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&30 3. CalTUS AXTIG:TS BY MEANS OF

S”UDI:S ON 2. ANTURALTS
RZ «SER0L0GICAL AND CUUOCHIMICAL TICHNIQUES

FLUO

[Following is a trazaslation of an zrticle oy Ye. N. Levina
and L. N. Xats, Inctitute of Inicdemioclogy and Microbislogy
imeni Gamaley, Acacemy of Mediz al Sciencaes USSR, in the

Russian-language pericdical Zhurnzl Mikrobiolonii, Enide-
miolozdi i Immuncbiolsoeii (aou ral of Microbiclogy, Sfpide-

=miology, and immuncbiology), No &4, Moscow, April, 1985,
pp 98-103.]

There is an extensive literature on the antigenic coumposition of
microorganiszs. The results of these studies ware the vasis of -ithe
diagnostic preparations used mainly for finzl identification of pure
cultures oi microorganisas (2gzlusination and p.ecxpztation reactions, etc.

In recent years new methods have been sugrested for ran;d identi-
fication of microorgcniszs dased on the antigenic troperties of bacteria
revealed in a mixed culture - fiuoresceni-serclogical technique,
‘agzlomeration and' iAdirect hemagzlutination methods, etc. Study of
these nethods showed that in order to ovtain significant results with
then, highly specilic diagnostiic preparaiions zust ba developed. This
can be done only after investigation of the antigenic characteristics
of various rcicroorganiszs with modern research techniques.

-
> A

»” Up to now serological zethods of identifying the causative agernt
of anthrax were of limited value (ascol* “eact;pn) Some years ago
the fluorescent-serological method was pFuHosed (meyael' et al., 1957;
Levina, 1958; Pritulin and Xuz'min, 1959; Cherry and Freeman, 1959;
others). 3tudy of the specificity of this method showea that soze
representatives of the sporiferous aerobes, 2. cereus, can be detected
by zmeans of fluorescing serums preparedi from coamercizl antisanthrax

sezu;s (Levina et al., 1962; Blagoves chensxiy et al., 1962; Akhmerov,
1662
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The purpose of this work was to investigate the reasons for
the cross serological reactions in 3. enthracis and some strains of
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. B. _cereus. The p*lnCip&l 2in was - to detarzine ihe

he antigenic cony oaitio<:>
of these microorpanisma. We used the technique of Jluorescin: h":i-
" ‘bodies %o studv the antigenic ciharacteristics cf the sirains aac
.+ .various cytoche ical nmethods to determine the cuemical navure ol ine
- " antigens. These methods enabled us %o iaveciipgaie the entire cell,
. -1.8., the object norazlly uscd with tho fluorescent-cerological tach-
nique of idenvifyizg anthrax bacilli. ]
- e The vaccinal sirain of 3. aathracis (Psenkovskiy's second vaccine)
. " T1/12 and & B. cersus sirains (.04, 13.i2, 90, and 103) were used irn .

. .. .-the experiments. Culiures were grown fron
at 37°. Three-hour cultures were investige
s mic growth; l8~hour cultures, in the phase of s
ide

ct O C.
Q% - C

-

stionary growih. Juedrs

ot

froa bacterial suspensions were placed on s;‘d , sligatly dried,
fixed with ethyl alcohol, and treated with Juerescént eéru:s. ‘he latter.
, vere prepared from commercial anthrax precipitating sesums by combining

i
the globulin fractions of .Le latter with fluorescein isothzoc; Gte
in the usual fasaion.

N ‘ o0 o0 Por eytological inavesti

gaztion, the fixed preparations were stained
. ' with Loeffler's bviue (cell coatenis stained) and by Jutstein's method
(cell memdrane stained)., Specizl histochenical techiiques were used
, to treat the preparaitions: Schiff's periodic acid tpst for polysaccharides,
. ©° Sudan black for lipids, alcian blue for acid 2mcopolysacchzrides, and

‘thionine for the ‘presence of metachromssia.

