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CHAPTER I 

HISTORICAL INTRODUCTION 

A. Metabolism of Bac terial Ce lls 

In any study of en zymatic ac ti on in the living cell  

there c an be  no  limi ted defini ti on of the influenc .es me a-

sured, sinc e there are numerous interre lated chemi cal re ­

ac tions , both assimi lative and dissimi l ative , whi ch are in a 

c onstant state of equi libri um .  This c i rcumstanc e has been 

adequat e ly described by Di xon (1949) who states that the 

living c ell exi sts as a system of unstabl e c a talysts which 

in turn exist because of the occurrence of the reac tions 

which they cat alyze. Each enzyme doe s not mai ntain itself ;  

i t  is rather a collec tive effort by a c e rtain minimum number 

of enzymes which bri ngs about the ne c essary series ·o� re ­

ac ti ons for re synthe sis . Thus it be c omes nec es�ary to study 

enzymatic reacti ons as a me ans of viewing life proc esses , 

but at the same time , i t  remains essent ial to study these 

re acti ons,  not only as isolat d crystalline moi eti es, bu t 

also as a parti cular link in a large chain of reac tions . 

Kluyver (1931), upon the introduc ti on of the c onc ept 

of compare tive bi ochemistry , cre a'ted a sc i entific atti tude 

that the basic enzymatic mechanisms of all c e lls are sim­

i l ar , regardless of the origin of the ce ll . The mi crobial-
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ogist, then, is justified in the study of the nutrition an d 

metabolism of a microorganism since this knowledge readily 

adapts itself to the nutrition and metabolism of th� higher 

plants and animals. In the la st �ifteen years the micro­

biologist, by taking advantege of the principle of compara­

tive biochemistry, has demonstrat ed a numbe r of v itamins and 

enzymatic sys�ems important to both microbial and higher 

farms of life. In the same vein the microbiologist has made 

major contributions in the study of pnotosynthesis and the 

genetic effects of radiations. The investigator of enzymat­

ic pathways is benefited consider ably by the use of microor­

ganisms because of the inexpensive, easily reproducible , 

rapidly multiplying nature of the cell source. 

The early observat ions of ce llular ne tabolism in bac­

teria were obtained by chemical analyses of the products of 

putrefaction of unidentified media by mixed cultures of or­

ganisms. Although this work revealed the nature of some of 

th� compoun�s produced by biological action, it w� essen­

tially imposs ible to attain reproducibility of results. One 

step towards control was the use of pure cultures of bacter­

ia; later, chemically defined media were introduced. These 

modifications of the e arlier techniques proved valuable in 

the determination of many meta bolic products. However, this 

was a mea ger picture of true metabolism, for as Gal e.(l940) 

pointed _?U�,. ttwe may have recorded as products of • • • 

metabolism, substances that are really produced in stages at 



different times during the incubation period, under differ­

ent environmental conditions and by what are, biochemic ally 

apeaking, different organisms." 

Quaste l and Whetham (1924, 1925a,b) introduced the 

use of washed ce ll suspensions of microorganisms, which 

served as concentrates of active enzyme preparations stable 

over a period of several hours . This resting cell technique 

has been used extensively during the last twenty-five years 

in conjunction with manometric, colorimetric and other tech­

niques of biochemistry in the study of rel ative rates and 

the quantitative nature of bacterial enzyme atta ck. The op­

timum conditions under whic h the enzymes involved are ac tive 

and the con�itions under which they are formed can be meas­

ured easily. Despite so me native limitations, such as re­

stri ction and action by other enzymes present in the ce ll, 

pe�eabil ity of the cell nembrane to
. 

t_he e nzyme s ubstrate, 

etc., this technique, particularly as adva nced by the 

Cambridge sc hool, has produced some of the moat important 

results in bacterial meta bolism. 

A specific ac count of the properties of any enzyme 

can come only by obaervat ion away from the intact ce 11. 

However, �ntil the wet-crushing mill was develo�ed (Booth 

and Green, 1938) there was no way of obtaining intracell ular 

ba cterial "'':lz�s in a CP 11 t'r ee state. A number of bacte­

rial enzymes ha ve been studied in this manner. For the ma­

jority of enzyme studies cell-free extrac ts are not nearly 
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so desirable as one might expect, since in the destruction 

of cell structure, many enzymes are destroyed and many 

others are rendered inactiveo For those enzyme systems that 

are stable to vacuum drying _ ,  wa hed cell suspensions, this 

technique is preferred because permeabili ty of the cell mem­

brane is increased over that of the normal wet cello Up to 

the present time there has been no report of the successful 

crystallization of a bacterial enzyme, and in this respect 

the microbiologist is handicappedo 

Elsden and Pirie (1949}, in their obituary of Dr. 

Marjory Stephenson, stated that at the inaugural meeting of 

the S?ciety for General Microbiology Dro Stephenson 

o o o analy�ed the steps in the development of 
research in the field of bacterial metabolism, and 
pointed out that research took place at a series 
of levelso At the first level the work�r was con­
cerned wi th mixed cultures; at the second wi th pure 
cultures growing in complex media; at the third 
wit� �u�e cultur�s growing in a chemically defined 
media; at the fourth wi th washed cell suspensions 
from pure cultures; and finally at the fifth level 
with cell-..free enzyme preparationso She concluded 
that no one level was, by itself, adequate; and for 
an understanding of bacteria as they are found in 
Nature, research must occur at all levelso 

Bo Metabolism of the Amino Acids 

The metabolism of amino acids long has been a sub Ject 

of investigation by the biochemist since analysis of pro­

teins revealed that these chemical compounds were the appar-

ent starting materials in the formation of the protein mole-



cule s. The proce s ses  of formation and degradation of the 

amino ac i ds have been s tudied  in a large number of spec i e s  

of animal s and plants , and onc e again the microbiologi st  has 

made significant contributions  to the general problem.  

Of the infini te number of amino acids who se chemic al 

preparati on i s  theoretically possible , some twenty-five have 

been· found as c omponent parts of proteins . They all are re­

lated in spati al c onfiguration to the �-i somer of glyc eral ­

dehyde , and henc e are referred to as  the �-amino ac ids . 

These amino ac i ds are components  of nearly all c ell s ;  in the 

philosophy of c omparative bi ochemi stry cell s  require all of 

these amino ac i ds, and if a cell doe s  not need one or more 

of the se material s from an exogenous supply , then i t  must be 

capable of synthe si zing those which it can apparently "do 

wi thout ."  

The majority of  animal spec ie s  probably require exo­

genous suppli e s  of about ten of the amino ac ids ; green 

plants obviously require none of them. Bacteria, on the 

other hand, vary tremendously from speci e s  to spe c i e s, and 

even from s train to strain, in their amino ac�d require­

ment s .  Some, like Escherichi� coli  and Aerobacter �­

gene s ,  are c apable of synthe si zing all of the e s sential 

amino ac ids from an inorganic nitrogen source, such as  

ammonium ion ,  and from c arbon-containing re sidue s obtained 

on the degradation of gluc ose . Other bacteri a, particularly 

the members of the family Laetobacteriaceae, require an out-
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side supply of nearly all of the naturally occurring amino 

acids . Particular use i s  made of the se fa sti dious bacteri a 

in the mic robiological as say of the amino ac i ds, si milar to 

the mi crobiological assay of the vitamins to be di scus sed in 

Chapter II . 

In order to understand the pathways of synthe si s of 

the amino acids, the immedi ate degradations of the amino 

acids  by bacteri al enzyme s �hould be considered .  If the se 

are typical of mo st enzymatic reactions they wi ll be rever­

sible, and therefore could lead to  synthe si s .  Five methods 

of amino ac id degradation appear pos sib�e: 

(1 ) Removal of the alpha-amino group directly, pro­

ducing ammonia and an ac i d: if  thi s reaction i s  carried out 

oxi datively, a s  in the c a se of glutamic ac i d, the product 

will be a keto acid, which i s  the general rule . Thi s pro­

c e s s  i s  referred to as deamination . 

( 2 )  Removal of the terminal carboxyl group, producing 

a primary amine and carbon dioxide; thi s is referred to as  

decarboxylation .  

(3) Simultaneous  dec arboxylation and deamination, 

which re sults  in ammoni a, c arbon dioxi de and a hydrocarbon 

(wi th re spec t to the alpha-carbon atom ) as  end products . 

( 4) Degradation of the amino ac i d  into two products, 

wi thout affecting the alpha�carbon consti tuent s, re sulting 

in a new amino ac i d .  

( 5) Transaminati on of a keto ac i d  (A) and an amino 



acid (B) resulting in a keto acid (B1) and an amino acid 

(A' ) • 

Of these processes only transamination and deamina­

tion have been demonstrated to be reversible, and both of 

these are limited, by- our present knowledge, to a few of the 

naturally occurring amino acids. 

Apparently the cell is capable of synthesizing a few 

key amino acids, and is then able to produce the remaining 

amino acids by several types of transaminating and condens­

ing mechanisms. For example, there exist certain mutants of 

Neurospora which_
require a pre-formed source of organic ni� 

trogen. Almost any of the amino acids can serve as this 
"' 

source of nitrogen. From the standpoint of single gene mu-

tation studies it would appear that the primary synthetic 

mechanism has been lost in the mutation, and once this pro-

duct or a potential precursor of this product is available, 

the cell is able to grow and reproduce (Fincham, 1950). 
� 

Yeasts, such as Saccharomyces cerevisiae require just one 

amino acid, such as aspartic acid, and from this initial 

source of organic nitrogen, the cells are capable of synthe­

sizing the remainder of the required amino acids (Snell, � 

al. , 1940). 

Of the amino acids that can be formed enzymatically 

from an inorganic nitrogen source, there appear to be three 

that are prominently involved. These are aspartic acid 

(Cook and Woolf, 1928; Woolf, 1929; Gale, 1938 ; Virtanen and 
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Erkama, 1938 ; Lichstein and Umbrei t, 1947a)_! glutam_�c acid 
.... 

(Dewan, 1938 ; Adler, et al., 1937, 1938) and alanine 
--

� 

(Konikova, et al., 1949) 0 The formation and degradati�m re-

actions are shown in Figure 1 .  These three amino acids are 
. . 

•. 

directly converted to one another through the transaminases 
. - . 

(Cohen, 1942 ; Herbst, 1944; Green , � !1·, 1945; L�chstein 

and Cohen, 1945 ; Lichstein, Gunsalus and Umbreit, ,l945) as 

shown in Figure 2. 

Until recently ammonification or transamination could 

account for only three amino acids. However, Wood and 
. . -

Gunsalus ( 1950) have discovered the existence of several 

other transaminases in bacteria. The¥. found that the amino 

acids which are active in transferring the amino group to 

alpha-ketoglutarate include valine, leucine, isoleucine, 

norleucine, methionine, tryptophane, tyrosine, phenylalan-

ina, histidine and lysine. The tyrosine and phenylalanine 

transaminases have been shown to be reversible. Apparently 

much of the difficulty ean be ascribed to technical prob­

lems, rather than to the actual lack of the transaminating 

enzymes in the cell. 

C. Metabolism of Aspartic Acid 

Since aspartic acid is reversibly deaminated .in many 

cell systems, and apparently undergoes transamination read­

ily, considerable interest has been centered on the metabol-
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to produce aspartic acid, glutami� acid and otonine 
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i sm of thi s amino aci d .  Much of the early data concerning 

the degradation of a spartic acid  are confused and contradic -

tory . 

Aspartic acid  deaminase, of�en referre� to by Bri ti sh 

workers as aspartase, was first  demonstrated by Haz:d�n 

( 1901 ) who showed that�. c oli growing in a glucose broth 

wi th added aspartic acid produced  large quantitie s of suc­

cinic acid .  Quastel and Woolf ( 1926) showed that in the ab-

sence of an inhibitor, washed cell suspensi ons of E .  £211 
produce d  succinic acid from a spartic ac i d, but that in the 

presence of an inhibi tor, such as  toluene , an equilibrium 

mixture re sulted containing a sparti c aci d, fumaric aci d and 

ammoni a .  Woolf ( 1929) later showed that thi s  reaction was 

not qui te so  simple in inhibited cell suspensions, and that 

actually the e quilibrium mixture also con tained mali c  ac i d .  

By using a serie s  of inhibitors whi ch were specific for c er­

tain reaction s i te s ,  he was able to  show that the primary 

produc t of deamination of aspartic  acid wa s fumaric acid ,  

which i n  the pre sence of the enzyme fumarase was converted 

to malic acid ;  if  a hydrogen donor was pre sent , succ inic 

aci d  wa s formed, enzymatically catalysed by succini c dehy-

drogenase . 

