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Rapid Pur i f i ca t ion  of Lactate  D e h y d r o ~ e n a s e  X f r o m  M o u s e  T e s t e s  by  T w o  Steps  of Aff inity  C h r o m a -  
t o g r a p h y  on O x a m a t e - S e p h a r o s e  I 
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Summary. A t  c o n c e n t r a t i o n s  of 200 ~ M  N A D H  a n d  0.5 M NaC1 L D H - X  is s epa ra t ed  f rom the  o t h e r  L D H  isozymes of 
mouse  tes tes  on  oxama te - sepha rose .  In  a second s tep  L D H - X  is b o u n d  to t he  same m a t r i x  a t  lower N A D H  and  NaC1 
c o n c e n t r a t i o n s  a n d  t h e  pure  e n z y m e  can  s u b s e q u e n t l y  be  e ln ted .  

Fe r t i l i t y  i n h i b i t i o n  b y  ac t ive  and  pass ive  i m m u n i s a t i o n  
aga in s t  t h e  s p e r m  specific l a c t a t e  d e h y d r o g e n a s e  (EC 
1,1.1.27; LDH)  isozyme X (LDH-X)  has  been  r e p o r t e d  
in mice a ~ a n d  r a b b i t s  v. I n v e s t i g a t i o n s  on t he  m e c h a n i s m  
of th i s  t y p e  of fe r t i l i ty  i nh ib i t i on  ~,", ~ can  on ly  be  per-  
fo rmed  a f te r  pu r i f i ca t ion  of L D H - X  and  the  p r o d u c t i o n  
of an t ibod ie s  aga in s t  t h i s  L D H  isozyme. Usua l ly  t es tes  
t i ssue  serves  as t h e  m a i n  source  for  t he  isola t ion of mouse  
L D H - X  b y  c o n v e n t i o n a l  p rocedures  ,-1~. We h a v e  r ecen t l y  
r epo r t ed  the  s e p a r a t i o n  of L D H - X  f rom o the r  L D H  
isozymes of mouse  tes tes  b y  a f f in i ty  c h r o m a t o g r a p h y  on 
o x a m a t e - s e p h a r o s e  as p a r t  of t h e  isolat ion of pure  mouse  
I , D H - X  1=. More r e c e n t l y  GOL~)B~RC ~ descr ibed  t he  
pur i f i ca t ion  of L D H - X  f rom spermatozoa ,  wh ich  c o n t a i n  
L D H - X  as t he  only  L D H  isozyme, b y  one s tep  of a f f in i ty  
c h r o m a t o g r a p h y  u n d e r  d i f fe ren t  cond i t ions  on the  same  
ma t r i x .  F r o m  careful  s tud ies  on t he  b i n d i n g  of L D H - X  
a n d  of L D H  1-5 to o x a m a t e - s e p h a r o s e  a t  d i f fe ren t  NaC1 
and  N A D H  concen t r a t i ons ,  we d e t e r m i n e d  t he  cond i t ions  
for  a rap id  pur i f i ca t ion  of mouse  L D H - X  f rom tes tes  
ex t r ac t s  b y  two s teps  of a f f in i ty  c h r o m a t o g r a p h y .  

