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IBVESTIGATIONS ON STAsHLOCOCCAL HYALURONIDASE

II1 - The Effect of several "milieu fuctors” on Ryaluronidase Foraation
of Staph. aureus in vitro

(Following is the translation of an article by Joachim Schmidt,
Institute of Medical Microbiology & Bridemology of Karl-Marx~
Univ,, Leipis, published in the German-language periodical,
Zent, Bakt, 19% (1964) prages 59-72., Translation performed

by Constance L. last.)

After determining experimental conditions at which optimal Starhyloccal
hyaluronidase formation occurred (II fayer in series), several other factors
that influenced the enzyme synthesis weras studied. This concerned the effects
of growth factors, antibiotics and bacteriorhages in order to eventually
show increased hyaluronidass in the rresence of hyaluronic acid, also inter=~
relationships of ensyme formation in mixesd cultures,

1.

The ixportance of several growtn factors lika thiamin (vitamin By),
nicotinamide, biotin, riboflavin (B,), ryridoxin (Bg) and others, for the
grovth of Staph, aureus has been the subject of several publications (Re-
viev by Elek 1959). However, obvinusly triuls are lacking about the in-
fluence of those compounds that exert an sffect on hyaluronidase formation,
We used the synthetic medium of Gladstone (1Y37), which contains the amino
acids cystine, leucine, valine, rroline, glycine, asparagine, phenylalanine
and arginine, These were present in a concentration of 30 mg % and were
dissolved in & buffered salt solution containing 1% glucose. (Also see
article II). The growth factors, biotin, thiamin, and nicotinamide were
added, to give the following combinations. Hedium $l-Basal medium; $2-
basal plus biotin; $#3-basal plus nicotinic acid; g4-basal plus thiamine;
#5-basal plus nicotinic acid and thiamin; #6-basal plus biotin and thiamin;
#7-basal plus biotin and nicotinic acid; #B-basal plus biotin, nicosiniec
ascid and thiamin; #9-difco bouillon, The concentration of the vitamins vas
1 microgram per ml. It is known from Knight {1Y37) that quantities of 0,2
ug per ml., of thiamin allow good zrowth, Biotin at 0.001 ug/ml is adequate
(Porter and Pelcser 1940), Hizh concentrations of nicotin-amide are inhibiting.
Koser and Kasai (1947) found no effect at 1000 ug/ml, at 3000-5000 ug/ml
growth was shown, while at 10,00u ug/ml sometimes a severe inhibition was
observed,

Staph, strain M18 from a blood agar plate was grown for 20 hours at
37°C 1n difco boulllon, centrifuged, and the sediment was washed three times
with physiological saline, After muking a definitedlution (turdidity of
2000) the individual media were inoculated and incubated at 37°, After 24
and 48 hours sasples were taken for hyaluronidase and turdbidisy detersinations,
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The results are presented in table 1, With medium #1 only a sinimal
formation of hyaluronidase was noted, Growth wus also somewhat diminished
comrared to the control (bouillon). addition of one of the vitamins, above
all nicotinamide (#3), resulted in greater growth and greater eniyme forma-
tion. The effect on growth, of biotin and thianin, was less promouncéd,
Nicotinic acid plus thiamin (#5) were best in combination. If all three
growth factors were added (#8) frowth and enzyme-formation wers increased
further, but the values were still less thin those obtained with difco=-
bouillon, (A decrease of ¥scosity of 62,8% after 24 hours to 73.7% after
48 hours were determined) The differences in enzyme synthesis between
medium 3,5,8 compared to #1 were larger than the range of the individusl
determinations.

If the values obtained for enzyme activity are compared to turbidity of
#1, the differences are less than if one merely looks at the absolute hy-
aluronidase valuss., Arparently the enzyme values were somewhat greater with
medium S5 (nicotinic acid plus thiamin) and 8 (all three vitamins) than those
obtained with medium number 1 (no vitumins). <The increased ensyme formation
‘under the effect of vitamins is yrobably not a direct stimulatory effect,
but is probably rather a result of increased growth, However, . hyaluronidase
increased more sharply during log-rhase growth than the increased growth
would lead one to expect, Therefore, these larger differences could be
explained in this way.

