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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%.  

This work was supported by  Grant  GM 07192 from the U.S. Public Heal th  
Service. 

Department of  Pharmacology, 
St. Louis University,  
School of  Medicine, 

St. Louis, Mo. ( U . S . A . )  

ELIJAH ADAMS 
ALFRED GOLDSTONE 

1 A. I. VIRTANEN AND P. K. HIETALA, Acta Chem. Scand., 9 (I955) 175. 
L. BENOITON AND L. P. BOUTrlILLIER, Can. J. Chem., 33 (1955) 1473. 

3 E. ADAMS AND A. GOLDSTONE, J. Biol. Chem., 235 (196o) 3504 . 
4 E. E. DEKKER AND U. MAITRA, J. Biol. Chem., 237 (1962) 2218. 
5 A. GOLDSTONE AND E. ADAMS, J. Biol. Chem., 237 (1962) 3476. 

L. BENOITON, M. WINITZ, S. M. BIRNBAUM AND J. P. GREENSTEIN, J. Am. Chem. Soc., 79 
(1957) 6192. 

7 E. ADAMS AND A. GOLDSTONE, J. Biol. Chem., 235 (196o) 3492. 
8 j .  V .  TAGGART AND I~_. B. I~RAKAUR, J. Biol. Chem., 177 (1949) 641. 
9 E. E. DEKKER, Biochem. Prep., 9 (1962) 69. 

z0 K. KURATOMI AND K. tTUKUNAGA, Biochim. Biophys. Acta, 43 (196o) 562. 
11 H. J. STRECKER, Methods in Enzvmol., 2 (1955) 22o. 

Received March 25th, 1963 

Biochim. Biophys. Acta, 77 (1963) I33-135 

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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dehydrogenases .  PFLEIDERER et al. 4 have  d e m o n s t r a t e d  b y  p -ch loromercur ibenzoa te  
t i t r a t ion  and amino acid composi t ion measurement s  tha t  there  are 14 moles of  
cys te ine  per  126 ooo g of  pro te in  in l ac ta te  dehydrogenase  of pig hear t ,  and  ra t  and  
r abb i t  muscle. 

