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The  fac t  t h a t  the  mammal ,  appa ren t l y ,  does no t  require  d i e t a r y  glycine  for g rowth  
ra ises  the  ques t ion  as to  t h e  na tu r e  of the  compounds  t h a t  can serve as precursors  of 
glycine.  Ser ine  1-s and  th reon ine  4, s are  the  on ly  n a t u r a l  amino  acids  found to be effective 
as  g lyc ine  precursors ,  and  of these on ly  threonine  is nu t r i t i ona l l y  indispensible .  In  
feeding exper imen t s ,  KRUEGER s obse rved  an increase  of free g lycine  in the  l iver  of r a t s  
fed on a high c a r b o h y d r a t e  diet ,  w i thou t  a cor responding  increase of ser ine;  whereas  
an  increase of serine, bu t  no t  of glycine,  was found  on a high fa t  diet .  The  same au tho r  
r e p o r t e d  t h a t  large doses of p y r u v a t e  caused an increase  of glycine and  alanine,  b u t  
not  of serineL Ace t a t e  was r epo r t ed  to  y ie ld  g lycine  to  the  e x t e n t  of abou t  0 .1% of 
the  admin i s t e r ed  dose s. I t  has  r ecen t ly  been shown t h a t  g lyoxyl ic  and  glycolic acids  
are  conve r t ed  ex tens ive ly  to glycine ~, b u t  no extens ive  metabo l i c  processes are  known 
in v e r t e b r a t e s  which  l ead  to the  p roduc t ion  of these acids.  

The  purpose  of the  p resen t  work  was to  conduc t  a sy s t e ma t i c  inves t iga t ion  of the  
precursors  of g lycine  in the  r a t  b y  the  use of cer ta in  compounds  labe led  wi th  14C and  
of amino  acids  l abe led  wi th  14C and  ~6N. This  was car r ied  out  b y  de t e rmin ing  the  for- 
m a t i o n  of h ippur i c  ac id  con ta in ing  labe led  glycine,  fol lowing the  admin i s t r a t i on  of the  
se lected compounds  and  sod ium benzoa te  to  ra ts .  

The  14C-labeled compounds  employed  were DL-serine-3-14C 1°, DL-threonine-I ,  2-14C, 
DL-al lothreonine-I ,  2-~aC xl, glycolate-2-1ac,  lac ta te- I - laC,  lactate-3-14C and  fructose-X4C. 
The  15N-labeled compounds  were g lyc ine  (32 a tom per  cent.  excess) and  DL-threonine n 
(11.5 a tom per  cent.  excess).  

EXPERIMENTAL 

Long-Evans strain rats, weighing 240 to 250 g were fasted for 24 hours prior to the injection 
of sodium benzoate and the x4C- and l~N-labeled compounds. The rats were placed in individual 
cages without food but with water, and two 24-hour urine samples were collected in graduated 
cylinders, to which a few drops of toluene were added as preservative. Urine samples less than IO ml 
were made up to that volume by adding distil/ed water. To determine total radioactivity excreted, 
two o.I ml samples were placed on aluminum disks of 4.5 cm diameter, absolute alcohol was  added 
dropwise on top of the samples in order to secure a thin layer of the solid material on the disk and 
the  1~C a c t i v i t y  was  counted with a thin mica end-window Geiger-Miiller counter. 

* Supported in part by a grant from the American Cancer Society, recommended by the 
Committee on Growth. 

** Prepared from a thesis submitted by F. C. CHAO to the University of California for the 
degree of Doctor of Philosophy, September, 195 I. 
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The  h ippur ic  acid was  isolated according to  t he  p rocedure  of I-IAMPTON 12 by  ac idi fy ing t h e  
r ema in ing  r a t  ur ine,  w i t h  IO M acet ic  acid to  p H  3.8 w i th  a B e c k m a n  p H  m e t e r  a n d  e x t r a c t i n g  
success ive ly  w i th  5 o, 25 and  25 ml  por t ions  of e t hy l  ace ta te .  T h e  ex t r ac t s  were combined ,  w a s h e d  
w i th  io  m l  of acidified wa t e r  a t  p H  3.5 a n d  t h e n  al lowed to s t a n d  ove rn igh t  in a s epa ra to ry  funne l  
for careful  s epa ra t i on  of t he  two  layers  of  l iquid. T he  w a s h e d  e thy l  ace ta te ,  con ta in ing  t h e  h i p p u n c  
acid, was  t h e n  dist i l led off in a wa t e r  b a t h  a t  9 °0 and  t he  las t  t race  of i t  r emoved  in a v a c u u m  desic- 
cator .  To es tab l i sh  p u r i t y  of t he  h ippur i c  acid, w h e n  required,  i t  was  recrysta l l ized and  t he  me l t i ng  
po in t  checked  aga ins t  an  a u t h e n t i c  sample .  

