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As [NTA]t >> [E]t, t he  p rob lem can be d iv ided  into 
two  pa r t s :  1. an i n d e p e n d e n t  M g N T A / N T A  sys tem,  
which  can be calcula ted according to  

[L], -- [Me]t + KM~ -~- ]/([L]~ -- [Me], + KM~L) 2 
(1) [Me] 

2 4 + 

(2) [MeL] = [Me] ; -  [Me] 

(3) [L] = [LI~-- [MeL 1 

and  2. a sys t em EMg/E,  which  is a func t ion  of the  f i rs t  
sys tem.  F r o m  

[E] �9 [IVIg 2+] 
(4) K ~ g  

[EMg] 

and  

(5) [E] = [E]~-  [EMg] 

we get  

[EMg] [Mg] 
(6) 

As the  subs t r a t e  concen t ra t ion  is cons tan t ,  

(7) v = /~ [EMg] 

In t roduc ing  (7) and  V = k 2 [E], in to  (6) we get  

v [Mg] 
(s) 

V [Mg] + K~Mg 

F r o m  equa t ions  (1) and  (8) t he  theore t ica l  curves,  e.g.  
Figure,  have  been  calculated.  

2. Calculation of [Zn 2+] as a/unction o/ [Zn2+]t, [Mg2+]t 
and /Lit in the system ZnL/MgL/Mg ~+. To calculate  t he  
dissociat ion cons t an t  of t he  Zn-enzyme complex,  we h a d  
to  ob ta in  defini te  concen t ra t ions  of Zn 2+ in the  region of 
10 -1~ M to 10 - ~  M a t  0.1 m M  Mg ~+. Because of t he  ex- 
t r eme  differences in concent ra t ions ,  th is  p rob tem could 
only  be solved b y  combina t ion  of a Zn ~+ buffer  sys t em 
w i t h  unbuf fe red  Mg~+: Z n E D T A / M g E D T A / M g  ~+. 

WOLF 13 has  eva lua ted  the  equa t ions  necessary  to  solve 
th is  problem.  ACKERMANN 14 has  calcula ted the  concen-  
t r a t ions  of free me ta l  ions in th is  sys t em b y  means  of a 
F O R T R A N  IV p rogramm.  

W h e n  the  following condi t ions  are fullfilled 

(9) [Zn]t < [L], 

and  

(10) Kz~L ~ KMgL 

then  

(11) [ZnL] ~ [Zn]~ 

and 

(12) [L]t ~ [L]~-  [ZnL] ~ [ L ] t -  [Zn]~ 

These app rox ima t ions  enabIe us to  calculate  t he  concen-  
t r a t i o n  of free Zn ~+ ions more  easily. F r o m  

[Zn] [L] 
[ZnL] 

(13) Kz~L --  

and  

(14) K ~  --  

we ob ta in  

[Mg] [L] 
[MgL] 

Kzn~. [ZnL] 
(15) [Zn] - . [Mg]. 

K~,L. [MgL] 

Subs t i t u t ing  equat ion 11 we get  

Kz~ - [Znl~ [Mg] 
(16) [Zn~ 

KMgL " [MgL] " 

[Mg~+] we calculate  f rom equa t ion  (1) as a func t ion  of 
[Mg]~ and [Lit and  MgL f rom equa t ion  (2). 

The resul ts  ob ta ined  by  th is  ap p ro x i ma t i o n  are in 
comple te  ag reemen t  wi th  those  calcula ted f rom the  exac t  
equa t ion  for all m e a s u r e m e n t s  taken.  
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Summary. Based on biochemical ,  h i s tochemica l  and immunof luorescen t  s tudies  on e ry th rocy te s  and  lymphocytes ,  
we propose  an act ive  func t ion  for ace ty lchol ines te rase  in m e m b r a n e  s t ruc ture .  

