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As [NTAJ]; > [E];, the problem can be divided into
two parts: 1. an independent MgNTA/NTA system,
which can be calculated according to

(1) [Me]=

[L]s — [MZG]:, + Kmern + V([L]t — [Mi]z + Kmev)? +
Kuyer[Me]:

(2) [Mel] = [Me]. — [Me)]

(3)  [L] = [L]: -~ [MeL]

and 2. a system EMg/E, which is a function of the first
system. From

_ [E] - (Mg™1

(4) Kemg =

[EMg]
and
(5) [E]l = [E]: — [EMg]
we get
() [EMg]  [Mg]

[(El:  [Mg] + Keme

As the substrate concentration is constant,
(7} v = ky [EMg]

Introducing (7) and V = &, [E]; into (6) we get

v _ [Mg]
Vo [Mg] 4+ Keme

From equations (1) and (8) the theoretical curves, e.g.
Figure, have been calculated.

2. Calculation of [Zn®t] as a function of [Zn?+]y, [Mg?+];
and [Lly in the system ZnL[MgL[Mg?+, To calculate the
dissociation constant of the Zn-enzyme complex, we had
to obtain definite concentrations of Zn2+* in the region of
10-1° M to 10-1¢ M at 0.1 mM Mg?+, Because of the ex-
treme differences in concentrations, this problem could
only be solved by combination of a Zn?+ buffer system
with unbuffered Mg2+: ZnEDTA/MgEDTA /Mg2+.

(8)
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‘WoLF!8 has evaluated the equations necessary to solve
this problem. ACKERMANN4 has calculated the concen-
trations of free metal ions in this system by means of a
FORTRAN IV programm.,

‘When the following conditions are fullfilled
9y [Zn]: < (L1
and
(10) Kzon € Koynr
then
(11) [ZnL] = [Zn]s
and
(12) [Ll:a [L]; — [ZnLl]~ [L], — [Znl:

These approximations enable us to calculate the concen-
tration of free Zn2+ ions more easily. From

__ [Zn] (L]
(13) Kan bt m-]—
and
_ [Mg] (L]
(14) Kwuer = MIT
we obtain
(15) [za) = e 20U

Kogr - [MgL]”
Substituting equation 11 we get
Kznw - [Zn]: [Mg]

(16) [Zn] = Ko " Mal]"

[Mg2+] we calculate from equation (1) as a function of
[Mg]; and [L]; and MgL from equation (2).

The results obtained by this approximation are in
complete agreement with those calculated from the exact
equation for all measurements taken.

13 H. U. WoLr, Experientia 29, 241 (1973).
U B, P. AckermANN, Ph. D, Thesis, University of Mainz (1972).
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Summary. Based on biochemical, histochemical and immunofluorescent studies on erythrocytes and lymphocytes,
we propose an active function for acetylcholinesterase in membrane structure.

There is considerable recent interest and research in
the structure and function of plasma membranes in the
dynamic phenomena involved in their participation in
physiologic processes. There are several existing hypo-
theses of the physicochemical structure of membranes?-4.
Acetylcholinesterase (AchE) is known to be a membrane
component on the basis of biochemical® and histochemi-
cal data® We present immunofluorescent localization of
AchE in human lymphocytes, particularly the thymus-
dependent (T) cells which form spontaneocus rosettes with
sheep red cells, and propose that AchE forms the bond
between lecithin and protein in structural membranes
and contributes to their stability and function.

1 This study was supported by a research grant from the Canadian
Heart Foundation. Part of this work was presented at the 9th
Meeting of Fedn. Eur. Biochem. Soc. at Budapest, 1974 and at the
3rd Meeting of Indian Immunol. Soc. at New Delhi, 1975. We
thank Orivia CHiu, BARBARA PYNE and BING Avu for providing
technical help.
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Methods and observations. Lymphocytes from a healthy
adult donor were obtained by Hypaque-Ficoll density
gradient centrifugation and washed with Hanks balanced
salt solution. To a suspension containing 25 X 108 lympho-
cytes per ml, 50 pl of monospecific anti-human cholines-
terase raised in rabbits (Behringwerke) was added and
the mixture incubated at 37°C for 20 min. The cells were
washed once and treated with 50 ul of fluorescein-con-
jugated anti-rabbit IgG raised in goat (Behringwerke).
After 2 washings, rosette-forming T-lymphocytes were
identified by the method of JonpaLetal.”. T-lymphocytes
showed an area of bright aggregate fluorescence close to
the cell membrane (Figure 1). Bone marrow derived (B)
lymphocytes exhibited a thin rim of fluorescence.