Gale ( 1938) rather confused the picture by fractiona-

tion of a spartic ac i d  deaminase  from cell-free extracts  of 

E .  coli . By a study of the los s and recovery of' ac tivi ty of' 

these fracti onated enzymes he di scovered that the rate of 



deamination of one of the two frac tions  was greatly in­

creased by the addi tion of adenosine or ino s ine. He con­

cluded that one enzyme (aspartase I) was stable to incuba-

12  

tion wi th toluene, and wa s unaffec ted by the presence of 

adeno sine ;  the sec ond enzyme (aspartase I I ) was inactive in 
. .  "' 

the absence of some coenzyme which c ould be replaced 1g 
vi tro by adenosine ,  and completely inac tivated by toluene 

treatment. Both enzymes were optimally ac tive at pH 7.5 • 
. 

Aspartase I contained no fumarase ,  and produced fumaric ac i d  

and ammoni a from a spartic  ac id ;  a spartase I I  c ontained some 

active fumarase , and produced a mixture of fumari c  and malic  

ac ids and ammonia from an a sparti c aci d  substrate . 

Lichstein and Umbrei t (1947�) s tudied the a spartic 

ac id  system and were able to demonstrate that vacuum dried 

cells  of E .  £211 produced fumari c ac id  from a sparti c ac id .  

The enzyme malic dehydrogenase was absent in  these cells ,  

and the enzyme fumarase was either absent or very weak . 

Although the two-enzyme theory a s  presented by Gale 

(1938) apparently c onflicts  wi th the other data , evidence 

will be presented later which indi cates that in all proba­

bility instead of i solating two enzymes , Gale actually i so­

lated the apo-enzyme which could then be reac tivated by the 

c oenzyme , or c oenzyme precursor . The work of Virtanen and 

Erkama (1938) can al so be explained on thi s premise . 

Thus from the data available i t  would appear that the 

deamination of a spartic  ac i d  proceeds through fumaric  ac id, 
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and the fate of the fumaric acid is dependent upon the con­

ditions in the cell. The aspartic acid cycl� of E .  coli 

Gratia is presented diagramatically in Figure 3 (Lichstein 

and Umbreit, 1947�}. 

D .  The Deaminases of Serine and Threonine 

Gale and Stephenson (1938) studied the serine deamin­

ase system in E. £211· They showed that although the activ­

ity of this enzyme is very high in washed cell suspensions, 

it will decrease rapidly on standing. The activity can be 

restored by the addition of boiled cells, glutathione or 

formate ion, all in the presence of phosphate ion; phosphate 

ion alone will cause some reactivation. Ammonia production 

was used as a measure of deamination. Further consideration 

will be made of these data later in this chapter. 

Chargaff and Sprinson investigated the mechanism of 

deamination of serine ( 1943a) and of serine and threonine 

(1943b) and concluded that the deamination occurs as pre­

sented in Figure 4. They reached this conclusion by measur­

ing the effects of washed cell suspensions of !· coli on the 

two amino acids and their 0-substituted derivatives. By 
. 

blocking the hydroxyl group they successfully prevented dea-

mination both aerobically and anaerobically. Good yields of 

the end products varying from 1 0  to 40 per cent of the theo­

retical , were obtained from the unsubstituted amino acids. 
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Wood and Gunsalus (1949) in a cell- free study of 

these deaminases stated that 

• . • since serine and threonine deaminases oc­
curred in the extracts ( of bacterial cells under 
fractionation ) in approximately the same ratio as 
in the dried cells, were activated by the same con­
centrations of adenylic acid and glutathione, and 
threonine deaminase disappeared when serine deamin­
ase was inactivated • • •  (then there is the sugges­
tion that) • • •  both substrates may be activated 
by a single enzyme. 
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However, this "same ratio ,"  which was to remain constant, 

varied between 0.77 and 1.42 for the various enzyme frac­

tions . It would appear that rather than the same enzyme be-

ing responsible for the two reactions, the same coenzyme 

maybe activating different enzymes. 

(1949) 

Unpublished data of Christman (1948) and Cardella 
. -

show that some organisms, particularly A. aerogenes 

contain a potent serine deaminase, while a threonine deamin­

ase was not demonstrable. For the most part the minimal pH 

of activity for serine deaminase is five, while threonine 

deaminase is inactive at pH 5, and is active at pH 6 and 

higher. From these data it would appear that Wood and 

Gunsalus (1 9} should have declared that the enzymes were 

different, while the activators were the same. Data are 
. 

presented in Chapter III which indicate more clearly that 

the coenzyme for these reactions is the same. 

E .  Growth Factors Involved in Aspartic 
� 

Acid, Serine and Threonin� Metabolism 
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In 1942 Koser , Wright and Dorfman (194� ) reported 
� 

that the yeas t ,  Torula cremori s ,  required bi otin for growth , 

and that thi s need for bi otin could be greatly reduced when 

asparti c ac i d  was added to the medium . They pointed out 

that a spartic aci d  did not completely replace the biotin re-

quirement , and concluded that biotin must  play not only some 

role in the metaboli sm of aspartic ac i d ,  but al so  some ad-

di tional role in the metaboli sm of the c ell . 

Winsler , Burk and duVigneaud (1944 ) showed that bio-
"' 

tin deficient yeast  cell s could be s timulated to a s s imi late 

ammonia on the addi tion of biotin , but they came to no con-

elusi ons a s  to which reaction or reactions were being af-

fee ted . 

Stoke s ,  Larsen and Gunne s s  (1947� , b )  showed that in a 

variety of biotin requiring organi sms  such a s  Lac tobacillus 
.. 

arabino sus and Streptococcus faecali s biotin c ould sub sti-

tute c ompletely for a spartic ac i d .  They showed that the 

biotin-aspartic ac i d  relationship was specific: riboflavin , 

pantothenic acid, thi amine , para-aminobenzoi c  acid and py­

ridoxamine could not replace biotin and that fourteen other 

e s sential amino ac ids could not be replaced by biotin . They 

elaborated several mechani sms a s  possibi li t i e s  for the locus 

of biotin activi ty as follows : 

(1 ) mechani sms employing transamination: 

( a) glutamic ac i d  plus  oxalac etic ac i d  to yield 

a spartic ac id  and alpha-ketoglutaric aci d  



(b ) al�nine plus oxalacetic ac id  to yi eld py­

ruvic and a spartic acids 

( c ) cysteic aci d  plus oxalacetic  ac i d  to yield 

a spartic ac i d  and alpha-keto-�-sulfopro­

pi onic acid ( sulfopyruvic acid ) 
f2} mechani sm involving ammonia incorp�ration: 

fumaric ac i d  plus ammonia to yi eld a spartic 

ac id  
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(3) mechani sm c oncerned in oxalace tic ac id formati on: 

pyruvic ac id  plus carbon di oxide to yield 

oxalacetic  ac id  whi ch in turn could be con-

verted to a spartic aci d  by e i ther mechani sm 

(1} or {2) . 

In their second paper , Stokes , � !1·, (1947�) examined 
... 

the se possibili tie s to determine if the locus of biotin 

activi ty c ould be placed in one or more of the se role s .  

It appeared from these data that there wa s no influence 

of biotin on the transaminases; sinc e  Li chstein, � al . ,  

(1945) showed that pyridoxal phosphate was the c oenzyme of 

the bac terial transaminase s, i t  would have been strange if  

biotin would have been found to, be  ac tive in the se  mecha-

ni sms . 

They attempted to demonstrate the involvement of bio­

tin  in  the deaminase  reaction (reaction 2)  and c ould obtain 
... 

no conclusive data. '!'hey rec ognized, however, that the lac -

tic ac id organisms with which they were working did not con-



tain this particular enzyme, and thus they did not eliminate 

this as a possible site of activity. 

They were able to show that oxalacetic acid replaced 

biotin to some extent for cell growth and concluded that 

biotin was no t concerned in the transaminases, and that bio-

tin might be concerned in ei ther or both of the other two 

reactions. 

Four laboratories were able to demonstrate that bio-

tin was concerned in oxalacetic acid decarboxylase by means 

of four very widely varied techniques, all within a month of 

one another in 1947; this occurrence is probably unparal­

leled in metabolic studies. In chronological order Lardy, 

et al. , used a medium deficient in both biotin and aspartic 

acid and showed that the growth of �- arabinosus could be 

stimulated by the addi tion of oxalacetic acid or bicarbonate 

ion. Shive and Rogers (1947) used inhibition analysis tech­

niques and demonstrated that the inhibition caused by an an-

alogue of biotin on the growth of !· £211 could be overcome 

by the addition of alpha-ketoglutaric acid . This observa­

tion, along with the elusive and still unpublished work of 
• 

Garrison and Eakin, led these authors to conclude tha t the 

s ite of biotin activity was in the carbon dioxide fixation 

reaction wi th pyruvic ac id. 

Lichstein and Umbreit (1947�) used resting cells of 

E .  £211, which were grown on a complex medium containing 

biotin. These cells, when harvested, were "aged" in one 



molar phosphate buffer for a short time ; after "�gingtt the 
- � 

cells had lost the ability to produce carbon dioxide from 
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added aspartic ac id, and thi s lost activity could �e spe c if­

ically restored by added biotin . Oxalacetic  ac id  or mal i c  

ac id could b e  substituted for the a sp artic ac i d .  The "ag-
. 

ing" techni que was novel, at le ast as far a s  bi otin metabol-

ism was concerned ,  and wi ll be.di scussed in greater detail 

later . The authors concluded that b iotin must somehow be 

concerned as the coenzyme of oxalacetic acid  decarboxylase . 

Ochoa , � al . ,  (1947 ) used the more time -honored 

method of producing vi tamin defici ency, by growing turkeys 

on a biotin deficient die t .  They were able t o  show that the 

malic dehydrogenase and oxalacetic acid decarboxylase  ac tiv­

i tie s  were both markedly decreased in these deficient cells 

and concluded that biotin was somehow conc erned in this lat-

ter reaction. 

Although all four groups  used di fferent techni que s, 

each concluded that biotin wa s concerne d in this one reac-

tion . This not only adds wei ght to the fac t that biotin 

must be concerned with the reaction ,  but also that all four 

technique s can, and do , give similar results  under proper 

treatment . 

Lichstein and Umbreit (1947.2) used the "aging" tech-
-

ni que and pre sented preliminary evidence  that biotin was al-

so concerned in the deaminase s of a spartic ac i d, serine and 

threonine. Later Lieh stein and Chri stman (1948) ware able 
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to de�onstrate the "aging" phenomenon in a va riety of organ­

isms such as Proteus vu15aris ,  Bacterium_cadaveris, A.�­

genes and several different strains of E. coli under limited 

conditions. They presented data from which they concluded 

that: 

(1) biot�n was definitely concerned with aspartic 

acid, serine and threonine deaminases; 

(2) adenylic acid was also involved in these reac-

tions; 

(3) both biotin and adenylic acid were involved in 

the reversal of aspartic acid deamination. i.e. 

the reaction of fumaric acid with ammonia to form 

aspartic acid; 

(4) at pH '7 numerous biological materials caused 

stimulation of the aged cells, but at pH 4 only 

biotin and OO.enylic acid caused stimulation; and 

(5) the e ffects of biotin and adenylic ac id were in­

dependent, and occasionally additive. 

Lichstein :1949a) l ater found that occ asionally sys­

tems could be obtained, both by ag ing and by cell-free pre­

parations from dried cells, that could be stimulated by bio­

tin and adenylic ac id together and also by yeast extract; on 

refrigera�ion of these systems the ac tivity caused by biotin 

with adenylic acid was lost, whereas the yeast extract still 

caused marke d activation of the ag ed cells. This evidence, 

coupled with the observed hundred-fold difference in the 



minimal concentration of yeast extr�ct that caus�� ac�iv$.t­

ion of the aged cells ahd the mihimal concentration-of yeast 

extract t�t would support the gr�wth of.S. cerevis�ae in a 
'·' 

biotin deficient medium, led him to expre�s the opinion that 
. . 

a bi0ltin--containilig·-pre1"ormed coenzyme of aspartic acid dea-

minase exists in yeast extr,.ct and that adenylic acid is 

s<?,me�ow e_oncerned_ in its formati�n. JLichsrein apd Christman 

(-1949) presented confirmatory evldence for these observa­

tions and this work will be presented in detail in Chapter 

III. 

Wright·, et al. , (1949) confirmed the findings of 

Lichstein and Umbreit (1947b} and Lichstein and Christman 
. . � -

� • & 
(1948, 1949·) when they anno�ced that t�ey had been success-

ful in being able to age cells of·!· coli, and restore the 

activity of aspartic acid deaminase specifically with bio­

tin. 

F .  Aging as a Technique of Obtaining an Apoenzyme 

The problem of obtaining an apoenzyme is difficu�� in 

that no one method is certain of producing positive results. 

