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SUMMARY 

I_ This paper  describes the  isolat ion and purif icat ion of an enzymlca l ly  Inact ive 
precursor  of porcine pancrea t ic  phosphohpase  A (phosphat lde  acyl-hydrolase ,  EC 

3 1 1 4 ) -  
2. The protein,  which has a molecular  weight  of abou t  15 ooo, appears  to consist 

of a single po lypep t lde  chain, t e rmina t ing  at  the  N H  2 region in the  amino acid sequence.  
G l u - G l y - G l u - I l e  S e r - S e r - A r g - A l a .  , and having  cyst lne  as COOH-termInal  
amino acid_ 

3 The precursor  molecule IS ac t iva t ed  b y  t ryps in  which sphts  the  above - A r g -  
A l a -  pep t ide  bond, y ie lding act ive phosphohpase  A and the hep tapep t ide  G l u - G l y -  
G l u - I l e - S e r - S e r - A r g  

4 In  this released pept lde,  as well as in the  precursor  molecule itself, the  N- 
t e rmina l  glutamac acid residue has no free a - N H  2 group 

5 Phosphohpase  A, isolated from auto lysed  pancrea t ic  tissue, appears  to be 
ident ical  wi th  the p roduc t  ob ta ined  b y  t ryps in  ac t iva t ion  of the  pure  precursor.  

INTRODUCTION 

In  the  foregoing paper  1 we descr ibed the  isolat ion and purif icat ion of phos- 
phohpase  A (phosphat ide  acyl-hydrolase ,  EC 3 I I 4) from auto lysed  porcine pancreas  
In  this  s t u d y  i t  was observed t ha t  freshly p repared  homogenates  of pig pancreas  
possess a low hpoly t lc  ac t iv i ty  and tha t  a large increase in phosphol ipase  A ac t iv i ty  
occurs dur ing s torage of the  homogena te  at  room t empera tu r e  In i t ia l ly ,  these phe-  
nomena  were a t t r i bu t ed  to a progressive solubi l izat ion of the  enzyme caused b y  auto-  
lysls of the  tissue However ,  i t  appea red  t ha t  clear aqueous solutions of the  crude 
enzyme also became g radua l ly  more active, even upon s torage at  o ° The process of 
ac t iva t ion  could be g rea t ly  accelera ted b y  the addi t ion  of smal l  amounts  of pure  
t ryps in  and appeared  to be r e t a rded  in the presence of D F P  The similar  behav iour  of 
m a n y  proteolytmc enzymes,  which occur in pancreas  as zymogens,  s t rongly  suggested 
the  existence in pancreas  of an enzymlca l ly  inact ive  precursor  of phosphohpase  A 
In  order  to prove the presence of such a zymogen,  the  isolat ion of the  pro te in  was 
unde r t aken  P rehmlna ry  exper iments  showed tha t  the  so-called prephosphol ipase  A 
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in many respects behaves hke the active enzyme, which might indicate that only small 
structural differences exist between the proteins Therefore, the purification procedure 
used for the active enzyme, and described in the previous paper, was apphed with 
only minor modifications in the Isolation of the precursor. The major problems in the 
isolation turned out to be the high susceptibility of the zymogen to proteolytlc attack_ 
Traces of trypsm rapidly converted the prephosphohpase A into the active enzyme 
even at o ° and adequate protection of the zymogen could be obtained only m the 
presence of rather high concentrations of DFP. 

E X P E R I M E N T A L  

Most of the materials and methods used have been described m the preceding 
artlcleL 

Materials 

Pronase was obtained from Calblochem and shown by chromatography not to 
be contammated with peptIdes or free amino acids_ 

Lyophlhzed samples of human and pig pancreatic juice were generously supplied 
by Professor G CL1~MENT (Laboratoire de Physiologie Anlmale et de la Nutrition, 
Dijon, France) and Dr L. SARDA (Instltut de ChImle Biologique, Marsellle, France) 

Methods 
The content of phosphohpase A (=  potential phosphohpase A activity) In the 

various fractions (if necessary, dlalysed to remove DFP) was measured after maximal 
conversion of the zymogen into phospholipase A by trypsin. The activity of the latter 
was determined by potentiometric titration as described in the foregoing paper 1. 
Specific activity is given by the number of #equlv of alkali consumed per mln per mg 
of protein in the standard assay procedure 

