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Human liver and kidney were fractionated to yield preparations of the acylating activity 
that  were 4 °- to Ioo-fold more active per milligram of protein than the original homogenates. 
A typical experiment carried out with the purified liver enzyme is described in Fig. i. When 
chromatography was carried out with four other solvents, similar results were obtained, and 
within experimental error, the same amount of 14C-PAG was recovered. In all five solvent systems, 
the RF values of 14C-PAG agreed with those of an authentic sample of PAG prepared by organic 
synthesis from L-glutamine. Elution of the I*C-PAG from the paper strips, followed by acid 
hydrolysis, yielded glutamic acid as the only radioactive product. 

The present results indicate that  phenylacetyl-coenzyme A is an intermediate involved in 
PAG synthesis. Phenylacetyl-coenzyme A may arise in the course of the oxidative-decarboxylation 
of phenylpyruvate formed from phenylalanine by transamination, or by the activation of exo- 
genous phenylacetate. These reactions may be represented as follows: 
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Studies on the specificity and other properties of the purified acylating enzyme system obtained 
from liver and kidney and of the activating system prepared from human liver mitochondria 
are in progress. 
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Specific protection of the thiol 9roups of aldehyde dehydrogenases by 
pyridine-nucleotide coenzymes* 

The potassium-activated yeast aldehyde dehydrogenase (BLACK1), the TPN-linked yeast aldehyde 
dehydrogenase (SEEGMILLER2), and the aldehyde dehydrogenase from liver (RACKERS), are in- 
hibited by the following sulfhydryl reagents : a trivalent arsenical compound (3-amino-4-hydroxy- 
phenylarsenoxide or mapharside), N-ethylmaleimide, o-iodosobenzoate, p-chloromercuribenzoate 
and iodoacetate. The yeast TPN-specific enzyme is comparatively the most sensitive to p-chloro- 
mercuribenzoate, o-iodosobenzoate, N-ethylmaleimide, and iodoacetate, whereas the yeast 
potassium-activated dehydrogenase is the most sensitive to mapharside. These findings allow the 
inclusion of yeast TPN-specific dehydrogenase in the group of SH enzymes and extend the already 
existing evidence of the essential role of thiols in the aldehyde dehydrogenases described by 
BLACK I and RACKER 8. 

* DPN and DPNH, oxidized and reduced diphosphopyridine nucleotide; TPN, triphospho- 
pyridine nucleotide. 
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In  some D P N - l i n k e d  dehydrogenases  like g lyce ra ldehyde-3 -phospha te  dehydrogenases  and  
a lcohol  dehydrogenases ,  the  role of th io ls  has  been the  sub jec t  of ex tens ive  studies.  The  su l fhydryls  
a re  in a func t iona l  r e l a t i onsh ip  to  the  coenzyme as shown by  (a) the  effect of SH reagen t s  on 
the  spect roscopic  p roper t ies  of the  enzyme-coenzyme  compound  (RACKER AND KRIMSKY 4, VELICK 5, 
THEORELL AND BONNICHSEN 6 and  KAPLAN AND CIOTTI 7) and (b) the  pro tec t ion  given by  the 
coenzyme  a g a i n s t  th io l  r eagen t s  (RAPKINE et al. 8, BARRON AND LEVINEg). Since a s imi lar  role oi 
th io ls  seemed possible  in a ldehyde  dehydrogenases ,  the  p ro tec t ion  of these  groups  by  the  coenzyme 
was  inves t iga t ed .  SEEGMILLER'S yeas t  enzyme  and the  l iver  a ldehyde  dehydrogenase  reduce 
specif ical ly T P N  and  D P N  respec t ive ly  2, 3, whereas  the  p o t a s s i u m - a c t i v a t e d  yeas t  dehydrogenase  
reduces  bo th  D P N  and  TPN,  a l t h o u g h  the  reac t ion  wi th  the  first is ten  t imes  faster  t h a n  wi th  
the  l a t t e r  1. 

T A B L E  I 

E F F E C T  OF PYRIDINE-NUCLEOTIDE COENZYMES ON THE INHIBITION OF 

ALDEHYDE DEHYDROGENASES BY THIOL REAGENTS 

E n z y m e s  dissolved in 0.5 ml o . o i 5 M  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  buffer, p H  8.0, were 
t r e a t e d  wi th  add i t ions  as shown for 3 ° sec (expt .  A, B, D and  E), I min  (expt.  C, F and  I), 3 min  
(expt .  H and  J) or 5 min  (expt.  G). o.o5-o.2 ml  of these  e x t r a c t s  (according to  the  exper iment )  

were d i lu ted  to 3.0 ml  wi th  the  enzyme  assay  m i x t u r e  and  the  enzyme  a c t i v i t y  measured.  