2

The influence of antibiotic substances on the ability to make hyaluronidase
in Staph, has not been mported, It has been rerorted that antidiotics usually
inhibited the formations of other bacterial enzymes or even toxins,

Massart (1947) and Kramritz and Werner (194/) found an inhibition of
ribonuclease in Staph, aureus. DNufrenoy and Pratt (1948) found a definite
inhibition of alkaline phosrhatiase with low doses of peniciilin, but not
with high concentrations (100 IE/ml). Gillisen and Ruda (1958) could not
confirm these findings. Neither in greater, nor in lower than bacteriostatic
concentrations was alkaline rhosrhatase diminished in the presence of peni-
cillin or neomycin, Also renicillin had no effect on acid phosrhatase, al-
though neomycin in greater thun barteriostatic concentration did exhibit
some inhibitory effect. Schuler (1y44) did not observe any effect on the
enzymes which regulate carbohydrate metabolism. Boniece (1956) investigated
the effect of antibiotics on coarvlase formation in resistant strains of
Starh. aureus, They measured the time required to coagulate plausma in sthe
rresence of erythromycip,tetracyclin, chloramrhenicol, streptomycin and
penicillin, Erythromycin was inhibitory, while tetracyclin and chloramphenicol
did not, Streptomycin was slightly inhibitory nt high concentration, and
Tenicillin was not at all., Hinton and Orr (1960) reported that chloramphenicol,
tetracyclin and oleandomycin in low concentrations inhibit alyha-hemolysis
formation rroportional to inhibition of growth, Streptomycin and bacitracin
had a greuter effect on inhibiting aljhu-hemolysis formation than on growth,




Rosendal and Faber (1955) and Faber and Ro:tendal (1954) have done studies
about hyaluronidase in Staph, They found that in a strain of serological
group A (Type 24) the effect of renicillin was to inhibit hyaluronidase formation
in the cell as well as its release from the bacteriil:cell, They showed that
a greator production of hyaluronic acid had occurred., The inhibitory effect
of penicillin on hyaluronidass formation may be because it acts on SH-groups.
Dufrenoy and Pratt (1947), Pratt and Dufrenoy (1948) reported that penicillin
may cause & transition of SH-grours to S-S grours. Aleo it is known that
compounds that react with sulfhydroxyl groups inhibit enzymes (Glick and
Kaufpann 1950). Faber and Rosendal also reportcd that in & strain of grouy
A (Type 4) penicillin caused increased hyaluronidase production., This is
not explainable by the above-mentioned mechanism,

In the present investigation we wanted to test whether hyaluronidase
synthesis is altered in Staph, uureus strains in the presence of sub-bacterio-
static doses of different antibiotics, We used Staph. aureus strains E3l,
M55, M15, Fru8, Fr55, and 682, which showed a differential resistance to
different antibiotics (penicillin, strertomycin, chloronitrin, terramycin).
The strains were incubated in difco-bouillon in the presence of corresponding
antibiotics, as well as controls, Samrlers were taken after 2, 4, 6, 8, 11,
and 24 hours for turbidity and hyaluroniduse measurements. The following
type of experiments were used:

Stcﬂ. strain 31 plus 0,01 IE renicillin yer ml; control no penicillin
. M55 plus 0.01 IE penicillin per ml; control no penicillin

R * 0,006 IE penicillin per ml
. " WS plug 0.06 1B peanicillin rer ml; control no penicillin

' 0.50 IE prenicillin yer ml,

. " Tr48 plus 10 ug strertomycin / ml; control no antidiotic
15 ug chloronitrin / ml.
5 ug terramyein /ml,
» » Fr55 plus 10 ug strertomycin/ml; control no antibiotic
15 ug chlorontrin/ml,
[ ] L ]