Fresh human erythrocytes were washed and a 509,
suspension made in plasma. 4 ml aliquots were incubated
with 5 mg per ml of phospholipase D (Sigma)} or with
2.5 mg per ml of eserine (B.D.H.) at 37°C for 2 h. Plasma
potassium was measured by flame photometry, eryth-
rocyte osmotic fragility by estimation of percentage
hemolysis using 0.59% sodium chloride® and AchE by a
test kit®. Drug treatment resulted in a release of potas-
sium into the supernatant associated with increased
fragility of red cells (Table). Phospholipase D treated
cells showed a small but statistically significant increase
in AchE activity.

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

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

Groups Potassium Osmotic fragility AchE
(mEq/l) (% of bemolysis)  (units)
Control 4.58 + 0.25 3.72 4- 0.042 13445
Eserine 8.26 4 0.61 5.93 4 0.21 Nil
Phospholipase D 10.90 + 0.63 14.56 4 1.93 152 42

The results are expressed as the mean 4 SEM. 6 experiments were
done. The values for the study groups are significantly different from
the controls (p << 0.05) on all 3 parameters. AchE unit is defined as
pmoles of acetylthiocholine hydrolyzed/min/ml of packed red cells.
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0.025 mg of phospholine iodide, an inhibitor of AchE,
was administered to a batch of 5 guinea-pigs. Their eryth-
rocytes showed an increased uptake of H3-cholesterol
(Mean 999 4+ SEM 430 cpm per ml of packed red cells)
compared with cells from 4 control animals (46 £+ 3).

Liposomes prepared with egg lecithin were incubated
with 2.5 mg per ml of bovine erythrocyte AchE® for 6 h
at 37°C. This resulted in a significant (p < 0.05) drop of
enzyme activity (Mean 0.093 AchE units 4- SEM 0.04)
when compared to the controls without the liposome
(0.178 4 0.05).

Discussion. The heterogeneity of lymphocytes, based
on function and cell surface receptors, is established1?,
Electron microscopy of replicas of membranes of mouse
lymphocytes prepared by freezefracture technique showed
marked differences between T and B cells'2, Biochemical
and biophysical studies on lymphocyte subpopulations
separated by free-flow electrophoresis and characterized
immunologically, showed significant differences in the
chemical composition of the surface membranes of T and
B cells ™. T-lymphocytes which carry a higher net nega-
tive charge than B cells, are relatively rich in neurami-
nidase-susceptible «-carboxyl groups but poor in sul-
phydryl and ribonuclease-sensitive phosphate groups.
Preliminary studies had shown that mitogen-stimulated
lymphocytes contain esterases closely linked with the
cell membrane$., The demonstration of acid a-naphthyl
acetate esterase activity resulted in the appearance of
dot like reaction products in lymphocytes present in the
thymus-dependent paracortical areas of murine lymph
nodes®, In the germinal centres populated mainly by B
lymphocytes, very few cells gave a positive result.

Our study employing a specific immunofluorescence
method localized AchE to the cell membrane of lympho-
cytes. There was a quantitative and morphologic dif-
ference in the pattern of fluorescence seen in T and B
lymphocytes. T cells showed a thick aggregate fluorescence
whereas B cells had a thin rim of fluorescence. We have
reported previously!s that pretreatment of sheep eryth-
rocytes or human lymphocytes with eserine or phospho-
lipase D impairs rosetting, suggesting the significant
contribution of AchE in modulating this phenomenon.
It is possible that the enzyme acts as a key transducer at
the cell membrane level. An alteration of the level of its
functional activity would result in microdeformation or
configurational change, which may underlie many cell-
cell or cell-antigen interactions. In addition, AchE may
have a role in the other functional characteristics of
lymphocytes, viz. antigen binding, endocytosis and de-
gradation of antigenic material, cytotoxicity, etc.

Eserine (physiostigmine), a specific competitive in-
hibitor of AchE, affects both the stability and permeabil-
ity of the cell membrane. This is explainable on the basis
of Ehrenpreis’1® interpretation of the action of acetyl-

7 M. Jonpar, G. HoLm and WiGzErr, J. exp. Med. 736, 207 (1972).

8 M. Miustock and A. H. Worrson, Am. J. clin. Path. §7, 494
(1972).

9 AchE-Tel Test Set, Diagnostic Division, Pfizer Inc. New York.

10 Sigma, Type I.E.C. No. 3.1.1.7.

1 M, F. GREAVES, J. T. Owen and M. C. Ra¥F, T and B Lymphocytes:
Their Origins, Properties and Roles in Immune Responses (Asso-
ciated Scientific Publications, Amsterdam 1973).

12 T, E. MANDEL, Nature, Lond. 239, 112 (1972).

13 J, N. Menrisui and K. ZEILLER, Br. med. J. 7, 360 (1974).

14 7, MUELLER, G. Bru~ pEL RE, H. BUuERrki, H.-U. KeLLER, M, W,
Hess and H. Cortier, Eur. J. Immun. 5, 270 (1975).

