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Abstract

Skalka B.: Typing of Staphylococcus aureus, Staphylococcus inter-
medius and Coagulase-negative Staphylococci by means of Staphylococcal
Bacteriocins. Acta vet. Brno, 55, 1986: 333-342.

Sensitivity to staphylococcal bacteriocins was examined in
1,314 staphylococcal strains, isolated from man and animals. The
strains under study did not produce bacteriocins. S. aureus UT0002,
S. intermedius OP-42, S. intermedius OP-12, and S. epidermidis K14 were
used as producers of bacteriocins. The set of examined strains
was represented by 730 S. aureus biovar C, 111 S. aureus biovar A,
34 S. aureus biovar B, 5 S. aureus bicvar D, 224 S. intermedius and
210 coagulase-negative staphylococci. The deferred method was
employed for the assays. The strains of biovar C were characte-
rized by sensitivity to bacteriocins of all four producers,
whilst S. aureus strains of other biovars were susceptible to
bacteriocins UT0002 and K14, but resistant towards 0P-42 and
0P-12. S. intermedius strains were characterized by resistance
to UT0002 bacteriocin but-53 ¥ of them were sensitive to bacte-
riocins K14, 0OP-42 and 0P-12. 31 % of S. intermedius strains were
sensitive exclusively to K14 and 8 % strains were found quite
resistant. A similar complete resistance was shown by 23 %
strains in the framework of coagulase-negative staphylococci,
and 75 % of them were susceptible exclusively to K14 bacteriocin.

Typing by means of staphylococcal bacteriocins, S. aureus, S. intermedius,
coagulase-negative staphylococci.

Staphylococcal bacteriocins, also called staphylococcins, have
already been described and characterized in detail (Tagg et
al. 1976; Pulverer and Jel jaszewicz 1976; Brandis
1981; Ivanov 1983; Skalka 1985). Their lethal effect is
not observed merely in the framework of the genus Staphylococcus,
some of them also affect ecorynebacteria (Parker and Sim-
mons 1959; Skalka et al. 1983 a,b) listeriae (Dajani et
al. 1970; Jetten and Vogels 1972), streptococci and ba-
cilli (DaJanl and Wannamaker 1973; Jetten and Vo-
gels 1973) and even some gramnegative species, as Neisseria
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gonorrhoeae (Morris et al. 1978) or Escherichia coli (Kader et
al. 1984). It is apparent from the reviews and from the recent
studies about staphylococcins (5marda and Obdrzdlek .
1981; Balusek and H djek 1985; Skalka 1986) that the
main effort is directed towards the discovery as many bacterio-
cin producing strains as possible what can be used in characte-
rization of staphylococcal strain. Bacteriocin synthesis is a
valuable character of some staphylococcal strains, though it is
not always as important as in the case of the exfoliatin produc-
ing S. aureus strains (Parker and Simmons 1959; Anthony
et al. 1972; Rogolsk'y et al. 1974; Warren et al. 1974).
On the other hand, studies on the possibility of typing Staphylo-
coccus spp. on the basis of their sensitivity to bacteriocins

are published rarely (Ivanov 1970; Pulverer and Jel -
jaszewicz 1976). The purpose of the present study was to
ascertain whether or not a possibility exists to type staphylo-
coccal strains by means of staphylococcal bacteriocins.

Materials and Methods

Media
Oxoid brain heart infusion CM 225, Oxoid brain heart infusion
agar CM 375, and agar blood base No. 4 Imuna were used.

Bacterial strains
Bacteriocin producers

Four staphylococcal strains producing bacteriocins were used,
namely S. aureus UT0002 (kindly provided by Dr. Rogolsky), S. in-
termedius OP-42, S. intermedius 0P-12, and S. epidermidis K14. The
last mentioned three strains were selected from our collection
of bacteriocin producers and they are deposited in the Czecho-
slovak National Collection of Type Cultures as M 23/25, M 24/85
and M 25/85.

Basic indicator strains

Corynebacterium renale CCM 5740, Corynebacterium pseudodiphtheriticum
CNCTC Psdi 5/78, S. aureus (Oxford 209P) CNCTC Mau 28/58 and
S. aureus (B-27, all previously described (Skalka et al.
1983b; Skalka 1986), were used as basic .indicator strains.

Staphylococcal strains under study

A total od 1 314 staphylococcal strains was tested. The strains
~were classified according to our previous description (Skalka
1985). The set of S. aureus strains was composed of 111 biovar A
strains isolated from man, 34 biovar B strains isolated from
poultry, 730 biovar C strains isolated from secrets of bovine
mastitic udders, and 5 biovar D strains isolated from hares.
Furthemore 224 S. intermedius strains and 210 coagulase-negative
staphylococci were tested. The last mentioned strains were clas-
sified as 44 S. epidermidis, 38 S. haemolyticus, 35 S. hominis, 23
S. simulans, 15 S. saprophyticus, 13 S. capitis, 9 S. xylosus, 6 S.
cohnii, 6 S. warneri, 4 S. gallinarum, 2 S. caprae, and 15 strains,
could not be alloted to any staphylococcal species.

