two substances. It seems probable
therefore that barley gum Cy and modified barley gum. Cy
have straight chain molecules, as was suspected from their
fibrous appearance, and, in view of their wery high
vigcosities, it does not seem improbable that modified
barley hemicellulose Bs and harleéy Hemicellulose Sy have
a-gimilar molecular stricture.

Turning to malt hemicellulose-dextrin C,, the
molecular weight caleulated from viseosity is over three
times greater than that caloulated. from reducimg powenr,
throwing suspicion on the validity of the assumpiions in
this particular case. .. It would thus appear that this
substance ig not a.-straight chain.polymexr, but has-a
branched molecular structure, which would be dEn:accord
with its amoxphous sppearance, and. such a structure with
three ,free reducing grou@s would give agreement with the
molecular weights calculated by the two methods; however
great confidence cannot be pladed on this latter conclusion

noleculalr
since the equation used to calculate the mol



weight from yiscosity is derived for straight chain polymers,
and does notireliable results for branched polymers.

Piratzki (1936) showed that melt kilned aftér three
to four days on the floor gave wortsrollgbnormally high
viscosity, of the wvalue of 1,300 compared with 1,060 Tor
a normal malt, %taking water as 1,000 the minimum time on
the floor to give & malt which on mashing gave a wort of
noxrmal viscosity was quoted asg 5 days. Piratzki was
therefore led to conelude that the wviscosity of wort
depends to a large extent on the degree of modificdcation
of the malt from which it was prepared. Piratzki and
Wiecha (1937) showed that the action of crude amylase
or pectidé enzyme preparations greatly reduced the viscosity
of ebnormal malts, whilst the action of proteolytic enzymés
“weg ineffective in this respect, and they concluded that
the action responsible for the decrease was that of cytase
on hemicellulosic substances. They further showed that
vhereas the maximum viscosities of a large number of worts

sebons '
showed wide wvariatioms; the minimumdfell within a narrow
range, and they were of the opinion that the minimum values
represented & condition in which the hydrolysis of hemicellulosic
substances by cytase had ceased.

The present resdlts do not confimm the above
workers conclusions, since it hes been shown that alfhough
the viscogity of the malt hemicellulose~dextrins is less
than that of the corresponding barley gums, the decrease is
not sufficient to account for the above changes, wien the

erhanced total yield of the malt products is taken into account.
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Meredith and Sallans (1945), have shown wort viscosity to
be closely correlated with the szlt soluble nitrogen of
barley and with wort nitrogen, it would therefore appear thatl
the golution o this problem must be sought in proteolysis.
Turning to the barley hemicelluloses 5 it will
be noted thatthe hemicellulose S, isolated in the absence
of a hemicellulose S4 has a much highsr viscosity than the
hemicellulose Sgisolated along with a hemicellulose 815
this observation, which is the opposite of that which would
e expected since hemicellulose B, has a mpch lower viscosity
than hemicellulose So,and is thought to eppear with the
hemicellulose S, when absent from the preparation,requires
further dnvestigation before it can be explained. _
Since mddification isiconsidered to result from
the action of the cytoclastic factor, the decrease in viscosity
observed as a conseguence of it indicates a method by which
cytoclasis miéht be followed, namely by studying the change

in viscosity of substrates subjected to this action.
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SUMMATY ,

Two metnods for following cytoclasis_nave been

designed, but their use did not prove entirely

satis-factory. However the resulis obtained

séamed_to confirm the observat;ons on the very

rapid and limited nature of cytoclasis.

The isoleation of hemicelluloses from different .
varieties of harley.has been studied, and it would
appear that the possibility of isolation of hemicellulose
Si is influenced to a-large'extent by slight variations

in the method used.

"gqpvalues for the barley and malt polysaccharides

h:¢:.ﬁﬂhaxagﬁeen determined, and it seems that'malt

hemicellulose-dextrin By" isllamgel$ of the nature
of & sta:chédextrin. | :

The viscosity and surface tension of the barley

and malt polysacd@gridea-have been measured:
modification has_beén.shown-to lead to a decrease in
viscosity of the material treated.

