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[Following is a transla~ion of sn article by Ye. N. Levina
and L. N. Kats, 1zz:ute of Zi~e~ioio oy a;'d Microbioogy
imenl Gamaley, Acas~my of :'ed• .... ~ s~sa,
Russian-language pcricdica. Zhurzal >','ob•'oc:'.i. -• , eImio~o!i i I I.,n obiolo•ii (Journal of Microbiology, Epide-

* ~miology, and ~ciuncbiology), No 4, Moscow, April, 19~6,
pp 98-103.2

?here is an exzensive literature on the antigenic co:mposition of I
microorga•nisms. The results of these studios •zere the basis of~theo diagno stic preparations usdmainl.y fo i~lietfct fpureI ~ cultures of microorgarnisms (agg!u~ination and precipitation reactions, etc.i

In recen~t years new methods have been sugjested for rapid identi-
ficaionof microorgmnisms based on the antigen~ic properties of bacteria

revealed in a mixed culture - fluorescent-serological technique,
agglomeration and indirect hemagjl.utination methods, etc. Study of

these methods showed that in order to obtain significarnt results with

can be done only after investigation of the arntigenic characteristics
of various microorganisms with modern research techniques.

•° U• to now serological methods of identifying the causative agent
of anthrax were of limited value (Ascoli teacti~.n). Some years ajo
the fluorescent-serological method was~p•%sed (xeyael' et al., 1957;

* Levina, 1958; ?ritulin arnd iuz'min, 1959; Cherry and Freeman, 1959;
others). Study of the specificity of this method showed that some
representatives of the sporiferous aerobes, B. cereus, can be detected

* by means of fluorescing serums preparci from commerciel antianthrax
serums (Levina et al., 1962; Blagoves~chenskiy et al., 1962; Akhmerov,
1962).

The purpose of this work was to investigate the reasons for
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" B 3. cereus. The principal aim was -to detor-.ine the anttijonic coemositio{'
of these microor'-anismc. .'c used the technique of fluorescin- augi- 0"
"bodies to study the antigenic characteristics c" the strains a.-* .various cytochemical methods to dete 'ir.-. tc c,,emical - rc. 1 -
antigens. Thes. methods enabled us to inver..ti.ate the entire cell,
i.e., the object normally used with tha fluoroscen;-Oarolo;ical taech-
nique of idenzifyinC anthrax bacilli.

The vacciral strain of 3. anthracis (Tzenkovskiy's second vaccine)
71/12 and 4 B. cereus strains (104,. l132, 96, and 103) were uzed in
the experiments. Cultures were --Town from sporc- on =Qat-poptone ac:.rat 37. Three-hour cultures were inveati ;ated in r.6 e pase of lo W.rth-

"+ ~mi¢. growth; 18-hour cultures, in the .phase of stz.rionlary Lpr,," ..... .. --kac~rs

from bacterial suspensions were placed on slide-, sli-ht2ly dried,
fixed with ethyl alcohol, and treated with iucree-n• ce-umo. The latter.
were prepared from co=mercial anthrax pracipitatin.; jo,.Uzs by combinin:
the globulin fractions of the latter with fluoreocein isothiocyanate
in the usual fashion.

For cytological investigation, the fixed preaa-atior. were mid
with Loeffler's blue (cell conten's stained) and by autstoin- ' malhod

(cell membrane stained). Special his-zochemica. tech-.iquas were u~ed
to treat the preparations:. Schiff's periodic acid t e.t for polysaccharides,

* Sudan black for lipids, alcian blue for acid mucopolysaccharides, and* thionine for the presence of metachromasia.

To determine the chemical nature of the antigens, the preparations(•
* were treated with crystalline enzymes: pepsin, trypsin, chymotrypsin, 0

ribonuclease, hyaluronidase, and lysozyme. A mixture of ether, methyl
alcohol, and chloroform was used to extract the fats. After treatment
with the enzymes and extraction of the fats, the fluorescent-serolo6ical
and cytochemical investigations were carried out by the methods described
above.

After treatment .with. fluorescent serum of the noncapsulate
forms of the vaccinal sntrain, the fluorescence was confined to the
periphery of the microbial cell (Fig. 1, a). It follows, than, that
certain antagens are concentrated in the cell membrane. in cultures
of B. cereus 104, 96, and 1312 in the stationary phase, the fluorescence
was similar to that of the vaccinal strain 71/12 - likewise in the cell
membrane, an indication that it contains antiLe2eiiated to the antigens
of the anthrax bacillus. Cells of the vaccinal strain in the phase
of logarithmio growth fluoresced like cells in the stationary phase.
In only 2 of the 4 B. cereus strains studied (1312 and 96) was the
fluorescence in the logarithmic phase of growth the same as in the
vaccinal strain. This indicates that these strains and the anthrax
bacilli have common antigens. B. cereus 103 cells did not fluoresce
after treatment.
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SCytochnzical anaysl of the call mezIrancs in all :h stzrin.;
in both the !ogarh~ic and saati cnar.; a -Xhwed a di . f

in ". anthr-n•,i•), anc a'sence of chuzia. T :he call 31n rane.
in these nicroor:sanisz contain o'aoc: reG as wrell no !ipcprotainz.
"-owever, no :...oe could C. ý;tec;d. with the help of these zethodz
in the compositior, of o -h cell -,.,_. of The strains under study
either in the lo or-c oz.. .tio:i :vr phase of arow:h.