Nature of bacteriocins of the producer strains
The producer strains were tested as on their activity on ba-
sic indicator strains, as on the mutual antagonistic action. Sen-
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sibility of bactericidal exosubstances to chloroform and tryp-
sin (Brandis 1981) were also determined.

Bacteriocin sensibility assay

A modification of deferred method was employed in the follow-
ing way. Spots of producer (active) strains were given in a
diametric line on theosurface of the agar medium and the plates
were incubated at 37 "C for 48 h. Then the strains under in-
vestigation were inoculated on the plates. In order to obtain
a close lawn, a drop of a 24 h broth culture was spread by means
of an L-shaped wire in such a way that the edge of the lawn ran
alongside of the spots of Bacteriocin producers. After that
a 24 h reincubation at 37 "C followed, then the results were
evaluated. The result was considered positive, if there was a
growth-inhibition zone of 2 mm and broader in the lawn of the
investigated strain.

Results

Properties of antagonistic exosubstances of four testing
strains are presented in Table 1. Growth of the corynebacterial
and staphylococcal strains used as indicators was inhibited by
all active strains. Exosubstances of all active strains were
found to be trypsin-sensitive. The bacteriocin UT0002 was inacti-
vated by chloroform, while the bacteriocins 0P-42, 0OP-12 and Kl4
were chloroform-resistant.

Table 1

Properties of bacteriocins under study

Producer strain UT0002 0OP-42 0P-12 K14
Staphylococcus aureus intermedius intermedius epidermidis
Relation to trypsin S S S S
chloroform S R R R
Mutual antagonistic effect
on strains YT0002 - + +
0P-42 - - - +
0P-12 - - - +
K14 - - - -
Effect on basic indicator set
C. renale + + + +
C. pseudodiphtheriticum + + + +
S. aureus 0X 209P + + + +
S. aureus CB-27 + + + +

resistant
without effect

sensitive

Legends: S :
inhibition of growth -

+
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Most of the tested staphylococcal strains were susceptible to
the bacteriocin of the strain K14 which inhibited 99.31 % strains
S. aureus biovar C, 97.33 % S. aureus biovars A, B, D, 91.96 %

S. intermedius, and 77.14 % coagulase-negative staphylococci. The
bacteriocin UT0002 acted on 99.45 % S. aureus biovar C and 98.66 %
S. aureus biovars A, B, D, but on only 1.33 % S. intermedius. The
coagulase-negative staphylococci were resistant to its action.
Susceptibility towards the bacteriocin 0P-12 was cbserved in
95.61 % S. aureus biovar C, and 61.16 % S. intermedius, but in no
more than 7.33 % S. aureus biovars A, B, D, and 1.9 % coagulase-
-negative strains. In the case of the bacteriocin 0P-42, sus-
ceptibility was observed in 94.79 % S. aureus biovar C and 54.46 %
S. intermedius, but in only 6.66 % S. aureus biovars A, B, D, and in
1.9 % coagulase-negative staphylococcal strains.

Table 2
Susceptibility patterns of investigated staphylococci

Antagonistic effect of Tested strains

bacteriocinogenic strain Staphylococcus
. aureus inter- coagulase
biovar medius -negative
uToo02  0P-42 0P-12 K14 A,B,D C spp.
+ + + 8 685 1 0
+ - = + 135 24 2 0
+ - + + 2 9 0 0
+ + - + 1 4 0 0
+ + + - 1 2 0 0
+ - - - 1 2 0 0
+ - - - 1 2 0 0
- + + + 0 1 119 4
- - + + 0 1 15 0
- - - + 0 1 69 - 158
- - - - 2 1 18 48
Total 150 730 224 210
Legends: + = inhibition of growth - = without effect

From the point of view of their sensitivity to the bacteriocin
used, the strains of S. aureus biovar C fell into ten groups. The
most numerous group was characterized by susceptibility to all
four bacteriocins and comprised 93.83 % strains of the biovar C.
Susceptiblity to the bacteriocins UT0002 and K14, but resistance
to those of the strains 0OP-42 and 0P-12 were characteristic for
90 % strains S. aureus biovars A, B, D. The largest group of
S. intermedius comprised 53.12 % strains resistant to the bacte-
riocin UT0002 but susceptible to the action of other three, whi-
le 30.8 % strains of this species were susceptible to the bacte-



337

riocin K14 and 8.03 % S. intermedius strains were resistant to all
four bacteriocins. Susceptibility patterns of coagulase-negative
staphylococci were not related to species competence. The most
numerous group of them comprised 75.23 % strains. Resistance to
all four bacteriocins was found in 22.85 % coagulase-negative
staphylococci. The remaining ‘combinations of susceptibility
applied only to a small number of the strains under study (Table
2). Typical results are presented on Figures 1 - 3.