To determine the chemical nature of the antigens, the preparati
were treated with crystailine enzymes: pepsin, trypsin, chymoirypsi
ribonuclease, hyaluronidase, and lysozyme. A mixture of ether, zetnyl
alcohol, and chloroforz wes wusaed to extract the fats. Aifter ireatnent
with the enzymes and extraction of the fats, the fluorescent-serological

and cytochemical investigations were carried out by the methods descrzbed
above. . ‘

T

After treatment .vwith. fluorescent serum of the noncapsulate

forms of the vaceinal sirain, the.ﬂuo;escence was conrnfincd to thre
periphery of the microbial cell (Fig. 1, a). It ‘ollows, then, that
certain aatigens are concenir ated in the cell zmemdrane. In cultures
of B. cereus 104, 96, and 1312 in the stationary pnaoe, the fluorescernce
was similar to that of the vaccinal strain 71/12 - likewise in the céll
membrane, an indication that it contains antijeTs*Telated to the antigens
_of the anthrax bacillus. Cells of the vaccinal strain in the phase
of logarithmic growth fluoresced like cells in the stationary phase.

"In only 2 of the 4 B. cereus strzins studied (1312 and 96) was the
fluorescence in the logarithaic phase of growin ‘he same as in ithe
vaccinal strain. This indicates that these strains and the anthrax

: bacilli have comzon antzgens. B. cereus 103 cells did not fluoresce

oL after treatazent. :

B
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Cytocnenical analysis of %ie cell 2dextraznces in all e siruing
: - . L] RO ) R 3 N s oy oo ‘vas -~ ‘e me ) &S Tt d S
in btoth tne lozariiinic and statltiornary paasaelt gacwed a distiet Jonild
3 - - R n amce ved % At LS S aa o 9 A Y s ts . < 1%
reaction, weal sitziaing wisth aleizn Slue and Judan Viack (espseialliy
3 - p LI e & e a . v~ - o ge - LA SR -,
in 3. antarceiz), and aisence ol zetachiemucsia., Thus, the e2ili montrance
in taesa microorgenisns conteain polysacchurides as well o3 lipoproteing.
-- e AN - AN S .. -~ A red &S ol b 3 S ~
“owever, no dilference cound B2 dotected wiith the help cf thesa zeihoeds
in the composition of the cell membranes of the strains uander situdy .
either in the lojzritiuiic or stationzoy zhase of growin.
- ¢ & (=]

2

¥ b - p . F «e
he cells were then socated

]

d wiih enuymas. Pepein did not dasircy
the ceil membiana Or have any nctiseadle effect on its antigens. 2ho
charactorisiic fluorescease of io zmexmbrzne-lolluwaed treaitzent wiith
fluorescent saruxz.

Folliowing treatzent with $rypcin ani ehycoirypsin, Flucrescent-
serological observation revealed differences in e dazree of antigen
injury in relation to the prase of dewrelopment: in Voo logarizhaice
phase, {fluorescence o the coll mexzdrune after wrcatment :ith fluore
escent serun deereased cnly in vaceinal s¥rain T7L/.2 (Pig. 1, b,
control 1, aj). However, in zll the sirains cytoleozicxl cxzutinetion
reveaied sharp zmorphological changes ia the fora of disruztion of ihe
cell contours, deformation of itie membdranes, and loosening of the cell
conserts Srom the mexmbrane (Piz. 1, e, coniroel 1, &). In ke stationary
phase, all ithe cuitures {especislly 3. cereus 10& and 96) showed a

: e

decrease in intensity o Flucrescexnce of tihae =:e ut cell ixjury,
as revealed by cytological examination, was less pronounced than in
the logaritnmic phase. Chese changes were manifested ia partial de-
struction o the longitudinal cell walls of the strepitovacilli and

in sharply decreased capacity Tor staining. <The shape of the cells
was not affected,

Chymotrypsin had the szze action es trypsin.

arithmic phase,
fluérescent
seruns did not diminish. OCytolcgical investigation revealed only

a slignt change in the cell menmbranes, i.e., decrcased capacity to
adsorb gentiah violet oxn their surface, 3, cercus culiures in the
stationary phase likewise showed no chenge in degree” ol Jluorescence
of the cell membranes. In the anthrax bacilli,.tke intensity of
fluorescence of the cell membranes in tais~Thase was considerably
weaxened., The cell body contained fluorescent formations of non-
homogeneous, honey-cozb character, an apparent indication of the
presence of antigen complexes in these portions of the cell (Pig. 1, o,
control 1, a on insert between pp 96-97 of his issue of the journal).

Tpon ithe zction of lysozyme on cultures in ihe log
the intensity of fluorescence Jollowiny treatment with

-aa an

Ribonuclease and hyaluronidase reduced the intensity of fluorescence
in all the sirains in which the cell zembranes fluoresced in the phase
of logarithmic growth (71/12, 1312, 96). Cytological examination re=-
vealed in all the strains a decrease in basophilia of the cell walls

3
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¥ Fig. l..

