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change  c h r o m a t o g r a p h y  on SE- and D E A E - S e p h a d e x ) .  
T i t ra t ion  curves  of 10 mg pro te in  in 20 mmol / l  sodium 
hydrox ide  were ob ta ined  be tween  p H  11.6 and 3.5 by  
down-scale  t i t r a t ion  wi th  25 lnmol/1 sulfuric acid (Radiom- 
eter  t i t r a t ion  assembly).  Nat ive  and subs t i tu t ed  prote ins  
were hydro lyzed  by  t ryps in  and pronase  (Merck), ac- 
cording to  NAKAYA et al.iL followed by  TLC (silica gel 
G Merck, bu tano l  ( - -  1) 4 - acetic acid 1 - wa te r  I and 
phenol  3 - wa te r  1) and disc e lectrophoresis  (7.5% poly-  
acry lamide  gel, 7 V/cm, ver t ical  rods). 

Resutls. After  a react ion per iod of 30 win,  red p roduc t s  
appear .  They  could no t  be isolated because of decomposi-  
t ion on evapora t ion .  Their  a lmos t  un i form spec t ra  
resemble  those  of complexes  formed by  buffered solut ions 
of amino  acids be tween  p H  5.5 and 7.5 w i t h  an excess of 
pBQ in organic solvents" .  The react ion is f irst  order  wi th  
respect  to b o t h  componen t s ,  suggest ing a 1 : 1 in teract ion.  
The spect ra l  bands  also agree wi th  the  m a x i m a  of chlor- 
anil amino acid charge t rans fe r  complexes  12 and  p robab ly  
en route  fo rmed  m o n o s u b s t i t u t e d  pBQ compounds  s, bu t  
t h e y  ent i re ly  differ  from the  various colours of isolated 

Reaction of proteins at 25 ~ within 30 rain, see 'methods' 

Original protein max Number of reactive sites e492 (cm2/ 
or amino acid (nm) ~-Nt-I 2 e-NH 2 Indole ealc. #mol) 

found 

or-Amino acids �9 490 1 - - 2.75 
Nct-Acetyllysine 490 1 - 1.65 
Lysine 490 1 l - 4,40 4.40 
Tryptophan 500 1 1 3.55 
Pepsin C 492 1 4 6 14.15 14.10 
Insulin 
oxidized a-chain 490 1 - 2.75 2.75 
denatured 485 2 1 7.15 7.15 
native 485 2 1 7.15 5.50 
Ribonuclease 
oxidized 490 1 10 19.25 19.30 
native 485 1 10 19.25 12.60 
Albumin 490 1 56 1 95,95 69.50 

"Except tryptophan, lysine, proline and eysteine. 

2-(amino acid)-quinonesS, ". The n u m b e r  of  the  groups  
react ing wi th  pBQ wi th in  30 win  cor responds  to the  
calculated value only  in small  s t r e t ched  molecules (table). 
In  the  na t ive  state,  4 lysine residues in r ibonuclease,  1 in 
insulin and 16 in a lbumin  are no t  accessible, h u m a n  
fibrinogen, casein, and gelat in  even showing less react iv-  
ity. 