Peptldes were separated by high-voltage electrophoresls using pyridlne-acetic 
acid and formic acid-acetic acid buffer solutions ( p H I  9-3.6), and by paper chromato- 
graphy (Whatman 3 MM) in n-butanol-formic acid-water (7 ° :9:2, v/v/v) Free amino 
acids were separated and identified by thin-layer chromatography on slhcic acid and 
by paper chromatography In n-butanol-acetic acid-water (4"1 5, v/v/v, upper phase). 
Quantitative separation of the amino acids Glu, Ser and Gly was carried out on What- 
man paper 3 MM, impregnated with borate buffer (pH 9-3) in the solvent system phenol- 
cresol (I :I, v/v). 

The detection of the peptldes and amino acids was effected by the usual nmhydrln 
staining (colhdme modlficatlonZ), with the Sakaguchl reagent a and by exposure to 
chlorine gas, followed by spraying with KI-starch 4 

RESULTS 

A. Pur,ficatwn procedure (see Table I )  
IOOO g of defatted porcine pancreas were rapidly ground in a mincer and further 

homogenized for I rain In a Warmg blendor in 3000 ml of me-cold o-15 M NaC1 solution 
The homogenate was brought to pH 4 o with conc HC1 and heated at 7 °0 for 3 ram. 
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T A B L E  I 

PURIFICATION OF PREPHOSPHOLIPASE A 

IOOO g of  d e f a t t e d  p a n c r e a t i c  t i s sue  w e r e  h o m o g e n i z e d  a t  o ° in 3000 m l  of  o 15 M NaC1 s o l u t i o n  

Step Phosphohpase A Prephos- Speezfic Yzeld 
(unzts) phohpase A * actzwtv ° (%) " '*  

(umts) o S prephos- 
phohpase A 

I C rude  h o m o g e n a t e  7 ° 0 0 0 - 9 5  ooo 
2 H e a t  t r e a t m e n t  a t  p H  4 o 55 0 0 0 - 7 5  ooo 
3 R e m o v a l  of  p r e c i p i t a t e d  

m a t e r i a l  a n d  f a t  b y  cen t r l -  
f u g a t l o n  a n d  f i l t r a t i on  4 ° 0 0 0 - 5 o  ooo 

4 o 3 5 - 0  6 o - S a t d  (NHI )2SO ~ 
p r e c i p i t a t e  io  ooo 6o ooo 

5 Dia lys i s  a n d  c e n t n f u g a t i o n  15 o o o - 2 5  ooo 
6 D E A E - c e l l u l o s e  c h r o m a t o -  2 o o o -  3 ooo 

g r a p h y  ( p H  7 3) 
7 CM-cel lu lose  c h r o m a t o -  

g r a p h y  ( p H  6 o) I o o o -  I 500 

500 0 0 0 - 6 0 0  ooo 12-13 1oo 

350 0 0 0 - 4 5 0  ooo IOO I[O 73 
3oo o o o - 4 o o  ooo 15o 2oo 64 
2o0 0 0 o - 3 0 0  ooo 6 o o - 7 o o  46 

17o 0 0 0 - 2 4 0  ooo 8 0 0 - 9 0 0  36 

* D e t e r m i n e d  as p h o s p h o h p a s e  A a f t e r  m a x i m a l  a c t i v a t i o n  of  t h e  z y m o g e n  w i t h  c r y s t a l -  
l ine t r y p s i n  

"" No  r e p r o d u c i b l e  f igures  cou ld  be  o b t a i n e d  on a c c o u n t  o f  e n d o g e n o u s  t r y p s i n  l n h t b l t o r s  
" '* T h e s e  f igures  axe m e a n  v a l u e s  o f  s e v e r a l  p u r i f i c a t i o n  e x p e r i m e n t s _  

The mix ture  was r ap id ly  cooled to o ° and  centr i fuged at  40oo rev/mln for 30 m m  in 
a n  IEC- In t e rna t l ona l  centrlfuge at  o °. The shght ly  yel low supe rna t an t  fired was freed 
from floating fat  b y  f i l t rat ion at  3 ° and  b rought  to 0.35 S with solid (NH4)2SO 4 af ter  

