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CHAPTER I 

INTRODUCTION 

Mechanisms responsible for the capacity of certa in 

plants and plant parts to withstand varying degrees of 

desiccation continue to evade interpretation. Informatior­

i s extensive with respect to descriptive reports of changes 

in the various components of these plants, in response to 

conditions of dehydration, but studies directed specifi­

cally at an elucidation of crytobiotic phenomena are 

the exception rather than the rule. The more common 

lethal effects of water depletion have been attributed 

to cytoplasmic structural changes, as a consequence of 

the shrinking of hydrophilic groups of protein molecules, 

leading to mechanical tensions and the exposure of bonds 

normally protected and reinforced by hydration shells. 

The terminal effect is the breaking of bonds and the 

irreversible denaturation of cellular proteins (59 ). 

Inquiries into the nature of desiccation resistance have 

apparently been limited to studies of structural adapta­

tions and gross physiological responses such as cell and 

vacuole size, stomatal avoidance responses, etc. 

1 
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It would seem reasonable to assume that cryptobiotic 

systems must possess certain resources for the protection 

and maintenance of enzyme systems. The stability of an 

enzyme should be ex~ected to be severely tested when 

subjected to the plausible extremes of solvent changes 

in cells subjected to progressive desiccation. In the 

absence of evidence to the contrary it would seem that 

prolonged periods of intracellular dehydration should 

expose enzymes to conditions that would denature any 

protein that lacks some mechanism for shielding its 

structure. It is, of course, recognized that the cells 

of resistant plant materials may very well be able to 

control the ionic strength, pH, and the other factors 

in their cytoplasmic environments by means of mechanisms 

that provide for reanimation. If means exist for the 

control and storage of solutes, as the cell assumes its 

desiccated state, the possibility that enzymes are stored 

i n scme specific manner should also be considered. 

The properties of many intensively studied enzymes 

provide the basis for an inquiry into the habit of an 

enzyme under conditions of intracellular dehydration . A 

study of the zymogens stimulates speculation as to the 

feasibility of the existence of proteins composed of 

proteolytically controlled enzyme residues . Particulate 

enzymes as illustrated by those systems of the mitochondria 

and endoplasmic reticulum suggest the existence of enzymes 
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havirig configurations which are maintained by structural 

ljpid, in the absence of watero It is pertinent to refer 

to tl'.e relevant observation that invertase occurs, re­

versj bly , in membrane bound fonn in at least some plants 

and can be released from this station by the application 

of gibberellic acid (JS) a The responses of succinic 

dehydrogenase to treatments required for its release 

into solution reveal a set of properties which might be 

expected to characterize certain enzymes persisting in 

desiccated tissues. This extensively studied systew. is 

liberated from mitochondrial membranes by treatment with 

n-butanol. Once in solution it is unstable and, with 

time, loses much of its activity. Lyophilization is 

accorr.panied by extensive to complete inactivation (57)o 

This behavior of succinic dehydrogenase provides a 

model for a possible mechanism mediating the storage, 

protection and release of enzymes within the cells of 

desiccation=resistant plant materialso The maintenance 

of a potentially active configuration, in the absence of 

water implies the intervention of complementary factors 

which contribute structural support to the protein as 

does lipid in the case of succinic dehydrogenaseo Ex= 

peri~ental disruption of this association would be 

expected to nullify the stability of the enzyme with 

respect to desiccation o 

The selection of an enzyme representative of 

drought resistant material for testing against the 
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above postulated properties is limited primarily by the 

obvious criterion that it be present and potentially 

active in the dormant tissues of the test organism, and 

that the induction of its activity not be a consequence 

of' its de novo synthesi.s. Linko and Milner are currently 

studying glutamic decarboxylase and glutamic=alanine 

transaminase which they have demonstrated to be active 

in wheat embryo tissue at extremely low levels of 

moistureo The decarboxylase and, apparently, the trans= 

aminase exhibit activity immediately upon the addition 

of water to the tissue (25). Obviously, there is no 

de ll.QYQ. synthesis in the case of these enzymes. More­

over, a capacity for activity at moisture levels of less 

than 15% should qualify these factors for classification 

as desiccation=resistanto 

The purpose of the present study has been to in­

vestigate those properties of the enzymes reported by 

Linko which can be related to their association with 

the dry, dormant tissues of wheat embryos,, Inquj_ries 

have been made in order to det,ermine whether the 

activity observed can be related to the presence of 

specifj_c particulate fractions. The postulated par­

ticipation of' factors which buttress enzyme configuration 

when moisture levels are low has been investiga·ted, as 

has the possibility that the property of desiccation= 

resistance resides in a reversible association of 



5 

macrcmolecular enzyme subunitso Finally, the data obtained 

from studies of dormant embryo tissues have been evaluated 

in terms of their physiological significance of the germi= 

na'ting wheat graino 



CHAPTER II 

REVIEW OF LITERATURE 

The most recent survey of literature pertaining to 

t he physiology of seed germination was made by Koller, 

Mayer, Poljakoff-Mayber, and Klein (20). In t he i ntro~ 

duction to this review, a serious deficiency i n our 

knowledge of the activities involved in this process was 

identified. The plentitude of information gathered f rom 

studies of the physiological responses of seeds to envir­

omental variables is counterbalanced by a deficit in our 

comprehension of the metabolic systems i nvolved , as well 

as the physics and chemistry of enzyme and hormone 

activation and inactivation. This defi cit i s indica tive 

not of any insufficiency in evidence of t he presence of 

specific enzymes in seeds, but of a virtually complete 

lack of data which clearly demonstrates the metabolic 

i nterdependence and the activation sequence of t hese 

enzymes during the germination process, as wel l as the 

nature of their habits in the dehydrated cells of the 

dormant seed (66). 

6 



Demonstrated Origins of Activated 
Seed Enzymes 
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A stimulus to work in the area of enzyme ontogeny in 

cereal grains has been provided by Paleg 09) and 

Varner (69) by their recent publications regarding the 

orig:in of a=amyla.se in the aleurone tissue of barleyo 

The jnvestigations of these workers have afforded a 

composite demonstration of a pathway leading to the 

mobilization of' barley endosperm and represent the most 

direct disclosure of origin and direction of enzyme 

a cti vi ty encountered in the literature t~o date o Yomo 

had previously observed that barley endosperm exhibited 

amylolytic activity, when separated from the embryo, only 

if endosperm and embryo were cultured, together~ int.he 

same flask (3S)o Results of subsequent investigations of' 

embryo extracts were interpreted by Paleg to indicate that 

an endosperm mobilizaticm hormone j exhibiting properties 

charPcteristic of the gibberellins, is released from the 

embryo during germination and induces the acti·va.tion or 

synthesis of a=amylase in the endosperm (36)o This concept 

was supported by his observation that gibberellic acid (GA3) 

would substitute for embryo tissue extracts in eliciting 

the Bppearance of enzymes mediating both proteolytic and 

amylolyt.ic activityo The reported findings of other workers 

reveal that aspects other than carbohydrate degradation are 

clearly involved in this response to GA3 1 and the possibi,lity 



that a hormonal trigger involving :many separate but 

interdependent :metabolic pathways is currently under 

investigationo 

Evidence collateral to the problems of maintaining 

enzyme reserves and shielding enzyme protein during the 

desiccation phase of seed maturation has ensued from 

studies of the untrastructural changes taking place in 

the aleurone tissue of the barley grain during the onset 

of mobilization (39) o Particulate structures composed 

$ 

of spherical inclusions within a confining membrane were 

observed in the cells of this tissue by means of electron 

microscopyo The inclusions were reported to be of three 

typeso Two relatively large organelles occupy the central 

area of the particule, and an indefinite number o.f muc:b. 

smaller inclusions are arranged along the membrane surfaceo 

Changes in the components of these aleurone particles were 

correlated with the onset of amylolytic activ-ity during 

the germination processo The particle membrane was 

observed to become convoluted and extended 1 ultimately 

assuming a form resembling that of the endoplasmic 

reticulum.o All inclusions became progressively more 

diffuse in structure prior to their complete disappearanceo 

The question of whether the above changes are 

related to a release of enzyme protein orj rather, to 

enzyme synthesis has been investigated by Varner (69)o 

By treating barley aleurone tissue with chloramphenicol 
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2.nd p=fluorophenylalanine he was able to block the onset 

of a1Tylolytic activity" However, the addition of a ctinomy·~ 

cin .r :1 azaguanine 1 thior,acil, or thiocytosine had no effect 

when added to the culture medium of endosperm ha1veso 

Analyses of his da.1;a and experimental conditions, as well 

as the results of similar work by Briggs (36) have led 

him to conclude that a-amylase is synthesized~ !lQJLQ. in 

the cells of the aleurone layero A consideration of the 

ontoeeni.c development of aleurone tissue as related to 

the Bppearance of a=amylase, however) encourages skepti= 

cism regarding VarnerYs conclusiono Alpha=amylase activity 

has been recorded in developing barley aleurone tissue as 

early as ten days following anthesiso No aleurone p~rticles 

are present at this time Q Act.ivity decreases approximately 

eighteen days later and this decrease is correlated 1;:ith 

the appearance of these particles (38)o Preliminary inves= 

tigations into the composition of the inclusions of ~leurcne 

particles indicate that some are apparently composed of 

phytin and the remainder o.f lipoprotein. o The intrap::i.r= 

ticular matrix of these inclusions seems to be entirely 

proteinaceous (39)" It would appear that the observ'.ltions 

reviewed above should stimulate investigation with r:ispect 

to the possibility that the aleurone particle represents 

an organized reserve for the storage o.f enzyme protein:i 

and organic phosphorus in seedso Varner acknowledged that:i 
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during h:i.s study of protein synthesis :i.nhi.bitor e.ffects on 

the induction of amylolyt.ic act.i·wity, measureable respira= 

tory rates were too low to account for the energy require= 

ments of synthetic processeso Also tempting is the specu= 

lation that the matrix material which binds the aleurone 

particles represents the globulins which have been iso= 

lated from cereal grains and demonstrated to exhibit enzym= 

ic activity (42)~ Affinitive mechanisms have been repeat= 

edly demonstrated to be operatj_ve in the storage o.f auxins 

(22, 62)o Consequentlyj it should not be too venturous to 

suggest that a systematized design exists which mediates 

the storage of enzymeso Data have been reported by 

Yoshida (73) which suggest that the initiation of a=amylase 

activity in populations 0£ Eo coli is not effected by the 

sJJ;.. no:vo synthesis of this enzyme from amino acid precu.r= 

sors but is a consequence of the complexing of a protein 

precursor with small peptide unitso In many respectsjl 

Yoshida's enzyme appears to be quite similar to the a= 

amylase in barley aleurone tissueo Other enzymes of io 

coli formed by the interaction of two macromolecular com= 

ponents are currently being investigated (72)o The ex= 

istence of another such enzyme, involving proteins assoc= 

iated with ribosomal and soluble cell fractions of lactat= 

ing mammary glands, has been convincingly demonstrated by 

Ebner (8)0 



Enzymes of the Wheat Grain 

Information regarding the initiation of metabolic 

processes in seeds is rarely as comprehensive or dtrect 

as that reported for endosperm mobilization in barleyo 

More commonly, evidence for the operation of a given 

pathway is inferred on the basis of the presence of 

certain enzymes in the seed, the assumption that those 

enzymes present are active, and that activities demon= 

strated in other systems identify native substrates 

and properties (10). Attempts to characterize sites 

of enzyme translation are, apparently, even more rare o 

11 

No reports of work directed specifically at this problem 

have been encountered in the literature 1 with the exception 

of the aforementionedo 

Reed and Thorn (47) have reviewed that literature 

pertaining to the enzymes in wheat grains and have pre= 

sented a somewhat more cautious appraisal of current 

knowledge than is typically encounteredo It is interest.~ 

i ng to note that for many of the enzymes known to occur 

in the wheat grain, such as glucose=6=phosphate dehydro= 

genasej these workers consider that no significance has 

been reported, whereas the occurence of the same enzymes 

in other seeds has frequently been cited as virtual proof 

for the operation of some specific pathway o 

The significance of the decarboxylase and transaminase 
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of wheat embryos, studied by Linko, is still uncertain and 

