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SUMMARY: Bleomycin 2x10-t apd 6x10W6 mol.1 -1 increased the 
activity of specific (Na -K ) ATPase of the ra$ b$ain micro- 
somes. 
94 

It also stimulated the electrogenic (Na -K ) pump in 
act 

( 
skeletal muscle ~911s. The blocking effect of vanadyl 

V) on membrane (Na+-K ) ATPase was elim'nated completely 
by the drug, but the action of vanadate ( +5 V) was counter- 
acted only partially. Electra paramagnetic resonance spectra 
revealed the formation of a 
still able to activate the 

-+bleomycin complex which is 
) ATPase. 

Bleomycin is extensively used in the treatment of cancer 

(1). It represents a group of glycopeptide antibiotics and its 

effect in vivo is thought to be in degradation of cellular DNA 

(2, 3). Bleomycin (BLM) might form complexes with transition 

metal ions and its metabolic activity may be increased by me- 

tal complexation (3-6). One of the transition metals, vanadium, 

can effectively block membrane (Na+-K+) ATPase (7-15). The aim 

of the present paper was to follow the effect of BLM on this 

membrane enzyme and on the electrogenic (Na+-K+) pump of muscle 

fibres, which is an electrophysiological correlate of the 

(Na+-K+) ATPase in intact cells. 

METHODS 
Bleomycin (Bleocina, metal-free) was kindly provided by 

Nippon Kagaku, Japan. Other chemicals were the purest commer- 
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cially available reagents. Preparation of stock solutions of 
both forms of vanadium and electrophysiological measurement8 
were described previously (14, 16). Brain subcellular fractions 
were prepared according to De Robertis et al. (17) from the ce- 
rebral cortex of white Wistar rats (180 g). The microsomal mem- 
brane particles were sedimented from the 12 000 x g supernatant 
by centrifugation for 60 min at 100 OOO,lx g. The resulting se- 
dimegts were resuspended in 0.32 mol.1 sucrose and stored at 
-25 c. 

The activity of (N$-K+) ATPase was determined as inorgan- 
ic phosphorus (Pi) production as described elsewhere (20). 
Brain microaomes (0.03-0.05 rn6 membrane protein per ml) were 

of medium A (100 
M@C12, 100 mmol,$ 

-1 

( 120 mmol.1 
pH 7.4 and 
was sifrted by 

2.5 mmol.1 ), conti- 
0.3 ml of 10 % HC104. 

The precipitated protein was removed by centrifugation and P. 
was determined according to Taussky and Shorr (21). The pro-i 
duction of P. in the Fqdiurn B represfntad the activity of basal 
euabain-insen&itive !dg - ATPase, (Na -K ) ATPase was calculated 
as2$he difference between 
MET -ATPase (medium B). 

the total (medium A) and the basal 

The measurements of paramagnetic +4V were performed at 77'K 
on a JEOL JES-PE-3X spectrometer at 100 KHz modulation frequen- 
cy in a LC-01 a ueous solution cell with active volume of the 
sample 0.02 ml ? 22). 

The electrogenic (Na+-K+) pump was estimated electrophy- 
siologi$ally (14, 16) on mouse diaphragm Fuscle fibres enriched 
with Na by incubation for 6 hours in a K -free Liley (23) 
solution (16). Resting membrane 

P 
otentia&a,were recorded with 

an intracellular microelectrode 3 mol.1 
superf$ia$ muscle 

KCl, lo-20 Mn) Qjorn 
fibres before and after addition of 5x10 

.mol.l K into the muscle bath. The difference between these 
two+va&ues was considered as the expression of electrogenic 
(Na -K ) pump activity (24, 25). 