Ablofbln(: l  a t  2 5 4 r n g  

Phospholipi i i  A 
i $©tlvlty (uni t  s/rnl) 
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Fig  I E l u t l o n  p a t t e r n  of  p r e p h o s p h o h p a s e  A f r o m  a D E A E - c e l l u l o s e  c o l u m n  (55 c m  X 3 5 cm)  
- - - - ,  a b s o r b a n c e  a t  254 m F ,  " - -  - , p h o s p h o h p a s e  A u n l t s / m l ,  d e t e r m i n e d  w i t h o u t  
t r y p s i n  a c t x v a t l o n ,  - . . . . .  , p r e p h o s p h o h p a s e  A a c t i v i t y ,  d e t e r m i n e d  a f t e r  m a x i m a l  a c t i v a t i o n  
w i t h  t r y p s i n ,  as  p h o s p h o l l p a s e  A u n i t s / m ]  
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br inging the p H  to 7.o wi th  conc N H  3. Af te r  cent r l fugat lon  at  o ° for 3o min at  4ooo 
r ev / r a in ,  the  p rec ip i t a te  a t  o -o  35 sa tn  was d iscarded and the supe rna t an t  fluid was 
b rough t  to  0.60 sa tn  wi th  solid (NH4)2SO 4. The  crude prephosphohpase  A prec ip i t a te  
was isola ted b y  centr l fugat lon for I h at  4000 rev. /min.  The prec ip i ta te  was dissolved in 
the  min ima l  amoun t  of water ,  immed ia t e ly  t r ea ted  wi th  o . I  M solut ion of D F P  in d ry  
l sopropanol  (final D F P  concent ra t ion  lO -2 M) and s t i r red  at  room t empera tu r e  for 
4-6  h_ The solut ion was subsequent ly  d ia lysed  overnight  a t  o ° agains t  0.005 M Tns  
buffer (pH 7 3) A small  prec ip i ta te ,  which usual ly  formed dur ing dialysis ,  was removed  
b y  high-speed cent r i fugat lon  and the  clear superna tan t ,  af ter  add i t ion  of D F P ,  was 
ch roma tog raphed  on DEAE-ce l lu lose  at  4 ° The column was equi l ib ra ted  agains t  
0.005 M Trls buffer (pH 7-3) and  e lu ted  first wi th  the  same buffer and,  af ter  appearance  
of the  peak  of cat ionic  proteins,  the  prephosphol ipase  A was e lu ted  b y  a l inear  sal t  
g rad ien t  deve loped  b y  the  use of o 3 M NaC1 in the  same Trls buffer (see F ig  I) 

Absorbanct at  2BOri'llJ 
phosphor ipasl A I achvdy (unit sl ml) 
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I , I 
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F i g  2 E l u t l o n  p a t t e r n  o f  p r e p h o s p h o h p a s e  A f r o m  a C M - c e l l u l o s e  c o l u m n  (55 c m  × 3 5 cm)  
, a b s o r b a n c e  a t  280  m/z,  , p h o s p h o h p a s e  A u n l t s / m l ,  d e t e r m i n e d  w i t h o u t  

t r y p s i n  a c t i v a t i o n ,  - - - -, p r e p h o s p h o h p a s e  A a c t i v i t y ,  d e t e r m i n e d  a f t e r  m a x i m a l  a c t i v a t i o n  w i t h  
t r y p s i n  as  p h o s p h o h p a s e  A u m t s / m l  

The effluent f ract ions conta in ing zymogen were combined and sufficient o I M 
D F P  solut ion was added  to give a final concent ra t ion  of lO -2 M Concentra t ion  of the  
solut ion was effected b y  u l t ra f i l t ra t lon  a n  v a c u o  and the resul t ing solut ion was d ia lyzed  
agains t  0.005 M aceta te  buffer (pH 6 o) a t  4 ° R e c h r o m a t o g r a p h y  of the  prephospho-  
l ipase A was per formed on a CM-cellulose column equi l ib ra ted  agains t  the  above  
ace ta te  buffer Af te r  appearance  of a small  b reak - th rough  peak of anlomc proteins,  
the  zymogen  was e lu ted  b y  a l inear  NaC1 grad ien t  in 0.005 M aceta te  buffer be tween 
o and 0_ 4 M (see Fig. 2). The  combined  prephosphohpase  A fract ions were exhaus t ive ly  
d la lysed  agains t  dis t i l led wa te r  and  the  zymogen  was isola ted b y  lyophlhza t lon  from 
the  D F P - t r e a t e d  solution_ 

