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s tan t ia l ly  in f luenced  t h e  MAO ac t iv i ty .  No s ign i f ican t  
difference could be  d e m o n s t r a t e d  b e t w e e n  t he  va lues  ob-  
ta ined f rom p a t i e n t s  w ho  h a d  died  a f t e r  a long per iod  of 
illness a n d  f rom those  who  h a d  died  sudden ly .  

In  t he  5 cases t r e a t e d  w i th  Ip ron iaz id  t he  va lues  found  
were m u c h  lower  t h a n  those  obse rved  in t he  con t ro l s  
(Figure 1). T h u s  in 3 cases (Nos. 3, 4, 5) t r e a t e d  1-3 weeks 
before d e a t h  w i th  75-125 m g  dai ly ,  t he  MAO a c t i v i t y  was 
less t h a n  5 %  of t h e  m e a n  con t r o l  va lue .  I n  one  case (No. 1), 
t h a t  h a d  b e e n  t r e a t e d  w i t h  I p r o n i a z i d  on ly  on  t h e  l a s t  
4 days  before  d e a t h  wi th  a dose of 50 m g  da i ly  i n t r a -  
muscular ly ,  t h e  a c t i v i t y  in  t he  p a r t s  of  t h e  b r a i n  s t ud i ed  
was 15% of t h e  m e a n  co n t r o l  values .  The  i n h i b i t i o n  of t h e  
l iver  MAO in t h i s  case  was s t i l l  more  p r o n o u n c e d  desp i t e  
the  smal lness  of t h e  dose of Ip ron iaz id ,  t he  a c t i v i t y  b e i n g  
less t h a n  3% of t h e  m e a n  con t ro l  va lue .  Th i s  i nd i ca t e s  
t h a t  t h e r e  m a y  be  a d i f ference b e t w e e n  t h e  degree of MAO 
inh ib i t i on  in d i f fe ren t  o rgans  a f t e r  t r e a t m e n t  w i t h  MAO 
inhib i tors .  The  p r e s e n t  e x p e r i m e n t s  i nd i ca t e  t h a t  t h e  
MAO of t h e  l iver  is more  accessible  to  Ip ron iaz id  t h a n  t h a t  
of t he  b ra in .  S imi la r  o b s e r v a t i o n s  h a v e  been  m a d e  in 
an imals  15. I t  shou ld  be  obse rved  t h a t  in  t h e  case men-  
t ioned a b o v e  t he  p a t i e n t  h a d  rece ived  t h e  I p r o n i a z i d  
pa ren te ra l ly .  I n  a n o t h e r  case (No. 2), wh ich  h a d  been  
given I p r o n i a z i d  in  a dose of 50-100 m g  da i ly  for  4 weeks 
unt i l  6 days  before  dea th ,  t he  a c t i v i t y  in  t h e  b r a i n  was  
15% of t h a t  in  t he  controls ,  t he  co r r e spond ing  v a l u e  in t h e  
l iver be ing  a b o u t  25%.  i n  t h i s  case, t hen ,  t h e  i n h i b i t i o n  
was more  m a r k e d  in  t h e  b ra in ,  w h i c h  m i g h t  i nd i ca t e  a less 
rapid  t u r n o v e r  of t he  b r a i n  MAO. T h e  resu l t s  f rom a more  
recen t  case, no t  i nc luded  in t h e  Figures ,  were in  a g r e e m e n t  
w i th  t h e  l a t t e r  o b s e r v a t i o n .  

The  r a n g e  of v a r i a t i o n  of t h e  m o n o a m i n e s  in t he  b r a i n  
was s o m e w h a t  wide r  t h a n  t h a t  of t h e  MA O  a c t i v i t y  
(Figure 2). A s low decrease  of t he  c o n c e n t r a t i o n  of ca te -  
cho lamines  d u r i n g  t he  i n t e r v a l  b e t w e e n  d e a t h  a n d  nec ropsy  
was no ted .  T h e  va Iues  obse rved  for t h e  D A  a n d  N A  con-  
c e n t r a t i o n s  will  a p p e a r  f rom F igure  2. T he  m e a n  v a l u e  
found for  t h e  5 - H T  c o n c e n t r a t i o n  in t h e  h y p o t h a l a m u s  
was 0.16 ~g/g. Thi s  m e a n  was o b t a i n e d  f r o m  cases a u t o p -  
sled 10-15 h a f t e r  dea th .  T he  n u m b e r  of 5 -HT de t e r -  
m i n a t i o n s  in  t he  con t ro l  g roup  was n o t  e n o u g h  to  assess 
the  r a t e  of fall, if any,  b e t w e e n  d e a t h  a n d  necropsy .  

