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INTRODUCTION 

The administration of pteroylglutamic acid (folic acid) to patients with pernicious 
anemia, sprue etc. has in most cases a favourable effect (SPIES 1, 2, MOOREa). Folic acid 
however does not influence all the symptoms of these syndromes, the effect of highly 
purified liver extracts is superior in some cases. 

The activity of these liver preparations can not be attributed to the presence of 
small quantities of folic acid or its coniugate (in some preparations they are completely 
absent). In nutrition experiments on chickens the difference in effect between liver 
preparations and flilie acid could be demonstrated by STOKSTAD AND JUKES 4. 

I t  was demonstrated by SPIES 5 and by HEINLE AND WELCH 6 that  the conjugate is 
not effective in pernicious anemia. 

The r61e of folic acid and folic acid conjugate in nutrition is not clear. Foods contain 
both substances. 

In vitro the fr,~e folic acid can be formed by enzymatic hydrolysis of the conjugate 
e.g., by rat liver "conjugase", optimal activity at PH 7 and by chicken pancreas "con- 
jugase", optimal a~-tivity at PH 4-5- 

HEINLE AND WELCH 6 have incubated folic acid conjugate from yeast with normal 
gastric juice to inw~stigate whether the conjugate might be identical with the "extrinsic 
factor" of CASTLE. No free folic acid was liberated from the conjugate at PH 4.5 and 7- 
A small daily dose of conjugate (I mg daily) together with IOO ml of normal gastric 
juice administered during a period of I I  days was ineffective in a pernicious anemia 
patient. In excretion experiments they found a remarkable difference between normal 
subjects and patients suffering from pernicious anemia. In both free folic acid adminis- 
tered per os was excreted in the urine, whereas after the administration of the conjugate 
folic acid was excreted only by normal individuals and not at all by patients with per- 
nicious anemia. 

Contrary to the inactivity of folie acid conjugate in human pernicious anemia, the 
conjugated form is active in folic acid deficiency in animals. 

According to these experiments WELCH et al. came to the following summary: 
"The conjugates of folic acid which occur in the diet, although utilized by normal 

subjects, appear to be inadequately utilized when a deficiency of the antipernieious 
anemia factor exists. The most reasonable hypothesis, based on the date presented, sug- 
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gests that highly purified liver extracts may supply a substance that is directl~ or 
indirectly concerned with the function of at least one of the enzymes which liberates 
L. Casei Factor from naturally occurring conjugates of the vitamins." 

Although WELCH et al:  were not able to demonstrate the liberation of free folic 
acid from the conjugate by normal gastric juice, it is probable that one of the reasons 
of the difference in the utilization of the conjugate by normal and by pernicious anemia 
patients is an abnormality in the digestion because: 

I. It  is improbable that the conjugate as such is absorbed from the intestine. 
2. It  is known that the digestion in the stomach of pernicious anemia patients is 

abnormal. 
To elucidate the r61e of the digestive juices in the utilization of folic acid and folic 

acid conjugate we repeated and extended the experiments of WELCH et al:. 

EXPERIMENTAL 

The activity of the digestive enzymes on folic acid conjugate was determined by 
estimating the liberated folic acid. The activity of each enzyme solution was tested 
separately and in combination with other enzymes acting successively. The digestion 
experiments were carried out at Pu 2 for stomach enzymes and for pancreatic, duodenal 
and intestinal enzymes at PH 7 (phosphate buffer). For the estimation of folic acid* the 
microbiological method with Streptococcus lactis R according to LUCKEY, BRIGGS AND 
F.LVEJHEM 8 w a s  used. The estimation of the conjugate was carried out by determining 
the liberated folic acid after incubation (4 hours at 37 ° C) with a "conjugase" prepara- 
tion from rat liver as described by MIMS, TOTTER, AND DAY 9. 

As conjugate substrate a yeatex solution was used containing 2/zg free folic acid 
and about 20 /zg conjugate per g. In some experiments pure pteroyl-hexaglutamyl- 
glutamic acid** and pure folic acid*** were used. 

The following enzyme solutions were tested: 
I. Normal gastric juice before and after histamin injection. 
2. Gastric juice (before and after histamin) from aft untreated severe pernicious 

anemia patient, with characteristic macrocytic anemia, Hb value 28% and totally 
histamin refractair achylia gastrica. 