71/12) cell.

a,b,c - st ned with luminescent
(a ~ control; b - after trypsing

Effect of enzymes on a B , anthracis (strain

serums I
c - after b

lyzozyme)s d,e,f - stained by _Gutsteints
method (d - control; e - after t¥ypsing

" * £ - after extraction of lipids).
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~ the antigenic differences beiween she stralzs u

-extraction of substances responsidle for the antigenic p*opert’es 5

The effects of the various enzymes on tile antigen. coug
are presented in Fig, 2, from which it is evident th
vaccinal sirain has specific antijen coaplexes that
antigen conplexes of 3. corzus din sensitivity to enzym
there werc antigen cozplexes cozmon 3o 3. 3. _cersug
spacificity of the antigeas were ueterh-n~a, cepe’
of developzent ¢f the microorganisas, oy coua‘
ical compoaition. In the early phases of deve
specificity of the 3. anchracis vaceinal stra
by lipoproteins sensi:cive {o trypsin, cny tzy
irn the later phases, by mucop Cﬂ~ices and muced
lysozyme and hyalurenidase. Yhe ‘cozmonngss o
in the early phase wvas caused by substaacus son
and hyaluronidase; in the mature cells, zain*y
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pronounced in the phase of logarithmic growih.

vaccinal strain 7*/12 haé a fuller set of antigens then
repreaantatzves o the spoxi

-

.5
iferous aerobes siudied.

Thus, there is a definite re;az:onshxp wetween the *m*unocnenzcal
and cytolo*ical findings. Por example, alier enzymatic digeation o

ot ¥

the particular stage of development, the aicrobial cell exhidited

both alteration of the morphology and injury to ithe antigen coxzplexes
s shown: by change in fluorescence of the cell afier treatment witih
fluorescen: serums. "his relationship was most dronounced after the
action of the vacciral anthrax sirain in the phase of logariiinic
growth. In cases where the action of the enzymes did not aflect the
intensity of fluorescence but merely resulted in morphological changes,
these substances may be said to have no determining influence on the
antigenic structure of the given strain, e. g., the aciion of lysozyzs
on B. cerecus 104 and 96 in the stationary prase of growih.

s We conclude from our study of the antigenic characteristics of
noncapsulate spor;ferous bacilli that entigens ere concentrated in
the cell wdll and cytoplasmatic membrane. The antigens in the wall
consist of a great variety of mucopeptides ana;g;ggp.ouelns sensitive
to lysozyme, trypsin, and, possibly, to hyaluronidase and ribonuclease
&nd fats extracted from the cell with solvenis.

.

: ~L L ,* R " Gonclusions
-3 o "étudy of the antigenic chsracteristics of nonczpsulate forms

of the B. anthracis vaccinal strain and sporiferous asrobes by neans

of immunochemical and cytochemical methods showed that antigen complexes

are concenirated mainly in the surface siructures of the bacter*al

cell « in the wall ané cytoplastatic membrane. Dependiag on the species

_{ “6.‘

! A Qompsrison of the ansigen cecgoniats of 3. aatroracis and Z. coDcus
showed that the strains wiln residual virulence such o5 ShG N. anthracis
n did $ae

o
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ané age~related char ¢ristics &7 thac uirain, these antions con-
8ist of a wide varicuy oF zucopodtides and iipoproteins aansitive to
lysozyze, toypsin, hyaluronidase, ritonuclease, 2nd Jfut solvanis.

2. Comparison of %he cntizenic characceteriniice of ihc noancansulate
forus of 3. anthraceis and sporiforous cercbes chowed that the foraer
have antigens iz comumon with the Laster as well as cpacilic ounes.

“Le commenness and specificiiy of ke antijens are caused by complexaes
with different chemiccl composiition, depending on the phase of growth
of the microocrganisaz. “ae diffdrences arc =moct prenounced in tho
phase of logarithuic growtih. 2he pothcrzenic micrcorganisze have &
fuller set of substances determiniag their entijenic propertias than
do ihre nonmpathogenic microorganisns.

" J. 7The serclogical meilods tased on detem:i

_characteristics of 3. nathreels can e gafely usc
noncapsulate 3, canthrssis cells oxnly in the dimiti

growsi.
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