Experiment A dditions 
Enzyme 

Inkibition Protection 
(%) ¢%J 

Potassium-activated yeast aldehyde dehydrogenase 
A 0.064 m M  mapharside 72.4 - -  
A 1.8 m M  D P N  + 0.064 m M  mapharside 39.8 46.3 
A 1.8 m M  D P N H  + o.064 m M  mapharside 29.7 59.0 

]3 o.o32 m M  mapharside 97-3 .... 
B 1. 5 m M  T P N  + o.o32 m : k / m a p h a r s i d e  85.2 12. 4 

C 0.048 m M  N - e t h y l m a l e i m i d e  78.6 - -  
C 1.3 m M  D P N  + 0.048 m M  N - e t h y l m a l e i m i d e  44-3 43 .6 
C 1.3 m M  D P N H  + 0.o48 m M  N -e thy lm a le i mi de  47.3 39.8 

D o.o6 m M  o-iodosobenzoate  75.2 - -  
D 1. 3 m M  D P N  + o.o6 m M  o-iodosobenzoate  27.o 63.8 

E o.o2 m M  o-iodosobenzoate  83.o - -  
E 1. 5 m M  T P N  + o.o2 m M  o-iodosobenzoate  36.o 56.7 

TPN-specific yeast aldehyde dehydrogenase 
F o.o2 m M  N - e t h y l m a l e i m i d e  98.6 - -  
F 1. 5 m M  T P N  + 0.02 m M  N -e thy lm a le imi de  22.3 77.5 
F 2. 7 m M  D P N  + 0.02 m M  N - e thy lm a le imi de  98.1 0.9 

G o.oo 4 M iodoace ta t e  52.5 - -  
G ~ o.7 m M  T P N  + o .oo4M iodoace ta te  21.4 59.o 
G 2. 7 m M  D P N  + 0.004 M iodoace ta te  54-4 - - 3  .6 

Liver aldehyde dehydrogenase 
H o.16 m M  mapharside 72.o - -  
H 2. 7 m M  D P N  + o.16 m M  mapharside 35.2 51.o 

I 0.2 ml~ /o - iodosobenzoa te  72.0 - -  
I 0. 3 m M  D P N  + 0.2 mi$l  o- iodosobenzoate  - -  16. 7 123.o 
I 0. 3 m M  T P N  + 0.2 m M  o-iodosobenzoate  68.1 5.4 

j 0.6 m M  p-ch lo romercur ibenzoa te  84.8 - -  
J 2. 7 m~V/DPN + 0.6 m M  p-ch lo romercur ibenzoa te  64.2 24. 3 
J 1.5 m 3 /  TPN  + 0.6 m ~ I  p -ch lo romercur ibenzoa te  85.3 o.6 



VOL. 24 (1957) PRELIMINARY NOTES 657 

The  e x p e r i m e n t a l  p rocedure  was  as follows. Neut ra l i zed  D P N  (or TPN) ,  dist i l led water ,  
and  t he  thiol  reagent ,  were added  to  t he  e n z y m e  dissolved in t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  
buffer,  p H  8.o (final concen t r a t i on  O.Ol 5 M),  in a to ta l  vo l ume  of 0. 5 ml .  Af te r  t he  requi red  t ime,  
m e a s u r e d  f rom t h e  add i t i on  of t h e  inhibi tor ,  an  a l iquo t  was  qu ick ly  d i lu ted  wi th  the  appropr ia te  
a s s ay  m i x t u r e  and  t he  dehyd rogenase  ac t iv i ty  was  m e a s u r e d  as descr ibed by  BLACK 1, SEEG- 
MILLER 2 or RACKER 3, respect ively .  Controls  t r ea t ed  in the  s ame  w a y  excep t  for (a) t he  thiol  
reagent ,  (b) the  coenzyme,  and  (c) th iol  reagen t  and  coenzyme,  were measu red  s imul taneous ly .  
The  pe rcen tage  pro tec t ion  (P) of t he  dehydrogenase  by  the  coenzyme  was  ca lcula ted  by  the  
equa t ion  P = ( I tr - - Ic ,  t,)/It r where  Itr is the  inhibi t ion  ( % ) o f  t he  dehydrogenase  by  t he  thiol  
r eagen t  a lone a n d  Ic, tr t h e  inhibi t ion  (%)  of the  dehydrogenase  t r ea ted  wi th  the  coenzyme  and  
t he  thiol  reagent .  All inh ib i t ions  were ca lcula ted  in re la t ion to t he  cor responding  controls .  