For  isotopic analysis ,  t h e  h ippur ic  acid was  dissolved in io  ml  of h o t  wa te r  and  two  o.I ml  
s amples  were t a k e n  as before for c o u n t i n g  t h e  I4C ac t iv i ty .  The  r ema in ing  h ippur ic  acid was  used  
to  de t e rmine  the  n i t rogen  b y  mic roKje ldah l ,  u s ing  bo ra t e  buffer  to  absorb  t he  a m m o n i a  x3, and  t he  
a m m o n i u m  sa l t  was  fu r t he r  used  for 15N assay,  wh ich  was  pe r fo rmed  on a Consol ida ted-Nier  m a s s  
spec t romete r .  

The  rel iabi l i ty of t he  above  procedure  was  checked  by  ana lys i s  of  to ta l  N and  14C ac t iv i ty  
in r a t  u r ine  to  wh ich  iner t  h ippur ic  acid and  14C-glycine were added.  Recove ry  of n i t rogen  was  
above  95 % (9o to  ioo  % b y  H a m p t o n ) ,  and  the re  was  no c o n t a m i n a t i o n  by  I4C glycine. 

Collection of h ippur i c  acid was  carr ied ou t  for two 24 h periods.  Since a b o u t  95 % of t he  radio-  
ac t iv i ty  was  in t h e  first  d a y ' s  collection, only  t h e  d a t a  for t he  first per iod are  r epor t ed  in t h e  tables .  

To  compare  t h e  d a t a  obta ined ,  t h e  resu l t s  of t he  I4C and  15N de t e rmina t i ons  are  expressed  in 
t e r m s  of t h e  specific ac t iv i ty  (S.A.) ra t ios  of t he  h ippur ic  acid (HA) to  t h e  admin i s t e red  labeled com-  

. S.A. of H A  a t o m  per  cent .  excess  aSN in H A  
pound .  For  I4C th i s  is g iven  b y  S.A. of c o m p o u n d  and  for ISN by  a t o m  per  cent .  excess  I~N in compound"  

These  ra t ios  mul t ip l i ed  b y  t h e  isolated h ippur i c  acid n i t rogen  rep resen t  glycine (in m.eq,)  
f o rmed  f rom t h e  admin i s t e r ed  labeled c o m p o u n d .  T he  pe rcen tage  convers ion  is i oo t imes  t h e  f rac t ion  
of labeled c o m p o u n d  conver ted  to  g lycine  in t he  isolated h ippur ic  acid. I t  is to  be  no ted  t h a t  t h e  
reciprocal  of t he  above  ra t ios  (see Tab le  IV) is equ iva l en t  to  t he  di lu t ion factor  of SHEmN 1. 

RESULTS AND DISCUSSION 

The first experiments were run to determine to what extent the carbon and nitrogen 
were utilized intact in the glycine in the formation of hippuric acid and how resynthesis 
of glycine from the degraded isotopic products might affect the results. Glycine, doubly 
labeled with 14C and lSN, was injected together with an equlmolar quantity of sodium 
benzoate. The results (Table I) show that the ratios of 14C/ISN for both the a-carbon 
and carboxyl-labeled glycine were approximately unity. This agrees with the inde- 
pendent observations of ARNSTEIN AND NEUBERGER 14. Hence, it is apparent that, within 
the limits of the present method, the glycine was used intact in the animal to combine 
with benzoate to form hippuric acid. The ratio of 14C]15N probably would not be unity 
if deamination of the glycine with re-utilization of the carbon skeleton occurred to any 
great extent. 

T A B L E  I 
RECOVERY OF HIPPUEIC ACID FROM RAT URINE AFTER INJECTION OF EQUIVALENT QUANTITIES 

OF S O D I U M  B E N Z O A T E  A N D  L A B E L E D  G L Y C I N E  

Hipj~vi~ Acid 

Glycine B~oat*  Nitrogen 14G P~e.ot~e~t lSN Recovered 14C]15N 
m.~q r,*.eq 

m.eq per eem. m.aq per cert. 

