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Concen t ra t i ons  of the ca lc ium Ionopho re  A23187 and l - o l e o y l - 2 - a c e t y l - 8 1 y c e r o l  , 
wh ich on the i r  own a re  m in ima l l y  e f fec t ive In s t imu la t ing  superox lde  release f rom 
human neu t roph l l s ,  show marked  mutua l  potentiation when 81yen s imu l taneous ly .  
The po ten t ia t ing  ef fect  of the d lacy la l yce ro l  can be shown to be d o s e - r e l a t e d .  
These resul ts suppor t  the hypothes is  that syne ra l sm be tween cy toso l lc  ca lc ium 
and prote in  k lnase C is invo lved In s ignal  t ransduc t ion  for the resp i ra to ry  burst  
In the human neut roph l l ,  o 1984 Academic Press, Inc- 

Neu t roph l l s ,  when exposed to cer ta in  s t imu l i ,  man i fes t  an Inc reased 0 2 uptake 

( the  " resp i ra to ry  burst ' )  and gene ra te  la rge amoun ts  of superox lde  (O~)  I and 

hyd rosen  perox ide .  This reac t ion  forms the basis for the p roduc t ion  of toxic 

oxysen products  which are  impo r tan t  for e f fec t ive m ic rob ia l  k i l l ing by the cei l  

( r ev i ewed  in 1) and are a lso thoush t  to be imp l i ca ted  in the t issue d a m a s e  of 

c o m p l e x - m e d i a t e d  d isease ( 2 ) .  Howeve r ,  as is emphas i zed  In a recent rev iew 

(3)  the events Involved In the t ransduc t ion  m e c h a n i s m s  of the resp i ra to ry  burst  

are  not  yet ful ly unders tood .  

Ntshlzuka has recen t l y  p roposed  that  two events  - an i nc rease  in d lacy lg l yce ro l  

(wh ich  act ivates pro te in  k lnase C) and an increase In cy toso l l c  ca lc ium - may 

be Involved In s t i m u l u s - s e c r e t i o n  coup l ln  8 In var ious  cel l  types,  and that  the two 

pathways may funct ion synerg is t i ca l l y  ( 4 ) .  Recent ly  we repo r ted  syner81sm 

between the tumor  p r o m o t e r ,  PMA 1, and a ca lc ium i onopho re  In ac t iva t ion  of 

the resp i ra to ry  burst  In the neu t roph l l  (5)  and s lm l la r  resul ts have been 

desc r ibed  Independen t l y  by o thers  ( 6 , 7 ) .  In the p resen t  study we repor t  that 

low concentrations of the I onopho re  A23 ] 87 and 1 -oleoyl-2-acetylglycerol ,  

1 The abbrev ia t i ons  used are:  0 3 ,  supe rox lde :  OAG, 1 - o l e o y l - 2 - a c e t y l - 8 1 y c e r o l ;  
and PMA, 4 ,8 -phorbo l  12 -myr l s ta te  13 -ace ta te .  
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(OAG) , wh i ch ,  g iven sepa ra te l y ,  have l i t t le e f fec t ,  resul t  in substant ia l  

superox lde  p roduc t ion  when given s imu l taneous ly .  

MATERIALS AND METHODS 

The methods  used were  as p rev ious ly  desc r ibed  ( 5 ) .  Neu t roph l l s ,  co l l ec ted  
f rom human vo lun tee rs  by v e n l p u n c t u r e ,  were  p repa red  by F l c o l l - l s o p a q u e  
sepa ra t i on  and suspended  In c a l c i u m - f r e e  Tyrode so lu t ion  con ta in i ng  NaCI 
( 1 3 7 m M ) ,  KCI ( 2 . 7 r a M ) ,  MgCI 2 ( ] r a M ) ,  g lucose  ( ] r n g  m1-1) and bov ine 
se rum a lbumin  ( l i n g  m r 1 ) .  Af ter  equ i l i b ra t i on  for 20 minutes  at 3 7 " C ,  2 . 5  x 
"10 s ce l l s ,  In a vo l ume  of 500#.1, were  d i spensed  Into 2 . 5 m l  tubes (NA2S,  
S te r i l l n ,  Eng land)  to which had been added  ] rag f e r r l c y t o c h r o m e  C (ho r se  hear t  
type III, Slgrna Chemica l  C o . ) ,  app rop r i a t e  d i lu t ions of A23187 ( S i g m a  Chemica l  
C O . ) ,  OAG and e i the r  Tyrode so lu t ion  or superox lde  d lsmutase  (75 uni ts ,  
bov ine  b lood ,  S igma Chemica l  C o . )  to a f inal  vo lume  of 875#.1. The f inal 
ca l c ium concen t ra t i on  In all samp les  was 3raM. After  i ncuba t ion  (30 minutes at 
3 7 " C )  the reac t ion  was s topped by the add i t ion  of 500#.1 N-e thy l  ma le l rn lde  
( ] r a M ,  S igma Chemica l  C o . ) .  The amoun t  of superox ide  p roduced  was 
measu red  by the superox ide  d i s m u t a s e - i n h i b i t a b l e  reduc t ion  of f e r r i c y t och rome  C 
at 550nm using a P e r k i n - E l m e r  S P - ] 8 0 0  s p e c t r o p h o t o m e t e r  ( 5 ) .  OAG was 
synthes ized by Dr. A_ Watts, B iochemis t r y  Depa r tmen t ,  Univers i ty  of Oxford,  
Eng land.  

