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ABSTRACT



ABST8.ACl

a serologicelþ aetive substa¡rce, exbracted from sonicated

cells of Co¡T¡nebeeteriug hofinenni nith hot tlCI, produced tr¡o d.isti¡1ct

precipitin lÍnes by imrrnodiffusion ùests againsü h¡periunune homologous

serum' Þctracüs of other species of corXmebaeterj.a ¡ailed to cross-

react lrith the antíserun. Ttte active f,ractLon of 0. hofhanr¡í was

subJecÈed to ÐEÁE-cellrrlose coltmn chronatograpt¡y a¡rd the abo rptlon
peek¡ eruted at a KCl concentration of approxinetery 0.5 molar, con-

üained the trr¡s precipftating antigens, Rechronaùograpþ on a sephadex

C¡-200 colr¡nn resulted 5n a separation of ühese antigens. fhe rnajor

fracÈion is designated anüigen a¡ the ¡uinor antigen B.

The homogeneÍty ent prrriòy of each anüÍgen was esüablished by

i"munoelectrophoresÍs and disc electrophoresis. Biochmtcal analysis

showed that the tr,ro antigens were composed. of, a major protein f,racüion

with carbotqrdrate and a snêrt anount of nucleic acid, the approxi.uate

ratio of these constituents ¡{ês U:3:r respeotiveþ. The protein a¡rd

carboþdrate content of antigen å was less by ]l?.jf, a,r¡d 3.jS respoc_

tively than that of anù5-gen B, crlutsn{c aeid., asparbic acÍd., alanine,

gþcine, v¿Líne and leucine were the maJep emine aeids of both anti-
gens? The orgars of a¡ltigen A nere id.entlfied as arabÍnose and

glucose. The molecular weighü, estfmated by gradj.ent centrifugatÍon,

was 1ór5@ for anùigen A a¡d. AITOOO for anùj.gen B.
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INTROÐUOfTON

The a.ntigenic complexity of, bacteria has been demonsÈrated

by the reeent adva¡rces in i-munochemristry. The techniques of i¡muno-

dÍ-f,fr¡sion and imr¡noelecürophoresÍs have provid,ed methods wtrereby

the identity, purÍtyr and specificity of arrtigers ca¡r be establlst¡ed.

tìnrthemore, t'he criteria of arrtigenie homogeneit'y san be dor¡fi:ued

by biophysical methods sush as disc electno¡ùoresis ar¡d ultracentri-

fugal anal¡rsis,

SerologicalJ.¡r active Eubstances have been derived fron whole

cells, cn¡shed celJ-s, vsrious lsolated components such as ceIL waIL

or ever¡ eultr¡re f:iltrates. TtIe ant5.gens are exbracted, purified,

and anadysed to detenn:i-ne their biochemical structure¡ the nature

of, the dete¡minant groups, and t't¡e conbiníng sites uhich take part

in tt¡e antigen-antibo{y reacùion.

LíttJ-e is ltrroïrn about the antlgens of t'he cor¡rrebacteria and

although !,Iong and Tung (1939) a¡rd Cr¡nuntns (1951+) identijied a type

specific protein and a grot¡p specifÍc poþsaccharide in the m:Ltis

strain of Ooryr¡çbeq:Þqr:tq¡û ùÍphtheriae. no subsequent analyses of these

a,ntÍgens have beer¡ reporbed. The present study describes the isolatfont

prrrification, and identifieatiion of two preeipitatÍng aåtigens of

Gonfnebactefir¡m hofh€¡g;L ard presents data of tl¡eir chemical composition.
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HTSIOAIOAI

The t¡rpe, epeoies, or group speotfíc antfuens of baaüerial

cells have been cbaraeterlzed ss poþsaccharides, proteins, ltpidst

nucleíc acids, or a con¡ùe¡c of tåese conponents (Boyd., 1956). the

pa,rtleular t¡rpe of entfuen sbtei¡ed w:1I1, to a large øctent, d,epend' on

tbe nethod of ieoLetlon and, pur:ification; drastie tneatneaü 1s ¡û¡owr

to alùer the antigeolc str¡rcture (Iåncefield, 1933)'

A comon aeühod qf' sþt'a*nfng antfuens has been by hot acid

exbractloa of baeterla,l cells a6 Latroduced by I"a¡rcefleld (fg¿g).

$he fdenülfíed tl¡ree sercIôglcalJ¡r aetive $tbetanoes fron e:cbraots of

grot¡p A Streptocqce!¡e Ïùåch were d,esÍgnaùed as a speoies-speci.fie

eerbotryd¡ate (0), a t¡rye-epectfie protein (U)r an¿ e aon-üype-epeel"f,íe

prsteln (F). Lancefield divid€d the strepüococcL into 13 g¡roups on

the basis of, precipitin ùesüs usJ.ng ùhe carbobydroüe (C) substa,rce

and grou¡rspecifÍ.c anüisera. Becentþ t{aJrted and' Fraser (f965)

obùained fron the hoü acld extracts of, nany sLratns of Strgjptocoaoqg

fsgcelÍ.p a t¡rpe-epeciflc poþsaccba¡tde rülct¡ rfas ued for serologioal

t¡rping.

A t¡rpe-specífi.a carbohydraËe entfgen was d€uonstrat€d in t'he

hot acid e:ctraeüs of Í¡¡baet süaph¡rloosocÍ cells (,h¡tar¡Lelle and,

l{iegþard, l|g33r. Tea¡1rey (19I+O) wae a,bl.o to exbracü a t¡rpe-specÍ.fic

proüeüo f,ron onrsheô cells of t¡rye A stap[yloeoeoí in addítlsn to the

type-spooiflc oarbohydraúe antf6er¡ of, ,Iulanie]..te a¡d Wiegþard by a

nÍLd.er aoid treatüent camied ouù at roon tenperatu¡e.

ALcshoLic exbracts of, 0ormebaet,erfw d:lpt¡,t&eni¿e. of, eortain

2
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di.phtbe¡¡oids, and of t'tte tr¡bercJ.e bacilll shared a connon antigenlc

component (rren a¡d lfiüebsltr 1g3o). Hoyre (Lgt+?j) uoed a.lcohollc

e¡sbracüs to ob,tain a specLes-opecific antigen f,ron e . diehùhefi¿e t¡rpe

n.tt.rs. and g. hofhanpl. â, group-specifie arrüfgen s¿s sh.o.r6d by the

nltig. gravie and inûeqnedius strair¡s of, g. dinbtheri¿e, aE werl ae

C. hofns¡ni.

Ot¡It't¡re f,lltra,ües of tr¡bercle baeiìli (UtCùteUrook and firboe,

191É) e¡d, the heno\rbic streptooocoi (Haæie, rg53) were for¡nd, to

conËa{n a heuosensiti.zi¡g ¡¡on-speoies-speaifie poJysaccha¡ide (t*SS¡.

These studåes wene erber¡ded to otÌrer groups of mlcroorgarråsno by

Ba¡rtz et al (1956) a¡d anzal et al (rgóo). They denonstrated, thls
non-specif,ic subsùa¡ee in various b¿cilLl ¡qd otl¡er gren-poextive

organi.sne but showed. fù was conpleteJ¡r laoki.ng Ín gram-negative

orga,Blsrne. AlEo tt¡e N$$ uas strorß Èo be heat stable, nondial¡rzable,

and present in acíd exbracts of bectenÍs.

