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SUMM \ NY 

An inve~tigation wa_~ made int~ the action of a human pancreatic phosph~lipase A 
on various synthet ic  ph~x~phatidcs. L-a-l)hosl)hatidyt e thanolamines were readily 
hydro lvsed  in an aqueous system by this enzyme. Synthet ic  lecithin.,+, h,Jwever, 
were not  a t t acked  in an appreciable rate by the mammal ian  phospholipase A, 
con t ra ry  to the action J~f the enzymes from animal poisons. Addit ion of deoxy- 
cholate I or syn the t ic  phosphatidic acid great ly  enhanced the degradat iou of s~-n- 
thet ic  lecithins by  the pancreatic phospholipase A. 

The site of act ion of  the human  pancreatic phospholipase A was determined 
with the aid of mixed-acid lecithins and ph¢)sphatidyl e thanolamines containing it, 
different  molecular positions combina t i -ns  of stearic and laurie acid, stearic and 
oleic acid, paknit ic  and  linolentc a o d ,  restw~ctively. Ihe  enzyme was demon- 
s t ra ted  to liberate a lways the  fl-e:,~rified fa t ty  acids while the ;e-attached fa t ty  acid 
cons t i tuents  were recovered in the pro; luted Iv~o cnrnpounds. Hence the mode of 
act ion of  thi~ phospholipase A from hum;tn pancreas is identical to the action of  the 
corresponding phnspholipase from animal poisons so far invest igat-d.  

[NTI~ODUCTIOS 

Recen t ly  M A G E E  et  a L  l p u r i f i e d  p h o . ~ p h o l i p a s e  A ( p h ~ . ~ p h a t i t l e  a c . v I - h y d r o l a s e ,  

E.C. 3.1.I.4) from ]lUlnaFl pancreas. It js ur, kl]owtl which f a t t y  acid t~¢ter bond of the 
. . . . . .  L I I g  l d b l .  phospholipid molecule is catalytically" hvdr.b,-m-d by this cu~vm,~. I Jr ,~., 

years  phospholipase A from .snake venom (Crolahts adamantheus) has been demon- 
s t ra ted,  con t ra ry  to earlier views, t~, act on the fl-~'ster position only ~-~. It  cannot be. 
precluded tha t  the mode of  action of phospholipasc A from other biological origins 
migh t  differ from the snake-venom enzyme b.v acting on v-ester or on both 7- and 
fl-ester positions of the phosphoglyceride molecule. For  this reason a:~ h~vestigation 
was made on the site of action of  the pancreatic paosphf~lipa.~: A, using ,,:ari<>us 
syn the t ic  phospholipid suhstrates,  containing within each molecule two different 
f a t t y  acid const i tuents .  

* CoBt_r tbu t io~  1N'O. 3o in  t h e  ser ies " ' M e t a b o l i s m  a n d  F u n c t i o n s  o f  P h c ~ p h a ~ d e s " .  
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M.~'r~.:)t tA~..~ 
Phospholipasc A 

Pr('l)aration.~ of l)hospholipase A, obtained i ,  purified form from pos t -mor tem 
human l)ancrt'a~ according to the meth(xls described by MAC, EE e ta / .  ~, were kindly 
provi-led I)y Dr. W. I.. MAGI~E and Profe~,st)r R. H. S. "l'tlolqPsoN. The hea t - t rea ted  
phosph,)lip:,se A referr(~i t() as fraction C in the original paper, was a white  s~)tid and 
a 3u-fold purified product.  

A cotnparison was made between the rate of  hydrolysis  of  the synthet ic  phos- 
pholipid.~ by pancreatic l)hospholipa-~e A and this enzV~ae present in venom of Cro- 
tah, s ada,na,,theus (I.. l.ight ano Co., Colnbrook, England) and bee venom (Bienen- 
trock,-,ffift, .-,tar~dardi.~iert, Fluke A.G., Buchs, Switzerland). 

S3'~ttheffc mixed-acid phosphatides 

A d c  ,~ca,0 s v n t h ~ i ,  of  lecithins containing two diflecent f a t t y  acid cons t i tuents  
we., ~],~:te),  ,~,v !)I._" IIAAs .~,SD Van I)F.t-:NEN~; preparat ions of (),-stearoyl-fl-oleoyl)- 
;.-~, lecithin, (~-oleoyl-t?-~tearoyl)-L-a-lecithin, (7-stearoyl-fl-laurnyl/-L-tt-lecithia and 
(,.,-hlur:)x,l-#-otearoyl)-t~l.-a-lecithitt described in the original Daper, were used in the 
pre~r~t s tudy. .~l~t : imens of  kephalins,  (^/-stearoyl-/Loleoyl)-L-ct-phosphatidyl ethanol° 
amine and (7-olenyl-/~-stearoyl)-L-a-phosphatidyl e thanolamine  were prepared fully 
syntheti , :altv as described by  DE HAAS a~[> VA.~ DE~NEN ~. as well a~ by  an alter- 
native pr-)cetlu~e of I3AE.~t~.::-: el el. a. Two stn~ctural ly isomeric L-a-phosphatidy[ 
e thanolamines containing one poly-~m.saturated fatty" acid in different l)osltions t~ie. 
(F-lh~olenoyl-~-paimito)/)-L-u-phosphatidyl ethanolamitae and  (F-palmitoyl-/Llino- 
,~,,.....~., :.-et-l)host)h;didvt. e thanolamine were synthesized, according to comparable  
m~ztl~ods~÷ 

