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Cadmium Resistance of Staphylococcus qureus Determined
by Penicillinase Plasmids

Plazmidowa oporno$§é Staphylococcus aureus na jony kadmu

MnasmupoBan ycToWumsocTs S. QUTEUS K MOHAM KARMHA

It has been shown that penicillinase plasmids of Staphylococcus aureus, aside
from penicillinase locus, can carry a number of genes conferring resistance to some
inorganic ions (4, 5, 6). As was reported by Novick and Roth (4),and Tynec-
ka and Zylinska (9), the highest resistance index — about 100, was obtained
with cadmium salts. The biochemical basis of resistance to cadmium ions is
unknown. Chopra (1) showed that there was a markedly decreased rate of the
uptake of Cd2* jons by resistant Staphylococcus aureus when compared with its
derivative that did not possess cad-r gene.

Very little is known about the effect of Cd2t ions on microorganisms. According
to recent surveys (11), cadmium either activates or inhibits a number of enzyme
systems in vitro. As was found by one of us (9). Cd?* inhibited oxygen uptake by
Staphylococcus aureus, which may suggest that this inhibitor can obstruct —SH
groups of some respiratory enzymes, since cysteine could protect cells against this
effect. The respiration of growing cells of Staphylococcus aureus harbouring peni-
cillinase plasmids was inhibited to a significantly lower extent than the respiration
of plasmid negative derivative (9). The aim of the present paper was to study the
effect of Cd(NO;), on oxidation of some substrates by plasmid harbouring Staphylo-
coccus aureus strain and its plasmid negative variant.

MATERIAL AND METHODS

Strains., Staphylococcus aureus 10144, harbouring penicillinase plasmids and
ils plasmid negative variant 1014— were used in all experiments reported here.

Cultures. Both strains were maintained in a dry state and subcultured for
each experiment. Nutrient broth and plain agar were used throughout experiments.
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at 4°. Next day the culture was diluted with the same volume of fresh broth and
incubation continued until the optical density was again equivalent to 1 mg/ml of
dry weight. Bacteria were then washed with saline by centrifugation.

Estimation of minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of Cd(NO;),. Two
rows of tubes with 2 ml of nutrient broth containing decreasing concentrations of
cadmium nitrate were inoculated with 1 drop of overnight broth culture of both
strains and then incubated at 37° for 24 hours. Next day one drop of culture was
removed from each tube and plated out on agar plates to define the bactericidal
effect of CA(NOjy),.

Pyruvic acid estimation (2). 1 ml of supernatant from Warburg vessel
was mixed with 4 ml of 25% trichloroacetic acid (TCA) to precipitate proteins. 1 ml
of deproteinised supernatant was added to 1 ml of 2,4-dinitrophenylhydrazine (sa-

Tab. 3. The effect of Cd(NO;); on oxygen uptake by Staphylococcus aureus 1014—
in the presence of some substrates

QO; (ul Oy/hr/mg dry cells)

Substrates with Cd (NO;)., in concentrations (M)
Control
104 10-5 10-¢
Succinate 36.75 17.34 37.84 39.26
(52.82%)
Glucose 72.00 41.37 70.02 70.50
(42.54%) 18.87
Malate 23.09 — (18.70%) 25.38
(100%)
Lactate 190.83 194.06 200.06 211.35
\ Acetate 16.00 — 13.73 17.03
(100%) (19.91%)
Pyruvate 51.31 — 13.05 50.41
(100%) (74.62%)
Ribose 25.47 10.97 24.56 23.38

(56.93%)

* Percent inhibition of oxygen uptake,
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Tab. 4. The effect of Cd(NO;); on glucose oxidation by Staphylococcus aureus strain
1014+ and 1014— grown on 1% glucose

Number QO; (ul Oyhr/mg dry cells)
Strain O,f Control with Cd(NO;), in concentrations (M)
experiments
104 105 10-8
1 101.76 77.05 102.35 99.78
(24.28%)*
2 104.82 83.85 117.24 102.30
1014— (20%)
3 94.04 73.48 109.28 99.47
(21.87%)
1 89.25 70.90 88.53 83.62
(20.56%)
1014+ 2 89.34 64.20 92.29 82.50

L : (28.14%)

o0 % Percent inhibition of oxygen uptake.

turated in 2N HCI) and after 10 min vigorously shaken with 5 ml toluene for 3
min. Subsequently the bottom layer was removed and the upper layer was shaken
with 6 ml of 10% sodium carbonate for 3 min. Then 5 ml of the carbonate extract
was withdrawn and mixed with 5 ml of 1.5 N NaOH. After 5—10 min. the colour
intensity was read-colorimetrically (Spekol photocolorimeter, filter 530).

