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A COMPARATIVE STUDY OF THF HEMOLYTIC PROPERTIES
OF SOME MICROORGANISMS

By V. V. Tkachenko

Izvestlya Irkutskogo Gosudarstvennogo Nauchno-Issledovatel'-
skogo Protlvochumnogo Instituta 515§rIIf551'ne o0 Vostoka (News
ol %ﬁe Irkutsk State 3Sclentillc Research InEIpﬁague Tnstitute
of Siberia and the Far East), Irkutsk, Vol 25, 1363, pp
135-143,

In a previous investigation it was established that the
plague hemolysin is a substance with characteristics of higher
fatty acid (Tkachenko and Domaradskiy, present symposium).

At a concluding stage of investigation of the nature of
hemolytic activity of the plague bacterium we were faced with
the task to clarify how much species-specific is the ascer-
tained nature of the plague hemolysin. With a view to this we
devoted the present investigation to a comparative study of
hemolytic properties of some other microbes: Sta§g¥lococcue
aureus, Bacillus anthracis, Escherichia coll, an e causa-
tIve agent of pseudotuberculosls in rodents.

One of the numerous hemolysins of Staph. aureus "nonspe-
cific 6-hemulysin," described by Marx and Vaughan (1950), by
its properties very much resembles a higher fatty acid, if we
exclude 1ts insolubility in acetone (Van Heyningen, 1953).

The hemolytic properties of B. anthracis are apparently
connected not only with a C-lecithInase produced by it (Williams,
1957; Costlow, 1958; and others). It is lknown that this mi-
crobe has also a thermostablile hemolysin which by its thermo-
stabllity resembles the plague hemolysin studied by us.

According to the data of a number of authors (Sonnen-
scheli, 1930, and others, quoted after V. D. Shtiben and I. K.
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Babich, 1955) the hemolytic properties in E, coli are con-
nected with the action of bacteriophaze upon 1t. We have
earlier already noted the increase of hemolytic properties i
plague cultures upon thelr experimental infection with a
bacteriophage (Tkachenko, 1961, unpublished data). Tne suiudy
of hemolytic activity of Bact. pseudotuberculosis 1s of ob-
vious interest in connectIon WIEE well-lknown dlifficuities ..
differentiation of Bact. pestis from Bact. pseudotubercul~-:! ..
METHODOLOGY

For a comparative study of the hemolytic activity o
gselected the following microbes: a strain of B. anthracis

(vaceine STI), a strain of Stagh. aureus, a strain of E, acl!
and seven strains of Bact. pseudotuberculosis, preserved a-
the Museum of the Live Cultures of the lrkutsk Antiplaguc i
stitute¥*,

In the experiments were used 48~hour cultures of tne
above-enumerated strains, grown in Hottinger's agar (pH 7.. :
at 37° (pseudotuberculous cultures were grown at 28°, anu ..
individuat cases at 37°).

The investigation for hemolytic activity was carrlicu ...
according to a technigue used for the study of plague hecin:.,
first -- by growing cultures in the media with blood, ti.c..
by testing "resting" cells and the obtained from them 1ly:.. !
11zed preparations and different extracts, as it was expl:l:
in detail in previous works (Tkachenko, 1961, unpublished -
Tkachenko, 196la; Tkachenko and Krotova, 1962, present cy:;
sium; Tkachenko and Domaradskiy, present symposium).

The evaluation of hemolytic activity of cultures of ti:.
microbes in question, under conditions of growing at 37° 1.
Hottinger's media (pH 7.2), was performed with regard to t:.
onset of hemolysis. Whereupon were estimated: the magnituc -
of hemolytic zones in the blood agar and the height of thno
column of broth stained with hemoglobin of lysed unwashed
erythrocytes of the guinea pig.

. The quantitative evaluation of hemolytic activity oif
washed-off microbial cultures and different preparations c.
tained from them was effected according to the technique .i.-
veloped by V. V. Tkachenko (1961b) and based on the estimate
of 50%-hemolysis, using standardized suspensions of washed- '
erythrocytes of the guinea pig, and in some experiments -- c.