682 plus 10 ug strertonyein/ml; control no antidiotic
$ uz terramycin/ml,

The curves obtained for hyaluronidasa for strain E31 are the same for
all conditions, Growth was slower in the rresence of penicillin, Strain
M55 showed no difference in enzyme rroduction in the yresence of 0,01IB
renicfllin/ml when compared to control (Fig. 2), This was similar to what
was observed with strain E31, With zddition of 0,06 IB praicillin/ml. both
growth and hyaluronidase formution were mirkedly diminished, Strain M15 in
the presance of 0.5 IB penicillin/ml showad slower growth, Ensyms formation
was also slower, but reached control levels after 1l hours, Similar results
were obtuined with strains Fri48 und Fr55 (Fig. 3) in reference to addition
of chloromitrin. Here also growth and hyaluronidase systhesis were slower,
All other exreriments (strain ¥r,) jlus streyrtomyein, strain Fri8 plus
straptomycin, terramycin, strair -'2Z y3lus strertomycin and terramycin) showed
no difference when compared to t'.~ir corresyonding controls without antibotics.
In the rresence of antibiotics, mx: :red tn controls, a decrease of hyaluronidase
synthesis-later formation-occurr.-d. This is yrobably not a direct effect of

3.
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the antidotics on ensyms formation, but rrobably an indirect effect as a
result of diminished growth, This conclusion is readily apparent when the
hyaluronidase curves are comrared to the growth curve,

3e

In further studies we studied hyuluronidase formation of Starh. aureus
ags a result of infection by srecific bacteriorhages, We could find no re-
ference in the literature adbout this toric,

We used Staph strain M49 and 26 in Difco-bouillon, Phage was added
“a) at the time bacteria were inoculated, b) 1.5 hours later after incubating
at 37°C. A third set received no rhages, only bacteria, Each flask con-
tained 20 ml medium (bouillon) and the culture material was added until
turbidity was wvisible, 0,5 ml of Thuge in the RID (routine test dilution)
was added, Incubation was at 37°C; samples were taken for turbidity and
hyaluronidase measurements were mud~ at 2, 3, &, 5, 6§, 8, and 11 hours.
In figures 4 and 5 the results are summarized, With strain M49 (Fig 4)
the flask with no rhage added exhibited suximum enzyme formation (viscosity
decreaae about 65%) at the end of the logrithmic growth phase. If rhage 80
was added growth wgs slowed marxedly; after 4 hours the lytic events over-
came the cells which resulted in almost comrletely "dissolved” the bacteria,
Hyaluronidase synthesis was low (viscosity decrnrise 25%), It paralleled
the slow growth for 4 hours and after 8 hours decreased again. No increase
in free hyaluronidase occurred Auring the lysis period, If phage was added
after 1.5 hours of incubation, then growth was initially heavier, but after
5 hours the bacteria also became lysed, Hyaluronidase reached higher values
(viscosity decrease 55”) but enzyme activity only increased slightly more
after 6.5 hours. After 8 hours a decreasa was already apparent,

With strain 26 the same axyeriment rrocesded differently. Little dif-
ference was seen in growth up to 5 hours in all three flasks. This probably
corresTonds to the duration of the log-rhuse of growth (Fig, 5). Lysis
occurred raridly thereafter, The curves for hyaluronidase, on the other
hand, showed an identical rattern in all flasks, This may be explained in

_.the following way: most enzyme synthesis occurrs in the log-phase of growth,

and with strain 26 lysis occurred only in the last third of this growth phass,

¥rom these studies we can conclude that in early lysis and the consequent
cessetation of growth the enzyme formation is also less, if lysis occurred
later then entyme synthesis can reach control levels, Therefore lysis has
no effect on the pattern of the enzyme curve, Zfurther, the data showed that
maximum hyaluronidase formation takes place in the log-phase of growth,
Arparently the ensyme does not accumilate intracellularly, because in that
case the enzyme activity should rise murkedly after lysis of the cells.

b,
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Eyaluronidase foraation in the rresence of hyaluromic acid

Several bacteria showa consider:ble increass in hyaluronidase production
in the yrasence of hyaluronic arid. This stimmlatory effect could be demon-
strated with Straptococcus (Hcflean 1941, Rogers 1943, Sellers 1949),
Pneumococcus (McClean 1941), Olostritium rerfringens (McClean and Hale 1941,
Byers 1944, Rogers 1943, Hellmessen 195:4) Fscherichia freundii (Brunish and
Mozersky 1958), but could not be found with Starhylococcus (Rogers 1945,