T r e a t m e n t  last ing for 2 h leads to da rk  solut ions w i th  
absorp t ion  m a x i m a  be tween  320 and  350 rim, known  
f rom 2 ,5 -d i subs t i tu ted-pBQ s, followed by  peaks  a t  
230-250 nm af ter  a period of 24 h, ind ica t ing  the  forma-  
t ion of 2-monosubs t i tu ted-pBQS.  The isolated pBQ pro-  
te in  complexes  form hygroscopic  b rown to  red solids, 
which are t h r o u g h o u t  more  soluble a t  p H  7.5 and less 
precipi table  by  t r ichloracet ic  acid t h a n  their  na t ive  
analogues.  This m a y  be a t t r i bu t ed  to a h igher  nega t ive  
charge by  the  in t roduc t ion  of quinone residues as indi-  
ca ted  by  t i t r a t ion  curves displaying more  t i t r a t ab le  
groups be tween  p H  8.0 and 10.0, b u t  less above 10.6. 
This  suggests  a subs t i tu t ion  of side chain amino groups.  
As compared  to the  na t ive  proteins,  t h e  complexes  show 
a 1.3-1.4 t imes  higher  anodic  mobi l i ty  in electrophoresis  
aL p H  8.6 and equal  veloci ty  a t  p H  6.5. They  are less 
r e t a rded  on S E - S e p h a d e x  at  p H  7.0, b u t  more  on D E A E -  
Sephadex  at  p H  8.0, where  pBQ-casein  and -a lbumin 
canno t  be eluted by  50 mmol/1 t r ie thanolamine .  A t  25 ~ 
the  complexes  are s table  for a t  least  10 days  agains t  
100 mmol/1 sodium hydrox ide  and sulfuric acid, 5 mol/1 
urea  and up to 50 g/I Tween 20. Pronase  exer ts  ident ical  
effects on na t ive  and pBQ marked  proteins ,  while pep-  
fide maps  and  disc e lec t rophore t ic  p a t t e r n s  af ter  diges- 
t ion wi th  t ryps in  show reduced cleavage by  preceeding 
t r e a t m e n t  wi th  pBQ. Thus  blocking of lysine p reven t s  
sp l i t t ing  of the  b-chain  of insulin and  the  format ion  of 
t ryp t i c  cores in the  hydrolys is  of subs t i t u t ed  a lbumin,  
casein and insulin. As revealed by  gel f i l t ra t ion and SDS 
disc electrophoresis ,  na t ive  prote ins  and  pBQ pro te in  
complexes  possess the  same molecular  weights  roughly  
excluding pBQ cross-l inking be tween  molecules. 

11 K. NAKAYA, H. HORINISHI and K. SHIBATA, J. ]3iochem. 61, 337 
(1967). 

12 J. G. HEATHCOTE, Spectrochim. Acta 23A, 2893 (1967). 
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Summary. This synthes is  is especial ly suitable for p roduc t ion  of h ighly-pur i f ied  b radyk in in -po ten t i a t i ng  pen t apep t ide  
(BPPs~) because of the  high yields of the  coupling and depro tec t ion  reactions,  accompanied  by  minimal  side reactions,  
and the  need for only  one s imple final pur i f icat ion step.  

The p e n t a p e p t i d e  L-pyroglu tamyl -L- lysy l -z - t ryp tophyl -  
L-alanyl-L-proline (XIV) has  been shown to inh ib i t  t he  
convers ion of angio tens in  I to angiotens in  I I  and the  
p u l m o n a r y  inac t iva t ion  of b radyk in in  ~,3. I t  was  f irs t  
isolated f rom Bo th rops  Ja ra raca  v e n o m  4 and has  been 
charac ter ized  and  synthes ized  by  a sol id-phase proce- 
dure a. 

Whi le  the  sol id-phase approach  will suffice to  provide  
small  quant i t i es  of pept ide ,  a classical t echn ique  has  the  
advan t age  of being able to yield g ram quant i t i es  con- 
ven ien t ly  and  reprodueibly .  In  th is  paper ,  a classical and 

economical ly-viable,  indus t r ia l  procedure  is repor ted  for 
t he  synthesis ,  in h igh yield, of pure b radyk in in -po ten t i a t -  
ing pen tapep t ide .  In  mos t  cases, the  in t e rmed ia te  pept ides  

1 The authors wish to thank J. PALLAK for carrying out the amino- 
acid analyses and bio-assays. 

2 L.J .  GREENE, A. C. M. CA~IARCO, E. M. KRIEGER, J. M. STEWART 
and S. H. FERREIRA, Circulation Res. 30, 11 (1972). 
J. M. STEWART, S. H. FERREIRA and L. J. GREENE, Biochem. 
Pharmac. 20, 1557 (1971). 