A d m i n i s t r a t i o n  of Ip ron iaz id  caused  a h i g h e r  mono-  
amine  level  in  t h e  b ra in ,  T he  m e a n  c o n c e n t r a t i o n  of DA in 

t h e  c a u d a t e  nuc l eus  a n d  of N A  a n d  5 -HT in t he  h y p o t h a l a -  
mus  was a b o u t  twice  as h i g h  in t he  cases which  h a d  rece ived  
Ip ron iaz id  as in  t he  con t ro l s  (Figure  2). T h e r e  appea r s  to  
be  no  reason  to  be l ieve  t h a t  the  m o n o a m i n e  levels ob-  
se rved  d id  n o t  ref lect  t h e  c o n c e n t r a t i o n s  p r e s e n t  before  
dea th .  The  a s s u m p t i o n  is s t r e n g t h e n e d  b y  ear l ier  obser-  
va t i ons  m a d e  in some cases t h a t  t h e  a m o u n t  of 3 ,4-di-  
h y d r o x y p h e n y l a c e t i c  acid,  t h e  e n d  p r o d u c t  a f t e r  o x i d a t i v e  
d e a m i n a t i o n  of DA, was low in h u m a n  b ra in .  Th i s  in-  
d ica tes  t h a t  no  apprec i ab le  b r e a k d o w n  of DA b y  m e a n s  of 
MAO takes  place  a f t e r  d e a t h .  I t  is also in a g r e e m e n t  w i t h  
t he  resu l t s  f rom s imi la r  e x p e r i m e n t s  m a d e  on  r a t s  in  wh ich  
t he  d e t e r m i n a t i o n s  could b e  m a d e  i m m e d i a t e l y  a f t e r  
d e a t h  3. The  increase  of c a t e c h o l a m i n e s  a n d  of 5 - H T  a f t e r  
i n h i b i t i o n  of MAO the re fo re  seems  to  i n d i c a t e  t h a t  t h i s  
e n z y m e  is of i m p o r t a n c e  for t h e  m e t a b o l i s m  of b o t h  ca te -  
c h o l a m i n e s  and  5 -HT in the  h u m a n  b ra in .  

The  obse rva t ions  m a d e  in t h e  p r e s e n t  i n v e s t i g a t i o n  
sugges t  t h a t  t r e a t m e n t  w i th  Ip ron iaz id  in o r d i n a r y  t h e r a -  
peu t i c  doses ha s  a n  i n h i b i t o r y  effect  on  t he  MAO in  t h e  
b r a i n  and  in the  liver,  a n d  t h a t  i t  increases  t h e  concen-  
t r a t i o n  of monoamines .  The  p s y c h o s t i m u l a t i n g  effect  of 
m o n o a m i n e  oxidase  inh ib i to r s  m i g h t  t he re fo re  be  due  to  
a n  increase  of b ra in  m o n o a m i n e  levels ~8. 

Zusammen/assung. Ip ron iaz id  in t h e r a p e u t i s c h e n  Dosen  
v e r u r s a e h t  be im Menschen  eine a u s g e s p r o c h e n e  H e m m u n g  
de r  G e h i r n - M o n o a m i n o x i d a s e  u n d  eine V e r d o p p e l u n g  des  
G e h a l t s  a n  3 - H y d r o x y t y r a m i n ,  N o r - a d r e n a l i n  u n d  5-Hy-  
d r o x y t r y p t a m i n .  
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Conversion of  ] ] - M e r c a p t o p y r u v a t e  

