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Absiracl The action of methanelhiol ICH~Sltl on rat brain {Na~,K+)-ATPase was examined. The 
results show that CH3SH acts at several sites on the enzyme system. The effects are characterized 
by an inhibition of the ATPase activity, but a concurrent stimulation of the associated K + -dependent 
phosphatase. The inhibitory effect of CH,~SH was of an apparently mixed type with respect to the 
activation of the ATPase by Na- or by ATP suggesting that CH,~SH may inhibit the formation 
of phosphoenzyme intermediate in the ATPasc reaction, and the inhibition may not be fully reversed 
by increasing Na +. Methancthiol inhibited the activation of the ATPase by K '  in tin apparently 
uncompetitive manner, whereas it produced a competitive stimulation of the K + acti,,aiion of the 
K'-dependent phosphatase activity by increasing the affinity of K" for the enzyme. There was no 
significant changc in the apparent K,, for the substrate p-nitrophcnyl phosphate for the phosphatase 
activity. These effects of CH~SH may be relevant to its toxicity, and offer a possible molecular site 
of its action with implications for the encephalopathy of hepatic failure. 

One of the features of hepatic failure is the abnormal 
production of methanethiol, ethanethiol, and dimcth- 
ylsulfide. These agents have been detected in the urine 
[1] and breath [2] of patients in hepatic coma. In 
experimental animals, these agents are capable of pro- 
ducing reversible coma [3], and methanethiol appears 
to be the most potent of the three. However, to our 
knowledge, no biochemical studies on the action of 
methanelhiol are reported in the literature. Therefore, 
the biochemical basis of its toxicity remains unclear. 
The rapid onset of coma on exposure of rats to meth- 
anethiol and its reversibility, suggest that the possible 
locus of action of CH~SH is on a function of the 
nerve membrane. In a preliminary report [4] we 
showed thai meflmnethiol did not inhibit mitochon- 
drial oxidative phosphorylation suggesting that it 
did not interfcrc with cellular energetics. On the 
other hand, membrane-associated (Na +,K ' bATPase. 
believed to be inw)lved in the transport of alkali 
metal cations across cell membranes, was inhibited 
by various mercaptans, methanethiol being the most 
potent one [4]. In other work [5] we have demon- 
strated that methanethiol can stabilize erythrocyte 
membrane against hemolysis, a property in common 
with general anesthetic agents [6] which may explain 
the comatogenic action of methanethiol. However, 
unlike the usual efl'ective anesthetic agents, it appears 
that methanethiol, at concentrations which afl\wd 
protection against hemolysis, also demonstrates a 
sl:rong inhibition of brain {Na+,K+)-ATPase: the 
close dosage relationship for the inhibition of these 
two membrane-associated phenomena may be a basis 
of methanethiol toxicity. The present work describes 
the action of methanethiol on the kinetics of the acti- 
vation of (Na+,K~)-ATPase by its various ligands. 
A preliminary account of this work has been given 
[4, 5]. 

MAI"ERIALS AND METHODS 

Chemicals. Methanethiol was obtained from East- 
man Organic Chemicals, Rochester, New York and 
rubber septums from Arthur H. Thomas Company, 
Philadelphia, Pennsylvania. The details concerning 
other reagents used have been published previously 
[7, 8]. 

Assay qfmetlumethiol. Methanethiol (CH,~SH) stock 
solutions were prepared in ethanol and stored at 
- 2 0  in glass bottles fitted with a tight 13 x 18-ram 
rubber septtlna. These solutions were kept no longer 
than three months. The precise concentration of 
CH~SH in these solutions was measured initially and 
every two or three weeks thereafter by g.l.c, using 
mercuric methylmercaplide as a standard according 
to the procedure of Doizaki and Zieve [9]. For this 
purpose, a 5-/d sample of the ethanolic stock solution 
of CH3SH [brought to 0 ~ was rapidly injected into 
a 9-ml glass bottle fitted with a tight rubber septum 
(13-ram size) and containing i ml of double-distilled 
H20.  The CH3SH was then quantitatively released 
into the gas phase by heating the bottle to 70 for 
25 sec with constant shaking, A 0.5-ml sample of the 
gaseous phase was removed (using a gas syringe!, and 
injected into the gas chromatograph which had been 
previously standardized [9]. Each determination was 
made in several replicates which gave good reproduci- 
bility. It is noteworthy that the glass bottles used 
should have very tight rubber septums to avoid leak- 
age of CH3SH and, further, these stoppers should be 
discarded after each use. Routine weekly or biweekly 
assay of CH3SH m stock solutions is essential, since 
control experiments showed a gradual decline in the 
concentration of CH3SH in these solutions over a 
period of several months, due possibly to leakage or 
absorption in the rubber septum. 