"&he strain of B. anthracis STI was obtained from the Iriaut:.
Institute of MIcroblology and Epidemiology.
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other animals and men. In this case, the terminal concentra~
tions of washed-off microbial cultures and their preparations
In the experiments corresponded to those obtained during test-
ing of the plague bacterium (Tkachenko, 1961a; Tkachenko and
Krotova, present symposium, Tkachenko and Domaradskiy, present
symposiumg :

RESUT.TS OF EXPERTMENTS
A comparative study of the hemolytic activity of Stagh.

aureus, B. anthracis STI, E. coli, and Bact. pseudotuberculpsis
permitted the clarification ol some of Its pecullarities as
compared with ine activity of plague bacterium (vaccine strains
1, 17 EB). According to the data obtained by us (Table 1) not
a single from among washed-off and aerated microbial cultures
tested, except, plague cultures, was capable to produce
hemolysis.

The lyorhllized washed-off cultures of Staph. aureus, B.
anthracis and E. coli, at least during two-year observation of

- Them remained hemolytically inactive. In connection with this
we found 1t raticnal to pass at once to the preparation of

lipids of lyoprhiiized cultures of the aforesald microbes and
to test them for hemolytic activity.

The frec znd combined 1ipids of Staph. aureus were found
to be devoid of hemolytic properties. According to Vaszi and
Farcas (1961), the lipids of Staﬁh. aureus contain unsaturated
fatty acids in meager amounts, whlle the unsaturated fatty
acids as compared with the saturated ones have more pronounced
hemolytic properties (Greisman, 1958, 1959). Apparently, a
nonspecific é-hemolysin wlith characteristics of higher fatty
acld, described by Marx and Vaughan, is hardly a product of
destruction of a bacterial cell similarly to ‘the plague hemoly-
sin studied by us. Manifestly, 6-hemolysin is only a product
of the splitting of lipids present in the culture medium of
Staph. aureus and a consequence of lipolytic activity of the

latter. This assumption fully agrees with investigational
data of G. N. Chistovich (1961) on the accumulation of hemo-
lytically active higher fatty acids in the culture medium of
Staph. aureus as a result of the hydrolysis of lipids, cataly-

zed by Staphylococcal lecithovitellinase.

Free and combined lipids of B. anthracis STI and E. coli
produced the lysis of washed-off ‘erythrocytes. The yield of
free 1lipids of . anthracis STI was comparatively high (up to
7-8%, with the yield of 1iplds of investigated gram-negative
bacteria within the limits of 2-3%), and their emulsifiability
in physlological solution approximately corresponded to that
observed in lip’ds of Bact. pestis, dbut in hemolytic activity

3
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[key to Table 1 continued]

12 ~ washed-off and aerated bacteria; 13 - water-insoluble re-
sidues of washed~off and aerated racteria; 14 - free lipids;

15 - combined lipids; 16 - original; 17 - acetone-soluble frac-
tions; 18 - weak and unstable; 19 - not tested; 20 - moderately
pronounced and stable; 21 - more stronglv pronounced and stable;
22 - sharply pronounced and stable; 23 - strongly pronounced ard
stable; 24 - weakly pronounced and stable.

they were greatly inferior to the latter. The lipids of E.

coll were less well emulsified in physiological solution but

as to degree of hemolytic activity resembled the lipids of
Bact. pestis. Upon fractionation with acetone the hemolytic
acEIvIEy of the lipids of E. coli, as in 1ipids of Bact. pestis,
wholly passed to acetone soluble fraction.