HæsensitLzlng anüigeno were first reported 1n the corlmebacteri¿

by Hayeo (1951). ltre etha,nor preefpitated po\ysacchaaide frecüion of

$. di*¿tþe-qlae ¡uas able ùo seneiül.ze erybbroa¡rbes so that they agglutfnê-

ted in the presence of, apecttie antiÊerum. Sa1ine exb¡racùs of, various

cor'¡mebacteria also eontained ar,rtlgens d¡ich eeasitLzed er¡rbhrocfies

(0aitle ¿¡¡d Toucas, 1g6O).

various con¡lonenús of the bacteríar eerl such ao cybopraw,

protopll¿srnro ueubnaner â¡td seIL wal-l har¡e been serologi,calþ süudied.

Poþeacctraride and protoia f,nacü:Lons derived from the o¡rboplasn of,
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strains of 4ycobaetariå, aeüiaouyces and süreptococof shored crossÊ

reactitniby nith betenologoue antioera rû{Le the reaetirnity of the

ceLL naLL anülgen ïas linited to tåo homlogoue a¡¡tise'na (Kr,rspins!¿

and Sqyüer, 1961). Oa the basLs of, übe preeediug, these anthons

suggesb that tbe baoteria,l oeill bae orlgfnaùed frsm a, serologloall¡r

houogenous c¡rboplaøio bo{y urtüh anti.gentc dJÍf,ereûtfÂtion beÍ-ng

acqnÍred ù¡rj¡S the evolution of the ouüer la¡ræs of, the ceLL.

lilosü of ùhe reaenü serologicel etrrdLes l¡ave beou,confined, to

ceIL ralls of, the bacteria. å serologlcetly actlve gror¡p-speotfic

polys¿coha¡lde wês obteLnød frou Èl¡e hot acid exbrsote of oe]-l- waIls

of the t'hree Coran typee of otaphyLoooeoL (Stem and Êl€k, 195?).

$re agglutfns,tlon of, a cell nall suopension rith epeci-fic antiserr¡B

r¡ae used. by &¡rulns (1954) Èo ehsr the presenoe of, trp ar,rüigens ln

t'he valls of, 9. dt¡ürtLeri¿e. These antigens, a themoetable grou¡r

speetßic polysaccharf.de ad, a the¡nolabtle opeoÍ.es-epegific proüein,

ûene sùo.i.]'sr ts tbooe reported, by 0eding, (f95O). the group po\ysacclre-

rldo antfuen waa deteoùed only by egglut¿r¡stion of ceIL ¡ntLs åod, so

appcars to be situated depp in tùre raIL. lluls g¡orrp anüigen wes found

f-a g. dlútåertee srd g. svig but ¡mù La G. no€nïni 9. xgrgs:Þ or

9. rer¡¿le. the chenloal analysf.s of, $. diphLheriae ceJ-L uaLL pr€pêra-

tlor¡s by llo]'dsrorth (1952) eonfi¡red ttre poþsacat¡eride aeture of tt¡e
group antigen.

the ceIL ralle derived from nost of tl¡e straÍ.as of aor¡rnebac-

tenf.a, rycobaoteria, and nooardia, ar¡alyeed by Cuml¡s and htE ao--rerkerE
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(Lg56t 195Ér Lg62 sú.1965)r rere for¡nd üo contatn the engars eråblßosE

and galactoee a¡¡d the enlrro acids eJaniae, gJrrte'ric acld and dlsni-no-

pi-nalto acid,. fte cel] rral].s of, the tl¡ree genera, rbLcb slroned a¡åbin.-

oae and, gala,ctose aE tbeir prfncipal sugs¡s shared, e co¡lnÞn entigen.

the solo exception sas C. hof-na¡ni. nhich dLd rot contain the group anùi-

gen but had arabÍnoee and galactose presenù in Èhe ceLL nall.

Teíchole acids occltr l¡ the rr¿Ils of naqy gran-poøitive ba€teri.e.

These ecid,s hsve beeu tder¡tifled by EaddÍLey (1962) es gþcenopùrosphate

or rtbitol phosphaùe potyners poõgessing eer.ological activíùy. Both

gþcerol end rlbitoL telohoia acide have been exüracted fron the ¡re]-le

of Laetobacir¡il by Badürey and Davison (rgfi). A rxbitsl teichoie

acld ras obùa;i¡ed fr-onr ühe ¡reJ-ls of, BesLLLuE gubti].is (Amstrong,

Beddlley 6¡{ $sq}¡enarr, 1960). Ma0a¡ty (1959) Íso'Lated a poþgþcero-

phospbete antigen f,rom crushed ce'Lrs of na,ny strains sf ùhe heuo\ytic

strepùocoocir etapü,¡¡rlocooci aud ae¡robÍo sporrrJ.et{rrg b¿c{lIir but tt¡Lo

anüf.gen r*as not for¡nd in the gr¿un-nsgetÍve species or jn

pneì¡noeocci, elostridla or coryrebecteria. rn the cage of lacts-

bacíLLl, ttre preoence and type of teichoic acid provided e usefur

tseans of cLassi-ficaùion of, t-l¡e speci.ea.

tloe t¡rBe-specifie ü pnoteÍn anùtgen of, tbe Þoup á, streptococci

was f,ot¡nd asoocLated wlùh the menbrar¡e from osnoti.caLlg lysed pr.oto-

plaaüe (Fox, 1963). lTrl.s antfuen rlas eJ.so present in a Eoluh.le fo¡n

ln tt¡e c¡rto¡ùasn.

raüer¡sive imr¡noche'r'{cal s:budiee have been recentþ eamied out
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on antigenÍc conponents of a few bacterial specÍes. A serologica[y

active polysaccttaride A was ectraeted r,¡ith cold br¡.f,fer from disnrpted

eells of, Stapiurlococcr¡,e êur,eus by Harrkenes (f96a). Isolation of this

poþsacctraride antigen was achieved by chromatograpb¡r on diet$l-
emi¡¡sslhJrf (EEAE)-cel-tulose a¡ld Douex-l ion-exchange columr¡s. Cherl-

cal- characterization of the poþsacoha¡lde revealed tûo stn¡ctr¡ral unÍts,

a mucopeptide a¡¡d a ribitol teichoic aci-d. A sf mif-ar exbraction a¡rd

isolaùion procedure wes used by Losengrad and Oeding (1963) to obtain

a poþeaect¡aride antigen fron d.isnrpüed cells of strair¡s of Staph.

epideroiòis. Keeler ar¡d Pier (1964) also used DEAE-cell¡lose column

chronatograptry for the isolation of anùigen5.c naüeriaL from Nocardia

asteroÈdes.

Oolwnr¡ chrouatography is partieularly useful for tt¡e fractiona-

tion of complex ülxbures, the isolaüion of r¡nstable substanrces and

the separation of eloseþ relaüed eomporrnd.s (Iæderer, L957). 1¡¡o

types of colr¡¡n¡r chromatography are ion-exchange chrornatograptry using

ce1lulose Íon-exchangers developed by Peterson and Sober (1956) åld

partition chronnatograph¡r usi-ng a non-lonic de:rtran gel (Sephadex)

developed by Porath and Flodin (1959) for ühe separation of naterials

of, dÍfferent molecular weights.