RESULTS AND DISCUSSION 

In control experiments with oubain-insensitive Mg2+-ATPase, 

bleomycin at 2x10 -6 and 6~10-~ mol.1 -' had no effect on the 

baaal activity (Tab.l,b,c). When added to microsomes in an 

ouabain-free, potassium containing medium, the activity of 

(Na+-K+) ATPase (total minus basal) was markedly potentiated 

by both concentrations (Tab,l,d-f), In the case of BLIW 2~10.~ 

mol.1 -l, the activity was higher by 94 % and BLM 6x10w6 mol.1 -1 

led to a more than twofold increase of activity, by 127 %. This 

increase is much more pronounced than the known potentiation of 

(Na+-K+) ATPase by noradrenaline. Wu and Phillis (26) reported 
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TABLE 1. THE EFFECT OF BLEOMYCIN (BLM), NORADRENALINE (IJOR) 
AND VANADIUM IONS ON THE BRAIN, MICROSOMAL (Na -K ) 

ATPase 

Assay Activity % 
(mean + S.E.M.) 

a) Total ATPase (medium A) 

b) Basal, Mg*+ -ATPase (medium B) 

cl + BLM 6x1.0 -6 

d) (Na'-K+) ATPase 

e) + BLM 2x10-* 

f) + BLM 6x10 -6 

i3) + NOR 1x10 -6 

h) + ++I 1x10-6, 

i) + '5, lxl0 -6 

J) + +4v 1x10-6, 

k) + +5v 1X10-6, 

1+ + +% 1x10-6, 

ml” -I- +5v 1x10-6, 

DTT 1~10-~ 

DTT, BLM 2~10-~ 

BLM 2xlO-6 

DTT, BLM 2~10-~ 

BLM 2~10-~ 

46.0 +, 2.0 (41) 

30.2 +, 2.0 (40) 

31.1 +, 1.9 (5) 

15.8 +, 1.1 (40) 100 

30.7 +, 3.1 (6) 194 

36.0 2 2.4 (6) 227 

18.7 t 2.6 (6) 118 

7.9 +, 1.2 (6) 50 

5.8 +, 1.3 (61 36 

24.9 +, 0.9 (6) 157 

11.8 + 0.9 (6) 75 

26.3 +, 3.0 (6) 166 

14.0 - 1.5 (6) 88 

Concentrations correspond to mol.1". Activity is expressed as 
~01 P./h per mg protein. 5 1,m 
ions a&d B$ were mixed to final concentrations 1 mmol.1 

- Aqueous solutions of vgfadium 

1.2 mmol.1 
and 

respectively and allowed to stand overnight at 
laboratory temperature in the dark (18, 19). Aliquots of this 
mixture were then added to the microsomes suspended in ATPase 
reaction media A or B. After 5 min preincubation, the ATPase 
reaction was started by ATP and the ATPase activities were de- 
termined as described in Methods. In the presence of BLM, ap- 
propriate blanks were used to measure t&R nonenqmatic hydro- 
lysis of $ P. Dithiothreitol (DTT) lxl0 
vent the av 

mol.1 usfd )o pre- 

activiy 
oxidation had no effect on specific (Na -K 14ATPase 

mol.1 
itself (27). Ouabain in a concentration of lxl0 

was used. Numerals in brackets - number of experiments. 
Right column - percentage changes <a). 

that the specific activity was increased by about 35 5% in brain 

microsomes in the presence of 2x10 -6 mol.1 -1 noradrenaline and 

our own data show an increase of 18 510 (Tab.l,g). 

Potentiation was also observed in electrophysiological 

experiments with the electrogenic @a+-K+) pump. It may be seen 

in Fig,1 (the representative records of two out of eight identic- 

al experiments) that the resting membrane potential (UP) of 
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min min 

Pi;;c$ ‘$he+effect of 2~10~~ Bleomycin (BLM) on the electro- 

membrane 
8 -K ) pump expreased as the increase gf r$sting 
potential (RMP) after adding 5 mmol.1 K to the 

perfusion solution. Each point represents the mean of five 
consequent measurements of RMP in different diaphragm fibres 
during one experiment. The standard intracellular recording 
technique was used. A: triangles - control experiment 
wJthout BLM, full circles - Bw was aiped at the peak of the 
K effect. Ouabain (OUA) MI.0 mol.1 eliminated the effect 
c$ ;3 sp;Iltely. B: time cougee of RMP changes after adding 

Temperature 22 C, time on abscissae in minu- 
tes. For furtier description see text. 