15 R, K. CaaNDprA and K. MapuHAvANKUTTY, Experientia 37, 858
(1975).

16 3, EnrENPRELS, Ann, N,Y, Acad, Sci, 744, 720 (1967).



15. 3. 1976

choline on cholinergic systems. In this formulation, the
active membrane site which controls ionic movements
consists of AchE-phosphorylcholine complex located
within the membrane. Acetylcholine dissociates it to
form AchE-acetylcholine complex. This results in the
opening of pores and increased permeability of the
membrane.

Phospholipase D splits the link between phosphoric
acid and choline in the lecithin molecule. Phosphoryl-
choline is a possible site for the location of AchE due to
the former’s close structural similarity to acetylcholine,
a natural substrate for cholinesterase. Our observation of
increased uptake of FI*-cholesterol by red cells of phos-
pholine iodide treated animals suggests an increased
turnover as a result of lipoprotein disorganization. The
reduction of AchE activity by lecithin vesicles also shows
the intimate relationship between the two molecules.

Relation Between CHS Phospholipid ‘ Polar Head of Phospholipids
And Structural Protein
+- l \ Non-Polar Lipids
—+
Giobular
Protein PA

Esteratic .
Anionic Site of Free Protein Part of CHS
= : . CHS .
L Protein - Protein
Bridge @
Free Protein of CHS

Globular Protein

Fig. 2. Hypothetical structure of cell membrane incorporating acetyl-
cholinesterase(CHS) (see text).
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Moreover, both AchE and lipoprotein are extracted to-
gether when erythrocyte ghosts are treated with hyper-
tonic saline!?. These results suggest that AchE is asso-
ciated with the phosphorylcholine site.

In the light of these observations, we propose a hypo-
thetical model of membrane structure (Figure 2). This is
based on the original proposal of GoRTER and GRENDEL!®
that a lipid bilayer provides the structural framework of
the membrane. We suggest an extension of the fluid
mosaic concept?2, with lipoprotein-protein interaction and
active participation of AchE. The polar head groups of
lecithin form ionic bonds with the esteratic and anionic
sites of the enzyme and the free protein or the non-active
site of the enzyme forms a protein-protein bond with the
structural proteins.

It is likely that membrane-bound AchE plays an
important functional role in health and disease. In many
pathological states, e.g. experimental muscular dystro-
phy!®, organophosphorus-induced demyelination?0, leu-
kemia?l, duodenal ulcer??, and some forms of hemolytic
anemia?®, a membrane defect associated with reduced
AchE activity has been described. If there is a causal
relationship between the two, attempts at restoration of
enzyme activity may possibly improve membrane stabil-
ity and cellular function in these syndromes.

17 C. D. MitceeLL and D. J. HaNanawm, Biochemistry 5, 51 (1966).

18 §, GorTER and F. GRENDEL, J. exp. Med. 47, 439 (1925).

¥ G. M. Ge~xicHEL, W. B. Hisees, W. H. OLsoN and W. D. Derz-
BAVN, Neurology 22, 1026 (1972).

20 G, B. KoEeLLa, Cholinesterase and Anticholinesterase Agents
(Springer, Berlin 1963).

21 1, N. Zerirov, Vopr. Okhr. Materin. Det. 70, 53 (1965).

22 K. AumeD and S. A. R. CaowpHury, Am. J. dig. Dis. 20, 191
(1975).

2 ¥, Herz, E. KarrLan and E. S, Scurvs, Clin. chim. Acta 36, 537
{1972).

A New Prostaglandin Metabolite of Arachidonic Acid. Formation of 6-keto-PG¥F, , by the Rat Stomach
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Summary. Arachidonic acid was transformed by rat stomach homogenates into a new prostaglandin viz. 6-Keto-

PGF,,. Its structure was confirmed by mass spectrometry.

Over a decade ago, arachidonic acid was shown to be
the direct precursor of prostaglandins (PG) E, and Fy, % 3.
Studies on the mechanism of this transformation have
led towards postulating an endoperoxide intermediate
common to both PGE, and PGF,,* which has recently
been isolated and resolved into two labile intermediates
having a half life of approximately 5 min®-°.

In our investigations of the prostaglandin synthetase
system using the rat stomach tissue as source, we pre-
viously reported the isolation of two cyclic ether deriva-
tives of prostaglandin F,, viz. 6(9)oxy-11, 15-dihydroxy-
prosta-7, 13-dienoic acid and 6(9)-oxy-11, 15-dihydroxy-
prosta 5, 13-dienoic acid %1, This report deals with the
isolation of another new compound formed from tritiated
arachidonic acid whose structure is 6-keto-PGF,,.

Materials and methods. Stomachs from 12 male adult
rats (Wistar, approx. 200-250 g) were removed, freed
irom surrounding tissue, cleaned, washed thoroughly with
ice-cold 0,05 M KH,PO,-NaOH (pH 7.4) buffer containing

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