Ttte ùechniques of i¡nnunodi:8fusion, imunoelecùropùroresis, and

poþacryl¡mide gel eleetrophoresis have been used to stu{¡r,ùlre opeci-

ficity, purity, active deterni¡ar¡t groups, and ct¡erical stmeüure

of antigens. the agar dif,fusj.on precipitin technique uas introduced
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by OudLa (194ó) as a si.ngle ùtffuaÍon nethod in oae ùinension¡ gt¡b-

ee,quentþ donb.Le df-fft¡sion in üus dLnensions ras deve.Lol¡ed by

Ouchterlouy (19¡19) and by El,ek (19¿19) and has large\v replaced the

single diffirslon tecbnXqne. the Orchterlory nethod, sf {¡rmuno-

diffr¡sÍon has been perforned on e¡çbracbs of eeLL rre,l-ls of corXrae-

bacteria, rycobacteri¡, ard noca¡ld,Ía, (Oumf,nsr 19ó5) ar¡d øcü¡raete of

nbole eells of, Spþ.-.ry, (OeO:¡S a¡d l{eukenes, 1969) üo sbow the

tr'res¡€nce of, nultipt e antigenie speeffialtieE. Hat¡kenes (1962)

estahlist¡ed the purity of, the poþsacctreride A. aatfuen of pÊgPL.

aureuE oa the baEf.s of iunr¡nodiffusion ar¡alyeis a¡d coaclud,ed tt¡¿t

teieiroic acld was res,ponsible for iüe serologioal reactivlt'y. Ibe

precipitÍ.n reacttoa þ a group-speeióåo poilysaccheride frm l{oca¡dia

hrasi.l;lonses* rùi.sh showed cFoss-fêsotlrrlty lvtth ryeobaeùerlar ïìss

aboùlst¡ed by prJ.or treatnent uith periodeùe í¡dieatLng that the

antJgenic deüeræinant ree¡nneible for the cross-reecüion rf¿e a $Uå,1

iùentl.fled es Ð -ara,bofurenoÊe (Estrada-Fe¡lra, Zanora, alrd BoJ+lrl,

t965).

Lur¡soelecÈro¡ùloreols, a conbi¡atlon of elecürophoretfc and

a,ga¡ d¿ffirsion meùhods sg.s fi¡st perf,orued qs Eiqgle alús of, agar

by Grabar a¡¡t"TflJllans (-1953). A mi,oronethod of imu¡¡oolectropüloresist

¡¡hich nas inü¡pdueed by Schefd,egger (1955)rhae sfmpli;fled tlne üeclrnique,

shortened,'tbe tf.ne, and, rduoed the amunt of a¡tiserun' and antigen

regtred. f,or the prooedwee. Tt¡Ls Gleotrophoreùic teclmLque hae be€r¡

developed, for tl¡e characterization and. eepa,natlon of, antfgene ar¡d
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a,r¡tibodies and for tbe dete¡uin¡¡tion of, antfuenic speoifieity (&aUar,

LgSg).

lbe utllløation of poþacrylanlde gels for zone electro¡ùroresÍs

Has reported by Ba¡ruond and wei¡trar¡b (1959). Ît¡e eeparaüfon of,

n¿cronslec¡¡les is ecbieved Í¡ suctr a ge1 neürfx üt¡Ïou€b di.nensÍonal

as werl as charge di.f,ferences. Keeler and Pier (196lrl were abre ts

d.enoastrate the honogeneity of antÍgens Lsolated frsm Noca¡ida

asteroides uith poþacrylanide gel olectro¡lhoresis. Iïo'is nettrod hae

bee¡¡ used in the sùudy of hrmen serum pnoteine (Davls, fg6¡+) and of

Ùhe soluble protein oonponente år¡d esterases of the various Etralns

of Group Ð streptocoacl (flnO" 1965).

ånti.gerde anaþsis of bacteria has been wJ.deJ¡r used in the

ta¡<onoruLc classÍfieaüion of speoies of, baeüerla zuch as in the genera

Sùreptococoue and Seþo+glla. Tt¡e firet stud.ies oll q. diphtÌ¡eriee.

uùíliaing agglutination techni(ßresr showed. that the epeciea aould

be divid.ed into varlsus serotypes (tlavens t L9E8¡ tuiùh, 19Ð¡ an¿

Éagleton a¡¡d Be¡cber, 1929). Ttre antigente stnratr¡re of tbi.s orgaruim

also dlffered according to the varrieÈiesr tr_ev¿s. ¿g&æg¡gg or

ruitis (nring, Lg33t Robi¡son erxl Peeney , Lg36l.

$pecies dtff,erenceE between g. diphüheriae and other cor¡mebac-

terfa ¡'¡ere ¡ot revealed. by agglutinaüisn tests (Bai-Ley, L925I. Honever,

the eonplenenü-fir¡ation test proved more suacessftrl as Kral¡ ard l{iüebsþ

(1930) shoued ttrat, alcotrolLc exbracts of 9. diptrtkl,eniag. of, cer"bafn

diphtheroidsr and of the tuberele bacrlli all f,ixed conpS.ement in the
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presence of heter.ologous afitisera. Hoyle (1942) usìng a slrnilen

e:rbraction a¡rd serologica.l procedure, described a group anüigen co¡iltron

to the gravls, j.ntemedius. and ¡uitis stra;ins of !. diphtJtdÈiae as weIL

as Q. hofqEur¡-4.

In recent stud.Íes on the cherdcal and antigenic ana\ysis of the

celL watls of cor¡mebacterÍa a¡ld related organisms, Cumnins (1958r L962']¡

demonsùrated. that e1'l strai¡s of cor¡mebacteria, rqycobacteria, a.nd

nocarrlle wt¡ich had a¡abinose and. galactose as their principal ceLL

wall sugars st¡ared I eormon arrtigenie component. Tt¡is sr¡ggested that

strains of these three generê cor¡Id be grouped together Í¡ the same

or.tler. Crrnmlns also ùhorrgþt that 9r þtroÂengs â.nd g, haengl{ticun, nhÍch

dlid not have arebinose and galactose as princípal ceIL ural-l sugars,

should be reelassÍ-fíed.

With the application of newer serological technigl¡€sr CumnÍ:rs

(1965) r*as able üo confi¡T the results obtained rrith the corynebac-

tería, uycobacteria and noca¡dia by the indíreaü imunof,luorescent

technique. S1aak et.a1.(196L), also using the fluorescent arrtÍbody

teclurique, showed, c¡ross-reactirrity betlseen Gnoup A Actjinoqfqes, snd

seven strains of 0, gcnes as weIL as lf anaerobic dÍphtheroids. Ot

this basÍs, these r¡orkers suggested. thaÈ these organÍsms be included

i¡a the genera .å,ctj-noqyces. However, addj.tional species of Co¡TrnebacþerÍqg.

Lactobacj.$us, Eropionibacterir+m. Streptosogclt¡s a¡ld Noqaqlþ dÍd not

fluoresce with any of the group-speci.fic A,atinolly-gs¡g sêrêr
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Tn recent yeare, nilder e¡cbraction and isolation procedures

involving colr¡mn chromatography on ion-exchange resins ar¡d dercbra¡l

gels has nade it possible to obtain purlfied a.ntígens. Immu¡¡ochenrical

artd bíochesr,l cal a,nalysis has given an Ínsígþt Ínto the eonplexit'y of

these serologicalþ acùive substa¡¡ces.