B~och~m Bzophvs Acta, 159 (1968) 1 1 8 - 1 2 9  
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B. Comments on the pnr,ficatwn procedure 
Reqmrement for D F P  It is rather difficult to give exact and reproducible 

numbers on the enzymm activity m the various purification stages (Table I) The 
spreading in the relahve amounts of active phosphollpase A and of the zymogen IS 
caused in the first place by differences m quahty of the starting material Secondly, 
it appeared that the endogenous trypsin lnhlbltors, known to be present in pancreas 5, 
protect the zymogen against tryptlc activation effectively only during the first 
purification stages After the (NH4)2S Q precipltahon, solutions of the crude zymogen 
became highly labile and rapid conversion into phosphohpase A took place, mdlcatlng 
the loss of a stabfllslng factor Therefore, all subsequent purificahon steps" were 
performed m the presence of IO 2 M DFP ' .  Although under these condlhons solutmns 
of the impure precursor could be stored without any activation of the zymogen, It 
turned out that, durmg subsequent purification treatments, a progressive slow 
activation still took place Apparently trypsin (or another proteolytm enzyme also 
revolved in the activation of the zymogen) is not completely irreversibly inactivated 

'1 
4" 

I ~ 

Fig 3 Starch-gel electrophoretlc pa t te rn  on a rmcroscoplc shde I, phosphohpase  A, II ,  pre- 
phosphohpase  A, I I  [, prephosphohpase  A with a trace of t rypsin  

" Thm concentrat ion gives no Inhibition of phosphohpase  A activity 
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ANIONIC ZYMOGEN OF PHOSPHOLIPASE A I 2 3  

by DFP, making frequent additions of this reagent necessary Moreover, to obtain a 
zymogen preparation containing less than 1% of active phosphohpase A, it is necessary 
to perform the column-chromatographic separations as quickly as possible at low 
temperatures 

Column chromatography. Preliminary investigations into the electrophoretic 
behavlour of the zymogen indicated its lsoelectrlc point to be about pH 6 5 Taking 
into account the lsoelectric behavlour of phospholipase A (pH 7-4), the chromatography 
of the crude zymogen preparations on DEAE-cellulose was performed at low ionic 
strength at pH 7 3 As shown in Fig I, an excellent separation could be effected be- 
tween the active enzyme, which leaves the column immediately after the catlomc 
protems, and the prephospholapase A, which is eluted by a NaC1 concentration of 
about o I M The prephosphohpase A obtained in this way still displayed a small 
phosphohpase A activity (see Table I), which is produced mainly during the dialysis 
by spontaneous activation. A further drop in phosphohpase A content of the zymogen 
could be effected by chromatography on CM-cellulose, as shown in Fig_ 2 

C. Propertzes of prephosphol@ase A 
Electrophoretzc analyszs The puri ty of the isolated prephosphohpase A was 

investigated by starch-gel and disc electrophoresls at various pH values_ The protein, 
which revealed under these conditions only one band, became ]soelectrlc at pH about 
6 5 After trypsin activation the moblhty of the prephosphohpase A became identical 
with that  of phosphohpase A from autolysed pancreas 1 (see Fig 3) 

Molecular weight determ~natzons The molecular weight of the precursor was 
estimated by Sephadex gel filtration ~ and was calculated from the amino acid compo- 
sition 

Absorbanc¢ at  28Orn!J 

/.. Phosphol;pase A 
I act Iv;ty (units [m ) 

Pr¢ phospho| t past  
L? L?O activity (unitslml) 

I V¢-- / .1" /ml  I 

L~ L60 ~F~¢- - / .  2/, ml 

' ,  t Ls l-5o " 
i ,  t / i \ '  
I , 

' ' \\'o r2 
i I 

/ \ 

' i \ 
l ~ / , ,  

0 350 /,00' 450 500 Elut,onVol (rnl) 

Fig  4 E l u t l o n  p a t t e r n  of a m i x t u r e  of p r ephosphohpase  A and phosphohpase  A (9 I, w/w) from 
a S e p h a d e x  G-75 co lumn (75 cm × 3 cm)_ - - ,  absorbance  a t  280 mff, , phos- 
p h o h p a s e  A u n i t s / m l  de t e rmined  w i t h o u t  t r y p s i n  a c t i v a t i o n ,  - . . . .  , p r ephosphohpase  A ac t iv i ty ,  
d e t e r m i n e d  af ter  m a x i m a l  a c t i v a t i o n  wi th  t r yps in  as phosphohpase  A u n l t s / m l  
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124 G. H DE HAAS et al. 

