
Btochtmtca et Btoph~st~l 4cta, 419 (1976) ~,58-~64 
C Elsewer Scnenhhc Pubhshmg Company,  Amsterdam - Printed m The Netherlands 

BBA 77170 

SENSITIVITY OF E R Y T H R O C Y T E  ACETYLCHOL1NESTERASE TO 

BITION BY L I N O L E N O Y L  SORBITOL 

D E P E N D E N C E  ON A T R A N S M E M B R A N E  POTENTIAL 

INHi -  

A V I N O A M  LIVNE and ORA BAR-YAAKOV 

Department o! Bwloq~, Ben-Gurton Unn erslt~ o[ the Negev, Beer-Sheva (lstael) 

(Received July Ist 1975) 

S U M M A R Y  

Acetylchohnesterase activity of  human erythrocytes is known to be inhibited 
by hnolenoyl sorbltol, the inhibition being crmcally dependent on cell membrane 
intactness The extent of enzyme mhlbmon by the added l ip id  IS correlated wnth the 
magnitude of CI-  gradient across the erythrocyte membrane, lndncatlng that enzyme 
sensitivity Is associated wtth a transmembrane potential If hnolenoyl sorbntol is 
allowed to interact w~th the erythrocytes wh~le a Cl -  gradient exists, enzyme sensitivity 
can subsequently be demonstrated not only in the absence of a gradient but even 
when the cells are lyzed It is concluded that the transmembrane potentml determines 
the accessnblhty of  a membrane component  to the added hptd 

I N T R O D U C T I O N  

Acetylchohnesterase (acetylchohne hydrolase EC 3 1 1 7 )  ol human eryth- 
rocytes is a membrane-bound enzyme [1,2], which can be assayed in the intact cell [3] 
Several groups of substances inactivate acetylchollnesterase m intact red cells pro- 
teolytnc enzymes, anhblotlcs, sulphydryl and other reagents (for references, note ref 
4) Furthermore, the enzyme activity is inhibited by antlhemolytlc compounds, of  
which the mhlbmon by hnolenoyl sorbltol, a synthetic hpld, was studied in detail [5] 
The inhibition of acetylchohnesterase activity by hnolenoyl sorbltol is noncompetitive 
and is critically dependent on cell intactness over a w i d e  temperature range Neither 
solublhzed nor ghost acetylchohnesterase is affected by the acyl sorbltol, while under 
conditions optimal for ghost reseahng, the enzyme resumes the sensitivity to the acyl 
sorbntol [5] Acetylchollnesterase sensitivity thus appears to be closely related to a 
certain feature of  membrane integrity Efralm Racker (personal commumcat~on) 
suggested that membrane potential is the feature concerned, namely that the added 
lipid inhibits acetylchohnesterase, provided that a gradient in ion concentration exists 
across the erythrocyte membrane In the present communication we examine this 
challenging proposition 

Abbrevlatnon SITS, 4-acetamldo-4 -t6o-thlocyanatostllbene-2,2'-dJsulfomc acid 
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MATERIALS AND METHODS 

Erythrocyte suspension 
Freshly drawn human blood was obtained in heparln The cells were washed 

three times with a solution containing 155 mM NaC1, 5 mM sodium phosphate, 
pH 7 4, and 10 mM glucose (suspending medium), the top layer and buffy coat were 
discarded and the erythrocyte suspension was adjusted to hematocrlt of  6 ~o m the 
same medium 

Determination of acetylchohnesterase 
Acet~lchollnesterase was measured according to Ellman et al [3], with some 

modifications An aliquot (40/~1) of  the 6 ~ erythrocyte suspension was mixed with 
6 ml of the medium, as specified for each experiment The medium also contained 5 mM 
sodium phosphate buffer, pH 8 0, and, where indicated, the inhibitor (mostly hnole- 
noyl sorbltol) The inhibitor was added m 10 #1 ethanol and the control tubes con- 
tamed the same quantity of ethanol 2,2'-Dlnltro-5,5'-dlthlobenzolc acid (0 4 raM) 
was added and the reaction was started by adding 50/A of 75 mM acetylthlochollne 
iodide at 37 °C The reaction of a 3 ml aliquot was stopped 2 mm after the start (for 
"zero t ime") with 20/A of a solution containing 0 25 mg/ml eserlne (physostlgmme) 
and 10 ° o Triton X-100 The reaction was similarly terminated in the remaining 3 ml 
ahquot 4 mm later The absorbance was recorded at 412 nm m a Bausch and Lomb 
Spectromc 200 spectrophotometer w~th the "zero time" reading set as a reference 
Triton was used to clarify the suspension and ehmlnate possible changes in reading 
unrelated to esterase (e g changes in cell volume) When the terminated reaction 
mixtures were kept m Ice, the readings were unaltered for several hours, and thus th~s 
procedure is particularly useful for the s~multaneous analys~s of many reactions 
Enzyme actlwty and extent of inhibition recorded by Ellman's original method and the 
modified procedure agreed within the experimental error (about 5 %) I f  not indicated 
otherwise, the results presented are averages of at least 4 experiments, each conducted 
m trlphcate Matermls used were as reported earlier [5] 