},fflTEffiAT¡S AT{D METT{ODS



}ÍATEBIAI,S åNI} }TETHOÐS

cf¡tTURE$

0o¡rmebacteriun hofhannl (4T00-10?00) r¡as used th¡oughorrt tJre

strdies and L¿borato¡ïf straf¡s of Êoryrrobaaùeritm. pyoÂe¡¡esr Gprvaehao-

teri¡¡n gS[, 0orlnebagteriug ¡ceroeÍs, Cory¡¡ebaqtePåt¡n d.lphtheTl¿e t¡rpe

nitis and. Stapbu].ococclrs aureus were used for tesùio8 €Foss-reactlvity.

Êüock cr¡Itures ç¡¡s lnniqtaû¡gd i.n trlypttcase so¡f broth (ggl") at

3?oO a¡¡¿ transferred weeicl.y. Oells were grow¡r i¡0 5OO nI. voluues of

tr¡¡ptlcase soy broth on roùer¡r st¡a¡rers for ?h hours at' 3?aC and collected

by co¡¡trlJ¡rgatfon at I'O0O x g for 2O n:i¡utee Ln a ServaIL 80,-2 centri-

fil,ge. tsroth suJ.tures of p. hofloanr¡i were pooled in 12 }[ter carboyst

hawested rrf.th a Strarplee centrlfrrge, nashed. ùwice in sali¡e and once

i¡ dXsttlled nater, and then stored at -1500.

Wlp,Le teLL AntÍeeù¡s

Á. Èwent¡r-for¡r hsr¡r brot'l¡ er¡ltr¡re of g. hofnanni rrae was¡b€d ttvlce

in O.t$É eaLlne and, suspend.ed lll O.2É f,ormol se.Iine. 1t¡e sd¡ls ûere

fLlüered throu€h gtaos rcol to reuþve alunps and furtner d:Lluted, wittt

O.2S fo¡nol salÍne to a density conespondlng to a Mc!'a¡la¡¡ù scale !Ûo.3

oa tÀe Beel@sn Þfodel 0. eolori.meter (381 ligbt transnlosion usíng Klett

tr¡bes and, ned fitter). Tlre celJ. sus¡rensÍon was dia.\ysed, agaiaet 0.2É

forcol sallne f,or lÉ ho¡¡rs at 5o0 and tested for steriJ.ity.

The suspensÍon was sùo¡red at 5oC a¡rl ¡ras euployed for the pro-

duction of antibody a¡¡d f,or aggluti¡atlon tests.

IL
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Preparallon gf Antiserum

Síx adult albíno rabbits were i¡nr¡nized by the procedr¡re of lþbat

and. Mayer (19á1) exeept that a t'ota1 of 22,.5 nI of ceJl suspension

was admiflistened over a peniod of six weeks. Pre-j-mt¡ne and i-mt¡ne

sera were tested by tbe sta¡¡dard ¿u5s agglutinaüion test. T¡mur¡e

sera wtrich showed a reciprocal dilution titre of 2048 were collected

and stored at -t5o0 for further stud¡r.

Bacterial &cbracts

Þctracts, for serolog¡cal ar¡d biochemícal anal¡rsisr uere

prepared frtm frozen st'ocks of bacteria.

I\renty gran lots of L hofnann:L wet celJ- nå,ss were nlxed with

a fer,¡ nI of dístilled waüer a¡¡d dis:intigraüed in a Raybheon ultrasonie

oscÍIlator (fO Kc/sec.) et ?oC for one hout. ltre crusÌ¡ed. ceIL mass

ú¡"as suspended in 5 x the volume of N/f6 Hü (fOO ¡nt.) ar¡d placed in a

boilf-ng lrater bath for 15 nfnutes. The nfucbure nas cooled on íce,

adjusted to pH ?.2 w:ith I.0 N NaOËI, and centrifirged at 151000 x g for

Z0 ni^nutes. ltre clear, yeIlow, supernatarrt uas placed in dialysis üub-

fng, concentrated against noving air for seven hours a¡¡d then equiJi-

brated overnigbt at 5oC against O.OA M pürosphate-buff,ered saline

of pH ?.4, ttte crude sùract ¡ras stored, at -15oC. { sìñ1,18I' e:cbrae-

tion proeedr¡re was folloued usÍng one gra¡r uet wei.ght of, ceLL nass of

Q. pnogeries, Q. squl' 0. :Ge¡'osig, Q. Ùiptrtheríae t¡rpe F.itig and 9!g!þ.

ÊüISg. Tt¡ese ercbracts were used undj-Luted in the agar dfffusion

tests.
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Lmunodif'fusion Tests

A nodtfled ûechnique of Oncbterlony (f9r+9) ruas f,olloryed.

PeùrL dlshes (irurer diameter of 9 oo.) srere eoated rtith a tJrin

leyer at Zf, Noble aear (OIFCO) a¡rd then layered with 2O.O ¡nl. of

0.ÊÉ Nobl"e ager çe¡!¡Jni¡g 1É sodÍ¡n eaide and O.êSÉ soûlm ctrlortd.e.

A horizonüal ùrough (0.2 x 16 c¡n.) $¿s cut in t}¡e ag€r plete ar¡d the

wells were punched out' at a dÍetance sf, IO @o on, eaeh sid,e of, the

troWh wlth a nr¡nber one oork l¡oren. åntrge1s previouol¡r dÍalyeed

agatnst O.02 l-f pütosphate-buff,ered s¡¡Iine of SI ?.2 vere placed i.u

eaeh of the wells a¡¡d' the hsrizontal ùrougþ rrao f{]Led. rrith undÍluùed

antiserun. The platee rere kepü at 25oC in a closed noist chanbe¡r

f,or elglrt to ten da¡rs. Each pLaÈe Traa fflled wfth oaf:i¡e end pboto-

graphed, by dark-field ÏLlr¡nirøbion.

Tt¡e aai.d exbractE sf the other species rere tesùed for cir"osEF

reaetirriüy against, $. hofb¿nnl a¡rtiserum.

h¡ri-ftqgtion of Anùiser¡s

Tbe crude ecid e¡cbraeù wae f,r¡¡the¡r treated by lon-Exchaqgo

chnonatography. tlettr¡rJ-aninoetÀyl (ÐE¡tg)-cellulsse colunn chrons-

tognapþ¡r nas performed as deEeribed by }tarrkenec (1962) ¡rlùh sone

norüficationg.

$Jgmå l}EA$-celluloce HBs euspended, i¡ O.5 N Na€[I for l+S to

?2 hours, rcashed ia lerge volü¡es of dieùiÉed rater eEverêI tfnos¡
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adJusted to pH ?.4 iùith 2 N phosphoric acid and allowed to equilibrate

to O.O2 M phosphate br¡ffer of pH f .l¡ for 12 hor¡rs. Ooh¡mns of 2.5 x

38 cm. ï¡ere packed to a pressr¡re of about ':l5 cm. r.¡ater and. again

equiLibraùed wÍth O.OA ìf pùrosphate buffer of pE ?.1r.

Fi-fùeen ml. of ercbract (obtaÍned from approxtnaùeþ 1O grn;ns

of Q.