3. Gastric juice (before and after histamin) from an endemic sprue patient with 
steatorhoea, macrocytic anemia and emaciation, unsuccefully treated with free folic 
acid****. 

4-Glycerol extracts from pig stomach mucosa, pig pancreas and pig intestinal 
m u c o s a .  

5- Duodenal juice from normal human subjects collected before and after physo- 
stigmin injection. 

The proteolytic activity of the stomach juices was demonstrated on hemoglobin 
and the carboxypolypeptidase activity on Cl-acetyl-tyrosine according to ANSON 1°, 11. 

* Prof. Dr  14. C. WINKLER AND Mr P. G. DE HAAN are kindly indebted for carrying out  some 
prel iminary exper iments  and for their  informat ion about  the es t imat ion of folic acid. 

** Dr PFISFNER, Parke Davis Co, kindly supplied us a small a moun t  of a solution of the pure 
conjugate. 

*** Lederle Laborator ies  Division kindly supplied us the pure  synthet ic  folic acid. 
**** Prof. Dr A. TEN BOKKEL HUININK, Wilhelmina Childrens Hospital, Utrecht  and Dr J. 

ENNEKING, Canisius Hospital, Nijmegen provided us with the gastric and duodenal juices and the 
case data of tile patients.  

l~cfc'reuces p. 222. 
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TABLE I 
T H E  L I B E R A T I O N  O F  F O L I C  A C I D  F R O M  Y E A S T  C O N J U G A T E  B Y  D I G E S T I V E  E N Z Y M E S  
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% free 
Enzyme solution Substrate folic acid 

I Rat  liver conjugase PH 7 . . . . . . . . . . . . . . . . . . . .  
2 No enzyme, buffer PH 2 . . . . . . . . . . . . . . . . . . . .  
3 Pig stomach extract PH 2 . . . . . . . . . . . . . . . . . . .  
4 Pig stomach extract PH 7 . . . . . . . . . . . . . . . . . . .  
5 Pig stomach extract PH 2 . . . . . . . . . . . . . . . . . . .  
6 Pig stomach extract PH 7 . . . . . . . . . . . . . . . . . . .  
7 Normal gastric juice, before histamin PH 2 . . . . . . . . . . . .  
8 Normal gastric juice, after histamin PH 2 . . . . . . . . . . . .  
9 Normal human duodenal juice, before physostigmin PH 7 . . . . . .  

io Normal duman duodenal juice, after physostigmin PH 7 . . . . . .  
i i  Gastric juice, pernicious anemia patient, before physostigmin, PH 7 • 
12 Gastric juice, pernicious anemia patient, after physostigmin, PH 7 • 
13 Gastric juice, endemic sprue patient, before physostigmin, PH 7 • • • 
14 Gastric juice, endemic sprue patient, after physostigmin, PH 7 • • • 
I5 Pancreas extract, pig, PH 7 . . . . . . . . . . . . . . . . . . .  
16 Pig stomach extract: PH 2 + pig pancreas extract PH 7 . . . . . .  
17 Pig stomach extract. PH 2 + pig intestine extract PH 7 . . . . . .  
18 Pig pancreas extract PH 7 + pig intestine extract PH 7 . . . . . .  
19 Pig stomach extract PH 2 + pig pancreas extract PH 7 + pig intestine 

extract PH 7 . . . . . . . . . . . . . . . . . . . . . . . . .  
20 Pig intestine extract PH 7 . . . . . . . . . . . . . . . . . . .  
21 No enzyme, buffer PH 2 . . . . . . . . . . . . . . . . . . . .  

Yeatex 
folic acid 
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I n  each  e x p e r i m e n t  2 m l  s u b s t r a t e  a n d  2 ml  e n z y m e  so lu t ion  were  i n c u b a t e d  for  

fou r  hou r s  a t  37 ° C. T h e  g lyce ro l  e x t r a c t s  were  d i l u t ed  w i t h  w a t e r  I : i0 .  

RESULTS 

I n  T a b l e  I t h e  resu l t s  h a v e  b e e n  s u m m a r i s e d .  T h e  l i be ra t ed  a m o u n t  of free fol ic  

ac id  f r o m  t h e  c o n j u g a t e  is g iven  as p e r c e n t a g e  of t h e  a m o u n t  l i b e r a t e d  b y  t h e  r a t  l i ve r  
con jugase .  

