
Vol. 24, No. 2, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH CO~UNICATIONS 

INDUCTION OF K+ TRANSPORT IN ISCLA!l!ED XRART EITOCRONDRIA BY ZINC IORS 

Gerald P. Brierleydc, R. N. BhatbdXU.yya, and Joanne G. walker 

Department of Physiological Chemistry, College of Medicine, 
Ohio State University, Columbus, Ohio 43210 

ReceivedJune 23, 1966 

The energy-linked accumulation of Mg* and inorganic phosphate (Pi) 

by isolated heart mitochondria is markedly increased by the addition of 

Zn++ +t or cd ions (Brierley and Murer, 1964; Brierley and Bhattacharyya, 

1966) when the particles oxidize ascorbate in the presence of tetramethyl- 

phe~len~~ne (TEED). Respiration with this substrate (Packer and 

Jacobs, E&2), in contrast to more physiological sources of reducing 

equivalents, is not inhibited by heavy metals and, in fact, is activated 

by Zn* under conditions which result in increased Mg* accumulation 

(Rrierley and Rhattacharyya, 1966). Since it was noted that this increased 

respiration in the presence of -I+ Zn was also obtained when K+ was 

substituted for Mg t-b, it seemed of interest to investigate the effects of 

Zn* and other heavy metals on the energy-linked transport of K' in heart 

mitochondria. In the present communication, we wish to report that zinc 

ions induce a rapid and extensive uptake of K* by an ener&y-linked process 

under these conditions. This effect of Zn* on the accumulation of K' 

resembles effects previously reported for the antibiotics va3.inongrci.n 

(Pressman, 1965) and gramicidin (Chappell and Crofts, 1965) arxi for para- 

thyroid hormone (Rasmussen et al, 1964). -- 
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Results - Figure 1A shows a typical set of experiments obtained when the 

K' concentration of the medium is monitored with a K'-sensitive electrode 

(Pressman, 1965; Moore and Pressman, 1964). In the absence of zn* onQ 

small apparent changes in $ are observed. I&en 60 ~4 znft is added there 

is a rapid and extensive uptake of K* by the mitochondria. In the experiment 

shown (Figure IA) over 500 mumoles of K' per mg of protein were accumulated 

at a maximum rate of about 550 mumoles of K+ per mg of protein per minute. 

The Zn++-dependent uptake of K" requires substrate and the presence of 

phosphate. It is abolished by anaerobiosis and by the presence of uncouplers 

but is insensitive to oligomycin. The accumulated K' is rapidly released 

when the incubation chamber becomes anaerobic or when an uncoupler of 

oxidative phosphorylation is added (Figure l&. 

Under the conditions which result in increased $ accumulation, 

respiration is stimulated almost two fold by En* ($'igure &). The increased 
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Fi.g. LA - The uptake of $ by heart mitochondria as recorded with a Beckman 
me&rode. l%i.tochondria prepared by the method of Hatefi et al.. 
(1961) (3.7 mg of protein) were added to 5 ml of a medium cont!&i??i& 
sucrose (0.2.5&l), Tris acetate (20 ml<, pH 7.01, Tris phosphate (2 mM, 
pH 7.0) potassium acetate (6 m&f), Tris ascorbate (5 a#), and TMpD (0.1 m@, 
at 250. Where indicated, zinc acetate was added to a final concentration 
of 60 uM and m-ohlorocarbonylcyanide phenylhydrazone (CCP) to a final 
concentration of 5 uM. 

Fig. lB - Activation of respiration by zn* as recorded with a Beckman 
oxygen sensor in a closed chsmber at 250. other conditions were identical 
to those of Figure 1A. The figures given are the rates of oxygen consumption 
in uatoms 0, per mg of protein per minute. 
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oxygen uptake also requires the presence of phosphate and is insensitive 

to oligomycin. The increase in expiration is consistent with an increased 

energy demand on the mitochondrion to support the increased K" transport. 

aen K' uptake is initiated by the addition of Zn++ in acetate 

medium, a rapid and extensive swelling of the mitochondrion takes place. 

This swelling reflects the uptake of K' as recorded with the K" electrode 

(Figure 2). The increase in volume requires the presence of Kt, 

inorganic phosphate, and the asoorbate-TWD substrate system. The swelling 

does not take place in the presence of dinitrophenol or other uncouplers 

and reverses spontaneously when the cuvette approaches anaerobiosis. 

Addition of an uncoupler to the swollen mitochondxia results in rapid 

shrinking of the mitochondria (figure 2). Tt is apparent, therefore, 

that the observed swelling and K' accumulation, wG.le measured under 

slightly different experimental conditions, respond in such a way as to 

indicate a close relationship between the trio processes. 
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Sw&U.ing and shrinking of heart laitocbondria in the presence of -=$g &f-e as recorded with a Beckman DK-2 ~ect~photo~ter. I%Ltochondria 
(l.2 mg of protein) were added to 3 ml. of the medium described in the 
legend for Figure IA- The optical density at 540 mu was recorded as a 
function of time. 
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Discussion - Induction of an energy-linked transport of K' in the presence 

of valinomyein, gramicidin, or pax-at-id hormone has been well established 

in a number of recent reports. The present study establishes that the 

presence of Zn* is sufficient to initiate a vigorous uptake of $ in 

heart mitochondria provided an energy source which is not inhibited by the 

metal ion is available. The Zn*-dependent K" accumulation, like the 

reaction induced by more complicated molecules, is accompanied by 

increased 0, uptake and is closely related to a reversible swelling of the 

mitochondrion. The precise relationship of the Zn~i~u~~ transport 

of 8 to other induced ion movements in the titochondrion is not yet clear 

and is currently under investigation. Preliminary studies indicate that 

gramicidin induces a more rapid movement of K+ than does Zn* under 

these conditions, but that about the same total K" accumulation is 

observed with the two reagents. It should also be noted that Zn* shares 

with parathyroid hormone the ability to activate both K" and IQ* uptake. 

The fact that ~~cho~i~ ion transport can be induced by a 

simple metal ion such as zn * mqy permit a more complete description of 

the induction process. studies relating the effects of zn* to 

specific mitochondrial sulfhydryl groups and to the net charge of the 

membrane are currently in progress and will be presented for publication 

elsewhere. 

These studies were supported by Rational Heart Institute research 
grant HE-09364. We thank Miss Betty Shearman for her expert technical 
assistance. 
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