.M I,;TllOt)fi 

Detzrminatton of the mode of acti,~m o_[ ~anc.reatic phospholipase A 

Enzv ,mc h_vdrulvsis: A i~rate-bl~ffered reaction sys tem {o.xo M, pH 7.0) was 
used in ino~t of the experiment~ reported. Final  pH ad jus tmen t s  were made with a 
glas~ electrode. The ~ynthctic levithit~.~ were emulsified in buffer to a concentra t ion 
of zo trig.ileal A solution c)f sodium deoxychotate  in water  (5o mg/ml) was added, so 
tt,.;tt o.~) ml elf the resulting emul.~ion contained It, mg t)i" lecithin and  5 mg of soAittm 
,"e:,xydaolate. To th;.~ emuisi~m o.5 ml was added of the el:zyme .~lut ion (5 mg/ml) 
i ,  buflc.*. The incubat ion was carded out  under  shaking at  37 °. , h e  pho~phat idyl  
, , thanolamines were t reated in a ~imilar way,  omit t ing,  however, the addi t ion  of  
,~leoxych(,late. 

The enzymic hydrolysi.~ was controlled at  3u-rain intervals  by making quali- 
ta t ive  examine tic, ns cf  thc degree of breakdown w i t h  the aid of  th in- layer  chromato-  
draphy.  Small sampl-s  of the incubat ion medium were in t roduced on microscopic 
~lidcs whlclt had been covered v, Jth a layer of  silica (Merck A .G .  silica for thin- layer  
chromatography)  by immersing them in an emulsion,of  silica in chloroform according 
to the methtJd of  PEtFER ~°. Th~ thin-layer  chromatograms  were developed and 
st=dned a.~ d,_.~crib~.v_t previously for rnacroslideslL This method  allowed clear-cut in- 
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format ion  to ~- ob ta ined  about  the degree. <>f breakdown in a t ime span of abou t  
x5 mill. The  enzymic  hydrolysis  was in most  cases cont inued unti l  a c,omplete or  
max ima l  breakdown of  the  substrates  could be detected.  

At the end ,~f the incubat ion  the complete  rea t t ion  mix tu re  was .~,,|>jected to 
freeze-drying.  

Se/~aration of hydrolysis l~roducts: The 1yophilized mater ia l  was ex t r ac t ed  with 
x ml of  pure  chloroform ; a sample of o.3 mt was applied in a s t reak  of 3 5 cm to  
W h a t m a n  paper  (3 51bl) impregna ted  with silicic acid. The  paper c h r o m a t o g r a m s  
were deveiop,-d Jn a carbon dioxide a tmosphere  with d i / sobutylke tone  act:tic a c id -  
wate r  (40 : z5 : 5, vlv) according to  ~IARINETTI el al. t'-. I.t~:alizati~m of th,; st×)ts was 
carr ied out  by  staining par ts  of  the paper  chrot,atL~grams, .~erving its references, 
with rhodamine  6G reagent ,  the t r icomplex ~,taining prcwedure to, the reagent  of 
HAN~-S A,~D ISttERWOOU ~ and in the case of  kephalins als0 wi th  ninhvdrin.  The 
corres lmnding zones on the paper  chromatogr lm,s  c,msisting of the libt 'rated f a t t y  
acids and  formed lysophosphat ides  were cut out and used lbr analysis of the fa t ty  
acids. 

Detgrminalion o/fatty acids: The  papers  were cut into small pieces and refluxed 
wi th  "5 ml of  a 3 %  solution of  hydrochkn  ic acid in methanol  for z h in an a tmosphere  
of ni trogen.  Subsequen t ly  25 ml or" pen tane  (.~terck A.G.. reagent  grade) were added  
and  the liquid, af ter  separa t ing  from the paper ,  t ransfer red  in to  a separat ion funnel. 
The  solut ion was shaken with 2 5 ml ,~f water  and the separa ted  wate r  layer t rea ted  
wi th  two 25-ml vols. of  pentane,  which were addeci to the original organic solvent  
phase.  The  combined  pen tane  fract ions were again ~haken three t imes with 25 ml 
o f  water  in order  to remove  the remaining h.vdrochioric acid. After  d ry ing  , v e r  
a n h y d r o u s  sodium sulphate ,  the ~,~olution was concentratt.~t under  an a tmosphere  o+ 
nitrogen.  T h e  samples of f a t t y  acid me thy l  e~ters thus ob ta ined  have  beon a n a l y ~ , |  
by  gas- l iquid  c h r o m a t o g r a p h y ,  u~ing a po lye thy lene  glycoladipate  column and 
argon ionizat ion a.s the  m e t h y l  of  detect ion.  

