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7 .5% p o l y v i n y l p y r r o l i d o n  (PVP)  so lu t ion  c o n t a i n i n g  
0 .03% s a p o n i n e  a n d  h o m o g e n i z e d  (d i lu t ion  fac to r  125 x ). 
1 g of l ive r  was  d i l u t ed  w i t h  11.5 vol  of P V P - s a p o n i n e  
solut ion a n d  h o m o g e n i z e d  (d i lu t ion  f ac to r  12.5 x ). B o t h  
suspens ions  were  a l lowed to  s t a n d  a t  r oom t e m p e r a t u r e  
for 30 ra in  w i t h  occas iona l  s t i r r ing ;  t h e y  were  t h e n  cen t r i -  
fuged a t  18000 g for  20 ra in  a n d  t h e  s u p e r n a t a n t s  pre-  
served for  ana lys i s .  

In  a p p r o p r i a t e  a l i quo t s  of t h e  s u p e r n a t a n t s  t h e  h a e m o -  
globin c o n t e n t  was  d e t e r m i n e d  b y  t he  specific m e t h o d  of 
HAVEMAN e t  al. ~, us ing  t r i e t h a n o l a m i n e  buf fe r  a t  p H  7.5. 
Wi th  t h i s  m e t h o d  t h e  increase  in a b s o r p t i o n  ( a t t r i b u t e d  
specifically to  haemog lob i n )  was  m e a s u r e d  a t  546 mt~ (or 
570 mtz ) a f t e r  a d d i n g  KaFo(CN)~ ( ex t inc t i on  1) a n d  t h e n  
KCN (ex t inc t i on  2). The  di f ferences  in  e x t i n c t i o n s  (zlE) 
mul t ip l ied  b y  t he  d i lu t ion  fac tors  r e p r e s e n t  t he  a m o u n t  of 
haemog lob in  in  t he  u n d i l u t e d  or ig ina l  samples .  T he  hae-  
moglob in  c o n c e n t r a t i o n  in l iver  c o m p a r e d  to t h a t  of t h e  
whole b lood can  be  used to  ca lcu la te  a n  i n d e x  of the  con-  
t a m i n a t i o n  of t he  l iver  b y  blood. 

The  resu l t s  of a r e p r e s e n t a t i v e  e x p e r i m e n t  are seen in 
the  Table .  

The  z lE 54e of 1 ml  d i lu t ed  whole  b lood sample  was 
0.200. There fo re  t h e / J E  54~ of 1 ml  u n d i l u t e d  whole  blood 
would be 0.200 × 125 = 25. 

The  A E  546 of 1 ml  d i lu t ed  l iver  h o m o g e n a t e  was  0,060, 
Therefore  t h e  A E  546 of 1 g ' u n d i l u t e d '  l iver  (wet weight )  
would be  0.060 × 12.5 = 0.75. 

Because  0.75 is 3 % of 25, th i s  would  i nd i ca t e  t h a t  3 % 
of 1 ml  whole  b lood ( t h a t  is 30 ~xl) was found  as a c o n t a m -  
i n a n t  in  1 g of l iver  (wet  weight ) ,  in th i s  e x p e r i m e n t .  

Values  of 1.5-5 % (average  4 . 2 % )  h a v e  been  o b t a i n e d  
in a series of t en  e x p e r i m e n t s .  This  v a r i a t i o n  appea r s  to  be  
d e p e n d e n t  u p o n  t h e  c i r c u m s t a n c e s  of dea th .  

Af te r  these ,  t he  ana lys i s  of t he  c a t h e p s i n e  a n d  pep t ida se  
a c t i v i t y  of l iver,  a n d  of whole  blood,  was ca r r ied  out .  1 g 
of liver,  a n d  0.2 ml  whole  b lood  ( m a n y  t i m e s  t he  a m o u n t  
found as l iver  c o n t a m i n a n t ) ,  was  h o m o g e n i z e d  in 0.25 M 
saccharose  or  0 .1% of T r i t o n  X-100.  A l iquo t s  of the  h o m o -  

After After Zl E 5~ 
KsFe(CN)n KCN 

E 546 m[~ 0,370 0,570 0.200 
blood 

E 5-I6 mlt 0.360 0,420 0.060 
liver 

gena te s  were  m i x e d  w i t h  buf fe r  a n d  s u b s t r a t e  a n d  t he  
d e t e r m i n a t i o n s  ca r r i ed  o u t  as  desc r ibed  b y  RADEMAKER s. 