RESULTS AND DISCUSSION 

Acetvl~hohnesterase lnhzbttton and CI- 9radlent 
The inhibition of erythrocyte acetylchohnesterase by hnolenoyl sorbltol was 

originally observed when intact cells were assayed in a medmm of phosphate buffer 
[5], in accordance with the conditions described for the assay [3] I f  the inhibition is 
indeed conditioned by a membrane potential, it is expected that, on replacing the 
phosphate medium with isotonic NaCI, the inhibition would be greatly diminished 
Table I shows that when the cells are assayed in sodium phosphate, sodium citrate or 
Na2SO 4, as well as in isotonic sucrose solution, acetylchohnesterase is markedly 
inhibited by the added lipid However, in media of  N a H C O s  and NaC1, the extent of  
inhibition is Indeed very low A rapid dissipation of the C1- gradient in a bicarbonate 
medmm is anticipated, since the erythrocyte membrane ~s known to be highly perme- 
able to H C O 3 -  The slight inhibition observed in NaCI was entirely ehmlnatedif the  
concentration of added lipid was reduced to 2 5 #g/ml, while the inhibition In Na2SO 4 
under these conditions was still about 40 
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TABLE 1 

I N H I B I T I O N  OF E R Y T H R O C Y T E  A C E T Y L C H O L I N E S T E R A S E  A ( T I V I T Y  B~ LINOL[-- 
N O Y L  SORBITOL AS A F F E C T E D  BY T H E  ASSAY M E D I U M  

The hgures, averages of  tnphcates,  are results ot a single experiment, m whtch all the medta were 
compared slmultaneously Percent mhlblUon m parenthesis represents the range observed m over 12 
other experiments, m wh]ch the various medm were tested, usually mdlwdually All med,a contained 
5 mM sodmm phosphate,  p H  8 0 Lmolenoyl sorbltol added 3 3/ig/ml 

Assay medium Enzyme actlwty ° o InhlbJtton 
(/~mol/ml packed bv added hwd 
cells per ram) 

Sodium phosphate,  100 mM 5 2 40 ('~4-43) 
Sodium citrate, 100 mM 4 4 45 (40-54) 
Na2SO4, 100 mM 4 4 49 (~8-55) 
Sucrose, 300 mM ~ 5 ~8 (~2-46) 
NaHCO3,  150 mM 5 1 0 (0 2) 
NaCI, 150 mM 4 5 7 (0-12) 

The results presented in Table 1 were not altered if Na + was replaced by K +, 
thus the anion composition of the medium is a determinant factor 

F~g I shows that the extent of inhibition of acetytchohnesterase by hnolenoyl 
sorbitol depends linearly on the ratio of SO42- to CI- concentration m the isotonic 
medmm As already shown, several fatty acids, and particularly steanc acid, also 
mhlblt acetylchohnesterase [5] Fig I shows that the inhibition of the enzyme by 
stearlc acid is characterized by a steep dependence on the ratio of SO~ 2- to C1- 
When the cells were assayed m isotonic mixtures of sucrose and NaC1 (totalling 310 
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Fig 1 l nh lbmon  of  acetylchohnesterase by hnolenoyl sorbltol or steanc acid (3 3/~g/ml each) as a 
function o f m e d m m  composmon  The medium was buffered with 5 mM sodium phosphate pH 8 0 
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mosM), the enzyme inhibition by 3 3 pg/ml hnolenoyl sorbltol was gradually de- 
creased (from 45 to 9 %) as the proportion of NaCl increased (from 0 to 155 mM) 

