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Abstract

Skalka B.: Antibacterial Effects of Staphylococcus hyicus and Staphylococcus chro-
mogenes. Acta vet. Brno, 62, 1993: 39—47.

Antibacterial effects of Staphylococcus hyicus (40 strains) and Staphylococcus
chromogenes (20 strains) were tested on living and heat-devitalized cells of micro-
coccal, staphylococcal, streptococcal and corynebacterial indicator strains. All S.
hyicus and S. chromogenes strains inhibited the growth of Micrococcus sedentarius
and lysed devitalized cells of Micrococcus lylae but did not affect dead cells of M.
sedentarius and only few of them inhibited the growth of M. lylae. Only a small
number of S. hyicus strains produced intense effects on living indicators and had
only very weak effects on their dead cells. The activity of some S. chromogenes
strains, observed invariably on living indicators, did not reach the intensity recorded
for active S. hyicus strains. Most S. hyicus and S. chromogenes strains were inactive
towards the indicators. It is concluded that the antibacterial activity observed in
the study should be ascribed to the characteristics of the individual strains and
not to the general characteristics of S. hyicus and S. chromogenes species.

Staphylococcus hyicus, Staphylococcus chromogenes, antibacterial effects, staphylo-
coccal, micrococcal, streptococcal and corynebacterial indicator strains

Staphylococcal exosubstances showing antibacterial activity are represented both by lytic
enzymes, lysozyme (Welsch 1959) affecting some micrococci, lysostaphin (Schindler and Schu-
hardt 1964) affecting staphylococci, and by substances having bactericidal or bacteriostatic
effects, staphylococcins (Fredericq 1946), bacteriocin-like substances (Ivanovics 1962), mi-
crococcins (Su 1948) and antibiotics of low molecular weight (Halbert et al. 1953). Recently
added to the afore-mentioned substances have been exosubstances of the species Staphylococcus
hyicus nad Staphylococcus chromogenes. The first report of the antibacterial activity of S. hyicus
and S. chromogenes (Balusek and Héjek 1985) described bactericidal and bacteriolytic activity
observed in some strains of these two species. The lytic effects in particular then stimulated the
interest of further investigators. Miiller and Blobel (1987) reported that a S. hyicus strain pro-
duced a bacteriolytic enzyme whose highly purified fractions, LE IIIa and LE IIIb, exerted
intense effects on devitalized cells of some streptococci, staphylococci and micrococci. Subsequent
studies not only confirmed the lytic effects of LE IIIb but also recommended the utilization of
this lytic enzyme for extraction of both group and type specific streptococcal antigens (Frede
et al. 1989; Limmler and Wibawan 1990). It was suggested that the production of the lytic
enzyme should be regarded as a constant trait of S. Ayicus suitable for routine identification of
this species (Ldmmler 1989, 1991a). The production was also described in S. chromogenes and
its antigenic identity with the lytic enzyme of S. hyicus was demonstrated (Limmler 1991b).

The present study was designed to test the antibacterial effects of S. hyicus and S. chromo-
genes on micrococcal, staphylococcal, streptococcal and corynebacterial species with reference
to possible practical utilization of these effects.

Materials and Methods

Culture Media )
Brain Heart Infusion Agar CM 375 (Oxoid Ltd.) and Blood Agar Base No. 4 (Imuna) were
used. : ' o
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Bacterial Strains
Strains Tested for Antibacterial Activity

The set of strains examined comprised 40 strains of Staphylococcus hyicus and 20 strains of
Staphylococcus chromogenes. The S. hyicus strains were M 51/88 (664/86), M 52/88, M 53/87,
M 69/89 and 36 other strains chosen at random from the laboratory collection of the author.
The S. chromogenes strains were M 45/88 (703/87), M 46/88, M 47/88 and 17 other strains chosen
at random from the laboratory collection of the author.