There are s�veral techniques which have been emplo7.ed such 

as the growth of the organism in a medium deficient in a 

particular vitamin (Gunsalus, � al., 1944!,�), the use of 

biochemical mutants (Beadle, 1946, 1948), the
�

use of auto-
- . .., 

lysis, the use of metabolite inhibitors (Shive, 1946), 
� 

growth replacement studies (Koser,� al., 1942) and finally 
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that of aging. It is this last technique with which we are 

concerned. 

Aging differs from normal autolysis or dialysis in 

that the vitamin in question is apparently destroyed or de­

graded to a useless form, either with or without the need of 

an enzyme. The vitamin after aging can not be detected 

either in the cell or the supernatant aging fluid. The 

first mention of aging was made by, Gale and Stephenson 

(1938) and Gale (1938) who apparently d�grade� aspartic acid 

and serine deaminases. They were able to restore activity 

with adenylic acid and adenosine, and since these substances 

were shown to be involved in the same reactions b7 L.ichstein 

and Christman (1948}, it would appear that these later mate-

rials were somehow concerned with the coenzyme, and the pro-

tein that was activated was at least a partially resolved 

enzyme s-y:stem. 

Lichstein and Umbreit (1947�) introduced the term 

"aging" for the process of holding bacterial cell sus��n­

sions in molar one phosphate buffer at pH 4 for a· ·short per­

iod of time. This process effectively decreased the activi­

ty of oxalacetic acid decarboxylase, and this activity could 

be restored specifically with biotin. Lichstein and Umbreit 

(1947b} extended the aging technique to include the deamin-

ases of aspartic acid, serine and threonine, which were also 

activated with biotin. Lichstein and Christman (1948) ex-
"' "' 

tended phosphate -aging to include adenylic acid, and later 



Lichstein (1949�) showed that a coenzyme form which prob­

ably contained biotin existed in yeast extract. 

Considerable difficulty was noted in the �ttempted 

reproduction of the data of Lichstein, � �. , (1947� '�'  

1948, 1949 ).  
,.., 

Most of these difficulties were reported by 

means of private communic ations ; however, Axelrod, et �. , 

(1948 ) announced that although the� could definitely de­

crease activity of cell suspensions with phosphate at pH 4, 
' ·  

they were not able to replace that activity with biotin . 

Lichstein (1949b ) showed that at least part of the diffi-

culty encountered by the other group was in the use of cer­

tain different materials in the growth medium, and although 

definite conditions are still to be established, it would 

appear that these difficulties ar� mer�ly technical. At 

least one laboratory (Wright, et �. , 1949 ) has reported the 

successful demonstration of aging and reactivation with bio­

tin, and at least five different individuals working in 

Lichstein ' s  laboratory have been able to reproduce this 

effect . 

Aging with respect to folic acid, has been carried 

out in at least three laboratories. Nimmo-Smith, Lascelles, 

and Woods (1948 ) showed that cell suspension s of ·stre
.
ptobac­

terium (Lactobacillus ) plantarum rapidly resynthesized this 

vitamin when para-aminobenzoic acid was added . This work 
.. 

wa s reproduced, at le ast in part , by Lichstein and White 

(1950 ). 
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From the evidence that ha s accumulat ed in the la st 

three years concerning aging , it will have to be  placed a­

mong the other technique s a s  a valid method for the produc ­

tion of a stable apoenzyme . 

G .  Bound Forms of Biotin a s  Potential 

Coenzymatic Forms of Biotin 

Since the introduction of a method of biotin as say by 

Snell , Eakin and Williams ( 1940 ) a considerable number of 

inve stigators have studied the problem of biotin content of 

natural material s .  Snell , � al . , used S .  cerevisiae a s  

their a ssay organi sm, and wi th their technique s were able to 

a s say for biotin in the :an�e of 25 to 150 micromicrograms 

( lo-12  g . ) . They d emonstrated the pre sence of biotin in a 

variety of natural mat erials ,  nearly all of which have been 

substantiated  by later inve stigators . A year later 

Thompson , Eakin and Williams { 1941 ) ,  used L. casei as an 

a s say organism in a study of hydrolysat e s  of natural tis sue s 

both for biotin content and for degree of biotin liberation . 

They recommended 6 � sulfuric acid for two hours at 121 C a s  

the ideal hydrolysing conditions ,  and concluded their paper 

with t he comment : " Biotin appears  to occur naturally in 

different combinations which are broken down with varying 

degree s  of ease . "  

Lampen , Bahler and Peterson {1942 ) studied the occur-



renee of free and bound forms of biotin in various materials 

and they showed that organisms responded differently to 

these materials with regard to biotin con tent. They showed 

also that while yeast extracts were slowly inactivated with 

respect to biotin content on hydrolysis in 4N sulfuric acid, 

there was no corresponding destruction in liver extracts. 

They showed also that there was some substance in both yeast 

and liver extracts which was extremely resistant to acid hy­

drolysis. 

Hertz (1943) modified the medium of Snell , � al. , to 

increase the sensitivity to biotin and bound biotin forms. 

Wright and Skaggs (1944) used L. arabinos�s as an as-

say organism for biotin and showed a difference in the level 

of biotin concentration using the three assay organ isms. L .  

casei and S. cerevisi ae both gave approximately the same 

biotin values in the assay of natural materials, but L .  �-
� 

binosus gave values that were di stinctly lower . On acid hy-

drolysis all three organisms gave about the same values 

showing that there must be same acid labile substance pres­

ent in yeast extract which is ass�yable ( available for 
� 

growth ) by �· casei and S .  cere visiae but which is unavail-

able for the growth of L .  arabinosus. Wright, et �. , 

( 1949) isolated this material, name� biocytin ,  in crysta�­

line form from yeast extract; they stated that biocytin was 

the only bound form of biotin w�ch they could demonstrate 

in yeast extract. They reported some ac tivity of this sub-
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stance toward the partially re solved aspartic ac id  deami ­

nase ; however , Lichstein , Chri stman and Boyd ( 1950 ) presen­

ted c onc lusive evidence that biocytin was different from 

their c oncentrates of yeast e :tract which had c oenzyme ac ­

tivity .  

Bowden and Peterson ( 1949 ) studi ed  the conditions for 

hydrolyse s of bound biotin in liver and yeast  extract s ,  and 

although their  data confirm,  at least in part , the data of 

Wright and Skaggs ( 1944 ) ,  they found al so that consi derable 

biotin de struc tion occurred on autoclaving sample s  in sul­

furic ac id  in c onc entrations  a s  low as  2 N .  

Plaut and tardy ( 1949 ) a s sayed the biotin c ontent of 

purified enzyme s in which biotin apparently func tions . One 

study with oxalacetate decarboxylase  showed  that the bi otin 

c ontent of thi s enzyme decreased on increased purific ation .  

Since they did not hydrolyse the enzyme preparations , the 

biotin form of the coenzyme , if  i t  exi sts , might not be 

a s  sayable . 



CHAPTER II 

EXPERIMENTAL METHODS 

A .  Materials Used 

1 .  Cultures of Microorganisms 

The following strains of microorganisms were em­

ployed : Bac terium cadaveris (Gale) , isolated by Dr. E .  F .  
, -

Gale of Cambridge , E?gland, ap�arently identical with _�. 

ca�averis ATC C 9760 and B .  cadav�ris (Gale) NCTC 6578 ; 

Saccharomyces cerevisiae (139 ),  the Fleischman� - Laboratories 
� -

strain, appa�ently identical with �· cerevisiae (H�nsen l 
� 

ATCC 9896 ; Saccharomyces cerevisiae ( Java ) apparently the 

same strain as S. cerevisiae (Hansen ) ATC C 4125. 

2. Reagents Us�d 

a. Chemicals . All standard chemicals used were of 

the grade referred to as chemically pure. The synthetic 

vitamins and amino acids employed had been tested for phy­

siological ac tivity by the manufac turer. The biotin was the 

free acid, designat�d D-biotinic acid , prepar�d synthetical­

ly by Roffman-LaRoche and Co.,  Nutley, New Jersey . 

b .  Na tural produc ts. The yeast extrac t was prepared 

by Difco Laboratories , Inc. , and bore one of the following 

lot numbers : 395778, 402218 t 
.
402560, 402561, 402562, 

_
402563 

and 402564. The liver extrac ts were graciously supplied by 



Eli Lilly and Co . g  Indianapolis p Indiana under one of the 

following lot numbers : E-141 7 and E-1418 . E- 1418 is that 
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portion of a hot water extract of liver which is  soluble in 

70 per cent ethyl alc ohol;  E-1417 is somewhat purer . 

The adenylic acid wa s the adeno sine -5-pho sphoric acid 

kindly supplied by the Ernst Bischoff Co . , Ivoryton , 

Connecticut . 

B .  Preparation of Aged Cell Su spen sions 

1 .  Maintainence £! Stock Culture s  

Stock culture s of B .  cadaveris were maintained on 

slant s with the following compo sition : 1 per cent yeast ex­

tract , 1 per cent trypton� , 0 . 5 per cent monopotas �i� ph��­

phate and 2 per cent agar . The slant was streake � ,  incuba­

te d for twenty-four hours at 30 C and stored at 4-6 C; they 

we re tran sferred at intervals of six weeks ; each six months 

they were plated out and checked for purity from discrete 

colony isolate s .  

Stoc k culture s of the strains of s .  cerevisiae were 

maintained on a medium of the foll<:>wing compo�i tion :. 1 J�e-� 

c ent ye a s t  extract , 1 per cent gluco se and 2 per cent agar . - . 
Before sterilization the medium wa s ad ju sted to pH 5 with 

... .. • >' • • • J 

concentrated sulfuric acid . The slants  �ere streak�d , ;nc�� 

bated for fortr-eight hours at 30 C and stored at 4-6 C; the 

culture s were transferred to fre �h slant s at thre e month 



intervals ,  and were checked for purity from _ single colony 

isolate s every eighteen months .  

2 .  Medium 
' 

' 

30  

The organi sm used in  the preparation of the cell sus ­

pension wa s grown in the following broth medium: 1 per cent 

yeast extract , 1 per cent tryptone , and 0 . 5  per . cent mono­

potas sium phosphate . This medium is referred to as A-C 

medium. 

3. Preparation of the Inoculum 

The inoc�lum was  prepared by re�oving a small quan-

tity of bacterial growth from the stock culture slant and 

placing it in a 15 X 150 mm .  te st tube containing 8 ml . of 

A-C broth . This culture was  incubated for twenty-four hours 

at 30  C ,  after which it wa s sub-cultured by removi�g one 

loopful to a fre sh tube of broth . After five serial sub-

culture s the orgapi sm was  considered to be physiologically 

active ; during routi ne work daily tran sfers were made of the 

organi sms in order that fre sh culture s were always avail-

able . 

4. Growth of the C ulture in Large Quantitie s  
-

A 500 ml . Erlenmeyer flask containing 300 ml . of A-C 

medium wa s inoculated with 1 ml . of a twenty-four hour cul-

ture of the organi sm used . The flask wa s incubated for 

twelve to sixteen hours at 30  C after thorough mixing of the 
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inoculum by gentle swirling. When large quantities of cells 

were desired , two or more flasks of cells were prepared . 

5 .  Harvesting �he_ Cultur� 

After incubation the culture flask was removed from 

the i ncubator , swirled to insure good suspension of the 

cells , and centrifuged in a Servall Angl� H�ad centrifuge at 

1800 g. for twenty minutes. The supernatant was carefully 

decanted ; about 50 ml. of distilled water was added to one 

of the bottles and vigorously shaken to assure comP.lete sus­

pension of the packed cells . This suspension was then added 

to the second bottle , and again the mixture was shaken ; the 

resulting suspension was diluted with an additional 150 ml . 

of water , and then recentrifuged at 1800 g .  for twenty min­

utes. The resulting supe.rnatant was discarded , and the 

cells then aged . 

6 .  Aging the Q!11 Suspension 

About 1 0  ml . of �ne M phosphate buffer , pH 4 . 0� � 
'· 

0 . 05 ,  was added to the centrifuge bottle containing the 

washed eel s ;  the suspension was thoroughly mixed and aer-
/ ated by drawing the material into a 10  ml . pipette and ra-

pidly discharging the solution against the bottle wall . The 

mixture was allowed to stand for thirty to sixty minutes at 

room temperature (22-27 C)  with occasional shaking to insure 

complete su spension of cells. Although this procedure did 

not always give reproducible results , it invariably led to 



�orne degrada tion o� the e nzyme s y s tem� a nd activity of the 

coenzyme could b e  mea s ured. Biotin activi ty , on the other 

hand , wa s very of ten ei ther slight or negligible . 