The partition of CH~SH between the aqueous and 
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gascotl~, phases was determined for the actual reaction 
medium used for tile assay of the {Na+.K ~ )-ATPase. 
For this purpose, 12-ml conical glass tubes which 
could be lightly stoppered with 14 × 18-ram rubber 
soplums were used as tile reaction ~ossels. These were 
lillod x\ilh 2 ml of tho standard (Na- ,K+i-ATPasc  
&lSStl 't, l l lodit inl containing 35 tlg Of the enz3m0 pro- 
loin. Expcrimcnts wore pcrl'ornled to moasur0 ia) tile 
soluhilil 3 of C1 I3SH in this llloditlnl under tile precise 
cxperimcnlal  condi l ions employed for the ATPase 
fiSCal\, ttllct (b) h) cstimalc ihc t ime rcquirod for the 
equi l ibra l ion o f  ( ' H ~ S t t  botwcen ihc lktuid alld gas 
phase in the icacl ion lt ibe when samples were l larls- 
fciTcd from II Io 37 (al \vhich 10mpera/urc ihc 
/Vrl 'asc tlSSLI\S WCI'C pclfOl 'I l lcd).  ,4 k i lovvn LllllOUnt 
of  ( 'HsSH sohllion was in jotted into those tubcs  the 
precis0 amount of this CHsSH \~,as determined ill 
parallel oxpoHmcnts by adding the same \ohlmes lo 
stoppered tubes conlaming 2 ml of He(), healing lo 
70 for 45 soc, and measuring the CH~SH rcleased 
in the gas phase as described aboxc. For cquilibration 
experiments lb. abt'n.o) ,:l known amount of ( 'H3SH 
Bas inlroduced into the tubos containing 2 ml of tile 
/\TPtlsO ass~tv illCdill111. Tllcso Itlbcs wore then incu- 
baled on ice lot 1{} rain followed by incubation for 
~,aryil W periods of tinlc {{} 12 lnhl} al 37 . \\itll con- 
Slalll shglk ing, al \~hich timcs samples of the gas phase 
kkCI'C anal3sed for ( ' tI3SH. The results of this conlrol 
cxp0rimcnt, sho,an in Fig. I {insot} domonslralc lhal 
thc conccntralion of ( 'H3Stf  ill thc gas phase did 
nol alter after thc initial incubation period of 5 rain. 
This indicated thai lhc concentration of  CH3SH ill 
Ihc l iquid ptmsc {ihc ATPase assay mcdium) icmamcd 
consianl dur ing the cxperimcnt. A OH3SH sohlbi l i tv 
Ctll~<c for l l lo ATPas0 assay medium {a, above} was 
prepared by incubalhlg scvcral concenlral ions o1" 
( H 3 S I t  for 10 n]in on ic.'c fol lowed b 3 12 1]1in al 
37 with conslanl shaking. ,4 sanlple of  gas ptlasc 
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Fig. I. Solubilit) of ('H3SH m the slaildai-d ATPasc assay 
ilicdium, and {inset} equilibration time nocossary to achieve 
a consiant CIt3SH c{mcontralion in solulion. <%11 th<,. 

dclai],, alc described in Mcthods. 