" Manometric ex periments (10). To the main Warburg vessel the follow-
ing were added: 1 ml of cell suspension (4—5 mg of dry cells), 1 ml of 0.1 M phospha-
te buffer pH 7.0, 0.5 ml of substrates (glucose — 0.2 M; pyruvate — 0.3 M; lactate —
1.0 M; and the other substrates — 0.1 M). To the sidearm bulbs 0.5 ml of Cd(NO;), in
concentrations ranging from 10-*M to 10—*M was added. The central well con-
tained 0.2 ml of 20% KOH. After 20 min. incubation, cadmium nitrate was transfer-
red from the sidearm bulbs to the main vessels and incubation continued for 60
min. Readings were taken every 10 min. To determine the gquotiens QO,, suitable
portions of the suspensions were dried (10 hours, 110°) and weighed.

RESULTS

Table 1 shows MIC and MBC of cadmium nitrate for growth of both
strains. A hundredfold difference in sensitivity to cadmium ions between
strains — 1014+ and 1014— could be observed. As can be seen from
table 2, oxidation of all substrates in phosphate buffer by washed cells

of S. aureus 1014+ was inhibited by 10— M of Cd?* to a various degree.
Oxygen uptake in the presence of lactate was not inhibited at all, while
oxidation of glucose, succinate and ribose showed only partial inhibition
— about 50%. Pyruvate, malate and acetate oxidation was nearly com-
pletely inhibited. Concentrations 107> M and 10=¢ M did not show any
significant inhibition on the oxidation of either substrate, except pyruva-
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te. It is interesting to note that the degree of inhibition of oxygen con-
sumption in the presence of all substrates by cadmium sensitive strain
1014— was nearly identical with that for strain 1014+ (Table 3). When
cells were allowed to respire in the growing medium, a hundredfold
difference in sensitivity to Cd2* ions between both strains was observed,

which is illustrated in Figs. 1 and 2.

™ Q/mg dry weight

no t+
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Fig. 1. The effect of Cd?t on respiration of Staphylococcus aureus 1014— under
growing conditions; 1 — control, 2 — 10—*M of CdA(NO;);, 3 — 10—5M of (Cd(NOy,),,
4 — 10— M of (CA(NOy),

Table 4 shows the effect of Cd?* on oxidation of glucose by strains
grown on agar containing 1% glucoge. It can be seen that the percent of
inhibition of glucose oxidation by 107* M of cadmium nitrate dropped
from about 50% (cells grown without glucose, table 2) to 20%. Table 5
shows to accumulation of pyruvate when lactate was used as a substrate.
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One can notice that Cd?* in concentration 10~* M causes the same degree
of accumulation of pyruvate as did As3* ions. No difference in accumula-
tion of pyruvate could be seen between cells grown on glucose, and in
the absence of this sugar.

DISCUSSION

Observations of Chopra (1) suggest that the uptake of 115 m
CdCl, in concentration 10™* M by cadmium sensitive Staphylococcus au-
reus was about 15 times that found with the plasmid harbouring orga-
nism. As was shown in the present paper, the same concentration of Cd2*
was bactericidal for strain 1014—, while cadmium resistant organism —
1014+ grew normally under those conditions. The same rate of diffet
rence in sensitivity between both strains to Cd** was seen when orga-
nisms respired in the growing medium. When washed cells of both
strains were allowed to oxidize some of the carbohydrate substrates in
the buffer in the presence of the same concentration of cadmium nitrate,
no significant difference could be seen in sensitivity to the inhibitor
between both strains.

One can assume that under growing conditions plasmid harbouring
strain may produce and excrete some protective substance of protein na-
ture into the medium, which could bind Cd2* ions rendering this orga-
nism more resistant than the plasmid negative variant. Another possibi-
lity might be that cadmium resistant strain may contain such protective
substance bound either to the cell wall or cell membrane, which may
render these structures impermeable to Cd2?* ions. According to the uptake
experiments of Chopra (1), those bound Cd2* ions could be washed
out from the resistant strain. This author (1) suggested recently (personal
communication) that the plasmid born resistance to Cd2* is most probably
connected with the impermeability at the level of the cell membrane, but
the precise mechanism is still obscure. Experiments along this line are in
progress in our laboratory.