The cells wer hen V..a.... .- pzn d o
the ceLl me=lbran or have any ny - icc le effect on its a:.-tigns. .ho
chrac~cristic fuoresce:: of :.e a-cidc tre zent with

* fluorescenA se-a .

Following treatzent with t-yi ch. C tpsan, luoescent-

serological observation revealed di 'encaa ir the dazzoo of ar.tinen
injury in relation to the phase of depno• in ohe 1ozarizh"ic
phase, fluorescence of the cll ombrane afr ter nt ith fluor-
ezc.-.t serum decreased only in vaccinal _'train 7•7/2 " 1, b,
control 1, a). 7owever, in Lii tho strains cyto.o•e eni:rtion

rvaedshar? =O-nhrolo-.<'a W- .revealed sica. ch-anzes in the form of dizruntion of tho
cell contours, defornation of the men'ranes, and looseninj of the cell
contents from the =ezbrane LT-r- 1, e, control I, d'. .n .. o stationary
phase, all the cultures (especially B. cereus 104 and 96) showed a

decrease in intensity of fluorescence of zhe nembrane, but cell injury,
as revealed by cytological examination, was less pronounced than in
the logarithnmic phase. These changes were manifested in partial de-
struction of the longitudinal cell walls of the streptobacilli and
in sharply decreased capacity for staining. The shape of the cells
was not affected.

Chymotwrypzin had the sane action as trypsin.

rpon the action of lysozyme on cultures in zhe logarithmic phase,
the intensity of fluorescence following treatment "i flurecent
serums did not diminish. Cytological investiCation revealed only
a slight change in the cell membranes, i.e., decreased capacity to
adsorb centiah violet on their surface. 3. cereus cultures in the
At~atiornary phase likewise showed no chan:e in deiee'of-luorescence
of the cell membranes. In the anthrax bacilli,.the intensity of
fluorescence of the cell membranes in •t 2hiase was considerably
weakened. The cell body contained fluorescent formations of non-
homogeneous, honey-comb character, an apparent indication of the
presence of antigen complexes in these portions of the cell (.`ia. 1, c,

* control 1, a on insert between pp 96-97 of :;his issue of the journal).

Ribonuclease and hyaluronidase reduced the intensity of fluorescence
in all the strains in which the cell membranes 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
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and no lysis of the call WI113, ý1hU'-'- thc, S~arCely ry~
Sl.ight de-forma-tion o f ~.~ war, otcd~n Only a :':23 a of
B. int-hraci:! 71/1.2 aC.-I C'ýo_ c r 04l. :r, t*he 0h.s 1 ti..:.
growth t:hoaO anzYze.- Z2 c ;hý itenz4;t'Y of fluoxsaenrc' (.z.Dre :;o

* ~afte.- ribon-.icleaZe tc- 2.' y.~~ saO, ospnecial.y in. ti'e '. n--
t hraci3 vaccinal. ~ w.hzh~e~h~~y-o-~£o of' the
protoplasm. Cyto2.o-.ioa... na_ s ravoaled a dccrcoased canacity of
the cell =ezbrarnes for atirni,:-n li dofo ztiorn in some cella
o.f all the strai.ns i.daz a-uy

Etraction of fat;s in zhe t j .th -ahaz of 1o-ai'thz~ic
Growth had no coffecz: on. tha fluorascznne Of :hQ trane3, aycopt

.3.an'thrscic 71/' 2. Cytolo-ioa.. :..-ever-2d~ si;hat do-
frmatin of t~he mc branos in on.'a fc ae~lz of as.raina 1035, 104, n d

90'. The membranas f aquntly l-ost l:hcir canacit-y for5-aiir . In
most of the stre~toloacilli, the u--c t.^ .i:z indi~vidual cellIs
int o streptobacill %:a3 dctroycd d'i.1 f o;s2 ,~ . 3. a.-m
thracis 7i/-'-2 and B. llrvii J_.O i tho cttionary a%.ee..'ie a
marked decreaso in intcnzizy of' f2.uoresccnca of c-,:7 m nensranos
&-.. Grainy fluoresce-nce Of zor.e ;o~cso' tha protoplazzz. Cr"to-
logical. examination revoealed that zhese strain;; experionced the same
changes as in the-. lo~arithz-ic phase.
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Fig.2. ffec ofvar orsmhol;son the anti&ernic