requires further investigation (26)o Enzymic decarboxylatio:n 

and transamination of glutamic acid were studied in wheat 

grains and excised wheat embryos by chromatographic and 

manometric techniques, in relation to water contento It 

was demonstrated that transamination o.f a=ketoglutarate 

with alanine was catalyzed at moisture levels as low as 

15%0 Almost 25% of the glutamic acid resulting from the 

transaminase reaction was decarboxylated to gamma=amino 

butyrateo The manometric technique used in these studies 

was of particular interest in that the data obtained by 

this method revealed that activation was immediate upon 

the addition of water and, therefore~ no time for de !lQ._VP 

synthesis of enzyme protein was requiredo This technique 

was also utilized to demonstrate that the only amino acid 

$Ubstrates entering into significant transamination re= 

actions during the first three hours following the 

addition o.f water were alanine and aspartateo An earlier 

study had revealed that one or more proteases are also 

active in dormant wheat embryos for which no clear function 

could be demonstrated (25)o The moisture requirement for 

these proteolyti.c enzymes approached levels as low as 

11 o0%o Apparently, these f:i.ndings were pursued no 

furthero Other investigations of protease activity 

suggest that proteolytic activity may be vj.ta.l to the 

activation of wheat grain enzymes and may possibly 
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represent one aspect oi' the seed~ E:s horn1one and enzyme 1iber= 

ati:ng machinery. Proteinase acti.vity increases by ten~,fold 

during the early stages of germinat,ion, concurrent to the 

activation of increasing numbers and types of enzymes {45)a 

Treatment of wheat endosperm wi.th papain, has been demonstra=· 

ted to increase b=amylase activity in extracts of these seeds 

(46). The observation that some protein fractions obtained 

from wheat contain proteinases which cannot be rem,nred by 

washing encourages speculation that these enzymes may be 

strategically positioned for liberating :metabolically active 

protein residues (10). 

The occurence of at least three dec:arboxylases, quite 

active during the early stages of germination (47), assumes 

a certain degree of significance when it is recalled tha.t 

carbon dioxide enhances the germinati,o:n of certain seeds" 

Efforts by Linko and Milner (25) to determine the signifi= 

cance of glutamic deca.rboxylase in the wheat embryo have 

been directed at determining the fate of gamma=a:mino buty= 

rate which they believe to be a:n important :metabolic inter= 

mediate to t,he germina.t.ing seed o Some stimulatory effect by 

gluta:mic acid has been reported for the germ::ina,ti,on of 

wheat" Aspartate, alanine~ oxalacetate~ and pyruvate also 

appear to enhance this germination and enzymes mediating 

their decarboxylation are a.1so present" It has been observ= 

ed during the course of gathering in.formation for this study 

that the pH optima of enzymes known to participate in the 



germination process, prior to the initiation of embryo 

growth, tend to be no higher than 6.0. The possibility 

of a role for these decarboxylases in the regulation of 

certain enzymes, via pH regulation would appear to merit 

consideration . 

Decarboxylases and Transaminases of 
Higher Plants 

14 

The decarboxylase activity of extracts obtained from 

a wide variety of plant materials, including cereal grains, 

has been extensively studied in the laboratories of Schales 

and Schales (54). A general pattern was found to prevail 

involving transamination reactions as requisite preliminary 

steps to those decarboxylations disp~ayed by the test 

materials. For these studies, extracts from forty-two 

different plants were prepared and tested with glutamate, 

pyruvate, and a-ketoglutarate as substrates. Both keto 

acids were observed to liberate carbon dioxide. This 

latter activity was relatively slight however in compari-

son with the high rate of glutamic acid degradation. 

Other keto acids were found to respond poorly or not at 

all. In order to eliminate decarboxylase activity other 

than that of glutamic acid decarboxylase, the effect of 

a series of inhibitors was tested. Phenol, in concen-

trations of 2.0 mg per ml. of incubation mixture, was 

found to be suitable for this purpose. Dialysis of the 
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plant extracts also abolished their effectiveness against 

keto acids, but reduced the activity of glutamic acid 

decarboxylase . The addition of known decarboxylase co-
' 

factors restored the activity of pyruvic acid decarboxylase 

and glutamic acid decarboxylase but none reactivated the 

plant extracts for a-ketoglutarate. These obseiyations, 
\, ,, 

in addition to the finding that succinic semi-aldehyde 

does not substitute for a-ketoglutarate in fresh extracts 

suggested that carbon dioxide evolution from those extracts 

having added a-ketoglutarate as substrate is not mediated 

by an a-carboxylase. Analysis of dialyzate concentrates, 

ultimately permitted the isolation of two factors capable 

of reactivating dialyzed extracts for a-ketoglutarate. The 

addition of a mixture of aspartate and alanine exactly du-

plicated the effect of concentrated dialyzate in restoring 

full activity. This requirement for aspartate or alanine 

in an enzymic attack on a-ketoglutaric acid clearly indicated 

that the firs t step in the breakdown of this keto ac i d is 

a trahsamination. Coupled transami nase =decarboxylase systems 

are apparently general in distribution among the higher 

plants . Subsequent investigations have revealed that 

variations in this pattern may be observed . The part ici= 

pation of separate transaminases for aspartate and alanine 

in wheat embryos has been reported more recently by Sanwall, 

Zink, and Din (50). 

The sites of activity of these enzymes is not yet clear . 
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They are app2rently considered to be in solution within the 

metabolically active cell and to have little functional 

association with particulate fractions. There may, how­

ever be varying degrees to this solubility characteristic. 

It has not yet been possible to obtain a large proportion 

of the total pyruvic acid decarboxylase activity in aquGous 

supernatants, although efforts have been intensive. A 

beta-globuli~ fraction possessing oxalacetic acid decar­

boxylase activity has been obtained in crystalline form 

from plant sources but it has not been possible to identify 

the source of activity (68). 

Environmental Considerations 
Pertaining to Enzyme 

Activity 

The existence of catalytically active and inactive 

states of enzymes is accounted for by the time- honored con­

cept of a specific conformation for a specific activity. 

The primary structure of an enzyme is genetically deter-

mined. The second3ry, tertiary, and hence the active ccn-

formation of the enzyme is under the control of the environ-

ment and may also be genetically determined. Under specific 

conditions of pH, ionic strength, etc., the enzyme will 

assume an active configuration spontaneously since, under 

these conditions, the active configuration is the most 

stable structure. The primary effect of this specific coil-

ing and folding is that certain residues are brought into a 
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proximity which confers distinct reactive properties on them 

as a reactive group or active site. The effect of unfold­

ing is to disrupt this relationship and inactivate the 

enzyme. Such unfolding is caused by unfavorable tempera­

tures, hydrogen- bonding agents, extremes of pH, ionic 

strength, etc. Inactivation of enzymes is accompanied by 

changes in optical rotation, sedimentation values and ab­

sorption spectra, suggesting strongly that changes in ac­

tivity and association affinities are, indeed, a result of 

changes in molecular conformation (71). 

The modern concepts of conformational requirements for 

enzyme activity are not as limiting as the earlier hypo­

thesis that nn individual enzyme molecule, under a given 

set of conditions possesses either full activity or is 

completely devoid of activity. Thermodynamic considera­

tions have initiated a pattern of cogitation, the essence 

of which contends, that the degree of activity depends up­

on a reversible, configurational equilibrium between ac­

tive and inactive states. Secondary structure is dynamic 

as a consequence of variations in the interaction between 

molecular side chains and solvent molecules, as mediated 

by physical factors. Under circumstances such as these 

an equilibrium involving a large number of configurations 

exists, as opposed to the concept of a static configura­

tion. This viewpoint has been set forth in thermodynamic 

terms on the basis that the free energy of unfolding of 

the enzyme may be small, whereas the enthalpy and entropy 



requirements may be large (23)o 

Amid the multitude of agents which are beli eved to 

contribute to the configuration of an enzyme t here are 

those which appear to be particularly pertinent to the 

present study. The water dipole is a major factor in 

enzyme configuration, not only via its participation i n 

tertiary structure but also due to its participation in 

linkages contributing to patterns of coilingo It is be­

lieved that many of the linkages stabili zing secondary 

structures are composed of charged groups that are, at 

least partially, surrounded by water. Eisenberg and 

Schwart have reported evidence of "frozen water" trapped 

in the interior of active chymotrypsinogen, the release 

of which is accompanied by irreversible inactivati on (9) . 

Functional patterns such as these are addi tions to t he 

more conventionally accepted roles for water in forming 

dynamic hydration shells and in bridging distances be= 

tween charged groups as reviewed by Stocker (59)o Ater= 

tiary linkage involving serine and threonine connected via 

phosphate bonds has been reported by Perlmann (43) o It 

has been independently observed that compounds donati ng 

phosphoric ester groups change the activity of several 

proteinases (23)o The possible significance of these 

findings to the frequent requirement of phosphate buffers 

for dialyzing, washing, etc., crude enzyme preparations 

was not discussed. Finally, in regard to agents re~· 

quired for specific configurations, the reported partici= 
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pation of carbohydrates and l i pids in stabilizing the 

configuration of certain enzymes is of direct signifi= 

cance to the present investigation. There is recurring 

evidence that a ca rbohydrate- protein combination is of 

frequent occurence (60). An alanyl-xylopyranose compound 

has been isolated under conditions indicating its function 

as a carbohydrate=protein bri dge . Unfortunately very 

little is known concerning the nature of these bonds in 

enzymes (23) although Neurath (34) has invest igated the 

properties of a strongly hydrophobic bond in trypsin and 

concluded from his data that the activation of the enzyme 

is effected by the fission of a lipid-enzyme bond, permit­

ting the catalytic site to be assembled. It is conceivable 

that such a mechanism may be operative in controlling the 

release of enzyme reserves. The hydrophobic bonds alone 

could augment designs for ma i nta ining reserves. Hydro~ 

phobic regions composed of paraffin chains are believed, 

in a number of instances, to encompass and prot ect re= 

active groups of enzymes. Removal of such groups is 

sometimes required for in vitro activation of these, 

enzymes (34). 

In the absence of compensating mechanisms , which 

have not been demonstrated, the enzymes of seeds should 

be subjected to extreme changes of the cellular envi ron= 

ment as the maturing cells assume their dormant state. 

Increases in ionic strength or changes in the nature of 
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the ions present Blter hydrogen bonding patterns and usually 

impose a net positive or negative charge on the enzyme mol= 

ecule. Internal repulsions are believed to be responsible 

for subsequent disruption of the secondary structure. In 

this unfolded state the enzyme is highly susceptible tc 

degradation by proteolytic enzymes (23). With the exception 

of the demon3trated effect of proteinases on enzymes, 

mechanisms r·::)Sponsible for irreversible denaturation arc 

not clearly ~nderstood. This phenomenon is believed tc 

be, most frequently, a consequence of factors creating 

stresses which lead to the breaking of covalent bonds, 

permitting irreversible formation of others. The ultimate 

effect is an irreversible hyperfolding of the protein 

molecule (15). 