F r o m  th i s  t ab l e  i t  is c lear  t h a t  no  folic ac id  is f o r m e d  f r o m  t h e  c o n j u g a t e  b y  h u m a n  

a n d  p ig  e n z y m e  so lu t ions  e x c e p t  b y  t h e  p ig  p a n c r e a s  e x t r a c t .  B y  the  p ig  p a n c r e a s  ex-  

t r a c t  an  e q u a l  a m o u n t  of fol ic  ac id  is l i b e r a t e d  as b y  t h e  "conjugase" f r o m  r a t  l ive r .  

H o w e v e r  f r o m  our  e x p e r i m e n t s  w i t h  c o m b i n a t i o n s  of e n z y m e s  i t  appea r s  t h a t  fol ic  

ac id  is n o t  l i b e r a t e d  f r o m  t h e  c o n j u g a t e  b y  p ig  panc rea s  e x t r a c t  if t h e  c o n j u g a t e  has  
been  first  i n c u b a t e d  w i t h  p ig  s t o m a c h  e x t r a c t .  

F r o m  t h e  d i f ference  b e t w e e n  the  a c t i v i t y  of t h e  d u o d e n a l  ju ice  a n d  of t h e  p ig  

pancreas ,  wh ich  b o t h  h a v e  a c a r b o x y p e p t i d a s e - a c t i v i t y  on Cl -ace ty l - ty ros ine ,  i t  m a y  

be  c o n c l u d e d  t h a t  t he  c o n j u g a t e  is n o t  h y d r o l y s e d  b y  t h e  c a r b o x y p e p t i d a s e  of ANSON. 

W e  e x t e n d e d  our  e x p e r i m e n t s  b y  e s t i m a t i n g  also t h e  c o n j u g a t e  a f t e r  t he  i n c u b a t i o n  
w i t h  e n z y m e  solut ions .  I n  Tab l e  I I  t h e  resu l t s  a re  g iven .  

These  e x p e r i m e n t s  con f i rmed  those  of T a b l e  I,  t h a t  if c o n j u g a t e  has  b e e n  i n c u b a t e d  

w i t h  p ig  s t o m a c h  e x t r a c t  (No. 3, T a b l e  I I )  or  w i t h  n o r m a l  (No. IO a n d  I I ,  T a b l e  I I )  

a n d  a b n o r m a l  (No. 12-15,  T a b l e  II) h u m a n  gas t r i c  ju ice  a t  PH 2, no free fol ic  ac id  is 
f o r m e d  a n d  f u r t h e r m o r e  i t  appea r s  t h a t  no  u n a l t e r e d  c o n j u g a t e  is left ,  as  c o n j u g a s e  is 
n o t  ab le  to  l i be ra t e  free folic acid.  T h a t  th i s  is no t  b r o u g h t  a b o u t  b y  a con jugase  i nh ib i t o r  
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TABLE I I  

T H E  E S T I M A T I O N  O F  C O N J U G A T E  O F  Y E A T E X  A F T E R  I N C U B A T I O N  W I T H  D I F F E R E N T  E N Z Y M E S .  T H E  

C O N J U G A T E  I S  E X P R E S S E D  AS P E R C E N T A G E  F O L I C  A C I D  L I B E R A T E D  A F T E R  T R E A T M E N T  \ V I T H  RAT 

L I V E R  C O N J  U G A S E  

°/o folic acid 
Susbt ra te  Enzyme solution ' l iberated 

I Yeatex 
2 

3 
4 

5 , ,  
6 ,, 
7 , ,  
8 , ,  

9 , ,  

I O  , ,  

I I  ,, 
1 2  ,, 

13 ,, 

14 ,, 

15 ,, 

16 ,, 
17 ,, 

1 
Rat  liver conjugase PH 7 . . . . . . . . . . . . . . . . . . . . . .  
No enzyme, buffer PH 2 + ra t  liver conjugase PH 7 . . . . . . . . . . .  
Pig s tomach  ext rac t  PH 2 + ra t  liver conjugase PH 7 . . . . . . . . . .  I 
Pig s tomach  ext rac t  pII 7 + ra t  liver conjugase PH 7 . . . . . . . . . .  
Pig pancreas  ext rac t  PH 7 + ra t  liver conjugase PH 7 . . . . . . . . .  
Pig intestine ex t rac t  PH 7 + ra t  liver conjugase PH 7 . . . . . . . . .  
Pig s tomach ext rac t  PH 2 + new yeatex pit 7 + r a t  liver conjugase PH 7 • 
Pig s tomach ext rac t  PH 2 + pig intestine ext rac t  PH 7 + ra t  liver conjugase 