was then assayed and the amounl of ( '1t3Stt in the 
liquid phase was cstimaled b3 the difference helx~ocn 
lilts amount and the l()tal amount of {'H3SH added 
(which had been e~fimaled scparalel 5 as outlined 
abo~e}. The concentration of ( H 3 S H  m the complclc 
( N a + . K  i-ATPasc assay s)stcm v, as rims calculalcd 
alld used IO describe alI the experimental work. The 
graph of lhc sohlbilily of ( 'H ~Stt in lhc ATPasc a,,sax 
system is given in Fig. 1. 

t}r{'P arali(m O[{,\a ' .K " )-t TPa.~{'. Spraguc l)a~ Ic\ 
rots. ~ci~hine abO[ll "'~{ - \',cl-c tlscd ;is the source 
of brain tissue. ] h e  preparation o l { N a . K  I-..\TPusc 
was based on the procedure of Ahmcd and .hlda]l 
[10], except IhaI in the \ariotn, prcptutlli\u moclia 
mannitol was replaced by sucrose. The final cnz\mc 
preparation allot an additional wash in a lnediunl 
consisting of {).25 M sucrose 10 mM imidaz{}lo tt(*1 
and I mM EDTA. 1-4t 7.4 {24 } \\as suspended m 
the same medium, and \<ts st{wed frozen in small 
aliquots. It was stable o~or so\oral months. Thc spcci- 
lic acthity of the {Na ' ,K ~ )-slimulalcd ATPasc {>n the 
t irolage wtls 125 ,umolos of Pi released per nag of pro- 
loin per hour. -File basic Mg: ~ -slimulalcd conlpOllcn/ 
\~.as generally betv,'con 5 and 10",, of tile lolal Mg: 
+ N o  ~ K'-dopondcnI  ATPasc. All nthcr detail<, 
concerning lifts preparation ha\c  been ptHHishcd prc- 
~iousl,,. [7. H. I{}. II 1. 

I ~S~IW O/ {'IIZ.UIII(' O{'lililit'.~. Tht_" s l t l I ldt l l 'd  Icacli'<'ql 

medium for the dctcrminalion o[ Mg :~ t Na 
K- s t imu la t ed  ATPaso lo l l ; i t \  consisted of 3 mM 
MgCI2. 3 mM ATP (Tris salt}. 11() mM Na('l .  1(} 
mM KCI. and 30 mM Tris HCI hullL~r. 14t 7.4 at 
37 . and 5 50 l~g of brain micr,.)somal membrane pro- 
tein, in a final ,,{}lun]c of 2 ml. The basis Mg2 '-stimu - 
laiod component of tile ATPasc Bas dotcrmincd h\ 
omitting K ~ from the reaction. 

K ' -stimulated /~-nih{}phcn31 phosphalasc IN -p- 
NPPasol was assayed in tile proscn{:c of 3 lnM 
MgCI2, I{} m M  K('I. 3 mM /}-nilrophon3.I phosphalc 
{Tris sahL and 50 mM Tris H('I buffer, plt  7.4 al 
37 .  and 40 50 ltg of cnz3mc prolcin, in a linal 
,,ohuaac of 2 ml. The basic MgZ'-sl imulaicd coln- 
ponont, which \\as about 5 I{F , ,o f thc to ta lphospha-  
tasc acti,,it}, was estimated b~ omitting K ' fron/ the 
reaction. To insure thai both the ATPasc and p-NP- 
Paso assa~  ~\cre porflwmcd during the Iincar pha~>c 
of tile reactions, the tolaI amounl~, of substralcs h~d- 
rolyscd wcrc kcpl holm\ 10",, of the 'Jnli}tlllty, prcscnl 
tit tile beginning of the reaction 17]. 