CHAPTER III 

MATERIALS AND METHODS 

Source of Embryo 
Tissue 

The problem of obtaining excised wheat embryo tissue 

in the quantities required for physiological investigations 

has commonly been avoided by the use of wheat germ o This 

material is made readily available in fresh , gr anular or 

flaked form by modern milling methods and i s considered 

appropriate for enzyme-centered studies of the wheat grain 

embryoo As a source of preparati ons exhibiting specific 

enzyme activities wheat germ has been highly popular o Its 

utilization as a basis for investigating the intermediary 

metabolism of the embryo itself has been more recent ( 25 ) o 

Fresh wheat germ prepared by the flaki ng process was 

provided by the International Milling Company , Minneapolis, 

Minnesota, as the source of embryo tissue for this study o 

The material was stored at 4° C in closed glass containerso 

Contamination due to the presence of tra ces of endosperm 

material has been demonstrated by Linko and Milner to be 

i nsignificanto They have not consi dered, however, the 

possible presence and signi ficance of minute quantities 

21 
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of aleurone tissue which, as previously detailed, is a site 

of intense metabolic activity during the germination of 

wheat and barleyo 

Isolation of Crude Preparations 
Displaying Decarboxylase 

Activity 

The procedure of Suzuki and Takakuwa (61) for iso= 

lating glutamic acid decarboxylase preparations from 

Scopolia japonica root tissue, with modifications, provided 

the basis for separating a crude water soluble fraction 

from wheat germo The decarboxylase activity of the pre= 

paration rel::i.tive to the preparation reported by Suzuki 

and Takakuwa, was quite higho The detailed procedure 

follows: 

In a Lourdes homogenizer 100 grams of wheat germ 

were blended with 400 ml of M/15 phosphate buffer, pH 508, 

for a period of 4 minuteso The resulting homogenate was 

centrifuged for JO minutes at 3,000 x g and the sediment 

discardedo Ammonium sulfate was added to 50% saturaticn 

and a period of 20 hours was allowed for precipitation (6l)o 

The precipitGte thus obtained was collected by centrifcging 

at 3,000 x g for 10 minutes and the supernatant discardedo 

Nineteen and two=tenths grams of a dry, hygroscopic powder 

were obtained upon drying the collected precipitate in vacuo 

from the frozen stateo The powder thus obtained was stored 

in vacuo over calcium chloride at room temperature and 
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designated as fraction A (fig. 1). All manipulations ether 

than the lyophilization process were performed under temp­

erature conditions of 4° C and all solutions employed were 

stored at this temBerature prior to their utilization. 

During a subsequent operation JO gram samples of 

tissue homogenate, which had served as source material 

for preparing fraction A were re-extracted by the method 

described. The previously extracted homogenate was blended 

with fresh buffer, centrifuged, extracted for 2 hours and 

precipitated with ammonium sulfate. Subsequently, the 

homogenate was re-blended and extracted for a period of 

17 hours. The ammonium sulfate precipitates corresponding 

to the 2 hour and 17 hour extractions were designated as 

fraction Band fraction C, respectively (fig. 1). 

The isolation procedure described above was followed 

as a step preliminary to obtaining preparations with higher 

activities than that exhibited by fraction A. It has since 

been observed, however, that homogenization of the original 

embryo tissue with distilled water, rather than buffer, at 

room temperature, alters neither the yield nor the decar­

boxylase activity of the preparation . 

Analytical Procedure 

All assays were carried out in a Warburg Apparatus 

at 37° C. The main compartment of the flask received a 

2.0 ml of 50 mg/ml suspension of the enzymically active 
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preparation in M/15 phosphate buffer, pH 508, and 0.5 ml 

of a solution containing 50 micrograms of pyridoxal phos­

phate. Into the side arm was pipetted 0.5 ml of a 1% 

solution of glutamic acid, adjusted to pH 7.0. A blank 
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vessel, with water substituting for substrate was employed, 

permitting correction for any carbon dioxide which might 

be contained in the buffer or released by the enzyme 

preparation in the absence of substrateo Manometer 

readings were taken at five minute intervals for a period 

of sixty minutes. The gas phase was nitrogen. This 

procedure is essentially that recommended by Schales with 

the exception of the added pyridoxal phosphate (54). 

In all assays, one activity unit signifies the re-

lease of one microliter of carbon dioxide in one hour 

at 37° C. Specific activity denotes activity units per 

100 mg of the preparation to be tested for decarboxylase 

activity. 

Differential Centifugation 
of Embryo Homogenates 

The possible association of glutamic decarboxylase 

with particulate material in latent or permanently bound 

form was investigated by assaying nuclear, mitochondrial, 

and microsomal fractions separated by differential centri-

fugation. Two procedures, differing with regard to the 

medium employed in obtaining the individual fractions, 
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were followe~. Tr.e method of Johnston and Stern (21) h~s 

been develop0 d sp~cifically for the isolation of oxidative 

particles from wheat embryo tissue and was utilized in ob­

taining one of the mitochondrial fractions tested. The 

details of this procedure follow: 

Ten grams of embryo tissue were homogenized in 100 ml 

of 2M sucrose solution prepared in M/15 phosphate buffer, 

pH 6.0. The temperature was maintained at 0° C by means 

of an ice bath. The homogenate was filtered through a 

single layer of cheesecloth and centrifuged at 12,000 x g 

for 15 minutes. The pellet was discarded and the super­

natant centrifuged at 27,000 x g for 30 minutes. The 

supernatant obtained in the latter step was then diluted 

by addition of two volumes of distilled water and, again, 

centrifuged at 27,000 x g. The sediment obtained was 

lyophilized, stored in vacuo over calcium chloride at 4° C, 

and designated as precipitate II (fig . 2). 

Nuclear and mitochondrial fractions were isolated from 

0.25M sucrose in M/15 phosphate buffer, pH 5.$, by sub~ 

jecting homogenates to a centrifugal force of 100 x g and 

the supernatant thus obtained to 27,000 x g. A force of 

140,000 x g was applied to the supernatant obtained by the 

latter treatment in order to obtain a microsomal fraction. 

Each particulate fraction was washed with buffer, lyophi­

lized and stored as described previously for deca rboxylase 

preparations. The nuclear, mitochondrial, and micro-
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somal specimens obtained by this procedure were specified 

as precipitates III, IV, and V respectively, and the cor­

responding supernatants as supernatants III, IV and V 

(fig. 3) . Assays were performed for the purpose of deter­

mining whether decarboxylase activity is associated with 

a soluble or a particulate fraction. This effort, which 

should be descri bed as exploratory, was directed at col­

lecting data suggesting the participation of membranous 

surfaces as sites for decarboxylase activity . 

Suspensions of each particulate fraction were prepared 

consisting of 100 mg of lyophilized material combined with 

2.0 ml of M/15 phosphate buffer, pH 5 ·. s, in a hand homob= 

enizer o The suspensions were assayed according to the 

procedure descri bed for decarboxylase preparations o Th3 

supernatants associ ated with each particulate fraction were 

tested by combi ning 2o0 ml aliquots with Oo5 ml of pyri= 
I 

doxal phosphate solution in the main compartment of each 

Wa rburg flask and proceeding as previously detailed o Sus= 

pensions of pellet materi al in 2 o0 ml of buffer or super= 

natant were tested f or activity indicative of surface cat-

alysis, unknown i nteractions and the effects of the lyoph-

ilization treatmento 

Measurements of Glutamic Decarboxylase 
Activity as a Function of pH 

Investigations of the glutamic decarboxylase a ctivity 

of preparations obtained from plant materials consistently 
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involve reaction mixtures adjusted to a pH within the range 

of 506 - 6000 The criteria for determining conditions of 

pH is not recounted in the literature which has been surveyed 

concurrent to this study. However, the extensive investiga= 

tions of Schales (54) have yielded data which should justify 

a conclusion that, in plant materials, glutamic decarboxy­

lase enzymes may be characterized by a common pH optimumo 

Since the response of this enzyme to a specific treatment is 

to be measured on the basis of variations in the volume of 

carbon dioxide evolved, it is particularly desirable that 

support for the assumption of identity<of glutamic decarboxy­

lase activity with carbon dioxide evolution be obtained,, 

The response to varying conditions of pH by fraction A 

(figo 1) of the crude decarboxylase preparations was deter-

mined by measuring the relative yield of carbon dioxide in 

the usual manner but at pH values of 3o0, 4.0, 5.0, 506, 

508, 600, 7 .. 0 and 8.09 The reaction mixtures were adjusted 

within the pH 5,,6 - pH 8 .. 0 by suspension of the dry prepara­

tion in phosphate buffers, and within the pH 3 .. 0 - pH 5 .. 6 

range by suspension in citrate-phosphate buffer. The 

estimated maximum, minimum, and optimum values were plotted 

for comparison with the results of Schaleso 

Dialysis of Decarboxylase 
· Preparations 

Previous studies have shown that aqueous extracts of 
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plant materials containing glutamic decarboxylase are quite 

stable to prolonged dialysis, with regard to this enzyme (53) . 

In order that the activity of fraction A be concentrated and 

undesirable cofactors, possibly altering measurements assumed 

to be a function of test enzyme activity, be removed, . the 

crude preparation was subjected to dialysis against distilled 

water. Ten grams of the enzymically active powder were com­

bined with 20 ml of distilled water and dialyzed for 30 hours 

at 4° C against a sequence of 2 liter volumes of water which 

were renewed at 10 hour intervals. The resulting precipitate 

and soluble fractions were separated by centrifugation at 

3,000 x g and lyophilized . The total recovery was 4.47 grams, 

accounted for by 4.10 grams of powdery precipitate, desig­

nated as fraction D (fig. 1), and 0.2$ grams of the trans­

lucent, apparently crystalline material, fraction E, obtained 

from the soluble phase. These same fractions, obtained from 

subsequent dialysis treatments of crude preparations were 

dried in vacuo from the liquid state in order to test the 

resistance of the enzyme, at this stage, to drying under 

conditions allowing for chemical interaction between the 

various constituents of the fractions. The activities of 

100 mg samples of each fraction and of a mixture consist i ng 

of 100 mg of precipitate and 10 mg of crystalline material 

were measured manometrically in the usual way . 

The above procedure was varied with respect to dialyzing 

medium for the purpose of obtaining information suggesting 



31 

the advisability of a more extensive inquiry, regarding 

possible roles for sugar and phosphate in contributing to the 

desiccation resistance of glutamic decarboxylase. Separate 

2 gram samples of fraction A were suspended in 10 ml volumes 

of 0.025M sucrose, 0.25M sucrose and M/15 phosphate buffer, 

pH 5.8, and dialyzed against their respective suspension 

media for 17 hours. The soluble and insoluble fractions 

thus obtained were not separated, but were dried together 

and assayed in 100 mg quantities representative of each 

medium. From the sucrose-dialyzed materials 1.28 grams 

and 2.31 grams were recovered from 0.025M and 0.25M condi-

tions of concentration respectively. The phosphate treat-

ment yielded 1.17 grams of dialyzed enzyme preparation. 

Reference to nthe dialyzed enzyme preparation" in the pro-

cedures yet to be described will relate to the combined 

D and E fractions resulting from water-dialysis of fraction 

Disruption of Associated 
Lipid and Protein 

A. 

Investigations of many enzymes have been limited by the 

interaction of these enzymes with lipid. A number of methods 

have been employed for separating such complexes. Autolysis 

and digestion, with lipases, trypsin, and papain have per= 

mitted varying degrees of separation. Sonic vibration and 

treatment with sodium deoxycholate have achieved some dis= 

ruption of cellular membranes, with liberation of enzymes 
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structurally bound to these membranes, as has the technique 

of alternate freezing and thawingo These methods have been 

considered to be more or less undesirable and to have limited 

application (3l)o Proteolytic procedures have been observed 

to destroy, or commonly, to alter the enzyme under investi= 

gation, and to consistently interpose contaminating products. 

With regard to sonic vibration and the freeze-thaw method 

the possibility of denaturation is considerable. Sodium 

deoxycholate often promotes apparent solution through micelle 

formation. 

The extraction of lipid from dry enzyme preparations. 

under the controlled utilization of n-butanol alone appears 

capable of effecting the desired separations of lipoprotein 

complexes without risk of losing enzyme activity, in the case 

of enzymes so far investigated (32). 

