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P°larographic Catalytic  Waves  of Ultravio let  
Irradiated and Urea  Denatured  Bovine  S e r u m  

A l b u m i n  

In the  course of s tud ies  on  t h e  p h o t o c h e m i c a l  effects on  
albumin solut ions  we m a d e  some i n t e r e s t i n g  o b s e r v a t i o n s  
about changes  in t he  p o t a r o g r a p h i c  b e h a v i o r  of a l b u m i n  
(BSA) af te r  i r r a d i a t i o n  in  air-free so lu t ions .  

Solutions of 10-4 a n d  1 0 - 5 7 v / B S A  a t  p H  6.7 were ex-  
Posed to  i r r a d i a t i o n  of a n  i n t e n s i t y  of 8 .3 .  10 -9 e in-  
stein mI- :  s ee - :  a n d  a f t e r  va r ious  per iods  of t i m e  a l iquo t s  
of the  i r r ad ia t ed  so lu t ions  were  a d d e d  to  a n  a m m o n i a c a l  
~ebaltic b u f l e r  to  m a k e  t he  B S A  c o n c e n t r a t i o n  4 • 10-7]1// 
lt~2~l y o l a r o g r a p h i c  expe r i m en t s .  F r o m  F igu re  l i t  is seen 
• toe  p o l a r o g r a m  of n a t i v e  B S A  e x h i b i t s  a doub le  
~h ave (Figure 1A) in more  c o n c e n t r a t e d  a n d  a s ingle p e a k  
~.z, Figure 1B) in m o r e  d i lu te  so lu t ions .  C o m p a r i n g  
elgure 1B w i t h  1C i t  is f o u n d  t h a t  a f t e r  i r r a d i a t i o n  t he  
Polarogram exh ib i t s  a second  wave  a t  a p o t e n t i a l  a t  

h~ ch na t ive  13SA gives a m i n i m u m .  T he  p r e s o d i u m  wave  
aJ is no t  seen a f t e r  i r r ad ia t ion .  T he  h e i g h t  of wave  h a 

..ecreases u p o n  i r r ad ia t ion ,  t he  effect  b e i n g  s t ronge r  w h e n  
tl~e BSA c o n c e n t r a t i o n  of t h e  i r r a d i a t e d  so lu t ion  is 
Smaller. The  h e i g h t  of the  second wave  also decreases  

L th  t ime  of i r r ad ia t ion ,  T he  changes  are  r eve r sed  w h e n  
t ~5A solut ions  are  i r r a d i a t e d  in t he  p resence  of air, a n d  
~ .he lght  of t he  waves  increases  w i t h  t i m e  of i r r ad ia t ion .  
. ms was found  b y  VgENIG and  J I R o v E c :  a n d  c o n f i r m e d  

in this l abora to ry .  1 i re 1 t h a  d:sul  
f ; A m p e r o m e t r i c  s u l f h y d r y  t i t r a t  ons  vea  t ' - 
• ue is r u p t u r e d  upon  i r r a d i a t i o n  in a i r - f ree  m e d i a  a n d  t h e  

number  of b r o k e n  disul f ide  g roups  a p p r o a c h e s  a l im i t i ng  
value a f te r  a c e r t a i n  t i m e  of i r r ad i a t i on .  F igu re  2 i l lus- ~ ates t he  r e l a t i on  b e t w e e n  h :  a n d  t h e  n u m b e r  of b r o k e n  
t~SUlhde bonds]11# B S A .  Curve  A (10-4P4 BSA)  shows 
nat  the  f ission of t h e  f i rs t  6 disulf ide  g roups  h a s  l i t t l e  

effect on  t he  p e a k  he igh t ,  b u t  g r ea t e r  c h a n g e s  occur  w h e n  
a~ore of t he  f i ss ionable  disulf ide  is b r oken .  T h e  s i t u a t i o n  
is similar for a 1 0 - ~ M  B S A  so lu t ion  (F igure  213) in  wh ich  
the n u m b e r  of f i s s ionable  d i s u l f i de / M B S A  is l a rger  t h a n  
:a the  more  c o n c e n t r a t e d  so lu t ion .  T he  p o l a r o g r a p h i c  ~ cti.vity is u n c h a n g e d  w h e n  all  su l fhyd ry l  groups,  fo rmed  

Urmg i r r ad ia t ion ,  are b locked  w i th  iodoace ta te .  Th i s  
Indicates t h a t  su l fhyd ry l  fo rmed  d u r i n g  i r r ad i a t i on  does 
t o t  COntribute to  t h e  p o l a r o g r a p h i c  a c t i v i t y  of t h e . p r o -  
bu}, and s t r u c t u r a l  changes  a p p e a r  to be t he  d e t e r m m m g  
~Ctor. 