~H 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pig pancreas ext rac t  PH 7 + pig intestine ext rac t  PH 7 + ra t  liver conjugase 
PH 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Normal  h u m a n  gastric juice PH 2 (before histamin) + ra t  liver conjugase PH 7 
Normal  h u m a n  gastric juice (after histamin) pH2 + ra t  liver conjugase PH7 
Gastric juice, pernicious anemia patient ,  pH2 (before histamin) + ra t  liver 
conjugase PH 7 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gastric juice, pernicious anemia patient,  pit2 (after histamin) + ra t  liver 
conjugase PH7 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gastric juice, endemic sprue patient,  pit2 (before histamin) + ra t  liver con- 
jugase PH7 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gastric juice, endemic sprue patient,  pH 2 (after histamin) + ra t  liver con- 
jugase PH7 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Normal  gastric juice, PH7 + ra t  liver conjugase . . . . . . . . . . . .  
Normal  gastric juice, PH7 . . . . . . . . . . . . . . . . . . . . .  

IOO 

IOO 

O 

IOO 

9 ° 
IOO 

95 

IOO 

O 

O 

O 

I O O  

O 

is demonstrated in experiments 4 and 7 from Table II .  In experiment No. 4, to a con- 
jugate solution at PH 7, pig stomach extract and conjugase at PH7 are added successively: 
a normal amount of free folic acid is formed. In experiment 7 from Table I I  the PH of 
the incubation mixture at PH 2 is shifted to PH 7 and new conjugate is added together 
with rat  liver conjugase; again a corresponding amount of free folic acid is liberated. 
The absence of free folic acid in our experiments can never be at tr ibuted to a destruction 
of liberated folic acid by  the acid of the buffer. This is demonstrated by  experiments 
2 and 3 from Table I. Free folic acid incubated with pig stomach extract  under the same 
conditions was quanti tat ively recovered in the microbiological estimation. 

Further investigations are in progress on the utilization of the conversion product 
formed from the conjugate in the normal stomach. We intend also to investigate the 
possible similarity of the conversion product formed from the conjugate by gastric 
juice and the extrinsic factor of CASTLE. I t  is striking that  it is impossible to obtain free 
folic acid from both substances with rat  liver conjugase. Moreover both factors are 
phyaiologically active in the same way. 

SUMMARY 

I. A conjugase act ivi ty (liberation of free folic acid f rom the conjugate) is not  found in normal  
gastric juice a t  pH2 and 7. This confirms the results of WELCH et al. They also found no free folic 
acid bu t  they  did not  investigate whether  the conjugate was changed by the enzymes. 

2. In  our  exper iments  it is clearly shown tha t  the v i tamin  B e conjugate (pteroyl-hexaglutamyl-  
glutamate)  f rom yeast  is altered by  incubat ion wi th  normal  hurkan gastric juice and by  a glycerol 
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e x t r a c t  of pig s t o m a c h  mucosa  a t  pH2 b u t  no t  a t  PH7. No free folic acid however  is fo rmed  and  r a t  
l iver conjugase  is no t  able to l ibera te  free folic acid f rom the  incuba t ion  product .  Th i s  is no t  due to 
con juga te  inhibi tors .  

3- I n  our  pernic ious  a n e m i a  pa t i en t ,  t he  gas t r ic  juice had  a PH of 7. The  a l t e ra t ion  of the  con- 
j uga t e  could however  no t  be d e m o n s t r a t e d  a t  PH7. Therefore  a s t r ik ing  difference in the  u t i l iza t ion  
of the  con juga te  exists .  The  folic acid deficiency of pernic ious  a n e m i a  pa t i en t s  m a y  be expla ined  by  
the  inab i l i ty  to conver t  t he  con juga te  as the  PH in the  s t o m a c h  is 7 and  the  duodena l  juice can  no t  
l ibera te  free folic acid direct ly .  

4- The  folic acid deficiency in non- t ropica l  sprue  can  no t  be expla ined  however  in the  same  way,  
t he  PH of the  s t o m a c h  juice being t he  s ame  as of n o r m a l  juices. 

5. N o r m a l  duodena l  juice ha s  no conjugase  ac t iv i ty .  As t he  duodena l  juices were a lways  con- 
t a m i n a t e d  wi th  gastr ic  juice i t  was no t  possible to inves t iga te  w h e t h e r  the  duodena l  juice has  the  
s ame  con juga te  conve r t i ng  a c t i v i t y  a t  pH2  as  t he  s t o m a c h  juice.  