The  IoUowing e n z y m e s  were  m e a s u r e d :  (1) C a t h e p s i n e  
A a c t i v i t y  w i t h  t he  specif ic  s u b s t r a t e  c a r b e n z o x y  / -g lu t -  
a m y l i n e - / - t y r o s i n e  (0.04 ~I)  a t  p H  5.1 ( found as  op t ima l )  
in c i t r ic  a c i d - p h o s p h a t e  buffer .  (2) C a t h e p s i n e  B wi th  0.04 
M benzoy l - l - a rg in inamide  a t  p H  5.5 in Michael i s  bu f fe r  (ve- 
t ona l - ace t a t e ) .  (3) C a t h e p s i n e  C w i t h  0.04 M glycyl - / -phe-  
n y l - a l a n y l a m i d e  a t  p H  5.4 in Michael is  bu f f e r  in wh ich  0.02 
M cys te in  was dissolved.  (4) C a r b o x y p e p t i d a s e  w i t h  0.04 
M c a r b o b e n z o x y - g l y c y l - / - p h e n y l a t a n i n e  a t  p H  5 in c i t r ic  
a c i d - p h o s p h a t e  buffer .  (5) D i p e p t i d a s e  w i t h  0.25 M di- 
glycine a t  p H  7.7 in a p h o s p h a t e  buf fe r  c o n t a i n i n g  0.002 M 
CoC12. (6) T r ipep t idase  w i t h  0.16 M t r ig lyc ine  a t  p H  7.2 
in p h o s p h a t e  buf fe r  c o n t a i n i n g  0.002 M versene .  

i n  e x p e r i m e n t s  2 a n d  3 a m m o n i a  was d e t e r m i n e d  us ing  
t h e  s l igh t ly  modif ied m e t h o d  of VAN SLVKi~ a n d  CULLEN a ; 
t h e  free acidic groups  in e x p e r i m e n t s  I, 4, 5 a n d  6 were  
d e t e r m i n e d  b y  the  m e t h o d  of RADEMAKER a n d  SOONS 5. 
Mik rok j e ldah l  m e t h o d  was used for p r o t e i n  d e t e r m i n a -  
t ions .  

W i t h  these  me thods ,  u n d e r  t he  c o n d i t i o n s  specif ied,  
b lood samples  h a d  no a c t i v i t y  in t h e  e x p e r i m e n t s  1, 5 
a n d  6. In  expe r imen t s  2, 3 a n d  4, t he  a c t i v i t y  of 0.2 ml  
s ample  of whole blood was less t h a n  5 °/o of t h a t  for 1 g 
of l iver  (wet weight) .  

These  f indings,  the  p resence  of sma l l  a m o u n t s  of b lood 
a n d  t h e  ins ign i f ican t  a c t i v i t y  of b lood samples ,  i nd i ca t e  
t h a t  t he  ca theps ine  and  pep t idase  a c t i v i t y  of r a t  l iver  
h o m o g e n a t e  is due to  l iver  e n z y m e s  per se. 