There  is considerable  r ecen t  in te res t  and  research  in 
t he  s t ruc tu re  and  func t ion  of p la sma  m e m b r a n e s  in t he  
dynamic  p h e n o m e n a  involved  in the i r  pa r t i c ipa t ion  in 
physiologic processes.  There  are several  exis t ing hypo-  
theses  of the  phys icochemica l  s t ruc tu re  of m e m b r a n e s  2-~. 
Acety lchol ines te rase  (AchE) is known  to  be a m e m b r a n e  
c o m p o n e n t  on the  basis of b iochemica l  5 and  h i s tochemi-  
cal d a t a  s. We p re sen t  immunof luo rescen t  local izat ion of 
A c h e  in h u m a n  lymphocytes ,  par t i cu la r ly  the  t h y m u s -  
d e p e n d e n t  (T) cells which  fo rm spon taneous  rose t tes  w i th  
sheep red cells, and  propose  t h a t  A c h e  forms t h e  b o n d  
be tween  leci thin  and  pro te in  in s t ruc tu ra l  m e m b r a n e s  
and con t r ibu tes  to the i r  s tab i l i ty  and funct ion.  
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Methods  and observations. L y m p h o c y t e s  f rom a h e a l t h y  
a d u l t  donor  were o b t a i n e d  b y  Hypaque -F i co l l  den s i t y  
g r a d i e n t  c en t r i f uga t i on  and  washed  w i t h  H a n k s  ba l anced  
sa l t  solut ion.  To a suspens ion  con ta in ing  25 • 10 ~ l ymp h o -  
cytes  per  E l ,  50 ~1 of monospecif ic  a n t i - h u m a n  chol ines-  
t e rase  ra ised  in r a b b i t s  (Behr ingwerke)  was  added  an d  
t h e  m i x t u r e  i n c u b a t e d  a t  37 ~ for 20 rain. The  cells were 
washed  once a n d  t r e a t e d  w i t h  50 ~1 of f luorescein-con-  
j uga t ed  a n t i - r a b b i t  IgG ra ised  in goa t  (Behr ingwerke) .  
Af te r  2 washings ,  rose t t e - fo rming  T - l y m p h o c y t e s  were 
ident i f ied  b y  t he  m e t h o d  of JONDAL et  aLL T - l y m p h o e y t e s  
showed  a n  a rea  of b r i g h t  aggrega te  f luorescence close to  
t h e  cell m e m b r a n e  (Figure 1). Bone  m a r r o w  der ived  (B) 
l y m p h o c y t e s  exh ib i t ed  a t h i n  r im  of f luorescence.  

F re sh  h u m a n  e r y t h r o c y t e s  were w a s h e d  and  a 50% 
suspens ion  m a d e  in p lasma.  4 ml  a l iquo ts  were i n c u b a t e d  
w i t h  5 m g  per  ml  of phospho l ipase  D (Sigma) or w i t h  
2.5 m g  per  ml  of eserine (B.D.H.)  a t  37~ for 2 h. P l a s m a  
p o t a s s i u m  was m e a s u r e d  b y  f lame p h o t o m e t r y ,  e r y t h -  
roey te  osmot ic  f rag i l i ty  b y  e s t i m a t i o n  of pe rcen t age  
hemolys i s  us ing  0.5% sod ium chlor ide  s a n d  A c h E  b y  a 
t e s t  k i t  9. Drug  t r e a t m e n t  resu l ted  in a release of po tas -  
s ium in to  t he  s u p e r n a t a n t  assoc ia ted  w i t h  increased  
f rag i l i ty  of red  cells (Table).  Phospho l ipa se  D t r e a t e d  
cells showed  a smal l  b u t  s t a t i s t i ca l ly  s ign i f ican t  increase 
in A c h e  ac t iv i ty .  

Fig. 1. Immunofiuorescent localization of acetylcholinesterase in the 
cell membrane. 

0.025 m g  of p h o s p h o l i n e  iodide, an  i nh ib i t o r  of AchE,  
was a d m i n i s t e r e d  to  a b a t c h  of 5 guinea-pigs.  T h e i r  e r y t h -  
rocytes  showed  a n  increased  u p t a k e  of Ha-choles terol  
(Mean 999 4- SEM 430 c p m  per  ml  of packed  red  cells) 
c o m p a r e d  w i t h  cells f rom 4 con t ro l  an ima l s  (46 2~ 3). 

L iposomes  p r e p a r e d  w i t h  egg lec i th in  were i n c u b a t e d  
w i t h  2.5 m g  per  ml  of b o v i n e  e r y t h r o c y t e  A c h e  10 for 6 h 
a t  37~ This  resu l ted  in a s ign i f i can t  (p < 0.05) drop  of 
e n z y m e  a c t i v i t y  (Mean 0.093 A c h e  un i t s  ~= SEM 0.04) 
w h e n  c o m p a r e d  to  t h e  cont ro l s  w i t h o u t  t h e  l iposome 
(0.178 4- 0.05). 