RESULTS 

The possib i l i ty  of po ten t ia t ion  of A23187 by OAG, and vice versa,  was tested by 

measu r i ng  the ef fect  of one  agen t  at the lower  end of the d o s e - r e s p o n s e  curve 

of the o ther .  At tent ion was con f ined  to this part  of the d o s e - r e s p o n s e  

re la t i onsh ip  because ,  as has been s t ressed ( 4 ) ,  h igh concen t ra t i ons  of each  

agen t  may cause  cel l  s t imu la t ion  n o n - s p e c i f i c a l l y .  

The mean  p e r c e n t a g e  po ten t ia t ion  of the response  to A23187 by OAG is shown 

In f igure l a  and the conve rse  in l b .  S ince the express ion  of the mean  resul ts 

of severa l  expe r imen ts  as percen tage  po ten t ia t ion  does not  necessa r i l y  give a 

c lea r  idea of the actua l  da ta .  the full resul ts of two rep resen ta t i ve  expe r imen ts  

a re  a lso g iven - the ef fect  of two,  low concen t ra t i ons  of OAG on the A23187 

response  In f igure ] c  and the ef fect  of a low concen t ra t i on  of A23187 on the 

OAG response  In l d .  

OAG, 4 . 5  x 10-SM resu l ted in max ima l  or  very  substant ia l  O~ p roduc t ion  in 

most  sub jec ts  and it was on ly  poss ib le  to obta in  a measu re  of po ten t ia t ion  at 

this concen t ra t i on  In one sub jec t  In whom the response  to this concen t ra t i on  

was c lea r l y  submaxl rna l .  
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FIsure 1. SynersIsm between A23187 and OAG In superoxlde production. 
a) Potentiation of the response to A23187 In the presence of OAG 
1.1 x 10-SM ( O ) or 2 .3  x 10-SM ( • ) ,  expressed as a 
percentase of the maximum response obtained- The points 
represent the mean values and the bars, standard errors. The 
mean amount of O~ produced with the highest concentrat ion of 
Ionophore + OAG was 60(s .e .  5 .3 )nmoles  per 5 x 106 cells 
( n=3). 
b) Potentiation of the response to OAG In the presence of A23187 
10-6M ( • ] .  The points represent the mean values and the 
bars, standard errors. The mean amount of O~ produced with the 
hl8hest concentrat ion of OAG + Ionophore was 66(s .e .  0 .9 )nmo les  
per 5 x 10 s cells. The number of experiments Is given beside 
each point. 
c) Results of an Individual experiment showing Ihe effect of OAG on 
the dose-response curve of 0 2 production with A23187. 
A23187 alone ( • ) ;  A2318Z with 0AG 1 .  1 x 10-SM ( O ) :  
A23187 with OAG 2.3  x 10-SM ( • ) .  The dotted line gives O~ 
production with OAG, 1. 1 x 10-SM, given alone; the dashed line 
81yes the O~ production with OAG 2.3  x 10-SM, 81ven alone. 
d) Results of an Individual experiment showln8 the effect of A23187 
on the dose-response curve of O~ production with OAG. 
OAG alone ( • )" OAG with 10-SM A2318Z ( • ) .  The dashed 
line 81yes O~ production with A23187 10-6M by Itself. 