Control Staphylococcal Active Strains

S. aureus Mau 89/79 (UT0007), producer of bacteriocin Bac R,; S. sciuri M 32/86 (KP] III),
producer of a wide-spectrum staphylococcin; and S. simulans biovar Mau 108/96 (K—6—WI),
producer of lysostapl'un, were used as controls.

Indicator Strains

Of the genus Micrococcus the following strains were used: 12 M. luteus strains, namely CCM
169 (Mlu), CCM 410, CCM 3394 and 9 other strains isolated in our laboratory; 5 M. lylae strains,
namely CCM 2693 (Mly), CCM 2695 and 3 other strains isolated in our laboratory; 5 M. roseus
strains, namely CCM 839 (Mro), CCM 676 and 3 other strains isolated in our laboratory; 3 M.
sedentarius strains, namely CCM 2697 (Mse), CCM 2698 and 1 strain isolated in our laboratory;
3 M. varians strains, namely CCM 884 (Mva) and 2 strains isolated in our laboratory; and
1 strain each of M. kristinae and M. nishinomiyaensis, namely CCM 2690 (Mkr) and CCM 2140
(Mni), respectively.

Of the genus Staphylococcus the following strains were used: S. aureus Mau 106/86 (Sal),
Mau 28/58 (Sa2), Mau 105/86 (Sa3), Mau 104/86 (Sa4) and Mau 124/89 (Sa5); S. intermedius
M 37/86 (Sil) and M 38/86 (Si2); and S. haemolytzcus M 39/86 (Shi).

Of the genus Streptococcus the following strains were used: S. agalactiae CCM 6187 (Sag)
and 3 other strains isolated in our laboratory; S. uberis CCM 6186 (Sub) and 3 other strains
isolated in our laboratory; S. equi CCM 5532 (Seq) and 3 other strains isolated in our laboratory.

Of the genus Corynebacterium the following strains were used: C. pseudotuberculosis Cor 99/89
(Cps), Cor 100/89 and 2 other strains isolated in our laboratory; C. renale Cor 34/70, Cor 103/90
(Cre) and strains of two species previously classified within corynebacteria, namely Actinomyces
pyogenes Cor 65/76 and 3 other strains isolated in our laboratory and Rhodococcus equi Cor 86/85
(Req), Cor 91/88 and 2 other strains isolated in our laboratory.

The CCM strains are deposited in the Czechoslovak Collection of Microorganisms (Kocur et
al. 1982) and the Cor, M and Mau strains, in the Czechoslovak National Collection of Type
Cultures (Sourek 1990). Strain designation given in the brackets refers to the respective working
codes.

Demonstration of Antibacterial Activity

For demonstration of antibacterial activity the simultaneus technique of cultivation of indi-
cator strains and strains examined or control strains was used. The indicator strains were incor-
porated into melted agar medium. For demonstration bacteriocin effects living cells of indicator
strains were used, for demonstration of bacteriolytic activity use was made of heat-devitalized
cells. The technique was described in detail previously (Skalka et al. 1983; Skalka 1992).

Results

The active strains showed different intensity of effects on the indicator strains.
An inhibition zone greater than 5 mm in diameter (observed in S. kyicus and in
some control active strains) was scored as very intense. An inhibition zone of
2 to 5 mm in diameter was scored as intense and that smaller than 2 mm in dia-
meter was recorded as weak. Where no clearly defined zone was observed, the
effect was scored as negative. This scoring system was used in evaluating the
effects observed on both living and devitalized cells of the indicator strains. The
inhibition zones were generally defined more clearly on living than on dead
cells of the indicators as can be seen in Fig. 1 and Fig. 2.

In the first series of our experiments all S. Ayicus and S. chromogenes strains
were tested on all the strains of micrococcal species included in the study. The
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Fig. 1. On agar medium with a suspension of living cells of indicator M. luteus strain Mlu (L)-
grow macrocolonies of S. aureus UT0007 (A), S. sciuri KP]J 111 (B), S. simulans K—6—WI
(C), S. hyicus 691/87 (1), 887/87 (2), 664/86 (3), 174/87 (4), 695/87 (5) and S. chromo--

genes 906/90 (6), 709/87 (7), 703/87 (8) strains showing effects of different intensity.