l 'ho abo',c assa3s \~erc pcrIkH-mcd in glass> tube,, 
lillcd with tight rubber soptums {14-ram sizcl do- 
scribed abcBc. It is imporlant to use tightl3-cappcd 
It.lbcs to achic,~c tl good rcprt)ducibilit} {}1 cxpcr 
iments. Those tubes COiltainil]g all of Ihc reagent<,. 
were placed Oil it:c, and following the addilion of the 
enzyme, wcrc capped v, ilh the rubber scpltmls. The 
soltlliOllS of CH3SII \kcrc inlrodttccd into lilt: ItlbCn 
bt  nlGlllS Of t tami l ton  S\l-ingo> which had beet] 
cooled on a slab of dry ice pr ior  Io list. To lilt." contl-c}] 
experimental tubes, appropr iate \ol t lnlcs of olhanc}] 
wore added by the tlBc of Ihc StilllC tcchniqtics. The 
tribes were lhcil al lowed l{} sta) oil ice I\}l ti period 
Of I0 nlin. The 3 wcrc t]lCll Irallsfcrrcd lo t l  37 balh. 
and v¢121"12 incubated for till appropr iate period of t ime 
{usually 9 3(} mini. The lICaClion was terminated b\ 
lhc clddition o11 ml of ice-cold 15<',, I\~ \} l l ichhwo 
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Fig. 2. Inhibition of (Na+,K+)-ATPase by CH3SH 1 10 
Id of stock ethanolic CH3SH solutions were used in order 
to x.ary the concentration of CH3SH as shown. Suitable 
ethanol controls were included throughout. 36 itg of the 
enzymc protein was present: all other details are the same 

as given under Methods. 

acetic acid. All other details of these assays, and the 
chemical methods used for Pi analysis, estimation of 
protein etc., have been detailed previously [7, 10, 12]. 
Suitable blanks were included in all experiments. Any 
variations from these procedures have been described 
under the appropriate legends to tables or figures. 

Expre.ssion of result,v The (Na*,K+)-ATPase ac- 
tivity (APi) refers to itmoles of Pi formed in the pres- 
ence of Mg 2- + N a -  + K + minus that in the pres- 
ence of Mg 2 - + Na +. K+-stimulated p-nitrophenyl 
phosphatase is calculated as APi, micromoles of Pi 
formed in the presence of Mg 2+ + K + minus that 
in the presence of Mg 2". All the values were calcu- 
lated from the initial rates of the enzyme activities 
which were established from time course experiments 
in the absence and presence of CH3SH. 

R E S t ;  15I'S 

lnhihition of (Na+,K~)-,4TPase by CH3SH. The 
result given in Fig. 2 illustrates the effect of increasing 
concentrations of CH3SH on (Na+,K +l-ATPase ac- 
tivity. When the concentration of CH3SH is gradually 
increased, there is a rapid increase in the inhibitory 
effect up to a concentration of 0.1 mM which caused 
about 50'!, inhibition of the ATPase activity. How- 
ever, as the concentration of CH3SH is increased 
further, the increase in the inhibitory effect is very 
gradual so that at 1 mM CH3SH the enzyme was 
inhibited by some 72'!.. Owing to technical difficulties 
of achieving concentrations of CH~SH greater than 
1 mM in the reaction, the effect of higher concen- 
trations of CH~SH could not be measured. However, 
from these data it appears that CH3SH may not be 
able completely to inhibit the (Na + ,K + l-ATPase. This 
conclusion ~as also conlirmed by an analysis of the 
above data according to the method of Dixon [13], 
i.e. a plot of l ' c  vs concentration of CH3SH, where 
a concave downward curve was obtained (Figure not 
gix, enL The basic Mg e ' -s t imulated portion of the 
ATPase was either unaffected by CH3SH or some- 
times was slightly increased (about 10'!0). The inhibi- 
tion of the ATPase was not time-dependent and did 
not increase over a time course of 30 rain. The inhibi- 
tion produced by' CH3SH was freely reversed when 
the inhibitor was removed by dilution of the assay 

medium so as to reduce the concentration of CH3SH, 
or by washing the enzyme [7, 12] after an exposure 
to the inhibitor. Further, the addition of 2 mM dith- 
iothreitol or 2 mM 2-mercaptoethanol to the reaction 
medium did not alter the inhibitory effect of CH3SH. 