C .  Method of Coe nzyme A s say 

' 
Aged cell s�spe nsions of B .  cadaveri s were u s e d _ in 

the coe nzyme a s say . R eaction ve s sel s  wer e 12 X 1 00 mm .  

Pyre x te s t  t ub e s to which the f ollowing ma t erial s were ad-
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ded in order : phosphat e  b u f f er ,  wa ter , amino acid , biotin, 

adenylic acid , yea s t  or liver e x trac t s tandard and yea s t  or 

liver extr ac t frac tions to b e  a s s ayed . Whe n  the proper ad-

ditions had b e e n  carried out ,  the . t ub e s  were placed in a . . 

large wa ter bath a t  37 . 0  ± 0 . 5  C and allowed to equilibra t e  

temp era t ure for at lea s t  t e n  mi nu te s .  The cell s u sp e nsion, 

previou sly aged , wa s added , and the t ub e s thoroughly shake n 

i ndividually , ins uring a nearly cons tant s ta t e  of oxyge n 

te nsion. After s uitable inc uba tion, ra nging from �hir ty to 

one hundred and twe nty minute s ,  the c ell activit� wa s s top ­

p ed by the addition of one - t e nth volume of 2 molal trichlo-

roace tic acid. The s u spensions were a gain shake n individ­

ually , a nd c e ntri f uged at 1800 g. for twe nty mi nute s . 
. . -

Following centri f ugation, a n  aliquot of the s upernatant wa s 

a naly zed for ammonia content .  Table I pre s e nt s  a n  outline 

of a typical a s say for coe nzyme activity .  
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TABLE I 

TYPICAL EXPERIMENT :MASTER SHEET 

Volume in ml . a dde d 

Tube 
Reagent 

No . 

1 2 3 4 5 6 7 8 

C e ll s ;  0 . 5  mg . 
N/ml . ;  pH 4 0 . 2 0 . 2  0 . 2  0 . 2  0 . 2 0 . 2  0 . 2 0 . 2  

Buff er ; 1 M •  
_ ,  

p H  4 1 . 0  1 . 0  1 . 0 1 . 0  1 . 0 1 . 0  1 . 0  1 . 0  

Subs tra t e ; 0 . 1 M ;  
pH 5 0 . 1 0 . 1  0 . 1  0 . 1  

B i o t i n ; 0 . 1 Jl�· 
p e r  ml . ;  pH 0 . 1  0 . 1  

Adenyl ic ac i d  
1 mg . /ml . ;  pH 5 0 . 1 0 . 1  

Ye a s t  extrac t s t an-
dar d ;  10 mg . /ml . 
pH 6 . 5  0 . 1 0 . 1 

Ye a s t  extrac t frac -
t i on ; 1 0  mg o /ml . 
pH 6 . 5  0. 1 0 . 1 

W a t e r  0 . 8  o . 6  0. 7 0 . 7 0 . 7  o . 5  o . 6 0 . 6  

T o t a l  volume 2 . 0 . 2 . 0  2 . 0 2 . 0 2 . 0 2 . 0 2 . 0  2 . 0  
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'D .  Analysis  for Ammoni a.  Nitrogen 

1. Preparation .2£ Ne s sler Reagent 

The method used for the .ammonia analyse s  C-qmbrei t ,  

Burri s and Stauffer ( 1945 } i s  
'"' .. 

specific for ammonium ion ,  

wi th slight interferenc e s  by tetr�valent organic ammonium 

ions . .The princ iple involved i s  that of the Ne s sler reac ­

tion in the formati on of � co lored me:curi -ammonium· compl�x .  

The reagent was prepared by grindi� ten grams o f  potas sium 

iodide in a mortar to a very fi ne powder to prevent_. dif - . 

ficulti e s  in di s solvi ng the material . Five grams of mer-
.., 

curie i odide was added and the mixture ground to a light red 

powder . Fifteen mi lliliters of water was added to the mor­

tar ; the re sulting solution was a light green c olor . Thi s 
'· 

soluti on was washed into a · flask and di luted to 1000 ml . 

A 1. 5 per c ent gum arabic , gum ghatti or gum acac ia  

solution was prepared b y  plac ing 6 g .  of  the powere d  gum in 

a mortar and adding a. small amount of water . This was vig­

orou sly ground to a thi ck  pa�te and di luted to·
' 4�0 ml . 

To prepare the reagent 1 000 ml . of the potassium io­

di de -mercuric iodide soluti on was mixed with 320 ml . of  the 

gum so lution ,  and diluted  to 3000 ml . If prepared correct-. 
ly , no c olor was di scernible , and no precip! tate fo nne � _ on 

standing . The solution stored in a Qrown stoppered bottle 

or in the dark was stable for severa� months . 
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2 .  Analysi s of the S�mpl � s  

. The following addi ti ons were made t o  a s eri e s  o f  15 X 

1$0 nnn . te s t  tube s :  3 ml . o f  a 1 0  per c en t  sodium hydroxi de 

soluti on , 1 ml . of the sample to be analyz�� '  2 ml � of 

Ne s sler re agent , an d  4 �1 . of water . A bl ank , usi ng water 

ins tead of an ammoni a sample , served as a zero s tandard . 
.. 

The soluti on s  were mixe d tJ:loroughly by inversion of the 

c appe d  tube s ,  al l owed t o  s t and for t en minute s ,  and then 

read in a Kle t t -Summerson photoelec tric c o lorimeter e quipped .. � ... 
!i th a 4200 A •  fi l te r .  The same c ol orime ter tub e wa s use d 

. . .  
througho�t one s e t  o f  readi ngs ; thi s  tube wa s rin sed with 

water betwe en e ach reading . The re adings were converte d to 

mi crograms of ammonia w1 th a st an dard curve (Fi gure 5)  which 
. � �  � 

wa s derived from cumulatiye data of five s ep arat e a s says . 

According to Umbrei t ,  !1 !!· , ( 1945 ) thi s  techni que i s  sen-. . . .  
s i tive to t o . S  mi crograms ; somewha t be t ter sensi tivity i s  

c ommon i n  routine analy si s .  

E .  Me thod of Mea suri ng C ell Suspensions 

C ell suspensi ons were st andar di z e d  turbi dimetri c ally 
. . .  

again s t _ni trog�n c onte nt for co nvenienc e . A suspen s i on of 

c e l ls wa s prepared as de scribed; the turbidity _ _  �f � sui table 

serie s of di lut ions wa s read wi th the Kle tt -Summer son photo -. .  -
electric colorim�ter wr"th the 4200 A .  filte r : Eetch �f the 

di lut i ons wa s an alyzed· tor· ni trogen conten t  by ipcubating 
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1 ml . of the suspension with 1 ml . of concentrated sulfuric  

acid for eighteen hours at 110  c .  At the end of  thi s time 

two drops of 30  per cent hydrogen peroxide ( Superoxal ) were 

added,  and the mixture reincubated for four hours at  110 C .  

The soluti on s  were c ooled and made di stinctly alkaline witg 

saturated sodium hydroxide solution .  Two milliliters of 

Ne s sler reagent Wl\J.t added .. to e ach tube , the volume was in­

creased to ten milliliters wi th water , and the tube s were 

read in the c olorimeter . By sui table c alculation a standard - .. 
curve was _ prepared (Figure 6 )  which shows the rel�tions�ip 

b�t!e�n c�n?entration of nit�ogen per milliliter of cell 

suspension and the turbidity.  ' '  

F .  Microbiologi c al As say o f  Biotin 

1 .  Introduc tion 

Although several methods of a ssay for biotin are . .  
available ('Snell , . e t  .!1• , 1940; Lampen,  ll .!1• , 1942 ;  Wri ght ... . � .  - . . . . - . ... .. ' - ·  . . , . 
and Skeggs, 1944 ) ,  eaoh wi th its  particular advantage s ,  the ' " � .. .. . ·- . . . ... -- - ... - . . . 
general method of Snell , e t  al . ,  (194� ) - �as � the _ mo s� practi-

cal for  our use . Thi s method involves th� -��e. �f
.
��--

cerevi siae a s  the te st orgat;t� sm , and t�rb;dity _ a s  �he ���i :-:­

c ator of growth . I t  i s  a convenient method from the stand-. ,. .  , 
point of speed of a s sembly , ease  of reading, an� _

th� _.med�� 

i s  considerably le s s  expensive that the corre sponding syn­

thetic media required for th� growth of the various strains 
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of Lac t obac i l l i . Since few amino a c i d s  and v i t amin s  ar e in 

the medium only a limi ted number of organi sms are able to 

grow ; therefore , there i s  no ne ed to use a s ep t i c  harve sting 

techni que s ,  whi ch s i mpl i f i e s  the proc e dur e . 

2 .  Me dium 

The me dium of Snell , � � . , ( 1940 )  wa s mo d i f i e d  c on ­

s i derably duri ng the c our se o f  the inve s t i gat i on .  Al though 

thi s medium i s  extreme ly s imple wi th re spe c t t o  the amino 

ac i d  re quiremen t s , it appears to c ontain the nece s s ary fac -
' 

tor s for good growth of mo s t  strains of S .  cerevi s i a e . The 

medium mo s t  fr e quently u s e d  i s  given in Tab le II ; the c on ­

c entra t i on o f  ino s i to l  wa s change d on s everal oc c a s i on s  in 

order to employ the maximum c onc entrat i on of thi s materi a l . 

S .  c erevi s i ae ( .Java ) requir e s  a tremendou s amoun t .of ino s i ­

tol for growth ; S .  cerevi s i ae (139 ) on the other hand do e s  

not re qu i re thi s fac tor for growth . 

3 .  Prepara t i on of Inoculum 

The inoculum wa s prepared by sub culturing the de s i r e d  

s train of S .  cerevi s i ae in a tube c onta ining about 8 ml . of 

A-C me dium forti f i e d  wi th one drop of 20 p er c ent gluc o s e 

solut i on .  Thi s cul ture wa s incubated e i ghteen hour s at 

30 C .  After incuba t i on ,  the c e l l s  were harve s t ed by c en­

trifuga t i on in a 50 ml . p l a s t i c  c entr i fuge cup (no t  s teri le ) 

a t  ab out 1200 g. for ten minute s .  The c el l s , obtained by 

dec ant a t i on of the supern a t ant , wer e  su sp en de d in 10  ml . of 



TABLE I I  

A SYNTHETIC ASSAY MEDIUM FOR BIOTIN 

Sucrose • o • o • • • 0 0 0 0 0 • 0 . • 0 0 0 . . 0 . 20 . 0 

• ) . 0  Ammonium sulfate . • • 0 0 0 0 0 0 • 

Monopota s sium phosphate • • • 0 0 0 

. . 

0 • 

. . . 

• • • 

0 • 

• • •  2 . 0 

g .  

g .  

g .  

Ino si tol • • • • • • • • •  • 0 • 0 0 • 0 0 • 0 • • • 2 . 0  g . l 

Calc ium chloride dihydrate • • •  • 0 • 0 • • 0 • • • 0 . 25 g .  

Magn� s��� - �ulfate heptahydrate • • • • • 

DL-Aspartic  ac id .  • • o • • o • o • • o 

• • 

• • 

• • • • 0 . 25 g .  

. . • •  0 . 20 g .  

Boric ac id .  • 0 0 0 0 0 • 0 0 0 0 0 • 0 • • • •  1 . 0  mg . 

Zinc sulfate . • 0 0 0 0 0 • 0 • 0 • • 0 • • • . . . 1 . 0  mg . 

Mangane se sulfate 0 0 0 0 0 0 • 0 0 • 0 0 0 0 0 0 0 1 . 0 �g .  

beta-Alanine • •  0 0 0 • 0 0 0 0 0 0 0 0 . . . • 1 . 0 mg . 

Ferric chloride • 0 0 0 .. 0 

Cupric sulfate pentahydrate 

Potas sium iodide • • • • • •  

Nicotinic ac id  ( synthetic ) .  

0 0 

• 0 

0 • 

0 0 

0 0 0 0 • 

0 • 0 • • 

. 0 . 5  mg . 

o o • 0 . 1  mg . 

• • 0 0 • • 0 0 0 0 0 . 1  mg. 

• 0 • 0 0 0 0 . . . . . 

Pyridoxine hydroch�oride ( synthetic ) .  o 0 • 0 0 0 0 

10.0 )lg . 

20 )lg . 

20 )lg . 

• •  1 000 ml . 

Thiamine hydrochlori de ( synthetic ) .  

Water • • • • • . • • . o • • • • • 

0 0 • 0 .. 0 

0 0 0 0 0 0 

1 Occ a sionally thi s value wa s 2 . 0 mg . instead of 



water and recentrifuged .  Thi s proce s s  was repeated twice  to 

give t�ree washings of the cell s . Ten mi lliliters of water 

was added ,to the washed cell s ,  the cells  were suspended by 

vigorous agi tation ,  and a dilution was made by addin� 0 . 05 

ml . of the suspension to 5 ml . of water . One -tenth of a 

milli li ter of the dilute suspension was added to each 100 

ml . of a s say medium to be used.  Thi s t echni que re sulted in 

assays with negligible growth in tho se tube s c ontaining no 

biotin , even after forty-eight hours incubati on .  