Beef-heart ,  chick-hear t  and  chick-skele ta l -muscle  l ac ta te  dehydrogenase  were 
p repared  as descr ibed previously  1. Beef  and  ha l ibu t  skeleta l -muscle  l ac ta te  dehydro-  
genase were p repared  according to PESCE et al. 5. Rabbi t - ske le ta l -musc le  l ac ta te  
dehydrogenase  was obta ined  from C . F .  Boehr inger  und  Soehne, Mannheim 
(Germany) and was fur ther  purified by  c h r o m a t o g r a p h y  on a DEAE-ce l lu lose  
column. All the  enzymes used in this  s tudy  showed only one band  on electrophoresis.  
They  represent  pu re - type  enzymes wi th  ident ica l  subunits .  Fo r  example ,  the  chicken 
hear t  enzyme represents  the C H  1 descr ibed b y  CAHN el al. 2. The molecular  weight  
adop ted  was 135 ooo for a.ll the  enzymes.  The ex t inc t ion  coefficients used at  280 m/* 
were 1 .8 .1o 5 for chick-hear t  l ac ta te  dehydrogenase ,  2 .2 .1o  5 for chick-skeleta l -  
muscle lac ta te  dehydrogenase ,  and  2.o. lO s for all t i le  o ther  enzymes ~. Urea and guani-  
d ine .  HC1 were purchased  f lom Fisher  Scientific Company.  The urea  and guani-  
(line. HC1 were reerysta l l ized once or twice from methanol .  All  the  other  compounds  
used in this  s t u d y  were reagent  grade.  Glass-dis t i l led wate r  was used th roughout .  
For  the spec t rophotomet r ic  assay  of the  cyste ine  conten t  of the enzymes with  p -  
ch loromercur ibenzoate ,  the increase in abso rbancy  at  250 m# due to  mercap t ide  for- 
ma t ion  was measured  in a Zeiss spec t ropho tome te r  model  PMQ I I  (ref. 6). O.l-O.2 ml 
of enzyme ((5-7" IO-a #moles) were added  to a 3-ml cuve t te  conta in ing o.I  M sodium 
phospha te  buffer (pH 6.9), I . I O  4 M or 1.6. IO 4 M p-ch loromercur ibenzoa te  and 
7.o or 8.8 M urea.  SWENSON AND BOYER 7 have  demons t r a t ed  t ha t  the  ex t inc t ion  
coefficient of the  mercap t ide  formed be tween p-ch loromercur ibenzoa te .and  SH com- 
pounds  is different in concent ra ted  urea  solut ions and in water .  In this  work, this  
difference has been de te rmined  with reduced g lu ta th ione  and the correct ion fac tor  
so ob ta ined  was appl ied  to the react ion between p-ch loromercur ibenzoa te  and the  
enzymes.  Fo r  the  amperomet r i c  t i t r a t ion  of the  SH groups of the  enzymes wi th  
HgCI,,, an a p p a r a t u s  s imilar  to tha t  descr ibed b y  KOLTHOFF AND HARRIS s was 
used, the  main  difference being tha t  the  p l a t i num electrode was v ib ra t ing  ins tead  of 
rota t ing.  The mie roammete r  used was ob ta ined  from Rubicon Company,  Phi la-  
delphia,  Pa. The sens i t iv i ty  was o .o i /*A/ ram of deflection. The final concent ra t ions  
of reagents  in the  mix ture  used for amperomet r i c  t i t r a t ion  were:  4.0 M guani-  
d ine .  HC1, o.15 M NH4NO a, 0.066 M Na2SO a (when present) ,  o .o i  0 .02/ ,mole enzyme.  
All  the reagents  were dissolved in o . I  M Tris HCI buffer (pH 7.o). The final volume 
was 3.o ml. Before addi t ion  of the  enzyme and of Na2SO a, the  mix tu re  was outgassed  
with  N 2 for lO-15 min. The t i t r a t ion  was carried out  b y  addi t ion,  under  N 2 a tmos-  
phere,  of IO-#1 al iquots  of 2. 5 mM HgC12; the  equivalence poin t  was reached in 
4 8 addi t ions ;  af ter  tha t ,  3-5 more al iquots  were added.  As a control ,  a t i t r a t ion  of 
serum a lbumin  was carr ied out. o.6 0. 7 SH groups  were t i t r a t e d  in the  absence of 
Na2SO a, and  15-16 in i ts presence. This value  is in good agreement  wi th  the  values  
repor ted  in the  l i t e ra ture  9. Performie acid oxida t ion  was carr ied out at  room temper -  
a tu re  e i ther  b y  the  me thod  of HIRS 1° or b y  t ha t  of  SCHRAM, MOORE AND B1GWOOD 11. 
The resul t ing cysteic  acid was measured  b y  means  of a Beckmann  amino acid  
ana lyzer  according to the  procedure  of MOORE, SPACKMAN AND STEIN 12. 

Table  I shows the  exper imenta l  results.  Values are given in moles of SH groups 
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per  135 ooo g of  p ro te in  as de t e rmined  b y  spec t rophotomet r ic  t i t r a t ion ,  ampero-  
met r ic  t i t r a t i on  wi th  and  wi thou t  Na2SOa, and  cysteic acid analysis.  The last  co lumn 
gives the  average  figures, a p p r o x i m a t e d  to  the  neares t  integer.  The values  ob ta ined  
b y  amperome t r i c  t i t r a t ion  have  been mul t i p l ed  b y  2 on the assumpt ion  tha t ,  under  
the  expe r imen ta l  condi t ions  employed ,  me rcu ry  acts  as a d iva len t  ca t ion  and there-  
fore I a t o m  of this  e lement  b inds  to 2 SH groups  (ref. 13). The agreement  wi th  the  values  
ob t a ined  b y  p -ch lo romercur ibenzoa te  t i t r a t i on  and b y  cysteic acid  analysis  con- 
firms this  assumpt ion .  

TABLE I 

SH GROUP CONTENT OF LACTATE DEHYDROGENASES PER 135 OOO g OF PROTEIN 

The number of determinations is given in parentheses. 

p-Chloromer- HgCI 2 titration Cysteic 
Enzyme curibenzoate acid A verage 

titration with Na~SOs without Na2SO 3 analysis 

Chick heart 26-3 (4) 26.2 (5) 26.5 (3) 27.5 (3) 27 
Beef heart 16.6 (4) 16.o (i) 16.6 (i) 16.8 (2) 17 
Halibut skeletal muscle 13.1 {2) 14-7 (3) 15 .0 (4) 14 
Chick skeletal muscle 26-4 (3) 25.3 (I) 25. 9 (I) 26.1 {I) 26 
l~eefskeletal muscle 25 .0 (3) 26.2 (2) 24.8 (2) 26.3 (2) 26 
Rabbit skeletal muscle 16.7 (3) I5.7" 16 

* Value taken from PFLEIDERER el al. 4 and recalculated for a molecular weight of 135 ooo. 