" Schwabacher 1945). The rhenomenon is thought to be an adaptation to the
kyaluronic acid-containing medium (Rogers 1945) and be a sign that adaptive
enzyme formation was occurring,

In the present inveatigations we tested § straina of Staph., aureus,
(E52, M18, M49, 971b, 1600), to sem whether the presence of hyaluronic acid
increased enzyme synthesis, The strains were ~rown in growth medium which ‘
" contained 0,2% hyaluronic acid (Schering Co,, Berlin), for 24 hours. Controls
contained no hyaluronic acid, With strain's ES2 and M18 we also looked
at 6, 12 as well as 24 hours,

Growth was the same in the rrescnce,or absence, of hyaluronic acid, and
enzyme activity was not altered in any flasks. We concluded, (confirming
Rogers and Schwabacher's work) that the addition of hyaluronic acid to the
growth medium does not stimulate hyaluronidase formation in Staph. aureus,

Beshavior of Hyaluronidase in Mixed Cultures

If two (or more) species of bacteria are grown in a growth medium, a
detrimental influence may occur, This thenomenon, which may be observed
in vitro as well as in vivo, is known as bucteriul antagonism &nd has been
studied extensively. This involves a comrlex rrocess which seperates
antagonistically-acting substinces like antibiotics, certain enzymes, lipids,
Pigments in adaptive rrocesses, or into a different rate of growth, according
to Gillissen the influence of antu.onism may also be effected through secondary
. Tactors like limiting food sujyly, inerrused metubolites, extreme rH changes
and lack of oxygen. In Sturh, the untusonism wus studied in reference to
Dirhtheria-and Colibacteria and Streptococci (see Rlek 1959), The opposing
influences on growth have been studied most.

We found no references in the literanture about the behavior of hyaluronidase
formation of Staph, in mixed cultures, Thus five strains of Staph. were
used (M18, 917b, BS2, M4S, 1600). Mixed cultures of thess strains waere
yrepared with; Pneuricoccus, Enterncoccus, hemolytic Streptococcus, Neisceria
catarrhalis, Diphtheria (Type Gravis), Coli, Froteus, Pyocyaneus, and Sturh,
eridermidis. The same concentration of bucteria suspension was inoculated,
with a ripetts, into mediwm, After 6, 12, and 24 hours incubation samrles
were taken for ensyme and turbidity measurements. The quantity of Staph.

S.
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in the growth culture was determined by streaking 0,1 ml of the culture on
a blood agar rlate. Controls of the rarticular strain of Starh, were al-

ways "run® for comparison; t#* (4¥) wus growth on the control plates., In

the mixed cultures the corresponding values were s ,# & (34, 2¢,+ ) cor-

resrondingly.

The results with the strains tested were generally uniform. For example,
the results obtained with Staph., strnins 1600 and E52 are presented in figures
6 and 7.

In mixed cultures with Starh. erlderris, Pncunococcus, hemolytic Strepto-
coccus and Diphtheria the same level of enzyme was found as in the control
cultures of the corresponding striains of Stujh, Growth also was likewise the
same, Proteus, coli, end ryocy:neus gave different resulte in the mixed
culture experiments. These germs hud already largely overcome the Starhylococel
after 6 hours of growth, After 24 hours the Staph., were only iresent in
very small numbers (colony count). But, hyaluronidase formation was not
surrressed much (MUY, 1600 not at all; 971b, B52, K18 very slightly lowered)
during this suppressed growth, Even thoush growth was greatly curtailed
hyaluronidase was still synthesized, A yurently Stath., grew to the log-
thase period, but its growth was cubsequently inhibited as A result of the
antagonistic effect. In mixed cultures with Neisseria catarrhalis two
strains, E52 and M18, showed the sane level of enzyme as controls despite
inhibited growth., With strain I’ no hyaluronidnse activity was measurcable,
The other two strains, 971b and 1A05, shoved rsrowth inhibition in the rresence
of Neisseria catarrhalis, but still formed a small amount of enzyme. The
hyaluronidase curves in the mixed r~ultures with Enterococci also behaved
somewhut differently. Strain M1~ dis;lue-d the Enterccocel completely, so
that the enzyme activily was exi.~tly thc s:ime us in coantrols, With strain
752 and 1600 the Enterococei pgrew very slightly, Particularly with 1600 the
enzyme activity was deminished, hecwever,

