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Penicillin Tolerance among Beta-hemolytic Streptococci and
Production of the Group Carbohydrates, Hemolysins,
Hyaluronidases and Deoxyribonucleases
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Penicillin tolerance among 67 strains of beta-hemolytic streptococci was examined by determining
the ratio of the minimal bactericidal concentration to the minimal inhibitory concentration as 32 or
greater. Tolerance was demonstrated in 15 group A strains and in 11,7, and 4 of groups B, C and G,
respectively. Thereafter the effects of a subminimal inhibitory concentration (1,2 MIC) of penicillin on
the bacterial products of four tolerant and four nontolerant strains (two of each Lancefield group) were
analyzed and compared. The antibiotic caused a marked increase in the expression of the group carbo-
hvdrates for strains of group B. Penicillin was found to reduce the cell-bound hemolysin activities of
the four tolerant strains and to increase the activity of the other (free) form of nontolerant groups A,
and (G hemolysins. Penicillin caused an increase in the extracellular hvaluronidase activities of one
group A and groups B, (" and G streptococci. With added antibiotic the production of deoxyribonu-
clease by tolerant groups A, C and (i was greatly enhanced and that of the group B streptococcus was

arrested.
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Penicillin 1s the drug of choice the world over
for the treatment of infections due to beta-hemolytic
streptococcl, specially those of the Lancefield group
A. Groups B, C and G streptococci remain very
sensitive although minimal inhibitory concentra-
tions (MICs) for GBS are often higher than for the
other groups (Allen & Sprunt 1978). No resistant
strain of group A streptococci has ever been re-
ported (Allen & Sprunt 1978, Kim & Kaplan
1983). Occasionally, streptococct have a minimal
bactericidal concentration (MBC) of 32 times or
more than the MIC and arc said to be tolcrant
(Amsterdam 1991). Penicillin tolerance was first
described in pncumococci (Tomasz et al. 1970) and
thereafter, demonstrated in a wide spectrum of
important human pathogenic bacteria (Rolston et
al. 1982, Slater & Greenwood 1983, Voorn et al.
1994 | Brett 1994).

Antibiotics in subMICs have been the purpose
of many 1investigations and reviews during the past
quarter of century. becausc of the morphological.
ultrastructural and biochemical changes that they
produce in bacteria (Gemmell & Abdul-Amir
1979, Lorian & Gemmell 1991). With regards to
streptococct of groups A, B, C and G exposed to
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subMICs of penicillin during growth in vitro. the
changes observed in the elaboration of bacterial
antigens, such as enzymes, toxins and cellular com-
ponents varied with the serological group tested.
the antimicrobial agent and its concentration and
have been documented (Benchetrit et al. 1984,
Figueiredo & Benchetrit 1989). However. the
subinhibitory antibacterial cficcts of penicillin on
the brology of streptococci tolerant to the antibio-
tic remaincd to be determined.

We report here the influence of a subMIC of
penicillin on cell-bound substances and extracel-
lular products of strains of serological groups A.
B. C and G streptococci tolerant to the antibiotic.
We also examined changes in the elaboration of
the “C" carbohydrat and assaved the rhamnose
content of antigenic extracts. The rcsults are com-
pared to those obtained with nontolerant strains.

MATERIALS AND METHODS

Strains - Si1xty seven beta-hemolytic strains
were used 1n this study. Twenty cight were group
A, 14 group B, 15 group C and 10 group G and
were clinical 1solates from our laboratory (Ben-
chetrit et al. 1984, Ferreira et al. 1992). Twenty
seven strains of group A streptococc were obtained
from individuals with streptococcal pharyngitis
and onc strain was 1solated from the infected skin
lesion of patient with pyoderma. Seven group B
streptococcl were from the perinatal period (va-
gina, cervix and anus) and the other strains re-
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yresented diverse human sources such as throat,
vlood. cercbrospinal fluid. skin lesion and human
ung necropsy. Twelve group C isolates were from
throat specimens. onc from a blood culture and
two from animal (horse) sourccs. The ten group
G strains were from patients with streptococcal
pharvngitis. The group A strain. designated K443,
was received from K§ Kim and used as a stan-
dard microorganism to dctermine tolerance to
penmcilhin,

Grouping of the streptococct was carried accor-
ding to the nitrous acid procedure described by El
Kholy et al. (1974). Streptococcal grouping antis-
era were produced in our laboratory by immumz-
ing rabbits with vaccine sirains of the four Lance-
ficld groups and the precipitin reactions were car-
ried out in capillary tubes (Lanccficld 1933). Stock
cultures were stored in sheep blood in the lyophy-
l1zed stlate.

