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Preparative enzymatic synthesis of the threo and erythro isomers of 

y-hydroxy-L-glutamic acid 

7-Hydroxyglutamate ,  first isolated from Phlox by VIRTANEN AND HIETALA 1 and 
first synthesized chemically by BENOITON AND BOUTHILLIER 2, is of metabolic interest 
as an intermediate in the degradation of hydroxy-L-proline by mammalian enzymes 3-~. 
Several methods have previously been described for the preparative synthesis of 
optically active isomers of 7-hydroxyglutamate.  All four isomers are separable from 
the mixture of racemates obtained by  chemical synthesis, utilizing chromatographic 
separation of the two diastereomeric racemates and enzymatic resolution of each of 
the latter *. This method, however, requires both a commercially unavailable starting 
compound, ethyl-a-acetoxy-fl-chloropropionate, for the initial synthesis, as well as 
the multiple procedures a t tendant  on enzymatic resolution of each racemate by the 
deacylase method. The single isomer of pr imary interest in mammalian metabolism, 
erythro-7-hydroxy-L-glutamate, can be prepared enzymatically from hydroxy-L- 
proline via the intermediate Al-pyrroline-3-hydroxy-5-carboxylate~,7; this method 
involves an initial step with an unstable enzyme ("proline oxidase ''s) and a poor 
yield of the pyrroline product. The most recently described method 9 depends on 
isolation of threo-~-hydroxy-L-glutamate from the leaves of Phlox decussata; facilities 
for growing the plant in bulk quantities are required and the method yields an isomer 
which appears not to be that  normally produced in the mammalian metabolism of 
hydroxy-L-proline 3. 

We have utilized two other enzymatic reactions that  permit the synthesis in 
good yield of both L-diastereomers of 7-hydroxyglutamate from readily available 
starting compounds. All reagents are commercial except for a single enzyme pre- 
paration that  is stable and easily prepared. This method involves two steps: first, 
the reversible enzymatic condensation of pyruvate  and glyoxylate to form DL-~- 
hydroxy-T-ketoglutarate*5, l°. The latter compound is chromatographically separated 
from the incubation mixture and in a second step is reduced with glutamate dehy- 
drogenase (EC 1.4.I.3), NH4+, and D P N H  to obtain the erythro- and threo-diastereo- 
mers of T-hydroxy-L-glutamate. The latter two isomers are isolated separately 
by chromatography through Dowex-I -ace ta te  as originally described by  BENOITON 
et al.e. 

Apart  from simplicity and high overall yield, this method has several ad- 
vantages: it provides approximately equal amounts of both the L-isomers found in 
nature and active as substrates for transamination by  mammalian enzymesS; the 
DL-mixture of the corresponding keto acid is obtained as an intermediate for pos- 
sible separate use; it permits the preparation of the amino acid or keto acid products 

" It  has been previously reported that the enzymatic cleavage of a-hydroxy-T-ketoglutarate 
is not stereospecific, either antipode being active as a substratO. 
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iso topica l ly  labeled in any  or all carbon atoms,  depending  on the  choice of speci- 
f ically labeled g lyoxy la te  and/or  p y r u v a t e  as s ta r t ing  mater ia ls .  

The following account  of a specific p repa ra t ion  describes the  s teps in deta i l  : the  
first incubat ion  mix tu re  conta ined  9 mmoles  of sodium glyoxyla te ,  27 mmoles  of 
sod ium py ruva t e ,  5 mmoles  of po tass ium phospha te  (pH 7.5) and  21o mg of enzyme 
pro te in  in a t o t a l  volume of 75 ml. The enzyme was p repared  as descr ibed earlier,  
r epresen t ing  the  0.55 a m m o n i u m  sulfate precipi tate* of F rac t ion  I I I  (Table I, see 
ref. 5). The enzyme is s table  and  has  been found act ive  af ter  6-month  s torage a t  

- - I 5  °. 
The componen t s  above  were incuba ted  at  37 ° for 12 h a t  which t ime 85% of  the  

g lyoxy la t e  had  been consumed to form a -hydroxy-v -ke tog lu t a r a t e ,  assayed wi th  
g l u t a m a t e  dehydrogenase  ~. The react ion was s topped  b y  adding  o.I  vol. of 50% 
t r ichloroacet ic  acid, coagula ted  pro te in  was r emoved  b y  centr i fugat ion,  and  the 
s u p e r n a t a n t  solut ion was ad jus t ed  to p H  7.5 wi th  N a O H  and placed on a 4 × 36-cm 
column of  D o w e x - I - f o r m a t e .  Grad ien t  elut ion wi th  formic acid was carr ied out  as 
descr ibed  ear l ie rq  collecting I5 -ml  fractions,  a - H y d r o x y - v - k e t o g l u t a r a t e  appeared  in 
tubes  16o to  200; the  q u a n t i t y  to ta l l ed  6.55 mmoles  or abou t  85% of tha t  pu t  on the  
column.  The  pooled eluates  were concen t ra ted  abou t  Io-fold in a flash evapora tor ,  
neu t ra l ized  to p H  7.o wi th  NaOH,  and s tored  at  - -15  °. The p repa ra t ion  was s table  
for a t  least  3 months ,  and  served as the  source of a number  of  separa te  p repara t ions  
of  ~ - h y d r o x y g l u t a m a t e .  