For the separation of lipid from the dialyzed enzyme 

preparation, 50o0 ml of reagent grade n=butanol were added 

to one gram of enzymically active materialo Dispersion was 

achieved by means of the Lourdes Homogenizer at roem tempera= 

ture. The suspension obtained was mechanically stirred for 

20 minutes and the n-butanol subsequently removed by centri­

fuging at 3,000 x g for 10 minuteso This procedure was 

repeated twice with n-butanol and finally with reagent grade 

acetone at =27° Co Rapid removal of organic solvents from 

the precipitated material with its cargo of enzyme was 
' . 

accomplished by means 0£ the vacuum desiccatoro Samples 0£ 
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100 mg mass were assayed for decarboxylase activity, again 

by the described manometric procedure o The resistance of 

the enzyme to drying, in the absence of its postulated 

lipid garrison was then tested by subjecting the sample to 

in vacuo desiccat i on immediately after suspending it in 

buffer, and then assaying a distilled water dispersion of 

the resulting preparationo 

The suggestion that the effects of the latter treat­

ment might be reversed , to some extent, by treating the 

material thus obtained with the butanol utilized during 

the extraction procedure was also exploredo A 200 mg 

quantity of the defatt ed desiccated preparation was held in 

contact with 150 ml of the butanol solution recovered from 

the lipid extraction o A fluted filter paper was employed 

as a support ing container for the sample and was positioned 

in a manner allowing the substances in solution to pass 

through the test materi al and the butanol to evaporate from 

a progressively increasing area of the paper o Recovery of 

196 mg made possible the manometric assay of 100 mg of the, 

possibly, refatt ed materialo 

Estimation of Glutamic Decarboxylase 
Activity i n Tissue Homogenates 

The act ivities of enzyme preparations exposed to the 

described levels of purification were related to the ef= 

fects of dialysis , butanol extracti on, and desiccation on 

homogenized samples of unpurified embryo tissueo This 
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phase of the present study was motivated by recognition of 

the possibilities for interaction by enzyme protein with 

soluble and . insoluble components of the fractions separated 

during the initial extraction procedure. In addition to 

previously employed precautions a general decarboxylase in­

hibitor, phenol, demonstrated to have no effect on glutamic 

decarboxylase activity was utilized in an effort to minimize 

activity of enzymes, other than the test decarboxylase, 

mediating the release of carbon dioxide (54) . 

Untreated homogenates of embryo tissue were prepared 

in a hand homogenizer by mincing 200 mg samples of germ 

in 3.0 ml of buffer and 1.0 ml of a solution containing 

8.0 mg/ml of phenol in distilled waterp An estimated. 2.0 

ml quantity of homogenate was withdrawn and assayed mano­

metrically. Treated homogenates were obtained by subject0 

ing 1 .0 gram samples of germ to: (1) thirty hour dialysis 

aga i nst distilled water at 4° C; (2) dialysis, followed by 

butanol extraction; and (3) dialysis , butanol extraction, 

and desiccat ion in vacuo. Each treated sample was tested 

for activity after homogenizing 200 mg quantiti es in phe­

nolic buffer as described above. Butanol treatment of 

1.0 gram of dialyzed homogenate yielded 0.67 grams of de= 

fatted materi al . One gram of lyophilized pellet material 

obtained by centrifuging the original homogenate yielded · 

0.87 grams when extracted with butanol . 
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Observ.ations reported by Linko (24) encouraged the 

speculation that the same techniques utilized in obtaining 

glutamic acid decarboxylase preparations would also yield 

materials mediating transminations between a-ketoglutaric 

acid and alanine, and between a-ketoglutarate and aspartic 

acido Procedures for the isolation of crude powders, dia~ 

lyzed preparations and treated specimens to be assayed for 

transaminase activity, were identical with those previously 

described. However, the selection of a method for esti-

mating activity was coupled with unexpected difficultieso 

Two procedures, tested for relative applicability, will be 

described in order of consideration. 

Spectrophotometric Measurement of Oxalacetic Acid 

Formation. This method has been detailed by Cohen (4) for 

determining the transaminase activity of crude tissue ex-

tracts and was the method of first choice in this study be­

cause of the relative specificity of the data obtainable. 

One gram of fraction A was dialyzed in the usual manner in 

order to minimize side reactions requiring coenzymes. The 

dialyzed material was frozen and dried in vacuo and 100 mg 

were suspended i n 4 ml of chilled M/15 phosphate buffer, 

pH 7.2, with a hand homogenizer. The suspension was cen= 

trifuged at 27,000 x g for 30 minutes and l oO ml of the 

supernatant incubated with 1 . 0 ml of a solution containing 
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30 micrograms per milliliter of pyridoxal phosphate .for 

30 minutes and added to the quartz.cell.of a Perkin=Elmer 

Model 202 spectrophotometero This mixture was .further incu-· 

bated with 1 .. 0 ml of a 20 micromole per milliliter solution 

of aspartic acid and Oo2 ml of a 100 micromole per milliliter 

solution o.f a-ketoglutaric acid in M/15 phosphate buffer, 

pH 7.20 The blank employed consisted o.f the complete system 

.from which a-ketoglutarate had been omitted ... The reaction 

mixture was assayed at 280 mpo Density readings were re~ 
corded every two minutes for thirty minutes .for the purpose. 

of measuring the rate of oxalacetate .formationo Deviations 

from Cohen's procedure were necessary .for the preparation 

of the enzymically active sup~rnatant since the material to 

be assayed had not been prepared as an aqueous extract and, 

in the conditions of assay since the spectrophotometer 

employed did not allow for the maintenance of a constant 

38° C temperature o All operation's were performed at room 

temperature o Extensive protein coagulation was observed·. 

to occur in the reaction mixture during the period of assay 

and this method was th,refore abandonedo 

.Manometric Assay !I. Glutamie Acid~Alanine Transaminaseo 

The presence of gl11tamic acid ~ecarboxylase in preparations, 

.for which an estimation o.f transaminase activity is sought, 

suggests that an assay of ·decarboxylase activity, as limited 

by the rate of a-ketoglutarate amination might reveal a 

:functional relationship allowing for the collection o.f the 
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desired measurements. It is immediately apparent, however, 

that any treatment significantly inhibiting the activity of 

the decarboxylase cannot reliably be tested for its effect on 

transaminase activity, which is to be determined on the basis 

of carbon dioxide release. 

Assays were carried out manometrically, as described 

in the procedures for glutamic decarboxylase with minor, but 

necessary modifications. Alanine and a-ketoglutarate solu­

tions, made up to contain 100 micromoles per milliliter and 

20 micromoles per milliliter, respectively, in M/15 phosphate 

buffer, pH 6.0 were added to the side arm in 0.5 ml quanti­

ties. It was observed that adjustment of t he pH of a:i_l 

solutions and reaction mixtures was highly critical to the 

activity of the coupled systems, and that frequent checks 

for changes in this variable were necessary. Phenol ~ras 

added to the main chamber as descri bed for assays of embryo 

homogenates. Utilizing the above modifications in substrate 

and pH, all tests described for the various glutamic acid 

decarboxylase preparations were repeated, excluding those 

for which no decarboxylase activity had been obtained or 

exploratory observations confirmed that no activity could be 

expected with a-ketoglutarate and alanine as substrates. 
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The physiological significance of the desiccation­

resistant property of glutamic decarboxylase to the germi­

nating wheat grain was explored. The activity of this 

enzyme, as exhibited by grains of Triticum aestivum L. 

variety Concho which had been germinated for varying 

periods of time was related to the activity displayed by 

grains which had been germinated and then dried in vacuo, 

and with grains which had been germinated, dried, and 

extracted with butanol. 

Four gram quantities of seeds, previously dusted with 

Arasan, were placed in each of four large petri dishes con-

taining 20 ml of distilled water and three thicknesses of 

Whatman No. 1 filter paper. Germination was allowed to 

proceed for periods of 17, 30, 48, and 72 hours. From each 

petri dish, corresponding to a given germination period, a 

specimen consisting of fourteen seeds was removed and assayed, 

individually, for its total glutamic decarboxylase activity 

without further treatment. The remaining seeds were dried 

in vacuo from the unfrozen state and 2 gram quantities were 

then treated with butanol in the usual manner . The responses 

of the glutamic decarboxylase of germinating seeds, to 

desiccation and to defatting treatments were then determined 

by the manometric me t hod . 
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Assay procedures were identical to those previously 

detailed for estimating glutamic decarboxylase with the 

exception of the homogenization stepo Test specimens, con­

sisting of fourteen seeds each, were first washed three 

times by immersing briefly in distilled watero Each sample 

was then homogenized with 4.0 ml of a solution, consisting 

of 3o5 ml of phenolic buffer and Oo5 ml of pyridoxal phos­

phate solution, in a mortar and pestleo This homogenate 

then occupied the reaction chamber of the Warburg flasko 

To the side arm Oo5 ml of glutamic acid solution was addedo 

Grains which had been treated by dusting with Arasan and 

washing with distilled water prior to assaying served as 

the zero-time control for experimental samples which had 

been germinated and assayed directly. For samples which 

had been subjected to the desiccation treatment, grains 

which had also been desiccated were used as controlso The 

control for the butanol=treated experimentalsconsisted of 

seeds which had been dusted, washed, dried, and then ex-

tracted with butanolo The gas phase for all assays was 

nitrogen~ 

Investigation of Potential 
Decarboxylase Subunit 

Sources 

Certain observations, to be discussed in a later sec-

tion, were considered at this stage of the present investi= 

gation to be suggestive of a glutamic decarboxylase system 

consisting of more than a single apoenzyme component and 
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its cofactor& For reasons, also to be discussed, the prop­

erties of the enzyme system resolved by Ebner (S) encouraged 

speculation as to the possibility that, in glutamic decar­

boxylase, the property of desiccation-resistance resides 

in one or more subunitso 

In order to test this subunit postulate, a sample of 

wheat germ was homogenized and separated into a series of 
\ 

fractionso These fractions then served as members of a 

series of recombinants which were assayed for decarboxylase 

activity. The procedures employed in achieving the various 

separations (figQ 4) were as follows: 

A wheat germ homogenate was prepared in the manner 

previously described (fig. 1) and separated into fractions, 

which have been denoted as Precipitate I and fraction D 

and E, by methods summarized in figure lo A fraction F 

(fig. 4) was prepared by boiling 500 mg of the insoluble 

dialysis fraction D for 5 minutes in 300 ml of water and 

then isolating the precipitated material by centrifugation 

at 100 x go The sediment thus obtained was vacuum-dried 

from the frozen state and stored over calcium chloride at 

room temperatureo Ten grams of the pellet material ident­

ified as Precipitate I were treated with butanol in the 

usual mannero The defatted particulate material obtained 

by this treatment was des'ignated as Precipitate B.. By 

extracting loO gram of Precipitate B with 20 ml of chilled 

buffer for one hour and then centrifuging at 100 x g, a 

solution was obtained which was identified as Extract Io 
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A particulate fraction, free of soluble material and 

corresponding to Pre c ipi ta te I, was prepared by ''dialyz ing" 

10 grams of Homogenate I from filter papero The homogenate 

specimen was confined within an enclosure consisting of one 

thickness of filter paper and one layer of cheesecloth. 

The dialysis procedure previously employed (fig. 1) was 

then followed for 30 hours. The particulate material 

recovered was lyophilized and denoted as Homogenate II. 

By means of butanol and buffer extraction procedures 

identical to those applied to Precipitate I, two fractions 

specified as Homogenate III and Extract II were separated 

(fig. 4) 0 

The cap~city for carbon dioxide evolution was measured 

for each fraction individually and in combination with one 

or more other fractions. Recombinants and assay resultD 

will be described simultaneously under "Results." All 

reaction mixtures included 1 .5 ml phenolic buffer, 0.5 ml 

pyridoxal phosphate solution, and 0 .5 ml glutamic acid 

solution, prepared as previously detailed . 