4 ·  Method of As.s ay 

The growth chambers employed were 25 X 250 mm .  Pyrex - . 
...... # ... 

te st  tube.s . Additions  of biotin in graded concentrations  

were made to provide a standard curve wi th each a s say ,  since 

the turbidity levels  varied somewhat in each as say ;  ac curate 

determinations of concentrations  of biotin in the unknown 

c ould not be made wi thout the use of a spec ific standard 

curve . Appropri ate quanti tie s  of the unknown were al so ad­

ded to similar tube s ,  and the final volume in all tubes  was 

made to one milliliter . The tube s were steamed for ten min-

ute s in order to kill any vegetative cell s which mi ght be 

pre sent , and allowed to c ool . After cooling , 5 ml . of syn­

thetic medium , previ ously inoculated ,  wa s added to each 

tube . The tubes  were incubated for a sui table time at 30 C ;  

they were checked periodically , and when the tube containing 

no biotin began to show a small quantity of growth, the in-



cubat i on period wa s considered c omplete . 

After incubation ,  the tube s were shaken vi gorously to 

insure complete su spension of the pac ke d  cel l s , and the tur -

biditie s  read in a Kle tt-Summer son photoelec tric c olorime ter 

e quipped wi th a 4200 A. filter . Conc entrations of biotin in 

the unknown wa s de termine d by the graphi c me thod , having 

previ ously plotted the standard curve of the as say on semi ­

logarithmi c paper . A typical standard curve i s  given in 

Figure 7 .  

G .  Techni que s for the Separation of the Coen zyme 

1.  Gene ral Technique s 

In order to e stabli sh certain physi co -chemical char-

ac teri s t ic s ,  the normal techni que s of solvent solub i l i ty ,  

ac i d  an d base stabi lity , and ab sorption charac teri st i c s  were 

inve sti ga ted and wi ll be de scribed bri efly under the experi -

mental proc e dure s in que stion .  

2 .  Chromatographi c Te chnique s 

a .  General de sc ripti on . The asc ending paper parti ­

tion chromato graphi c te chni que of
.

Horne and Pollard ( 1948 ) 
'"' 

wa s used . In thi s proc e dure a two -phase solvent system a s -

c ends a hanging paper strip through c apillari ty .  I t  i s  
. 

re adily adap table to a large vari e ty of solvent s and i s  con-

si derably simpler to manipul ate than the de �cending tech­

ni que outl ine d by C onsden , Gordon and Martin ( 1944) . 
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b .  Paper . The paper used in the se experiments  was 

Whatman No . 1 filter paper , suppli ed in sheet s  measuring 18 

X 22 . 5  in a Each sheet was cut wi th a razor blade into 

strip s measuring 3 X 18 in . A thin penc il line , drawn at a 

point 2 in . from one end or the paper , was used a s  a primary 

reference line upon which the materi al was depos ited . The 

s trip s were handled wi th forcep s to prevent the deposition 

of materials by the hands . 

c .  Solvents .  A large number of solvent systems can 

be used to separate materials by paper partition chromato­

graphy . The solvent systems used in thi s work were : 

( i )  water ; thi s system was the simple st of the sol­

vent systems , and employed di stilled water a s  both the 

mobile ( ascending ) and s tationary ( saturating } phase . 

( i i )  phenol-water ;  the mobi le phase wa s composed of 

a solution of 75 ml . of melted phenol mixed wi th 25 ml . of 

water . The phenol-water solution was colorl e s s  and , if used 

within twenty-four hours after preparation ,  gave reproduc ­

ible re sults , with l ittle di scoloration of the strip s by the 

phenol . Aft r use , the solution was di stilled to  rec over 

the phenol . During di stillation ,  the phenol-water azeotrope 

was collected  a s  i t  came over at  99-100 C and saved.  When 

several l iters of thi s azeotrope had been collected,  the 

· solution was saturated wi th sodium chloride , the phenol lay­

er rec overed ,  and redi s tille d .  The pure phenol di stilled at 

182 C and when c ool was stored in brown narrow-mouth bottles  
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until ready for use . The stationary phase for thi s  system 

was water . 

( i i i ) butanol-water ; thi s  system c on si sted of a 

mobi le ph�se of butanol saturated wi th water , and a station­

ary phase of  water or 50  per  cent ethanol-50 per  cent water . 

( iv ) i soamyl �lcohol-phosphate ; the mobile phase of 

thi s sys tem consi sted of a 5 mm layer of i soamyl alcohol 

over a 5 per cent solution of di sodium phosphate . The sta-
. .  

tionary phase was water . 

(v ) ethanol-ci tric  ac id ;  the mobi le phase was a solu­

tion made of 200 m� . of ethyl alcohol mixed with 40 ml . of 

5 per cent c i tric ac id  soluti on adjuste d to pH 3 . 78 wi th 
. 

sodium hydroxide . No stationary phase was used with thi s 

sys tem . 

d .  Preparation £! the strips . The sample of the 
. 

material to  be chromatogramed wa s di ssolved in  water so that 

0 . 05 ml . contained from 0 . 3 to 30 mg . The paper strip was 

placed on a hot plate set  at 300 F so that the reference 

line was acro s s  the center of the hot plate . By rapid  addi -
-

tion of the eluti on from a serologi cal pipette a smooth de -

posit  c ontaining about 0 . 05 ml . of material could be made 

acro s s  the reference line . The dried  strip was removed from 

the hot plate and stored .  In thi s way sample s of  material 

could be stored for future use qui te  easily.  

e .  Development of the chromatogram .  The chambers 

used were e i ther single unit s  consi sting of 6
'
x 18 in .  bat-
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• tery j ars , or large c ircular aquaria  13 X 24 in .  The se were 
. 

equipped wi th small di she s in which the mobile phase was 

placed ;  the stationary phase wa s placed in the bottom of the 

chamber surrounding the central di sh . In the small chambers 
. 

the strip wa s hung from a wire brace fastened to a flat 

gla s s  top ; the larger chambers held a wooden rack which sus ­

pended a c ircular aluminum brace around which seven strips 

could be hung at one t ime . To run a chromatogram the sta-

tionary phase was added to the chamber to a depth of about 

10  mm. the mobile phase placed in the central di sh to about 

15 mm. in depth , the strip hung from the brace fastened wi th 

a wire clip , and the top put into posi tion . The strip was 
. 

so adjusted that about 5 mm . of the end of the strip was im-

mersed into the mobile phase solvent . The chamber was 

placed in an incubator to avoid  drafts  and temperature 

change s .  After twelve to  twenty-four hour s , the solvent 

front had advanced  to about 280 mm . from the reference line ; 

the strip was removed from the chamber , and the posit ion of 

the farthe s t  solvent advancement was marked .  The strip was 

dried at 110  C for thirty to sixty minute s .  

f .  Measurement .Q! the E.:f: value s . In order to e stab ­

li sh the difference in mobility of various  material s i n  the 

sample , the use of the front ratio  (Rf ) value was employed .  

Thi s ratio i s  defined as : 

Di stance traveled by a particular substance 
Rf = 

Di stance traveled by the solvent front 



where both di stanc e s  are determined from the reference line . 

Since there are no known colorime tric methods for de -

tecting the pre sence of e i ther biotin or the c oenzyme of a s ­

partic aci d  deamina se , these materials were detec ted by mi ­

crobiological and enzymatic a s says  of the water eluate s of 

the strip s .  The strip was cut in ten equal piec e s ,  starting 

with the base  reference line and continuing to the posi tion 

of the farthe st  advanc e of the s olvent front . They were 

marked a s  Rf 0 . 1 to 1 . 0  in tenths ; thus the materi al having 

an Rf 0 . 6  to 0 . 7  would be found in the fraction labeled Rf 

g .  Elution of � s trips . If single strips  were to  

be as sayed ,  the individual piec e s  were minced wi th sc i s sors 

and placed  in  te st  tube s ;  3 to 5 rnl .  or water wa s added to 

each , and the sludge wa s allowed to stand one hour . A s says 

were then made on the eluting fluid .  If l arge numbers of 

strip s were to  be pooled ( a s  many as 200 strips were pooled 

in one experiment )  all those piec e s  wi th the same Rf value 

were placed  in a Waring blender , covered wi th water , and ' 
minced . The sludge was allowed to stand for at least  six 

hours , fi ltered to remove the paper ,  and evaporated to dry­

ne s s .  Duri ng evaporati on some material would precipi tate 

which c ould not be redi s solved in water . Thi s materi al was 
. 

removed from the water soluble portion by re - soluti on in a 

small volume of wa'ter , fil taring the mixture , and evaporat-

ing the filtrate to dryne s s .  The sample s  were wei ghed,  and 
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a standard solution containing 1 mg . per 0 . 1 ml . was pre ­

pared .  Thi s solution was a s sayed both for bi otin content , 

by measuring the growth re sponse of £o cerevi s iae ; and for 

c oenzyme activity ,  by measuring the asparti c ac i d  deaminase 

activation of aged c ell suspensions  of B .  c adaveri s .  

! I 



CHAPTER II I 

EXPERIMENTAL DATA 

A .  Demonstration of the Coenzyme Present in Yeast  Extrac t 

The evidence pre sented by Lichstein {1949a )  indi -
- ,., 

cated that the coenzyme of a spartic ac id deaminase was pre s -

ent i n  yeast  extrac t .  This  conc lu sion wa s reached because 

of the nature of the s timulati on in compari son with bi otin 

or adenylic  ac id s timulations ; the as say of yeast  extract by 

biotin a s saying techni que s and enzyme as saying techni que s 

showed a hundred-fold difference in the leve l s  of stimula-

tion .  

Clearer demonstration of the exis tence of the coen-

zyme i s  given in the following data : the re sponse of the 

cell s i s  direc tly proporti onal· to the concentrati on of yea�t 

extrac t added in a sparti c ac id  deaminase a s says (Fi gure 8 ) ; 

the s timulati on caused by a given amount of yeast  extrac t i s  

in direc t relation wi th the c oncentrati on of the substrate 

added (Figure 9 ) ;  and stimulation of c ells could be obtained 

after aging on nearly every attempt . That thi s substance i s  

not i dentical wi th either bi otin or adenylic  ac id  (both of 

which are pre sent in yea st extrac t )  can be seen from the 

data pre sented in Fig�re 1 0 .  Because of the intere st  of 

many inve sti gators in the field of amino ac id me taboli sm ,  i t  
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seeme d that charac teri zat i on of the coen zyme would be an im­

portant contri buti on to the knowle dge of amino aci d me tabo ­

li sm . 

B.  Re si stance of the C o en zyme to Phy s i c al 

and Chemi c al Manipul ation 

1 .  Soluti on and Stabi li ty in Water 

The c o enzyme wa s remarkably s table in wat er soluti ons 

in conc entrat ions up to 10 per c ent . The se  solutions when 

store d at 4-6 C would remain stable for several months . 

2.  Stabi l i ty to Heat 

a .  Au toclavi ng .  The co en zyme ac tivi ty of a 1 per 

c ent solut i on of ye a s t  e xtrac t i s  not appreci ably altered by 

autoclaving at 15 p ounds pre s sure (121 C )  for f i fteen min­

ute s (Table III ) . 

b .  Evaporation to dryne s s . A 1 per c en t  soluti on 

wa s evaporated to dryne s s  at 11 0 C ,  and redi s solved in wa­

ter . Repe ated solut ion and evaporation to dryne s s  had lit ­

tle or no e .  e c t  on the c o enzyme (Table III) . 

c .  Incineration . One gram of ye a st extrac t wa s 

plac � d  in a crucibl e , an d i gni t e d  c arefully . Af ter ini ti al 

a shing , the crucible wa s allowed to  c ool and ::5 ml . of con­

c entrated ni tri c ac id adde d .  The so lution wa s boiled for 

thi rty minute s ,  al lowed to c ool , and 2 ml . of 50 pe� cent 

perchlori c ac i d  adde d .  The so lution wa s rehe ated unti l 
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TABLE I I I  

RESPONSE OF AGED CELL OF BAC TERIUM CADAVER I S  T O  SAMPLES 

OF YEA ST EXTRAC T THAT HAVE BEEN SUBJEC TED TO 

DIFFERENT TREATMENTS 

Addi t i on s  

None 
Bi o t in: , 0 . 1 p.g . 

Y e a s t  extrac t ,  lmg . , 
tre a t e d  a s  follows : 

None 

Au toc l ave d 1 hr . 