to 2-Mercaptoethanol  by Yeast E n z y m e s  1 

/3-Mercaptopyruvic  acid ar ises  in  a n i m a l  t i ssues  b y  t he  
t r a n s a m i n a t i o n  of cys te ine  w i t h  a n  ~-ke to  acid 2. The  
me tabo l i c  f a t e  of  f l - m e r c a p t o p y r u v a t e  in  a n i m a l  t i ssues  
has  been  i n v e s t i g a t e d  ex tens ive ly .  T h e  m e c h a n i s m  of 
enzymic  r e m o v a l  of sulfur ,  a r e a c t i o n  f i r s t  obse rved  b y  
MEISTER 2, h a s  b e e n  s t u d i e d  in d e t a i l  in  ou r  l a b o r a t o r y ~ - L  
A l t h o u g h  t h i s  r eac t ion  p r o b a b l y  is t h e  m o s t  i m p o r t a n t  
p a t h w a y  for  enzymic  d e g r a d a t i o n  of f l - m e r c a p t o p y r u v a t e  
in a n i m a l  t issues,  i t s  r e d u c t i o n  b y  d i h y d r o  d iphospho-  
pyr id ine  nuc leo t ide  ( D P N H )  and  lac t i c  d e h y d r o g e n a s e  to  
mercap to t ac t i c  acid s,9 is suf f ic ien t ly  r ap id  to be  of phys io-  
logical i m p o r t a n c e .  However ,  c e r t a i n  cells (e.g. yeas t )  do 
not  c o n t a i n  app rec i ab l e  a m o u n t s  of t he  su l fur  r e m o v i n g  
enzyme  a n d  p y r i d i n e  nuc leo t ide - l inked  l a c t a t e  dehyd ro -  
genase. A l t e r n a t e  p a t h w a y s  for t he  d e g r a d a t i o n  of /3- 
m e r c a p r o p y r u v a t e  m a y  the re fo re  a s sume  g r ea t e r  signifi-  

cance.  I t  was  indeed  obse rved  t h a t  y e a s t  e x t r a c t s  p r o d u c e  
COz w h e n  i n c u b a t e d  w i t h  f l - m e r c a p t o p y r u v a t e  s. 

We  have  pu r sued  t he  p r o b l e m  of t h e  e n z y m a t i c  de-  
c a r b o x y l a t i o n  of f l - m e r e a p t o p y r u v a t e  in  o r d e r  to  e s t a b -  
l ish t h e  r eac t i on  sequence  in a y e a s t  e n z y m e  sys t em,  
c apab l e  of m e t a b o l i z i n g  t h i s  ac id  to  2 - m e r c a p t o e t h a n o l .  
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T h e  e n z y m e  used  was  a c a r b o x y l a s e  p r e p a r a t i o n  of 
b a k e r ' s  yeas t ,  pur i f ied  acco rd ing  to  SINGER 10. Pu r i f i ca t i on  
was  car r ied  o u t  u n t i l  t h e  second a m m o n i u m  su l fa te  pre-  
c ip i t a t i on  s t ep  1°. Measured  u n d e r  s t a n d a r d  m a n o m e t r i c  
a s say  cond i t i ons  (in 0 . 0 5 M  c i t r a t e ,  p H  6.0 a t  30°C) 0.2 m t  
of our  e n z y m e  so lu t ion  evo lved  2.35 izMoles of COs in 
3 ra in  in  t he  p resence  of 200 lzMoles of p y r u v a t e ,  a n d  
1 tzMole of CO~ w i t h  200 ~Moles of  f l - m e r c a p t o p y r u v a t e  as 
s u b s t r a t e .  The  ve loc i ty  of d e c a r b o x y l a t i o n  of f l -mercapto-  
p y r u v a t e  r e m a i n e d  a b o u t  50% of t h a t  of p y r u v a t e  for  
more  t h a n  30 rain.  The  r e a c t i o n  w e n t  p r ac t i c a l l y  to  com- 
p le t ion .  T h e  e n z y m e  p r e p a r a t i o n  d e s u l f u r a t e d  m e r c a p t o -  
p y r u v a t e  a t  a r a t e  of less t h a n  0.03 ~Moles pe r  3 rain,  t h u s  
t h e  CO 2 evo lu t i on  f rom m e r c a p t o p y r u v a t e  is a c t u a l l y  a 
measu re  of t h e  d i rec t  d e c a r b o x y l a t i o n  of t h i s  acid,  w i t h o u t  
p r io r  conve r s ion  to  p y r u v a t e .  Th i s  was  f u r t h e r  con f i rmed  
b y  c h r o m a t o g r a p h i c  s e p a r a t i o n  Of t h e  2, 4 - d i n i t r opheny l -  
h y d r a z o n e  of 2 - m e r c a p t o a c e t a l d e h y d e  ix. T he  2, 4 -d in i t ro -  
p h e n y l h y d r a z o n e  was e x t r a c t e d  f rom a dep ro t e in i zed  
(wi th  5 %  HCtOd) f i l t r a t e  a t  4°C w i t h  e t hy l - ace t a t e ,  a n d  
c h r o m a t o g r a p h e d  d i rec t ly .  O n  p h o s p h a t e  i m p r e g n a t e d  
p a p e r  t he  r ed  colored  c o m p o u n d  m i g r a t e d  twice  as  f a s t  as  
t h e  f l - m e r c a p t o p y r n v a t e  d i n i t r o p h e n y l h y d r a z o n e .  I t  gave  
a spo t  t e s t  for  t h io l  groups ,  a n d  could  be  r e d u c e d  ca t a ly t i -  
ca l ly  to  2 - m e r c a p t o e t h y l a m i n e  xx. 