S imi lar  values  of  SH con ten t  have  been found b y  amperomet r i c  t i t r a t ion  wi th  
and  wi thou t  Na2SO 3 for all  the  enzymes  tested.  This  finding, toge ther  wi th  the  close 
ag reemen t  among  the  figures ob ta ined  b y  cysteic  acid  analysis  and  b y  the  o ther  
two methods ,  rules out  the  exis tence of  S - S  groups in these proteins.  P~LEII)ERER 
et al .  4. reached this  same conclusion for the  l ac ta te  dehydrogenases  from r abb i t  
muscle,  p ig  hear t ,  and  ra t  muscle. I t  seems, therefore,  t ha t  the  subuni t s  in l ac t a t e  
dehydrogenases  are not  held  toge ther  b y  S -S  bridges.  This is consis tent  wi th  the  
f inding b y  APPELLA AND I~ARKERT 3 t h a t  beef -hear t  l ac ta te  dehydrogenase  can be 
spl i t  in to  subuni t s  b y  the  ac t ion  of  12.0 M urea  or  5.0 M guanidine.  

Our  values  of  16. 7 moles  of  S H  for rabbi t - ske le ta l -musc le  l ac ta te  dehydrogenase  
and  16 for the  beef -hear t  enzyme for 135 000 g of prote in  are in close agreement  
wi th  the  values  of  14 found b y  I)FLEIDERER et al. 4 for 126 000 g of  p ro te in  and  of  
8 cyste ic  ac id  residues found b y  MILLAR 14 for 72 000 g of  protein.  I t  is of  in te res t  t h a t  
the  cys te ine  con ten t  of  the  var ious  v e r t e b r a t e  l ac ta te  dehydrogenases  varies.  Fu r -  
the rmore ,  the  two chicken types  have  essent ia l ly  the  same number  of  cys te ine  
moiet ies ,  whereas  the  con ten t  for the  two beef  enzymes is different. A l though  the  
chicken enzymes  show no difference in cys te ine  conten t  the  amino acid  composi t ions  
of  the  two types  are cons iderab ly  different  15. These va r i a t ions  in cys te ine  conten t  
among  the  l ac t a t e  dehydrogenases  fu r the r  indica te  t ha t  evo lu t ionary  change has  
t a k e n  place in the  l ac t a t e  dehydrogenase  molecule.  

This  work  was a ided  b y  g ran t s  from the  Na t iona l  Ins t i tu t e s  of  Hea l t h  (CA-036I I) 
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and the American Cancer Society (P77 E, The Thomas S. Miller Grant for Cancer 
Research). 
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sc 11057 
TPN-specific isocitrate dehydrogenase in bovine cornea epithelium 

During the course of our investigations on enzyme patterns of the main metabolic 
pathways in connective tissues z enzyme activities were assayed separately in epithelia 
and connective tissue of bovine cornea. We found an extremely high activity for 
TPN-specific isocitrate dehydrogenase (EC 1.1.1.42) in cornea epithelium. 

Cow's eyes were sectioned out immediately after slaughtering. Samples of both 
tunica propria and epithelium were homogenized in 50 mM triethanolamine-HC1 
buffer (pH 7-5), 5 mM EDTA, using a Waring blendor. For determination of enzyme 
activity the IOO ooo × g supernatant was used in a optical test under standard 
conditions 1. The stepwise extraction along with increasing disintegration of cornea 
epithelium was carried out as described earlier ~. 

The enzyme pat tern of cornea epithelium shows an extremely high isocitrate 
dehydrogenase activity. I t  exceeds all other enzyme activities assayed in the same 
tissue (Fig. I). The maximum isocitrate dehydrogenase activity can be assumed to 
be twice the measured activity, since Mg 2+ was used instead of Mn 2+ for activity 
determination. In all the tissues of both man and animal that  have been investigated 
so far no comparable isocitrate dehydrogenase activity has ever been encountered 
(Table I). 
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