Rep e a t e d  evap o ra t i on 
to dryne s s  

I nc ine rat i on 

Ac i d  hydroly s i s 

Alka l i ne hydroly s i s 

Experiment 
1 7 - 1 9  17 - 2 2  

- - - - - -

Number 
1 7 -26 
- - - -

1 7 - 3 2  
- - - -

Mi crograms Ammoni a N i trogen1 

� · S 5 . 9 6 . 1  4 . 2  
. o  7 . 8  6 . 1  5 - 9  

9 . 5  19 . 7  15 . 1  7 - 7  

1 3 . 7 23 . 2  1 0 . 1 7 - 7  

1 3 . 8  15 . 8  

3 . 2  5 . 7 

1 3  .. 6 39 · 4 2 3 . 5  19 . 2  

9 · 7  19 . 7  

1The value s gi ven are c orre c te d  for the ac t i vi ty of 
dup l i c a t e  sample s p repar e d  and incub a t e d  i den t i c ally wi th 
the e xp e rimental tube s but l acking a dde d a sp ar t i c  ac i d  
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whi te fume s were given off , allowed to c ool , and added to  60 

ml . of water . The mixture was neutrali zed wi th 10  per c ent 

sodium hydroxide , diluted to 100 ml ; fi ltered , and the fil­

trate a s sayed for c oenzyme ac tivi ty (Table III } . I t  i s  evi ­

dent from the data  pre sented that incinerati on de stroys the 

c oenzyme , and i t  was c oncluded that the c oenzyme was organic 

in nature . 

3 .  Stability to  Ac id Hydrolys i s  

One gram of yeast  extrac t was di s solved i n  5 0  ml . of 

water and 2 ml . of concentrated hydrochloric ac id  added;  the 

mixture was refluxed for thi rty m�nute s ,  c ooled ,  neutral­

i zed,  and diluted to 100 ml . As say for coenzyme c ontent 

(Table III ) shows an increase in aytivi ty . Thi s  may be due 

to  a degradation of more complex fbrms of th� coenzyme to  

simpler substance s more available to  the enzyme system . 

4 .  Stabi lity to _ Alkaline Hydrolysi s  

One gram of yeast extrac t wa s di s solve d i n  50 ml . of 

water and 5 ml . of a 10 per c en t  sodium hydroxi de solution 

added .  The mixture wa s refluxed for thirty minute s ,  cooled ;  

neutrali zed , and diluted to  100  ml . Assay revealed that 

there was no pronounced effec t on the c oenzyme ac tivity by 

thi s treatment ( Table III ) . 
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c .  Solve nt Solubility of the Coenzyme 

1. Solubility Tests 

To determine the s olubility of the co enzyme in a par­

ticular solvent 1 g .  of yea st extra ct wa s placed in an 

Erl enmeyer flask and 100 ml . of solve nt added . The mixture 

wa s  he at ed to boiling , cooled and filtered . The precipi­

tat e was dried at 110 c ;  the filtrate wa s  evaporated to dry­

nes s at the s ame temperature . As s ays ( Table IV ) re veal ed 

that the coenzyme wa s  ins olubl e in commercial or ab solute 

diethyl ether , ethyl sc etate , n-butyl al cohol , car bon tetra­

chloride and Chloroform ; it was only slightly soluble in 

is o-propyl al cohol ; it wa s  relatively s oluble in methyl al -
- . 

cohol and 95 per ce nt and al? solute ethyl alcohol ; it wa s  

compl et ely solUble in wate r .  No good fractionation of yeast 

extract wa s obtained by this technique . 

2 .  Solvent Extract ion Results 

Since the coenz yme wa s  s oluble , at lea s t  to s ome ex­

te nt , in ethyl al cohol , extrac tion of ye ast extrac t with 

this solvent wa s  attempted. Both Soxhl et and :m flux extra c-

tion precedures w�re us ed. However, no clear cut extra ction 

could be ma de with absolute ethyl al cohol , even after three 

sep arate extractions of the s ame material . 
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TABLE IV 

SOLUBILITY OF THE C OENZ¥ME OF ASPARTIC AC ID DEAMINASE 

IN VARI OUS ORGANIC SOLVENTS 

Experiment Number 

Addi ti ons 

None 
Bi oti n ,  O o l }lg o 

Yeast extrac t,  1 mg . , 
treated as  follows : 

None 

Sol o in methanol 
Ins . in methanol 

Sol o in 95� ethanol 
Ins .. in 9516 ethanol 

Sol . in ab s :  ethanol 
Ins . in ab s .  ethanol 

S ol . in i sopropyl ale : 
In s .  in i sopropyl ale . 

In s .  in ·c.om.l . ethe)
3 

In s . in ab s .  ether . 
In s : in g-butyl alc oh�l 3 
In s .. in ethyl acet�te 
In s .. in chloroform 
In s .. irt c asbon tetra-

chloride 

1 7 -45 
- - - -

1 7-32 
- - - - - - -

Micrograms Ammoni a 

5 . 5 4 . 2 
5 . 5  5 . 9  

14 . 3 7 . 7 

19 . 4 
8 . 5 

14 . 8  
1 0 . 3 

18 . 2  
9 o 5 

1 0 . 6  
9 · 5 

20. 5 
14 . � 1.5 . 

15 .. 4 

2see footnote 1 ,  Table I I I  

3No soluble materi al c oul d be i solated 

17 -26 
- - -

Ni trogen2 

6 . 1  
4 . 6 

15 . 1 

9 · 8 . 
11 . 2  



D .  Chromatographi c Charac teri s ti c s  of the Coenzyme 

Ten milli grams of ye a s t  extrac t wa s di s s o lved in 0 � 1 

ml . of wa ter and plac e d  on a p ap er s trip 1! X 18 i n .  A num­

ber of the s e  s tri p s  were pr epared and c hr oma t ographic ally 

deve lop e d  using the var i ou s  solvent sys tems de s c ri b e d .  

1 .  Water Mobi l e  Pha s e  

Wi th wat er a s  the m ob i l e  pha s e ,  a s t rip c ontaining 

ye a s t  extrac t wa s develop e d ,  dri e d ,  s e c t i one d ,  e luted wi th 

water , and te s t e d  for bi otin c o� tent and c o en zyme a c ti v i ty .  

The ;e sul t s  (Fi gure 11 ) i�di c at e  that bo th bi o t in and the 

c o en zyme are depo s i te d  i n  the same are a . However , a c ontrol 

us ing pur e  b i o ti n  shows a di s tinc tlr. diffe rent Rf v alue . 

The s e  da ta sugge s t  ei ther that no fre e bi o ti n  i s  pre sent in 

ye a s t  extrac t or tha t the water mobi le pha s e  i s  no t s a ti s ­

fac tory a s  a chromatographi c  solvent i n  thi s c a se .  In o rder 
. 

to che c k  the s e  hypo the s e s ,  chromatogram s  o f  ye a s t extrac t· 

and ye a s t  extrac t c ontai ning adde d bi oti n were run and a s-

s aye d .  F i gure 12 shows tha t the re are only sli gh t  di ffer-

enc e s  b e tween the two curve s and thu s i t  woul d appe ar tha t 

water a s  a mob i l e  pha s e  i s  an un s a t i sfac t ory so lvent for 

chroma to graphi c de ve l opment of ye a s t  e xtrac t .  

2 .  Butanol-Water Mob i l e  Pha s e  

Wi th s trip s prepared a s  previ ou s ly de s cribed and 

chromatographi c a lly deve loped u s i ng but anol s aturat e d  wi th 
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water a s  the mob i l e  pha se a chroma togram r e sul t e d ,  whi ch 

when a s s ayed (Fi gure 13 } gave re sul t s  s imi l a r  t o  tha t ob­

t a ine d wi th water . 

3 .  Phenol-Water Mobi l e  Pha s e  

A p ap e r  s trip impr e gna t e d  wi th ye a s t  extrac t wa s 

chroma togr aphi c ally deve l op e d  wi th phenol -wa t e r  a s  the mo­

b i le pha se . I t  wa s evi dent from the da ta ( F i gure 14 ) tha t 
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suc c e s sful separ a t i on of b i o t in from the c o en zyme had b e en 

effec t e d; i t  c an a l s o  be s e en tha t s .  c er e vi s i ae do e s  no t 

re spond to the c o enzyme frac t i on .  Bec au s e  of the involve ­

ment o f  b i o t in in serine and thre onine deamina s e s ( Lichs t e in 

and Umbr e i t , 1947�; Li c h s t e in and Chri s tman , 1948 ) the c oen-
- - -

zyme frac t i on ,  apparently pure wi th re spe c t  t o  fre e b i o t in , 

wa s t e s t e d  aga in st the s e  de amina se s .  F i gure 15 shows _ that 

the c oen zyme ma t e ri al st imul ate s all thr e e  de amina s e s .  

Al though the involvement o f  b i o t i n  i n  the se deami -

na se s do e s  not nec:e s sari ly me an tha t i t  i s  the c o enzyme or 

even p ar t  of the c o enzyme , de t e c t i on of b i o t in in the c oen-

zyme frac t i on woul d gi ve adde d we i ght t o _ the hyp o the � i � �h� t 

the c ?enzyme i s_ an ac t i ve form of b i o t i n .  A s  alre a dy s t a t -
• � � � I 

e d ,  S .  c e r e vi s i a e  ( 139 ) do e s  not re sp ond t o  thi s frac t i on ;  

two p o s sib i l i t i e s  wer e  thu s  pre s ente d ,  e i the r there i s  n o  
. � 

b i ot in in thi s frac t i on � _ or the b i o t in , i f  p re s ent , i s  not 

availabl e t o  thi s s tr a in . 

Exp e rimentally the problem was a t t ac ke d  from two 
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directions . A survey was made of vari ous culture s of 

Saccharomyc e s  that might re spond t o  the coenzyme fraction in 

a bi otin-free medium; the coenzyme was hydrolyzed to deter-
. . 

mine whether biotin could be made available to  £·  cerevi s i ae 

( 139 ) .  The re sults  of such an inve stigation are pre sented 

in Table V .  I t  can be seen that S .  cerevi s iae ( Java ) doe s  
"'"" .. !""\ 

re sponld to the c oenzyme frac tion before hydroly si s ;  S .  

cerevi s iae ( 139 ) doe s not re spond to thi s materi al . Fur-
-� 

ther , hydrolysi s of the coenzyme fraction liberate s bi otin , 

or a substitute of bi otin , which supports the growth of both 

S .  cerevi siae ( 139 ) and S.  cerevi siae ( Java ) . Fraction s  

from the same s trip that do not contain the c oenzyme show 

i denti c al ra.sponse s by S .  cerevi si ae ( Java ) and S .  

cerevi s iae ( 139 ) .  

The fact that bound biotin was c ontained in large 

quanti t i e s  only in those portions  of the s trip whi ch con­

tained the coenzyme could be interpreted in two way s .  Ei -

ther the coenzyme i s  a bound form of biotin , or the a s soci a-
I 

tion i s  one of s imilar physi co-chemlcal .ppoperti e s ;anddthus:.:;  

c an be  separated on further purification .  



TABLE V 

RELATIVE EFFECT ON GROWTH OF TWO STRAINS OF SACCHAROMYCES 

CEREVISIAE BY YEAST EXTRACT AFTER ONE STEP PURIFICATION 

ON PHENOL-WATER CHROMATOGRAM 

TURBIDITY 
SAMPLE 
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Strain 139 StPaln Java 

No additions 
Biotin ) o ; oooor �go 
Biotin ; o: oor pg . 
Biotin, 0. 1 J.lfs • · 

�i?tin , 1 0 . 0 pg . 