S t ruc tu ra l  changes  also occur  u p o n  d e n a t u r a t i o n  in 
urea Solutions. Since u r ea  d e n a t u r a t i o n  is p a r t i a l l y  re- 
VerSible 2 a f t e r  d i lu t ion ,  p o l a r o g r a m s  were f i rs t  t a k e n  w i t h  
eObaltic buffers  wh ich  were 4 F  in urea.  2 waves  a re  ob-  ~ ved which  increase  in  h e i g h t  w i t h  t i m e  of d e n a t u r a t i o n .  
h hen t he  d e n a t u r a t i o n  m i x t u r e  is added  to  a coba t t i c  

Uffer w i t h o u t  urea,  d e n a t u r a t i o n  is pa r t i a l l y  reversed  
and the  h e i g h t  of t he  f i rs t  p e a k  (ha) is a l m o s t  t he  same  as 
tha t  of n a t i v e  B S A  t h r o u g h o u t  t he  en t i r e  d e n a t u r a t i o n  
Period (5 h), whi le  t h e  second  w a v e  increases  in  h e i g h t  
~'ith t ime  of d e n a t u r a t i o n .  A d e n a t u r a t i o n  m i x t u r e  ( 4F  
~ a ,  p H  9.2) c o n t a i n i n g  2 M  of m e r c u r i c  c h i o r i d e / M  
i~o ~A does  no t  give a second  w a v e  a n d  t h e  p o l a r o g r a m  is 

cut:col w i th  t h a t  of n a t i v e  B S A  t h r o u g h o u t  t h e  en t i r e  
Period of d e n a t u r a t i o n  (8 h).  T h e  same  is f o u n d  w i t h  
dena tu ra t ion  m i x t u r e s  a t  lower  p H  (6.7 a n d  5) in  t he  ab-  
euaee of m e r c u r y  I n  u r ea  so lu t ions  a l b u m i n  is un fo lded  

t t h  -" . . . .  r l a ~ .  e n u m b e r  of d:sulf lde g roups  is n o t  c h a n g e d  d u r i n g  
~. '~ tura t iona.  A t  a lka l ine  p H  a c ross- l inking  r eac t ion  

t ~ e s  place 4 

PSH + P / ' ~  ..~ P-S-S-I 'SH (1} 
" S  

whe re  P deno t e s  i n t e r a c t i n g  molecules  of d e n a t u r e d  pro-  
rein.  Th i s  r eac t i on  is i r revers ib le  a n d  i ts  r a t e  decreases  
w i t h  dec reas ing  m e r c a p t i d e  ion c o n c e n t r a t i o n  w h i c h  is 
cons ide r ab ly  r educed  in t he  p resence  of m e r c u r y  a n d  a t  
low pH.  Cons ide r ing  these  facts ,  ou r  e x p e r i m e n t a l  resu l t s  
a l low t h e  conc lus ion  t h a t  t h e  a p p e a r a n c e  of t he  second  
wave  in d e n a t u r e d  B S A  is i n d i c a t i v e  for  c ross - l ink ing  
r e a c t i o n  (1) wh ich  progresses  c o n t i n u o u s l y  d u r i n g  de-  
n a t u r a t i o n ,  whi le  t he  increase  of t h e  h e i g h t  of t h e  f i rs t  

5o 
#A A 

I 1 
40 t 

J 

/ / 

I I 

S I I I . . . . . . . .  
10 . . . .  2 2  . . . .  J- . . . . . . . . . . . . .  

i i 

-liO ---llZ -t.g -t.6 -118 

Vott, vs. N-pool 

Fig. 1. Polarograms of BSA it: ammoniaeal eobaltie, buffer, (A) 
6.10-6M in native BSA, (B) 4 .10-~M in native BSA, (C) 4- 10-?M 
in BSA after 5 h irradiation. Irradiated solution: 10-4M BSA, 

0.025 F Na,HPO¢-NaH2PO ,. 
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Fig. 2. Height (ha) of first proteil: peak vs. number of fissioned 
(reacted) disulfide groupsjM BSA after irradiation of (A) 10-4M 
BSA, (B) 10-SM BSA solutions, pH 6.7. Electrolyzed solutions: 

ammoniaeal eobaltie buffer, 4 • I0-7M in BSA. 
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wave  is cha rac t e r i s t i c  for t he  f ission of h y d r o g e n  b o n d s  
a n d  un fo ld ing  of t h e  p r o t e i n  molecule .  U n f o l d i n g  is re- 
vers ib le  a n d  t he  f i rs t  wave  is t he re fo re  u n c h a n g e d  if  t he  
u r ea  c o n c e n t r a t i o n  is r educed  a f t e r  d e n a t u r a t i o n .  