Moleqular weightsihave been calculated for the

barley and ma1t.cold&wateresoluble Polysaccharides.
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A full discussion has been made in each section
P2L/82NN
of the work therein, but it is now,to collect the material
fogetner in,such armenner that a full appreciation of the
conclusions reached ean be made, and Itnéscfor future
work indiéated.

The fact of cytolysis has been amply confirmed,
both by direct and indirect evidence. Probsbly the most
striking indirect evidence is the great increase in yiéld
of extricptable barley hemicellulose on modification; here
barley enzymes were sllowed to act on sterch-free barley
grains prior to the extraction of hemicelluloses, with the
résult that the yield of hemicellulose was more than doubled,
with 1little or no apperent change in the type of hemiwellulose
extracted. There ean be no doubt that this inpreased yield
finds its origin in initially insoluble hemicelluloses,
which wexe rendered sclubke by the actioch of a cytese in
barley. A parallel increase in yield of barley gum 02 on
modification could not be expecféd in the method used,
sﬁhcé fhe harley enﬁymeé were allowed to act on the gum
sﬁbse@uent tb extraction; modification of barley gum Cs
did howéver provide indirébt evidence of eytase action,
namely the failute of Fdhllng s solution and acetone to
produce e precipltate from a barley gum Co, extract, which
had been in long contact with barley enzﬁmes. Hexe

again it mﬁst be assamed that the absence of a precipiyate
was due to the action of cytase on bharley gum Cq»



=129=

the gum being broken down to the extent that the usual
method of precipitation was not effective. Purther
indirect evidence for the presence of a cytolytic
system in harley is the radical change in nature of the
water soluble polysaccharides on malting.

Turning to the direct evidence of cytase actions
all the hemicellulose-like substances prepared from barley
heve beem shown susceptible to ﬁhe_action_gf an enzyme,
or system of enzymes present in germinatedc barley, and a
precipitated form of this enzyme, presumably cytase, hés :
been prepared. The hydrolysis of the hemicellulosic sub$tances
from barley by thisg precipitated enzyme has been studied;
end. it is clear from the resulps that the problem of
cytase action is not so simple as previous workers seem to
have assumed.,

The hydrolysis of ummodified substrates, with the
exception of malt hemicelluloge~dextrin 02, is not the,
noxmal type for simple enzyme actions, and therdban be nb
doubt that this hydrolysis involves two distinctractions,
namely, a rapid liberation of redgcing groups (an action
of lﬁnited duration), fqllowed.by a slower but prolonged
action which is prpportiona; ﬁo tbne; It has beén found
convenient to déscribe these actions as"dyﬁoblasis“and
"eytolysig” respectivély. Malt_ﬁemioellu;oséfdextrin_62_ 
and modified barley gum C, are.noﬁ_éﬁscéptiﬁle fo cytoclasis,
and show proportiqnality.betweén hydrolysis an£ time_frmn:

the ‘start.



It will be noted that the pH and temperature relation-
ships for the action of cytase on barley gum Co and barley
hemicelluloses Sl and Sg, show appreciable varistion.

With barley gum C2 and barley hemicellulose Sl the optimum pH
velue for cytolysis is near 5.0, whilst with hemicellulose 8o
the optimum pH velue is in the region of 5.4. Zven greater
variation will be seen in the optimum tempersture for the
cytloysis of these substrates, the valueskeing 44°¢, for
barley gum Coat the optimum pH, 30°C. for barley hemicellulose
Sl’ and 33°C. for barley hemicellulose So. Purther, the
rzte of cytolysis of different substrates by ﬁhe'same enzme
preparation and under the same conditions varies considersbly,
that of malt hemicellulose~dextrin Co being extremely slow
comparedewith thathof barley gum 02, whilet the hydrolysis

of the barley hemicelluloses is intermediate to the. two.

The above cbservations, and the hydrolysis of
barley gum Co, by a precipitated enzyme from barley, which
we.s shown to correspond to the cytoeclastic actiom only,
are consistent with the presence in cytase of at least
two enzymes, viz. cytoclastase aﬂa‘cytolytase,'and'it seems
inconceivable that the widebrange of propérties noted for
cytolytese arise from the action of a Single'eEZyme.