Fig. 1. Strains of S. aureus biovar A (SA) and
biovar C (C,) are tested against bacteriocin
producers S. aureus uTo002 (2), S. intermedius
OP-42 (42), S. intermedius OP- 12 (12), and

S. ep1derm1dls K14 (14)

Discussion

Following up our previous studies (Skalka et al. 1983a, b;
Skalka 1985, 1986), we obtained a collection of bacteriocin
producing staphy10c0c01, from which we selected threg strains
for the present work and we added the well known bacﬁerlocln
producer strain S. aureus UTD002 (Rogolsky et al.1974;
Warren et al. 1974) to obtain a set. The choice of producer
strains was determined by our working hypothesis ‘that strains
optimal for bacteriocinotyping are not those with a broad ef-
fect, but rather with a differential one.

Bacteriocins are always described to be chloroform resistant.
Their sensitivity to chloroform is only occasional (Tagg et
al. 1975), and chloroform-method (Da jani and W annamaker
1973) is employed for search of new active strains (Balusek
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s

Fig. 2. Two strains of S. intermedius (SI, SI*) dif-
ferently susceptible are tested against the same
producers as on Figure 1

Fig. 3. Two_strains of coagulase-negative staphy-
lococci (Co , Co r) are tested against the same
strains as on Figures 1 and 2



339

and H4 jek 1985). Our observation about chloroform sensitivity
of the exosubstance of UT0002 strain is surprising and it has
not been described till now.

Our effort to use the bacteriocinotyping of staphylococci is
not unique, but unlike previous studies (Ivanov 1970; Pul -
verer and Jel jaszewicz 1976), it considers as the
existence of two coagulase-positive species as the biovars in
the framework of S. aureus.

Larger sets of active strains, six and seven respectively,
were used in comparable studies (Ivanov 1970; Pulverer
and Jel jaszewicz 1976), and six groups of sensitivity
patterns were ascertained in one of them (Ivanov 1970),
whilst nine groups in the other (Pulverer and Jel jasze-
wicz 1976). Nevertheless, only S. aureus strains were typed and
the group susceptible to all active staphylococci comprised
96 %.

" The use of the set of four active strains described in this .
paper made it possible to differentiate the majority of S. aureus,
S. intermedius and coagulase negative strains, further within the-
se three groups of staphylococci several susceptibility types
could be established. With the exception of the strains resistant
to all four bacteriocins, 99.2 % of the staphylococcal strains
under study were sensitive to the K14 bacteriocin. The suscepti-
bility to the bacteriocin UT0002 differentiated almost all

S. aureus strains from those of S. intermedius and coagulase-nega-
tive ones. Bacteriocins of the S. intermedius strains 0P-42 and
0P-12 facilitated the formation of groups within the framework
of S. aureus and S. intermedius, and they inhibited growth of bio-
var C strains above all. The use of the bacteriocin K1l4 is
turned to account of broad activity spectrum of this exosub-
stance.

Though further developments are likely, it is felt that the
results obtained represent a contribution to the field of staphy-
lococcal bacteriocins in general, and in particular to their
practical use. ’

Typizace Staphylococcus aureus, Staphylococcus intermedius
a _koaguldza-negativnich stafylokokd pouZzitim
stafylokokovych bakteriocind

Senzitivita ke stafylokokovym bakteriocintm byla zji%¥ovana
ul 314 kmend stafylokokd animdlni a humdnni provenience, u kte-
rych se neprokdzala produkce bakteriocinl. Jako producenti bak-
teriocind se pouzily kmeny S. aureus UT0002, S. intermedius
0P-42, S. intermedius OP-12 a S. epidermidis K14. Soubor testo-
vanych kmend tvofilo 730 kmend S. aureus biovar C, 111 kmenu
S. aureus biovar A, 34 kmend biovar B, 5 kmend biovar D, déle.
224 kment S. intermedius a 210 koagulgza-negativnich stafylokokd.
Pro vySetten{ byla pouzita vlastni modifikace metody pfedkul-
tivace producentd. Pro kmeny S. aureus biovar C byla charakte-
ristickd citlivost k bakteriocinum vsech &ty testa&nich kmend,
zahrnujfci 94 % kmen& této biovar. Pro kmeny S. aureus ostat-
nich biovar byla charakteristickd senzitivita k bakteriocinam
kmend UT0002 a K14 a soucasnd necitlivost k bakteriocinam
kment 0OP-42 a 0OP-12, pozorovand u 90 %. V rédmci druhu S. inter-
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medius bylo 53 % kmend citlivych k substancim kmend OP-42, OP-12
a Kl4, pti soucasné necitlivosti k bakteriocinu kmene UT0002,