Pooled R:f 0 . 1 ,  0 . 2 , · 0 . 6 ,  0 . 7  
·and ·u. B frac tions 4 Same fraction hydrolysed 

Pooled Rr 0. 3 ,  0 .4 ,  and O o 5  frac-
tions 4 Same fraction hydrolysed 

30 
32 
90 

2�9 
2 2 

35 
28 

- -

35 
50 

30 
33 
90  

154 
rbo 

- - - - -

- - - -

40 
32 

- - -

65 
48 

Pooled Rr 0. 9 and 1 . 0  frJiotions · 90 85 
Same fraction hydrolysed� 26 25 

Biotin , 1 . 0 pg . 4 Same hydrolysed 
260 
145 

1Hydrolyses carried out in 6N sulfuric acid , 121 C ,  
for two hours 



E .  Preparat i on of Sample s Pur if i e d  

wi th Re spect  to Free Biotin 

1 .  Prepara t i on of Sample 20-85 

Thirty-eight paper s tri p s  each c ontaining 20 mg . of 

yea st extrac t were run in the phenol -water sy stem. After 

the solvent had advanc e d  to an average l ength of 235 -mm. 

they we re dri e d ,  and a s ec t i on wi th Rf value s of 0 . 4 ,  0 . 5 ,  

and 0 . 6 were remove d .  The s e  c entral port i ons were chopped 

into small p i e c e s  and elute d  with two 100 ml . port ions of 

ho t water . The el uate s were fi ltered , and the fi l trate 

evaporated to dryne s s  under infra -re d li ght . The we ight of 

the dri ed sample wa s 380 mg . ;  thi s wa s di s solve d in a mi�i ­

mum quanti ty o f  water and divi ded among 7 s trip s .  The 
·-

s trip s  were developed in the phenol-water sys ten:t; the Rf 

0 . 4 ,  0 . 5  and 0 . 6  frac t i ons were cut a s  ab ove , extrac ted wi th 

hot wa ter , and c onc entrated under infra-red l i ght .  The 45 

mg . re sul ting from thi s treatment wa s depo s i ted on one s trip 

which was run in the phenol -wa ter sy stem. After deve l opment 

this s trip wa s dri e d ,  cut i n  10  e qual piec e s ,  and e ach 

eluted wi th 6 ml . of wat er . 

Th� di s tributi on of the mat eri al stimul atory for a s ­

part ic acid deamina se in aged c ell su spensions of B . 
. 

cadaveri s shows a greater spre ad than pr evi ou sly {Figure 

16 ) .  Thi s  spread wa s probably due to the gro s s  overloading 

of the strip . However , the gre ate s t  conc en tration of 
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Figure 16 : Paper strip chromatogram distribution of 
coenzyme assayed against aspartic acid deaminase in aged 
cell suspensions of B. cadaveris after purification 20-85 



material wa s at Rf 0. 3 to 0 . 5 ,  a s _ was expe ri en c e d  with the 

e arlier de terminations . The relative st imulat�ry e ffec t of 

the Rf 0 . 4  frac tion on parti ally re solve d aspartic ,  serine 

and threonine de amina s e s  in B .  c adaveri s a s  c ompare d wi th 

the effec t ?f biotin and adenyl i c  acid may be seen in Figure 

17 .  

A pooled sampl e ,  containing the Rf 0 . 3  to 0 . 6  frac ­

t i ons , wa s a s sayed against the 139 and java s trains of §.  
� -

c erevi s i ae in order to de termi ne the c on t ent of bound b i o -

t in .  In addi tion dup l i c ate se t s  o f  tube s were he ld i n  boi l ­

ing water for varying p eri ods o f  time t o  determine ; f f�ee 

biotin c ould be liberat e d  (Table VI ) .  I t  may be noted tha t 
. 

onc e again s train 139 doe s  no t re spond to the unhydrolyzed 

c oenzyme frac t i on ,  whereas growth of the Java s train i s  sup -
. 

ported by thi s frac ti on in a me dium defi c i ent in b i o tin . I t  

may be seen al so that boiling in water apparently l iberate s 

free bio tin whi ch i s  a s sayed by both o rgani sms . 

The ab senc e of free b i o tin i s  more cle arly demon ­

s trated by the fac t that 0 . 1 ml . of the pooled sample doe s 
. -

not c ause any s timul ation of the growth of §. c e revi siae 

( 139 ) .  

2 .  Preparat ion of �ample 20-89 

One hundred strip s  e ach containing 20 mg . of ye a s t  

extrac t were run wi th the ph�nol -�ater system.  The �f 0 . 3 ,  

0 .4 ,  0 . 5 �nd 0 . 6  sec ti on s  were cut , eluted wi th water , 
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TABLE VI 

RELATIVE EFFEC T ON GROWTH OF TWO STRAINS OF SACC HAROMYCES 

CEREVI SIAE BY YEAST EXTRAC T AFTER THREE STEP PURIFIC ATI ON 

ON PHENOL-WATER CHROMATOGRAM 

ADDITI ONS 

No - additi ons 
Bi6tiri; o: oooo1 �g . 
Biotin; 0� 001 pg . 
Biotin; 0 . 1  Jlg . · 
Biotin , 10. 0 }lg o 

TURBIDI TY 
. .. 

Strain 139 Strain 

Exp . l  Exp . 2  Eip . l  

22 22 26 

44 55 50 
103 135 102 
210 278 

i�� 220 300 

Java 

Exp . 2  

54 
74. 11� 

21 
212 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. . 
Rr 0 . 3 , 0 .4 ,  and o.5 

frac tions 

Same fraction boile d  1 hour 
S ame fraction boile d 2 hours 
S ame frac tion boile d 3 hours 

30 21 

38 
80  
29 

50 

52 
b5 
72  

75 

125 
105 

90 
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filtered and evaporated to dryne s s .  The 0 . 693 g .  which was 

obtained wa s run on 21 strips ,  whi ch were eluted,  the 0 . 3  to 

0 . 6 sec tions  were removed ,  eluted ,  and dried .  The yield of 

0 . 389 ' g .  wa s rerun on eleven strip s . The eluat� s of the Rf 

0 . 4  to 0 . 6 sections , al� of whi ch showed c oenzyme ac tivity ,  

were combined and evaporated to drynes s ,  re sulting in a 

sl ightly hygroscopic , dark brown mas s  wei ghing 77 mg . Thi s 
'· 

· material was put on three strip s and run in the phenol-water 

system. An as say of the three s trips with �·  cadaveri s i s  

shown in Figure 18 . The c oen�yme was con tained in the Rf 
0 . 4  to 0 . 6  secti ons on al l three strip s .  The eluate s ,  whe n 

c ombined and evaporated to drynes s ,  amounted to 37 mg . and 

had been considered to  have pas sed through four s teps of 

purification . 

Twenty milligrams of this  material was placed  on a 

three inch s trip and run wi th i so-amrl alc ohol-pho sphate as  

the mobile phase . The strip wa s secti one d and eluted as  

usual ; as say with B .  c adaveri s . showed the great� st  amount of 

material in the Rf 0 . 7 to  0 . 9  r�ge . S .  c erevi siae { 139 ) 

did not re sp ond to  any of the se frac tions . 

The conc entrate o f  Rf 0 . 7 ,  0 . 8 ,  and 0 . 9  of the five 

step purification was combined wi th the r emainder of the 

four step purificati on mat erial and divided into two equal 

parts . One -half of thi s  material was run in an i so-amyl al ­

c ohol-pho sphate mob i le phase system and the other half was 

run in a butyl alcohol mobile phase  system. From the se data 
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Figure 18 : Stimulatory effect  of srunples 20-88 after 
phenol�water development s  (four step purification ) on 
a spartic ac i d  deaminase  of B.  cadaveri s  
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(Figure 19 and 20 )  i t  would seem tha t the c o en zyme frac t i on 

and growth re sp onse of S .  c erevi si ae ( Java ) are intimat e ly 

a s soc i a ted .  Furthe r indi c ati on of thi s  i s  shown by conc en­

tration of the si x step puri ficat i on sample s ,  amounting to 

17 mg . , which were c ombi ned and run in the e th anol -c itr i c  

ac i d · sys tem. Fi gur e 21 show s  a di s tinc t correlation be twe en 

c oenzyme ac tivi ty and growth re sponse of S .  c erevi s i ae 

( Java ) .  

F .  The Effe c t  of Overlo.�di ng of the Strip 

C ompari son of the range of c oenzyme ac tivi ty with 

varying conc entrations of ye a s t  extrac t plac e d  on the s trip 

show tha t  the i deal c onc entration i s  approx��ately � _mg . per 

three inch strip and that extremely wide_ Rf r ange s are ob­

taine d  i f  c onc entration s of 30 mg . or more are used . A con­

si derable amount of the di ffi cul ty ari sing duri ng the pr e ­

vi ously di scus sed puri fication mi ght have be en du� to over­

loading the s trip . In order that purer sample s mi ght be ob ­

tained a larger number of strlp s ,  e ach c ontai ning a smaller 

quanti ty of ma teri al , should be run . 
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G .  Di stribution o f  the Coen�yme i n  Vari ous Ye a st and Liver 

Extrac t Samples  

Data pre s ented in Fi gure 22 show the comparative 

effec t s  of e qual c onc entrati on s  of v ari ous sample s of ye ast 

extrac t kindly pre sen ted to u s  by Difco Laborato rie s ,  Inc . · ,  
. -

De troi t ,  Mi chi gan , and liver extrac t sample s suppli ed 

throu gh the c ourte sy of 
.
El i

_
Li l ly and Co . ,  

.
Indi ana:poli s ,  

Indiana , on a spar ti c aci d de amina se . The liv e r  extrac t 

sample s apparently contain consi derably more c oen zyme than 

an equi valent wei ght of ye a s t  extrac t .  

H .  Separati on of the Coen zyme from Li ver Extract 

Li ver extrac t fraction E-1418 ws s fi l t ered to remove 
. . . 

any undi s solved ma tter an d dri ed at 110 C .  A porti on of the 

solid ma teri al , we i ghing 0. 2831 g . , wa s di s solved in 2 . 8 ml . 

of wa ter and plac ed on 45 strip s three inche s wi de . The 
'· 

strip s were run in the phenol-wa�er system to an average 

l ength of 325 mm. They were s ecti oned and e luted by _ bl end­

ing in a War1ng blende r with water . The sludge wa s fi l -

tered , the pap e r  wa she d wi th a s econd volume of wa ter and 

refiltere d .  The fi ltrat e s  were combi ne d and e vap orated to  
- - . 

dryne s s .  The individual sample s were wei ghe d ;  the tot al 

mas s  amounte d  to 403 .4 mg .  Since thi s i s  an in cre ase in 

ma s s  of about 120 mg . it woul d  appear tha t  the f i lter paper 

c ontains some water solubl e · mater � al . However , of thi s 
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F i gure 22 : Rel a t i ve s t imul a tory effe c t s  of vari ou s  
s amp l e s o f  ye a s t  and l i v e r  extrac t s  on a spart i c  ac i d  de ami ­
na se of age d c e l l  su spensions of B .  c adave ri s 
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total mas s  only 77  mg . , the fracti ons Rf 0 . 5 ,  0 . 6 ,  and 0 . 7 ,  

were act ive . The produc t materi al when c ombined contained 

1 . 1  X lo-3ug . of bi otin per mg .  as  a s sayed by �·  cerevi s iae 

(139 } and 2 . 0 X lo-4ug . of bi otin per mg . as a s sayed by S .  

cerevi s iae ( Java ) .  It may be recalled tha t here tofore s :  
. . 

cerevi s i ae ( Java ) responded to  the coen zyme frac tion ; e ither 

the s ample no longer contains  the substanc e that stimulated 

S.  cerevis i ae ( Java ) ,  or thi s organi sm has undergone a muta­

ti on an d i s  no longer able to uti li ze thi s mater ial as  a 

source  of biotin .  

The 77 mg . sample was placed  on 1 6  s trip s and rerun 

through the phenol-water system a s  de scribed .  Ten sample s ,  - . 
'· 

with a total weight of 126 . 2  mg . , were obtained .  Of thi s ,  
-

68 mg . was in the Rf 0 . 4  to 0 . 7 range , and c ontained nearly 

all of the active material . S .  cerevi s iae ( 139 ) showed a 

bi otin concentration of 4 . 4  X l o-5ug. per � . of the com-

bined sample s of the c oenzyme frac tions ; S .  cerevi s iae 

( Java ) gave a bi otin concen trati on of 4 . 3  X l0-4ug . p er mg . 

of sample . Al though thi s  relati on i s  more in agreement wi th 

that  of earlier  data the magni tude of stimulation of growth 

of · s . �evi siae ( Java } i s  s till considerably le s s  than that 

previously obtained .  

The Rf 0 . 4  to  0 . 8  frac tions  were placed on 85  strip s 

and run in the phenol -water sys tem to  Bn average len gth of 

273 mm .  Although this  re sulted in 1 0  fractions  who se tot al 

mas s  was 286 mg . a large part  of thi s  wa s wat er i�soluble . ·  
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By c ombining fracti on� Rf 0 .4 ,  0 . 5 ,  0 . 6 ,  and 0 . 7  by suspend­

ing in 1 0  ml . of water , filtering through two thickne sses  of 

Whatman no . 50 fi lter paper , and evaporating the filtrate to 

dryne s s ,  it was po s sible t� ob tain a water soluble frac tion 

weighing 32 . 3  mg . A similar treatment was given the coen­

zyme -free frac ti on Whi ch re sul ted in 14 . 8  mg . of materi al . 