Blution roas performed rnrith O.02 M phosphate buffer, pH ?.4 and then

u"ith a contÍnuous gradient using an i.ncreasing molarÍty of KCl. The

f1ow ¡rate r,rlas regulated to about 18 üo 20 n3.. per hour a¡rd one hur¡dred

fractions of ten n].. ltere collected. aü 5o0.

lhe opt,ical der¡sit'y of each fracùion was measured at 280 nry. ln

the Unieam SP-?OO spectropkrotometer. Each fractj.on was also tested

for carboþdrate content by the Anthrone meühod of Scott ar¡d Melvin

(Lg5Ð. The fractions from eact¡ of the four abssrptÍon pealcs were

pooled., dialysed against novÍng air at room terperatu¡e for seven hours

and against two liters of O.02 M pLrosphate-buffered sal-ine of pH ?.4 over-

nlgt¡t, a¡rd stored. a,t -I5oC. $anptes from each conoentrate rrere tested.

by imunodiffusion.

Separatign of _Antigens

The thi¡d DEJIE absorptfon pe*r ]rt¡ich gave ùno precÍ.pitin

Ii-rres, rras subjected to Sephadex ge1 column chromatograpl\y.

Sephadex f20O (fha:macia, Upsala, $weden) was allowed to

srn¡ell in 0.02 l*1 phosphate br¡ffer of pH ?.4 ar¡d to seÈùle by graviüy
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ln a 2 x 5O eu. cojlr¡@. 1¡Þ ul. of tlre tttùd DEAE pool, derived f,rg¡

five grans of ¡reù rei€f¡b ceills, ïðs pl"Bced oa thê colw and at e flow

rate of I to 19 ml. pe¡t hour oae hu¡¡d¡ed fracùions of 2.5 nL. volunes

were collected drrring elutfoa witla tbe br¡f,f,er at 5o0.

XI¡e opùloe} deuøÍùy of each fraotioa $as measured at 28O uqr

us{ng the gniean $P-?OO speetrophotoneter. tbe fraetious f,ro¡n eaeh

of the tm absorpùÍon peaks uene pooled, concentrsted by di^alysLs ega,inst

ai¡ f,or seeeg hours¡ equflibreted by dfalyels agai¡st O.02 l{ Bhoephate-

brlf,fe,red ssune of SI ?.tl and the¡r tested by imr¡notlif:fr¡oioB. t|he trp

a,stive pools were tt¡eo dj.aLysed egainst ¿1r ts ooneeotraüe tbo solt¡tions

and agafast, Z.|IiüerE of disti.Lled ¡rater for lÉ hor¡rs to reuove br¡f,f,en

salte, dried by flash evaBoretion, anf, stored 1n a deEsj.cator at room

teqlenature.

Iqr¡pq pleotrophsf esls

-ImsoelectrophoreEiE ras pe¡Éo¡æed ol. Eicrosoope ølldes sccotd-

tn6 üo the nethod of, Scho1degger (1955).

Agarose (IiIBe) uas d,lsoolved fu¡ O.O5 lil berbltal br¡ffer of pll 8.&

to nake a L.5ß conçcntration. Xbe anüi.¡eriur, trougþ (f x 6O m,.) uas

eut ¡Éùt¡ trc srrgi.eal bladee bot¡nd together a¡¡d trc sùs¡-brng HeLl's

wer.e nsde !.0 ro. fron tl¡e siðee o.f tl¡e trougþ nith a n¡nber Ïl bypo-

d,errlc need].e.

$anplos f,¡om tþe $ephadelc poole uere ¡úaoed in eaeh of t'he

we¡Ls rrlth a nrmber g6 b¡rpodemfo aeed"le. êonteot wltJr tt¡e electrode

yeeoele, r1ú'|.tch contafnd O.O5 !f ba¡bitst bt¡ffer of pÍI 8.4r ¡ras nâd'e
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by meaus of agarose råoks. EleotroBboresls of tJoe anti€ens nao

ca¡ried out for 6o oim¡t,eE at ?o v. and jØ v. ug{.g e tseol@ån Duostat

Þ. 0. tr¡ouer $¡pply. Upon cmpLetion of tbe rrrn, undiluted, antiEerru

nae placed, in tt¡e tror¡gþ aad the reaetlon ras ellored to develop f,or

2l¡ l,louro at room teuperaüure Ln e uoist chenber.

tbe srÍdeg wÍrre rasürd, dried a¡d ü¡em statr¡ed witù asido-

black (Parker, stacklr ad. tff.lt, f,;g6a'). phoùogrepbs were taken by

dark-f,Le1d, il}¡mi¡atlon.

Dtlec ElF_ctt.Ðphoresiø

å'cryranide gel electr"ophoreof.s wìaa performed as descrlb€d,

by Davls (1964) uef¡¡g ühe Oar¡¿lco &Lsc Electnophoresis Tri¿L Kit
øupp.Iied, by 0aual rnduetrj.s-l Gor¡nretion, Betbesda, ì{arJrrasd,,

I\rc hundted þ9. siirrf¡Iesr nixed rfith eqrral anor¡nts of, rrpper-

ge-l i¡r a ùota.l volune of o.3o rúr¡ usre layered on the spacen-ger.

Hlectrophoreeis $ao cemied ouù for óO ni¡utes uaing tJ¡e eanelco MoûeI 
:,.:;:::r:

15o v. power supp.l¡r. After tl,re run, the ge.r eolunnc (0.5 x 6 cn.) rere ' ','r': ' '

ræoved, etair¡ed f¡ acLd.lJied anl-lÍne bleck, and, electrophoneti.call¡r ¡, ',..'',t':

destalned wlth acetic ecid. Resul-tg rore pbotographed.

Spect{.rm .ånel,{'gie

An aEueous so.Lutloûr of aoüigens A a¡d B, boùlr aÉ a eonaentre-

tion sf 20O Pg./ele t{êre sçIÐnned fn the tlnicam SP-?OO speeÈnophotsneter.

Biogþeg$c+]., .AnplyEís.

å. Klett-.Sumereon photoeleetric eolorlneter rEa,s used in tJ¡e
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proùel¡r, carbo\ydraüe, pentoee, and he¡cosanlne dete¡minatlon. tlhe

proüein and, carboþydrate conùe¡rts were read. et ó6O q¡, the pøtose
i.:- -.- -.1
:::: -1:land he¡¡osanine at 56O qL ;.;.:.:.::

Protein

the prooednre of lowry, Rosebrougþ, Farr, a¡d AÁldaIL (1951)

t¡as followd wÍttr c¡yst+Ifine bovÍne-slbuntn as tbe sùasda¡'d..

0arbohy4Fate

A nod:Lfication of the procedr¡¡E of $eott and telvln (L953,

¡¡as f,olloued ulth de¡cb¡sse &B the sta¡¡dard. The tubes contalning the

saupleo and Anthroae reagenü were vigororasþ shalcen, ple,aed fn a

bo{]i$g r¡ater bath f,or 15 nl¡¡rtes aad f.ueüiaùeþ oooled.

P_enþ-ee

the procedure of t{ínzler (1955) as or¡tlined, l¡n lþbaù and Msyer

(1961) was follsued ¡rltl¡ araþi¡rose ae the sùa¡rds¡d.

He¡¡osani.ne

A ¡nodfftostion of the procedure of äLson a¡È Ì{organ (1g54) aE

ouüü¡red la Kabet and !{ayer (L961) wae foltor¡ed, yrltJo glrrcossm:irle

trydnoehlori.de as the sÈend¿¡d. SempleÊ lre¡e l¡ydnoþeed i¡¡ 2 il H01 et

I00o0 f,o¡ two houre ad, weno used for þe¡psemlne deterui¡ation.