CHAPTER. IV 

. RESULTS 

Activity of Crude Decarboxylase 
Preparations 

From 100 grams of the initial excised embryo t iss ue 

19.2 grams of dry hygroscopic powder (fraction A, f i g o 1 ) 

were obtained. The enzyme activity of this type of pre­

.paratiop has been reported to decline rapidly in air but 

·to retain its activity indefinitely when stored in vacuo 

over calcium chloride at room temperature (52) . Upon 

/9ombining test quantities of the powder with phosphate 

buffer a suspension was obtained from which a vis i bly 

large proportion of insoluble materials settled to the 

base of the reqction chamber. The apparently stable 

dispersion remaining was only slightly turbid o 

The total and specific activities recorded for t h i s 

fraction are listed in Table I with the values derived from 

assays of other fractions prepared from Supernatant I 

(fig. 1). Activity was immediate upon addition of supstrate , 

and proceeded at a constant rate for the one- hour period of 

assay when the reaction was permitted to advance i n an at-

mosphere of nitrogen. Activity was erratic when the gas 
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TABLE I 

GLUTAMIC DECARBOXYLASE ACTIVITY OF 
PREPARATIONS OBTAINED FROM 

SOLUBLE WHEAT GERM 
FRACTIONS 
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Preparation *Total Activity 
Units 

**Specific Yield% 
Activity 

HOMOGENATE 

1. Fraction A (fig. 1) 

a. Dialyzed against 
water (D + E) 

bo Dialyzed against 
0.025M sucrose 

c. Dialyzed against 
phosphate buffer, 
pH 508 

do Dialyzed against 
Oo25M sucrose*** 

e. Dialyzed, butanol 
treated 

f. Dialyzed, butanol 
treated, desiccated 

104,700 

23,385 

19,510 

22,828 

9,831 

12,058 

13,467 

0 

go Immersed in butanol 
extract after treatment f 

2. Fraction D (fig o 1) 
-

3. Fraction E (fig o 1) 

0 

346 

10407 

121.8 

0 

18.9 

9.4 

0 

a. Butanol treated 346 6908 0.35 
*One unit of activity specifies the release of one microliter 
of CO2 in a period of one hour at 37° C. 

*:::,specific activity is designated as the number of activity 
units per 100 mg of test materialo 

***Preparations assayed were more than 55% sucrose. 
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phase was air and was denoted by small positive and negative 

fluctuations in gas pressure for the duration of the assay. 

The total activity obtained under anaerobic conditions, 

was determined to be 23,385 units for this preparatior.. This 

exceeds by greater than two-fold the activity observed by 

Suzuki and Takakuwa (61) for preparations obtained from sub-

terranean stem tissues of Scopolia japonica. The conditions 

of assay employed by these workers were identical to those 

of the present study with exception that preparations from 

S. japonica exhibited maximal activity in an atmosphere of 

either nitrogen or air. It is of interest to note that the 

constant rate of reaction observed for the wheat germ pre-

p3ration differs from the observations reported by Suzuki 

and Takakuwa not only in magnitude but also as regards 

duration of peak activity. 

Previously extracted homogenate (Precipitate I, fig. 1) 

was adjudged to be a poor source of decarboxylase protein on 

the basis of the data presented in Table II. Preparations 

obtained from re-extracted precipitate I were observed to 

be, relatively, devoid of capacity for decarboxylating 

glutamic acid, regardless of the time allowed for materials 

to enter into solution (Table II: a, b, c). 

Decarboxylase Activity of 
Centrifugal Fractions 

Efforts directed toward associa t i ng the activity of 



TABLE II 

GLUTAMIC DECARBOXYLASE ACTIVITY OF 
WHEAT GERM FRACTIONS PREPARED 

BY TREATMENT WITH WATER 
AND BUTANOL 

Preparation 1.cTotal Activity Specific 
Units Activity 

Soluble fractions 
(figo 1) 

a. Fraction A 20,936 121.8 
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Yield % 

21.1 

b .. Fraction B 178 4.2 Ool7 

Co Fraction C 62 J.3 Oo07 

Homogenate I 
(fig. 1) 104,680 104.7 

d. Butanol treated 190,677 279.3 182.0 

e. Dialyzed 33,782 53 .2 51.8 

f. Dialyzed, butanol 
treated 84,773 191.4 81.0 

g. Dialyzed, butanol 
desiccated 38,715 87.0 37.1 

h. Precipitate I 
(fig. 1) 0 0 0 

*Total activity is based on 100 grams of wheat germ, for 
comparison with fractions separated from this quantity 
of source material. 
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glutamic decarboxylase with a particulate cellular component 

yielded the results listed in Table III. The activities of 

the various supernatants, precipitates, and recombined super­

natants and precipitates associated with different centri­

fugal forces appear to reveal rather definite trends. Re­

lative to the low degree of activity expected for uncon­

centrated extracts, the rate of carbon dioxide release 

mediated by each supernatant fraction, regardless of the 

centrifugal force to which it had been exposed, was high 

and generally the same for all supernant fractions. Par­

ticulate fractions, whether washed or unwashed, lyophilized 

or immediately assayed, exhibited little or no decarboxylase 

activity. The maximum activity obtained following the re­

combination of 50 mg samples of the dried mitochondrial 

fractions with 2.0 ml specimens of Supernatants III and IV 

was no greater than that generally observed for the super­

nant itself. 

Deviations from the generalization tha t supernatant 

fractions are uniformly active and particulate fractions 

inactive are represented by the behavior of the mitochondrial 

supernatant, in 0.25M sucrose, and the mitochondrial pellet 

material (Precipitate II) separated from 2M sucrose. The 

total activity displayed by Supernatant IV from mitochondria 

was observed to be less than that of analogous fractions 

obtained at other centrifugal forces. Since the activity 

mediated by reaction mixtures containing both Supernatant IV 



TABLE III 

DISTRIBUTION OF GLUTAMIC DECARBOXYLASE 
ACTIVITY IN SOLUBLE AND 

PARTICULATE.WHEAT 
GERM FRACTIONS. 

Fraction Total Activity Specific Activity 
Units 

HOMOGENATE 104,700 10407 

a. Precipitate II 
(fig., 2) 56 3.7 

b. Precipitate III 
(fig O 3) 0 0 

c. Precipitate IV 
{.figo 3) 0 0 

do Precipitate V 
(.fig O 3) 0 0 

eo Supernatant III 
(fig .. 3) 17,775 22o3 

fo Supernatant IV 
(fig" e) 9,075 12ol 

g .. Supernatant V 
(figo 3} 14,400 l9o2 

ho Precipitate IV+ 
Sup .. III 17,325 23 ol 

io Precipitate IV+ 
Sup. IV 16,500 21.,9 

48 

Yield% 

0.054. 

0 

0 

0 

l6o9 

8.,7 

13 08 

1607 

1508 



49 

and mitochondrial material was virtually identical to that 

· displayed by other supernatants tested, it is assumed that 

the activities of all supernatants should actually be equiva­

lent. The procedure utilizing 2M sucrose as a medium for 

isolating mitochondria yielded the only particulate material 

which exhibited any suggestion of decarboxylase activity. 

When assayed in the usual manner a very feeble activity, 

0.61% of that observed for Supernatant IV, was recorded. 

It is immediately obvious that minute procedural errors 

would be expected to significantly alter responses mediated 

by preparations displaying such feeble activities as those 

assayed in this phase of the present inquiry. 

The data recorded in Table III reveal, perhaps, the 

most significant information afforded by these embryo tissue 

fractions . Most of the carbon di oxide-liberating capacity 

of the unresolved homogenate is lost when the homogenate 

is separated into its component supernatant and precipitated 

fractions, by centrifugation at 3000 x g. The sum of the 

activity units of these two fractions is but 16.9% the 

total activity recorded for the homogenate . 

Effect of pH on Decarboxylase 
Activity 

Crude, ammonium sulfate-precipitated powders (fraction A, 

fig. 1) were assayed for specific activity as a function of 

pH (fig. 5) . This parameter was experimentally varied over a 
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range of values extending from a minimum pH of 3o0 through 

a maximum value of 9.0. At pH 3.0 to pH 5o0 the preparations 

were inactive with respect to decarboxylase activityo Maximal 

activity was recorded at pH 5.6, 5.$, and 6.0. Reaction rates 

declined sharply at higher values, approaching zero at pH 9o0. 

This response to variation in pH is apparently identical to 

responses reported by Schales (52) for glutamic acid decarboxy-

lase preparations obtained from seeds, fruits, and tubers of 

plants representing a wide range of plant specieso Response 

to variation in pH frequently varies as an enzymically active 

preparation is purified. Only the behavior of the initial, 

crude preparation was investigated with respect to this 

parameter since the primary purpose of characterizing the 

enzyme in this way was to associate it with enzymes which have 

been extensively studied, and can be recognized, with a high 

degree of confidence, on the basis of their activity when 

conditions for reaction are specifically controlled. 

Dialysis of Crude Decarboxylase 
Preparations 

Ten gram quantities of crude decarboxylase preparation, 

(fraction A) were observed to dissociate into two fractions 

when combined with 20 ml of distilled water and dialyzed for 

30 hours (fig o l)o These fractions were assayed for their 

individual activities and for their combined activity (Table I: 

la, 2, 3). The specific activity of preparations containing 
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both fraction D and fraction E was 208.2, as compared to 

121.S for the undialyzed fraction A. Unexpected results 

were obtained when the fractions were segregated and tested 

individually. It was anticipated that the activity mediated 

by the combined moities of the dialyzed decarboxylase pre­

paration should be localized in either the soluble or the 

precipitated fractiono Repeated tests for CO2-liberating 

capacity by the insoluble material disclosed, .convincingly, 

a complete absence of decarboxylase capacity when glutamic 

acid was the substrate. The specific activity of the sol­

uble E fraction was fou~cl to be approximately 30% of that 
·-

when fraction E was combined with fraction Do No con= 

centratian of activity within either component,of the dia­

lyzed p~eparation was indicated by the results of numerous 

attempts to identify such·· a localization. Glutamic acid 

decarbox!lation, as mediat._ed by the. combined D and E frac­

tions, proceeded at a rate exceeding, by virtually three­

fold, the sum of the rates of the individual elements. 

Preparations obtained by dialyzing fraction A specimens 

against Oo025M sucrose were characterized by a slight in­

crease in total activity, when compared with preparations 

dialyzed against distilled water (Table I: lb) .. When the 

dialyzing medium was 0.25M sucrose, the specific and total 

activities of the resulting preparation were both consider­

ably lowe~ than these for water-dialyzed materials (Table I: 

ld)o The greatest loss in total activity resulting from a 
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dialysis treatment was observed for preparations dialyzed 

against the M/15 phosphate buf'fer solution used in all 

assayso The data recorded in Table I reveal that the total 

activity of fraction A preparations dialyzed against water 

exceeds, by approximately two-fold, the total activity of 

buffer-dialyzed preparationso Assays of the butanol treat­

ed, water-dialyzed enzyme preparation disclosed a consider­

able reduction in both specific and total activities, rela­

tive to the untreated powder (Table I: le). The stability 

of this defatted preparation under conditions of desicca­

tion, was tested by drying in vacuo a suspension of the 

treated material in phosphate buffer, pH 5060 Repeated 

assays of materials subjected to this treatment revealed 

a total loss of decarboxylase activity when glutamic acid 

was the substrate (Table I: lf). However, the semi­

crystalline fraction E, obtained by lyophilization of the 

soluble fraction from dialyzed material, was unaffected 

by treatment with butanol (Table I: Ja)o A small, but 

repeatedly confirmed, amount of activity was restored to 

preparations which had been rendered inactive by the latter 

drying treatment, when samples were immersed in the ex­

tr~rcted butanol solution and the butanol, subsequently, 

evaporatedo Carbon dioxide was evolved by these previously 

inactive preparations at a rate 16%·that of the original 

defatted material (Table I: lg). 



Decarboxylase Activity of Embryo 
Tissue Homogenates 

The responses of unpurified wheat germ to dialysis, 

butanol, and desiccation procedures were tested for com­

parison with the decarboxylase activities of preparations 

representing the previously described levels of purifi-

cationo The behavior of the original source tissue was 
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examined by direct assay of wheat germ samples which had 

been combined with cofactor and buffer in a hand homogenizero 

When the results presented in Table II are interrelated it 

is apparent that CO2 is liberated by the unpurified Homoge­

nate I at a rate comparable to that of the fraction A 

preparation, precipitated with ammonium sulfate. Data 

yielded by homogenates, which were subsequently dialyz~d, 

butanol extracted, and desiccated, as described previously 

for enzyme powders, are also represented in Table II. The 

usual dialysis procedures decreased the specific activity 

of homogenates by 49.2% (Table II: e). When the dialyzed 

tissue was further subjected to butanol extraction its 

response to conditions of assay was both unexpected and 

pronounced. A four-fold increase in rate of activity 

was achieved by this treatment (Table II: f). This in-

crease represented a near two-fold augmentation of the rate 

observed for the untreated homogenate and an activity ex­

ceeding that of the most highly active preparation isolated 

by the procedure which Schales has recommended (Table II: a)e 
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The behavior observed when samples of the latter, butanol 

extracted, tissues were tested for the stability of their 

decarboxylase system toward conditions of desiccation was no 

less striking. The results, as represented in Figure 6 

illustrate the nature and the magnitude of a response not 

previously encountered during the course of this study. 