Very interesting data wexre obtained from the hemoiytic
activity of Bact. pseudotubercuiosis. The latter, like Bact.
gestls, when grown 1n the medla w defibrinated blood, pro-

uced a weak and unstable hemolysis, whereupon erythrocytes or
the sheep and horse were lysed less well than erythrocytes ot
the guinea pig and rauvpit; human erythrocytes were not lysea
at all; the lysis of dog's erythrocytes was unstable and most
pronounced. However, the unwashed-off aerated pseudotubercu-
lous cultures, suspended in physiological soiution, lost the
capacity to produce lysis of washed-off erythrocytes and other
animals. Lyophilized pseudotuberculous cultures, like plague
cultures during storage acquired hemolytic properties, althougn
after comparatively long periods of time: within three-four
months up to one year after lyophilization. And what 1s more
similarly to the plague bacterium, the water insoluble residue
of pseudotuberculous bacterium obtained according to the
methods of Baker et al. and Walker-Domaradskiy, were found to
be 8ls80 hemolytically active, whereas the water-soluble, maint.
protein fractions and lipopolysaccharide, obtained by Davies'
method, were devoid of hemolytic properties. We shall note
that since lipopolysaccharide of the pseudotuberculous bacte-
rium is considered as its toxin (Davies, 1958), we may assunc
that hemclytic activity of pseudotuberculous bacterium is not
connected with i{ts toxin.

The lyophilized pseudotuberculous bacteria and their
water-insoluble residues were inferior to the corresponding
preparations of washed-off aerated plague bucturia, as to de-
gree of hemolytic activity. Nevertheless in a great number of
characteristics (thermostability, activity of erythrocytes of
different species, inhibiting action of protein, ions of cal-
cium and magnesiwi,; etc.) the hemolytic properties of lyophi-
1ized cultures of pseudotuberculous and plague bacteria and
their water insolubls residues were found to de identical.

6




, ‘uotrjoedy aIqnNIos-9uo3IdY == $] mmcm“mmn - mm
‘sp1dIt paulquop - 21 ‘spjdil 99ag -~ TT fs8y98ad °*j0oed - O {8is0noIaqniopnasd °30®
-6 {17100 *T - g fsagnupw uy spydiT £q pesned 81sATowey-40g Jo 3e8up - L ‘deays

-9 ‘U == G £37QQqEy -~ 4 f98JO0H - € ‘F7d BOUIND - 2 {893400aYy3z4LId JJOo-PoyuseM - T

°T umIjuapod sisomMmozeqniopnesd °j3ovg
JO aan3 MmO PazZTTTUdOAT BaIJ pPajoeaxs spidyr Bulyse] uj psuiejzqo 38D 03 3uipioodyy

0'ss ¢'is 1'9% 9'ls 9'es 0'sS ALY g'ss) 009 | ¢'23| 1C9 | 99t 0 wwedeg(p >
S'8e 0'oc 0'62 ([ 0'LZ ¥t 1'82 6| 1 | €ie] dee | €1e|t C T exasoran (A]) g)
0'S2 £ 9'1Z 0'sZ g'ze L'ze 0€s gez| <L° | €63 €8T | 06g | C exurodn (111) )
e’
0'0z ooz| o6t |om Lot o'zl ¥l eot| vie | rel sm lowz] - weemor (1)) S
el A ol A ] 9'l Sl Sl 9'c1| ¢9i 8l * oLt 0’91 | * © wnuned gonddom (1) 77U t~
# : : |
gz P MEsz 2 [Pkzz [a 1Az [ [Pes: T pRe: ER
5383 S |=2a US| 23 [E | ez B {=z2lz [*22 3
z 2 B £2 | & Ee | & 2 | g c2 | % =2 | &
52 £ s | § 5 | 3 =2 (5! 251 &g! =8|k A
2 g o3 F o2 o =
e EE FX P e 27 R
= i = = ) x x } ﬂln\l ) numodinde
N‘D RYHUHE 7 nesuwe NN\J MUNUNY ,-m.v. MYHUNY gzq:::n AD mruuue | runniQ
~~"MHHCCER) | - 7 Imnvogowd IMHHEEBAD AXHT0QOR) dmHNEEEE) [T TImNV0QO9)
37} egoduum osonnkn ¢> we90dann osoncarindagkioveadu S 5 Wanoveu younamux
T 25 XeLAHHN @ ‘HNBTHUHK OJONILBMENE "EEHVONIS OJOH- %7 IHHIvulidel