TABLE II 

AMINO ACID COMPOSITION OF PREPHOSPHOLIPASE A 
The results given are the average recoverles of two analyses after hydrolysis of the zymogen for 
24 h and 48 h 

Amino g reszdue Nearest Nearest Integral 
acid per IOO g znteger per ~nteger number 

prote~n 14 ooo g × mzn × tool wt 
tool u,t of reszdue 

Asp" 17 62 23 15 o24 2647_o24 
Thr 4 63 7 15 268 7o7_728 
Set 6 75 12 15 484 lO44 936 
Glu" 8 66 9 13 427 1162 026 
Pro 4 21 6 16 4o8 582 684 
Gly 2 93 7 13 642 399 364 
Ala 4 08 8 14 ooo 568 624 
Val I 65 2 12 497 198 26o 
Cys 8 68 14 16 520 1444 o16 
Met I 77 2 14 825 262 392 
Ile 4 65 6 14 606 678 936 
Leu 5 55 7 14 277 79a o92 
Tyr 8 4 ° 8 15 543 13o5 630 
Phe 4 81 5 15 3Ol 730 81o 
Lys 7 39 9 15 114 1153 548 
H1s 2 97 3 13 859 411 420 
Arg 5 23 5 14 933 780 94 ° 
Trp "° - -  2 --- 372 412 

Total 99 98 135 14 749"*" 15242 572 

As no amlde content  has been determined, these values represent the sum of Asp + Asn 
and Glu +Gln_  

"" Determined spectrophotometrmally according to the procedure of BENCZE AND SCHMIDiT 
"'" The average value 

U s i n g  t h e  c a l i b r a t i o n  g r a p h  of t h e  e l u t i o n  v o l u m e s  of s t a n d a r d  p r o t e i n s  f r o m  a 

S e p h a d e x  G-75 c o l u m n ,  as g i v e n  in t h e  fo r ego ing  p a p e r  1, i t  was  f o u n d  t h a t  a m i x t u r e  

of p h o s p h o h p a s e  A a n d  t h e  p u r e  z y m o g e n  (I 9 ,  w/w)  cou ld  j u s t  b e  d i f f e r e n t i a t e d  b y  

m e a s u n n g ,  a t  280 m #  u l t r a v i o l e t  a b s o r p t i o n  a n d  e n z y m a t i c  a c t i v i t y  a f t e r  t r y p s i n  

t r e a t m e n t  (see F ig  4)- T h e  d i f fe rence  in e l u t l o n  v o l u m e  of b o t h  p r o t e i n s  (7 ml)  p o i n t e d  

to  a d i f f e rence  in m o l e c u l a r  w e i g h t  of a b o u t  900 a n d  t h e  m o l e c u l a r  w e i g h t  v a l u e  of 

t h e  p r e p h o s p h o h p a s e  A was  e s t i m a t e d  to  b e  14 800 - -  50o. T h i s  v a l u e  is m a g r e e m e n t  

w i t h  t h e  m o l e c u l a r  w e i g h t  c a l c u l a t e d  f r o m  t h e  a m i n o  ac id  c o m p o s l t m n  ( T a b l e  II). 
A m z n o  acid c o m p o s z t w n  and  t e rm i na l  a rmno  acids  T h e  a m i n o  ac id  c o m p o s i t i o n  

of t h e  p u r i f i e d  p r o t e i n  IS g i v e n  m T a b l e  I I  T h e  p r e s e n c e  of N - t e r m i n a l  a m i n o  ac ids  

was  i n v e s t i g a t e d  b y  t h e  d l m t r o p h e n y l a t l o n  t e c h n i q u e s  7 as wel l  as  b y  t h e  p h e n y l -  

l s o t h m c y a n a t e  m e t h o d s  s& N o  t e r m i n a l  a m i n o  ac id  was  r e l ea sed  e v e n  a f t e r  h e a t  

d e n a t u r a t i o n  or  p e r f o r m l c  ac id  o x i d a t i o n  ~° of t h e  p r o t e i n .  T h e  C - t e r m i n a l  a m i n o  ac id  

of t h e  p r e c u r s o r  m o l e c u l e  t u r n e d  o u t  to  b e  i d e n t i c a l  w i t h  t h a t  of t h e  a c t i v e  e n z y m e  