Zusammen/assung. Es wurde  die B l u t m e n g e  in de r  R a t -  
t e n l e b e r  sowie die K a t h e p s i n a k t i v i t ~ t  de r  L e b e r h o m o -  
g e n a t e  u n d  des Blu tes  b e s t i m m t .  U n t e r  den  b e s c h r i e b e n e n  
B e d i n g u n g e n  war  die Katheps inakt iv i t~Lt  der  L e b e r h o m o -  
g e n a t e  n i c h t  du rch  B ] u t k o n t a m i n a t i o n  bee inf luss t .  
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The Transulfuration of Sulfinates by 
Polysulfides 

Organic  polysulf ides ,  p roduced  e i t h e r  enzym i ca l l y  or  b y  
i n c u b a t i o n  of th io l s  w i t h  e l e m e n t a r y  sulfur ,  are  k n o w n  to  
t r ans f e r  s p o n t a n e o u s l y  a n  a t o m  of su l fur  to  su l f ina t e s l -4 :  

R - S S H  + R ' - S O 2 H  } R ' - S O 2 S H +  R ' - S O 2 S H  

This  r eac t i on  is of biological  i m p o r t a n c e  since i t  m a y  ex- 
p la in  t he  p r o d u c t i o n  of t h i o s u l f ona t e s  found  in biological  
m a t e r i a l  as cys te ine  a n d  c y s t e a m i n e  m e t a b o l i t e s  (see a for 
b ib l iog raphy) .  A t t e m p t s  to  p r e p a r e  t he  polysul f ide  ana-  
logue ol cys te ine  ( th iocys te ine)  d e m o n s t r a t e d  t h a t  th i s  
c o m p o u n d  is u n s t a b l e  in  aqueous  so lu t ions  a n d  is pa r t i -  
a l ly  c o n v e r t e d  in to  cys t ine  a n d  inorgan ic  po lysu l f ides l :  

2 R - S S H  ~. R - S S - R  + H~S, 

I n s t a b i l i t y  in w a t e r  so lu t ion  is a genera l  p r o p e r t y  of or-  
ganic  polysul f ides  a n d  t h e i r  life s p a n  is st i l l  u n k n o w n .  
Since inorgan ic  polysul f ides  are  expec t ed  to  t r a n s u l f u r a t e  
su l f ina tes  as well as o rgan ic  polysul f ides ,  t h e  ques t i on  r ises  
w h e t h e r  t he  t r a n s u l f u r a t i n g  a g e n t  is t he  o rgan ic  or  t h e  
inorgan ic  polysulf ide,  p r o d u c e d  t h r o u g h  the  decompos i -  
t ion  of the  former .  
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Transulfuration of sulfinates by inorgmfie Fotysulfides 

Procedure for the preparatio~ Sulfinate bt-moles of 
of polysulfide added thiosulfonate produced 

l h 2 h  
(a) I-I2S ~ S H'l" :11.:3 4&'~ 

CSA :llJ,5 -1"{,1 
(b) HaS ! rat l iversu[fide 
oxidase HT 7.1 9.0 

CSA ~1.1 9/2 
(e) It,S -~ t~orse kidney 
sulfide oxidase HT 7.3 l :~.9 

CSA 5.9 11.3 
(d) H2S - Cu ++ HT 10.8 I,l.O 

CSA 1 '2.:t 17.6 

l']xperimcntal conditions: 10o [.t-moles of H2S were added in the form 
of Na.zS - 9 H20 ; S was added in the form of finely powdered element- 
ary sulfur (80 rag); Cu ++ was added as CuCI~ {lO ptqnoles); rat liver 
sulfide oxidase was prepared as indicated ill ~ (5 ml of the final solu- 
tion was used) ; horse kidney sulfide oxidase was prepared by a method 
to be published {40 lng of freeze dried powder were used) ; sulfinates 
were added i~1 lO0 tal.-llto~es amount  (HT - hypotaurine;  CSA 
cysteinsulfinie acid). The ndxtures  contained 3 nd Tris buffer pt t  7.2, 
0.5 M, except for the rat liver sulfide oxidase preparation which 
contained a phosphate buffer; the final pi t  was adjusted to 7.2 when 
necessary by addition of '2 N HC1; the final volume was 6 ml. The 
vessels were shaken in a ba th  at ;/8'% Thiosulfonates were determined 
in aliquots of the solutions by the procedure reported in 3. 