1 on devitalized cells of indicator M. luteus strain.

Fig. 2. Effects of the same strains as in Fig.
Mlu (D) suspended in agar medium.
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Table 1
Effects of S. hyicus and S. chromogenes strains on Micrococcus spp.

S. hyicus S. chromogenes
Micrococcus n s n 40 n 20

+++ ++ + - +++ ++ + -
luteus 12 L 9 8 9 14 0 4 7 9
D 7 4 15 14 0 0 9 11
| Iylae 5 L 0 4 2 34 0 1 3 16
D 21 16 3 V] 0 17 3 V]
roseus 5 L 3 4 2 31 0 2 1 17
D 0 0 1 39 o 0 V] 20
Y Rristinae ' 1 L o o 2 38 o o 0 20
D o 0 1 39 0 0 V] 20
nishinomiyaensis 1 L 0 2 2 36 0- 0 0 20
. D 0 0 1 39 0 V] 0 20
sedentarius 3 L 17 18 5 0 0 17 3 0
D 0 0 V] 40 0 V] 0 20
varians 3 L 2 2 1 35 0 0 0 20
D 0 1] 0 40 V] 0 V] 20

Explanatory notes:

‘n = number of strains; s = status of cells; L = living cells; D = dead cells.

Evaluation of inhibition zones: + + + = more than 5mm, ++ = 2 to 5 mm, + = less than
.2 mm in diameter; — = no effect.

-results obtained in this series are summarized in Table 1 which, however, does
not include the differences between the individual active and indicator strains
-observed within the individual groups of intensity of the effects. The activity
-of S. hyicus strains on living and devitalized M. lureus strains was the same;
-only 359%, of the strains were inactive. S. chromogenes strains showed less intense
-effects on M. luteus: 459, and 559, of the strains produced no effects on M. luteus
living and devitalized cells, respectively. All S. hyicus and S. chromogenes strains
produced effects on M. sedentarius living cells but were entirely inactive towards
devitalized cells of this species. An opposite effect was recorded for M. lylae:
.all S. hyicus and S. chromogenes strains affected its dead cells, whereas only 15%,
-of S. hyicus strains and 209, of S. chromogenes strains exerted their effects on
living M. lylae cells. Both S. hyicus and S. chromogenes had very weak effects on
M. roseus, M. varians, M. kristinae and M. nishinomiyaensis; nevertheless, the effects
-on living cells of these micrococcal species were invariably slightly higher.

On the basis of the results obtained in the first series of our experiments the
strains included in the second series were as follows: 7 S. Ayicus strains, 3 S. chro-
mogenes strains and 1 strain each of the micrococcal species. The active set was
extended by including strains UT0007, KPJ III and K-6-W1I that are known as
“producers of antibacterial exosubstances. The set of indicator strains was extended
by including 5 S. aureus strains, 2 S. intermedius strains, 1 S. haemolyticus strain
and 4 strains each of S. agalactiae, S. uberis, S. equi, C. pseudotuberculosis, A. pyo-
genes, R. equi and 2 C. renale strains. The sensitivity of the indicators was tested
using their living and devitalized cells.

The activity of S. kyicus and S. chromogenes strains corresponded to the afore-
going observations. Of the active controls, UT0007 produced effects on living
-cells of M. luteus, M. roseus and M. sedentarius and on devitalized cells of M. luzeus
and M. lylae; in the remaining tests with micrococci it was inactive. KPJ III
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produced intense effects on living cells of M. lureus, M. lylae, M. roseus and
M. kristinae but had no effect on living cells of the remaining three micrococcal
species and on dead cells of the micrococcal indicators. K-6-W1I had only weak
effects on living cells of M. sedentarius and on devitalized cells of M. luteus and
M. lylae; in the remaining tests with micrococci it was inactive.