When substrate was introduced into the reaction mixture, 

a lag in excess of 10 minutes intervened prior to the 

initiation of CO2 liberation. This delay might be regarded 

as a component of a longer lag period, beginning at the 

moment when buffer is added to the test material and con­

tinuing as procedures preparatory to the actual assay are 

performedo The total activity recorded over the standard 

period of assay was only slightly less than that observed 

for untreated homogenate specimens. 

Butanol treatment of undialyzed homogenate samples 

yielded materials exhibiting the greatest specific and 

total decarboxylase activities assayedo The yield, in 

units of activity, was increased by 82% when untreated 

homogenate samples were subjected to the usual butanol ex= 

traction procedure (Table II: d)o 
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Carbon Dioxide Production Mediated by Dry 
Enzyme Powders with Alanine 

and Alpha-Ketoglutaric 
Acid as Substrates 

57 

. The presence of an alanine-glutamic acid tra~saminase 

"system in materials studied by Cohen (4), and by Schales (53), 

for their activity in decarboxylating glutamic acid, allowed 

for the estimation of this transaminase by manometric ·,tech­

niques. The activity observed is ascribed to the rate of 

the transmination reaction proceeding between alanine and 

a-ketoglutaric acid, which is the rate limiting step of a 

coupled transaminase-decarboxylase reaction sequence. It 

is obvious that responses to treatments already demonstrated 
,-

to decrease the decarboxylase activity of the preparations 

under investigation may only reflect the degree to which 

the decarboxylase ste~ has become limiting. The concentration 

pf transaminase activity achieved by the dialysis of crude 

fraction A preparations is illustrated in Table IV: a. The 

specific activity mediated by crude ammonium sulfate pre­

cipitates was increased by a factor of 3.34 at this level 

~f purification, as compared to the approximate two-fold 

increase, noted previously, for decarboxylase activity. 

Responses to change in pH by the coupled reaction system 

paralleled, to a large extent, those observed with glutamic 

acid as substrate (figo 7). The maximum. rate observed was 
t"'• ' 

at pH 6.0o No activity could be measured at pH 5.0 or 8.0o 

The transaminase system of fraction A displayed a greater 



TABLE IV 

CARBON DIOXIDE PRODUCTION BY EXTRACTED 
PREPARATIONS AND HOMOGENATES OF 

GERM WITH a-KETOGLUTARATE 
AND AL!ANINE AS 

SUBSTRATES 

Preparation Total Activity 
Units 

Homogenate I 
(fig .. I) 139,200 

ao fraction A 
(figo I) 10,224 

bo fraction A 
(dialyzed)·.· 16,ooe 

Co fraction A 
(dialyzed, butanol 
treated) 5,79(:; 

do fraction A 
{dialyzed, . butanol 
desiccated 0 

ee fraction A 
(refatted) 

Homogenate I 

f .. Untreated 139,200 

go Butanol treated 235,840 

ho Butanol treated 
and desiccated $1,405 

io Dialyzed 32,340 

j .. Dialyzed and 
butanol treated 32,340 

Specific 
Activity 

13902 

52 .. 2 

17400 

69o0 

0 

14.,5 

13902 

352.,0 

12lo5 

49o0 

49,,0 

Yield% 

7o3 

llo5 

4ol 

0 

16900 

5tL5 

23 o7 

23 .,7 
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sensitivity toward the effects of butanol, in comparison with 

glutamic decarboxylase. When dialyzed preparations were 

extracted with butanol a considerable decrease in activity 

was observed (Table IV: c). This loss exceeds, by a con~ 

siderable margin, the reduction recorded for decarboxylase 

activity in response to the same treatment. Table IV: d 

and e details the total loss in activity observed following 

the vacuum-drying of a suspension of the butanol extracted 

preparation in phosphate buffer, and the subsequent restora­

tion of minor activity by the re-fatting procedure. The 

latter two responses are rendered difficult to interpret, 

however, due to corresponding responses by reaction mixtures 

containing glutamic acid. 

Carbon Dioxide Production by Embryo 
Homogenates with Alanine and 

Alpha-Ketoglutaric Acid 
as Substrates 

The CO2-liberating capacity displayed by homogenized 

wheat germ was altered with respect to pattern, and degree 

of activit·y, when a-ketoglutarate and alanine were sub­

stituted for glutamic acid as substrateso A change, with 

time, in reaction rate was observed which contrasts with 

the constant rates of reaction mediated by the enzymi­

cally active materials described earlier (fig. 8). The 

initial low degree of activity increased sharply about 

12 minutes following the introduction of substrate. A 
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progressive increase was then observed over a period of 30 

minutes and a constant rate was not attained until 50 minutes 

bad elapsed, following the addition of substrates. The 

sigmoid form of the function presented in Figµre Sis sug­

gestive of responses expected by reacting substrates in the 

presence of a steadily increasing concentration of enzyme 

since substrate was not limiting (54). 

Data collected from transaminase es,timations of butanol­

extracted wheat germ were characterized by a directional 

similarity to values recorded, when· decarboxylas·e activity 

was under investigation. Tpe rate of CO2 liberation by wheat 

germ homogenates was increased by a factor of 2o55 when the 

homogenized tissue was extracted with butanol (Table IV: f). 

When the butanol treated material was dispersed in phosphate 

buffer and then dried in vacuo the response was qualitatively 

identical to that observed when the substrate was glutamic 

acid (figo 8)e The assay period could again be subdivided 

into lag, acceleration, and stationary phases with respect 

to changes in rate of activity. The response pattern ex­

hibited a resemblance to the behavior of the untreated 

homogenate with respect to transaminase activity. 

The final examination of glutamic acid=alanine trans­

aminase behavior was directed toward a determination of the 

effects of dialysis on homogenates of embryo tissue with 

respect to this activity. A decrease in activity represent­

ing 64.1% that observed for untreated homogenate specimens 
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was recorded for the dialyzed germ (Table IV: i). That this 

decrease was not due to a reduced decarboxylase activity was 

indicated by the subsequent finding that the rate of CO2 

production could not be increased by extraction with butanol 

(Table IV: j). 

Carbon Dioxide-Releasing Capacity 
of Germinating Wheat 

Grains 

Wheat gra i ns which had been germinated for periods of 

time ranging from 0-78 hours were observed to differ with 

respect to their relative carbon dioxide-liberating capacities 

when glutamic acid was provided as substrateo Germinating 

seeds which were assayed without further treatment (2 fig. 9) 

displayed little change in decarboxylase activity over periods 

as long as 44 ho1.rs o A rather sharp increase in rate of 

activity occurred between 44 and 54 hours of germination. 

The rate attained after 54 hours was not exceeded by seed 

specimens which had been allowed to germinate for 7$ hours o 

The decarboxylase activity of seeds representing all 

germination periods considered was decreased following in 

vacuo desiccation treatment (3 fig. 9). The increase in 

activity of desiccated seeds, germinated for 54 hours, was 

not as pronounced as for untreated seeds. However, the 

general pattern of change in rate with germination time is 

still apparent i n figure 9o Line 1 of figure 9 is a graphi c 

representation of the per cent difference between the 
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activity displayed by desiccated seeds and that displayed by 

untreated seeds representing each germination period. The 

variables of: germination time, rate of activity, and 

desiccation effects appear to be functionally associated 

in the data presented. 

Seeds representing each germination period were also 

extracted with butanol. No variation in response was ob-

served during the subsequent assays. The rates of activity 

were in the range of 34.4-34.8 microliters CO2 per hour per 

14-seed specimen for all but the 17 hour germination period 

sample which released CO2 at the rate of 30.3 microliters 

per hour. 

Glutamic Decarboxylase Activity of 
Individual and Recombined 

Wheat Germ Fractions 

The fractions designated as Precipitate Band Extract I, 

obtained by defatting the inactive Precipitate I (fig. 4), 

were observed to be totally devoid of any capacity for decar­

boxylating glutamic acid under the usual conditions of 

assay (Table V). The time required for obtaining D and E 

fractions of the dialyzed enzyme preparation (fig.~) per­

mitted the execution of an assay which had not been planned. 

Ninety milligrams of an inactive fraction E preparation, 

which had been stored at room temperature for eight months, 

were intermixed with 10 mg of Precipitate B. The data 

compiled in Table V reveal that, when these two inactive 
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TABLE V 

GLUTAMIC DECARBOXYLASE ACTIVITY OF REACTION 
MIXTURES- COMPOSED OF RECOMBINED 

WHEAT GERM FRACTIONS_ 

Reaction Mixtures Activity Units 

Components Quantities 

Precipitate B {figo 4) 100 mgo 0 

Fraction E (stored) 100 mgo 0 
. -

Fraction E {stored) 90 mgo 
Precipitate ~B 10 mg. 40o9 

Fraction E. (fig .. l) 100 mg. 57oJ 

'Fraction D 100 mg o 0 

Fraction D 100 mgo 
Fraction E 10 mgo 1090) 

Fraction D (boiled) 100 mgo 
Fraction E 10 mg. 2603 

Extract I (fig. 4) 2 ml 0 

Fraction E 100 mgo 
Extract I 2 ml 58o3 

Fraction E 50 mgo 
Precipitate B 50: mgo 52o7 

Fraction E 50 mgo 
Precipitate B 50 mgo 
Extract I 2 ml 64ol 

Fraction D 100 mgo 
Fraction E 10 mgo 
Extract I 2 ml 106.7 

Fraction D 100 mg. 
Fraction E 10 mg. 
Precipitate B 50 mgo 10903 

65 
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TABLE V ·~ Continued 

Reaction Mixtures Actlvity Units 

Noo Components Quantities 

l4o Fraction DE (fig., 4) 100 mg" 12lo5 

l5o Fraction DE 100 mgo 
Extract II 2 ml 126 ... 0 

16 .. Fraction DE 50 mgo 
Homogenate II (figo 4) 50 mgo 
Extract II 2 ml 79.,3 

l7o Fraction DE 50 mg .. 
Homogenate III (fig .. 4) 50 mg., 
Extract-II 2 ml BloO 



fractions were combined, a reaction mixture was obtained 

which liberated carbon. dio~id~ at a moderate rate. 
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The specific activity of freshly prepared samples of 

fraction E was observed to be increased when relatively large 

quantities of the inactive fraction D were added. This stim­

ulatory effect of fraction D was destroyed by subjecting it 

to a 5 minute period of boiling in distilled water. The 

results thus far described are illustrated quantitatively 

by Reaction mixtures 1-7 in Table V. 

Recently prepared fraction E specimens were character­

ized by a specific activity which could be increased only 

by recombination with fraction D. Reaction mixtures 8-17, 

assembled by intermixing fraction E with one or more of 

each of the wheat germ fractions prepared, mediated the 

release of carbon dioxide at rates which could be accounted 

for by the presence of fractions D and E. Precipitate B, 

which had been effective in stimulating activity in stored 

samples of fraction E was ineffective when combined with 

freshly prepared samples. With the exception of the data 

recorded for Reaction 3, the results illustrated by Table V 

indicate that glutamic decarboxylase activity is confined 

to fractions D and E. 



CHAPTER V 

DISCUSSION 

The responses of materials mediating the decarboxylation 

of glutamic acid, toward the experimental treatments imposed 

upon them in this study, indicate that certain decisions are 

warranted regarding the properties of glutamic acid decar­

boxylase in wheat embryo tissueso It appears highly probable 

that the activity displayed by preparations extracted from 

wheat germ may be exclusively associated with components 

which are immediately water-solubleo Variations in the time 

allowed for extraction of enzymically active protein from 

the source material yielded increases in neither mass nor 

activity of ammonium sulfate precipitates, indicating that 

the release of the catalytic material into water is not 

dependent upon a time ,limited cleavage of some protein 

precursoro This conclusion is further supported by the 

observation that the subsequent extractions of previously 

extracted homogenates yielded preparations with negligible 

decarboxylase capacities, and suspensions of centrifugal 

precipitates exhibited a generally consistent void with 

regard to this activityo Minute volumes of CO2 were 
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released from the reaction mixture containing test quantities 

of mitochondrial material sedimented from 2M sucrose. How­

ever, this activity may be accounted for by a decrease in 

solubility of the enzyme protein in this extraction medium 

or by significant alteration in the feeble activity mediated 

by this preparation as a result of some procedural error. 