Indeed the evidence of lnﬁg period conversions of bariey gum Cg
may be taken to indicate the presence of two enzymes in cytolytase,
one of waich is responsible for the major partbof hydrolysis

up to & total liberation of reducing groups of approximately

I — a2 o g - :}‘.
20% under optimum conditlons, ant & second which gives a
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slower and more prolonged hydrolysis. The possibility
thet enzymes other then the sbove are present in the cytase
of barley camnot be eliminated.

The systvem of -enzymes which it has been suggestéd
are present in cytase, even supposing, as seems highly
probable, that each enzyme is specific for one type of
linkage, would be cepable of producing the wide range of
properties which has been observed.  As was pointed out in
e General Introduction end in the Introduction to Section II,
thie polysaccharides under discussion are built up.from 8,
ldmited number of mond—saccharides, and presumably a
limited number of linkages wiil be invoeolved. A particular
enzyme, specific for one type of linkage, would therefore
be capable pf attacking variety of substrates, though with
varying efficiencies accdarding to the extent to which the
particular linkage was pregsent in the substrates. Thus
with two or more enzymes, the varying pH and temperature
optima and types of action obgerved for the action of
cytase on these materials are what would be expected.

The action of cytoclastase has been showm to be

0, QRO W R :
extremely rapid, and it seems probabliaa-depolymerisation
or disaggregation of the molecule. Such a suggestion
£its very wekl the conception of ¢ tase action outlined
above, since if the linkage for which cgtoclastase vils
specific was predent to only a slight extent in-the-substanees
investigated, hydrolysis by this enzyme would cease after

o short time, and only result in the break down of the

substrate to molecules of still complex nature.
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The absence of c¢ytoclasis from the hydrolysis of malt
hemicellulose~dextrin C, could also be easily explained
by the absence of the specific linkage from this substance.

During the General Introduction it was intimated
that cytolysis and pectolysis are not necessarily unrelated,
and this possibility is furﬁher_strengﬁhened'by'certain
peculiarities in the hydrolysis of pectinous substances by
polygalacturonase noted by Phaff and Joslim iﬁ a recent
review of literature relating to the pectic enzymes (1947).
As presented by them these peculiarities were quite
unconnected, but on further examination they would appear
to be closely related, as cause is to effect. The first
peculilarity noted is a rapid drop in the viscosity of the
substrate during the initial stages of polygalacturonase
action, and the second is that the hydrolysis consists af
two stages, (a) an initial rapid hydrloysis of 4 = 5% of
the glycosidic bonds, and (b) a slow stage in which the residunal
bunds are hydrolysed. The rapid fali in viscosity would
be the expected result of a partial disaggregation or v
uepolymerisation of the substrate molecule, which need only
be accompanied by the fission of relatively few linkages,
a8 was. observed. It is tempting to suggest that, like
cytase, polygalacturonase is & system involving two
enzymes.

Clearly great similarity exists between the actions
of barley melt cytase and polygalacturonase; indeed the
actions are almost identical in that they both consist of

an initial rapid phase succeeded by a slower phase.
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Thoughnthe progressive change in viscosity of substrate
golitions during the action of cytase has not been
measured, it would appear that a fall in viscosity,
corresponding to that observed during the action of
polygalacturonase ,occurs during the action of eytoclastase,
since it has been shown that modified substrates, i.e.
substrates which have been subjected ta the action of « =
cytoclastase, have considerably lower viscosities than the
h itisl, unmodified materials.

Teking into consideration the great similarity

between the two actions, the possibility that the action

bz aialoiaroa
undersinvestigation is that oanyiase, or the converse,
cannot be lightly dismissed, and it is important ﬁhgt this
peint should be examined. A valuable contribution fo fhe
elucidation of this problem would be more detailed informstion
on the constitution of the barley gums and hemicelluloses
then is available at present.

A major part of the present work has been the
preparation of hemicellulosic substances Irom barley, wiiich
might serve as substrates for cytase action, or in
themselves contribute to a closer understanding of the
problem on hand; in the course of these preparations
several new sﬁbstances have been isolated, namely, the
barley hemicelluloses end the malt hemicellulose-dextrins.

_ In the introduction to Section II comuent was
passed on the great simglarity between the barley gums and
the hemicelluloses, and the work deseribed herein on these

gubstances has confirmed this. = Indésd it appears that



the only essentigl difference between the guas and the
hemicelluloses lies in their initial water solubilities.