6. I n  the  pig, free folic acid can  be fo rmed  f rom the  con juga te  by  panc reas  enzymes .  

Rt~SUMI~ 

I. On  ne  t rouve  Fas d ' ac t iv i t6  conjugase  (l ib6ration d 'ac ide  folique l ibre k pa r t i r  du conjugat )  
dans  le suc gas t r ique  normal ,  A pH2 ni A PH7. Ceci confirme les r6su l t a t s  de WELCH et al. Ceux-ci  
cons t a tS ren t  l ' absence  d ' ac ide  folique l ibre  ma i s  ne r eche rch~ren t  pas  si le con juga t  6tai t  modifi6 
pa r  l ' enzyme .  

2. Nous  m o n t r o n s  ici de fa~on ne t t e  que  le con juga t  de la v i t a m i n e  Bc (p te roy l -hexag lu tamyl -  
g lu t ama te )  de la l evure  es t  modifi6 apr~s incuba t ion  avec  du suc gas t r i que  h u m a i n  normal ,  ou avec  
u n  e x t r a i t  g lyc6rinique de m u q u e u s e  s tomaca le  de porc, A pH2 mai s  non  k PH7. I1 ne se forme toutefois  
pas  d 'ac ide  folique, libre, e t  la conjugase  du  foie de r a t  es t  incapable  de l ib6rer de l 'acide folique 
l ibre  du  p rodu i t  r 6 su l t an t  de l ' incuba t ion .  Ce Iai t  .n 'est  pas  dii ~ la pr6sence d ' i nh ib i t eu r s  de la con- 
jugase .  

3. Chez le malad(  a t t e i n t  d ' an6mie  pe rn ic ieuse ,  6tudi6 ici, le suc gas t r ique  ava i t  u n  PH de 7. 
Mais aucune  modif icat ion du con j uga t  n ' a  pu c e p e n d a n t  6tre mon t r6e  ~ PH 7. I1 exis te  doric une  diff6- 
rence  f r a p p a n t e  dans  ~ 'ut i l isat ion du  conjuga t .  La  carence  en  acide folique des ma l ades  a t t e i n t s  
d ' an6mie  pernic ieuse  p e u t  s ' exp l iquer  pa r  leur  incapaci t6  ~ t r a n s f o r m e r  le conjuga t ,  pu i sque  le 
PH du l iquide s tomaca l  es t  de 7 e t  que  le suc  duod6nal  ne peu t  l ib6rer d i r e c t e m e n t  l 'acide folique. 

4- La  carence  en  acide folique dans  la sp rue  non  t ropicale  ne  p e u t  c e p e n d a n t  s ' exp l iquer  de 
la m 6 m e  fa~on, le PH du suc  gas t r i que  es t  le m ~ m e  que celui du suc  gas t r i que  normal .  

5. Le suc  duod6na l  n o r m a l  n ' a  pas  d ' ac t iv i t6  conjugase .  
Le suc duod6na l  ut i l is6 6 t au t  t ou jou r s  touill6 de suc  gas t r ique ,  il n ' a  pas  6t6 possible de recher-  

cher  si le suc duod6nal  poss~de la m 6 m e  act iv i t6  de t r a n s f o r m a t i o n  du con juga t  A pH2 que le sue  
gas t r ique .  

6. Chez le porc, l 'acide folique peu t  6tre lib6r6 du con juga t  pa r  des  e n z y m e s  pancr6a t iques .  

Z U S A M M E N F A S S U N G  

I. Kon jugase -Akt iv i t / i t  (Fre ise tzung freier  Fols/iure au s  d e m  Kon jnga t )  wird in n o r m a l e m  
Magensa f t  zwischen p i t2  und  PH7 n ich t  gefunden .  Dies  best / i t igt  die Resu l t a t e  yon  WELCH et al. Sic 
f anden  ebenfal ls  keine freie ]Fols/iure, u n t e r s u c h t e n  aber  nicht ,  ob das  K o n j u g a t  d u r c h  die E n z y m e  
ver~indert  wurde .  