The  c h roma tog ram s  of  the  enzymical ly  fr,eetl fa t ty  acid fractkm.~ sometimes 
showed small peaks,  corresponding to f a t t y  acitk,~, which were n~*t p r e ~ n t  in the 
syn the t i c  phaspha t ides  as such. This difficult), could be c~verctJme by using highly 
purified solvents  in all manipula t ions  involved and by pre-wa.~hing the silica paper~ 
used in the chron~,ategrzphi,_ pio~.L.dute with pure chloroform. 

Eslinlation of lhe d~g,~ of enzymic hydrolysis: Although for the de te rmina t ion  
o f  the  mode  of ac t ion  of  the enzyme  the hydrolysi.~ exper iments  were s top l~d  after  
a t ime sufficient for a pract ical ly comple te  b ieakdown as indicated qua l i t a t ive ly  b 3" 
th in- layer  c h r o m a t o g r a p h y ,  addi t ional  de te rmina t ions  on the degree of  breakdown 
were ma de  on a larger .scale. Samples containing a.n amoun t  o f  50/ag lipid phosphorous 
were subjec ted  to  c h r o m a t o g r a p h y  on s i l i ca- impreg ,a ted  paper  and the amounts  o f  
lyso compounds  produced  and diacyl-phosphatid~-, remaining were estL,-natcd, using 
me thods  descr ibed pieviouslyLL In a number  of  ,~xperiments pentadecanoic  acid or 
ma.rgaric acid were added  as internal  .~tandards to the  enzymic hydro lysa tes  in 
o rde r  to  de te rmine  the  degree of  hydrolysis  from the gas- l iqu id  ch roma tog rams  of 
the  l iberated f a t t y  acid fractions. Eo th  la t te r  me thods  were a'lso employed  for the 
q u a n t i t a t i v e  comparison o f  the ra te  o f  ltydrolysi5 of  the  synthe t ic  subs t ra tes  by  
phosphol ipase  A prepara t ions  from different origins. 
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TA B L E  I 

IIFGRAnATION OF ~¥NXHF'rlC PHOSPH t'IIDI~S BY PhOSPHOLIPAS r'- A 
FROM DIFFERENT ORIGINS 

Emulsi~,ns of  15 nag of  phtx~l)l~atitlu t o g e t h e r  w i th  i m g  o f  ~ n z y m e  p r e p a r a t i o n  in ~-5 ml o f  b o r a t e  
buf tcr  (pH 7) were  meub~t t~ l  3 tt a t  37 ~. D e t e r m i n a t i o n s  o f  t he  d eg ree  of  h y d r o l y s i s  were  m a d e  b y  

a Nmg-chromatogntphi t :  e , t i m a t i o n  of  t h e  a m o u n t  o f  re leased  f a t t y  i~-i,| (~t:  MET||ODS). 

t l y~o lyJ ' i s  (%J  ~ry pko~pkol~pc4e 
~4 /,ore 

S M.'u l v eJ¢ 
I]~f 

L, evsosn 

(y-St"ar~:y l - /J- I~uroy| ) -L- f~- lect th in 4 8o 4 S 
I),- Olcoyl-/J-s tt~ar oyl) -L-fl.lecit h in  ] o 92 flt~ 
(7-St earoyl-~-oh~oyI)- L-*a-ph¢,sphatidyl 

et  hanol0 .mtne 80 95 8.5 
(7-Olcoyl-~-stearoyl)-L-c~-pho~l>hatidyl  

e t h a n o l a m i n c  9 ° co  85 

Httmmn -~- 'm~ttk.c  ~s 

RESULTS 

In contras t  with exper iments  performed on phospholipase A from snake  and bee  
venom, synthet ic  lecithins emulsified in a bora te-buffered  sys tem were not  a t t a c k e d  
at  an appreciahle rate by  the human  pancreat ic  phospho l i pa~  A (Table I}. In 
keeping with previous ohservat ion made  by  MAGEE e~ al.  t o n  ovolecithin,  the syn-  