Discuss ion.  T h e  h e t e r o g e n e i t y  of l ymphocy te s ,  based  
on  func t ion  an d  cell surface  receptors ,  is e s t ab l i shed  11. 
E lec t ron  microscopy  of repl icas  of m e m b r a n e s  of mouse  
l y m p h o c y t e s  p r e p a r e d  b y  f reezef rac ture  t e c h n i q u e  showed  
m a r k e d  differences b e t w een  T an d  B cells 12. B iochemica l  
an d  b iophys ica l  s tudies  on  l y m p h o c y t e  s u b p o p u l a t i o ns  
s epa ra t ed  b y  free-flow e lee t rophores i s  an d  cha rac te r i zed  
immunologica l ly ,  showed s igni f ican t  differences in t he  
chemica l  compos i t i on  of t h e  surface  m e m b r a n e s  of T a n d  
B cells la. T - l y m p h o c y t e s  wh ich  ca r ry  a h ighe r  n e t  nega-  
t ive  charge  t h a n  B cells, are r e l a t ive ly  r i ch  in n e u r a m i -  
n idase-suscep t ib le  e -ca rboxy l  groups  b u t  poor  in sul- 
p h y d r y l  an d  r ibonuc lease -sens i t ive  p h o s p h a t e  groups.  
P r e l i m i n a r y  s tudies  h a d  shown t h a t  m i t o g e n - s t i m u l a t e d  
l y m p h o c y t e s  co n t a i n  es terases  closely l inked  w i t h  t he  
cell m e m b r a n e  6. T h e  d e m o n s t r a t i o n  of acid e - n a p h t h y l  
ace t a t e  es terase  a c t i v i t y  resu l ted  in t h e  a p p e a r a n c e  of 
d o t  l ike r eac t ion  p r o d u c t s  in  l y m p h o c y t e s  p re sen t  in  t he  
t h y m u s - d e p e n d e n t  pa raeo r t i ca l  a reas  of rou t ine  l y m p h  
nodes  1~. I n  t h e  ge rmina l  cen t res  p o p u l a t e d  m a i n l y  b y  B 
lymphocy tes ,  v e r y  few ceils gave  a pos i t ive  result .  

Our  s t u d y  emp loy ing  a specific immunof luo rescence  
m e t h o d  localized A c h e  to  t h e  cell m e m b r a n e  of l y mp h o-  
cytes.  The re  was a q u a n t i t a t i v e  an d  morpholog ic  dif- 
ference in t h e  p a t t e r n  of f luorescence seen in T a n d  B 
lymphoey tes .  T cells showed  a t h i c k  aggrega te  f luorescence 
whereas  B cells h a d  a t h i n  r i m  of f luorescence.  W e  h a v e  
r epo r t ed  p rev ious ly  15 t h a t  p r e t r e a t m e n t  of sheep e r y t h -  
rocy tes  or h u m a n  l y m p h o c y t e s  w i t h  eser ine or phospho-  
l ipase D impa i r s  rose t t ing ,  sugges t ing  t h e  s ign i f ican t  
c o n t r i b u t i o n  of A c h e  in m o d u l a t i n g  t h i s  p h e n o m e n o n .  
I t  is possible  t h a t  t h e  e n z y m e  acts  as a key  t r a n s d u c e r  a t  
t h e  cell m e m b r a n e  level. A n  a l t e r a t i o n  of t h e  level  of i ts  
f unc t iona l  a c t i v i t y  would  re su l t  in  m i c r o d e f o r m a t i o n  or 
con f igu ra t iona l  change,  wh ich  m a y  under l ie  m a n y  cell- 
cell or ce l l -an t igen  in te rac t ions .  I n  addi t ion ,  A c h e  m a y  
h a v e  a role in  t h e  o t h e r  func t iona l  cha rac te r i s t i c s  of 
l ymphocy te s ,  viz. an t i g en  b ind ing ,  endocy tos i s  a n d  de- 
g r a d a t i o n  of an t igen ic  mater ia l ,  cy to tox ic i ty ,  etc. 