S. hyicus strain 664/86 produced effects on living cells of all staphylococcal,
streptococcal and corynebacterial indicators, but in tests with their devitalized
cells it was inactive except a weak effect on streptococci. A similar pattern of
activity with less intense effects was recorded for strain 174/87. An antibacterial
activity on S. aureus strains of a higher intensity of effects than that shown by
strain 664/86 was recorded for S. hyicus strain 695/87 which, as the only one of
the S. hyicus and S. chromogenes strains, affected also S. aureus devitalized strains.
However, this strain was inactive on streptococcal and corynebacterial indicators.
Of the other S. hyicus strains only strain 173/87 exerted weak effects on living
cells of some staphylococcal and corynebacterial indicators. The remaining
S. hyicus strains were entirely inactive on staphylococcal, streptococcal and
corynebacterial indicators. Of S. chromogenes strains only strain 709/87 affected
living cells of some staphylococcal, streptococcal and corynebacterial indicators.
The other two strains of this species were inactive towards these indicators.

Among the active strains used as controls strain KPJ III showed the widest
spectrum and a high intensity of effects, but only on living cells. Strain UT0007
affected only living cells of S. aureus, C. pseudotuberculosis, C. renale and A. pyo-
genes. Strain K-6-WI exerted intense effects on both living and devitalized cells
of staphylococci but was inactive on the remaining indicators.

The results of the second series of experiments are presented in Table 2.

Discussion

Apart from the report by Balusek and Héjek (1985) the attention of the
relevant studies was centred mainly on lytic effects of S. Ayicus. Therefore our
study covered also those effects of S. Ayicus and S. chromogenes that have received
little attention so far, namely their effects on living indicator cells in continuation
of our previous observatios (Skalka 1988), together with investigation of their
effects on devitalized cells of indicator strains. The spectrum of indicators included
in our study was wider than that described by other writers dealing with antibac-
terial effects of the two species. For the sake of comparison we also used produc-
ers of known staphylococcal exosubstances, namely bacteriocin BacR,, staphylo-
coccin having a wide-spectrum effect, and lysostaphin.

In the first series of our experiments conducted with micrococci it became clear
that the activity of the two species under study as well as the sensitivity of the
indicators varied from strain to strain and this observation was then confirmed
in the second series of our experiments. The differences in effects were both
quantitative (expressed in terms of their intensity) and qualitative (expressed as
either positive or negative effect). In comparing our data with those reported by
.other writers consideration should be given to the fact that we tested different
strains and used different indicator strains, the only exception being M. luteus
strain CCM 169 which was used by Frede et al. (1989) and Lammler (1989,
1991a, 1991b). Some influence on the differences of the results may also be
ascribed to the culture medium; the possible role of culture medium in this
respect was pointed out by Varaldo et al. (1978a, 1978b) in their studies of lyso-
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Table 2

Antibacterial activity of S. hyicus, S. chromogenes

. S Indicator
Active strains (*) Mlu  Mly Mro Mkr Mni Mse Mva Sal  Saz
664/86 L +++ +4+ A+ ++ + ++ +++ +++ ++ ++
D +4++ +4++ - - - - - - -
174/87 L + 4+ ++ +++ - 4+ +++ ++ - +
D +++ +++ - - - - - — -
173/87 L +++ - ++ - + +++ - + +
D ++ ++ - - - - - - -
691/87 L ++ - — - — 44+ — — _
D + +++ - - - - - - -
695/87 L + - - - - +++ - +++  +++
D + +++ - - - - - +++ +++
687/87 L + — — — - 44+ — — —
D + +++ - - - - - - -
887/87 L - - — — — ++ — — —
D + +++ - - - - — — -
709/87 L ++  ++ 4+ - - ++ - + +
D - ++ - - - - - - -
703/87 L + + —_ — — — ++ —_ — —
D - ++ - - - - - - -
906/90 L - — — — — ++ — — _
D - ++ - - - - - - -
UT0007 L ++ — ++ - - + - +++  +++
D +4+ ++ - - - - - - -
KPJ III IL) +++ ++ +++ ++ - - - +++ +++
K—6—WI L - - - - - + — 4+
D + + - - - - - +++ +++