The importance of particulate material in enhancing the 

rate of glutamic acid decarboxylation is suggested by the 

high rate of activity of the unresolved homogenate, re­

lative to the extremely low rate medi_ated by the associated 

supernatant and the total void in activity displayed by 

the corresponding insoluble material. The CO2-liberating 

capacity of supernatant fractions remained constant, re­

gardless of the gravitational force employed for separation. 

Particulate material capable of enhancing this catalysis 

was sedimented at a force of 3000 x g. Organelles requiring 

greater forces for precipitation, apparently, do not con­

tribute to the activity of this system. It must also be 

considered that this apparent contribution could be inter­

preted as a consequence of the adsorption of decarboxylase 

protein, which is no longer active following centrifugation. 

On the basis of currently accepted criteria for 

associating the observed gas evolution with the activity 

of glutamic decarboxylase, it may be reasonable to assume 

that the activities displayed by the preparations assayed 

during the course of this inquiry do, in fact, relate 
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specifically to glutamic decarboxylase. In addition to main­

taining the conditions for assay detailed by Cohen (4), the 

precautionary measures recommended by Schales (54) were ob­

served. Blank vessels in which water was substituted for 

glutamic acid as substrate yielded net changes in gas volume 

of zero following thermobarometric corrections. The re­

sponse by crude preparations to changes in pH conformed to 

that reported for extensively studied glutamic acid decar­

boxylase preparations obtained from many different plant 

sources. 

The effects of dialysis, as a procedure for concentrat­

ing the activity of ammonium sulfate precipitates, varied 

according to the medium employed. When the dialyzing medium 

was 0.025M sucrose the yield, in units of activity, was 

100% relative to the total activity of the crude precipitate. 

The increase in specific activity resulting from this 

treatment may be rated as moderate. With distilled water 

as the dialyzing medium the per cent yield was only slightl y 

less than with the above sucrose solution and the enhance­

ment of specific activity slightly greater. The frequently 

observed protective effect of sucrose on the stability of 

proteins toward denaturation, in addition to the results 

obtained by dialysis against water, may rule out a role 

for sucrose as a molecular species which protects enzyme 

configuration via specific bonding patterns . It would 

appear that dialyzable factors must play, at best, a minor 
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role in protecting glutamic decarboxylase against the effects 

of vacuum drying, when the total activity of fraction A is 

compared with equivalent values determined for dialyzed 

fractions. There remains, however, the possibility that 

significant differences might be obtained by varying the 

molarity or ionic strength of the solution employed during 

the extraction procedure. 

Dialysis against M/15 phosphate buffer yielded results 

which contrast with those discussed above for water and 

dilute sucrose solutions. Decreases in both total and 

specific activities were recorded. Interpretation of the 

effects of the· latter dialysis treatment must be based on 

an assumption, fundamental to the present study, that the 

constellation of the active decarboxylase is protected by 

the configuration or attitude assumed by the enzyme as it 

reverts to the inactive form. In the presence of phosphate 

buffer, and under conditions of dialysis for 30 hours, it 

would be expected that the individual components of this 

constellation should be susceptible to the activities of 

potent proteolytic enzymes reportedly active in the embryo 

tissue of germinating wheat grains (26). Extensive de-

gradation of enzyme protein in either water or sucros e 

solutions would tend to be evaded due to conditions of pH 

which are considerably above the optimum for this protease 

activity and which impose an inactive, protected, configu­

ration upon the enzyme . Materiqls treated with 0.25M 
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sucrose as the dialyzing medium diverged, with regard to 

activity, in the same direction as that observed for phos­

phate buffer dialyzates. The results obtained, however, 

were of questionable validity. The large proportion of 

sucrose present in the vacuum dried preparation reduced 

the quantity of enzymically active material contained in 

the standard 100 mg test sample, considerablyo In addition, 

the concentration in sucrose of the reaction mixture would 

be expected to alter protein solubilities. 

The individual and combined activities exhibited by 

the two fractions separated by dialysis rev~aled the 

existence of another interrelationship which may be of 

utmost significance with regard to the direction of future 

inquiries. The rapid liberation of CO2 mediated by pre­

parations consisting of an inactive precipitate in combi­

nation with a sparingly active soluble component is difficult 

to interpret unless consideration is given to the possi­

bility that the more active form of the decarboxylase system, 

represented by this preparation, consists of at least two, 

reversibly associated, components. The plausibility of such 

a phenomenon has been suggested by Gholson (13), as a 

potential explanation for the events observed, on the basis 

of evidence collected by Ebner. Ontogenic studies of a­

amylase in E. coli have convinced Yoshida (73) that the 

activity of this enzyme is a consequence of interactions 

between a protein precursor and certain, unidentified, 
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peptides which are either synthesized or released duri ng the 

logarithmic phase of population growtho Although the oc­

currence of similarly constituted enzymes in hig~er plants 

has not been demonstrated (S), the findings reported by 

Varner (69), regarding the ontogeny of a-amylase in barley 

aleurone tissue could be interpreted as support for the 

speculation that this enzyme is structurally rela~ed to 

the a .... amylase of b coli o A capacity for dissociation i nto 

precursory protein and activator units would be expected 

to increase the possibilities for organization of ~eed 

protein into molecular assemblages providing for the main~ 

tenance of critical enzyme configurations o This capacity 

should also negate, to some extent, the stresses imposed 

upon the secondary and tertiary protein structures duri ng 

seed maturationo Attention is directed at this point to 

the analogous responses of unresolved homogenates and 

dialyzed enzyme preparations when separated into their 

component fractiQnSo It is possible that traces of the 

particulate material contributing to the activity observed 

for homogenized tissue specimens may account for the effect 

of the insoluble fraction in dialyzed preparationso 

Efforts directed toward disrupting possible associa­

tions of lipid and protein in decarboxylase preparations, 

by extraction with n-butanol, yielded expected results o The 

activity of the combined fractions of dialyzed materials was 
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decreased whereas the activity of separately treated samples 

of the soluble fraction was unaltered, indicating a greater 

sensitivity, to treatment with butanol, for the insoluble 

component. A role for lipid, as a factor contributing to 

the stability of the protein decarboxylase toward conditions 

of desiccation was indicated by the observation that the 

defatted preparations could no longer be subjected to in 

vacuo drying treatments without a total loss in activity . 

The amount of lipid present in stable preparations accounted 

for only 8.1% of their mass. It is possible that butanol 

imposes its effect upon the reactivity of the enzyme sub­

units by disrupting a strategic positioning of lipophilic 

groups, consequently exposing sites on molecules which 

then complex irreversibly when the preparation is desiccated. 

Localized lipoprotein associations could account for the 

occlusion of potentially interacting sites, as originally 

postulated . However, the extremely small decrease in mass 

resulting from extraction with butanol suggests the possi­

bility that hydrophobic groups on the enzyme protein itself 

may participate in shielding sites havi ng high affinities 

for complementary sites on other molecules. The butanol 

solution obtained via the extraction procedure was utilized 

for treating samples of preparations rendered inactive by 

extraction with butanol and subsequent desiccation. A re­

storation of activity to the "refatted" material should 
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support the alternative that a lipid factor does, in fact, 

participate in protecting the decarboxylase fractions against 

irreversible associations with other components of the pre­

paration. The rate of activity mediated by the refatted, 

materials may be regarded as interesting by virtue of the 

results obtained through repetitions of the above treatment 

which were consistent with regard to both presence and 

magnitude of activityo However, an evaluation of the re­

lative contribution of lipids toward decarboxylase stability 

is difficult to make on the basis of the activity observed. 

The relative abundance of diverse molecular species 

in embryo tissues suggests that the effects of treatments, 

observed to decrease the stability of glutamic acid 

decarboxylase in partially purified preparations, may be more 

strikingly manifested in unfractionated homogenates of the 

source material, when the fundamental effects of these 

treatments is to alter the consequences of molecular inter­

action. The assumption that the CO2 liberated by the homog­

enized tissue is a measure of glutamic decarboxylase activity 

is based on the previously detailed precautions observed 

and the investigations performed by Linko (24) who assayed 

both intact and dissected wheat grains for glutamic decar­

boxylase activityo 

The evolution of gas mediated by untreated homogenates 

was observed to proceed at a rate comparable to that of 

ammonium sulfate precipitates, demonstrating that separation 
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of decarboxylase activity by the ammonium sulfate precipita­

tion method employed was far from complete. The s,harp de­

cline in activity exhibited by dialyzed homogenate specimens 

was unexpected in view of the stability observed for ex­

tracted preparations. The succeeding enhancement response 

by this dialyzed material to extraction with butanol was 

even more surprising. The consideration that butanol may 

release latent decarboxylase enzymes, liberated in nature 

by action of lipolytic factors, was eliminated by the 

negat~ve results obtained from assays of test quantities 

of homogenates which had been extracted, first with water 

and then with butanol . 

The development of a postulate permitting a tentative 

interpretation of the behavior observed for embryo tissue 

homogenates may be facilitated by considering certain 

previously discussed findings. The specific activity of 

homogenate specimens, which compares favorably with that 

displayed by crude preparations of soluble protein, is 

virtually lost when the homogenate is separated into its 

component soluble and insoluble fractions. The most highly 

purified soluble protein preparation also consists of two 

phases, analogous in behavior to the homogenate fractions . 

R~latively inactive homogenates, which have · been dialyzed, 

assume a level of activity equivalent to .that manifested 

by the most highly active preparation extracted when treated 

with butanol. However, homogenized tissue (Homogenate I) 
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is rendered inert, with respect to decarboxylase capacity, 

by a short period extraction with water. No further activity 

may then be extracted with water, and, no further activity 

may be obtained by extraction with butanol. These findings 

suggest that this decarboxylase system involves an activat­

ing factor, incapable of mediating activity directly, which 

may be associated with particulate material and, therefore, 

probably affiliated with lipoprotein elements. The factor 

is apparently active in bound form, as indicated by its 

participation in the activity manifested by "intact" 

homogenates only. The acceleration of activity by butanol 

is accounted for by the release of this activation factor, 

concurrent to the disruption of lipid and protein associa­

tions, as reported for other particulate systems (57). 

The relative inertness of the butanol treated 

homogenate following the subsequent desiccation treatment 

was expected. The unusual patte~n of activity displayed 

by samples of this material, however, may be of possible 

significance. Results obtained by treating the dialyzed 

enzyme preparation with butanol reveal that the soluble 

component is not directly affected by this solvent, but 

is apparently denatured in the presence of a molecular 

species which is attacked. It is, tentativey, inferred 

that the lipid supports the configuration of the activating 

component of this enzyme system. The configuration thus 

imposed permits this component to enter into a readily 
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reversible association with its complementary member (fig. 

