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' T e t r a z o l i u m  Oxidase '  Ident i f ied w i t h  the  H e m e - O x i d a s e s  of  H u m a n  T i s s u e s  

Light  (negative) p ro te in  bands  appear  under  t e t ra -  
zolium reduc t ion  s ta in ing techniques  af ter  s ta rch  gel 
e lectrophoresis  of h u m a n  hemolysa tes  (Figures 1 and 2). 
Their  iden t i ty  is unknown,  a l though  some have  been 
correlated t en t a t i ve ly  w i th  the  cy tochrome  sys tem 1 
I have  observed such ' t e t razo l ium oxidases ' ,  including 
genetic var iants ,  in t issue ex t rac t s  f rom m a n y  ve r t eb ra t e  
species. I f ind t h a t  t he  b a n d  of grea tes t  in tens i ty  in 
h u m a n  hemolysa tes  represents  the  major  hemoglobin  
c o m p o n e n t  and several  minor  bands  represen t  the  minor  
hemoglobins  A 2, A 3, and  F (Figures 1 and 2). As the  gel 
is incuba ted  the  hemoglobin  p reven t s  reduc t ion  of t he  
te t razo l ium com pound  and t h e n  diffuses out  of the  gel, 
leaving whi te  bands .  W h e n  e lect rophoret ic  va r i an t s  of 
h u m a n  hemoglobin  are examined,  the  mobi l i ty  of t he  
major  t e t razo l ium oxidase is shif ted correspondingly ;  
fur thermore ,  the  anodal  subband  of hemoglobin ,  I-IbA 3, 
t h o u g h t  to  be a dena tu ra t i on  p roduc t  of H b A  ~, is rep-  
resented  by  a t e t r azo l ium oxidase  whose mobi l i ty  also 
shifts  cor respondingly  wi th  e lec t rophore t ic  va r ian t s  of 
HbA.  

W h e n  electrophoresis  of h u m a n  hemolysa tes  3 is per-  
formed at  p H  va ry ing  f rom 4.5-8.6 the  maj or t e t r azo l ium 
oxidase and  hemoglobin  bands  ma in t a in  ident ical  mobi-  
lities, as t h e y  do when  the  dens i ty  of t he  s ta rch  is var ied  
f rom i 0 - 2 0 %  ; th is  precise paral le l ism of mobi l i ty  renders  
the i r  iden t i ty  mos t  likely. Elec t rophores is  of h u m a n  liver 
and  serum ex t rac t s  reveals  several  closely spaced bands  
of t e t r azo l ium oxidase  which  m a r k  the  site of the  hemo-  
g lobin-haptoglobin  complex;  the i r  p a t t e r n  cor responds  
precisely to  t he  hap tog lob in  p h e n o t y p e  of the  indiv idual  
examined  4. There  are several  addi t iona l  t e t razo l ium oxi- 
dases seen in h u m a n  t issue which  I have  t en t a t i ve ly  
ident i f ied wi th  m e t h e m a l b u m i n ,  hemopexin ,  and hemo-  
peroxidase  on the  basis of e lec t rophore t ic  mobi l i ty  ~. 
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Fig. 1. Starch gel electrophoresis and tetrazolium staining 1 of 
human hemolysates. Right: 10 rain after tetrazolium staining, all 
the hemoglobin was elated with 2 1 of 0.25M Na-PO 4 buffer, pH 7, 
in 2 changes, at 20 ~ for 8 h. The gels were then fixed in Smithies' 
solution 3,~. Left: 10 rain after tetrazolium staining, the gels were 
fixed in Smithies' solutionS, ~. Some hemoglobin has elated already, 
but most remains on the gel obscuring tetrazolium oxidase bands. 
The fetal hemoglobin sample is from cord blood containing small 
amounts of hemoglobin A. The variant hemoglobins were identified 
by classic techniques 5. Photography was performed at 20~ 24 h 
after staining and 16 h after elution was complete. All white bands 
coincide with hemoglobin or its denaturation product, immediately 
anodal to the main band. Note HbA 2 is also seen {cathodal) as a 
white band. 

Fig. 2. Starch gel electrophoresis at pH 8.6 of various human hemolysates. Right: stained for tetrazolium oxidase and eluted as in Figure 1. 
Left: stained with benzidine for heme-oxidases ~, and fixed within 30 min of staining in 50% glycerine, 0.005M Na Acetate, pH 5. The left 
and right sides are mirror images (opposite halves of the same gel). Photography at 20 ~ 10 h after staining and 2 h after elution was com- 
plete. The benzidine-positive and the white bands coincide precisely; however,there are some extra white bands, catbodally placed, of un- 
known identity. 
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P r o b a b l y  p r io r  f ind ings  1 a n d  mine  c o m p l e m e n t  e a c h  
o t h e r :  As heme-oxidases ,  some of t he  cy t och r om es  could 
p r e v e n t  r e d u c t i o n  of t e t r azo l ium,  as ha s  been  proposed,  
as does hemoglob in .  Poss ib ly  a n y  h e m  e- ox idase  can  do so. 