Explanatory notes:

* — code designation of the strains in the author’s laboratory collection; L = living cells of
indicator strains; D = dead cells of indicator strains.

zyme activity of staphylococci. In our experiments the effects were substantially
less pronounced on Blood Agar Base No. 4 medium than on Brain Heart Infusion
Agar which we then used consistently and which was also used by Balusek and
Hajek (1985). Other writers preferred the use of Tryptone Soya Agar.

In the first series of our experiments unequivocal results were obtained only
for M. sedentarius strains the living cells of which were affected by all S. Ayicus
and S. chromogenes strains which, however, were inactive on devitalized cells of
this species. An opposite, though not so unequivocal, effect was recorded for
M. lylae the dead cells of which were lysed by all S. Ayicus and S. chromogenes
strains, whereas its living cells were affected by only a few strains of the two species.
Differences in activity were found on both living and dead cells of M. luteus
and not even strain CCM 169 was affected by all S. hyicus and S. chromogenes
strains. This fact represents the greatest difference of our results from those
reported by Lammler (1989, 1991a).

The differences in antibacterial activity between the individual S. Ayicus and
S. chromogenes strains were even more pronounced in the second series of our
experiments. It became apparent that within each of the two species there exist

strains that can affect particularly living cells of micrococci, staphylococci, strepto- °

cocci and corynebacteria along with strains lacking this characteristic or strains
markedly active towards both living and dead cells of S. aureus. These observations
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and control active st;'aihs on indicater strains

strains (*) :
Sa3 Sa4 Sa5 Sil Si2 Shl Sag Sub Seq Cps Cre Apy Req
++ ++ ++ ++ ++ + + ++i +++ +i ++ ++ ++ ++
+ ++ +.+ + - - +++ ++i :f‘-_ ++ ++ ++ ++
+ + + - - - - - - + + + + +
- - - - - - - - - + + + -
+++ +++ +++ - - - - - - - - - -
+++ +++ +++ + - + - - - - - - -
+ + + - - - ++ ++ - - + + +
+++ +++ +++ - - - - - - + +++ ++ -
+++ +++ +++ +++ +++ +++ ++ +++ +++ + +++ +++ ++
+++ +++ ++ ++ ++ + - - - - - - -
+++ +++ +++ +++ +++ + - - - - - - -

Evaluation of inhibition zones: + + + = more than 5 mm, ++ = 2 to 5 mm, + — less than
2 mm indiameter; — = no effect.

confirmed and extended the data reported by Balusek and Héjek (1985). The
differences between our results with devitalized cells of streptococci and the
descriptions reported by other writers (Miiller and Blobel 1987; Frede et al.
1989; Limmler and Wibawan 1990) can be accounted for by the different
form of active exosubstance. The afore-metioned writers used the purified
fraction LE IIIb, which is a procedure more demanding in terms of technique
and cost than the use of the substance produced by the growing strain ““in situ”
in our study.

The effects of strains UT0007 and K-6-W1I did not differ from those described
previously (Schindler and Schuhardt 1964; Skalka et al. 1983). Strain
KPJ III showed the widest spectrum and the highest intensity of effects but
affected only living cells of the indicator strains. Its antibacterial effects on living
cells is comparable to those of strains 664/86 and 174/87 but differs from them by
its inactivity on devitalized cells.