E~[i_'ct on tire actication ~)1 (Na+,K + FATPase hy 
Nu*. The effect of CH3SH on the activation of 
(Na- ,K+)-ATPase by Na + was investigated in the 
presence of 1.5 mM K + and 0.19 mM CH3SH while 
varying Na + from 0.5 to 3.3 mM Wig. 31 or in the 
presence of 30 mM K + and 0.66 mM CH3SH while 
varying Na + from 10 to 60 mM. In the absence of 
CH3SH, the data in the former case could be de- 
scribed by linear plots a s  (1./[') le  VS 1 N a -  [11]. 
or as (1/I') 13 vs l .Na + [14], whereas in the latter 
case {i.e. 30 mM K+ and Na + from 10 to 60 mML 
the best fit in the double reciprocal plot was obtained 
by plotting (l/V) t ,3 vs 1/Na + {Figure not given). This 
is in accord with the observations of kindenmayer 
et al. [14]. The data in the presence of CH3SH could 
be treated in the same fashion in either of the two 
cases. It is clear from Fig. 3 that CH3SH inhibited 
the Na + activation of the ATPase by reducing the 
apparent 11,~,,; but increasing the apparent K,,, for 
Na +. These results suggest that the CH3SH inhibition 
of (Na+,K + FATPase is of a mixed type Icompelitive 
plus non-competitive) with respect to Na + [13]. 

EO'i'ct on the acti~,ation o1 (Na +,K +)-17'Pase by 
K +. The activation of (Na+,K*I-ATPase by K + in 
the absence or presence of CH~SH was studied by 
gradually increasing the K + concentration while 
keeping Na + at a constant level. For this purpose 
two concentrations of Na+, i.e. 30 mM and 110 mM, 
were chosen and K + was varied from 0.2 to 0.6 mM 
(in the case of 30 mM Na +, 0.19 mM CH3SH) or 
from 0.8 to 10 mM {in the case of 110 mM Na +, 
0.63 mM CH3SH). It is shown in Fig. 4 (data illus- 
trated only from the latter case) that when the results 
were plotted according to Lineweaver and Burk [15], 
the presence of CH3SH resulted in a decrease of both 
the apparent 1~,,,~ and K,, in a manner which would 
be expected if the inhibition were of the uncompeti- 
rive type. The result was the same in the presence 
of 30 mM Na +, with K + varying from 0.2 to 0.6 
mM {not showm. 

3< 

7 " t 
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-2.0 - to  0 o/5 to 1.5 

I/No cl (raM)-' 

Fig. 3. The effect of CH3SH on tile actixmion of 
(Na+,K~I-ATPase b? Na +. The assay conditions were the 
same as for Fig. 2, except that Na- was ,,aried as shown 
while keeping K '  at 1.5 mM. ©, controls" 0. 0.19 mM 

CH~SH. 
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Fig. 4. The effect of CH3SH on the activation of the 
(Na ' ,K +)-ATPase by K+. 47 Itg of enzyme was present 
in the assay; the conditions were the same as for Fig. 2 
except that K ~ was varied as shown while keeping Na ~ 

at 110 raM. O. controls: O, 0.63 mM CH3SH. 
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Fig. 6. The effect of ( 'H~SH on the activation of p-nitro- 
phenyl phosphatase by K-. All the details are the same 
as under Methods. K + was varied from 0.60 mM to 3.00 
mM and the amount of enzyme present was 43 itg. O. 

controls: O. 0.54 mM CH3SH. 

E~l~,ct on the actiz,ation o f  (NaS,K*)-ATPase  by 
ATP.  The result given in Fig. 5 shows that  when 
the concentrat ion of ATP is varied while keeping all 
other condi tons  constant ,  the inhibit ion of the 
(Na+,K+)-ATPase by CH3SH appeared to be of a 
"mixed" type as characterized by a decrease m appar-  
ent lm,~ but increase in apparent  Km. Thus the effect 
of CH3SH on substrate utilization by the ATPase is 
similar to its effect on the actiwttion of the enzyme 
by Na *. The result also suggests that  whereas at low 
concentra t ions  of ATP the inhibition by CH3SH 
appears to be of a non-competi t ive type, it tends to 
approach a competit ive relationship at higher levels 
of ATP (Fig. 5). 