Nueleic, _acids

I{ucleÍc aci.d ¡rês detemined, epecünophotoneùrically by the

procedrrre of l{arbnrg and Où¡ristXan (19¿}2) using ühe Uaicsn $P-7@
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speotrotrù¡oto¡neter to measu.re tbe ratio of optlcal denslty at 28O nry,.

and 26O ry.

Nitrpl¡en

Nitrogen uas deteratned by calcuJaùing tåe tota-l pnoles of

niùrogen obteLned r¡ith the Technicon Anlr¡o {,cid Anal¡rser.

Anlno acids

.Anfnû eoÍds rere d.ete¡nri¡reô with a leeh¡ricon Auto Anal¡rser.

Sanples of 2.0 Ego rr€r€ trydroþsed 1a 5.0 nI. of, 6 ¡U ¡¡Cf for 1ó

hours, dried ín e desfecaùor overnigbt, tnd dissolved. irr O.5 m.1.

of N/J.O HOJ-. Voltmes of O.3O n] r rrl'êr€ analysod,.

Sh¡"oqatogr-sÞt¡Y

For the Xdentjfication of sugars 12.O ng. of, sa,n¡ùe was

hydroþsed in 1 0 rLI. of 2 N ltZSO& in seal.ed vials at tOOoC for ùno

hor¡rs. the cooled trydroly'eaüe uas neutrelized wtth saùl¡rated Ba(C[I)2r

centrtfirged to re¡nove baritm sul¡üeter and, evaporated Èo dryneos by

flast¡ eveporation. The drÍed þydroþsate wôs ¡redissolved 1n O.25 nI. of

dist'ill od waüer.

stand,a¡cats (10 UJ.. of 50 ng../nf. sotution) a¡ui the h¡tno\ysed

sanple nere applied, to t'lhat'hsn No.l paper (r+ó x 75 ea. ) a¡¡¿ n¡¡r 1n

8@ phenol- doun ühe long ad.s of ühe paper unüiI ùhe solvent reaohed

tbe edge. The paper llas drÍed, d'¡pped, Ín anilfne phthalate reagent

ni¡rbr¡re (¿s descrlbed by 6l¡mn1¡rs and Harrås, 1956) and heated aü

8000 for 20 nirr¡¡tes. Arabinose erd, glucose appeared, red and greenlst¡-
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red respeetively wiüh the ind,icator. a chronatogrem of, ÂntÍ.gen B was

not camåed. out due to insr¡f,fLcient material.

For the id,enùification of anino aoids, â ng. samples were , . .,
:.:'::";ì';:¡f-;:.,

f¡ydrolyzed jr¡ ó N HGL aÈ l2roÇ for two hours. t{¡t1roþsates rrere

ttren errapo¡rated. to dryness i.n a boiling rreter bath several tines erlrl

finalÀy redissolved in 0.2 81. of, dist,ìì]ed. rrrater. Ttre eeparaüion . ,

-.:_':: :.::..:.-
proeedure was si¡uj^Lar ùo the above e:ccept ttret the chronatographÍe

paper vras br¡ffered by eprayi.rog ¡sith a br¡ffer nf:cbu¡e of, pÏt la '' ' '' ' '

(HcFarren, 1951). The chr"onaÈographic paper ras spotted rrlth standênl

a,nino aclds (10 ul. of ? ng./nr. ssrution) ar¡¿ þydroþsed oample

(50 pf,. of 2 ng./a.Z ilI. sotuùion). .&fter oonpletion of the run, tbe

paper ¡¡ae dried, stained uith n:inþ¡nùnin solution (as prepared by

McFa^rren, 195r), and ple,ced. i¡r a hoÈ air oveR aü B0oc for te¡¡ minutee.

MolectìI¿r ile4€bt Detgruin¿üio.n of Antiseqg

Tt¡e uolecular weighte of ùhe anüigens rúere deternjned by Ûre 
.,.:;..:. ::,:sucrose density gradÍent nethod of üartin and .ånes (lgóf) ¡rlùh sone : -..-::'..:'.:,:;,

noùtficatiotlls. Lfnear susrose gradiento wene made fn luste¡'oid. een- ,1j,i,,,i,.: ,

ùrifir,ge tr¡bes f,ron 3É to zM $/v) sucrose in o.lo M pûrcsphate buffer

of ÈI ?.5. Each sanpre Has suapended in a totar vorume sf o.z nl¡
0.2 4g. of Antige¡r A, o.1o ng. of antigen B, ard 1ng. of reference 

,..i,.,ar,.:,,;,.
proÈein (erysta?ì'ine bovine henogLobin, siga) and layered on separate

gnedÍents. The gradlent tubes r¡ere cenÈrÍfwed at 39r0oo rrpror f,or 12

hou¡s at 5o0 1n a model-t $pinco centrifuge usiqg s If 3g s¡ùir¡glng

bucket roüor. flre rotor was acceleretêd slorþ to prevent becklash ad.
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then the speed controL g,as immeùÍ.aüeþ set aü 39r0OO srprttrr At

tlre end. of the nrn, the rotor nas allorsed to decelerate ¡rlth the 
,.:,..i;.:::,::l

bfakes Off . ..: .::...::.:.,

Truo drrcps fractions rt¡ere collected by puncturing tlte boÈton'

of the tube n1üh a needle a.nd tlrese were acsaùred for protei¡ con-

centraüion by tJre Io¡r¡V test. The star¡da¡'(al hemoglobin fractisns

uere e¡(a¡nined et ¿+05 qr. Ín the Uniean SF-?00 spectrophotomeüer.

The noLecular weighÈs of the antigens were calculated fron

tne nolecqlar weight of ttre ¡reference proteLn (6Ê1000r Merck Ï¡rdex -

?th editlon) an¿ the dlstance which arrtigens A q¡td B and ref,erence

, proteÍn traveJled Ín the sucrose densÍty gradienü. The e$ration used

for ca.lculatlon r,ras:

+ = ,ä'u'
. uho* t and SZ eqnals üÌre dista¡¡ces traveJ.led f,ron ühe nenlscus by

substances of knonn ar¡d unloaor'r¡r noLecula¡ weights reepeot'iveþ, and

l&h asd Mr{, are eE¡aI to ühe noleoula¡ wefuþts of, tl¡ese r¡r¡lmo¡m and

trnown substances (Sctracnnanr 1959).
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Serologieal actlvity of hoù acid exbracts from crtrsÌred. c+]ls

of 9. hofhanrri. as neasured by egar pJate dlffusÍon, gave tno

precipitfu li¡res; one dlJfuse I:ine appeared closer to ühe trougþ

contairring the enbisetr¡¡¡n, the other shæe Line fi¡r.bher fron the

trorrgþ (figr:re 1, upper welL l+). Frecipitin lines rcere not obsen¡ed,

rdüh the hot acid e¡rLraots of S. xerosfg. Q. pyoee¡¡çs¡ Q. e$iLi¡

9. dÍ.phtheriae t¡pe nttls. ar¡d. Staptro aürêus- tested agaÍnsü 9. hofìnå,r¡ni

antíserum.