10). In the abse~ce of lipid an increased affinity between 

the two enzyme residues may shift equilibrium far in the 

direction of association. The decline in activity of butanol 

treated homogenates following desiccation would, by this 

interpretation, be a measure of a corresponding decrease in 

the capacity for dissociation by the enzyme complexo The 

intervention of a lag period is then accounted for by the 

time required for re-association, in equilibrium proportions, 

of factors which were released from their respective com-

plexes during the preceding desiccation periodo 

On the basis of the above interpretation it is 

possible to relate the experimentally derived findings 

to the propert i es of the decarboxylase system as it exists 

in the cells of the developing seed embryoo The model 

presented (figo 10) is proposed in the spirit of encourag­

ing critical consideration of the problems involved in an 

analysis of cryptobiotic phenomena, and with the justifi­

cation that it is always instructive to develop one (11, 56) 0 

Figure 10 is a diagramatic representation of the con­

cept that glutamic decarboxylase is a catalytic system 

composed of two or more reversibly associated components , 
; 

synthesized during the maturation phase of seed developmento 

One factor, assoc i ated with the soluble intracellular pro-

tein fraction, is activated by interacti on with a particulate 

component of the system which is i ndividually inert , with 
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The postulated interaction of 
aggregate (D) and soluble (E) 
decarboxylase subunitso In 
the maturing seed and unresolved 
homogenate (upper) interaction 
is readily reversed by changes 
in intracellular environmento 
In the germinating seed and de= 
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brium is shifted toward subunit 
association due to changes in 
configuration and reactivity of 
the lipid=free D subunito 
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respect to decarboxylase activity o Changes in the cellular 

environment, in response to desiccation, during the matu­

ration phase of the wheat grain, alter the relative affini­

ties of the enzyme components, permitting them to dissociateo 

The soluble units participate as protein residues in the 

synthesis of crystalline seed protein (44)o The most 

significant property of the system, in relation to its 

stability in desiccated tissues is apparently this capacity 

for dissociation and reorganization into associations of 

complementary molecules which, mutually, provide critical 

configurational support, in the absence of watero Lipids 

may play a significant role in determining the reversi­

bility of association between the two factors, and, there­

fore, the r elative proportion of enzyme protein which is 

disrupted under conditions of desiccationo With the 

initiation and progress of germination, lipolytic factors 

may release the aggregate subunit from its association with 

lipid o The consequence of this release w.ould be a decrease 

in the capacity of the component members of the system for 

reversible association and, therefore, a decrease in re­

sistance to conditions of water stresso 

The presmnptuous anticipation that the above mechanism 

might represent a new concept accounting for the resistance 

of enzymes toward environmental stresses proved to be too 

optimistic. The results of recent investigations conducted 

by Sadoff and coworkers (49} in an effort to understand the 
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mechanism of heat resistance in bacterial spores, strongly 

indicate that the property of heat resistance resides in 

the capacity of enzyme protein to undergo a reversible 

dimer-monomer conversion. Their data suggest, further, 

that the monomer is capable of disaggregation into ·smaller 

units exhibiting even greater heat resistance. The problem 

of maintaining enzyme stability in an intracellular environ­

ment characterized by drastic increases in factors such as 

ionic strength and hydrogen ion concentration may also be 

resolved by the findings of these workers. Maximum heat 

resistance was displayed by the enzyme investigated when 

heated in a solution which was 5M in NaCl. The greatest 

degree of disaggregation also ~ook place in this solution. 

It would appear that an increase in ionic strength may 

actually be a requirement for the initiation of events 

leading to enzyme storage and protection. The bacterial 

enzymes which have been extensively studied in connection 

with their heat-resistant properties are glucose dehydro= 

genase, a-amylase, and catalase. These factors are also 

present in seeds. Basler (2) has observed that the glu­

tathione reductase activity of cultured cotton cotyledons 

is virtually lost when its soluble and particulate fractions 

are separated . The possibility that this enzyme consists 

of a system of subunits has not been investigated. 

In the model proposed for glutamic decarboxylase in 

the wheat embryo it was suggested that the system which is 
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active in. the vegetative plant may be derived directly from 

the system operating in the embryo as a result of the release 

of particulate subunits. This postulate was explored by 

measuring the activity of germinating seeds. The increase 

in rate of activity displayed by seeds representing longer 

germination periods corresponds with results which would be 

expected if an activating factor were being released. It 

would also be expected that the greatest loss in activity, 

resulting from desiccation treatments, would be recorded 

for seeds which had been germinated for longer time periods. 

This prediction was also confirmed. Finally, as the re­

lease of the activating factor progresses during the course 

of germination, the effects of butanol treatments in in­

creasing decarboxylase activity should be progressively 

less effective. This latter assumption could not be 

verified. The activity of seed specimens representing all 

germination periods was markedly decreased. Possibly a 

lipid-bound factor in the endosperm inactivates one or 

more of the decarboxylase components when released into 

solution. 

The physiological significance of glutamic decarboxy­

lase to the phenomenon of drought · resistance in living 

systems may be evaluated by interrelating certain findings. 

The decarboxylase capacity of seeds which had been germinated 

for longer than 44 hours was notably decreased when the seeds 

were subjected to a desiccation treatment. Unpublished 
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results obtained by Todd (63) reveal that seeds germinated 
r 

for a period of 48 hours or longer are also less resistant 

to conditions of drought than seeds germinated for shorter 

time periodso The conclusion that a causal relationship 

exists between the desiccation responses of the enzyme and 

the seedling is tempting. However, proportionality does 

not necessarily imply causality (35)o In another investi­

gation regarding the effects of drought stress on the in 

vivo activity of wheat leaf enzymes, Todd and Yoo (65) 

demonstrated that the activity rates of five of the six 

enzymes studied were decreased significantly when the 

leaves were desiccated prior to assay. It would seem 

logical to conclude that the ·glutamic decarboxylase 

present in wheat embryos should be regarded,as one model 

of a desiccat i on- res i stant enzyme and not as a single 

criti cal factor whi ch regulates t?e entire mechanism of 

desiccation-resistance in the wheat grain. 

The data obtained in efforts directed at locating the 

s i tes occupi ed by decarboxylase subunits tended to confirm 

the existence of such factors but did not support certain 

conclusions which have been offered. The insoluble 

fraction D of dialyzed enzyme preparations f a iled to stimu­

late the rate. of activity of the soluble fraction E 

following a 20 minute boiling treatment of the i nsoluble 

material. I t was therefore concluded that the f actors 

responsibl e fo r the previ ously observed act i vat i ng effect 



were protein in nature. Results obtained by combining a 

sample of defatted particulate material with a fraction E 

specimen were regarded as both unexpected and promising. 

This latter preparation was unique in that a somewhat 

moderate activity was mediated by a reaction mixture 

assembled from individually inactive fractions. No 

complementary effect was achieved by recombining fraction E 

specimens, which had been recently prepared, with any of 

the various fractions prepared from butanol treated par­

ticulate material. The series of assays performed did 

not yield results supporting the concept of a lipid-bound 

particulate subunit. These findings were quite surprising 

in view of the response recorded earlier for butanol­

treated homogenates and the results obtained when eight 

month old fract ion E was employed as one of the recombinants. 

The possibility that changes had taken place in the wheat 

germ, which had been stored in closed containers at 4° C 

for longer than nine months, was considered . New fraction A 

specimens, prepared by the previously employed procedure, 

mediated the decarboxylation of glutamic acid at a rate of 

243.6 microliters of carbon dioxide per hour per 100 mg 

of enzyme . This rate exceeds by two- fold that obtained for 

fraction A preparations nine months earlier and encourages 

the speculation that the source material had undergone 

changes . Changes in the lipid composition of wheat grains 

which had been stored for six months at 4° C have been 



studied by Daftary and Pomeranz (5). Their results reveal 

that both polar lipids and triglycerides disappear during 

storage. This deterioration may account for the change 

in activity observed for fraction A and the negative results 

of efforts to separate a lipid-bound subunit from its par­

ticulate site by defatting procedures. 

Considering that the estimation of glutamic acid­

alanine transaminase was achieved by coupling the reaction 

with the system catalyzing the decarboxylation of glutamic 

acid, the results obtained must be analyzed with caution, 

since the magnitude of the responses measured can be 

limited by treatments reducing the catalytic capacity of 

glutamic decarboxylase as well as those altering transami­

nase activity o A guarded assumption for the purposes of 

the immediate study is that responses, deviating from 

those observed when glutamic acid was the substrate, to 

treatments which have been demonstrated to spare the de­

carboxylase are probably significant. On the basis of 

these criteria the data collected from assays of extracted 

preparations are of questionable s ignificance, differing 

from those of decarboxylase assays only in degree of 

activity. The behavior of unextracted homogenates, how­

ever, is indicative of potentially pertinent differences 

between the two enzyme systems. The steady increase in 

rate of activity displayed by the homogenate transaminase 

system could be a consequence of a corresponding accumu-



lation of glutamic acid, or a manifestation of a gradual 

liberation of enzyme protein or activatorso The partici­

pation of activating factors is indicated once more by 

the increase in activity, stimulated by butanol treatment 

and, reversed by in vacuo desiccationo The results ob­

tained are generally indicative of similarities between 

the transaminase and decarboxylase systems, with regard 

to the properties investigated during this study. Never­

theless, the response of dialyzed homogenate to extraction 

with butanol can not be accommodated by inferences based 

upon the results of assays for decarbo.xylase activity. 

Whatever is responsible for the transaminase response to 

butanol treatment it is removed by dialysis and therefore 

differs from the corresponding decarboxylase factor with 

regard to one or more properties. 
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CHAPTER VI 

SUMMARY 

The effect of various treatments on the stability of 

glutamic decarboxylase and glutamic-alanine transminase 

from wheat germ was investigated in an effort to identify 

those properties which contribute to the desiccation re­

sistance of these enzymes. Subcellular fractions were 

obtained by differential centrifugation of wheat germ 

homogenates and assayed for activity. Enzymically active 

fractions prepared from the soluble protein fraction of 

the source material were dialyzed against distilled 

water, sucrose solutions, and phosphate buffero The 

preparation obtained by dialysis against water was ex­

tracted with n-butan~lo Homogenized wheat germ was 

subjected to identical dialysis and butanol treatments 

and the pellet material obtained by centrifugation at 

3000 x g was also defatted. Each of the fractions pre­

pared was assayed for its individual carbon dioxide­

releasing capacity .by manometric techniques and then 

recombined with other fractions and, again, assayed o 
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The data collected have been interpreted as indicating 

that particulate material is incapable of mediating the 

decarboxylation of glutamic acid but that pellet material, 

sedimented by _a gravitational force of JOOO x g, does en­

hance the decarboxylase activity of supernatants obtained 

by centrifuging at forces as high as 140,000 x g. The 

specific and total activities catalyzed by unresolved 

homogenates were greatly increased by butanol treatments 

which had no effect on the isolated, inert, pellet material. 

Two fractions were obtained when preparations, precipitated 

from the supernatant with ammonium sulfate, were dialyzed. 

The precipitated fraction was inactive with respect to de­

carboxylase activity and the soluble fraction was only 

weakly active. When the two fractions were combined the 

resulting preparation exhibited the highest specific 

activity of all the protein preparations assayed. The stim­

ulatory effect of the inactive fraction was destroyed by 

boiling. Butanol totally eliminated the desiccation­

resistance of the dialyzed preparation when applied to 

the combined fractions but had no effect on that of the 

weakly active member. Defatted particulate material, 

separated from wheat germ homogenate by centrifuging at 

3000 x g, initiated decarboxylase activity in a prev-

iously inactive specimen of the soluble dialysis fraction 

which had been stored for longer than eight months. The 

defatted material did not alter the activity of analogous 
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fractions prepared from stored wheat germ nor did it enhance 

the activity of any other fractiono The glutamic decarboxy­

lase activity of germinating wheat grains increased sharply 

after a period of 44 hours. Desiccation-resistance decreased 

up to this period. Butanol extraction of whole seeds re­

duced their capacity for decarboxylase activity regardless 

of the length of the germination period . 

It is concluded that the enzymic decarboxylation of 

glutamic acid in wheat embryo tissue is effected by a cat­

alytic system composed of two or more reversibly associated 

protein subunits. The property of desiccation-re9istance in 

this enzyme resides in the capacity of these subunits for 

aggregation and disaggregation. The reversibility of this 

aggregation is dependent upon the presence of lipid which, 

in this way, lends support to the protection of the system 

against condi t i ons of drying . A particulatt ~ubcell ular 

fraction participates in the mediation of activity by en­

hancing its ratee The nature of the factors responsi ble 

for the effect of this particulate material i s unknown, but 

they are apparently released or activated by treatments 

which disrupt associations of lipid and proteino The de­

crease in resistance to conditions of desiccation observed 

for glutami c decarboxylase in germinating s eeds i s probably 

an indication of a similar loss of resistance by seed en­

zymes in genera l o 
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Conclusions as to the nature of the transaminase system 

investigated do not seem justified at this time. The data 

collected do tend to indicate an organizational similarity 

to glutamic decarboxylase. 
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