T h e  T a b l e  s h o w s  t h a t  i n o r g a n i c  p o l y s u l f i d e s  t r a n s u l -  
f u r a t e  h y p o t a u r i n e  a n d  c y s t e i n e s u l f i n i c  a c i d  y i e l d i n g  t h e  
r e s p e c t i v e  t h i o s u l f o n a t e .  P o l y s u l f i d e s  h a v e  b e e n  p r o d u c e d  
in  t h e  i n c u b a t i o n  m i x t u r e  (see T a b l e )  b y  t h e  f o l l o w i n g  
r e a c t i o n s :  (a) b y  a d d i t i o n  o f  s u l f u r  w i t h  s u l f i d e ;  (b) b y  
o x i d a t i o n  o f  s u l f i d e  b y  r a t  l i ve r  s u l f i d e  ox idaseS ,6 ;  (c) b y  
o x i d a t i o n  of  s u l f i d e  b y  a h o r s e  k i d n e y  e x t r a c t  c o n t a i n i n g  
s u l f i d e  o x i d a s e ;  (d) b y  o x i d a t i o n  o f  s u l f i d e  b y  c o p p e r  
ions .  

I n  o r d e r  to  e s t a b l i s h  t h e  c o n t r i b u t i o n  of o r g a n i c  a n d  
i n o r g a n i c  p o l y s u l f i d e s  to  t h e  m e c h a n i s m  of t r a n s u t f u r a -  
t i o n  o f  s u l f i n a t e s ,  we  h a v e  p r o d u c e d  t h e  o r g a n i c  p o l y -  
s u l f i d e  b y  i n c u b a t i n g  a t h i o l  w i t h  e l e m e n t a r y  s u l f u r  as  in  
o u r  e a r l i e r  w o r k  a, a n d  h a v e  c o m p a r e d  t h e  a m o u n t  of  
t h i o s u l f o n a t e s  p r o d u c e d  in  t h e  s y s t e m  f l u s h e d  w i t h  a 
s t r e a m  of  n i t r o g e n  w i t h  t h e  a m o u n t  p r o d u c e d  w h e n  t h e  
s y s t e m  w a s  n o t  f l u s h e d  w i t h  n i t r o g e n .  S ince  a t  t h e  p H  
n e a r  n e u t r a l i t y ,  a s  u s e d  in  t h i s  w o r k ,  i n o r g a n i c  p o l y s u l -  
r ides  d e c o m p o s e  b y  t h e  r e a c t i o n :  

H2S n ~__~-~-~ H,~S + Sn 1 

t h e  r e m o w d  of v o l a t i l e  t t 2 S  b y  d e g a s s i n g  w i t h  n i t r o g e n  
p u s h e s  t h e  e q u i l i b r i u m  t o w a r d s  t h e  r i g h t  x~ith t h e  r e s u l t  
o f  d e c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  i n o r g a n i c  p o t y s u l f i d e .  
T h e  o r g a n i c  p o l y s u l f i d e s  u s e d  in t h e  p r e s e n t  w o r k  a r e  n o t  
e x p e c t e d  to  be  vo l a t i l e ,  a n d  a n y  d e p r e s s i o n  o f  t r a n s u l f u r a -  
t i o n  c a u s e d  b y  f l u s h i n g  w i t h  n i t r o g e n  is t h u s  a m e a s u r e  o f  
t h e  e x t e n t  of  t r a n s u l f u r a t i o n  g o i n g  t h r o u g h  t h e  i n o r g a n i c  
p o l y s u l f i d e s .  