Clearly the water-soluble malt ppolysaccharides,
the malt hemicellulose~dextrins, are of different chemical
and physical nature from the barley gums: ‘the latter %re
fibrous substances with little or no uronic anhydride
content, yielding 25 =~28% of furfuraldehyde in the wse of
barley gum Co, end ayproﬁﬁnately 4% in the case of barley
gum Boj hemicellglase—d'xtrin Cois 2 granular, pulverulent
substence with 7 - &% of uronic enhydride, amd 2 furfuraldehyde
yvield of 44%7. 1t seems probable that melt hemicellulose-
dextrin Bg,.havimg & low (2%) uronic arhydride content. and
a furfuraldehyde yield of 124, is not hemicellulosic in
natiure but is princtpally a étardh-dextrin, There can
be no doubt therefore that the barley gums disappear
durihg'gemnipation, and are replaced by subsitances of some=-
what different nature; vhether these substances are produced
by the action of cytase on previously insoluble materials,
or. are the result of enzymic synthesis, cannot be said,
but of theé two p6ssib1£ ori@insithe'former seems the more
probable.

Trom the review of the published data on
hemicelluloses eto. giveﬁ'in the Genersl Iniroductiomn,
and in the %aroauetion to Section II, it is elear that
1ittle precise information on the constitution of such
substances is available; indeed it is doubtful whether past
preparations of these substances, and the preparations =

described herein, are chemically homogeneous.  Clounwdy
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Clearly such a state of affairs is extremely undesirable,
and therecen be no doubt that before any great advance in
the knowledge of cytase is possihle, a detailed ezamination
of the substances on which it acts must ke made, primarily
with respect to the preparation, if possible, of chemically
homogeneous samples, and subsequently to an examination of
their chemical constitution.

It @ n not be claimed that any great advance in
the knowledge of cytase has been achieved, nor was the work
described primerily intended to serve such & purpose. The
2im of the present work has been to provide a general
survey of the problem of cytase action, to form a foundation
for more detailed investigation, and to indicate possible
future lities of work; it would seem justifiable to-claim
that the end to which the work was'deéigned has been
achieved.

Possible meﬁhéds forﬂthe'purificatioﬁ of cytase
have been examined, and from ghe results it would appear
that several of these show promise, namely, extraction of
cytase with buffer solutions, extraction with 20% alecohol,
and-fgacﬁiogation ﬁiﬁﬁ_alcehol. ~ The a@sorption-of gf
cvtase on WillQW_ﬁemice;iﬁlosa_Si_has_been-sﬁu@ied, and
although this work did not give such satisfactory results
aslﬁhe above, it does not seem improbable that a cytase is
adsoﬁbed by this substénce. |

| Thé results of the three Suébessful metilods aré
summarised in Table XXXVI (p. 101) ,and i% will be seen

thet the same degree of purification was attained by each
of them, i.e. the precipitated cytase preparation
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cbtained by each method was approximately twice ascactive

A

precipitated malt enzymes, the standard cyiase

@

as crud

L.

preparation then in use. A pretimingrgpproach to the
problem of the purification of cytase would seem to be the
use of a combination of these methods, possibly in the
mamner indicated in Bection V |

The final acceptance of the suggestion that cytase
iz a system of enzymes must inevitebly depend on the
separation of the individual.enzymes. An atbtempt wes made
to achieve this object during the course of the present work:
it was hoped thet one of the methods of pufification might
also lead to the separation of the enzymes,; and it would
appear that some measure af success has been achieved.
The results of the adsorption experiment ihdicaﬁe that
of the ®two féctors, only the cytociastic factor has been
adsofbed and subsequently eluted; but in wiew of the VEXy
low activity of the cytase solutions as a result of the
adéorption etc. and the inactivating action of the
alcohol used, these results must be treated with some
suspicidn. _llore conercte results were obtained by
fractional precipitation with aleohol. Clearly the bulk
of the cytolytie factor is precipitated by a conbentrétion
of 65% alcohol, alﬁhough'it 15 possible that some of this
famtbf is left in solution at this concentrafion. The
eytoclastic factor would appear *to be.pfecipitated continuously
over the range of sleohol coneentrations'studied, bﬁt frdm