In mixed cultures of Starh. surcus with other strains of bacteria the
hyaluronidase activity is rather more variable, This is dependent on the
growth intensity of Starh, aureus in the particular cultures,

It could be yossible that substiances that act antagonistically, like
end-iroducts of metabolism, r:y inhibit the forred hyuluronidase. Therefore,
the following exjeriment was dorce; coli, jroteus, and jyocyanous were in-
cubated sepeartely in medium for 24 hours. This was then steril-filtered
throush glass filtars (Jena G5), The filtrate contuining the corresyonding
metabolic products wus added to the rolution (medium) with the hyaluronidase
of strains M18 and E52 and held uat 4-5°C for 20 hours., No inhidition of
byaluronidase activity was noted (comrired again to controls),

The low activity of hyaluronidase of Stujh. aureus in mixed cultures '
with coli, proteus and pyocyane.z is theraforr not a metubolite-inhibition, i
but is dejendent on the antagori-tic ~ffect of these strains of bacteria, '
They, of course, surrress growth of tha Stunrhylococed,

6.
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In the experiments describ-d we studied the effects of several "milieu”
factors on hyaluronidase formation, Bacteriul srowth factors (Nicotonis
acid, biotin, thiamin) lead to inecrensed enzyme formation indirectly as a
result of increased growth, Antibintics and rhuzes ensyme synthesis was
shown also by an indirect effrct, The yrimury effect of antibiotics or
Thages was to decrease growth, antibiotics inhibited growth, phayes lysed
the cells, 1In contrast to other bhucteria Starh, aureus did not exhibit
increased hyaluronidase activity in the jyresenc: of hyaluronic acid.

The results support the conc--t that starhylococci-hyaiuronidase is
a constitutive enzyme, which is -lwiys inderendent of the substrates in the
growth medium. It is not an ud:rtive enzyme, which is synthesized by the
microorgnnisms because of a need (Kurstroem 1930, 1938; Leiner 1958).
Karstroem callad all -enzymes which increuase 5 times in activity because of
& stimlus adartive ensyme, The hyuluronidase of Clostridium yerfringens,
pneumococci, strejtococei and E, freundii may be classified in this area,
Adaptive stimulation did not increuse hyaluroniduse formaution in Staph,
aureus, Enzyme activity always corresronded to growth ability.

Hyaluronidase formation in mixcd cultures was dependent on the microbial
antagonisa. The enzyme activitr wus rresent if growth of the particular
strain of Starh. was not suprrecsed completely, ut was allowed to reach
i1fs log growth phase.

Sumnary

The investigations on the influence of various "milieu factors" on
the ability of Sturh. aureus to ‘orm hyaluroniduse led to the conclusion
that bacterial growth substance: result only indirectly through the promotion
of growth in an increased formation of enzyme, while this can bde reduced
by antibiotics or bacteriorhages, likewise in an indirect way by influencing
growth., 1In the presence of hyaluronic ueid no stimulation of hyaluronidase
production occurred, and in mixed cnltures it rroved to be dependant on
the interrelations of the bacterinl antagonism,.

7.
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nmﬂ Hyaluronidasemenge in der Originalbouillon.
[ ] " nach Einstellung der Wachstumadichte.
a w.c.h‘::r\.lﬂldi('h(o (log der Triibungswerte).