As s h o w n  in Table  I, t h e  sens i t iv i ty  of a ldehyde  dehyd rogenase s  for SH reagen t s  d imin ished  
in t he  presence  of t he  respect ive  coenzyme.  Several  po in t s  are  no t ewor thy .  (I) The  s ta te  of oxi- 
da t ion  of D P N  is imma te r i a l  for i ts  capac i ty  to p ro tec t  BLACK'S enzyme,  since D P N H  gave  t he  
s ame  or a h igher  p ro tec t ion  t h a n  D P N .  (2) T P N  pro tec ts  BLACK'S e n z y m e  as well  as DPN,  t h o u g h  
t he  i n t ens i t y  of the  p ro tec t ion  was  c o m p a r a t i v e l y  smaller ,  pa r t i cu la r ly  wi th  mapharside. (3) The  
pro tec t ion  of SEEGMILLER'S e n z y m e  by  T P N  was  qu i te  specific, since a s imilar  or a h igher  concen-  
t r a t i on  of D P N  did no t  affect  t he  e n z y m e  inhib i t ion  by  N-e thy lma le imide ,  iodoacetate ,  or p-  
ch loromercur ibenzoa te .  (4) T he  opposi te  s i tua t ion  was  found  wi th  t he  l iver a ldehyde  dehydro -  
genase  where  D P N  b u t  no t  T P N  p reven t ed  t he  inhib i t ion  by  o- iodosobenzoate  and  p-chloro-  
mercur ibenzoa te .  I n  t he  presence of D P N  and  o-iodosobenzoate,  t he  e n z y m e  ac t iv i ty  was  p romo ted  
to a level above  t h a t  of t he  control  p repara t ion .  This  u n e x p e c t e d  effect was  also ob ta ined  wi th  
D P N H  b u t  to  a smal le r  degree. 

Similar  p ro tec t ion  e x p e r i m e n t s  were carr ied ou t  wi th  ace t a ldehyde  ins tead  of t he  coenzyme  
b u t  t he  resu l t s  ob ta ined  were far less cons is tent .  I n  fact,  ace t a ldehyde  (i) was  effective only  on 
BLACK'S and  RACKER'S enzymes ;  (2) did no t  p r even t  t he  inhibi t ion  of t hese  dehydrogenases  by  
SH reagen t s  like iodoace ta te  and  p-ch loromercur ibenzoa te ,  respect ively,  and  (3) even  when  
effective, a ce t a ldehyde  was  a weaker  p ro tec tor  t h a n  t he  pyr id ine  nucleot ides ,  excep t  in the  pre-  
ven t i on  of t he  inhib i t ion  of liver a ldehyde  dehydrogenase  by  mapharside. 

The  s y s t e m a t i c  and  specific effect of t he  coenzyme  on t he  inhibi t ion  of a ldehyde  dehydro -  
genases  by  SH reagen t s  shows t h a t  the  thiols  are close to or in the  e n z y m e  site t h a t  b inds  the  
coenzyme.  Th i s  fact,  obse rved  wi th  t he  th ree  different  dehydrogenase  p repara t ions ,  leads to t he  
conclus ion t h a t  t he  su l fhydry l s  m u s t  have  an  i m p o r t a n t  func t ion  in connect ion  wi th  t he  coenzyme,  
as seems to  occur  in o ther  D P N - l i n k e d  dehydrogenases .  I n  addi t ion,  in BLACK'S and  RACKER'S 
e n z y m e s  the re  m a y  be o ther  thiols  wi th  a different  role, like the  b ind ing  of t he  a ldehyde  group 
to t h e  p ro te in  (c[. KOEI~PE el al. 1°) as will be d iscussed elsewhere.  

A detai led accoun t  of th i s  work  will be publ i shed  in a n o t h e r  journal .  W e  are  gra te fu l  to E. R.  
Squ ibb  and  Sons, Argen t ina ,  and  I .V.A.,  I n d u s t r i a  Vidriera Argen t ina ,  for f inancial  ass is tance ,  
and  to "Labora to r io s  Millet"  for a fellowship to C.M. 
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