4 S. H. FERREIRA, D. C. 13ARTL~TT and L. J. GREENE, Biochemistry 
9, 2583 (1970). 
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were  used in t he  c rude  s t a t e  for f u r t h e r  react ions ,  a n d  t he  
t - b u t y l o x y c a r b o n y l  (BOC) g roup  was r e m o v e d  b y  a 50% 
so lu t ion  of redis t i l led  t r i f luoroace t ic  acid (TFA) in 
m e t h y l e n e  chlor ide  a t  r oom t e m p e r a t u r e .  Mixed ca rbonic  
anhydr ides ,  used as acy l a t i ng  agents  in some of the  
coupl ing  reac t ions ,  were g e n e r a t e d  in s i tu  w i t h  N - m e t h y l -  
amorpho l i ne  a n d  i sobu ty l  ch lo ro fo rma te  in  t e t r a h y d r o -  
fu ran  or d i m e t h y l f o r m a m i d e  a t  - -15  ~ N - M e t h y l m o r -  
pho l ine  was also emp loyed  to  l ibe ra te  free amino  com- 
p o u n d s  f rom the i r  hyd roch lo r ide  or t r i f luo ro -ace ta t e  salts.  
All  r eac t ion  af forded a t  leas t  10 g of p roduc t .  

A n  ou t l ine  of the  or ig inal  syn thes i s  is shown  in F igure  1. 
F i rs t ,  BOC-L-alanine5 (I) was  coupled  to  L-proline benzy l  
ester,  l i be r a t ed  f rom i ts  hyd roch lo r ide  6 (II), b y  a mixed  
ca rbonic  a n h y d r i d e  reac t ion .  Af te r  r e m o v a l  of t h e  BOC 
group  f rom BOC-L-alanyl-L-prol ine  benzy l  es ter  ( I I I ) ,  
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t he  oily d ipep t ide  benzy l  es ter  t r i f l uo roace t a t e  (IV) was 
c o n v e r t e d  to t he  co r respond ing  c rys ta l l ine  hydroch lo r ide  
(V). This  enab led  smal l  q u a n t i t i e s  of ful ly p ro t ec t ed  di- 
pep t ide ,  p re sen t  as a c o n t a m i n a n t  in t he  t r i f luoro-  
ace ta te ,  to  be removed .  Next ,  B O C - L - t r y p t o p h a n  5 (VI) 
was  c o u p l e d  to  L-alanyl-L-prol ine b e n z y l  es ter  us ing  
1-e thyl  3 - (3 -d ime thy laminopropy l )  ca rbod i imide  hydro -  
chloride.  Tile BOC group  of the  r e su l t ing  p ro t ec t ed  t r i -  
peptide (VII) was r e m o v e d  and,  a f t e r  neu t ra l i za t ion ,  the  
t r i p e p t i d e  benzy l  es ter  t r i f luo ro -ace ta t e  (viii) was 
coupled  w i t h  N ~ - B O C - N c b e n z y l o x y c a r b o n y l - L - l y s i n e  5 
(IX) b y  a mixed  ca rbonic  a n h y d r i d e  react ion.  The  BOC 
group  of t he  p ro t ec t ed  t e t r a p e p t i d e  (X) afforded b y  th i s  
m e t h o d  was r e m o v e d  and  the  r e su l t ing  t r i f luo ro -ace ta t e  
(XI),  a f te r  neu t ra l i za t ion ,  was coupled  to l~-pyroglutamic 
acid (XlI), again  b y  a mixed  carbonic  a n h y d r i d e  react ion.  
The  produc t ,  t he  ful ly p ro t ec t ed  p e n t a p e p t i d e  (XlII), 
was sub jec ted  to hydrogenolys i s  in  a 50% so lu t ion  of 
glacial  acet ic  acid in  me thano l ,  us ing  10% p a l l a d i u m  on 
charcoa l  as ca ta lys t ,  to  give tile free p e n t a p e p t i d e  (XIV).  