Media - Plates containing tryptose blood agar
basc and 5% sheep blood were used for 1solation
and counting the beta-hemolytic sireptococct. Broth
for bacterial growth was the Todd-Hewitt medium.
Culture media were from the Difco Laboratories
(Benchetrit et al. 1984, Figueiredo & Benchetrit
1989 Ferreira et al. 1992),

Minimal inhibitory and bactericidal concen-
trations and penicillin tolerance - Ten colonies of
streptococct were picked from blood plates and
grown for 5 hr at 37°C in 5 ml of broth 1n a water
bath. This aerobic culture was then diluted into
broth so as to contain 10° to 10® CFU/ml. The peni-
cillin MIC was then determincd by the macro broth
dilution method (Amsterdam 1991). Thereaftcr
tubes that showed no growth wcre vigorously
shaken for 15 seconds. incubated for 4 hr and
shaken again. Aliquots of this culture were diluted
in physiological saline and subcultured into blood
plates that were incubated for 24 hr at 37°C and
colony counts were performed. The MBC was de-
tcrmined as the lowest penicillin concentration
which killed 99.9% of the viablc cells in the pri-
mary inoculum. Penicillin tolerancc was recog-
nized when ratios of MBC to the MIC were 32 or
grcater (Sabath ct al. 1977).

Bacterial cells and culture supernatants - Cells
grown in broth or in a penicillin-medium and the
respective supernates were obtained as follows: five
colonies ol streptococci were inoculated 1nto 30
mi of broth and bacteria were grown for 18 hr at
37°C. Penicillin was added to the medium at inocu-
lation time in the concentration of 1/2 of the MIC.
The culture was then vigorously mixed and ab-
sorption readings of the ccll suspension was car-
ricd out at 540 nm. Results were expressed 1n op-
tical density units (ODU). Viablc counting. ¢x-
pressed in terms of CFU/ml was also performed.
Thereafter bacterial cclls were removed by cen-
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trifugation. The supernatant fluid thus obtained
was sterilized by filtration through membrane fil-
ters before testing for extracellular hemolysin
(streptolysin O, SLO), deoxyribonuclease (DNase:
Ferreira et al. 1992) and hyaluromidase activities.
The streptococci in the bactenal sediment were
washed twice in physiological saline and ressus-
pended in 0.01 M sodium phosphate bufler at pH
7.2 (one tenth of the original volume of the cultu-
re). The cell suspension was then adjusted to an
absorbance of 0.3 at 540 nm by the addition of
buffer. These streptococct scrved as the matenal
for quantitative studies of the group antigen and
of the cell-bound (streptolysin S, SLS) activity .

Streptococcal products - Free hemolysin ac-
tivity was determined by incubating the foilowing
reactions mixtures for 45 min at 37°C: culture su-
pernatant fluid (5.6 ml), sodium phosphate buffer
(0.0IM at pH 7.0 (1.26 ml), 0.03 M 2-mcerca-
ptoethanol (0.14 ml) and a sheep red blood cells
(SRBCs) button obtained after sedimenting 3.5 ml
of a 1% suspension by centrifugation. Thereafter,
the mixture was centrifuged at 500g for 20 min
and optical density of the supcrnatant was read at
540 nm against a blank containing broth (5.6 ml).
phosphate buffer (1.26 ml), mercaptoethanol (0.14
ml) and the SRBCs button. This blank also served
as a negative control, that is, absence of lysis. The
reaction mixture used as a positive control, that 1s,
complete lysis contained distilled water (1.26 ml;
first used to lyvse the SRBCs), broth (5.6 ml), mer-
captocthanol (0.14mi) and the blood cells button.
Hemolysin activity was cxpressed in terms of ra-
tios of optical density rcadings of the supernatant
fluid obtained after lysis of SRBCs with whole
culture supernatant/optical density readings of the
bacterial growth.

Cell-bound hemolysin activity was determined
by incubating the following reaction mixture for
45 min at 37°C: bacterial suspension (7 mi; Ag,,
= ().3) and a SRBCs button. Thereafter, the mix-
turc was centrifuged and optical density readings
of the supernatant was rcad at 340 nm against a
blank containing SRBCs and phosphate bufler (7
ml; negative control}. The system used as a posi-
tive control contained distilled water (7 ml) and
SRBCs. Hemolysin was cxpressed in terms of op-
tical density rcadings of the supernatants obtained
after lvsis of SRBCs with wholc streptococcl.