I x*C-,-~N 0.20 o . I6  o,o17 lO.3 o.o16 IO I.O 4 
I x4C-~N 0.40 o.3I 0.043 I4.2 0.045 I4.9 0.9.5 
x t4C-ISN* 0.20 o . I45 0.027 18.8 0.026 18.1 x.o 4 
2 14 C--~ 1~1 0.20 0.20 0.02 I0.0 O.OI8 9.0 ][.08 
2 xaC-~JN 0.40 0.27 0.036 I3.I  0.044 I6.I  0.82 

* H ippu r i c  acid twice recrys ta l l ized  (MP ~ 187 °) 
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To secure further evidence on the extent of the resynthesis of glycine from the 
labeled products, experiments were performed with 15NH4C1. In work done by  FOSTER, 
SHOEN~EIMER AND RITrENBERG ~5 in which 15NH4C1 was fed, it was reported that  
approximately 4% of the label appeared in glycine. This figure, obtained in an experi- 
ment  where isotopic ammonium ion and sodium benzoate were administered orally, is 
considerably higher than any conversion observed in the present work. In the present 
experiments (Table II)  equivalent amounts of labeled 14C precursor (glycine-2-14C or 
glycolate-2-1iC), 15NH4C1 and sodium benzoate were injected intraperitoneally in a single 
dose. The isolated hippuric acid was recrystallized to assure its purity. The results show 
(Table II)  that  less than a fraction of 1% of the lSN was reintroduced into the glycine 
of the hippuric acid following either glycine or sodium glycolate administration. Re- 
synthesis of glycine, once degraded, therefore, can exert no appreciable influence on 
the interpretation of the  present results: I t  is apparent  tha t  the labeled products of 
glycine degradation are greatly diluted and so do not appear to any noteworthy extent 
in the reformed glycine. 

T A B L E  I I  
EXTENT OF RKSYNTHESIS OF GLYCIN]~ FROM LABELED PRODUCTS 

Hippurb: Aical 

Compound* Nitrogen 14C R~mTvered tsN Reentered 
m.eq 

m.eq. z o  a p~ r~nl. mxa. z o  5 per cent. 

Glycine-2-!4C o.osz 9.3 I9.8 7.7 o.I5 
Glycine-z-UC o.o 37 5.3 z4.2 4.~ o.I z 

Na glycolate-2-14C o.o5I 4.9 9.1 26 o.5o 
Na glycolate-2-14C o.o5I 7.0 13.6 31 0.6o 

* o.2o m.eq .  o5 14C-labeled c o m p o u n d  a n d  15N H6C1 in jec ted  in each  in s t ance  e x c e p t  t h e  las t ,  
in  w h i c h  t h e  quan t i t i e s  were o.4o m,eq .  

The data  on the recovery of labeled hippuric acid upon injection of DL-serine-3-14C 
and of labeled DL-threonine and aUothreonine are recorded in Table I I I .  The results 
show that  the fl-carbon of serine appears in the hippuric acid glycine only to a slight 
extent ,  of the order of about  o . I% as compared to the Io  to I5% from I or 2 14C-labeled 
glycine. From the fact that  the extent of utilization of the fl-carbon of serine was 
similar to that  of acetate, together with the work of ELWY~ AND SPRINSON le, who 
showed that  this carbon could go to the methyl  carbon of acetate, it appears possible 
that ,  in the degradations of serine via pyruvate,  acetate was formed which, in turn, 
was converted to a slight extent to glycine. 

With De-threonine, the amount  of hippuric acid derived from the 1,2 carbon 
fraction was increased from as little as I up to 6% as the amount of threonine injected 
was raised from o.2o to 0.8o m.eq. per rat.  In  all but one instance twice the equivalence 
of threonine to benzoate was given on the assumption that  D-threonine would follow 
a different metabolic pathway.  The ratio of 14C/ISN converted is of the order of 1.5. 
This indicates tha t  the utilization of nitrogen for glycine formation is less extensive 
than that  of the 1,2 carbons and that  some of the D-threonine was deaminated and 
the 1,2 carbons reconverted to glycine, a process that  would entail a considerable 
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T A B L E  I I I  

R E C O V E R Y  O F  H I P P U R I C  A C I D  F R O M  R A T  U R I N E  A F T E R  A D M I N I S T R A T I O N  O F  S O D I U M  B E N Z O A T E  