Our finding of the lack of uniform action of S. hyicus and S. chromogenes strains
on living and dead cells of M. luteus prevents us from agreeing with the recom-
mendation advanced by Lammler (1989, 1991a). On the other hand, the uniform
antibacterial effects of all S. Ayicus and S. chromogenes strains on living M. seden-
tarius and dead M. lylae cells could be used in routine diagnostic work. However,
tests less demanding in terms of technique and cost are available by which S. kyi-
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cus and S. chromogenes can be diagnosed (Skalka 1991a, 1991b). Nevertheless,
studies of the antibacterial effects are of practical value for detailed characteristics
of isolated S. hyicus and S. chromogenes strains, particularly for epizootiological
purposes. :

Antibakterialni G¢inky Staphylococcus hyicus a Staphylocdccus
chromogenes

Antibakteridlni G¢inky Staphylococcus hyicus (n 40) a Staphylococcus chromogenes
(n 20) se sledovaly na Zivych a tepelné devitalizovanych butikich mikrokokovych,
stafylokokovych, streptokokovych a korynebakteridlnich indikitorovych kmenii.
Vsechny kmeny S. hyicus a S. chromogenes inhibovaly rtst Micrococcus sedentarius
a lyzovaly usmrcené buitky Micrococcus lylae, nepisobily viak na mrtvé bufiky
M. sedentarius a jen ojedin€lé inhibovaly rist M. lylae. Jen maly pocet kmenu
S. hyicus ptsobil intenzivné na Zivé indikatory a velmi slabé na jejich mrtvé buiiky.
Aktivita nékterych kment S. chromogenes, zjisténa vesmés na zivych indikitorech,
nedosahovala intenzity zjisténé u aktivnich kmend S. Ayicus. VétSina kment
S. hyicus a S. chromogenes byla na pouzitych indikitorech inaktivni. Pozorovani
antibakteridlni aktivita se urcila jako individudlni vlastnost jednotlivych kmeni,
nikoliv jako obecna vlastnost druht S. hyicus a S. chromogenes.

AHnTnGakTepuannoHoe Bo3aeicTeue Staphylococcus hyicus
n Staphylococcus chromogenes

MpoBoannu uccnepoBaHUs aHTMOaKkTepuanbHOro Bo3jeicTBUs  Stap-
hylococcus hyicus (n 40) wn Staphylococcus chromogenes (n 20) Ha
XUBbIX U TemnepaTypHO YMEPLUBNEHHbIX KNeTKaX MWKPOKOKKOBbBIX, CTa-
(OPMNOKOKKOBbIX, CTPENTOKOKKOBbIX U KOPWHe6GaKTepuanbHbIX WHAUKATOP-
HbiIX wTammoB. Bce wTtammbl S, hyicus u S. chromogenes uHruéuposanu
poct Micrococcus sedentarius W AM3MpoBanu ymepiluBneHHbIE KNETKW
Micrococcus lylae, o0AHakO OHM He OKa3biBanu BNUSIHUS Ha MepTBbie
knetkn M. sedentarius W TOAbKO B OTAENbHbIX CAyuyasx WHrUOGMpoBanu
poct M. lylae. Tonbko He3HauuTenbHoe uucno wrammosB S. hyicus pew-
CTBOBanoO WHTEHCUBHO Ha XWBbleé UHAWKATOPbl U BeCbMa HeBblpa3sUTENbHO
Ha WX MepTBble KNeTKU. AKTMBHOCTb HEKOTOpbIX wTamMoB S. chromoge-
nes, yctaHoBNeHHas 6onbliei YacTbio Ha XWBbIX MHAUKATOpax, He AOCTH-
rana UHTEHCUBHOCTW, YCTaHOSNEHHOW Yy akTUBHbIX wTammos S. hyicus.
BonbwnHcTBO WTammoB S. hyicus ¥ S. chromogenes Ha WMcCNonb3oBaH-
HbIX WHAUKATOpPaxX oTNUYanacb HeaKTUBHOCTbiO. Habniopaemylo aHTMGakTe-
puUanbHYyi0 aKTUBHOCTb OfNpeAensnM Kak WUHAUWBUAYanbHOEe CBOMCTBO OT-
AenbHbIX WTaMMOB, a He Kak obllee cBOWCTBO BUAOB S. hyicus u S. chro-
mogenes.
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