Eser ine  (physios t igmine) ,  a specific c o m p e t i t i v e  in- 
h i b i t o r  of AchE,  affects  b o t h  t h e  s t a b i l i t y  a n d  pe rmeab i l -  
i t y  of t h e  cell m e m b r a n e .  This  is exp la inab le  on  t h e  basis  
of E h r e n p r e i s '  16 i n t e r p r e t a t i o n  of t h e  ac t ion  of ace ty l -  

Effect of drug treatment (in vitro) on human erythrocyte fragility 
and acetylcholinesterase activity 

Groups Potassium Osmotic fragility Ache 
(mEq/i) (% of hemolysis) (units) 

Control 4.58 dc 0.25 3.72 =L 0.042 134 4- 5 
Eserine 8.26 4- 0.61 5.93 i 0.21 Nil 
Phospholipase D 10.90 ~: 0.63 14.56 ~ 1.93 152 i 2 

The results are expressed as the mean _[_ SEM. 6 experiments were 
done. The values for the study groups are signifieantly different from 
the controls (p < 0.05) on all 3 parameters. Ache unit is defined as 
[zmoles o5 acetylthiocholine hydrolyzed/min/mI of packed red cells, 
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(1972). 
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Their Origins, Properties and Roles in Immune Responses (Asso- 
ciated Scientific Publications, Amsterdam 1973). 

12 T. 2. IV[ANDEL, Nature, Lond. 239, 112 (1972). 
la j .  2~. MEttRISHI and K. ZEILLER, Br. med. J. 1,360 (1974). 
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choline on chol inergic  sys tems.  In  th is  formula t ion ,  t he  
act ive m e m b r a n e  site which  controls  ionic m o v e m e n t s  
consists  of AchE-phosphory l cho l ine  complex  located  
wi th in  the  membrane .  Acetylchol ine  dissociates i t  to  
form AchE-ace ty lcho l ine  complex.  This  resul ts  in t he  
opening of pores and  increased pe rmeab i l i t y  of t he  
membrane .  

Phosphol ipase  D spli ts  t he  link be tween  phosphor ic  
acid and choline in the  leci thin molecule. Phosphory l -  
choline is a possible si te for the  locat ion o5 A c h e  due to 
the  Iormer ' s  close s t ruc tu ra l  s imi lar i ty  to  acetylchol ine,  
a na tu ra l  subs t r a t e  for chol inesterase.  Our obse rva t ion  of 
increased up take  of Ha-cholesterol  b y  red cells of phos-  
phol ine iodide t r e a t ed  an imals  suggests  an increased 
tu rnove r  as a resul t  of l ipoprote in  disorganizat ion.  The 
reduc t ion  of A c h E  ac t iv i ty  by  leci thin vesicles also shows 
the  in t ima te  re la t ionship  be tween  the  two  molecules.  

-r + - .  

+§ 

Phospholipid O Polar Head of Phoapholipids Relation Between CHS 
And Structural Protein 

--+ +- II Non-Polar LJpida 

Globular Esteratic 
~ r ~ l  - -  Pr~ An,onic site of [ ]  Free Protein Part of CHS 

Protein- Protein CHS 
~ ~ ~ Bridge [~|  Globular Protein 

Free Protein of CHS 

Fig. 2. Hypothetical structure of cell membrane incorporating aeetyl- 
eholinesterase(CHS) (see text). 

Moreover,  b o t h  A c h e  and  l ipoprote in  are ex t r ac t ed  to-  
ge ther  when  e ry th rocy te  ghosts  are t r ea t ed  wi th  hyper -  
tonic  saline~% These resul ts  suggest  t h a t  A c h e  is asso- 
c ia ted wi th  the  phosphory lchol ine  site. 

In  the  l ight  of these  observat ions ,  we propose  a hypo-  
the t i ca l  model  of m e m b r a n e  s t ruc tu re  (Figure 2). This  is 
based on the  original  proposal  of GORTER and GRENDEL 18 
t h a t  a lipid bi layer  provides  the  s t ruc tu ra l  f r amework  of 
the  membrane .  We suggest  an ex tens ion  of the  fluid 
mosaic  concep t  ~, w i th  l ipopro te in-pro te in  in te rac t ion  and  
act ive pa r t i c ipa t ion  o5 AchE.  The polar  head  groups of 
leci thin form ionic bonds  wi th  the  es tera t ic  and  anionic 
si tes of the  enzyme and  the  free p ro te in  or the  non-ac t ive  
site of the  enzyme forms a p ro te in -p ro te in  bond  wi th  t he  
s t ruc tu ra l  proteins .  