The  conve r s ion  of f l - m e r c a p t o p y r u v a t e  to  2 -mercap to -  
e t h a n o l  was  fol lowed b y  t he  s p e c t r o p h o t o m e t r i c  measu re -  
m e n t  of t h e  d i s a p p e a r a n c e  of a d d e d  D P N H  in  a s y s t e m  
c o n t a i n i n g  e n z y m e  (crude y e a s t  ex t rac t ) ,  a n d  f l -mercapto-  
p y r u v a t e .  S ince  t h i s  e n z y m e  p r e p a r a t i o n  c o n t a i n e d  a m p l e  
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Iqg. 2, DPNH formation in the presence of 2-mercaptoethanol and 
crystalline yeast alcohol dehydrogenase {0.1 mg) and its rcoxidatioit 
by pyruvate and crystalline heart muscle lactic dehydrogenase 
(10 ~g). The test system contained 1 mg D PN +, 0.5 ml pyrophosphate 
buffer, (pH 8.5, 0.l _;ll), 0.1 ml ~-mercaptoethanol (6.5 vMoles) and 
HgO to a final volume of 3.0 mL Absorbance changes were measured 
at  340 mlt. Arrows indicate the time of additions of 20 [~Moles of 
pyruvate and lactic dehydrogenase. No changes in absorbancy were 

observed when enzymes were omitted from the test system. 
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Fig. 1. Enzymatic oxidation of DPNH in the presence of yeast 
extract, The test system consisted of 0.5 ml yeast extract (50 g washed 
baker's yeast extract with 150 ml 0.06 M phosphate buffer, at pH 7.2, 
for 1.5 h, at 30°C, then diluted with 200 ml HgO; the sediment was 
centrifuged at 20000 x g for 0.5 h at 0°C; protein content of the ex- 
tract was 21 mg/,nl}, 3 mg DPNH, 0.3 ml tris (hydroxymethyl) amino 
methane buffer of pH 7.4, 0.2M, and substrates plus water to make 
a final volume of 3.0 ml. Absorbance changes were determined in the 
Beckman spectrophotometer; (1 cm light path, tL = 340 raiL). The 
decrease in absorbance (--zJA} is plotted against time. Corrections 
were made for absorbance changes, observed in the absence of added 

substrate, 

a lcohol  dehydrogenase ,  a n d  no  py r id ine  nuc leo t ide - l inked  
lac t ic  dehydrogenase ,  t h i s  op t i ca l  t e s t  is a measu re  of t he  
r e d u c t i o n  of a c e t a l d e h y d e  to  e t h a n o l  (wi th  p y r u v a t e  as 
s u b s t r a t e )  or  t h a t  of 2 - m e r c a p t o a c e t a l d e h y d e  to  2-mer-  
c a p t o e t h a n o l  (wi th  f l - m e r c a p t o p y r u v a t e  as s u b s t r a t e )  
(Figure  1). 

