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THE EFFECT OF SUBMINIMAL INHIBITORY CONCENTRATIONS OF PENICILLIN
ON GROWTH RATE AND HAEMOLYSIN ACTIVITY OF GROUP G
STREPTOCOCCUS

VERONICA V. VIEIRA; LOUIS BARRUCAND & ANGELA C. D. CASTROY/*

Departamento de Microbiologia Médica, Instituto de Microbiologia, Universidade Federat do Rio de Janerro,
Caixa Postal 68040, 21949-90{( Rio de Janeiro, RJ, Brasil

The influence of the subminimal inhibitory concentrations (1/3 and 1/4 of the MIC) of
penicillin on growth rate and on haemolysin production of a strain of group G Streptococcus
was studied. It was shown that 1/3 of the MIC almost completely inhibited the bacterial growth,
but it was not able to inhibit haemolysin activily in the culture supernate. The generation time
of bacteria grown in 1/4 of the MIC was approximately twice longer than thal of the control
culture. In all cultures, the haemolysin, after being produced (or liberated), reached a peak and
decreased to low levels, which could suggest thal group G Streptococcus produces some end
products of metabolism that are able to inhibit haemolysin acfivity.
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It 1s known that antibiotic 1n subminimal
inhibitory concentrations (sub-MICs) cause
structural and metabolic alterations in micro-
organisms that can have some nfluence in
virulence factors (Atkinson & Amaral, 1982),
The haemolysins are among the virulence fac-
tors of streptococci. Extracellular enzyme
(streptolysin 0) is well described for group A
beta-haemolytic streptococci. This facter has
not been well defined for group G strepto-
coccl, however, a toxin similar to streptolysin
0 of group A Streplococcus 18 present 1n cul-
ture supernates of serological group G (Alouf,
1980) and is considered a factor that probably
contributes to pathogenic potential of the mi-
croorganism. Since the number of bacteria is
extremelly important for the clinical outcome
of certain infections, the growth rate of bacte-
ria 18 an essential factor for virulence (Lorian,
1986). This paper describes the cffect of peni-
ctllin 1in sub-MICs in growth rate and
haemolysin production by a strain of group G
streptococct because this microorganism can
cause serious discases in sites where the peni-
cillin can not penetrate easily, which probably
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lecads to the achievement of subminimal in-
hibitory concentrations.

Group G Streptococcus, an agent previously
considered as causcs of epizootics (Tillman et
al., 1982) and an indigenous part of normal
flora, has recently been recognized as an op--
portunistic and nosocomial pathogen (Vartian
et al., 1985; Efstratiou, 1989). Several cases of
sertous infections caused by this microorgan-
1sm have been described, including meningitis
(Ashkenazi et al., 1988), septicaecmia (Dickie
et al., 1984; Finch & Aveline, 1984) and bac-
terial endocarditis (Barmmham, 1980; Tuazon,
1980; Lam & Bayer, 1983; Rolston et al.,
1985). Penicillin was chosen because it is the
drug of choice for treatment of the majority of
streptococcal diseases.

MATERIALS AND METHODS

Bacterial sirain — Group G Streptococcus
from oropharynx of a healthy carrnier was 1so-
lated from a swab by culture on 5% sheep
blood agar (Tryptose-blood-agar base, Difco)
incubated at 37 ®C. The serological group was
determined by a precipitation test in capillary
tubes (Lancefield, 1933) by use of antisera
{produced in rabbits in accord with the tech-
nmiques of Centers for Disease Control, USA)
to Lancchield’s groups A, B, C and G.

Determination of minimal inhibitory con-
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centrations — MIC for penicillin was deter-
mined by a standard broth dilution technique
according to Jones et al. (1985). Stock solu-
tions of the antibiotics were prepared 1n Casoy
broth (Merk). The inoculum was approximately
10% cfu/ml. A tube without antibiotic was in-
oculated in parallel as control.