D u r i n g  i r r a d i a t i o n  in air-free m e d i a  n o  u n f o l d i n g  occurs  
b u t  aggrega t ion  gives rise to  molecules  of h i g h  AI as  re- 
p o r t e d  b y  RIDEAL a n d  ROBERTS 5 w h o  also found  t h a t  
p h o t o o x i d a t i v e  d e c o m p o s i t i o n  occurs  w h e n  a l b u m i n  is 
i r r ad i a t ed  in the  presence  of air .  Since i t  is k n o w n  t h a t  
la rger  molecules  give smal le r  c a t a ly t i c  waves ,  i t  c an  be  
conc luded  t h a t  t he  smal l e r  waves  (hi) in  i r r a d i a t e d  air -  
free B S A  so lu t ions  are  caused  b y  agg rega t ion  whi le  t h e  
h igher  waves  in t he  p resence  of a i r  are t he  r e su l t  of p h o t o -  
ox ida t ion .  

The  second wave  in i r r ad i a t ed  so lu t ions  is p r o b a b l y  t h e  
resu l t  of c ross - l ink ing  reac t ions  b e t w e e n  newly  fo rmed  
s u l f h y d r y l  a n d  r e m a i n i n g  disulfide,  a l t h o u g h  t h e  cor rec t -  
ness of t h i s  a s s u m p t i o n  c a n n o t  be d e m o n s t r a t e d  b y  i r ra-  
d i a t i on  e x p e r i m e n t s  w i t h  B S A  so lu t ions  in  t h e  p resence  
of mercu r i c  ch lor ide  which ,  if p r e s e n t  in  suf f ic ien t  
a m o u n t s ,  g ives  rise to  p r e c i p i t a t i o n  of  p r o t e i n  d u r i n g  
i r r ad ia t ion .  

The  p o l a r o g r a p h i c  resu l t s  o b t a i n e d  w i t h  i r r a d i a t e d  a n d  
u rea  d e n a t u r e d  B S A  lead to  t h e  conc lus ion  t h a t  u n d e r  
p r o p e r  e x p e r i m e n t a l  cond i t ions  t he  h e i g h t  of t h e  f i rs t  

p e a k  is cha r ac t e r i s t i c  for  t h e  s e c o n d a r y  s t r u c t u r e  and 
mo lecu l a r  size of t h e  p ro te in ,  whi le  t he  a p p e a r a n c e  of 
second  w a v e  is i n d i c a t i v e  for  c ross - l ink ing  reac t ions .  

G u a n i d i n e  h y d r o c h l o r i d e  ha s  a specif ic  effect  on  the 
c a t a l y t i c  p r o t e i n  waves  a n d  c a n  the re fo re  n o t  be  used lot 
a p o l a r o g r a p h i c  s t u d y  of d e n a t u r a t i o n  effects  6. 

Zusammenfassung. S e r u m a l b u m i n  v o n  R i n d e r n  wurde 
in 2 v e r s c h i e d e n e n  K o n z e n t r a t i o n e n  m i t  U V - L i c h t  be- 
s t r a h l t  u n d  die p o l a r o g r a p h i s c h - k a t a l y t i s c h e n  Wel len  ra~ 
d e n e n  yon  A l b u m i n  verg l ichen ,  das  zuvor  m i t  HarnstOi 
b e h a n d e l t  w o r d e n  war.  

W.  STRICKS a n d  J, v .  ADVANI 

Department o[ Chemistry, Marquette University, 
Milwaukee (Wisconsin 53233, USA),  
August 22, 7.066. 

1'2. K. RIDEAL and R. ROBERTS, Proc. R. Sot., Series A, 205, 391 
(1951). 

6 This investigation was supported by the U.S. Army, Medical 
Research and Development Command, Department of the ArlnY, 
under Research Contract No. DA-49-193-MD-2146. 