I t  is l ikely t h a t  m e m b r a n e - b o u n d  A c h E  plays  an 
i m p o r t a n t  func t iona l  role in hea l th  and  disease. In  m a n y  
pathologica l  s ta tes ,  e.g. expe r imen ta l  muscular  dys t ro -  
p h y  19, o rganophosphorus - induced  demye l ina t ion  ~~ leu- 
kemia~t, duodenal  u lcer~ ,  and some forms of hemoly t i c  
anemia  ~3, a m e m b r a n e  defect  associa ted wi th  reduced  
A c h E  ac t iv i ty  has been described.  I f  there  is a causal  
re la t ionship  be tween  the  two, a t t e m p t s  a t  res tora t ion  of 
enzyme ac t iv i ty  m a y  possibly improve  m e m b r a n e  stabiI- 
i ty  and  cellular func t ion  in these  syndromes .  

17 C. I). MITCHELL and D. J. ~-IAIqAHAM, Biochemistry 5, 51 (1966). 
is E. GORTER and F. GRENDEL, J. exp. Med. dT, 439 (1925). 
19 G. M:. GEIglCHEL, W. B. HIBBES, W. H. OLSON and W. D. DETT- 

BAVtr Neurology 22, 1026 (1972). 
~0 G. B. KOELLA, Cholinesterase and Anticholinesterase AgenLs 

(Springer, Berlin 1963). 
21 I. N. ZEFIROV, Vopr. Okhr. Materin. Det. 70, 53 (1965). 
22 K. A~MEO and S. A. R. CHOWDmJRY, Am. J. dig. Dis. 20, 191 

(1975). 
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Summary. Arachidonic  acid was t r a n s f o r m e d  b y  r a t  s tomach  homogena te s  into a new p ros t ag l andm VlZ. 6-Keto-  
PGFI~. I t s  s t ruc tu re  was conf i rmed by  mass  spec t romet ry .  

Over  a decade ago, a rachidonic  acid was shown to be 
the  direct  precursor  of p ros tag land ins  (PG) E 2 and  F2~ 2, 3. 
Studies  on the  mechan i sm of th is  t r an s fo rma t ion  have  
led towards  pos tu la t ing  an endoperox ide  in t e rmed ia t e  
c o m m o n  to  b o t h  P G E  2 and  P G F ~  ~ which  has r ecen t ly  
been  isolated and  resolved into two  labile in t e rmed ia te s  
hav ing  a hal f  life of a p p r o x i m a t e l y  5 rainS-% 

In  our inves t iga t ions  of t he  p ros tag land in  syn the t a se  
sys t em using the  r a t  s t o m a c h  t issue as source, we pre-  
v ious ly  r epor ted  the  isolat ion of two cyclic e the r  der iva-  
t ives  o5 p ros t ag land in  F2~ viz. 6 (9 )oxy- l l ,  15-dihydroxy-  
prosta-7,  13-dienoic acid and  6(9)-oxy-11, 15-dihydroxy-  
p ros t a  5, 13-dienoic acid 1~ 11. This  r epor t  deals wi th  t he  
isolat ion of ano the r  new compound  formed f rom t r i t i a t ed  
arachidonic  acid whose s t ruc tu re  is 6-keto-PGFl~.  

Materials and methods. Stomachs  f rom 12 male  adu l t  
r a t s  (Wistar,  approx .  200-250 g) were  removed ,  freed 
f rom sur round ing  tissue, cleaned,  washed  tho rough ly  wi th  
ice-cold 0.05 M KH2PO4-NaOH (pH 7.4) buffer  con ta in ing  

1 Supported by a grant No. MA-4181 from the Medical Research 
Council of Canada. All mass spectra were recorded by Mr. L. 
1VJ[ARAI on the Varian MAT CH-5 gas chromatograph-mass spectro i 
meter at the Best Institute, Toronto, an MRC regional facility. 
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