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Recent studies in our laboratory have established that the mercurial thiol 

reagent p-chloromercuriphe~l sulfonate (CBS) markedly activates the energy- 

Wed accumulation of Mg* and Pi when ATP is supplied as the energy source 

(Brierley, et al,, 1967). The activation by CBS is enhanced further by the 

addition of Zu * in the presence of ATP, but the Zn* activated uptake of ng” 

which occurs in the presence of respiration is inhibited by CMS (Brierley, 1967). 

CBS also inhibits ozddative phosphorylation and dinitrophenol-stimulated ATPase 

activity, but not diuitrophenol-dependent respiratiou. These and other observatior 

are ccmpatible with the suggestion that CMS interferes with the transfer of 

energy from the dinitrophenol-sensitive site to the ion accumulation reaction 

(Brierley et al, 1967). Inhibition by CMS would infer that a thiol group 

participates in the energy-transfer sequence at this point. However, inhibition 

at the suggested point does not accouut satisfactorily for the increased Mgt-'- 

uptake observed in the presence of ATP unless additional assumptions are also 

introduced. Me have therefore extended our investigation of the effect of CMS 

and other S&group reagents to a number of other energy-ljnked reactions of the 

mitochondria. The present comunication describes experiments which indicate that 

CBS and other mercurials can induce a massive uptake of K+ and a closely related 

swelliug iu heart mitochondria. This activation of the energy-linked accumulation 

* Established Investigator of the American Heart Association. 
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of KS occurs iu the presence of either respiration or exogenous ATP and appears 

to establish that under these conditions CMS functicns as an activator of 

mitochondrial ion transport rather than au inhibitor of the energy transport 

system. 

Results - Pig. 1 shows the effect of the addition of CMS to a suspension of 

heart mitochmdria respiring with ascorbate and N, N, N', N' tetramthylphenyl- 

enediamine (TMPD) as substrates. After a short lag period the K' electrode 

record shows a marked uptake of K+ by the mitochondria. There is a G.multaneous 

decrease in absorbance at 546 mu (melUng). In the absence of the mercurial 

little uptake of K' or swelling occur. The response is both prevented snd 

reversed by uncouplers of oxidative phosphorylation (Fig 1) and inhibitors of 
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M 1 - Inducticm of K+ accumlation and swelling of isolated heart mitochondria I+ y pchloromercuriphenyl sulfonate (CMS). Nagarse beef heart ndtochondria 
(Hatefi, et al, 1961) (10 mg. of protein) were added to 6 ml of a medium 
consisting of sucrose (I50 ti), Tris HEPES (20 uM, pH 7.0), Tris acetate (5 mM, 
PH 7-O), ti acetate (5 mM>, Tris ate 
TMPD (O.lmM), and rotenone (7 

(2 !I@, Tris ascorbate (5 x&¶), 
uptakevmsmonitoredwith aBeckman 

cation sensitive electrode (Pressman, 1965) and swelUng was recorded 
simultaneously with an Eppendorf photmter at 546 mu using a circular curvette 
3/4 inch in diameter and a magnetic stirrer. The solid traces indicate 
the response to I.20 u&I CMS; the dashed traces the response in the absence 
of the mercurial. CCP (20 UM) was added where indicated. 
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respiration. The requirements of this reaction are summarized in the swelling 

traces presented in Fig. 2. Initiation of the reaction with @IS results in 

a lag of about 30 sec. before swelling begins. The reaction requires substrate 

01: ATP and the presence of a permeant anion such as acetate or pi. Initiation 
+ of the reaction with either substrate, acetate, or K shows no lag and indicates 

that the reaction of the mxvurial with the proper site on the mitochondrion 

is probably responsible for the observed lag period when the reaction is 

Mtiated with CBS. CM.5 initiates little swelling when Na+ is substituted 

Cl- MEDIUM 
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Fin2 - Properties of CBS-dependent swelliug iu heart mitochondria. Swelling 
was monitored with the Eppendorf ~otometer as described in the legend for 
Fig 1. Five mg of roteiu were added to 6 ml of a m&urn consisting of 
sucrose (150 u&f), 8 acetate (10 uM), TM.8 ascorbate (5 mM), TMPB (O.lmM), 
z",y$one (7 UN). At the indicated point CBS was added to a concentration 