No  a m i n o  ac ids  we re  r e l ea sed  b y  c a r b o x y p e p t i d a s e  A or  B,  b u t  h y d r a z i n o l y s l s  of t h e  

p e r f o r m m  a c l d - o x l & z e d  p r o t e i n ,  p e r f o r m e d  a c c o r d i n g  to  t h e  m e t h o d  of BRAUNITZER 11 

a n d  AKABORI, OHNO AND SARITA 12, s h o w e d  t h a t  c y s t m e  or  c y s t e m e  occup ie s  t h e  C- 
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terminal  position of prephosphohpase A As t i t ra t ion  with p-chloromercuribenzoate 
according to the procedures of BOYER 13 and BENESCH AND BENESCH 14 showed the 
absence of cysteine sulphydryl  groups, we mus t  conclude tha t  the zymogen contains 
cystme as C-terminal  amino acid From these results it seems probable tha t  the zy- 
mogen is also made up of a single polypeptlde chain cross-linked by  7 disulphide 
bridges and tha t  during t rypsin act ivat ion a small par t  of the polypeptlde chain, 
s i tuated m the N- terminal  region of the precursor molecule, is split off 

Phosphollpase A 
ac t ; v ; t y  (units ] O ' f~ - - - °  ° - -  
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o/ 
o 40 8'0 

Time (rnin) 

J i 

120 

Fig 5 Rise in phosphohpase A activity, during incubation of prephosphohpase A with trypsin 
at o ° The inserted paper chromatogram shows the composition of the activation mtxture with 
time of mcubatlon in rain 

Conversion of prephospholzpase A znto the active enzyme and molatzon of the 
actzvatzon pept~de 300 mg of prephospholipase A dissolved in 15 ml of water were 
t reated at o ° with o 4 mg of crystall ine t rypsin.  The pH of the incubat ion  mixture  
was kept  constant  at pH 8 o by  using o I M NaOH m the T T T - I  Radiometer  t i t ra tor  

As shown in Fig 5, a near ly l inear rise in enzymic act ivi ty  occurred during the 
first hour of incuba t ion ;  after 80 rain, o 4 mg of t rypsin  was again added and the 
act ivat ion appeared to be complete after about  IOO rain reaction t ime Paper chro- 
matography  of the mcuba t lon  mix ture  d u n n g  act ivat ion revealed tha t  the conversion 
of the zymogen into the active enzyme was accompanied by  the formation of one 
peptlde, which gave no reaction with n inhydr ln  and which reacted positively with the 
Sakaguchl reagent s. The t ryps in  ac t iva t ion  reaction was stopped by  the addit ion of 
D F P  (final concent ra t ion  lO -2 M) and separat ion of the phosphohpase A and the 
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F i g  6 E l u t z o n  p a t t e r n  o f  a n  i n c u b a t i o n  m i x t u r e  o f  p r e p h o s p h o h p a s e  A a n d  t r y p s i n  (75 ° I, w / w )  
f r o m  a S e p h a d e x  G - 2 5  c o l u m n  (75 c m  × 2 5 cm)  - - - ,  a b s o r b a n c e  a t  28o  m/z,  
p h o s p h o h p a s e  A u m t s / m l ,  - . . . .  , a b s o r b a n c e  a t  57 ° m/z m e a s u r e d  a f t e r  a l k a l i n e  h y d r o l y s i s  a n d  
n m h y d r m  r e a c t i o n  

activation peptlde formed was performed by  gel filtration on a Sephadex G-25 column 
equilibrated with i % acetlc acid (v/v) (see Fig_ 6). The enzymically active fractions 
were combined and after lyophlhzatlon we obtained 27o mg (95 %) of electrophoret- 
lcally pure phosphohpase A with a specific activity of 800. Comparison of the protein 
with phosphohpase A, isolated from autolysed pancreas 1, was performed by electro- 
phoresis, N-terminal amino acid determination and MOORE AND STEIN analysis and 
both enzymes were shown to be identical_ Comparison of the amino acid composition 
of the precursor and of the active phosphohpase A (see Table I I  and Table I I  in ref I) 
showed both proteins to contain the same number of aromatic amino acids. As is clear 
from Fig. 6, the presence of the activation peptide in the eluate of the Sephadex column 