As  c a n  be  s e e n  in t h e  F i g u r e ,  t h e  e x t e n t  of  t r a n s u l f u r a -  
t i o n  is s t r o n g l y  d e p r e s s e d  b y  b u b b l i n g  n i t r o g e n  t h r o u g h  
t h e  s o l u t i o n ,  i n d i c a t i n g  t h a t  a s u b s t a n t i a l  p a r t  of  t h e  r e a c -  
t i o n  is a c t u a l l y  p r o d u c e d  b y  i n o r g a n i c  p o l y s u l f i d e s .  \ V h e n  
t h e  d e c r e a s e  o f  t r a n s u t f u r a t i o n  c a u s e d  b y  b u b b l i n g  n i t r o -  
g e n  is c o m p a r e d  in s y s t e m s  c o n t a i n i n g  d i f f e r e n t  t h i o l s ,  
t h e  r a t i o  o f  t h e  r e a c t i o n  r e m o v e d  b y  d e g a s s i n g  w i t h  t h a t  
s u r v i v i n g  t h i s  p r o c e d u r e  is n o t  t h e  s a m e .  \ V i t h  H2S,  
c y s t e i n e  a n d  c y s t e a m i n e  as  t h i o l s  t h e  p e r c e n t a g e  o f  de -  
p r e s s i o n  c a u s e d  b y  d e g a s s i n g  is r e s p e c t i v e l y  80, 72.5 a n d  
52 a t  t h e  e n d  of  t h e  i n c u b a t i o n .  T h i s  f i n d i n g  s u g g e s t s  t h a t  
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P;ffect of bubbting nitrogen ol~ the transulfuration of sulfinates by 
polysulfides. The same conditions as those reported in the "Fable. 
Thiols - 100 Ix-moles, sulfur - 80 rag; sulfinates = 100 Ix-moles. Full 
lines-reaction performed in stoppered vessels. Broken lines reac- 
tion performed in vessels flushed with a stream of nitrogen, l cyste- 
ine ~ S = hypotaurine;  i c_vsteine ! S t- eysteinesulfinic acid; 
3 -- cysteamine = S ! hypotaurine; 4 cysteamine " S 4- eysteine- 
sulfi~dcacid;5 HaS S : hypotaur ine ;6  ~- HeS + S + cysteine- 

sutfinic acid. 

o n l y  a p a r t  of  t h e  t r a n s u l f u r a t i o n  is p r o d u c e d  b y  i n o r -  
g a n i c  p o l y s u l f i d e s  a n d  t h a t  a n o t h e r  v a r i a b l e  p o r t i o n  g o e s  
d i r e c t l y  t h r o u g h  t h e  o r g a n i c  p o l y s u t f i d e .  T h e  e x t e n t  o f  
t h i s  s e c o n d  p o r t i o n  m a y  be  a p p r e c i a t e d  b y  t h e  d i f f e r e n c e  
of  p e r c e n t a g e  o f  d e p r e s s i o n  c a u s e d  b y  b u b b l i n g  n i t r o g e n  
in t h e  s y s t e m  c o n t a i n i n g  H2S a n d  S w i t h  t h a t  o f  t h e  o t h e r  
s y s t e m s .  T h i s  d i f f e r e n c e  is o b v i o u s l y  r e l a t e d  to  t h e  d e g r e e  
of  s t a b i l i t y  of  t h e  o r g a n i c  p o l y s u l f i d e  w h i c h  a p p e a r s  h i g h e r  
for  t h e  p o l y s u l f i d e  o f  c y s t e a m i n e  t h a n  for  t h a t  of  c y s t e i n e  7. 

Riassunto.  ~; s t a t o  d i m o s t r a t o  c h e  la t r a n s u l f u r a z i c n e  
c h e  c o n s e g u e  a l i a  i n c u b a z i c n e  de i  s o l f i n a t i  con  zolfo  ed  
u n  c o m p o s t o  t io l ico  & d o v u t a  in p a r t e  a l la  p r o d u z i o n e  d i  
u n  p o l i s o t f u r o  o r g a n i c o ,  f o r m a t o  d a l  t io lo  e zotfo,  ed  in  
p a r t e  al  p01 iso l fu ro  i n o r g a n i c o ,  f o r m a t o  d a l l a  d e c o m p o s i -  
z ione  di  q u e l l o  o r g a n i c o .  L ' e n t i t &  de l l a  t r a n s u l f u r a z i o n e  
p r o d o t t a  d i r e t t a m e n t e  d a l  p o l i s o l f u r o  o r g a n i c o  v a r i a  c o n  
il t i p o  di  p o l i s o l f u r o  e d i p e n d e  d a l l a  s u a  s t a b i l i t ~  ne l l e  
c o n d i z i o n i  u s a t e .  
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