The acid, exbracts were seperaüed, by D$llE-ceAlulose colt¡n¡r

clrnometograptçy, into four absorption peaks, (nigure 2). Sanples

from each of ttre four peaks gave carbohydrat,e values of 75fir1 pll,

flfrrarø 15É respeetive(y as &easured by tt¡e ånth¡one teEb. Imr¡no-

díffi¡síon tests againsü homologous serum sholrpd trlo heaq¡ preciplti.n

Iines wf.th sanples from the thÍrd absorptlon pealc rdoictr had been

eluted at the KCL eonaontraüion of, O.5 molar (f'igure 1, upper weIL

2 and lower weIL 3). The preaipitfn lines correspond€d l¡0 identÍty

to those fo¡med by the hot ¿cid, e¡cbract. Faint, lines were obee¡ved

ln the first, seeond, and fourtlt ebsorption peaks and nere not

fi¡rbher identlfied (nigrr¡e 1, Lower wells 1, 2 €nd l1).

Material from ùhe thfud DEAE ebsorption pealc, eluted on a

Sephade:r G-20O eolunn, geve trn absorption peaks ¿egrgnated, as

A ard n (nieure 3). I'no shar,¡p preaåpitin ].ines were oboerved by

i"munodiffusisn tests. SalryIes from peak A gane one hea;v¡¡ lSne

drtle a lfuhter lLne r¡aE sbserved fnon peak A (Figure J-, upper ryelLs

3 aflf I reçectiveþ)¡ the li¡es corresponded Ín identity to the

?J



22

d:iffuse and sharp lines obüained rrith ühe hot, acid e:rbract a¡rd

the t'hird DEIIE peak. Hereafter, the active rnaterial obtai¡red fron

sephadex peaks A and B are refemed to as antigens Â ar¡d B respec-

tiveþ.

The yield from 10 grams of wet welght cerl nass was 16 mg. of
anÈigen A a¡rd 7.2 mg. of antÍgen B, The antigens uere soluble i¡¡

water and appeared as a brorm, granular rnaterial in tt¡e dry state.

specùnrn analysis of both antÍgens (aoo pg./nr. aq.sorn.)

were charaateriaed by a higher erbi¡etion ualue aü 260 Er. than at

280 uqr. wiùh a naximr¡n absorption at 261+ n4r. (rig¡¡re 4). The

absonption speetrum of antÍgen A uas lov¡er ar¡d was therefore composed

of less UV absorbing material.

The homogeneity of each antigen ü¡as esüablished by n:lcro-

l¡munoelectrophoresis wt¡ich showed. sloiu-movång single arcs of
precipitation (r'ígure 5). PrecípÍtin rine forrsed. by arrtigen .a,

appeared croser to ühe antlsenrn trough tha¡r the pr"eoipitin une

obtained irith a.ntÍgen B. under higher volüage the mi.gratory rate

was increased but the arcs of, precipitation were drav¡n out.

fhe purÍty of arrti.gen A was verified. by d.isc elecùrophoresis

on poþacrylani.de ge].i a sfngle dark band, at a distance of I mu.

behind the trachi.ng båJd r"¡as obtained (Figure 6). Iso band r¡¡¿s observed

w:iùh antigen B.

The bioehenical anal,ysis for üotar" proteín, carboh¡nc.rate, pentose,

þs¡ssamine, nucleic acj.d, ar¡d nitrogen are shown in Table 1.
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Paper cbroneùograptly of amius acids sl¡owed tþaù glycj¡e a¡d

a-lanlae rñ're pres€Bt ia each of the antfuens. $h¡oûatography of

É¡ugars of antigen â, shouêd, that arablnose snd glucoee rùBTê paêe€llto

IT¡e en¿.l¡rbtcal resr¡"lùs obtaf¡ed by the Sechnicou Ani¡o Asid'

åna.lyser ¿rre retr)orbed in lable 2. he naJor ani.no aeids uere glutm{c

acJ.d, esparbå.c aeld., alani.no" gþcine, valiüer a¡¡d letrai¡e. One

unide¡rÈi-fied peak, ¡ùiah uas elnted between the esparùfc q¡d^ th¡eonir¡e

peake¡ was obüai.ned wlth antlgeN¡ A.

llbe molecqLar weÍ6þtÊ of antige¡r å' and B, by t'he st¡,o¡ose

de,nsity gradient method, lrene eetinated to be 1ó1500 and 2lr00Q res-

pecüivel¡r.
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ttrppe¡ we"LL cor¡t¿lned antigen A3 lswer nelLt
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FIGIBE 6. Poþacri¡lanide gel diec electrophoresls
of antigen A. Iower derk bad¡ anüigen .&,

trackiag b€.d (T.8.)¡ control.
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ftlo precÍpitatlng anti-gens were obùained by column fractiona-

È1on of the hot aeid exbract from crushed eeJ-ls of g. hofhê¡rri,

Haukenes (f962) prev:iousþ used DEAE-ceILr¡lose co}mn chronatography

to lsolate the polgsaccharid.e A anüi.gen of Stqpb. gËIS, Both of, the

a.ntÍ.gens in ùhis study were eluted from tt¡e tbÍrrt absorption peaJc of

the ÐEAE colu¡nn lnd:lcating that the¡¡ possess ¿ sìm'il¿r negative charge.

The separatíon of the tr¡o antigens fron the thùd DE/rE peak

r,ras firsù attenpted. by precipitation with cold alcohol a.nd by

chr^onaüograpþ using various sizes of $ephadex þ75 colunns, but

onþ partial separation $as accomplished. DiJforential chronatography

r*as ffnalþ aohieved on a Sephadex Cr2@ colr¡nn (e x 5O on.) indicat-

ing that, antígens A and B have ¿ sìrni.l¿a molecular siue.

The precipitin lines obtained wlth antÍgens A and B were much

sharper, but süi1l showed complete identity to those of the hot acid

extract (figure a). This would i¡rdicate ttrat the e:cbrar¡eous nateri.al

had been renoved and that the antigens were unaltered by the separation

and purJflcation proeedures. t'Tl¡en lnnunodiffusion r'ras perforned with

a¡¡tiserum placed in a central weIL according to the tech'ruique of

O¡rohterlor\y (19¿+9), the results were dlfficuJ.t to interpret. When the

antisen¡n r'ras placed in a horízontal trougþ, however, the precÍpitin

lines ïrere tore easÍJ¡r vÍsualized and theír identity vras clear\r

establi.sbed. This nay be due Èo the greater amor¡nt of anùibo{y

avaiJ.able and perhaps to t't¡e linear dj¡eetion of diffusion whi,ch

stabiJ-Ízed the concentration of ùhe antibo{y.