TABLE 11 

DI~I'l~lC.~,ilN.*t | £ON OF "I'HE M O D E  Gl-" At2~l I O N  OF P H O S P H O L I P A s r  .b~ .FROM H U M A N  P A N C R V A S  

l l y  H Y D H t ) L Y S t . q  OF $ Y N T I I E T l C  M I X I S D - A C I t )  F H O S P ) I A T ~ D ~ . ~  

The  lccithin.~ and p h o s p h a t t d y ]  ethAntd&min~.~ were  i n c u b a t e d  w i t h  t he  e n z y m e  for  6 a n d  4-$ h.  
w i th  a n d  w i t h o u t  t h e  a d d i t i o n  of  dt~oxyclxt)late r e s p ~ t i v e l y ,  u n d e r  c o n d i t i o n s  d e s c r i b e d  in t h e  
METHODS m.ction. T h e  d e g r e e  o f  hydr~ly.~ig was  mea~uret l  b y  dc te r tn inaUion  o f  the  a m o u n t ~  o f  
prtMut-ed |yso  c o m p o u n d  a n d  o f  u n h y d r o l y . ~ l  s u b s t r a t a .  T h e  f a t t y  ~u.-id c o m p o s i t i o n  of  the  f reed  
f a t t y  at:itl f r a c t i o n  a n d  lyso comlxmn( la ,  I ) reviously  s e p a r a t e d  b y  mlica p a p e r  chvonaatogr-aphy.  

w~rrt- d : . t e rn t ined  by  gas l iquid chrumat . t~graphy  (co:xtp~.rc METHODS $O:::tJou). 

(y--q tea royl-fl-uleuyl)-  L II- 
lec i th in  ~.~b 

(?,-O1~0 yi-~/-st e~tt oyl } - I.-t~- 
l ec i th in  95 

ly-St  ~m-ro yl-I~-Iitu ro yl ) -L-rL- 
l~eli ldu 79 

(7-Lauroyl-~-~tear<,yl)-  DI.-~j- 
l ec i th in  46 

(V-Stearoyl-a-ulel~yl)-L-~- 
p b o s p h a t i d y i  e c h ~ n o l a m i a e  [ oo  

(7-Oleo::!-B-stearcyl~-g-_-2- 
p h o ~ p h a t i d y l  c t h a n o l a m i n ¢  t o o  

( - / -Pa lmi t  oyl-a-l i  no lenoyl ) -  L- 
o - p h o s p h a t i d y l  e t h a n o l a m i n e  ]oo 

{7- Linoh:noyl -~l -pa tmi toyl ) -  L- 
~ -phosph~kidv[  c t h a n o l a m i n e  too  

De£te¢ of F~J v acud cv~pusttio~ o/&7,dtot~,JL* p r o d ~ t :  
hydroi>~.~, . . . . . . .  

(%j  L ~ ' ~ t 4 / a r t y  a¢~.~$ Lyso tam.treats 

2.8°/~ a tear ie  .reid Ioo%o gtuat ic  ac id  
97.2%0 civic ac id  o~" o oleic ac id  

o/  xt~o .,o ~t t~r ic  ac id  I ~o s t ca r i c  ac id  
o ~  oi~ic ac id  ~ ° , 6  oleic ac id  
0 . 8 %  s t ea r l c  ac id  i o o %  s t ea r i c  ac id  

99.2% I~turtc ac id  0% Lauric ac id  
98 °/oStearic acid o o/lo ~tcafic acid 

z°/o laurie acid  z u o ~  I~uric acid  
5 o/~ s t ea r i c  ~cid 09 ~o ste~r ic  ac id  

95 % oteic acid  n % ole ic  ac id  
98yo steaxic acid 0% stearic ~tcid 

2To oicic acid  Ioo%0 oleic acid 
3 %  pa|mitic ac id  09.5~/o p~i in i t i c  ac id  

97 ~o llnolenic ac id  o o: -5 ,o linotemc acid 
l o o %  p a l m i t t c  ac id  z %  paJrn i t tc  ~cid 

o~0 | i no l en i e  ~¢t¢] 9 8 %  lino}enlc at ' id 
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t he t i c  leci thins were. however ,  r ead i ly  h y d r o l y s e d  by the  p a n c r e a t i c  phospholipa.qe A 
in the  presence  o f  d e o x y c h o l a t e  (cernpz, 'e  T.'.d.~l~_ [I) .  T h i n - : a y e r  c h r o m a t o g r a p h y  
a n d  q u a n t i t a t i v e  d e t e r m i n z t i o n s  p e r f o r m e d  by  c h r o m a t o g r a p h y  on  s i l i ca - impregna ted  
p a p e r  showed  t h a t  the  i nv~ t lg : , t . . d  panc rea t i c  p r epa ra t i ons  catal.v'sed the  hydrolysi.~ 
of  the  s y n t h e t i c  lec i th ins  in to  ly~>lecithins a n d  free f a t t y  acids  only.  I n  a c c o r d a n c e  
wi th  ea rhe r  repor t s  t, no  de tec t ab le  ly.-a~pho~pholipase (phosphol ipase  B) a c t i v i t y  was  
e x h i b i t e d  b y  the  e n z y m e  prepara t ion : ' .  