As the target of Cd2* in Staphylococcus aureus cell is concerned, it
has teen shown (9) that the inhibition of growth of staphylococci by
cadmium could be reversed by cysteine. This may suggest that this inhi-
bitor can act on respiratory enzymes by combining with their —SH
groups. From the data presented in this paper it is evident that cadmium
may inhibit some enzymes catalyzing oxidation of pyruvate, acetate and
some intermediates of the tricarboxylic acid cycle (TCA), since with py-
ruvate, acetate and malate, inhibition was complete. Oxidation of glucose
and ribose was inhibited only in about 50%, while oxygen uptake in the
presence of lactate was not inhibited at all. Higher contents of pyruvate
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during lactate oxidation in the presence of cadmium nitrate, as compared
with the control cells, may indicate that this inhibitor can cause pyruvate
accumulation, similarly to As3*. The 50% inhibition of glucose and ribose
oxidation may thus reflect inhibition of oxidation of those sugars in TCA
cycle via pyruvate, which is a common pathway in staphylococci under
aerobic conditions (7).

When cells were grown on 1% glucose and then allowed to oxidize
glucose in Warburg apparatus, cadmium ions in concentration 107 M
caused only 20% inhibition. As was pointed out by Strasters and
Winkler (7), and by Tynecka and Rusin (8), growth of sta-
phylococei on glucose decreased their ability to oxidase pyruvate, acetate,
ribose and TCA cycle intermediates. The observed by us lower rate of
cadmium inhibition of glucose oxidation by glucose grown staphylococci
may reflect the diminished rate of glucose oxidation via TCA cycle and
hence the diminished rate of cadmium inhibition of oxygen uptake is
understandable. It has been shown (7, 8) that glucose grown staphylo-
cocci respired mainly glycolytically and conversion of pyruvate to lactate
is possible under such conditions. As the oxidation of lactate is not inhib-
ited by cadmium ions at all, it is interesting whether the observed by
us 20% inhibition of glucose oxidation in cells which respired glycolyti-
cally means partial inhibition of glycolytic route, or that even under
these conditions cells can oxidize some pyruvate via TCA cycle.

Further investigation on cadmium inhibition of respiratory enzymes
in a cell free system is necessary, which may throw some light on the
precise mode of action of Cd2?* ions on respiration of staphylococci.
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OBJASNIENIA RYCIN I TABLIC

Ryc. 1. Wplyw Cd(NQO;), na pobor tlenu przez Staphylococcus aureus 1014— w wa-
runkach wzrostowych
Rye. 2. Wplyw Cd(NOy), na pobdr tlenu przez Staphylococcus aureus 1014+ w wa-
runkach wzrostowych
Tab. 1, Najmniejsza dawka hamujgca (MIC) oraz najmniejsza dawka bakterio-
bdjeza (MBC) Cd(NOy), dla szczepu 1014+ i 1014—.
Tab. 2. Utlenianie niektérych substratow przez Staphylococcus aureus 10144-
w obecnosci réinych stezen Cd(NOy),.
Tab. 3. Utlenianie niektéorych substratéw przez Staphylococcus aureus 1014—
w obecnoéci réznych stezen Cd(NO;),.
Tab. 4. Wplyw Cd(NOs), na utlenianie glukozy przez Staphylococcus aureus
10144 i 1014— namnazane na podlozu z 1% glukozy.
Tab. 5. Akumulacja pirogronianu przez Staphylococcus aureus 1014— podczas
utleniania mleczanu w obecno$ci Cd(NO;),; i NaAsO,.

STRESZCZENIE

Niektore szczepy Staphylococcus aureus posiadajg pozachromosomo-
we elementy genetyczne bedgce nosnikami gendéw opornosci na penicy-
line oraz jony metali. Najwyzszy indeks opornosci uzyskuje sie w przy-
padku soli kadmu. Mechanizm tej opornosci nie jest jeszcze wyjasniony.

Zalozeniem pracy bylo wykazanie réinic we wrazliwo$ci na azotan
kadmu pomiedzy szczepem S. aureus posiadajgcym plazmidy penicylina-
zy oraz jego wariantem pozbawionym tych plazmidéw. Badania prowa-
dzono nad wplywem Cd(NO;), na wzrost i oddychanie w aparacie War-
burga.