5-(3-Pyrtdyl)tetrazole, a Potent and Lon~-Acting 
Lipolysis Inhibitor 

The  a d m i n i s t r a t i o n  of n ico t in ic  ac id  to  m a n  lowers  t he  
level  of p l a s m a  free f a t t y  acids  (FFA)1 ,2  T h e  depress ion  
of p l a s m a  F F A  is of s h o r t  d u r a t i o n  a n d  is fol lowed b y  a 
rise of p l a s m a  F F A  above  t h e  n o r m a l  f a s t ing  level.  Also, 
n ico t in ic  acid in man ,  as well as in  an imals ,  b locks  t h e  
c a t e c h o l a m i n e  S t imula t ed  mob i l i za t i on  of F F A  in vivo,  
as well  as t h e  release of F F A  f rom adipose  t issue in v i t ro .  
CARLSON a n d  ORi~,  3 h a v e  sugges ted  t h a t  n i co t in ic  acid 
lowers p l a s m a  choles te ro l  a n d  t r ig lycer ides  b y  i n h i b i t i n g  
F F A  release f rom adipose  t issue.  

T h e  r ap id  m e t a b o l i c  i n a c t i v a t i o n  of n ico t in ic  acid 
cou ld  a c c o u n t  for  t h e  s h o r t  d u r a t i o n  of p l a s m a  F F A  
lowering.  G~NOULmAC et  al. 4 h a v e  s h o w n  t h a t  n ico t in ic  
acid reaches  a p e a k  b lood c o n c e n t r a t i o n  1 h a f t e r  t h e  ora l  
a d m i n i s t r a t i o n  of 500 mg. Th i s  dose of n ico t in ic  acid is 
c leared  f rom the  b lood  of h u m a n s  w i t h i n  4 h. On ly  18% 
of t h e  dose could be  recovered  u n c h a n g e d  in t he  u r ine  Mte r  
24 h. These  o b s e r v a t i o n s  sugges t  t h a t  a n  i m p o r t a n t  f ac to r  
in  t he  r e m o v a l  of n ico t in ic  ac id  f rom blood is i ts  conve r -  
s ion to i nac t ive  me tabo l i t e s .  T he  br ie f  so journ  of n ico t in ic  
acid in the  b lood appea r s  a d e q u a t e  to  exp la in  t he  s h o r t  
d u r a t i o n  of n ico t in ic  ac id - induced  F F A  depress ion  in man .  
A l ipolysis  i n h i b i t o r  of t he  same  m a g n i t u d e  of a c t i v i t y  in  
v i t ro  as n ico t in ic  acid,  b u t  of g rea t e r  m e t a b o l i c  s t ab i l i ty ,  
would  be  expec t ed  to depress  p l a s m a  F F A  for a longer  
per iod  of t ime.  

5 - (3 -Pyr idy l ) t e t r azo le  (I) 5, ha s  some of t he  i m p o r t a n t  
s a l i en t  s t r u c t u r a l  f ea tu res  of n ico t in ic  acid,  i.e. a py r id ine  
nuc leus  w i t h  a n  ac id ic  func t i on  a t  t he  3 pos i t ion ,  ttERBST 
a n d  "WILSON e h a v e  shown  t h a t  5 - s u b s t i t u t e d  t e t r azo le s  
a re  acidic.  More i m p o r t a n t l y ,  t h e  t e t r azo l e  f u n c t i o n  is 
me tabo l i ca l l y  s tab le .  F o r  example ,  a b o u t  75% of a dose 

of p e n t y l e n e t e t r a z o t e  (Metrazol)  c an  be  i so la ted  f rom r ~t 
u r ine  u n c h a n g e d  7 I wa.s p r e p a r e d  b y  a n  i m p r o v e d  proce- 
du re  for  t h e  syn thes i s  of 5 - s u b s t i t u t e d  t e t r azo les  s. AS 
expec ted ,  t h e  a p p a r e n t  i on iza t ion  c o n s t a n t  of I (pK a = 4.1) 
was  qu i t e  s imi la r  to  t h a t  of n ico t in ic  acid ( p K ~ =  4.5)0. 5" 
(3 -Pyr idy l ) t e t r azo le  s h o w e d  l ipolysis  i n h i b i t o r y  ac t iv i ty  
wh ich  was s imi la r  in some respec ts  to  n ico t in ic  acid,  but  
d i f fered s ign i f i can t ly  a n d  i n t e r e s t i n g l y  in  o t h e r  aspectS. 
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