T h e  s y n t h e t i c  [ . - a -ph~spha t idy l  e t h a n o l a m i n e s  p roved  h igh ly  suscept ib le  to  the  
ac t ion  o f  the  p a n c r e a t i c  p h o ~ p h o l i p a ~  A, and  in cc, n~.rast to  the  leci th ins  did no t  
r equ i re  the  presence  o f  d e o x y c h o l a t e  in o rder  to  ob ta in  a r eady  a n d  c o m p l e t e  e n z y m i c  
b r e a k d o w n  (Table  I). W i t h  a v iew to previou~ rc~ult~ o b t a i n e d  on the  a c t i v a t i o n  ot 
p h o s p h o i i p a s e  (" (C. zeelchii el-toxin) ac t ion  t o w a r d s  p h o a p h a t i d y l  e t h a n o l a m i n e s  b y  
add i t ion  o f  lecithin.,~tx, t~, it wa.~ cons idered  of  intere.~t to inves t iga te  w h e t h e r  reverse ly  
ac t ion  o f  the  p a n c r e a t i c  phosphofipa_~e A towar(l.~ lecithin.~ could  be e n h a n c e d  b y  the 
presence  of  p h o s p h a t i d y l  e thano lamines .  Only  a weak a c t i v a t i o n  a p p e a r ~ l  to  occur ,  
as wa.~ .~hown b y  p a p e r - c h r o m a t o g r a p h i c  tlete_rrnination of  the  decre&ge of  leci thin  
a n d  the  increase  o f  lyso lec i th in  in e n z y m i c  h v d r o l v s a t e s  c o n t a i n i n g  va r ious  prt, pur- 

~,0 f 
j / ' "  

110 

% 

0 

L ~ . A 

,,, I f I 
t 2 3 / .  

Time(his) 
Fig. z. E f f~ t  of the additi.,h of ph<J.~phatid~ ~ci~l ~n the rat~ of hydroiy~i~ of ~ ~ynth~tic lcc~thin 
by human lmncr,.~tic i)hosp|tolip~L~e A. f)r0in,-tte ÷ p~-r:'entage of hydr(,|ys~ of lecithin, am ~|eter- 
mined by ¢~.imation of the tlisappearance of lecithin and th~ production of lyso;eeithin after a 
paper-chron~tographieal ~epaxation. Abscissa.; time of incubzttion. Lower cur,;e (A) : in~ul):ti,~ 
of 5 mg of {y-oleoyl-fl-stearoyl)-L-f:-lecitnin i~. t t:al el borate buffer ~,t-:h 3 mg of humaz~ pancre,~tie 
phoapho l i p~  A. Upper curare (B) : incubatior of : mg ,;f {~,-oteoyl-/~-~t<=~.royll-L-o-h:cithin. emul- 
Sified together with 5 mR o- ¢ (~-~leoyi-~-p~lmi: ;~yl)-,.-ct-phc~q~h~tidic acid i~. t xa[ o[" boratu buffer 
with 3 nag of human pancreatic phospholipase. (~h the latter ,:x[_*erirnentn ~ scparati~r~ ~va~achievctl 
on ~Uea-iml~regnated p:~pcr, with decreasing /¢~" ~'alue, of pl-,~ph~tidic ~eid, ]~c;tbin. |y~phos-  

phatidi¢ acid anti l.vsualecithin, rc:ap*..c~veiF.~ 
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t ions of a synthet ic  lecithin and a phospttat idyl  e thanolamine,  emulsified together.  
However, the more negat ively charged phosphat idic  acid, vi~. a synthe t ic  specimen 
of (7-oleoyl-fl-palmitoyl)-L-tt-phosphatidic acid" brought  about  a notable increa_~e in 
the degree of hydrolysis  of a .~ynthetic lecithin by the pancreat ic  enzyme (Fig. z}. 

Determinat ions of the site of action of the phospholipase A were made  by esti- 
mat ing the liberated fa t ty  acid and the f a t t y  acid const i tuents  of  the produced lyso 
coml~mnd I>y gas-liquid chromatography ,  af ter  the hydroly.~is of the substra te  had  
proceeded as completely as a t ta inable .  This was achieved in the case of  the  lecithins 
by addit ion of deoxvcholate  to the incubat ion mixture .  The results of a typical  ex- 
periment are repr(xtuced in Fig. 2, showing the paper-chromatographic  behaviour  
of a svnthel ic  lecithin and its hydrolysis  products,  together with the  gas-liqtfid 
ch r -ma tograms  of  the f a t t y  acid methyles ters  obtained from the concerning spots. 