T A B L E  I I I  

A M I N O  A C I D  C O M P O S I T I O N  O F  T H E  A C T I V A T I O N  P E P T I D E  

T h e  r e s u l t s  g i v e n  a r e  b a s e d  o n  h y d r o l y t ] c  e x p e r i m e n t s  o f  t h e  p e p t l d e  a t  I i O  ° f o r  24 h a n d  48 h 

Amzno g reszdue Nearest Nearest Integral 
acid per IOO g ,nteger *nteger number 

of peptzde per 800 g × mzn × tool wt_ 
mol wt of reszdue 

Ser  22 34 2 779  8 174 156 
G l u  35 09 2 736  4 258  228  
G l y  7 91 I 729  o 57 052 
I le  14 58 I 776  4 113 156 
A r g  2o I I  I 776  7 156 188 

T o t a l  i o o  03 7 760°  758  780  

* T h e  a v e r a g e  v a l u e  

B*och*m B*ophys Acta, 159 (1968) 1 1 8 - 1 2 9  



ANIONIC ZYMOGEN OF PHOSPHOLIPASE A 127 

could not be traced by ultraviolet absorption at 28o m/z, whmh also indicates the 
absence of aromatic amino acid in the activation peptlde. 

Therefore, the detection of this peptide was performed by the ninhydrin reaction 
after alkaline hydrolysis according to the procedure of MOORE AND STEIN 15 and by 
the technique of LOWRY et al 16_ The fractions containing the peptide were combined, 
lyophllized and subjected to a second separation on Sephadex G-25 in 1% acetic acid 
In this way the activation peptlde was isolated in a yield of about 80% (12 mg) and 
shown by paper chromatography and paper electropboresis to be homogeneous 

Structural investigation of the act~vatwn pept~de. The amino acid analysis shown 
in Table I I I  reveals the activation peptide to be a heptapeptlde composed of Ser 2, 
Glu2, Gly, Ile, Arg, which is in agreement with the differences in molecular weight and 
amino acid composition between phospholipase A (see Table I I  and Table II  in ref I) 
and Its precursor. Detection of the relatively small activation peptlde on paper 
chromatograms by means of ninhydrln appeared to be Impossible, which points to 
the absence of a free N-terminal amino acid Also end-group analysis according to 
the technique of Sanger 7 showed the absence of a free NH 2 group in the N-termmal 
amino acid of the peptlde This result is in agreement with our idea that the activation 
peptlde is split from the N-terminal region of the prephospholipase A molecule, 
which is itself also devoid of a free N-terminal amino acid. The presence of only one 

T A B L E  I V  

ANALYSIS AND MOST PROBABLE STRUCTURE OF FOUR PEPTIDES OBTAINED BY PRONASE DEGRA DA- 

TION OF THE ACTIVATION PEPTIDE 

I0 mg of the heptapeptide, dissolved m 1 2 ml of 2% NaHCO a solution, were incubated for i h 

at 22 ° with 14o/~g of pronase 

A m i n o  aczd N-termznal C-term2nal Probable structure 
composit~on amino acid amino acid 

Glu,  G l y  Glu"  G l y  Glu  " - G l y  
Ile,  Ser2, A r g  I l e  A r g  I l e - S e r - S e r - A r g  
Glu2, G l y  - -  - -  Glu  * - G l y - G l u  
Glu2, Gly ,  I le ,  Ser  - -  - -  G l u * - G l y - G l u - I l e - S e r  

* T h e  N - t e r m i n a l  a m i n o  ac id  Glu  c o n t a i n s  no  f ree  N H  2 g r o u p  

arglnlne molecule in the peptlde, combined with the well-known substrate requirement 
of trypsin, strongly suggests that  this amino acid must occupy the C-terminal position 
in the heptapeptide This was proved by incubation of the peptlde with the carboxy- 
peptldases A and B Whereas no release of amino acids could be detected upon carboxy- 
peptidase A incubation, the carboxypeptidase B was found to catalyze the release of 
argimne only To obtain further insight into the amino acid sequence of the C-terminal 
part of the activation peptide, the simultaneous action of both carboxypeptldases was 
investigated. A subsequent release of Arg, Ser and Ile was found and quantltation of 
the amino acids released was performed by the dmitrophenylatlon technique 7. The 
ratio of DNP-Ser to DNP-Arg turned out to be 1.6-2 o, indicating that the C-terminal 
sequence of the heptapeptide must be -Ile-Ser-Ser-Arg. 