® _UOJ3EBqNOUT) US| pue syevmjuy BNOJJIBA JO 833400 1YJAIH JJO-PIYUSBM
*3oed pue sisoInogeqniopnsed °*308g ‘Iroo °¥ Jo spiydyT Jo Layoeded




*UoT3OBIJ I[QN[O8=8U03d08 - T ¢ TWUIE

=}I0 - 21 ‘sp1dyil pauiquod - TT fspTdil 89a3 - OT f873s8ad '308g - 6 {syjgoInozeqn3y
-opnasd °j30ed - @ fTT00 ' - L fsojnujw uy ‘spidir LAq posned g [gATowdU 4G JO 308UQ
- g {T0J93BATOYD"*** - G f°***uolanyos 1BOIIO0YOIBAU - f ¢(10a3uU0d) uoiznTos VO30T
-otsfud - € f1L°G HG I33Jnq ajeydsoyd-W 9°0+ UOTINTOS TBOTB0TOTSAUL - 2 {UMIPaW = T

sl o't 'n g} gor 3 L szt £'01 YARBR AR 091 (trodinon) donidedeng ¢,
'8 S'6€ g'ce 1% I 392 69¢ 6'8¢ S'or o'cy Sy Fir | G Emdaavor 4620 ¢ .
¢S 0’98 | 0S8 | VIS SIS s | ezs | ge3| amu | imu v | ooy S oot .
! ERTRFTU IR TR I H}
oz ge9 | goL | o | IS vmy) zor 69| Lov [ gorl i gy )R QL Gigrdmrdeng &,
.., [ - A . J A ! M
O G DS U L S T | I VU T BT Y AP A TR AT bLo2ea 1l
! | (endiioig o ovaording -
S's A g's AT 6'S ) 1’9 §'9 L S A B o 1] zot el nd
4 1] L} " — . )
ol 2'ct 4] tel ¥6 L6 96 0'vl e m e | LRy | oamn AL
SR LU T R A TR T N T M
0.2 s'el ¢z | e'el £'8! V6l g6l ' 0iz| 8w | vss| vo: 0'¢Z Pro it datly .
: ” YHHLEL 0D - Mg Ty uo i eding -
o e - gy N ey e e mpmgri e : o . -
“Erzy (% TrvzlC® Exus T8 FEx3s T: Thiasfz Weos(via
323 | 5 |==2%]| 5 j==2.1 5 |32357 3 [3235%| 3 _uummfm ’
T3 | | 85| = | 8&:| % | =32 = | =3g| 2| =238 2 |
FEF | 8 RV B xEv| B[R g 930 B ) 3R £ | y
. < : o] _ C e _ wad)
a MTHUKE AE RYHuuY /,.mbz. i fwb!q:::n -.’8) mTuune . u\/\, FITHUNY
INHIEEs8D SRHYCeQ062 SRR N TTE ) IRHT 9GH) EL I “TIMHT O ow)
— e —— ——  ——, o e . — ¢ ’,
L A90dNun 010unhn Fepodsiin nioncavkedaykiovassu | 2 maroveu ygoMnaming | ’

wnu.c/.nu_.»::x 8 HATHILEL 01D savu 4 e RCUE SRDE 01016 Sv..,\.l..mw..,_..:?::
(,LE 38 pajzeqndul sajzhooayizias JJo-pauyseM) ToIa3saToyd pue ‘unysaule; ue
umgorey Jo unoww.ESavoz 8Yy3 Jo Hd aduanyjul ayj3 uo Jujpuadag sj3sad °joed puw
sjsoTnoaaqnjopnasd °30Bd ‘FT00 °*F Jo spTdyT ay3 JO £3JAFIOY OJILTOWIH JO suojjelsE;

I

¢ TTEVL




The simiiariiy of heuolysins of different bacteria is en-
hanced by the fact that they are extracted from lyophilized
cells as free and comb:ned 1iplds, and during fractionation of
the latter with tue ail of gcetone it is fully revealed in the
acetone~soluvic J.aclis..f, The nemolytic activity of 1lipids
of pseudotubercuisus Lzzterium and of their acetone-soluble
fractions exhibits the same characteristics which were ascer-

tained 1in tie .- : - %11zed bacterial cells and in their
water-insolubic¢ it siwus o (Tables 2 and 3). The emulsifiability
of 1lipids of Eu. .. .. . otuberculosis was found to be compara-
tively high.