The method for the assay of extracellular DNase
activity has been previously detailed (Ferreira ¢t
al. 1992). The technique follows the cxtent of deg-
radation of DNA by observing the capability of the
enzyme to decolorize a DNA-mcthylgreen com-
plex included in an agarose gel. Specific activity
was cxpressed as the number of enzyme units (U)
per optical density unit (ODU) of bacterial cultures
or per number of viable cells (CFU).
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Quantitative determinations of the group anti-
gen has been previously described (Figueiredo &
Benchetrit 1989). Rhamnose in the antigenic ex-
tracts (El Kholy et al. 1974) was measured by us-
ing a chemical method (Dische & Shetiles 1948).

Hyaluronidase activity in the supernate fluids
was measured by following the extent of degrada-
tton of hyaluronic acid of a substrate-bovine se-
rum albumin complex included in an agarose gel
(Smith & Willett 1968). A mixture containing
.02% hyaluronic acid (gradc 11, human umbili-
cal cord. Sigma Chemical Co), 1% albumin. 1.5%
agarose and 50 mM sodium phosphate buffer (pH
7.2) was poured into 100mm Petri dishes (12 pl
per dish). Wells of 3mm diameter were cut and
filled with 10u! of test samples. Substrate degrada-
tion was then allowed to occur at 37°C for 20 hr,
The presence of the enzyme in the sample was in-
dicated by a clcar zone surrounding the wells
against an opaque background of precipitated sub-
strate-protein complex when the plates were floo-
ded with 2N acetic acid. The zone diameters. in
millimeters, were then measured and plotted on a
standard straight lin¢ previously consiructed with
known enzyme (bovine testes. type IS, Sigma)
quantities within the range (0.3 to 7.0 pg) of the
assay. Correlation between the hyaluronidasc
amounts and clear zonc diameters was asscsscd by
calculating the coeflicients of correlation and re-
gression. Thus unknown enzyme concentrations
could be calculated from the straight line. Specific
activity of the enzyme was cxpressed as the num-
ber of enzyme units (U) per optical density unit
(ODU) or per viable cell (CFU) of bacterial cul-
turcs.

RESULTS

Tolerance was demonstrated in 15 group A
strains and 1n 11, 7 and 4 of groups B. C and G,
respectively. Thercafter two strains of cach of the
four Lancefield groups, one penicillin-tolerant iso-
late and one nontolerant organism were used for
the studics which results are described below.

Exposure of the tolerant group A streptococ-
cus to the antibiotic {1/2 MIC) resulted 1n a de-
creasc in the amount of antigen-antibody complex.
as there was a precipitin reaction after dilution (1:4)
of the extract but not after a 1:8 dilution (Table).
In contrast, with cells of the tolerant groups B and
C strains grown in the presence of penicillin there
was still a precipitin reaction after a 1:32 dilution
of the extract. The tolerant group G streptococcus
was not affected by the subMIC of penicillin as
antigenic extracts obtained from drug-treated cells
and control (no added antibiotic) bacteria reacted
al the same (1:2) dilution. The rhamnose contents

of the various nitrous acid extracts were slightly
affected.

Penicillin inhibited the production of cell-
bound hemolysins of tolerant and nontolerant
strains of the four groups as well as that of extra-
cellular lysins of tolerant groups C and G strepto-
cocel, although to a lesser extent (Table). Levels
of freec hemolysins increased in cultures of the tol-
erant group A and nontolerant groups A, C and G
strains. Growth of the two group B streptococci in
the pentcillin-medium resulted in significant de-
creases 1n the activities of cell-bound streptolysins.

The effects of penicillin on hyaluronidase and
deoxynbonuclease production by the streptococci
are shown 1n Table. There was an increse in the
specific activity of the two enzymes for all but two
strains as the noniolerant group A streptococcus
did not elaboratie hyaluronidase in the presence of
penicillin and a similar observation was made with
regards to the production of dcoxyribonuclease by
the tolerant group B isolate.