#he shape of the hydrolysis/time curves éSection T, fig. 18)



it seems likely that the final fraction,i.e. that
precipitated by a concentration of 79% alcchol, contains
¥he cytoclastic factor free from the éytolytic. Extraction
with buffer solutions or with 20% alcohol seems to
exercise no selective action. |

The separation of the cytoclastic and cytolytic
factors by fractional precipitation with alcohol sghows
considerable promise of success, and this method could without
dowbt be used to great advantage; a parsllel method which
must not be overlooked is fractionation using (HH4)280&
a8 the precipitating agent. Though thezresults'of-ﬁhe
adsorptidn experiment were rather unrelisble, this method
clearly calls for investigation, and a grester measure
of success nmight be achieved if this method were applied to
a more active preparation of cytase, or to the cytase preparation
precipitated by 65% alcohol after removal of the fraction
precipitated by 48% alcohol. |

As statea above, too great emphasis cannot be -
laid on the importance of a more complete knowledge of the
meteriale on which cytase-acts, as a preliminery to a closer
sppreciation of the problem on hand. Of prime imporiance
is the preparation of chemiecally homogeneous substrafes,
since a possible alternative explanation, which however
unlikely cannot be overlooked, of the two fold natire of
cytase action e.g. on varley gum GZ,Iis that this substance
is actually a nmixture of two ccmpbunds and that the two

phases of the action arise from the hydrolysis of these

compounds . An obvious step towards accdmplighing 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 mmpletely satisfactory. A knowledge

of the number of different types of linkape present in

substances susceptible to cytase action would be of great

essistence, should the suggestion maede in the present work

on the complex nature of cytase prove correct; here

however it mey prove that &he'mecﬂanismpf cytase action

will eventually provode the key to tuis problem, as

appears to be the case with starch and amylase action.
Before turning to the more pbactical applications

of the material presented, an attempt must be made to

indicate the probable physiologiecal function of cytase,

a8 far as is possible weth the available information.

Cytase hes been shown to be capable of an extensive

hydrolysis of the hemicellulosic constituents of the cell

wall of barley, and this preseumably will be its principal

function durimg germination, thus rendering the cell walls

perméable 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 another.

In the absence of an action such as this the smylases

wcﬁlﬁ presumebly not be capable of carrying out Khelr

function of hydrolysing the stmrchof the endosperm,

since these enzymes originate in the scutellum, and could

not be broughtiin contact with their substrate hed the cell

walls not been made permeable to them. Similarily.
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cytase might be expected to influence other enzyme actions
ocecurring during germination, by facilitating the free
passage of the enzymes and their products through the cell
wallg of the seed.

The work undertaken leaves no doubt of the importance
of a greater knowledge of cytase as an aid to a closer
understanding of the malting changes of barley. The change
from the hard corn of barley tiocthe friable corn of malt
15 cleaxly closedy connected with the action of cytase, since
this action must inevitaebly lead %o a considerable decrease
in the physical strength of the cell walls, and henece of
the barley corn. The influence of cytase in producing
matverials of modified character which might be expected to
affect the properties of wort, and hence probanly of beer
cannot be overlooked, since cytase has been shown to
produce drastic changes in the water-soluble polysaccharides
durtng germination. There cvan be no doubt that the action
of ; cytase leads to the presence of a larger proportion of
water=soluble polysaccharides in malt than in the original
Dbharley, and that these substences, the malt hemicellulose-
dextrins, though of lower molecular size than thégbarley
gums, are molecules of still complex natird; However the
effect of such substances oh the properties of woxrt can
not be precisely stated. Piratzki (loec._cit.) and Piratzki
and Wiecha (log.cit.) werebof the opinion that the lowering
of wort viscosity was dependent oh the degree of medification
of the malt, especially with resphect to cytase action; this

however has not been confirmed, as, although the viscosities
of the malt hemicellulO®e=q. 4ring are lower than those of
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the corregponding barley gums, the larger guantity of the
henicellulose~dextrins present in malt largely offsefs the
effect of their lower viscosities. It would eppear therefore
that cytase hags little influence on ﬁhe decreasge in wort
viscosity associated with inecrease in the degree of
modification of the malt, and consequently the solution to
this particular problem must be sought elsewhere, e.g. in

proteoclysis.
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