Wykazano duze réznice we wrazliwosci badanych szczepéw na kadm
w warunkach wzrostowych; indeks opornosci wynosit okolo 100. Takie
same roznice we wrazliwosci pomiedzy szczepami obserwowano w do-
$wiadczeniach manometrycznych, gdy komorki oddychaly w podlozu
wzrostowym, natomiast przemyte komérki obydwu szczepéw zawieszone
w buforze fosforanowym byly niemal identycznie wrazliwe na stosowa-
ny inhibitor. Sugeruje to, ze podeczas wzrostu w komédrkach szczepu po-
siadajgcego plazmidy moze odbywa¢ sie na matrycy gendéw opornosci syn-
teza substancji warunkujgcych oporno$é¢ szczepu na sole kadmu.

Mechanizm dzialania soli kadmu na mikroorganizmy jest stosunkowo
malo poznany. W niniejsze]j pracy wykazano, ze jony kadmu dziatajg ha-
mujaco na utlenianie pirogronianu, octanu, rybozy oraz niektérych meta-
bolitéw posrednich cyklu Krebsa. Nalezy przypuszczaé, ze jony kadmu
inaktywuja niektére enzymy oddechowe przez blokowanie ich grup —SH,
poniewaz cysteina znosi to hamujgce dziatanie.
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PE3IOME

Y HekoTopbix wrammos Staphylococcus aureus BbICTYNaOT No3axpomo-
COManbHbIE FEHETUYECKUE BNEMEHTbI, SBNAIOULMECS HOCHTENAMMU FEeHOB COn-
POTMBNEHUS K MEeHUUMNnuHY WM woHam metannos, Cambiit Bonbwoi uHAEKC
YCTOMUMBOCTU MOMHo NONyuuth ynoTtpebnss conu kaamus. MexaHusm 3ToM
YCTOMUYMBOCTH elije He BbISCHEH,

Llensto HacToswer pabotsl Bbino BbisBNEHME Pa3HMUbl B YYBCTBMTENb-
Hoctu Kk CA(NOj), mexay S. aureus, MmeroLMMK NNasmuisl U €ro BapuaH-
TOM, KOTOPSbIA 3TUMM NNasmuaamu He obnapan.

MUccneposarnus Hapg snuskuem Cd(NO;), Ha pocT u AbixaHue npoBoau-
nuck B annapate Bapbypra. O6HapykeHs Gonbluve pasHMUUbl B HYBCTBUTENb-
HOCTU UCCNEeAOBAHHLIX LUTAMMOB K KagMMUIO B POCTOBBLIX ycnoeusax. MHaexc
ycTolMunsocTu paeHsancsa npubnusutensHo 100, Takue ke pasHuLbl B HYBCTBU-
TENBHOCTH MEMAY WTaMMaMM Mbl Habnoganu B MGHOMETPUHECKUX ONbITax,
KOTAa KNeTKM HaxoAWNucb B POCTOBON cpede. B 1o e sBpems npomesitbie
KneTku obBouX LITAMMOB, CycneHAUpoOBaHHble B (hocopHom Bydepe, bbinu
4YBCTBUTENbHLI K NPUMEHAEMOMY MHIMEUTOPY nouTH oamHakoso. BoamokHo,
UTO BO BpEMS POCTa B KMETKAX LUTAMMAE, COAEPMaWlero NNasmuibl, Ha Ma-
TP1UE TEeHOB COMPOTHMBNAEMOCTU MPOMUCXOAMT CUHTe3 Bewects, obycnosnu-
BAIOLLMX CONPOTUBNEHME LUTAMMA K CONAM Kagmus,

MexaHu3m AelcTBMA conel KaamMusi Ha MUKPOOPTaHM3MbI MOKa elle Ma-
NO M3BECTEH.

B HacToslel cTaTbe rOBOPUTCS O TOPMO3IALLEM [OEHCTBUM KAAMUA Ha
OKMcneHue npysoTa, auertarta, pubosel u HekoTopbix metabonnutos LUTK. Cne-
AyeT NpeaAnonoMMTb, 4TO MOHbI KAAMMS MHIMOUPYIOT HEKOTOpbIe AbiXaTerb-
Hele pepmeHnTsl, Bnokupys rpynnel SH 31ux pepMeHTOB, T. K. UMCTEUH YHM-
uTOXaeT 3TO TOpMoO3slliee BAUSHMUE,