DISCUSSION

The emergence of bacterial strains tolerant to
antibacterial agents has become the subject of many
reports deahng with its detection although the clini-
cal significance of the laboratory and epidemiclo-
gical observations remain to be determined (Kim
& Kaplan 1985, Voorn et al. 1994). Among the
various genera and species are streptococci in
which penicillin can causc a whole spectrum of
diffcrent responses, 1.¢., streplococct can be killed
and lysed (Horne & Tomasz 1977), killed but not
lysed (Horne & Tomasz 1977, Mc Dowell & Reed
1989) and ncither killed nor lysed (Horne & To-
masz 1977). In addition, streptococcal strains of
Lancefield groups A, B, C and G do not show re-
sistance to the antibiotic (Allen & Sprunt 1978,
Kim & Kaplan 1985).

The present investigation employing the MBC:
MIC ratio estimation has provided the first infor-
mation on the penicillin-tolerant response in strep-
tococcal strains isolated in Brazil. mainly in the
large urban area of Rio dc Janeiro. Thirty seven of
67 strains were shown to be tolerant to the antibi-
otic. It should be madc clear that this study, the
first 1n a large developing country. does not differ
from other reports 1n several respects. The preva-
lence rate 1s similar to that of previous surveys
where authors have used the same criteria for in-
clusion as a tolcrant strain (Slater & Greenwood
1983, Van Asselt & Mouton 1993). Percentages
are not even much different from those determined
1in studies in which a number of factors. such as
geographical considerations (most previous stud-
1cs were from countrics of the northern hemisphere)
and laboratory technigues and variables may in-
fluence the frequency of streptococcal strains re-
ported as tolerant (Amsterdam 1991). It seems
evident that tolerance to penicillin by groups A,
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B. C and G streptococci is common in Rio de
Janeiro where streptococcal infections and rheu-
matic fever remain major public health problems
and the risk of recurrence are relatively great (Kim
& Kaplan 1985).

Studies from our and various other laborato-
ries have described the effects of subMICs of anti-
microbials on bacterial morphology, cell wall com-
ponents and cxtracellular products (Gemmell &
Mc Leod 1992, Braga & Piatti 1993). 1t would even
seem reasonable to assume that among these nu-
merous strains studied, in previous studies, some
were actually tolerant. Since no attention has been
paid to the ability of subMIC's of antibiotics to in-
terfere with the physiology and biochemistry of
tolerant bacteria,we considered this aspect of the
streptococcal biology worthy of investigation.

We determined significantly increased produc-
tion of streptococcal substances as well as decreases
and even arrcsts 1n the claboration of the sub-
stances. The changes observed in the production
of the “(C” carbohydrate, SLS, SLO, hyaluronidascs
and deoxyribonucleases were greatly or sometimes
barely affected according to the streptococcal se-
rological group. the penicillin-tolerant response
and the presence of the subMIC of the antibiotic
(Table). With added penicillin the production of
hyaluronidase by the non tolerant group A strains
was arrested and that of the tolerant streptoceccus
was increased. The group B deoxyribonuclease
activity ol the non tolerant strain was stimulated
In the presence of penicillin. However. when the
antibiotic was added to cultures of the tolerant iso-
late. the enzvme activity was inhibited. In respect
of frce hemolvsin activity, we observed that the
tolcrant group B streptococcus cell exposed (o peni-
cillin did not produce the toxin. Neither this toler-
ant strain nor the onc used in a previous investiga-
tion (Merquior & Benchetrit 1989) elaborated the
iree hemolysin. In addition. growth of the tolcrant
and non tolcrant GBS 1solates in the presence of
penicillin causcd a decreasc in the cell-bound
hemolylic activity of both cultures. a phenomenon
alrcady observed in one of our previous reports
(Merquicr & Benchetrit 1989).

The results assume particular relevance as they
indicate that the in vitro synthesis (or secretion) of
enzymes by tolerant streptococci can be differently
affected by 1ow doses of a beta-lactam aniibiotic.
Thus, according to observations made in earlier
reports (Gemmell & Abdul-Amir 1979, Michel et
al. 1982). in our previous surveys (Benchetrit et
al. 1981, Figueiredo & Bencheirit 1989) and ac-
cording to the present investigation. it is each time
more evident that the production of enzyvmes, tox-
ins and cellular components by beta-hemolytic
streptococct of groups A, B. C and G cannot be
readily predicted. This would seem to indicate that

533

further efforts may be justified in determining the
cftects of low doses of an antibiotic on the biology
of streptococcl tolerant to the same antibacterial
agent and, generally speaking, of antibiotics on
tolerant bactenia.
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