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Inhibition of soluble chick-liver neuraminidase by increasing con- 
centrations of active and heat-inactivated particulate neuraminidase. 
A constant amount of soluble enzyme was present in all incubation 
mixtures. Ordinate values represent the activity of the mixtures 
expressed as percent of the activity given by the soluble fraction by 
itself. Abcissa vahtes indicate percent of active (O) and heat in- 
activated (111) particulate fraction added to the mixture; at 100%, 
soluble and particulate fractions are present in the same proportion 
found in the original fresh tissue. All assays were conducted using 
neuramin-lactose (2-->3') as the substrate; the data shown cor- 
responds to the average of two separate experin~ents. Theoretical 
values, calculated by adding the activities of the soluble and par- 
ticulate enzymes assayed separately, are included for mixtures con- 
taining active (O) and heat inactivated (EJ) particulate preparations. 

No des t ruc t ion  of free N A N A  (NANA-aldolase  act ivi ty) ,  
or in terference wi th  the  th iobarb i tu r i c  acid assay, by  the  
pa r t i cu la te  f rac t ion could be de tec ted .  

No marked  differences were observed  in the  pH-ve r sus  
ac t iv i ty  curves of the  cy top lasmic  ext rac t ,  soluble and 
par t icu la te  enzymes.  

No abnormal  behavior  was observed  upon de te rmin-  
a t ion  of neuramin idase  ac t iv i ty  w i th  increasing subs t ra te  
concent ra t ions .  Tile Km values for neuramin- lac tose  
(2->3') were of the  same order  of magn i tude :  soluble 
neuramin idase  1.20 x 10 -a M;  par t icu la te  neuramin idase  
2.72 x 10 -a M and cy toplasmic  ex t r ac t  1.97 • 10 -a M. 

E x p e r i m e n t s  wi th  [x~C]-U-neuramin-lactose .9 indica ted  
absence of irreversible b ind ing  of the  subs t ra te  by the 
par t icu la te  f ract ion and ruled out  possible t ransfer  ( trans- 
glycosylat ion) of N A N A  (cleaved f rom the  subs t r a t e  by  
neuramin idase  action) to endogenous  or exogenous 
acceptors .  

Since the  cytosolic neuramin idase  of chick liver ex- 
h ib i t s  ve ry  low ac t iv i ty  towards  macromolecules  4, our 
da t a  suggests  the  possibi l i ty  t h a t  b inding  of this  enzyme 
to sialyl groups on the  surface of t he  nat ive,  and of the  
hea t - inac t iva ted ,  par t icu la te  f ract ion may  account  for 
t he  loss of ac t iv i ty  observed in these  exper iments .  I t  is 
t e m p t i n g  to speculate  t h a t  a similar p h e n o m e n o n  may  
also p lay  a role in the  regulat ion of neuraminidase  
ac t iv i ty  in vivo. 

9 R. CARUBELLI, B. TAFIA, R. E. TRUGCO and R. CAPUTTO, Bio- 
chim. Biophys. Acts 83, 224 (1964). 

O n  t h e  N a t u r e  of  P r o t e i n  B e n z o q u i n o n e  C o m p l e x e s  ~ 
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Summary .  Pro te ins  form monosubs t i t u t ed  1,4-benzoquinone der iva t ives  wi th  an excess of reagent  via uni formly 
coloured charge t ransfer  compIexes.  Some proper t ies  of these  compounds  are repor ted .  

Several  inves t iga t ions  have  been made  on the  react ion 
of amino acids and pro te ins  wi th  1 ,4-benzoquinone  
(pBQ) pu rpo r t ing  the  format ion  of mono-  and disub-  
s t i t u t ed  qu inones  in buffered aqueous  solut ions of organic 
solvents  ~ ~, whereas  t he  na tu re  of these  p roduc t s  re- 
mains  cont rovers iaU ,s. Therefore  the  p resen t  work  de- 
scribes some proper t ies  of pro te in  pBQ complexes,  anal- 
ogously p repa red  to  the reac t ion  of amino acids ~. 

Mater ials  and  methods. H u m a n  serum a lbumin  and 
f ibr inogen (Behringwerke) ,  ~-casein, gelatin,  porcine pep-  
sin (Sigma), bovine  insulin (generous gift  f rom I-Ioechst), 
and  bovine pancreas  r ibonuclease (Boehringer) were 
puri f ied f rom low molecular  and  pro te in  con t amina t i ons  
b y  repea ted  gel f i l t ra t ion on Sephadex  G-25 (Pharmacia)  
and  G-75 or G-200 resp., dialyzed exhaus t ive ly  and 
lyophilized.  Ace ty la ted ,  alkali dena tu red ,  and  performic  
acid oxidized p ro te ins  1~ were t r e a t ed  in the  same manner .  
1.0 ml  of pro te in  solution, con ta in ing  5-20 mg pro te in  in 
10 mmol/1 NH4OI-t, was mixed  wi th  1.0 ml  of 200 mmol/1 
p h o s p h a t e  p H  6.5 and 1.0 ml  of 150 mmol/1 pBQ in di- 
me thy l su l fox ide  (DNISO), leading to a final p H  value of 
7.9 in 50 mmol/1 pt3Q, 4.7 mol/1 DMSO, and  67 mmol / l  
phospha te .  The reac t ion  was allowed to  p roceed  a t  25 ~ 
and  t e r m i n a t e d  b y  double  ex t rac t ion  wi th  d ie thy le the r  

af ter  diverse t imes.  The subs t i tu t ed  prote ins  were purif ied 
as men t ioned  above and  compared  wi th  the  na t ive  ones 
w i th  regard to the i r  solubil i ty (A2s 0 and A~50 rim), spec- 
t r u m  (PMQ II Zeiss), molecular  weigh t  (gel f i l t ra t ion on 
Sephadex  G-75 or G-200), and charge (paper electro- 
phoresis  8 h wi th  7 V/cm in 50 mmol/1 phospha te  p H  6.5 
and barb i ta l  p H  8.6 (equipment  L K B  3276) and ion ex- 

1 Dedicated to Prof. J. Kiihnau in commemoration of his 75th 
birthday. 

2 M. MORRISON, W. STEELE and D. J. DANN~R, Arch. Biochem. 
Biophys. 134/, 515 (1969). 
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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). 

Synthesis of Bradykinin Potentiating Pentapeptide (BPPsa) 

A. ALI, M. A. GuiDICCI and  D. STEVENSON 1 

Schwarz/Mann, Division o/Becton, Dic/~inson and Co., Mountain View Avenue, Orangeburg (New York 70962, USA), 
77 May 7976. 

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. 
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Pharmac. 20, 1557 (1971). 

4 S. H. FERREIRA, D. C. 13ARTL~TT and L. J. GREENE, Biochemistry 
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