Growth curves — An overnight culture,
grown in Casoy broth, was diluted to contain
approximately 10° cfu/ml. The diluted culture
(100 ul) was transfered to a fresh medium (5
ml} to which penicillin at a final concentration
of 1/3 or 1/4 of the MIC had been added. A
control tube without penicillin was also inocu-
lated. Growth at 35 °C was assessed by turbid-
ity (optical density; Spectronic 20, Bausch &
Lomb spectrophotometer) at 540 nm. Every
hour a 100 pl sample was then removed for
determination of viable cells.

The growth rate () was given by the for-
mula:

log N-log N, = (W2.303) (T-T,)

were N and N, represented the number of cfu/
ml at the end and at the beginning of the
exponential growth phase, respectively, T and
T, corresponded to the time at the end of the
growth and to the time at the beginning of the
growth, respectively, Doubling time (G) was
calculated by the formula;: G = 1n2/p

Haemolysin determination — Oxygen sensi-
tive streptococcal haemolysin was determined
in cultures supernates during bactenal growth
by a method previously described (Castro et
al., 1990).

Briefly, to 3 ml of culture supemate were
added 0.14 ml of 0.03M 2-mercaptoethanol
and 10mM sodium phosphate buffer pH 6.8 to
make a final volume of 7 ml. This mixture
was applied on 1% sheep red blood cells but-
ton, homogenized and incubated for 45 min at
35 °C. After the incubation period, the red
cells which were not lysed were harvested by
centrifugation at 500 g for 20 min and the
optical density of the supernates was measured
in a spectrophotometer at 540 nm. Haemolytic
activity was considered as lysis percentage in
relation to the water lysis (100%). Specific
haemolytic activity was the ratio between
haemolytic activity and the bacterial growth
assessed by turbidity,
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Fig. I: growth curves of a group G Sreptococcus strain
grown in the presence of subminimal inhibitory con-

centrations of penicillin. A: control curve; B: one third
of the MIC; C: one quarter of the MIC,

RESULTS

Effect of penicillin on bacterial growth —
The MIC of penicillin for the strain studied
was 0.02 mg/l. Growth curves of group G Strep-
fococcus subjected to two different antibiotic
concentrations are shown in Fig. 1. These re-
sults are the mean of at least four and six
experiments to the growth curves obtained with
the optical density and cfu/ml measurements,
respectively. Growth curves obtained with the
viable counting method and with the optical
density method led to comparable profiles when
the culture was not exposed to antibiotic (Fig.
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1A). However, when penicillin in subMICs was
added to the growth medium the situation was
quite different. In the culture grown mn the
presence of 1/3 of the MIC (Fig. 1B), only a
very slight increase in the growth rate could
be observed, After the 6th hr of incubation,
the number of viable cells reduced until the
end of incubation period. The growth assessed
by turbidity presented a slight, but continuous
enhacement. When the microorganism grew in
the medium containing 1/4 of the MIC for
penicilhn (Fig. 1C) it was observed a lag phase
during the first 2 hr of incubation followed by
an increase of the growth rate until the 6th hr,
After this period of time, a decrease of the
number of cfu/ml was perceived. The optical
density of the culture increased until the Bth
hr, The growth rate and generation time for
control culture and for culture grown at 1/4 of
the MIC are shown in Table.

TABLE

Growth rate and generation time of a group <
Streptococcus strain grown 1n the presence of 1/4 of

the MIC of penicillin

Antibiotic level  Growth rate?  Generation time?
(W) (min)
0 0,90 45
1/4 MIC 0.40 103

a: calculated by the formula log N-log Ny = (31/2.303)
(T-Ty) as described in methods.
b: calculated by the formula G = 1n2/p.