IDAPF..R CNROMATOGRAM GAS- LIQUID C.HROt4ATOORAN 

C : ~ C  

O 9  "A 
B 

2 tB: 0 ~12:0  

Fig. ~÷ D e m o n s t r a t i o n  0f  t h e  m o d e  of  acti<m of  h i ; m a n  p a n c r e a t i c  pho~phol ipa j sc  A. O n  t h e  l e f t  
.~ilk:a p a p e r  c h r o m a t o g r a m  of  ~t ~ (7 - s t ea roy l - [$ - i au roy l ) -L<l - l c~ i th in  (spOt A), a n d  (2) t h e  h y d r o l y s i x  
prc~luci_~ o b t a i n e d  a f t e r  a b r e a k d o w n  of  t h e  l>h,~sphat ide p r o d u c i n g  t h e  l y s o l e c i t h i n  ( . p o t  B) a n d  
frcc  f a t t y  ac id  (C}+ O n  t h e  r i g h t  ga s  . l iquid  c h r o m a t o g r a m a  o f  t h e  f a t t y  ac id  m e t h y l e s t e r a  o b t a i n e d  
f r o m  t h e  corre~pond- :ng ~pots  tm t h e  | r ope r  c h r o m a t u g r a m s +  A, Ga.~- l iquid  c h r o m a t o g r a m  of  () ,-~tea- 
royl - .5- l~uroy ' l ) -L-a- lcc i th in  s h o w i n g  e q u i m o l a r  a m o u n t s  o f  s t c a r i c  a c id  (18 : o) a n d  l a u r i e  ac id  
(; 2 : o) ; B, ( ; a s - l i q u i d  c h r o m a t o g r a m  of  t h e  p roducmd l y e )  c o m p o u n d  d e m o n s t ~ ' a t t n g  s t tmr i c  a c i d  
t o  be. t h e  f a t t y  ~clt[ c¢tt~.~titxl~qt ; C, Ga~ l i qu id  c h r o m a t o g r a m  i n d i c a t i n g  t h e  erLvymical ly  re lease t l  

f a t t y  ac id  t o  b e  l au r i e  acid .  

Appaxently,  from ~he compound  studied,  viz. (7-stuaroyl-~-Iauroyl)---a-lecithin, the 
h u m a n  pancrea.tic phospholipase A liberates the  ]~-esterified f a t t y  acid, while the  7,- 
f a t ty  .,._id remair,~ witlgn tile lys~;ecithin molecule. This  turned cu t  ~o be t rue also 
for ti~e hydrolysis  of the other mixed-acid phosphatides,  as demons t ra t ed  by  the  
results compiled in "Fable II.  Within  the class of  leeithins, two s t ructura l  isomers 

" Sy-ntt :esis  to  be p u b l i s h e d .  
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conta in ing  olei,: acid lind stearic acid in revet s~-.i position l iberated different  f a t t y  
acids, while the  respective lysolecithin~ ctm.~cquentlv turned out  to conta in  "also 
different f a t t y  acid cnnst i tuents .  The results of the breakdown of  the  syn the t ic  
lecithins car ry ing  stearic acid and laurie acid con.sistently indicated the  ~-specificity 
o f  this enzyme.  I t  hag to  be no ted  tha t  the hydrolysis  of the  t~L-compound was less 
than  5o°/~,, even when the incubat ion  periled wn.s prc~longed up to z 4 h. This  m a y  be 
due  to a stere~specificity of the pancreat ic  enzyme  for L-a-isomers. Pho.~pholipase A 
from snake venom was d e m o n s t r a t e d  not  to act  on .~ynthetic D-ct-lecithins n. 

The results of  exper iments  with mixcd-at:id phospha t idy l  e thanolamines  serving 
as subs t ra tes  for the  pancreat ic  phospholil~ase A, confirmed and ex t ended  the in- 
fo rmat ion  oft the site of  act ion of this enzyme.  The two isomeric L-a-phosphat idyl  
e thano lamines  compo.,~d of  oleic acid and stearic acid, upon enzymic  hydrolysi.~ 
behave d  like the corresponding L-tt-I~:ithins. Furti ,  ermore,  the  positional specificity 
of  the phosphol ipase A was demons t r a t ed  by t[:e breakdown of  two isomeric L-ct- 
phospha t idy l  c thanolamin~s  ~sterified with linolemc acid and pMmitic acid in different 
positions. A ppa re n t l y  the  enzyme  does not exhibi t  a preference fi~r e i ther  a sa tu ra ted  
f a t t y  acid, a long-chain f a t ty  acid or a l~ly-un.~aturated fa t ty -ac id  const i tu , 'n t  
(I'~. ble II}. 