Further fragmentation of the activation peptide was carried out by enzymic 
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Glu Gly GIu lie Ser Sir Arg A t a  . . . . .  Cys  

I 

GIu Gly GIu lie Ser Ser Arg Ala . . . . . . . . .  Cy~ 

achvatlon peptlde phosphollpase A 

Fig  7 T r y p s m - c a t a l y s e d  convers ion of p rephosphohpase  A in to  phosphohpase  A + ac t iva t ion  
pep t :de  The N- t e rmina l  g lu t amlc  acid m the  p rephosphohpase  A as well  as m the  a c t i v a t i o n  
pep t lde  has  no free NH 2 group 

hydrolys is  wi th  pronase (Streptomyces grzseus) The pept ides  formed were separa ted  
b y  paper  chromatography ,  e lu ted  from the paper  wi th  I %  acetic acid and fur ther  
inves t iga ted  b y  MOORE AND STEIN analyses and end-group de te rmina t ions  The 
results,  summar ized  in Table  IV, gave as most  probable  s t ructure  of the  hep t apep t lde  
the  following sequence:  G l u - G l y - G l u  I l e - S e r - S e r - A r g ,  in which the N - t e r m m a l  
g lu tamic  acid has no free N H  2 group 

DISCUSSION 

As is clear from this and the preceding paper ,  porcine pancreas  is a rich source 
of phosphol ipase  A The majo r  par t  of this  enzyme,  however,  does not  occur in the  
act ive form, bu t  as an enzymlca l ly  inact ive  precursor,  a ppa re n t l y  to avoid indiscrimi-  
na te  act ion of the  enzyme on all cy toplasmic  components  of the  cell This zymogen 
molecule is ac t iva t ed  by  t rypsin ,  which specifically splits  a ve ry  labile a rg ln ine-a lan ine  
l inkage in the  N- te rmina l  region of the  po lypep t lde  chain, giving rise to the format ion  
of act ive phosphol ipase  A and a hep tapep t lde  (Fig 7)- Both  the  in tac t  zymogen and the  
ac t iva t ion  peptmde contain  N- te rmina l  g lutamlc  acid, which has no free a-NHz group_ 
In  the  purif icat ion of the  zymogen,  the  hea t  t r e a tmen t  at  acidic p H  might  have  con- 
ve r ted  the  te rmina l  g lu tamic  acid into pyrog lu tamlc  acid The change in lsoelectrlc 
poin t  upon conversion of the zymogen into phosphohpase  A (from p H  6. 5 to 7 4) m- 
dlcates  tha t  the  ac t iva t ion  pep t ide  mus t  be acidic which could be demons t r a t ed  b y  
paper  electrophoresls  These facts, however,  are compat ib le  also with the  presence 
of a N-acy la t ed  g lu tamlc  acid residue 

As regards  the  biological function of phosphohpase  A and its precursor  in 
pancreas ,  one would expect ,  in accordance with the  findings on pro teo ly t lc  enzymes 
and thei r  zymogens,  t ha t  this  enzyme,  too, has a digest ive t ask  in the  in tes t ine  and 
t ha t  the  enzyme has to be t r anspor t ed  in the juice as a harmless  zymogen protein_ 
I t  appeared,  however,  t ha t  human  and pig pancrea t ic  lulce p repara t ions  mves t i ga t ed  
so far had  a low content  phosphohpase  A ac t iv i ty  (e.g. lyophl l ized porcine juice was 
found to contain  less than  2 5 uni ts / rag of powder),  bu t  in bo th  ma te r i a l  we were 
also unable  to de tec t  the  presence of significant qaan t i t i es  of p rephosphohpase  A. 
As fresh na t lve  pancrea t ic  juice from man and p~g is difficult to obtain ,  it  can not  be 
prec luded tha t  damage  of these prote ins  had  occurred dur ing the prolonged s torage 
of the  samples inves t iga ted  A more deta i led  discussion on the function and metabohc  
role of this  enzyme mus t  awai t  fur ther  s tudies 
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