A N D  C E R T A I N  L A B E L E D  A M I N O  A C I D S  

Hippurie Acid 

Amino Acid m . e q  B e ~ z o a t e  Nitrogen ltC Recovered l 'SN Recovered IIC, 15N 
~l.eq ln,eq 

m,eq. lo  3 per cecil m.eq. ro s per ccitt 

I n j e c t e d  

DL-Ser ine -3 - !4C 0 . 2 o  0 . 2 o  0 . 2 0  o .25  0 .12  
DL-Ser ine-3-x4C 0 . 2 0  0 . 2 0  0 .2o  0 .30  0 .15  

I n j e c t e d  

DL-Threox l ine*  I ,  2-14~7/--15N * * 0 . 2 0  o.  I 0 0 . 0 2 1  
D L - T h r e o n i n e *  I ,  2 - x a C J S N  ** 0 . 4 0  o ,2o  0 . 0 5 5  
D n - T h r e o n i n e *  I ,  2 J I C - I S N * *  o . 2 o  0 . 2 0  o . 1 6  
D L - T h r e o n i n e *  I .  2 -x4c - -~N ** 0 . 8 0  0 . 4 0  0 .23  
D L - T h r e o n i n e *  z, 2-14C-15N * * 0 . 8 o  o . 4 o  o .23  

F e d  

D L - T h r e o n i n e  I ,  2-14C o . 8 o  o .4  o o .29  8.1 2 ,8  , 
D L - T h r e o n i n e  I ,  2-1aC 0 .80  0 .40  0 .28  17 .o  5 .o  

I n j e c t e d  

D L - A U o t h r e o n i n e *  - I ,  2-14C o . 4 o  o . 2 o  o . i  5 
D L ~ A l l o t h r e o n i n e *  - I ,  2-14C 0 . 8 0  o , 4 o  o ,3  o 

0 .89  4 ,3  0 .36  1-7 2 .5  
~-5 4-5 1,7 3 ,o  L 5  
1. 7 I . I  1.2 o .8  I .  4 

12 .o  5 .2  6. 7 3 .o  1,8 
15.o  6, 3 lO.O 4.1 L 5 

23-0  15.3  
4 7 , 0  15,7  

* T w i c e  t h e  e q u i v a l e n c e  o f  a m i n o  a c i d  t o  s o d i u m  b e n z o a t e  e m p l o y e d  b e c a u s e  o f  D L - f o r m s  of  
a m i n o  a c i d s .  

** H i p p u r i c  a c i d  r e c r y s t a l l i z e d  t w i c e .  

dilution of the 15N. Comparison of the lSN of hippuric acid and of the simultaneously 
excreted urea from the first two threonine experiments given in Table I I I  gave values 
in hippuric acid of o.I9O and o.334 and in the urea of o.o52 and o.IiO atom per cent. 
excess respectively. Consequently, the dilution of the 15N in the urea was about 3 fold 
greater than in the hippuric acid. As the nitrogen in the hippuric acid was diluted by 
glycine nitrogen alone, while the nitrogen in the urea was diluted by all nitrogen sources, 
the above results suggests a rather extensive deamination of the DL-threonine. 

The results for allothreonine were striking in that, although not normally present 
in the rat, it was quite extensively converted to glycine. The conversion was about 
three times that from DL-threonine and the labeled carbons of the allothreonine suffered 
very little greater dilution in the hippuric acid than was found for glycine itself. This 
result confirms the observation of BRAUNSHTEIN AI~D VILEI~KINA ~ with liver slices. 

Knowledge of the metabolism of L-threonine is rather limited. ELLIO~r ASD 
N~UBERG~R 1~ found that when glycine-a~N was fed to animals the amino nitrogen of 
threonine isolated from the protein of muscle and viscera, like lysine, showed no ex- 
change with the 15N-containing nitrogen. The work of MELTZ~R A~D SPmNSON 4 suggested 
that there is a direct cleavage of L-threonine into acetate and glycine. Hence, it would 
be expected that the glycine should be used intact in the hippuric acid and that the 
ratio of the 1,2 14C/ISN should be unity. That this is not the case, indicates that the 
D-isomer may partially be used by the rat. This is supported by the observation that 
25 to 3o% of the total 14C instead of the expected 5o% was recovered in the urine, 

R e ] e r e n c e s  p .  i o  9 .  