DISCU.qS[O N 

In keeping with tile observatitJns of MAGEE et al.  t on ow~lecithin, the  phospholipase A 
.ff h u m a n  pancreas  does not  ; t t tack the synthe t ic  lecithins readily unless the sub- 
s t ra te  has been emulsified with sodium deoxych~r , t e .  Phosphat id ic  acid to ~Jme 
e x t e n t  could replace deoxychola te .  The s y n t h e t "  phospha t idy l  e thanolamine,  when 
emulsified adequa te ly ,  did not  require the  : ldi , 'on of  any ac t iva to r  to obta in  ;m 
op t ima l  b reakdown.  These observation~ are in agreetnent  with the reporL~ of  Rlmox 
AND ~ H A P I R O  17 indicat ing tha t  the ra te  c;f reat:tion by a phospholipa_se A from ox 
pancreas  was much  Mower with le.cithir, th,,,, ~,ith t i ther .sutystrates e.g. phtz~phatidyl 
e thano lamine  and phosphat id ic  laid.  Prv, hahty both correslxmding pancrcuLtic en- 
zymes  exhibi t  a max ima l  ac t iv i ty  towards  negat ive ly  charged subs t ra te  micelles, in 
th is  respect  it is n o t e w o r t h y  tha t  these prepara t ions  of  pancreat ic  phospholipase A 
showed op t ima l  ac t i v i t y  at  pH  9.0 (M.,,GEE et a l . t ) ,  fhe  present  exper iments  were 
carr ied out ,  however ,  in a med ium pH 7.0 in order  to prevent  non-enzymic hydrolysis  
which could lead to  er roneous  assumpt ions  regarding the site of  a t t ack  of  the enzyme. 
As regards  the  ac t iva t ing  effect of deoxycho la te  on lecithin hydrolysis,  various 
possibilities can be envisaged.  As pointed  out a l ready  by  ,XlatiEZ et al. ~, the in- 
crease in ac t iv i ty  pr~xtuced with sodium de,>xych~date ra the r  than  ether,  suggests 
t ha t  the  deoxycho la t e  i tself  is capable  of  some .~oluLilization of  the enzyme,  but  the 
effect m a y  also be due to solubil ization of the subs t ra tc  molecule.~. Actually.  addi t ion 
o f  sodium deoxycho la t e  does clarify the emulsions of  synthet ic  leeithin.~ considerahly.  
On the o the r  hand the .~ynthetic phosphat idyl  ethanolamines,  be_ing more difficult to  
emuls i fy  than  the  corresponding lecithins, were hydrolysed  at a fas ter  ra te  than  the  
lecithins, even in the  absence o f  deoxychola te .  Thk~ finding indicates t ha t  the ac t ivat -  
ing effect o f  deoxycho la t e  m a y  perhaps  be explained on the basis of the work o f  
DAwsoia A N D  BANGHAM t#-st on the activatic,;: of  certain phospholipa_ses. T h e e  
au tho r s  showed that  var ious enzyme~ of  this class require the phosphat ide  micelles 
to  have  a cer ta in  min imum ne ~. ze ta -poten t ia l  before hydr0t.vsis commenced ;  t!t~-3 • 
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demons t ra ted  tha t  cert;tin act ivators  can bring about  the required charge of the  
~ubstrate miceUes. Bearing in mind the observations t ha t  the h u m a n  Dancreatic 
phospholip;L~e exhibits an opt imal  ac t iv i ty  a t  pH 9.o wi th  ovolecithin as substrate .  
and that  the more negat ively charged phosphat idy l  e thanolamines  are h~ l re lysed 
at  a faster rate ti tan the lecithins, the  necessity of  addhig ~Iooxycholale fo~ obtaining 
an opt;.m:~l hydrolysis  of  the la t ter  phosphatide~ m a y  perhaps be due to a reduct ion 
of the charge of the lecithin micelles. 

The ten ta t ive  conclusion tha t  the human  pancreatic phospholipase A does 
require a net m in imum negative charge of  the substra te  miceiles before hydro ~ysis 
starts ,  is supixn~ted by the observat ion tha t  addit ion of a phosphat idic  acid ac :el- 
legates the enzymic bre:~kdown of lecithin. Inasmuch as the synthe t ic  phosphat iJJc  
acid itself was ra ther  difficult to emulsify,  this effect is not to be a t t r i bu ted  to 
enhanced solubilization of  the lecithin substrate .  