DISCUSSION 

It s e e m s  c l ea r  that  s y n e r g i s m  be tween  p ro te in  k lnase  C and c a l c i u m  In s lsna l  

t r a n s d u c t l o n  o c c u r s  In seve ra l  d i f fe ren t  ce l l  types.  In add i t i on  to the e x a m p l e s  

c i ted  In the r ecen t  rev iew ( 4 ) ,  such s y n e r s I s m  has a lso  been r e p o r t e d  in 

a m y l a s e  sec re t i on  by p a n c r e a t i c  ac ln l  (8)  and In ac t i va t ion  of hepa tocy te  

g l y c o s e n  p h o s p h o r y l a s e  ( 9 ) ,  as wel l  as In the ac t i va t ion  of the r e s p i r a t o r y  burst  

3 3 4  
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( 5 , 6 , 7 ) .  In most  of the s tud ies spec i f i ed ,  the phorbo l  es ter  t umor  p r o m o t e r ,  

PMA,  has been used to ac t iva te  pro te in  k lnase C. PMA has been shown to 

ac t iva te  pro te in  k lnase C d i rec t l y  (10)  and Is be l ieved to mimic  the ac t ion  of 

the na tura l l y  occu r r i ng  d lacy lg l yce ro l  wh ich is p r o d u c e d ,  when ce l ls  are  

s t imu la ted ,  as a resul t  of the b reakdown of Inosi to l  phospho l ip ids  ( 1 1 , 1 2 ) .  

Howeve r ,  un l ike d l acy l g l y ce ro l ,  PMA Is metabo l i zed  s lowly  and rema ins  in cel l  

m e m b r a n e s  for  p ro longed  per iods  of t ime ( 4 ) .  it may  a lso have add i t iona l  

ac t ions  e . g .  on pro te in  a lky la t lon  (13)  or  phospho l l pase  A 2 (14)  or  on the 

re la t i onsh ip  be tween sur face recep to rs  and adeny l  cyc lase  (15)  in va r ious  cel l  

types.  The ac t ion  of OAG, a synthet ic  d l a c y l g l y c e r o l ,  Is a lso  s im i la r  to that of 

the d lacy lg l yce ro l  p roduced  in cel ls  af ter  s t imu la t i on ,  as shown by expe r imen ts  

with p la te le ts .  Howeve r ,  OAG Is rap id ly  me tabo l i zed  In s i tu  ( r ev i ewed  In 4 ) , a n d  

is not  repor ted  to have o ther  ac t i ons ,  such as tumor  p romo t i on .  Thus the use 

of OAG, ra ther  than PMA, as a pro te in  k lnase C ac t i va to r  can be cons ide red  to 

r ep resen t  mo re  c lose ly  the events  occu r r i ng  na tura l l y  in l iv ing ce i ls .  OAG has 

been shown to s t imu la te  exocy tos is  in neu t roph i l s  (16)  and to s t imula te  

supe rox ide  p roduc t ion  ( 1 7 ) .  

In a recen t  no tewor thy  study of neu t roph l l  ac t i va t i on ,  It was repor ted  that high 

concen t ra t i ons  of PMA (20r iM)  cou ld  Induce an Inc rease  in oxygen consump t i on  

even when the cy toso l lc  ca l c ium was 10-20  t imes be low the rest ing level  ( 9 ) .  

It was sugges ted  that ac t lva t lon  of p ro te in  k lnase C migh t  be su f f i c ien t ,  on its 

o w n ,  to Induce NADPH-ox ldase  ac t iva t ion  w i thout  the pa r t i c ipa t ion  of the ' ca l c ium 

pa thway ' .  This could Imply that  synerg ism of the two pathways Is not  essent ia l  

In s t imu la t ion  of the resp i ra to ry  burst  In the neu t roph l l .  Howeve r ,  as has been 

s t ressed above ,  a h igh c o n c e n t r a t i o n  of PMA may poss ib ly  have o the r  ac t ions  

bes ides s t imu la t ion  of p ro te in  k lnase C and its ef fect  may not  re f lec t  accu ra te l y  

the events  which happen  In the neu t roph l l  under  phys io log ica l  cond i t i ons .  In the 

p resen t  expe r imen ts  OAG ra the r  than PMA was used as the pro te in  k lnase C 

ac t iva tor .  The resul ts Ind icate  that  not  on ly  does OAG po ten t ia te  the act ion of 

A23187 ,  but that an Inc rease  In cy toso l lc  ca l c i um p roduced  by a low 

concen t ra t i on  of A23187 can conve r t  a sub th resho ld  or m in ima l  ef fect  of OAG 
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Into a substant ia l  response .  This prov ides fur ther  suppor t  for the hypothes is  

that both pathways may  be invo lved ,  phys lo los i ca l l y ,  in s t imu lus -ac t i va t i on  

coup l i ng  for the resp i ra to ry  burst  in the neut roph i l .  
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