VOL. 10 (r953) B IOLOGICAL PRECURSORS OF GLYCINE iO 7 

a n d  i t  was possible  t h a t  d e a m i n a t i o n  took  place pr ior  to sp l i t t i ng  of the  carbon  skele ton,  
in which case the  two carbon  f r agmen t s  become r e a m i n a t e d  to give glycine.  The 
difference in the  me t abo l i sm  of D- and  L-threonine,  of course, r emains  to  be solved.  

DL-allothreonine also gave  abou t  a 3 ° % recovery  of the  to ta l  a4C a c t i v i t y  in the  
urine.  

The  ab i l i t y  of the  r a t  to  g row on a die t  l ack ing  bo th  glycine and  serine suggests  
t ha t  c a r b o h y d r a t e  p rov ides  the  precursors  of glycine.  This  was tes ted  wi th  the  com- 
pounds  given in Table  IV. The  resul ts  c lear ly  show t h a t  lactate-x-x~C and  -3A4C did  
not  form glycine  a t  all  in the  ra t .  This  exc luded  any  mode  of c leavage of l ac t a t e  to  
form the  carbon  ske le ton  of glycine. Fu r the rmore ,  fol lowing in jec t ion  of e i ther  form of 
labe led  lac ta te ,  the  non-pro te in  ho t  w a t e r  ex t r ac t  of the  t issues ob ta ined  2o minu tes  
a f te r  admin i s t r a t i on  exh ib i t ed  no 14C a c t i v i t y  in the  glycine f rac t ion when chromato-  
g r a p h e d  b y  the  m e t h o d  of L I E s  Arid GREESBER~ ~8. This  rules out  the  poss ib i l i ty  t h a t  
c a r b o h y d r a t e  forms glycine  v ia  a three  carbon metabo l ic  p roduc t .  The  resul ts  of 
KRtrSGER 7 t h a t  p y r u v a t e  m a y  serve as a source of glycine,  a l though  in teres t ing ,  cannot  
be  the  resu l t  of a d i rec t  convers ion .  

Ano the r  t es t  of the  capab i l i t y  of c a r b o h y d r a t e  to  form glycine is p r o v i d e d  b y  the  
e x p e r i m e n t s  wi th  labe led  fructose.  The  ex t en t  of convers ion found was slight.  These 

TABLE IV 
R E C O V E R Y  O F  H I P P U R I C  A C I D  F R O M  R A T  U R I N E  A F T E R  A D M I N I S T R A T I O N  O F  S O D I U M  B E N Z O A T E  

A N D  C E R T A I N  L A B E L E D  C A R B O N  C O M P O U N D S  

Hippuric Acid 

Compounds * Benzoate Nitrogen 14C Recovered 
rn.eq m.eq 

m.eq per ~nt. 

Zn lactate-x-t~C 0.20 
Zn la~tate-x-x4C 0.20 
Zn lactate-3-x4C 0.~o 

Zn lactate-r-x4C o.2o 
Zn lactate-3-x4C 0.20 

Ca glycolate-2-x4C 0.20 
Na glyeolate-2-14C 0.20 
Na glycolate-2-14C 0,20 

Na glycolate-2-x4C 0.20 
Na glycolate-2-14C o.ao 

Fructose-14C * * o. 20 

Fructose-14C * * o.2o 

Injected 

O. IO 7.0. io -6 
0.26 1.6. IO -§ 
o.Io 3.8. ro -4 0.38 

Fed 

O . I  7 7 . 8 "  i O  - ~  
o.I9 I. 7 ' IO -5 

Injected 

o.io o.ol 3 i3. 3 
o.i6 0.040 25.o 
o.I 5 0.029 28.9 

Fed 

o.24 o,oIz 5.0 
o.I7 o.oi3 7.7 

Injected 

0.20 3.8. ro-4 o. I9 
O . 2 0  2 . 2 "  I O  - 4  O . I I  

* Dose of each compound in amount equivalent to benzoate except for fed Na glycolate-z-x4C 
which was o.o2 m.eq. 

** Labeled in all carbons. 
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results appear  to rule out  the possibility t ha t  the hexoses provide the precursors of 
glycine. 