0.95 mmole  of a - h y d r o x y - ~ - k e t o g l u t a r a t e  were incuba ted  at  37 ° wi th  4 ° mg of 
c rys ta l l ine  l iver  g l u t a m a t e  dehydrogenase  (Sigma Chemical  Company) ,  i .o  mmole  
of  neut ra l ized  D P N H ,  0.55 mmole  of Na(NH4)2PO 4, and  5 mmoles  of po tass ium 
phospha te  (pH 7.o), in a to ta l  volume of  88 ml. Af te r  5 h all bu t  0.09 mmole  of the  
ke to  acid  had  been consumed,  as assayed  wi th  excess D P N H  and g lu t ama te  dehy-  
drogenase.  The reac t ion  was s topped  b y  adding  o . i  vol. of 50% t r ichloroacet ic  acid, 
and  the s u p e r n a t a n t  solut ion ob ta ined  af ter  cent r i fugat ion  was placed on a 2.2 )~ 

32-cm column of Dowex-5o X8 (H+). The column was washed  wi th  3 column volumes 
of  wa te r  and  e lu ted  wi th  0.3 N HC1, collecting I5-ml  samples.  7 - H y d r o x y g l u t a m a t e  
was e lu ted  in tubes  25 t 0 5 2  and represented  0.77 mmole,  or 90% of the  a - h y d r o x y -  
~ -ke tog lu ta ra t e  consumed.  The pooled eluates  were r epea ted ly  evapora t ed  to remove  
mos t  of  the  HC1, neut ra l ized  wi th  NaOH,  and p laced  on a 4-5 × 45 -cm column of 
D o w e x - i  ace ta te ;  the  column was e lu ted  with  0. 5 N acetic acid collecting Io -ml  
fractions,  erythro-~-Hydroxy-L-glutamate (0.30 mmole) was e lu ted  in a volume of  
4ooml, beginning a t  abou t  6 column volumes;  threo-y-hydroxy-t-glutamate(o.35 mmole) 
was e lu ted  in 45_0 ml, beginning  400 ml af ter  the  end of the  erythro peak.  In  o ther  
runs i t  has been found t ha t  up  t6 0.6 mmole  of the  mixed  dias tereomers  ob ta ined  
from a Dowex-5o column can be sepa ra t ed  comple te ly  b y  a single passage th rough  
a 3.8 × 45-cm column of Dowex- I ,  wi th  as much  as IOO ml of  e luate  be tween the 
peaks.  

The T - h y d r o x y g l u t a m a t e  so ob ta ined  is the  L-form, as would be expected  from 
the s tereospecif ici ty  of  l iver  g l u t a m a t e  dehydrogenase  n. Thus,  po lar imet r ic  measure-  

* As noted earlier s, this ammonium sulfate fraction contains the a-hydroxy-),-ketoglutarate 
cleavage enzyme and is free of glutamate-aspartate transaminase which aminates the keto acid, 
while the 0.55-0. 7 ammonium sulfate fraction contains transaminase activity but no keto-acid 
cleavage activity. 
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men t  of the erythro peak obta ined in t he  preparat ion described above gave a molar  
ro ta t ion  in 5 N HC1 of + 59.6 °, on the basis of n inhydr in  de terminat ion  of the con- 
centrat ion,  in good agreement  with the reported values of + 59.5 ° (see ref. 3) and  
+61 .6  ° (see ref. 6) for erythro-v-hydroxy-L-glutamate.  The product  is homogeneous 
on paper  chromatography and  is uncon tamina t ed  with residual NH4+ or DPN ÷, 
present  in the second incubat ion  mixture.  Approximate ly  equal amounts  of the 
erythro and  threo forms are recovered, indicat ing the formation of equal or near ly 
equal quant i t ies  of the two isomers of a-hydroxy-7-ketoglutara te  in the enzymat ic  
condensat ion reaction, in confirmation of the earlier observat ion 5 of non-stereo- 
specific enzymat ic  cleavage of the keto acid. The procedure above has been used 
repeatedly to obta in  both  unlabeled and 14C-labeled erythro- and threo-v-hydroxy- 
L-glutamate.  The overall yield of both  isomers from glyoxylate,  as the l imit ing 
ini t ia l  reactant ,  has been about  40-50%.  
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SC I I056  
The sulfhydryl content of some lactate dehydrogenases* 

Recent ly  evidence has been obta ined  for the involvement  of sulfhydryl groups in the 
mechanism of act ion of a n u m b e r  of lactate dehydrogenases (L-lactate: NAD ÷ 
oxidoreductase,  EC I.X.1.27) 1. Since lactate dehydrogenase now appears  to consist 
of 4 subunits2'3, it is possible tha t  S-S bridges are involved in holding the subuni t s  
together. Therefore, in order to clarify further  the role of the SH groups, we thought  
it of value to determine the cysteine and cystine content  of a number  of lactate 

* Publication No. 222 of the Graduate Department of Biochemistry, Brandeis University, 
Waltham, Mass. (U.S.A.). 
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