The two fracti ons were as sayed wi th S. cerevi siae { 139 ) be ­

fore and after hydrolysi s  (Figure 23 ) .  It c an be se en that 

the c oenzyme fracti on c ontai ns some substanc e ,  liberated on 

ac id hydrolysi s ,  which stimulate s the growth of S .  

cerevi si ae ( 139 ) ;  thi s sub stance doe s not fol low the ac id  

degradation pattern of free bi otin or the bi otin pre sent in 

the liver extract fraction containing no  co ·enzyme . 

J .  The Separation of the C oenzyme from Yeast  Extract 

Five tenths of a gram of Difc o  yeast  extrac t ,  l ot no . 

395778 , was di s solved in 12 . 5  ml . of water ;  exactly � - 05 ml . 

( 2 . 0 mg . )  wa s placed on each of 200 strips . The se strips 

were run in the phenol-water sy stem, dri e d ,  sectione d ,  

eluted ,  ��d evaporated t o  dryne s s . The sample s were then 

as sayed for activi ty against B .  cadaveri s a s  showed in 

Figure 24 . It i s  apparent from the se data  that both yeast 

and liver extract s  produce similar chromatograms . A s say of 

the Rf 0 . 6  and 1 . 0  fractions  before and after hydrolysis  re­

veal astoni shingly similar re sul t s  to that ob tained with the 
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liver frac ti onation (Fi gure 25 ) .  Further ,  a s s ay of the Rf 

0 . 6 fraction before and after hydrolysi s for c o enzyme c on ­

tent and abi l i ty t o  stimulate growth o f  S .  cerevi s i ae ( 139 ) 

show uni que c orre lati on .  I t  would appe ar (Fi gure 26 ) tha t 

the c oenzyme activity i s  de s troyed only by that c onc ent ra­

tion of acid whi c h  will l ib e·r ate a bi o t in-li ke sub s tanc e 

than c an replac e b i otin for growth of S .  c erevi s i ae ( 139 ) • 
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C HAPTER IV 

DISC USSION 

A .  Summary o f  Expe rimental Data 

The experimental dat a pr e s ented,  along wi th evi denc e 

previ ou sly de scribed in the l i terat�re c onc erne d wi th the 

enzymatic de aminati on of asp arti c aci d ,  serine and thre o-

nine , can be summari ze d  as follows : 

( 1 ) The expo sure of wa shed c e l l s  of �· c adaveri s and 

other Gram negative bac teri a to one M pho sphate buffer at pH 

4 c au se s a di stinc t decre ase  in activi ty of oxalac e t i c  ac i d  

dec arboxyla se and a spar ti c ac i d ,  serine and thre onine de ­

amina se s ( Li chstein and Umbre i t ,  1947�,£;  Li ch stein and 
" 

Chri s tman , 1948 ; Axelrod ,  et al . ,  1948 ; Wri ght , e t  !1· , 
1949 ) .  

( 2 )  The se parti al ly re solve d enz�e s  c an be re ac ti ­

vated by biotin (Li ch s te in and Umbre i t , 1947� ,b ; Li chstein 

and Chri stman , 1948 ; Wright � ll a l .  '· 1949 ) , b� ad�nyli c  ac i d  

( Li chste in and Chri stman , 1948 ; Axelro d , � al . ,  1948 � , by 

bi otin wi th a denyli c  ac i d  (Li ch s tein and Chri s tman ,  1948 ) , 
"" 

by ye a st extrac t (Li ch stein , 1949� ; Li ch st e i n  and Chri s tman , 

1949 ) , and by liver extrac t .  

( 3 )  Lichst e in an d Chri stman ( 1948 ) showe d that the 
" 

bi otin c ontent , a s  a s sayed by S .  c erevi s i ae , dec re a s e d  i n  
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c ell s af ter pho sphate aging . 

(4 ) The char ac ter of s ti mul at ion of the se en zyme s 

c aused by the various subs tanc e s  studi e d  i s  di st inc tly dif ­

ferent . Bi otin act ivati on i s  imme di ate , even a t  pH 4 ;  how­

ever, the maximum leve l  of ac tivat ion i s  de ci dedly
-
le s s  than 

the theore t i c al limi t .  Adenylic ac id st imul at ion i s  charac ­

teri zed by a rathe r hi gh concen tration r e qui rement , a� ini � 

t i al lag at pH 4 ,  and ne arly the same maximum limi t shown by 

bioti n .  The sub stanc e in yeast or liver extrac t di ffers 

from the se other st imul ant s in th at the reac t i on proceeds  to 

the theore ti c a l  limi t even at pH 4 .  

{ 5 )  The ma terial pre sent in yeast extract c ause s a 

re spon se of the ap oen zyme s of a spartic ac id , serine and 

threonine deaminas e s .  The se re spon se s  vary line arly wi th 

the conc entrat ion s of ye ast  extrac t or sub strate added.  

(6 ) The sub s tanc e  in ye ast extrac t c an be  de s troye d 

by inci neration ,  but it  i s  stable t o  we ak ac i d  or al kal ine 

hydroly si s , dry or we t heat , and repeated evaporati on to 

dryne s s  from aque ou s solutions . 

(7 ) n1e materi al c an be sep arate d from the fre e bio­

tin in ye a s t  extra� t by p aper s trip chroma tography . In the 

bio tin-fre e state i t  do e s  no t supp ort the growth of S .  

cerevi s i ae ( 139 ) in a m�dium defici ent i n  thi s  vitami n .  

Evi denc e wa s pre sented that at l e a s t  certain sample s of thi s 

materi al di d support the growth of S .  c e revi siae ( Java ) in a 
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biotin defi c i ent me dium . Further puri fi c ati on of the se sam­

ple s by chromato graphy wi th other solvent sy stems showe d no 
. 

decre ase in the abi li ty to support the growth of S .  �-

vi siae { Java ) . A repet i t i on of thi s work at a l ater date 
,.. 

yielded co enzyme c ontai ning fract i ons which di d not support 

the growth of thi s organi sm. 

( 8 ) Liver extrac t s  cont ain a sub stanc e probably i den­

tical to the c o enzyme in yea st extrac t s , sinc e di s tribut ion 

of the· materi al by pap er s trip chromatography wi th the · 

pheno l -water sys tem was the s ame , and s t imulations of par­

tially re s olved a spartic ac i d  deaminase were comp arabl e .  

( 9 )" A frac t i on contai ning the coenzyme was i solated 

from liver ext ract thr ough four separate chromatographi c 

proc e s se s . Thi s hi ghly purifi ed frac ti on containe d  only a 

small amoun t of bi otin as as s aye d by .§ .  ce revi s i ae (139 ) .  
'"' 

On strong ac i d  hydrolysi s a sub stance wa s liberated from 

thi s frac tion whi ch supported the gr?wth of thi s organi sm . 

Thi s material wa s no t D-biotinic  aci d ,  sinc e  there were · 

l arge di fferenc e s  betwe en the aci d  de gradation curve s of 

the se two sub stance s .  

( 10 )  The same ac i d - s table biotin-like mat eri al wa s 

al so obtaine d from yea s t  extract ,  by the s ame type of pro -

c e s s .  

( 1 1 ) Hydroly s i s  of the coen zyme frac t i on suffi c i ent 

to li berate the biotin-l ike ac id-s table component wa s ac c om-

pani ed by a l o s s  in co enzyme �ctivity. 



B .  Theore ti cal Implic ati ons 

Al though aging is a ra dic al dep arture from the ac ­

cepted experimental techni que s of producing an ap oen zyme , 

vali dation of the t echni que i s  evi dent be c ause the r e sul t s  

by thi s  me thod agre e wi th tho se obtained by other tech­

ni que s ,  and the aging me tho d ha s been repro duc ed in several 

different l aboratori e s . The apoenzyme s c an be reac tivate d 

in part by e i ther biotin or bi otin with adenyl ic  ac i d .  

C ompl ete , or ne arly c omplete , reac tivati on c an b e  accom­

pli shed by the addi t i on of a sub s t ance pre s ent il"l ei ther 

yea st o r  liver extrac t .  Figure 27 pre sent s  a hypothe tical 

scheme of degradation of a spartic acid deamina se by aging . 

All f our type s of agi ng have been demon strat ed exper­

imentaliy .  Type IV agi ng ( total de.s tr�c t i on of the coen­

zyme) oc cur s mo s t  fp-.q_qsptly, re sul t ing in a susp�nsi on
· 

of 

apoenzyme · that c an be s t imul at ed only by the addi tion of 

coenzyme . If thi s mate�i a l  i s  adde d ,  then the limi ting fac ­

tor in de aminati on i s  the concentration of holoenzyme , and 

the reac t i on should proc e e d  to theoreti cal limit s wi th time . 

In aging of Typ e s  I ,  II or III biot in ,  adenyl ic  ac i d ,  or 

both will s timulate the cell s ; the l imi t ing fac tor in such 

c a se s wi ll be the extent to whi ch th e c oenzyme c an be syn­

the si zed from the added re agent s and the fragm��t s  left from 

aging . Gale ( 1938 } pr oduc e d  Type s II and IV aging by the 

, addi tion of t o luene 'to washe d cell  suspensi ons . 
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HOLOENZD!E�==== c oENZ'YME + APOENzyME 

�e I Fragment s  Bi ti  C OElfznE,-...;;��------>-+ Biotin ___ .....,....-,o......,.n..__ __ )� C OENzyME 

COENZIME Type III> 

De s troye d 

Fragment s 
Biotin and 

Adenyli c  ac i d  
De s troye d 

Biotin and � COENzyME Adenyli c  a c i d  

Type IV Total No stimulant � COEN�--����� De s truc tion ac t i vi ty replaced <C OEN� 
only by addi t i on 

of coENzyME 

Fi gure 27 : Hyp othe ti c al de gradations of the 
c oen zyme c aused by aging 
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The ac tive mat eri al in yeast or li v er extrac t ,  whi ch 

either i s  or clo sely re semble s the c oenzyme , i s  organi c in 

nature ; it  i s  very stable ( at l east  in impure form) to mo s t  
"" 

physical and chemic al manipulations inc luding mi ld , ac i d  or 

alkaline hydrolysi s .  · strong acid hydroly s i s  of thi s "mater� 

i al , after i t  has b een fre e d  of �-bi otini c ac id , doe s  de -
. 

stroy the coenzymatic ac tivity s imul taneou_�ly liberating a 

substanc e whi ch c an replace D �biotini c  acid a s  a �rowth re ­

quirement for S .  c erevi s i ae ( 139 ) . The se ob servat i ons sug-

ge st . s trongly that a c omponent of the co enzyme c an ac t as a 

sub sti tute for bioti n ,  and further , that bi otin i s  chemi ­

c al ly c onverte d  into the c oenzyme . Thi s i s  schematic al ly 

pre sent e d  in Figure 28 . 
The ac tual rol e of biotin i s  apparently placed in the 

formati on of thi s c oen zyme . The a c i d- stable interm�diate 

has never been reported ,  but i t s  exi stenc e i s  evi dent from 

the data pre sented here , and may be inferre d  from data of 

Bowden and Pe ter son (1949 ) who studied ac id degradati on of 

bound forms o f  biotin . 

The role of adenyl i c  acid remai ns unsolve d ;  i t  i s  en-

tirely po s sible tha t adenyli c  ac id c an serve ei �he r as part 

of the c oenzyme mo i e ty ( in whi ch c a s e  it would be involved 

in the c onver s i on of the ac i d - s table form of biotin into the 

c oenzyme ) ,  or a s  � spe c i fic pho sphorylating agent in e i ther 

of the proposed r�ac tion s .  
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CHAPTER V 

SUMMARY 

Data are pre sented whi ch charac teri z e  the c oen zyme 

of aspartic  ac id , seri ne and threonine de amina s e s . Thi s c o -
� 

enzyme , found both in liver and ye a st e xtrac t s ,  i s  or ganic 

in nature , and qui te stable to most physi cal and chemic al 

manipulations . Techni qu e s  for the i solation of thi s c oen­

zyme from natural sourc e s  an d i t s  separati on from free 

b i o t in are pre sented .  I t  i s  de stroyed on strong ac i d  hy­

dro lysi s ;  simultane ou s wi th the l o s s  of c oen zyme ac tivi ty ,  

the ac i d  hydroly sate wi l l  support the growth of S .  

c erevi s i ae ( 139 ) whi ch doe s no t re spond to the unhydroly s e d  

materi al . The sub s tanc e l iberated from the c oe n zyme frac -

t i on i s  not D-biotini c ac id , a s  i s  evidenc e d  by the 4iffer­

enc e s  in ac i d  stab i l i ty .  It i s  proposed  tha t thi s sub s tance 

is  a c hemic al intermedi a te in the enzymati c synthe s i s  of the 

c oenzyme from bi oti n .  

Hypothe ti cal mechani sms for the a gi ng pro c e s s  and the 

c oenzyme formati on from biotin are prop o s e d  and di scuss e d .  
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