As regards the mode of  action of the phospholipase A from human  pancreas,  the  
nature  of  the l iberated f a t t y  acids and of the f a t t y  acid const i tuents  of the lyso 
compoutMts obtained by  enzymic hydrolysis  of  the mixed-acid phosphat ides  demon- 
s t ra ted tha t  the enzyme preferential ly releases the  f a t t y  acid esterified onto  the  
~Llu)siti()n of the phosphoglyceride molecule. The results described above have  been 
independent ly  c(mfirmed by THO.MpsOX et a/3 z, Envisaging the various possibilities 
.~ummarized i ,  React ion scheme x, the results obta ined allow the conclusion tha t  
this mammal ian  phospholip~L~e A, like the snake- or bee-venom phospholipase A, 
acts according to pa thw ay  A. 
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Considering in detail  the results compiled ht Table 11, it appears t ha t  to a very 
small extent  the hydrolysis  of the ~,- or a ' - f a t t y  acid (pa thway C) was also effected 
during the experiments.  I t  has to be noticed tha t  this small effect was encountered  
with vaxious s t ructural  isomers, thus ruling out  any  preference for a certain f a t t y  
acid (path~,ay B). Since the invest igated mixed-acid phosphatides included corn- 
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p o u n d s  hav;.ng tn d i f fe ren t  m o l e c d a r  pouition.~ c o m b i n a t i o n s  of  s t ea r i c  a n d  laur ie  
ac id ,  s t ea r i c  a n d  oleic acid,  p a l m i t c  a n d  l inolenic acid.  t he  h y d r o l y s i s  r e su l t s  m a k e  
c lear  t h a t  t hc  a c t i o n  o f  t he  enz2~q-re is n o t  d i r ec t ed  by  cha in  l eng th  or  deg ree  +ff , :n-  
s a t u r a t i o n  of  t he  f a t t y  acid  c o n s t t u e n t s .  I n a s m u c h  as  the  a m o u n t s  o f  l i b e r a t e d  y- 
f a t t y  ac ids  a re  v e r y  l imi ted ,  it is x'.Jt be l i eved  l ike ly  t h a t  t he  s t u d i e d  e n z y m i c  pre-  
p a r a t i o n  cor, t a i n e d  a n  a c t i v e  m o r J  f a t t y  acid  relea_~ing p h o s p h o l i p a s e  ( p a t h w a y  C), 
h a v i n g  a m o d e  of  ac t ion  differing f r o m  the  m a j o r  a b u n d a n t  e n z y m e .  Smal l  i m p e r -  
f ec t ions  in t h e  e l a b o r a t e  synthesi . ,  de novo  o f  t h e  m i x e d - a c i d  phospho l ip id s ,  t o g e t h e r  
w i t h  i n a c c u r a c i e s  of  the  a n a l y t i c a  m e t h o d ~  involve( i ,  p r o b a b l y  m a y  a c c o u n t  for t he  
g r e a t e r  p a r t  o f  the  d e v i a t i o n s  n a e d .  F u r t h e r m o r e .  the  resu l t s  o f  e x p e r i m e n t s  wi th  
t he  p a n c r e a t i c  phc~ l )ho l ipase  A. vhich  shows  on ly  s l ight  a c t i v i t y  in a pu re  e the r ea l  
m e d i u m  t, m a y  be in f luenced  to  a~mall  degree  b y  a nero-enzymic  hy(tr(f lysis  - c c u r r i n g  
in a n  a q u e o u s  s y s t e m .  

T h e  r e su l t s  l ead ing  to  the  conc lus ion  t h a t  p a n c r e a t i c  p h o s p h o l i p a s e  A is /~- 
s p e c i f i c - - a l t h o u g h  d o n e  on o t h r  tytw:s o f  p h o s p h a t i d e s  - a r e  conf l ic t ing  w i t h  the  
o b ~ r v a t i o n s  o f  RI.MON AN[) S~APIRo z¢, w h o  r e p o r t e d  t h a t  the  b o v i n e  p a n c r e a t i c  
p h o s p h o l i p a s e  A c o n v e r t s  a p h o p h a t i d i c  ac id  in to  a f l - a c y l - a - g l y c e r o l p h o s p h a t e .  T h e  
s t r u c t u r e  o f  th i s  h y d r o l y s i g  p r d u e t ,  h o w e v e r ,  was  e s t ab l i shed  b y  o x i d a t i v e  meJ.ns,  
w h i c h  m e t h o d  is n o w  be l i eved  to g ive  e r r o n e o u s  resuttsa.ZL T h e  m(~te o f  ac t ion  o f  
t h e  p a n c r e a t i c  p h o s p h o l i p a s e  / ,  as  d e t e r m i n e d  b y  Rt.'ao.~ A.~D SItAPII~O, h o w e v e r ,  
a g r e e d  w i t h  t h e  op i n i on  a c c e p ~ d  a t  t h a t  t i m e  w i t h  r e spec t  to  the  s i te  o f  a t t a c k  o f  
t h e  s n a k e - v e n o m  phosphol ipa .~  A. T h i s  ho lds  t r ue  for the  p r e s e n t  s t u d y ,  showing  
t h a t  t h e  m o d e  o f  a c t i o n  o f  t k  m a m m a l i a n  e n z y m e  a n d  t h a t  <ff the  e n z y m e  f r o m  
n o n - m a m m a l i a n  p t f i ~ n ;  g t u d i d  so  far ,  a re  ident ica l ,  b u t  c o n t r a r y  to  ear l ie r  v iews  
a rc  c a t a l y z i n g  the  h y d r o l y s i s  o f f a t t y  acid p r e ~ n t  in f l -es tcr  l inkage .  T h i s  co inc idence ,  
o f  course ,  dot-'q n o t  p r e c l u d e  th,  e x i s t e n c e  o f  o t h e r  iltoiio f a t t y  acid  relea_ging p h o s p h o -  
l ipases  w i t h  a d i f f e ren t  m o d e  d r ac t ion .  
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