Abb. 1. Einflud von Wuchmtoffen auf dir Hyaluronidessbildungsfibigkeit des Staph.
aurous.
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Figure 1 -‘The effect of vitaming on the ability to form hyaluronidase
in Staph, aureus.
(umg,pt hyaluronidase in original medium; Hatched -~ hyaluronidase
in medium after growth; Gray - growth (log of turbidisy)
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== ohne Penicillin.

mit Zusatz von 0,06 JE Penicillin/ml Nahrmed;
mit Zusatz von 0,01 JE Ponicillinl/ml NM!:‘:;.
. H Iv'l,yslumnidm-knrvo

W Wachstumskurvo
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Abb. 3. Einfiub von Antibiotica auf din 1yluronidassbild

e mluroniduebikiung dse Slaph. eureus (Staphy-

]
Figure 2 -~ Influence of Antibiotics on hyaluronidase formatioh of Staph
aurcus {(Strain M55) o
(Sol4d line - without -enicillin; Dashed - rlus 0.06J% penicillin
/sl; Dot-Dash, Tlus 1,ul JE jenicilliin/ml; H ,‘hyalluronidno; W=
growth ‘ " I , l
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omtmesmmm=  ghne Antibioticum.
=== mit Zusatz von 10 y Streptomycin/m] Nahrmedium.
w—cemcmecm  mit Zusatz von 15 ¢ Chloronitrin/ml Nahrmedium,
H Hyaluronidasckurve
W Wachstumskurve

Abb, 3. Rinfiuf von Antibiotica auf dio Hyaluronidascbildung des aureus (Staphy-
. lokokkenstamm Fr. 58). ¢ Sueph. (Slorly
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Figure 3 - Influence of antibiotics on hysuluronidase formation of Staph.
sureus (strain Fr. 53)
{Solid line, no antitiintic; Dished, plus 10 ug streptomycen/ml,; !
Dot-Dash, plut 15 u-: chloronitin/ml; H, hyaluronidase; W growth,
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5 6%a 6 1¥;Std.
e ghne Zusatz von Bnktcriophugen.
emmem=a gloichzeitiger Zusatz des Phagen 80.
—cocmeem:  Zusatz des Phagen 80 144 8td. nach Beimpfung mit Bakterien.
H Hyaluronidasckurve
W Wachstumskurve

Abb. 4. Verlauf der Hyaluronidsschildung dos Staph. aurous nach Zusats von Bakterio-
phagon (Staphylokokkonstamm M ¢9).

Figure 4 « Pattern of hyaluronidase formition of Staph, aureus (Strain M49)
after addition of bactleriothnges
(Solid line, no thage; Dashed, Tlus tvhage 80; Dot~Dash, rhuge
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Abb. §. Verlauf der Hyaluronidasebildung dos Staph. aureus nach Zusats von Bakterio-

Pigare 5 - Pattern of hyaluronidase formation of Staph auresus (strain 26)

after adding bacterio}hages,

phegen (Staphylokokkenatamm 26).
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] ‘ Bebrikungsdaver
! . sesstesesses Staph, aurenn 4 Pneumokokken, ‘kﬁ.l 4w
e Staph, aureun 4 N, catarrhalia,

=x~x=x= Staph. aurews - Diphtherichakt, (Typ gravia).
Staph. aurcun 4 Colibakt.

tomaemes  Staph, aurcus + haomol. Stroptokokken.
—em—smse~ Staph. aurcus 4 P’roteusbakterien.

=otemmsse—- taph. aurcus + Pyocyancunbakterien,
—cemcamem Staph. aurcus + Staph. epidermidis,
———e  Staph. aureus.

@o—eoe Staph, surcus 4 Enterokokken.

Abbd. 6. Verhalten der Hysluronidasobikiung des Staph. sureus in Mischkulturen (Staphy-
lokokkenstamm 1000)
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Pigure 6 - Pattern of hyaluronidase formation of Staprh., aureus (strain
1600) in mixed cultures.
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(Zeichonerkikrung siche Abb, §) el ¥f Tund,
Abb. 7, Verhalten dee Hysiuronidassbildung des Staph. saress ia Misshiralvuren (Staphy-
lokokkenstamm E §8).

Figure 7 ~ Pattern of hyaluroniduse formution of Starh aureus (E52) in
mixed cultures.

Symbols sume as for fig. 6
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