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S t r u c t u r e  of P o t e n t i a t o r  A, one  of the  Five B r a d y k i n i n  P o t e n t i a t i n g  Pept ides  f r o m  the  V e n o m  of 
Agkistrodon halys blomhoffii 

I n  p rev ious  paper s  1-z we r epo r t ed  on  t he  i so la t ion  of 
5 b r a d y k i n i n - p o t e n t i a t i n g  pep t ides  (po ten t i a to r s  A, B, 
C, D a n d  E). A m i n o  acid sequences  of B, C n a d  E were 
d e t e r m i n e d  b y  c o n v e n t i o n a l  d e g r a d a t i o n  m e t h o d s  and  
conf i rmed  b y  chemica l  syn theses  4 and  mass  spect ro-  
m e t r y  5. Now we r e p o r t  t he  a m i n o  acid sequence  of 
p o t e n t i a t o r  A, d e t e r m i n e d  b y  a c o m b i n a t i o n  of t h e  dansy l -  
E d m a n  m e t h o d  a n d  mass  spec t rome t ry .  T he  sequence  was 
conf i rmed  b y  chemica l  synthes is .  

P o t e n t i a t o r  A cons is ted  of Arg  (1), Glu (1), P r o  (5), 
Gly (2), a n d  I le  (1), and,  l ike t h e  o t h e r  po t en t i a to r s ,  i t  
seemed to  h a v e  no  N - t e r m i n a l  a m i n o  acid because  i t  d id  
no t  give a pos i t ive  r eac t ion  w i t h  n i n h y d r i n  reagen t .  
Prev ious ly ,  i t  was  r epo r t ed  t h a t  p o t e n t i a t o r  A c o n t a i n e d  
6 moles of p ro l ine  res idues  2. Af te r  t h a t ,  i t  was  found  t h a t  
t h e  p o t e n t i a t o r  A p r e p a r a t i o n  was  c o n t a m i n a t e d  w i t h  a 
h e p t a p e p t i d e ,  wh ich  was  no t  s epa ra t ed  f rom p o t e n t i a t o r  A 
on p a p e r  e lec t rophores i s  a n d  p a p e r  c h r o m a t o g r a p h y ,  b u t  
was  s epa ra t ed  f rom p o t e n t i a t o r  A b y  co lumn  c h r o m a t o -  
g r a p h y  on  Dowex 50. F r o m  t he  r e e x a m i n a t i o n  of a m i n o  
ac id  compos i t i on  of p o t e n t i a t o r  A, i t  was  revea led  t h a t  
p o t e n t i a t o r  A shou ld  c o n t a i n  5 moles  of p ro l ine  residues.  

F r o m  t h e  mass  s p e c t r u m  of t h e  d e r i v a t i v e  o b t a i n e d  b y  
consecu t ive  t r e a t m e n t s  of p o t e n t i a t o r  A (ca. 1 mg) w i t h  
h y d r a z i n e  ~, acet ic  a n h y d r i d e  a n d  d i a z o m e t h a n e ,  t h e  
sequence  of t h e  f i r s t  5 N - t e r m i n a l  res idues  was deduced  to  
be  as follows: Py r -G ly -Arg -P ro -P ro .  

To o b t a i n  f u r t h e r  i n f o r m a t i o n  on  t h e  sequence  b y  mass  
spec t rome t ry ,  t h e  above  d e r i v a t i v e  was p e r m e t h y l a t e d  
us ing  a p u b l i s h e d  p rocedure  7. T he  s p e c t r u m  c o n t a i n e d  a 
set  of sequence  ion peaks  t o g e t h e r  w i t h  a c c o m p a n y i n g  
peaks  due  to  C - m e t h y l a t i o n  a t  t he  glycine res idue  8, a n d  
f rom i t  t h e  sequence  of t h e  9 a m i n o  acids f rom t he  N- 
t e r m i n u s  was  conc luded  to  be  P y r - G l y - A r g - P r o - P r o - G l y -  
Pro-Pro- I le - .  The  presence  of N - t e r m i n a l  p y r o g l u t a m i c  