Effect on the acti~:ation o! p-nitrophenyl pho,~phatase 
by K - .  K+-st imulated p-nitrophenyl phosphatasc 
(K {-p-NPPase) activity associated with the (Na +, 
K" )-ATPase, originally described by us [10, 16], is 
generally recognized as a model for the K ~-depen - 
dent phosphatase  step in the overall ATPase reaction 
[17 20]. It was, therefore, of interest to cxamme the 
effects of CH3SH on this activity. The result given 
in Fig. 6 shows that  CH3SH stimulates K ' -p-NPPase 
activity and that  this st imulation appears  to be of 
a competit ive nature with respect to the activation 
of t, hc enzymc by K ' as characterized by an increased 
affinity of K ~ for the phosphatase  activity. It is of 
interest that the Lincweaver and Burk plot [15] 
shown in Fig. 6 was made linear by plotting l ' K  

6.0 

-1.5 -LO -0.5 0 0.5 L0 L5 2.0 25 3.0 3.5 

1/iATP ( rnM)-' 

Fig 5. Lineweaver Burk plot of  the inhibition by CH3SH 
of ATP activation of the (Na+,K ~ )-ATPase. ATP concen- 
trations were varied f lom 0.30 mM to 2.50 mM:  all other 
details were the same as given in Fig. 2. O, controls: O. 

0.17 mM CH3SH. 

vs (1/~ l; -~ which may possibly bc interpreted to indi- 
cate two K + activation sites for the phosphatase ac- 
tivity. This observation appears to be in agreement 
with the postulat ion of two K " sites tbr iNa*.K ~)- 
ATPase by Lindcnmayer et al. [14]. However, the 
same data could also be expressed by the Hill plot, 
which indicated a clear changc in Ko.5 for K '  in 
the presence of CH3SH {not shown). 

Effect on the utilization ~?lp-nitrophenyl pho,sphate. 
When the effect of CH3SH on K - - p - N P P a s e  was 
measured in the presence of 2 mM K +, while varying 
the concentrat ion of p-nitrophenyl phosphate,  the 
st imulation appeared to be essentially of a non-com- 
petitive nature with respect to the substrate. This is 
suggested by an increase in the apparent  V,, ..... but 
no significant change in the apparent  K,, for p - N P P  
(Fig. 7). Thus, it appears that  the st imulation of K +-p- 
NPPase  by CH3SH is primarily a consequence of in- 
creased affinity for K + in the presence of C H 3 S H  

I) I S ( ' t [ S S I O N  

It is now generally' agreed that membrane  
(Na~,K ")-ATPase represents the enzymic basis of 
Na + and K + transport  across cell membrane  [21]. 
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~_ 4.o 
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-d5 //o o15 
t/pNPP (mM)-' 

Fig. 7. Lmeweaver Burk plot of the effect of CH.~SH on 
the substrate activation of the K+-p-NPPase. The assay 
conditions were the same as detailed under Methods 
except that p-NPP was wlried from 0.6 mM to 3.0 mM, 
while keeping K ~ at 2 mM. 43 /tg of enzymc protein was 
present in ~lae assav. O. conlrols; O. 0.53 mM CH~SH 
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The operation of this enzyme system, though not fully 
defined, proceeds through a series of steps resulting 
from the interaction of the various ligands with the 
enzyme. It is generally believed thdt the partial reac- 
tions of the enzyme involve a phosphorylation step 
yielding a phosphoenzyme (E~-P) in the presence of 
Na* and Mg -'+, and that the E~-P form of the phos- 
phoenzyme undergoes a conformational change to a 
second form, E2-P, which has a high affinity for K + 
and undergoes hydrolysis in its presence [2225] .  