W h e n  2 I U / m l  of t h e  e n z y m e  l ac t a t e  d e h y d r o g e n a s e  
( W o r t h i n g t o n  Biochemicals )  is i n c u b a t e d  w i t h  our  t e t r a -  
zo l imn spot  a s say  6 a pu rp l e  color o rd ina r i ly  develops  
w i t h i n  30 ra in ;  w h e n  h u m a n  h e m o g l o b i n  is added,  t he  
t i m e  for color d e v e l o p m e n t  increases  in  para l le l  w i t h  t he  
c o n c e n t r a t i o n  of h e m o g l o b i n  and  is increased  a l m o s t  
5-fold a t  14 g m %  Hb.  W h e n  L D H  i s  a s sayed  spect ro-  
p h o t o m e t r i c a l l y  7 no  dif ference in e n z y m e  a c t i v i t y  is 
obse rved  in t h e  presence  of h e m o g l o b i n  ; t h u s  t e t r a z o l i u m  
oxidase  ac ts  on ly  on  t h e  dye  to p r e v e n t  reduc t ion .  Hemo-  
globins  of ce r t a in  species, for e x a m p l e  some of t he  fish, 
will no t  p r e v e n t  r e d u c t i o n  of t e t r a z o l i u m  dyes;  t h u s  t h e  
p ro t e in  m o i e t y  p lays  a n  essent ia l  role in  th i s  ac t iv i ty .  

I t  is cur ious  t h a t  some p ro te ins  w i t h  o the rwise  phys -  
iological  func t ions  should  h a v e  t h i s  ab i l i ty  to  oxidize a 
dye  t h e y  m u s t  r a r e ly  e n c o u n t e r  in  vivo.  One i m p o r t a n t  
consequence  of t h e  presence  of these  oxidases  on t he  gel 
is t h a t  t h e y  can  in te r fere  w i t h  d e t e c t i o n  of enzymes  
wh ich  would  o the rwise  ca ta lyze  r e d u c t i o n  of t he  dye  b u t  
are  p r e sen t  in  low concen t r a t i on .  A false med ica l  diag- 
nosis  of e n z y m e  def ic iency  m i g h t  read i ly  be  m a d e  in 
such  cases, unless  s p e c t r o p h o t o m e t r i c  e n z y m e  assays  
were pe r fo rmed .  I n  e lec t rophores i s  of h u m a n  hem o l ysa t e s  
a t  p H  8.6, t h e  ' t e t r a z o l i u m  oxidase '  of Hb3 can  cu t  across 
t he  G 6 P D  b a n d  so as to  yie ld  2 b a n d s  wh ich  m i m i c  
he t e rozygos i ty  for G 6 P D  t y p e  A / B  5. Mask ing  of o the r  

enzymes  is especial ly  t r eache rous  w h e n  t he  t e t r a z o l i u m  
ox idase  s t a i n  fades  a f t e r  exposure  to  l igh t  or s to rage ;  in  
such  cases one ha s  no t  a clue to  t he  d i s a p p e a r a n c e  of t he  
m a s k e d  enzymeS.  

Rdsumd. Des b a n d e s  b l anches  jusqu ' i c i  myst6r ieuse ,  
a p p a r a i s s e n t  q u a n d  on  t e i n t  des t r aces  61ectrophor6t iques  
avec  des r6ac t ions  de t 6 t r azo l i um pou r  faire  a p p a r a l t r e  
d iverses  enzymes .  Ces b a n d e s  se r6v61ent c o m m e  6 ran t  
de l ' h6moglob ine  et  d ' a u t r e s  h6mo-pro t6 ines  se t r o u v a n t  
darts le s6rum e t  dans  des pa r t i e  s du  t i ssue  qu i  a r r ~ t e n t  
la r6duc t ion  du  t6 t razo l ium.  Ces b a n d e s  p e u v e n t  donc  
t r oub l e r  le dessin 61ectrophor6tique.  
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T h e  Intes t ina l  A b s o r p t i o n  of M e t h i o n i n e  in Ch ickens  P r o v i d e d  w i t h  P e r m a n e n t  T h i r y - V e l l a  F i s tu las  