2 - M e r c a p t o e t h a n o l  i tself  was  ox id ized  b y  c rys ta l l ine  
y e a s t  a lcohol  d e h y d r o g e n a s e  in  t he  p resence  of D P N  +. 
Since t h i s  r eac t i on  is c o m p l i c a t e d  b y  t h e  poss ib i l i ty  of 
a d d i t i o n  of t h i o l  c o m p o u n d s  to  D P N  +1~'13 t h e  v a l i d i t y  of 
t h e  op t i ca l  d e n s i t y  c h a n g e  a t  340 m[~ as a measu re  of 
D P N H  f o r m a t i o n  was t e s t e d  b y  t he  a d d i t i o n  of p y r u v a t e  
a n d  c rys ta l l ine  h e a r t  musc le  lac t ic  dehydrogenase .  U n d e r  
t h e s e  cond i t i ons  t h e  D P N H  fo rmed  b y  o x i d a t i o n  of 
2 - m e r c a p t o e t h a n o l  is i n s t a n t a n e o u s l y  reoxid ized  b y  p y r u -  
r a t e ,  r e su l t i ng  in t h e  d i s a p p e a r a n c e  of t h e  a b s o r b a n c e  a t  
340 m~.  As s h o w n  in  F igu re  2, t h i s  d i s m u t a t i o n  r eac t i on  
occurs.  I n  s e p a r a t e  e x p e r i m e n t s  we o b s e r v e d  t h a t  t he  
o x i d a t i o n  of 2 - m e r c a p t o e t h a n o l  b y  c rys t a l l i ne  y e a s t  
a lcohol  d e h y d r o g e n a s e  a n d  D P N  + a t  p H  7.4 was  accel- 
e r a t e d  b y  semica rbaz ide .  

I t  is conc luded  t h a t  in  y e a s t  t h e  d e c a r b o x y l a t i v e  de- 
g r a d a t i o n  of f l - m e r c a p t o p y r u v a t e  c an  be  coupled  w i t h  the  
r e d u c t i o n  of t h e  d e c a r b o x y l a t i o n  p r o d u c t  to  2 -mercap to-  

1~ T. P. SINGER, Methods in E~*zymology (Acad. Press, New York 
1955), vol. I, p. 460. 

11 E. Ku• and M. GARCIA-HERNANDEZ, Biochim. biophys. Acta ~3, 
181 (1957}. 

19 J. VAN EYS, N. O. KAPLAI% and F. E. STOLZENBACH, Biochim. 
biophys. Acta 23, 222 (1957). 

12 j .  VAN Evs and N. O. KAPLAN, J. biol. Chem. ~eS, 305 (1957). 
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ethanol. T ransamina t ion  of cyste ine to /3 -mercap topyruv ic  
acid, a reac t ion  h i the r to  no t  repor ted  in yeast ,  could 
provide a l ink in an anacrobic  reduc t ive  fe rmenta t ion  
pathway of th is  amino  acid to mercaptoe thanol .  

c ap toe thano l  reduzier t  wird.  Enzyma t i s che  und chemi-  
sche Messungen best~t igen den Reak t ionsmechan ismus .  

E.  KuN and H. G. WILLIAMS-ASHMAN 14 

Zusammen[assung. H e f e e x t r a k t  decarboxyl ie r t  /%Mer- 
captobrenztraubens~ture zu 2-Mercaptoazeta ldehyd,  wel- 
ches yon D P N H  und Alkohol -Dehydrogenase  zu 2-Mer- 

Departments o[ Pharmacology and Biochemistry, The Uni- 
versity o/ Cali[ornia, School o/ 3Iedicine, San Francisco 
(Cali/ornia USA), January 9, 1962. 

14 Present address: The Ben May Laboratory for Cancer Research, University of Chicago (Illinois, USAI. 

Thiamine Diphosphatase in Thiamine Deficiency 

Thiamine  d iphosphatase  dephosphory la tes  coearboxy-  
lase which is th i amine  d iphosphate .  I n  chickens rendered 110 
thiamine deficient,  there  is a s ignif icant  increase in the  
ac t iv i ty  of th iamine  diphosphatase .  100 

Figure  I shows the  values  found for the  ra te  of l ibera t ion 
of inorganic  phospha te  in [~moles/g t issne/h.  The  mean  gO 
enzyme ac t i v i t y  was found to be 43.0 units  for the  
heal thy  t issues of control  birds on a normal  diet ,  and 
60.6 for the  pathologica l  t issues of t h i amine  def ic ient  80 
birds on a special ly cons t ruc ted  d ie t  on which no rma l i t y  ~ 
could be ma in t a ined  by  supplements  of t h i amine  only.  ~ 70 

These figures show a P -va lue  of t he  difference of 
means a t  less t h a n  0.05. The  increase in ac t iv i ty  of th ia -  P= g0 
mine d iphospha tase  in th i amine  def ic ient  chicken bra in  is 
significant. 

Figures  2 and 3 give the  results  of exper iments  on the  ~ 50 
th iamined iphospha tase  con ten t  and change in weight  of 
chickens on a basal  d ie t  wi th  and wi thou t  th iamine .  ~ gO 
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