Glycolate, on the other  hand, was very  extensively converted to glycine, a result 
also observed by  WEINHOUSE AND FRIEDMAN 9. At  the same dose level it formed hippuric 
acid to  an even greater  extent  than did glycine. The explanat ion for this may  be tha t  
the liver can absorb glycolate much  faster than  glycine and that ,  once absorbed, the, 
conversion to glycine also occurs rapidly.  Twenty  minutes after  iniection of o . io  m.eq. 
of glycolate, about  2o% of the radioact ivi ty  was present in the hot  water  extract  of 
liver, compared  to about  4% in the case of glycine itself. 

Al though glycolate could serve as a very  good source of the carbon skeleton of  
glycine, it is not  considered a normal  biological const i tuent  and no reaction is known 
which gives rise to glycolate in the animal, a l though some of the hypothet ica l  pa thways  
proposed for the metabol ism of pentoses suggest the format ion of this compound.  

The excretion of hippuric acid was not  altered when the BL-threonine and sodium 
benzoate  were given orally (by s tomach tube). This has also been shown to be true for  
glycine 19 and for acetate s. The results with glycolate are not  strictly comparable since 
the oral dose was much smaller than  the dose injected. 

F rom the foregoing results it appears that ,  in the main, the glycine precursors must  
furnish glycine as a whole and only the amino acids serine and threonine, in addit ion 
to exogenous glycine, can fulfil this requirement.  Certain compounds,  such as allo- 
threonine and glycolate, are excellent sources of glycine. 
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SUMMARY 

Compounds that could be considered to be precursors of glycine were tested by determining 
the excretion of labeled hippuric acid after administration of the isotopically-labeled compound 
together with sodium benzoate. Compounds that yielded glycine in considerable amounts were 
DL-threonine, DL-allothreonine and glycolic acid. Only traces of glycine were derived from lactic 
acid, fructose and the  fl-carbon of serine. 

The labeling of the glycine in hippuric acid following injection of glycine-14C-15N showed that 
the amino acid was used intact in the animal. A precursor of glycine for the animal must, therefore, 
supply the molecule of glycine as a whole and the amino acids serine, threonine, and dietary glycine, 
appear to be the only known natural metabolites that can fulfil this requirement. 

RI~SUMt~ 

Des compos~s qui pouvaient ~tre consid6r~s comme des pr6curseurs de la glycinc ont 6t6 6tudi~s 
de la fa~on suivante: le composd en question, marqud isotopiquement, dtait administrd en m~me 
temps que du benzoate de sodium et la quantitd excrdtde d'acide hippurique marqud dtait ddterminde. 
La DL-thr6onine, la DL-allothr~onine et l'acide gl:ccolique donn~rent des quantit~s consid~rables de 
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glycine, t and i sque  l 'acide lactique, le fructose e t  la s6rine (carbone-fl) ne donn~rent  que des t races  
de glycine. 

La  fa~on don t  la glycine de l 'acide h ippur ique  ~tait  marqu6e apr~s inject ion de glycine 14C-15N 
mon t r a  que  l 'acide amin6 6fair utilis6 tel  quel dans  l 'animal .  Un pr6curseur  de la glycine doi t  donc 
fouruir  ~. l 'o rganisme an imal  la moMcule de glycine enti~re; les acides anim6s s6rine e t  thr6onine 
et  !a glycine de dibte sont  les seuls m6tabol i tes  na ture ls  connus qui puissent  satisfaire Ace t te  condit ion.  

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

Verbindungen,  welche als VorlAufer von Glycin b e t r a c h t e t  werden kOnnten, wurden  gepriift ,  
indem sic isotopisch markier t ,  zusammen  mi t  Na t r i umbenzoa t  verabre ich t  wurden und  darauf  die 
ausgeschiedene mark ie r te  Hippursgure  b e s t i m m t  wurde.  Verbindungen,  welche bedeu tende  Mengen 
yon Glycin l ieferten waren  Ds-Threonin,  DL-Allothreonin und Glykolsiiure. Spuren yon Glycin 
l ieferten Milchsiiure, Fruc tose  und Serin (fl-Kohlenstoff). 

Die Markierung des Glycins in der  HippursRure nach  ln j ek t ion  von Glycin-X4C-XSN zeigte, dasH 
die Aminosiiure im Tierk6rper  in t ak t  ve rwende t  wird. E in  Vorlliufer des Glycins muss  also dem 
Tierk6rper das Glycinmolekiil  als Ganzes lieferu. Serin und Threonin  und  Diiitglycin scheinen die 
einzigen bekann ten  nat i i r l ichen Metabol i ten  zu sein, welche diese Bedingung erfiillen. 
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