Materials and methods. Bas ic  chemica ls  were p u r c h a s e d  
f rom t h e  Merck  AG, D a r m s t a d t ,  N A D H  a n d  p y r u v a t e  
f rom B6hr inger ,  N a n n h e i m ,  h e x a n e  d i amine  f rom E G A -  
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Fig. 1. Aff ini ty  ch roma t og raphy  s tudies  of mouse tes tes  homogena te  using oxamate-sepharose .  The  i r r iga t i~g  buffer consisted of 0.02 M 
po tass ium phospha te  buffer, pK  6.8 adjus ted  to different  NaCI  and N A D H  concent ra t ions  as indica ted .  The co lumn conta ined 10 inl 
sepharosel inked oxamate .  5 nil  samples  were appl ied to the coluinn and 2.5 ml fract ions were collected and assayed for prote in  and LDId 
ac t iv i ty .  The L D H  isozyme pa t t e rns  were ident if ied after  eleetrophoresis  on po lyaery lamide  gels, 
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Chemic, Ste inheim,  cyanogen  bromide  f rom Serva,  
Heidelberg,  and  Sepharose-4B as well as 1-ethyl-3-(-3- 
d ime thy laminopropy l ) - ca rbod i imide  f rom the  Sigma 
Chemical  Co., Munich.  Aff in i ty  c h r o m a t o g r a p h y  of mouse  
tes tes  of the  N M R I  s t ra in  (breeder:  Schwencke,  Naun-  
helm, Germany)  was pe r fo rmed  as previous ly  descr ibed 12 
excep t  for the  following changes:  The 35,000 •  super-  
n a t a n t  of the  tes tes  homogena t e  in 0.02 M p h o s p h a t e  buf-  
fer, p H  6.8, was ad jus ted  to the  descr ibed N A D H  and  
NaC1 concen t ra t ions  w i t h o u t  any  previous  (NH~) 2 SO, 
prec ip i ta t ion  s tep and then  appl ied to the  af f in i ty  column. 
The p repa ra t ion  of the  oxamate - sepha rose  was carr ied 
out  as descr ibed in the  preceding  repor t  ~2. However ,  the  
concen t ra t ions  of po tas s ium oxala te  and  water-soluble  
carbodi imide  in the  second coupling s tep were increased 
as r e c o m m e n d e d  recen t ly  by  O'CARRA et  al. ~a. L D H  was 
assayed according to ]EPSTEIN et  a1.14; p ro te in  concent ra -  
t ions  were measured  by  the  LOWRY m e t h o d  15. Condi t ions  
for po lyacry lamide  electrophoresis  and the  ident i f ica t ion 
of L D H  ac t iv i ty  and pro te in  bands  have  been  descr ibed 
previous ly  ~2. Puri f ied L D H - X  was concen t r a t ed  by  
v a c u u m  dialysis a t  4 ~ 

Results and discussion. W h e n  s tudy ing  the  b inding  of 
mouse  tes tes  ex t rac t s  to oxamate - sepharose  in the  ab-  
sence of N A D H  and  NaC1, we found no adsorb t ion  of 
L D H - X  and  L D H  3 5 b u t  a b inding  of L D H  1-2 and 
also of o ther  pro te ins  which  could be e luted by  0.5 M 
NaC1 (Figure 1 A). W h e n  the  same ex t r ac t  was ch roma to -  
g raphed  at  0.1 M NaC1, no L D H  was b o u n d  in the  ab-  
sence of NADI-t (Figure 1B). However ,  low N A D H  
concen t ra t ions  were able to b ind  L D H  1-5 and L D H - X  
at  0.1 M NaC1 (Figure 1C). The la t t e i  condi t ions  have  
been  used by  "vVItEAT and GOLDBERG 16 tO adsorb  mouse  
L D H - X  to oxamate - sepha rose  and by  GOLDB~RG ~* to 
isolate r abb i t  L D H - X .  We had  previous ly  no t  found any  
adsorb t ion  of mouse  L D H - X  a t  0.5 M NaC1 and 200 iaM 
NADH*2, bu t  a t  the  same t ime  we did f ind a b ind ing  of 
L D H  1-5 (Figure 1 D). WHEAT and GOLDBERG 16 suggest  
f rom the i r  d a t a  (Figure 1C) t h a t  the  b inding  of mouse  
L D H - X  is exquis i te ly  sensi t ive to high N A D H  concent ra -  
t ions  and  was no t  to be absorbed  under  our condi t ions  
(200 a M  N A D H ;  Figure  1D). Since N A D H  faci l i ta tes  
the  b inding  of L D H  1-5 and  also of L D H - X  in the  pre-  
sence of 0.1 M NaC1 (Figure 1C), and L D H - X  could no t  
be e luted by  increasing N A D H  concen t ra t ions  up to  2 m M  
N A D H  in addi t iona l  exper iments ,  we felt  t h a t  the  b inding  
of L D H - X  in our  separa t ion  s t u d y  was inhib i ted  by  the  
h igh  sal t  concen t ra t ion  (0.5 M NaCI) r a the r  t h a n  by  t h e  