coiosiio 2.d =OZ f..o ro B. anthraci td

k- phase of lmitac &-.owth ; B - phase
of st ati;o nary Growt~h. inju.y to an' i`4ens()
and morpholo,-y (77) s1liZh-.; .1I1 - intense,
after treatmer.t with r"ibonuclease (2.),
hyaluro:Uidase (2), extraction o2 fats (3), C
treatment with trypsin (4), lysozYme ()

pepsin (6) C
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The effects of the varioua enzyMes on tHe anti an. eozle
are presented in -'ic. 2, from vhich it Is evident, that t _ho B.
vaocinal strain has specific anti.an complexes that differ fro.-.
antigen complexes of B. cereus in sensitivity to Fenzymes. Tn addition,
there were antigen complexes common to 3. ceorýuc. 2he commor.nne and
specificity of the anzions were dater±incd, r.p~ndinG on the ph.11
of development of the microoranisms, by complexes of dif.'erent chem-
ical compoaition. In the early phases of devclopment, the anr;iýenia
.specficity of the B. anc.hrncis v-ocinal strain was datermincd mainly 6

by lip6proteins sensiaive to trypsin, chytotry-pin, L.nd fat solvenut;
in the later phases, by mucopeptidos and mucoprotinz sensitive to
lysozyme and hyaluronidaaa. '-he commonnss o0 tho aison components
in the early phase was caused by zubst no:i rnzitive to rito nuC,,_zo
and hyaluronidase; in the mature cells, "zaily by Vi e s,
the antigenic differences between the st;ýainz under study wara =ore
pronounced in the phase of LoZarithmic Crowth.

A Comparison of the antiuon co=monrnts of 3. 7nthracic and Z. cerceus
showed that the strains with residual virulence such as the ^n. n.thracis

vaccinal strain 71/12 had a fuller set of anticens than did the
representatives of the zcoriferous aerobes studied.

Thus, there is a definite rela-ionship between the im=unochamical
and cytological findings. Yor example, a.%dr enzymatic digeation or
extraction of substances responsible for the antigenic properties at
the particular stage of development, the microbial cell exhibited
both alteration of ;he morpholoLy and injury to the antigen complexes
As shown:-by.ýchange in fluorescence of the cell after treatment with
fluorescent serums. This relationship was most pronounced after the
action of the vaccinal anthrax strain in the phase of 1ogarithmic
growth. In cases where the action of the enzymes did not affect the
intensity of fluorescence but merely resulted in morphological chan-g@,
these substances may be said to have no determining influence on the
antigenic structure of the given strain, e. g., the action of lysozyme
on B. cereus 104 and 96 in the stationary phase of growth.

, We conclude from our study of the antijenic characteristics of
" noncapsulata sporiferous bacilli that antigens are concentrated in

the cell Vill and cytoplasmatic membrane. The antigens in the wall
consist of a great variety of mucopeptides and 4jýAo ot-eins sensitive
to lysozyme, trypsin, and, possibly, to hyaluroniaase and ribonuclease
Ind Wet extracted from the cell with solvents.

S.... Conclusions
1 ++•+. I~tudy of the ant-igenic c~haracteristics of noncapsulate forms

of the B. anhracis vaccinal strain ard sporiferous aerobes by means
of immunochemical and cytochemical methods showed that antigen complexes
are concentrated mainly in the surface structures of the bacterial
cell -in the wall and cytoplashatic membrane. Depending on the species -
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'Iad a e-rea atced a*-ar a ctc-rizt-c a o-' a i;*-a, t-eo 3 a~t~n n co
sist of a wide varie*.y of zo;ie.and. 1.i;oproteirno 3-roitive to*
lysozyme, trypsin, hy"Iror~idn.Sa, ri o.uceaa and Lt sol.varnts.

--2. C013nio o±f th"C i chrtezi of t1he no-nCa~ula~te
Afor~s of 3. anhr-cs and sn6=4if"rouz aeo'oe.z !owodc "ha' -ýho former

have anti-Onz in co:-.7n, it~h zk. lz.'tex az well as z~3C'iAic ones.
*h cor"or~nnezz and specificoity of ar. aLi,;ana are cauzed '-.y com.rplexa3
* ~With diffezent Cc'nic~1copstin d i o-. the phazse of growth

*of -ha microor~manlial. Ila diff'r.ýrrcez arc =Gze Pronouned in the
phe"sO of 1oar;zA rowth. The po ~ncmiozCo:%a-iozs have z.
lullor set of sulazraooz dterminin, tei arntiZ~cni.i properties than
do the rnonpatho-onic mcooran-i zz~.

3. "Che s ero Io ±c al mt hod s ae d on dot e =:..ini n ' t- o ant i; Oe
characteristics of I.tros can ;zafly uzcd. to --Q-.ct ve jataive
noncapsula~te B. =-6t?--rL -- zc'ýIl ony n nl P'.- -ýza of
gZowtOh.
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