acid, as expected ,  was  c lear ly  i nd i ca t ed  b y  t h e  in tense  
role 98 (N-me thy l -py r ro l i done  ion) a n d  126 peaks  (N- 
m e t h y l - p y r r o l i d o n e  c a r b o n y l  ion)9. Hydro lys i s  of po ten -  
t i a t o r  A w i t h  col lagenase  p roduced  3 pep t ide  f r agments ,  
A - C - l ,  A-C-2  and  A-C-3,  w h i c h  were sepa ra t ed  f rom each  
o the r  b y  p a p e r  e lec t rophores is  a t  p H  3.5 (Pyr id ine  : acet ic  
a c i d : w a t r e  = 1 :10 :289 ,  v /v) .  Q u a n t i t a t i v e  a m i n o  acid 
ana lyses  showed  t h a t  A-C-1 c o n t a i n e d  Glu  (1), Gly  (1) 
and  Arg (1), A-C-3,  Ile (1), Gly  (1) a n d  Pro  (3), and  A-C-2,  
P ro  only. C a r b o x y p e p t i d a s e  B h y d r o l y z e d  A-C-1 to  
a rg in ine  a n d  py rog lu t amylg lyc ine .  Thus ,  A-C-1 m u s t  
h a v e  t he  a m i n o  acid sequence  Pyr -Gly-Arg .  A-C-2  was 
iden t i f i ed  as P r o - P r o  b y  t he  d a n s y l  me thod ,  and  c o m p a r e d  
w i t h  s y n t h e t i c  P ro -P ro  a n d  P r o - P r o - P r o  b y  t h i n  l ayer  
c h r o m a t o g r a p h y  (chloroform : benzy ta lcoho l  : acet ic  acid 
= 70 : 30 : 3, v /v) .  The  f r a g m e n t  A-C-3  was a c e t y l a t e d  a n d  
t h e n  es ter i f ied w i t h  d i azo -me thane .  The  mass  s p e c t u m  
(Figure) of t h e  r e su l t i ng  d e r i v a t i v e  showed  a molecu la r  
ion (m/e 535) and  a comple t e  series of sequence  ions, f rom 
w h i c h  t h e  en t i re  sequence  was deduced  as G ly -P ro -P ro -  
I le-Pro,  in  good a g r e e m e n t  w i t h  t h a t  deduced  us ing  t h e  
d a n s y l - E d m a n  m e t h o d  10. The  a m i n o  acid sequence  was  
conf i rmed  b y  c o m p a r i n g  w i t h  , synthet ic  pept ide ,  Gly-  
P ro -Pro - I l e -P ro ,  on  p a p e r  c h r o m a t o g r a p h y  (n -bu tano l :  
p y r i d i n e :  acet ic  a c i d : w a t e r  = 150 : 10 : 3 : 12, v /v) .  Based  
on  these  resu l t s  a n d  t h e  a m i n o  acid compos i t i on  of po ten-  
t i a t o r  A, i t  is conc luded  t h a t  t he  full  s t r u c t u r e  of t he  
p o t e n t i a t o r  A is as follows : 

Pyr -Gly-A rg -P ro -P ro -Gly -P ro -P ro - I l e -P ro .  

P o t e n t i a t o r  A h a d  t he  same  Rf -va lue  as t he  s y n t h e t i c  
pep t i de  w i t h  t h e  above  a m i n o  acid sequence  ([~]~~ 
(c 0.4 H20))  on  p a p e r  c h r o m a t o g r a p h y  ( n - b u t a n o l : p y r i d i -  
ne  : acet ic  acid : w a t e r  = 15 : 10 : 3 : 12, v /v) .  Col lagenase 
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Mass spectrum of acetyl A-C-3 methyl ester. 
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diges ts  of t h e  p o t e n t i a t o r  A a n d  t h e  s y n t h e t i c  pep t ide  
showed  s imi la r  p a t t e r n s  on  t he  p a p e r  c h r o m a t o g r a p h y .  

Of t h e  5 pep t ides  i so la ted  f rom t h e  v e n o m  of Agkistro- 
don halys, blomho//ii, t h i s  pep t i de  h a d  t he  weakes t  
b r a d y k i n i n - p o t e n t i a t i n g  a c t i v i t y  on  gu inea-p ig  i l eum ~. 
Tb is weak  a c t i v i t y  m a y  be  because,  un l ike  p o t e n t i a t o r s  ]3, 
C a n d  E, i t  lacks p ro ly lp ro ly l  sequence  a t  t h e  C- te rminus .  
Th i s  was  s u p p o r t e d  b y  t he  fac t  t h a t  t h e  s y n t h e t i c  pep t ide ,  
P y r - G l y - A r g - P r o - P r o - G l y - P r o - P r o - I l e - P r o - P r o ,  ha s  s t rong  
b r a d y k i n i n - p o t e n t i a t i n g  a c t i v i t y  on  gu inea-p ig  i leum. 
The  a m o u n t  of t he  s y n t h e t i c  pep t i de  to  p o t e n t i a t e  2-fold 
ac t ion  of b r a d y k i n i n  on  gu inea-p ig  i l eum was 0.16 n m o l e /  
ml,  whi le  t h a t  of s y n t h e t i c  p o t e n t i a t o r  A was t h a n  
33 nmole /ml .  