In part A substrate was omitted and added at the indicated point. 
The dashld trace shows the effect of 3 1&5 ATP in the absence of respiration. 
and of the addition of oligoqciu (0.5 ug/mg) in the presence of ATP. Iu 
part B the K+ acetate was omitted and added at the arrow. The response to K+ 
is compa$ed to that seen with no qhEegtion and with the addition of 
10 mM Na acetate and with 10 mM Mg In Part C the reaction zdxture 
was ccrmplete and swel.Uug was initiated by thi addition of CMS (67 UN). In 
part B, K+ chloride was substituted for the acetate salt and 3 mM Ris acetate 
added where indicated. 
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for K+ (Fig 2).Mg* produces a sonmwhat greater response than N$ under these 

conditions. Mersalyl and phydroxyntercuribensoate substitute for CMS in the 

role of inducer, but N-ethylmaleimide is much less effective. 
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w-CbhndZr? -dependent swelling in a medium containing 10 uM K+ acetate 
and 2 mM !Lkis phosphate. The conditions and suspending medium otherwise were 
identical to that described in the legend f0LFi.g 2. The concentrations of 
the additions indicated were CMS (67 uM), 2% (67 uM), and CCP (20 uM). 

The study shown in Fig. 3 establishes that the CMS-dependent melUng 

supported by T!G'D-ascorbate ox&dation in a medium containing K+ and Pi is 

enhanced by the addition of Zn*. Zn* induces swelUng and K+ uptake under 

these conditions in the absence of the mercurial (Brierley, et al 1966; --8 
Brierley and Settles&e, 1967). CMS added after the melUng has been 

ihitiated by Zn* also enhances the rate of suelUng. Both reagents, 

therefore, appear to activate IL+ transport and K+-dependent melUng under 

these conditions and combinations of k* and CMS enhance the rate of the 

reaction. 
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Mersalyl and Zn*dependent swelling in a Mg* acetate medium. The 
con tions of the experiment were identical to those described for the 
ccmplzte system in Fig 2 with the exception that 10 mM#* acetate replaced 
the K salt. The solid trace shows the response to Mg addition in the 
absence of mercurial while the dashed trace show&the effect of 67 UM mrsalyl 
added with the mitochondria. Where indicated Zn (67 uM) and CCP (20 uM) 
were also added dcring the course of the experiment. 

In the absence of Pi mercurials also induce a respiration-dependent 

swelling in the presence of Mg * and acetate (Fig 4). This reaction is 

enhanced by the addition of Zn*, although rapid aggregation of the mitochondria 

prevents observation of the swelling after about one minute. 

Discussion - These studies establish that CMS and other mercurial reagents 

markedly activate the energy-linked accumulation of K+ and a closely associated 

K+4ependent swelling in isolated heart mitochondria. The results appear 

to complemnt the earlEer work of Scott and Gamble (1961) who noted that 

msrcurials profounm affect the exchange and retention of bound K+ by 

mitochondria. Since the energy-liked ion accumulation reacticms reported 

here can be supported either by exogenous ATP or by ascorbate-lMPD respiration, 

it appears unUcely that CMS causes a lesion in the mitochondrial energy- 

transfer system as we have previously suggested (Brierley, et al, 1967). 

It seems much more likely that the inhibition of Mg* and Pi accumclation 

supported by ascorbate-TMPD respiration seen in the presence of CMS (cf. Brierley, 

1967, Fig 2) is the result of secondaq considerations and not inhibition of 
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energy transfer. Studies presented here (Fig 3 and 4) establish that the 

combination of -i-t Zn and CM.5 actually enhances K+-dependent swelling in the 

presence of Pi, and Mg*-dependent swelklng in the absence of Pi when energy 

is supplied by respiration. 

The mechanism of the enhanced ion uptake observed in the presence of 

mercurials andheavymetals remains obscure and is the subject of continuing 

investigation. A more complete account of these studies will be presented 

for publication elsewhere. 
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