Thus, we have no:-n Lole to ascertain the hemolytic pro-

perties of lipids, :r* oniy in Bact. pestis but also in some
other microbes: E., ccli, B. anthracis and Bact. pseudotubercu-
losis. The ascertalnea hemolytlc activity of the above mi-
crobes is in many respects similar to that studied earlier in

Bact. pestis (Tkachesnio and Domaradskly, present symposium),
an y S nature 1c apparently also due to the presence of

higher fatty acids contalned in these microbes.

The hemolytic prcgperties of acetone-soluble fraction of
different hemolytically active lipids of bacterial origin, in-
cluding lipids of plague bacterium, were compared in parallel
experiments with hemolytic properties of the higher fatty aclds:
of saturated (stearic acid) and unsaturated(olelc acid) series*,
Hemolytic activity of the oleate and stearate, simlilarly to the
activity of lipids of E. coli, Bact. pestis and Bact. pseudo-
tuberculosis manifested itself In regard to erythrocytes of

erent specles displayed high thermostability, was inhibited
by protein, ions of calcium and magnesium and excess of hydro-
gen ions, etc. However, as to the degree of hemolytic activity

both acids were inferior to bacterial 1lipids, whereupon the
stearate was hemolytically less active than oleate.

Thus, the determination of hemolytic activity of the
1ipids of Bact. pseudotuberculosis, E. coll and B. anthracis
convineingly showed tnat the presence oT hemolytic properties
in the 1ipids of Bact. pestis is not a specles-specific charac-

~WMe 1iplds were extracted from lyophilized cultures of two
strains of Bact. pseudotuberculosis.

##In the present experiments There was deliberately formed an
elevated concentration of higher fatty acids as compared
with that in bacterial 1ipids (10%-emulsion in physiological

solution). Enulsiability of both acids was enhanced by us-
ing their sodium salts in experiments.




‘ The similarity of hemolytic properties of the lipids of
Bact. pestls and Bact. pseudotuberculosis is enhanced by the
Tact EEEE in the starting lyophlllzea cultures of these mi-
crobes and their water-insoluble residues the hemolytic proper-
ties are analogous, although in pseudotuberculous cultures

their ifestation i1s delayed (during storage) and they are
less prqnounced. '

CONCLUSI

“')kl. The lipids of Bact. pestls, Bact. pseudotuberculosis,
B. anthracis STI and E. coll, as well as acetone-soluple irac-
tions of these lipids are capable of causing lysis of washed-
off erythrocytes of the gulnea pig. The lipids of Staph.
aureus are devoid of hemolytic properties. -

—.->.2, The starting lyophilized cultures of the aforecald
microbes, except Bact. pestls and Bact. pseudotuberculosi;: : .-
hemolytically inactIve, The hemolytic properties of lyopriii-
1ized pseudotuberculous bacteria manifest themselves after a
more or less prolonged time after lyophilization. The wator-
insoluble residues of these bacteria from the very beginnin,
display comparatively well=-pronounced hemolytic properticc,
Just as the water-insoluble residue of Bact. pestis.

-3. The hemolytic activity of all bacterial liplds cto.o.: )
Dy=iiily-1n regand—bo-a-great-number-of--propertieghis simitar o
the hemQlytic activity of oleic and stearic acids. This cui-
firms ssumption that plague hemolysin and hemolysins of
other nmicrobes tested, by-us., concentrated in lipids of the .-~
ter, are apparently higher fatty acids, mainly of the saturaf d
series. (

) v—
I
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