From the foregoing results it is clear that CH3SH 
is a fairly potent inhibitor of the (Na ~,K+)-ATPase, 
and that its action is apparent at several sites on the 
enzyme system. These effects do not appear to be a 
generalized disruption of the membrane structure, 
since they are freely reversed, and further, the addi- 
tion of 2-mercaptoethanol or dithiothreitol in the 
reaction did not prevent the inhibitory action of 
CH~SH. The effect of CH3SH on the (Na+,K + I-AT- 
Pase is characterized by an inhibition of the ATPase 
activity, but a concurrent stimulation of the asso- 
ciated K+-dependent phosphatase. In this regard, the 
action of CH3SH on these activities appears to resem- 
ble that of dimethylsulfoxide and deuterated water 
[7, 26,28]. However, it appears to differ from alcohols 
which tend to inhibit the K +-dependent phosphatase, 
while stimulating the Na+-dependent phosphoenzyme 
formation in the ATPase [29,30]. With respect to 
the activation of the ATPase by Na + or ATP, the 
inhibitory effect of CH3SH was of an apparently 
mixed type suggesting that CH3SH would inhibit the 
formation of Na+-dependent phosphoenzyme in the 
ATPase, but that the inhibition would not be fully 
overcome by increasim, the concentrations of Na ÷ 
or ATP. Preliminary studies have shown that CH3SH 
indeed inhibits the phosphoenzyme formation in the 
(Na +,K ÷)-ATPase [4], which is only partially 
reversed by increasing the concentration of Na + in 
the reaction.* The second action of CH3SH appears 
to be on the K+-dependent steps in the ATPase. Tiffs 
is characterized by an increase in the affinity of K + 
for both the (Na+,K+)-ATPase and the associated 
K+-phosphatase. This suggests that CH3SH further 
interacts with the phosphoenzyme (Ee-P) to stabilize 
it in a conformation which facilitates the action of 
K + on it. Another possibility which may account for 
these observations on the action of CH3SH on the 
(Na+,K+)-ATPase may reside in the possible stimu- 
lation of E~ --, E2 shift in the enzyme conformation 
by CH3SH [8, 28]. Thus, despite our ignorance of 
the molecular mechanism of the interaction of 
CH3SH with the membrane structure, it is possible 
to interpret its action on the (Na+,K+I-ATPase in 
the framework of the existing schemes of the oper- 
ation of the enzyme system. 

Our interest in the membrane actions of CH3SH 
stems from the observation that this agent may be 
involved in the pathogenesis of hepatic coma [3]. 
However, it is not our intention to say that the onset 
of coma is mediated by CH3SH by virtue of its action 
on the (Na*,K*)-ATPase.  Other studies in our labor- 
atory have shown that, in common with a variety 
of anesthetic agents [6], CH3SH can stabilize the 
erythrocyte membrane against hypotonic hemolysis 

*D. Foster and K. Ahmed, nnpnblishcd data. 

[5]. The concentrations at which CH3SH produces 
a 50", protection against hemolysis of erythrocytes 
are of the same order as those which produce a 50"~; 
inhibition of the brain (Na+,K~)-ATPase shown 
above [32]. Thus. it may be speculated that the sug- 
gested in t,it,o toxicity of CH3SH (e.g. in hepatic coma) 
is due to the narrow range of concentration at which 
this agent affects the diverse activities related to mem- 
brane function. It is of interest that the other agents 
implicated in a synergistic action with CH3SH in the 
onset of experimental hepatic coma are NH2 and 
fatty acids [3, 33]. 

The fatty acids inhibit both the membrane 
(Na ~.K-)-ATPase, and mitochondrial oxidative 
phosphorylation [ 12, 31 ] at concentrations which are 
somewhat higher than the concentrations which stabi- 
lize erythrocyte membrane as expected of an anesthe- 
tic agent [6]. The mode by which NH,~ exerts a 
synergistic effect with CH3SH in the production of 
coma [3] is not clear. It is conceivable that one 

of the sites of its action may be the (Na + .K ' ) -AT - 
Pase reaction, presumably because of the ability of 
NH 4 to substitute for K + in this system. 
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