The  in v i t ro  i n t e s t i n a l  ab s o r p t i ons  of I)- a n d  L-methio-  
n ine  in t h e  ch icken  as well  as t h e  i n h i b i t i o n  of these  
abso rp t i ons  b y  o t h e r  a m i n o  acids were r epo r t ed  to  occur  
a t  a c o m m o n  L-preferr ing site1. I n  t h e  same  s t u d y  evi- 
dence  was o b t a i n e d  w h i c h  ru led  ou t  s epa ra t e  b i n d i n g  
si tes w i t h  ove r l app i ng  specif ici t ies  for these  isomers.  
F u r t h e r m o r e ,  b o t h  I)- a n d  L-accumula t ions  a t  s t e a d y  
s t a t e  were  m a r k e d l y  depressed  b y  D N P  2, a n d  e x a m i n a -  
t i on  of L-efflux revea led  t h a t  th i s  process  was acce le ra ted  
b y  t h e  m e t a b o l i c  i n h i b i t o r  3. P r e s u m a b l y ,  m e t a b o l i c  
ene rgy  is r equ i red  to  reduce  a f f in i ty  for ex i t  of a c c u m u -  
l a t ed  s u b s t r a t e s  4. I n  addi t ion ,  b o t h  e n a n t i o m o r p b s  were 
t r a n s p o r t e d  aga ins t  c o n c e n t r a t i o n  g rad ien t s  in  ch icken  
in tes t ine ,  t h o u g h  t h e  L-form deve loped  t h e  la rger  gra-  
d i en t  ~. I n  v i t r o  work  ha s  also s h o w n  t h e  m e t h i o n i n e  
t r a n s p o r t  s y s t e m  to  h a v e  h i g h  specif ic i ty  for  n e u t r a l  
a m i n o  acids b u t  low speci f ic i ty  for  po la r  ones  1. I n  a n o t h e r  
s t u d y ,  PAINE e t  al. ~ n o t e d  L-meth ion ine  a b s o r p t i o n  to  be  
g rea te r  t h a n  D- in ch ickens  w i t h  p e r m a n e n t  f is tulas.  T h e y  
also obse rved  t h a t  D N P  could i n h i b i t  L-absorpt ion,  b u t  
no t  D-, and  t h a t  e i t he r  i somer  could i m p a i r  L-his t idine 
t r a n s p o r t .  

Methods. M a t u r e  ch ickens  were p r o v i d e d  w i t h  pe rma-  
n e n t  Th i ry -Ve l l a  f i s tu las  as descr ibed  b y  NEWMAN and  
TAYLOR 7. Usua l ly  3 an i m a l s  were used in r o t a t i o n  for  a 
g iven  set  of expe r imen t s .  A m i n o  acid so lu t ions  were 
per fused  t h r o u g h  t h e  f i s tu la  a n d  a l iquo ts  of pe r fusa te  
ana lyzed  for  d i s a p p e a r a n c e  of a d m i n i s t e r e d  a m i n o  acid. 
T h e  i so la ted  i n t e s t i n a l  loop was t e s t ed  for i n t a c t n e s s  b y  
c i rcu la t ion  of sorbose,  w h i c h  was assayed  b y  t h e  m e t h o d  
of RoB s. So lu t ions  were c i rcu la ted  b y  a S i g m a m o t o r  
p u m p  (Middleport ,  N.Y.) a t  ra tes  of e i t he r  a p p r o x i m a t e l y  

0.6 or  1.1 ml /min ,  a n d  flow ra te s  were a d j u s t e d  b y  a 
Revco  speed con t ro l  (Minneapolis ,  Minn.) .  The  t e m p e r a -  
t u r e  of t he  pe r fusa te  was m a i n t a i n e d  a t  41~ The  loop 
was cleared of i n t e s t i na l  secre t ions  b y  r ins ing  w i t h  w a r m  
saline.  The  l a t t e r  so lu t ion  was used as a con t ro l  on  t he  
possible  exc re t ion  of me th ion ine -pos i t i ve  subs t ances  f rom 
the  in tes t ine .  Such  read ings  were  a lways  negligible.  
Excess  sal ine was r e m o v e d  f rom t h e  f i s tu la  b y  a sma l l  
s t r e a m  of air.  A m i n o  acid so lu t ions  were p r e p a r e d  in  
0.9% saline.  Me th ion ine  a n d  i ts  de r iva t i ve s  were de ter -  
m i n e d  b y  t he  m e t h o d  of ROUDRA a n d  CI~OUI)HURY 9. 

Results and discussion. Tab le  I s u m m a r i z e s  d a t a  on  
D- a n d  L-meth ion ine  a b s o r p t i o n  veloci t ies  as a f unc t i on  
of per fus ion  t ime.  A t  all  concen t r a t i ons ,  veloci t ies  meas-  
u red  for  t he  f i rs t  10 m i n  i n t e r v a l  were a b o u t  6 0 - 7 0 %  of 
t he  va lues  found  the rea f t e r .  Read ings  t a k e n  for l a t e r  t i m e  
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