2. Bei  unse r en  E x p e r i m e n t e n  wird deu t l i ch  gezeigt,  dass  V i t a m i n  Bc-I<onjugat  (P te roy l -hexa-  
g l u t a m y l - g l u t a m a t )  aus  Here d u r c h  I n k u b i e r e n  m i t  n o r m a l e m  mensch l i chen  Magensa f t  und  m i t  
e i nem Glyzero lex t rak t  aus  Schweinen lagenmucose  bei pH 2, abe r  n ich t  bei PHT, ver / inder t  wird.  Dabei  
e n t s t e h t  j edoch  keine treie Fols/iure und  R a t t e n l e b e r k o n j n g a s e  k a n n  aus  d e m  I n k u b a t i o n s p r o d u k t  
keine freie Folsiiure f r d se t zen .  Das  b e r u h t  n i ch t  au f  Kon jugase - Inh ib i t o r en .  

3. Bei unseren ,  an  pernizi6ser  An/ imie  le idenden  P a t i en t en ,  ha t t e  der  Magensa f t  e inen  PH7. 
Die Ver / inderung des  l<onjugats  t r i t t  ~ber, wie gezeigt  wurde,  bei PH7 n ich t  auf.  D a d u r c h  b e s t e h t  
e in  schar fe r  Un te r sch i ed  in der  B e n u t z u n g  des  Kon j uga t s .  Der Fols~Luremangel yon  P a t i e n t e n  m i t  
pernizi6ser  A n e m i c  k6nn te  d u r c h  die Unf/ihigkeit ,  das  K o n j u g a t  n m z u s e t z e n  erkl~irt werden,  da  der  
pi t  des  Magensa f t s  7 betr~igt und  der  D u o d e n a l s a f t  freie Fols~iure n ich t  d i r ek t  f re ise tzen kann .  

4. Der  Fo l s / iu remange l  bei n i ch t - t rop i sche r  Sprue k a n n  jedoch n ich t  in gleicher  Weise  erkl/ ir t  
werden ,  da  der  PH des  Ma gensa f t s  derse lbe  wie bei n o r m a l e m  Sal t  is t .  

5- Norma le r  Duode na l s a f t  h a t  keine Konjugaseak t iv i t / i t ,  Da  der  Dnodena l sa f t  i m m e r  m i t  
Magensa f t  ve runre in ig t  war,  war  es n ich t  m6gl ich  u m  zu un t e r suchen ,  ob Duodena l s a f t  bei pH2 die- 
selbe, K o n j u g a t  u m s e t z e n d e  Akt iv i t / i t  h a t  wie der  Magensaf t .  

6. Be im Schwein k :mn  aus  d e m  K o n j u g a t  du rch  P a n k r e a s e n z y m e  freie Fols/iure gebi lde t  werden.  

References p. 222. 

I5"  



222  H . G .  BUYZE, CHR. ENGEL VOL. 2 (1948) 

R E F E R E N C E S  

1 T. D. SPIES, J. Am. M. Assoc., 13o (1946 ) 474. 
T. D. SPIEs, F. MILANES, J. C. MENENDES, M. l~. KOCH, AND V. MINNICK, d r. Lab. Clin. Med., 
31 (1946 ) 227 

3 p. R.  MOORE, J. Lab. Clin. Med., 3 ° (1946) lO56. 
E. L. R.  STOKSTAD AND J. H. JUKES, Proc. Soc. Exp. Biol. Med., 62 (1946) 112. 

5 T. D. SPIES, G. G. LOPEZ, R. E. STONE, F. ~flLANES, R. O. BRANDENBURG, AND T. ARAMBURU, 
Z . f .  Vitaminf., 19 (1947) i .  

6 R.  W. HEINLE AND A. I). WELCH, Ann. N. Y. Acad. Sci., 48 (1946) 343. 
7 A. D. WELCH, ~:~. W. HEINLE, E. M. NELSON, AND -I-Jr. V. NELSON, Ann. N.Y. ,  Acad. Sci., 48 

(1946 ) 347- 
8 T. I). LUCKEY, G. M. BRIGGS, AND C. A. ELVEHJEM, J. Biol. Chem., 152 (1944) 157. 
9 V. MIMS, J. A. TOTTER, AND P. L. DAY, J. Biol. Chem., 155 (1944) 4 ol .  

10 M. L. ANSON, J. Gen. Physiol., 22 (1938) 79- 
n M. L. ANSOI% J. Gen. Physiol., 20 (1937) 663, 777, 781. 

R e c e i v e d  M a r c h  I 5 t h ,  1 9 4 8  