Na+-enriched muscle fibree increased after adding 5 mm01.1'~ Kf 

from -63 mV (inside negative) to -75 mV and that this 12 mV hy- 

perpolarization increased further during the course of the expe- 

riment by 2x10 -6 mol.1 "' ELM to -85 mV (Fig.lA). Similarly as 

in microsomal (N$-K+) ATPase activity (Tab,l), the potentiat- 

ing effect of BLW on electrogenesis was rapidly eliminated by 

1x10-4 mol.l-'ouabain, Fig.lB shows the slight depolarizing 

effect of 2x10 -6 mol.1 -' BLM alone (by about 2 mV) and subse- 

quent potentiation of the electrogenic pump when 5 mm01.1~~ K+ 

was added (cf. Fig,lA, triangles). This indicates that BLM 

potentiation occurs on the outer face of the membrane, probably 

at/or near the potaesium binding site of the (Na'-K+) ATPase 

moiety. 

According to our recent studies on brain microeomal 

(Na+-K+) ATPase (27), both redox forms of vanadium ions V02' 
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(+4v) and VO; (i5V) inhibit the brain microsomel (Na+-K+) ATPase 

with similar affinities provided that +4V is protected by a re- 

ducing agent, e.g. dithiothreitol against oxidation in the air 

atmosphere. In the present experiments, the specific enzyme 

activity was decreased to 50 % and to 36 % by 1~10~~ mol.1 -1 

+4v (plus 1x10 -6 mol.1 -' dithiothreitol) and by +5V, respecti- 

vely (Tab.l,h,i). When BLM was added in slight excess to the 

microsomes (Tab.l,j,k) together with +4V, inhibition of the 

enzyme (50 %) was converted to activation which reached 157 % 

of the control values (cf. 194 % when Bled acted alone). Much 

less pronounced disinhibition (from 36 % to 75 %) was observed 

when BLM was used together with +5V. Similar results were ob- 

tained when BLM and vanadium were kept together in the dark 

for about 12 hours (Tab.l,l,m). 

There are two possibilities how to explain the almost 

complete elimination of the inhibition by +4v. Either BLM and 

vanadium act in an opposite way as allosteric modulators on 

the ATPase moiety or more probably the effect of the metal is 

eliminated by the formation of an inactive complex with BLM. 

Although the former case cannot be excluded, the complexation 

capacity of both +4V (30, 31) and BLM (3-6, 32) favours the 

latter alternative. For this reason we tried to check whether 

the electron paramagnetic resonance spectra (EPR) of +4V plus 

BLM reveal some features of the complex formed in an aqueous 

solutions. 

Fig.2 shows control experiments where no +4V signal could 

be observed when VOS04 was simply dissolved in water (A), In 

this case, all four valencies of the metal are attached to 

water molecules; after acidification with HCl (B) (pH 0.5) the 

changed relaxation time makes it possible to see the typical 

rigid matrix EPR spectrum of +4V in the frozen state (see e.g. 
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w EPR spectra oP 1~10~~ VOSO 
1 

(+4V) without and with 
bleomycin (BLM) in H 0 and a ter acidification (HCl). 

Amplification in A is five 2. lmes and in D two times higher 
than in B, C and E. Dotted line in C represents the basal 
envelope of the signal. Glycerine (Gly) to water ratio was 
1:2 (32). Note the appearance of complex in the presence of 
glycerine in C (arrows) end without glycerine in D. 

33, Fig.1). Figure 2 presents the spectrum obtained in the 

presence of BLM (C, D, plus or minus glycerine, which might 

increase the signal to noise ratio without changing the line 

positions, 32). On both records, the hyperfine components 

(arrows) are indicative of the formation of a single V02+ - 

- BLM complex. Similar spectra were obtained in an ATPase me- 

dium pH = 7.4 (data not shown). The ESR data support the pos- 

sibility that there exists a complex of both compounds, in 

which the +4V is inactive as an inhibitor of (Na+-K+) ATPase. 

The ability of BLM to form (inactive?) complex with penta- 

valent vanadium cannot, however, be tested by the EPR method; 

because the blocking effect of '% was not eliminated to any 

appreciable extent by BLM, we are inclined to assume that the- 

re was no strong +5 V-BLM complex present in our experiments. 
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This is supported by the general view that +% does not easily 

form complexes with biologically active substances (29, 33), 

whereas complexes of vanadyl are numerous (34). 
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