Some m i n o r  diff icul t ies  were exper ienced  because  of a 
smal l  a m o u n t  of c leavage  of t he  N , - b e n z y l o x y c a r b o n y l  
g roup  f rom lysine du r ing  t he  r e m o v a l  of t he  N=-BOC 
group  f rom the  p ro t ec t ed  t e t r a p e p t i d e  (X). The  s y n t h e t i c  
scheme was therefore  modif ied  as ou t l ined  in F igure  2. 
The  t r i pep t ide  t r i f luo ro -ace ta t e  (viii), af te r  neu t ra l i za -  
t ion,  was  al lowed to  r eac t  w i th  N=-benzy loxyca rbony l -  
N,-BOC-L-lys ine  p - n i t r o p h e n y l  es ter  v (XV) to yie ld  the  
p ro t ec t ed  t e t r a p e p t i d e  (XVI) .  This,  in tu rn ,  was  sub-  
j ec ted  to  ca t a ly t i c  hydrogenolys i s  in  t he  same m a n n e r  as 
t he  above  p ro t ec t ed  p e n t a p e p t i d e  (XlII). The produc t ,  
N~-BOC-L-lysyl-L- t ryptophyl-L-alanyl-L-prol ine  (XVII )  
was  acy la ted  w i t h  oily p - n i t r o p h e n y l  L -py rog lu t ama te  
(XVI I I ) .  The  BOC group  of the  r e su l t ing  p e n t a p e p t i d e  
( X I X )  was r e m o v e d  w i t h  a 50% solu t ion  of t r i f luoro-  
acet ic  acid in m e t h y l e n e  chlor ide con ta in ing  1% fi- 
m e r c a p t o e t h a n o l .  

The  c rude  p e n t a p e p t i d e ,  L-pyroglutamyl-L-lysyl-L-  
t ryp tophyl -L-a lany l -L-pro l ine  (XIV),  f rom b o t h  syntheses ,  
was  pur i f ied  b y  co lumn  c h r o m a t o g r a p h y  on Dowex 50 • 2 
resin e lu ted  a t  38~ w i t h  a g r ad i en t  of f rom 0.2 M pyr i -  
dine in acet ic  acid (pH 3.1) to  2.0 M pyr id ine  in acet ic  
acid (pH 5.0) as descr ibed b y  FERREIRA et  al. a. 

The  b r a d y k i n i n  p o t e n t i a t i n g  p e n t a p e p t i d e  (XIV) ob- 
t a i n e d  in th i s  m a n n e r  was homogeneous  w h e n  sub jec t ed  
to  t h i n  layer  c h r o m a t o g r a p h y  on  B r i n k m a n n - E M  silica 
gel G p la tes  when  Muted w i t h  n -bu tano l ,  pyr id ine ,  acet ic  
acid, water ,  3 0 : 6 : 2 4 : 2 0  (Rf 0.78) and  isopropanol ,  am-  
m o n i u m  h y d r o x i d e  7 :3  (Rf 0.33). I t  was  also h o m o -  
geneous a f t e r  p a p e r  e lec t rophores i s  as descr ibed b y  
FXRREIRA et  al. 4. The  fol lowing amino-ac id  analys is  was  
o b t a i n e d :  Glu, 1.03; Lys,  1.00; Trp ,  0.96; Ala, 0.98; 
Pro,  0.98. The  s y n t h e t i c  p e n t a p e p t i d e  was e q u i p o t e n t  
w i t h  t he  n a t u r a l  m a t e r i a l  in  t he  gu inea-p ig  i leum s t r ip  
assay  ~-~. 

5 E. SCHNABEL, Annln Chem. 702, 188 (1967). 
J. P. GREENSTEIN and M. WINITZ, Chemistry o] the Amino-Acids 
(J. Wiley, New York 1961), vol. 2, p. 934. 
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