Zusammenfassung. S t r u k t u r a u f k l A r u n g  eines B r a d y k i n -  
n i n - p o t e n z i e r e n d e n  Pep t ids ,  P e p t i d s  A, aus  d e m  Gif t  yon  
A gkistrodon halys blomhoffii. 
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I n c r e a s e d  U r i n a r y  E x c r e t i o n  of a B a s e m e n t  M e m b r a n e  Like  Glycopro te in  in Acute  U r a n i u m  
N e p h r o p a t h y  * 

U r i n a r y  g lycopro te ins  wh ich  cross r eac t  immuno log ic -  
a l ly  w i t h  an t i gens  in  g lomeru la r  b a s e m e n t  m e m b r a n e s  
(GBM) h a v e  been  i so la ted  in  severa l  species 1-1. Q u a n t i t a t i -  
ve  a n d  q u a l i t a t i v e  a l t e r a t i ons  in  these  p ro t e in s  h a v e  been  
descr ibed  in immuno log i c  and  chemica l  i n j u r y  a n d  a p p e a r  
to  ref lect  G B M  d a m a g e  ~,*. I n  p rev ious  c o m m u n i c a t i o n s  
we h a v e  pur i f i ed  a n d  i m m uno l og i ca l l y  cha rac t e r i zed  a 
m a j o r  p r o t e i n  of r a t  u r ine  (MUP),  a G B M  like glyco- 
p ro te in ,  a n d  d e m o n s t r a t e d  a l t e r a t i ons  in  th i s  p r o t e i n  b y  
d rugs  a n d  chemica l s  ~, s. 

U r a n i u m  po i son ing  is a mode l  of n o n - i m m u n o l o g i c  
m e d i a t e d  rena l  in ju ry .  As wel l  as acu te  t u b u l a r  in ju ry ,  
u r a n i u m  produces  g lomeru la r  lesions w i t h  depos i t s  of 
r a n d o m l y  o r i en ted  f ibers  on  t h e  endo the l i a l  side of t he  
l a m i n a  densa  9,1~ Th i s  s t u d y  was done  to  e x a m i n e  r a t  
M U P  d u r i n g  acu t e  u r a n i u m  n e p h r o p a t h y .  

Materials and methods. Fi f t een  Sprague  D a w l e y  rats ,  
300 g, were used  in t h i s  s tudy .  On d a y  0 base l ine  24 h 
u r ine  samples  were col lected f rom each  an imal .  10 a n i m a l s  
rece ived  14 m g / k g  of u r a n y l  n i t r a t e  h e x a h y d r a t e  as a 
s ingle  s.c. dose 24-h ur ine  spec imens  were col lected da i ly  
ove r  t h e  n e x t  3 days.  U r i n e  p r o t e i n  exc re t ion  was de ter -  
m i n e d  us ing  sulfosal icyl ic  acid.  Da i ly  exc re t ion  of M U P  
was q u a n t i t a t e d  b y  r ad i a l  i m m u n o d i f f u s i o n  us ing  
c o n c e n t r a t e d  ur ine  samples .  On d a y  5 al l  an i m a l s  were 
sacr i f iced a n d  se rum c rea t i n ine  d e t e r m i n a t i o n s  pe r fo rmed .  
Sect ions  of k i d n e y  were f ixed in  fo rma l in  for  l igh t  micros-  
copy.  R a t  M U P  was  i so la ted  a n d  pur i f i ed  as p r ev ious ly  
descr ibed  ~, a n d  used  to  p r e p a r e  s t a n d a r d s  for  r ad i a l  
immunod i f fu s ion .  