N A D H  concen t ra t ion  (200 b~M N A D H ;  Figure 1D). This  
p rob lem was fu r ther  s tud ied  at  a co n s t an t  concen t ra t ion  
of 0.35 M NaC1. An a d j u s t m e n t  of the  N A D H  concent ra-  
t ion to 80 a M  N A D H  did no t  allow a b inding  of L D H - X  
(Figure 1E). W h e n  increasing the  N A D H  concen t ra t ion  
up to 2 m M  N A D H ,  however ,  L D H - X  was adsorbed  
and could be e luted wi th  L D H  1-5 as soon as N A D H  was 
omi t t ed  f rom the  irr igat ion buffer  (Figure 1F). Figure 1, 
E and F d e m o n s t r a t e  t h a t  N A D H  facil i tates the  b inding  
of L D H - X  to oxamate - sepha rose  in the  presence of NaC1; 
h igher  N A D H  concent ra t ions ,  of course, had  to be used 
t h a n  at  the  lower NaC1 concen t ra t ion  in Figure 1., B and  
C. An inhib i t ion  of the  b ind ing  of L D H - X  by  the  high. 
N A D H  concen t ra t ion  in our separa t ion  s tudy  .2, as sug- 
ges ted b y  WHEAT and GOLDBERG 16, therefore  seems very  
unlikely.  

The differences in the  b inding  character is t ics  of L D H -  
X and L D H  1 5 a t  d i f ferent  N A D H  and salt  concent ra-  
t ions  allow a rapid  pur i f icat ion of L D H - X  f rom tes tes  by  
two s teps  of af f in i ty  ch roma tog raphy .  The first  s tep  is 
pe r fo rmed  on the  35,000 • g s u p e r n a t a n t  of mouse tes tes  
h o m o g e n a t e  ad jus ted  to  200 a M  N A D H  and 0.5 M NaC1 
according to  Figure 1D. The b inding  of L D H - X  to the  
column, which  is the  second s tep of the  af f in i ty  ch romato -  
graphy,  is carr ied out  on the  u n b o u n d  f ract ions  conta in ing  
L D H - X  and c o n t a m i n a t i n g  prote ins  af ter  a 1 : 5 dilution.  
The resul t ing NaC1 and N A D H  concen t ra t ions  ( =  0.1 M 
NaC1 and  40 a M  NADH)  allow a b inding  of L D H - X ,  
according to Figure 1C. Pure  L D H - X  can finally be 
eluted f rom the  column in the  absence of N A D H .  Af te r  
concen t ra t ion  of the  purif ied L D H - X ,  no co n t ami n a t i ng  
prote ins  could be de tec ted  on po lyacry lamide  gels which  
only  revealed a single b a n d  ident ical  wi th  the  single b a n d  
t h a t  appeared  af ter  s ta in ing for L D H  ac t iv i ty  (Figure 2). 
The specific ac t iv i ty  of t he  purif ied mouse L D H - X  f rom 
tes tes  was 120 IU/mg,  which  is similar to GOLDBeRG'S 
results  10, n and  h igher  t h a n  t h a t  r epor ted  by  \VoNG et  al. 9. 
Bo th  groups  were using conven t iona l  isolat ion procedures.  

The main  advan t age  of the  isolat ion of L D H - X  b y  
two s teps  of af f in i ty  c h r o m a t o g r a p h y  is the  r ap id i ty  and  
ease wi th  which the  pure  enzyme is obta ined .  The b ind ing  
proper t ies  of L D H - X  are s l ight ly  di f ferent  in every  
species and have  to be de t e rmined  before the  two s teps  
of af f in i ty  c h r o m a t o g r a p h y  are carried out.  In  the  rat ,  
the  pur i f icat ion of the  tes tes  specific L D H  isozymes by  
our m e t h o d  revealed 2 bands  on po lyacry lamide  gels 
(Figure 2), the  la t te r  hav ing  been descr ibed by  prev ious  
inves t iga tors  ~. 

Fig. 2. Polyaerylamide gel patterns of pure testes specific LDH as 
obtained after the two step isolation procedure using oxamate- 
sepharose from mouse testes (A and B) and rat testes (C and D). A 
and C, LDH staining; B and D, protein staining (Coomassie blue). 
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