Since SO42- is able to exchange with C1- across the erythrocyte membrane, 
inhibition of acetylchohnesterase is expected to diminish following an incubation of 
the erythrocytes in a NaESO 4 medmm, at a rate compatible with the exchange rate 
Furthermore, ff the transport of SO42- is effectively prevented, then incubation of 
cells m NaESO4 should not much affect the sensmvlty of the esterase An experiment 
designed to test this supposition iS presented in Fig 2 4-Acetam]do-4'-lso-thlocyanto- 
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Fig 2 Effect of  incubation of erythrocytes m Na2SO4 solution on subsequent mhzbltlon of acetyl- 
chohnesterase by hnolenoyl sorbltol Prior to the mcubatmn, 50 ~ erythrocyte suspension was 
treated with 10 -4  M SITS for 30 ram at 0 °C in the dark [6] For "control",  SITS was omitted 
The cells were then washed twice and adjusted to 6 ~o w~th the suspending medmm An ahquot 
(0 66 ml) of this suspensmn was incubated at 37 °C w~th 100ml 100 mM Na2SO4, buffered with 5 mM 
sodmm phosphate, pH 8 0 Samples taken at intervals were augmented with 3 3 /lg/ml hnolenoyl 
sorbltol and assayed lmme&ately For 100 ~ activity, the hpld was omitted Average of 3 experiments 

stilbene-2,2'-dJsulfonlc aod  (SITS) was chosen to slow down the dissipation of the 
gradient in C1- during incubation In Na2SO4, since it is known to be an effective 
inhibitor of amon transport in human erythrocytes [6] Furthermore, SITS itself at 
the concentration used caused only slight ( <  5 ~ )  inhibition of acetylchohnesterase 
Fig 2 demonstrates that the inhibition of acetylcholmesterase does indeed decline 
with time of Incubation in Na2SO 4, wtule SITS-treated cells show a moderate change 
Simultaneous reflux measurements, using aSSO42 - in the external medium, established 
that the SITS treatment curtailed about 90 °/o of SO42- transport Incubation m 
100 mM sodmm phosphate revealed a dechne m eventual inhibition, similar to that 
observed with Na2SO 4 Amon exchange across the erythrocyte membrane is essen- 
tially at standstdl at 4 °C [6] As expected, when the incubation m Na2SO4 tookplace 
at 4 °C for 30 mm, hardly any decline in enzyme sensltlvtty to the acyl sorbitol was 
apparent 

Fig 3 shows that, despite a prolonged incubation of erythrocytes In sodium 
citrate at 37 °C, the enzyme sensitivity to the added lipid was not altered Since the 
human erythrocyte membrane is essentially Impermeable to citrate, these results are 
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Fig 3 Effect o f  incubation o f  erythrocytes in sodium t.ltrate solution on subsequent inhibi t ion o f  
acetylchohnesterase  by hnolenoyl  sorbltol Detads  are as in Fig 2, except  that  the t rea tment  with 
SITS was omit ted  and  the incubat ion  and  assay took place in 100 m M  sod ium citrate, p H  8 0 
buffered V, lth 0 5 m M  sod i um phospha te  pH  8 0 

in harmony with the proposed relationships between CI- gradient and sensitivity of  the 
esterase to the added lipid 

Site o f  action o f  hnoleno ~ I aorb~tol 
It is possible that anion composition of the medium affects the extent of binding 

of the added hpld to the cells and thus determines whether the esterase is inhibited 
Labeled hnolenoyl sorbltol is not avadable at present It was therefore of  value to test 
another effect of this h pld on the erythrocyte membrane in presence of  either NaCI or 
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Fig 4 
hnolenoyl  sorbltol 

Osmot ic  fragility o fe ry th rocy tes  in either NaCI  or Na2SO4 medium,  as affected by ~ 3 / tg /ml  
T h e  procedure  was  as described earlier [7] 
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A prolonged assay of erythrocyte acetylchohnesterase as affected by 17 #g/ml hnolenoyl 

sorbttol Detads are as described m Methods, except that erythrocyte suspensmn m the assay was 
reduced to 0 01 ~ to keep the absorbance values below 1 0 following the prolonged assay 

Na2SO , Since hnolenoyl sorbltol is known to be antihemolytic [7], probably by 
expanding the erythrocyte membrane [8], the effect of  this lipid on the osmotic 
fragility of  human erythrocytes was studied Fig 4 shows that the shift in hemolysis 
curve, caused by 3 3 #g/ml lipid, was very similar in the two media 