Effect of penicillin on haemolysin produc-
tion — Haemolysin production occurred during
the bacterial growth is shown in Fig. 2. It was
observed that in control culture the haemolysin
production did not parallel the bacterial growth.
The maximal of expression was observed at
the 3rd hr of growth, and when the growth was
maximal the haemolysin activity in supemate
of culture had reached its minimal measured
value, In the culture grown in medium to which
1/4 of the MIC was added, haemolysin expres-
ston nearly paralleled the bacterial growth. At
1/3 of the MIC of penicillin a great expression
of haecmolysin activity was vertfied although
an enhacement of bacterial growth rate was
not observed.

DISCUSSION

The inhibition of bacterial growth by
betalactam agents in submintmal inhibitory
concentrations does not seem to be due bacte-

SPECIFIC HAEMOLYTIC ACTIVITY
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Fig. 2: haemolysin production by a group G Streptococ-
cus strain grown in the presence of subminimal 1inhibi-
tory concentrations of penicillin. Specific haemolytic
activity i1s the ratio between haemolytic activity (lysis
percentage in relation to the water lysis, 100%) and the
bacterial growth assessed by turbidity.

nal death. [t seems to be a result of a multi-
plication without a division as demonstrated
by the formation of filaments in Escherichia
coli (Opterkuch et al., 1985) and by the giant
cells that appear in S. aureus cultures (Lorian,
1986). The present work shows that no de-
crease 1n bacterial growth was observed in all
of the three cultures until the 6th hr of incu-
bation. However, by this time the cultures
grown in the presence of antimicrobial drug
reached the death phase whereas the control
culture started a stationary phase of growth.
Despite of the decrease in the number of colony
forming units, no decrease in optical density
measurements was observed. This can suggest
that a nonlytic mechanism of death 1s present
i streptococcus studied. Absence of autolytic
activity in penicillin-induced nonlytic death in
a group A strain was described by McDowell
& Lemanski (1988).

Influence of some products on the haemo-
lysin of group A Streptococcus is well de-
fined. Streptolysin 0 is only activated n the
presence of a reduced atmosphere. It is revers-
ibly inhibited by oxygen and irreversibly in-
hibited by cholesterol. Another haemolysin
(streptolysin S) 1s stimulated by serum or by
the presence of a variety of other substances
such as serum albumin, a-lipoprotein, ribo-
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nucleic acid or detergents such as Tween
(Alouf, 1980). Subminimal inhibitory concen-
trations of antibiotics produce significant al-
terations in haemolysins of microorganisms,
All pneumococci have the potential to produce
beta-haemolysin when exposed to sub-MICs
of oxacillin, methicillin and vancomycin. A
ring of beta-haemolysis appeared around the
zone of hibition surrounding most beta-lactam
antibiotics when S. aureus was tested on blood
agar plates (Lorian, 1986). Lincomycin and
chindamycin at sub-MICs where shown to in-
hibit the synthesis of streptolysin S in Strepfo-
coccus pyogenes (Shibl & Al-Sowaygh, 1979).

The enhacement of generation time ob-
served 1n culture exposed to 1/4 of the MIC
could lead one to think that there is a probable
decrease of bacterial virulence in vitro. How-
ever, it 18 important to emphasize that when
the production of a virulence factor of strepto-
coccl was studied it could be noted that even
in the abscence of a true growth this factor
(haemolysin) was produced in great amounts.
[t 1s interesting to observe that at the end of
incubation at 1/3 the MIC the amount of
haemolysin liberated in relation to the bacte-
rial growth was greater than the haemolysin
liberated by control culture. This result is in
accordance with a previous work (Castro et
al., 1990). This work presents an interesting
observation in respect to the haemolysin pro-
duction by group G Streptococcus strain.
Haemolysin specific activity paralelled the
bacterial growth in cultures exposed to the
antibiotic, but in control culture the result was
quite different. The haemolysin specific activ-
ity decreased after the middle of exponential
phase. This result can suggest that Group G
Streptococcus must form some end products
of metabolism that are capable of inhibiting
the haemolysin activity,
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