An t i s e r a  to  r a t  M U P  was p r e p a r e d  in  r a b b i t s  b y  weekly  
i m m u n i z a t i o n .  The  a n t i s e r u m  was  a b s o r b e d  w i t h  lyo- 
phy l i zed  r a t  s e rum a n d  i ts  monospec i f i c i ty  conf i rmed  b y  

i m m u n o e l e c t r o p h o r e s i s  aga ins t  c o n c e n t r a t e d  r a t  ur ine.  A 
single p rec ip i t in  b a n d  was o b t a i n e d  aga in s t  pur i f i ed  r a t  
M U P  and  aga ins t  c o n c e n t r a t e d  r a t  ur ine.  No p rec ip i t i n  
b a n d  occur red  w i t h  r a t  serum.  The  an t i s e r a  was  incorpo-  
r a t e d  in to  aga r  a n d  rad ia l  i m m u n o d i f f u s i o n  p la tes  pre-  
pared .  

One ml  c o n c e n t r a t e d  n o r m a l  r a t  u r ine  a n d  c o n c e n t r a t e d  
u r a n i u m  r a t  u r ine  c o n t a i n i n g  a t o t a l  p r o t e i n  level  of 
20 m g / m l  was used for  c h r o m a t o g r a p h y .  S e p h a d e x  G 200 
gel c h r o m a t o g r a p h y  was pe r fo rmed  on a P h a r m a c i a  
co lumn,  0.9 • 85 cm, a n d  e lu ted  a t  a f low r a t e  of 5 ml /h .  
2 ml  f r ac t ions  were col lected and  r ead  a t  280 n m  in a 
Lei tz  s p e c t r o p h o t o m e t e r .  Agarose  gel a n d  i m m u n o -  
e lec t rophores i s  were pe r fo rmed  on u r ine  f rom n o r m a l  a n d  
u r a n i u m  t r e a t e d  an imals .  

Results. The  u r a n i u m  t r e a t e d  an ima l s  showed  m a r k e d  
rena l  morpho log ic  a l t e r a t i ons  v a r y i n g  f rom acu te  t u b u l a r  
necrosis  w i t h  m o d e r a t e  to  severe diffuse mesang ia l  
p ro l i f e ra t ion  to  cor t ica l  necrosis.  Mean  c rea t in ine  levels in  
con t ro l  an ima l s  was  0.8 mg/100  ml  S.D. :k 0.1 as c o m p a r e d  
to  12.2 mg/100  ml  S.D. =k 3 in d iseased an imals .  

Da i ly  u r ine  vo lume,  u r ine  p ro t e in  a n d  M U P  excre t ion  
are  s h o w n  in t h e  Table .  E x c r e t i o n  of M U P  increased  
a l m o s t  50% d u r i n g  t h e  f i r s t  24 h a f t e r  u r a n i u m  in jec t ion .  
This  increase  was s ign i f i can t ly  d i f fe ren t  f rom the  con-  
t ro ls  a t  t h e  95% conf idence  l imi t .  Over  t he  n e x t  2 days  
M U P  excre t ion  r e t u r n e d  to  no rma l .  As t he  an ima l s  b e c a m e  
m o r i b u n d  a n d  ol iguric  on  d a y  5, M U P  excre t ion  d ropped .  
The  con t ro l  an ima l s  showed  no s ign i f i can t  a l t e r a t i ons  in  
p ro te in ,  v o l u m e  or M U P  d u r i n g  t h e  course of t he  s tudy .  

No u n i q u e  M U P  f r a g m e n t s  were  recognized  in t h e  
u r ine  of u r a n i u m  r a t s  as c o m p a r e d  to  n o r m a l s  b y  i m m u n o -  
e lec t rophores i s  us ing  a n t i s e r a  to  r a t  MUP.  Migra t ion  of 

Average total daily urine protein, MUP and volume in baseline and 
uranium treated rats. 

Day0 Dayl  Day2 Day3 Day4 

Protein Mean (mg) 9.3 36 ~ 89 �9 111 �9 10 
Std. Error 1.6 45 18 18 10 

Volume Mean (ml) 9.7 24 ~ 31 ~ 24 a 10 
Std. Error 1.5 2.7 7.0 4.8 3.5 

MUP Mean (mg) 7.0 11 �9 7.8 6.8 2.8 �9 
Std. Error 1.2 1.4 0.8 1.0 1.5 

Denotes statistically significant at 95 % compared to control period 
and to control animals. 

* From the Department of Pediatrics, College of Physicians and 
Surgeons of Columbia University. 
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