While the partition of the lipid is apparently not affected by the anion of the 
medium, the site of  action ofhnolenoyl sorbitol might be affected Even when partially 
inhibited, acetylchollnesterase activity ]s, curiously, linear with time This is true not 
only for the time course of  the standard assay, but also for a much longer period 
(Fig 5) Incubation under similar conditions, but without the lipid, would have re- 
sulted in a declined sensitivity The llnearlty of  the reaction in presence of hnolenoyl 
sorbitol may indicate that the transmembrane potential does not affect the enzyme 
directly, but is critical for the accessibility of  a membrane component  which interacts 
with the added lipid In this case, it should be possible to demonstrate the enzyme 
sensitivity to the lipid in absence of an anion gradient, provided that the lipid was 
allowed to interact with the membrane wtule the gradient was in effect To test it 
experimentally, erythrocytes were first incubated for 2 rain in a medium of NazSO , or 
NaC1 (Incubation medium) with or without the lipid Then, following centrlfugation, 
the medium was replaced by either NaC1 or Na2SO4 solution (Assay medium), 
containing the lipid, if this had been present originally Table I I  shows that it is the 
incubation medium which determines the eventual sensitivity of the enzyme 

Is cell intactness really critical for the inhibition [5] 9 Experiments were con- 
ducted essentially as described m Table II, except that, following the first incubation, 
cells were osmotically lysed in 0 5 ml H 2 0  and then the components of the reaction 
mixture were added Agam it was clearly verified that once the hpld has interacted 
with erythrocytes in an Na2SO , medium under conditions of a CI-  gradient, it 
inhibits acetylchohnesterase even in the absence of a gradient If, however, the lipid 
was added after the cells had been lysed, no inhibition took place, as already reported 
[5], regardless of the medium composmon 

It  is concluded that the sensmvlty of erythrocyte acetylchohnesterase to hnole- 
noyl sorbltol is indeed dependent on a transmembrane potential, as proposed by 
Racker The transmembrane potential, maintained by a C1- gradient, apparently 
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T A B L E  II 

I N H I B I T I O N  O F  A C E T Y L C H O L 1 N E S T E R A S E  BY L I N O L E N O Y L  S O R B I T O L A S  A FFECTE D 
BY T H E  I N C U B A T I O N  A N D  A S S A Y  M E D I A  

Erythrot.ytes (40/d  o1 the 6 o stock suspens ion)  were incubated for 2 m m  at 20 C m 6 ml solut ion 
ot either 100 m M  Na2SO.~ or 150 m M  NaC[,  buffered w~th 5 m M  s o d m m  phosphate ,  pH 8 0, with 
or  ~ l t bou t  2 5 itg/ml hnolenoyl  sorbltol ( l ncuba t mn  m e d m m )  The  suspens ions  were ~.entr~luged at 
2000 q for 5 ram, the supe rna tan t  d~scarded and the cells suspended  m one ot the assay med~a, 
conta in ing  1 2 5 / ~ g / m l a c y l s o r b l t o l l f p r e s e n t  dur ing  incubat ion Enzyme  activity w~thout the hpJd 
averaged 4 4 /¢mol /ml  packed cells per mm 

Incuba tmn  o, Inh lbmon  by added hpld 
medium 

Na,SO.~ assay m e d m m  NaCI assay m e d m m  

Naz SO.~ 51 5 l 
NaCI 4~ 10 

ortents membrane components so that certain membrane s~tes become accesstble to the 
added ltpld whtch, mdlrectly, affects acetylchohnestelase In view of the relattve 
inhibitory effects of  various fatty acids and acyl sorbltols [5], tt is unlikely that the 
interaction of the lnhtbltmg hpld with the hypothetical sites is electrostahc, ~t ts more 
hkely to be hydrophoblc 

Of the enzymes recogmzed in the membrane of the human red cells, alterations 
m actw~ty assocmted with pathological condmons are found regularly only w~th 
acetylchohnesterase [4] Yet, since the functions of  this enzyme m the red cell are stdl 
obscure, attempts to consider physiological Implications of  the present study are 
obwously premature Acetylchohnesterase appears to be a sensmve tool not only to 
evaluate membrane intactness and to follow the dynamics of the sealing process [5] 
but also to probe the expression of a t ransmembrane potential 
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