31 % bylo citlivych jen k bakteriocinu K14 a 8 % kmend bylo
necitlivych ke vsem bakteriocinim pouZitého testac¢niho setu. Po-
dobnou dGplnou rezistenci mélo 23 % kmenl koaguldza-negativnich
stafylokokt, zatim co 75 % bylo citlivych vyluéné k bakteriocinu
kmene Kl4. 0dli%né kombinace senzitivity, nez jaké byly uvedeny,
pozorovaly jen u malych poétd vySetfovanych stafylokoku.

Tunus3auuss Staphylococcus ~aureus, Staphylococcus
intermedius M KoaryJasa-OTpHLATENbHbIX CTa$HIOKOKKOB
NpUMeHEeHHeM CTa$UIOKOKKOBLX GaKTEpHOUHHOB

. [IpOBOOMNIHCE HCClIeNOBaHHUsI UYBCTBHTEJIBLHOCTH K CTadHIOKOKKO-
BbIM 6aKTepuouumHaMm y 1314 mTaMMOB CTadHIOKOKKOB KHBOTHOI'O H
yeJIOBeUeCKOIr'o NMPOHCXOXIEHHsI, Y KOTOpBIX He 6buJla yCTaHOBJEeHa
npoayKuUuss 6aKTEPHOUHHOB. B KauecTBe NPOAYUEHTOB 6aKTEPHOLHHOB
GBI MCNOJNBL30BaHb mTamMel S. awreus UTO0002, S. (ntewmedius OP-42,
S. intermedius OP-12 u S. epidenmidis K1l4. B KOMNIEKC NpPOBEPSEMBIX
mTaMMOB Bxonunu 730 mrammoB S. awreus biovar C, 111 mrammoB S.
awrews biovar A, 34 mramma biovar B, 5 mrammoB biovar D, panee,
224 mramma S. {intermedius w 210 Koarynasa-oTpuUATENbHBIX CTadUIO-
KOKKOB. [ns1 HCClleNOBaHH#A 6bUI HCMOJNIb30OBAaH MeTON NpeABapHTENbHOW
KyNnbTHBAUHUH MPONYLUEHTOB COOGCTBEHHON MomuduKauud. [la mMTaMMOB

S. awteus biovar C 6bla xapaKTepHOH UYyBCTBHTENBHOCTb K 6aKTepHO-
LHHAM BCeX 4eThpeX MNpOoBepsieMblX MTaMMOB, BKJwUYawmux 94% mTaMMOB
NaHHOW G6HMOBapMaHTH. [Ina mTaMMOB S. awteus H OCTaNbHBIX 6MCBApPHAHT
6blla XapaKTepHd UYYBCTBHTEJBbHOCTb 6aKTePHOLHOHeIM mTammam UTO002
M K14 ¥ ONHOBPEMEHHO HEUYBCTBHTEJbHOCTb K 6aKTEPHOLMHAM MmMTaMM
OP-42 u OP-12, Ha6bmonaeMas y 90%. B pamkax mrTamma 'S. {ntermedius
53% mTaMMOB OTJIHYAJIOCh UYBCTBHTEJIBHOCTbI K BemeCTBaM mMTaMMOB

. OP-42, OP-12 u K14 npu OOHOBPEMEHHOW HEUYBCTBHTEJBHOCTH K
6axkTepHOLUHHY mTamMma UTO002, 31% OTNH4YANCS UYBCTBHUTEJNBHOCTBHI JIHNb
K 6akTepuouuHy K14 u 8% mTaMMOB - HEUYBCTBHTEJBHOCTbI0 KO BCEM
6aKTEepHOLUHHAM HCIIOJb3yeMOro Hab6opa. AHAJOUHUHOM MNOJHOA CTON-
KOCTbK OTJHMYANKHCh 23% mMTaAaMMOB Koarynasa-oTpHUAaTeNbHBIX cTaduio-
KOKKOB, MeXOy TeM KakK 75% - UYBCTBHTEJbHOCTbH HMCKJIWNUHTENbBHO K
6aKTepuounHy mTaMMa Kl4. PasnuuHble OT MPHBEAEHHBIX KOMOGHHALHH
YYBCTBHTEJLHOCTH HAGJWOANHKCh JIMMb Y HE6ONBMOrO 4YHCJAa Hcclenye-
MBIX CTaPHUIOKOKKOB.
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