32
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The single arcs of precipitation obtained by i-mmmoelectrophoresis

of anti€ens A a¡d. B, corresponded in terms of relaüive distances from the

a¡rüisen¡m bo those obtai¡ed by i-mrrnodíffusion. The application of a

higher voltage (250 volts) or ar¡ increase in the ti¡ne of electrophoresis 1:.:,:..:.,.:.:.::,: '.:

:,t,t,:t: r:.,,t',

resr¡lted in longer a¡cs of moderate cu¡"r¡ature suggesti"ng that the antigens

consist of electrophoretícaiJy hterogenous components raith ninute graduated

d,i.fferences in eleetropùroreùic nobili.ty (Crowle, fgól) 
,,.,,,::,it,t,,,,

Dísc electrophoresis tests on poþacryla,mide geJ- showed. that, a^ntigen ':': """'"
. :...:..'..-'::
ì .4, ís relatíveþ pure r*iÈh respecü to protein content. Fa:irrt traces of '':,,,,:;;,

several other band.s, wt¡ich appeared i¡¡ ùhe photograph, were not evid.ent

on visual exa¡uination of the colu¡nr¡. Tt¡ese resùdual bands may be due

to diffusíon uhich occrrmed as a result of setüing and disturbar¡oes of

the colrmr¡ during the t:i.ne elapsed prior to pLrotograprÀy. Howeverr it nay

i be that the f,aint ba¡rds do indùcate ÍmpurÍtiesi the minute amou¡tts

present ïrou-ld likeþ be uriùhin the erçer5^nental emsr of this rdork. Also

the method does not deüecü carbotrydrate or nucleic acids wttich nay be

presenü. The failrrre of a,nt'igen B to nLgrate in the acrylonide gel could 
...:.:...:

, be due to the migrati-on of the antÍgen towards the opposite pole, the use ;:'';;::¡:" '':

,- .: :

The sucrose densíty gradient nethod of estinatfng nolecular

weights is srrbjeet üo error sinee it is based,on È'he assunptÍon that the

: proüein consists of sptrerical molecuf-es and thet it has a partlal specific 1,;¡.:.:,;;..;,

volume of Q.725 
"r3 no gran (Uarti-n and Ames, 1961). Hor'¡eve¡r¡ it rrras con-

fj¡nred that antigen A rras li.gltter than arrtigen B by the $ephadex geJ.

colu¡nn elutj.on of arrtigen A in the laüter fractions and the more rapid

raüe of dí.ffusion Ín agar gels,



3h

Biochemical analysls of ùhe t¡ro a¡lti€ens sho¡red the presence

of a naJor protein fractíon r,rith carbotqrdrate ar¡d a maller anount of

nucleic acid. Since the nucleic acid na,y be an lnpurÍtyr firrther

purj:fi.cation shor¡ld be attæpüed by chronatograpL¡y sn a Ðowex-l

ion-exchange co}¡nr¡ r¿trich Hankenes (1962) rrsed for the renoval of

nuc.leic acid, from ttre poþsacctraríde Á, of Staph. gËIff.

fþç em'ino acid composition of antigens A and B, obtained by

the lechnicon Anal¡rser, Îras al¡rost' identical except for one r¡nknown

acid present i¡¡ anÈigen å, v¡trich rerlaÍns to be tested. The unidenti-

f,ied eonponent nay be a dia¡ninopi.nelic acíd sínce it camfes an aaidÍe

charge and also appears to be strongþ related to aspartic acid from

ïù1ch dianinopi.nelic acíd is s¡mthesLzed,

Althorrgh tr)aper ehrornatograpt\y of antr¡o aoid.s for each of the

antlgens shoired distlnct spots only for ala,nine a¡¡t glycine, these

results nay not necesserlly conf,lict rulttr ühose of ühe Technlcon

Analyser since the paper chromatograms contained nruch ninhydrin-

positive naterlal wt¡ieh was not resolved by uni-tinensional elutlon.

Ilæther resolution could be obtained by ùwo-dinensiona,I ctrronatograptry'.

The a,roino acid oomposition of ttre ceLL mILs of, several cor¡n-

nebacteria species is sirnilan'to that of arrtfuens a, and n (0rumins,

195ó ard 1962). the ceIL *aLLs, a.f,ter treatmenü with proteoJ,¡rtlc

ena¡r¡nes, were et¡aracte¡rlzed by paper chronatography. å,lanine,

glute'nic acid ad diaruinopi.uelic acids we¡re the najor component,s a¡rd

sone specl,es also contalned significant a¡nounts of lysine, serine,

g}¡rcine, aspartic acid, val:ine, and. leucine. These latter a¡n{no aoids

¡*ere not consldered by Gnnutns (1956) to be parb of the celJ. rsall

conplex proper but to represent residues of protein layers aften
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i-ncmplete ùigestion nit'h pr"oteol¡rbio en4mes. By anatory our anüigens

ni&t be po3¡rners associ¿ted wit'b the basa.l nucopeptide struetu.re

of tt¡e ceIL ra,l-l.

lhe a^ntÍgens e:rtrasùêd f,ron $. hgf,lne¡Eti appear ts be species-

specLfio since the l¡mt¡nsdiffusion üests rrith bot eeid exbracts

from otlrer cor¡noebacterial species end Ftaeh. gJESg faited to give

preeipitin l1nes. flowever, severaL süralns and otber epocleo need

üo be tec'bed. A Èype-epecific protein ¡ras obtsi-ned f¡ron the acid

exüracte of $Èreptococof (Iencefleldr 1933) and $tepù1yloooceí (Verweyt

I9l+0). Previousþ Cr¡mir¡s (195&) d,emonstrated the preaence of trm

distiJocù antigens in some specíes of corynebacte¡rla: a type-speclfic

protein in 0. Èipht'hprþp and a group-specífic poþoaocha¡íde in

several stralne of Q. dlehtheff+g æd in one sbraiJ¡ of Q. oyire buü

noù in 9. bgfhaff¡t, Q. xerosig or C. te,nale.

Speales-specjfic arrtigemrere isoleted fron ùhe ceIL rrral-ls

nl¡lle grorp-epseffLc a.nùlgens were obtaLned frsn the cyboplasm of

4vcgþ,qctefir¡nr Actlncgllrces. ËSrepþ_so,csus and Ð3Jlocqce¡s by ltwaplnslcl

a,rd Sr,q¡der (1961). These ¡prkers pnoposed t'haü epecies and t¡4pe

specÍfieiüy are defl¡ed by certaÍn components of the ceLL lfell, uhereas

the constítuents of the cyboplam oarry conaon antfgenic gfoupsr

Thís concept rlas alEo re,aehed by Cunntns and Ha¡ris (1956) ,fron their

invesùfuations of the rral-ls of gran-positive bacteria. the species

speatficit'y of a¡rtlgenE A ând B also suggests thaü these antigens

nay be derlved fron the ee'Ll uaLL.



36

Ttre presence of co¡¡mon antlgens in various speci.es of

corXrnebacteria uitt¡ related genera hae been reported by vanious

no¡tcerE. I(sapinski (1956) Etrored aa anùÍgenic reletlonship beÈt¡een

[. tuborcrrlosis a¡¡d g. üBt¡üheFlae. ¡üriLe flLsakr t{inger and Hoore

(lg6l) for¡nd croes-roacütvity beürueen several Etr¡Ðji.ns of Q. ag+es and

Ctroup A. Actinonycest ei.ght other srpecies of oorynebacterie inalud-

Lqg g. bs.flranrrl (AfoC-fO?OO) did not cr"oss-react with the aetinonyces

species. ân antigentc fraotÍon derived from S. asteroides (Keeler and

Pier, 196t1) close\r resenbles ttre chenlcal conposition of antfuens A

and B except, f,or tt¡e aþsence of, he¡osan.iae a¡rd the presenee of, four

addiùioaal sllg{lrso A comon ce'Ll wall poþsaccharide antigen had

been obüaÍned from strèins of Mqcoþacterir¡m, [sca¡¡dia. ald, Qormeb+c-

te_riunû by Onmins (f964) l¡hich srrggested a ta¡coaonlc relationehip on

basis of, ceII ¡r¿LL st¡nrcture.

ftúo etudles on tt¡e t¡çe of d.et'e¡ufner¡t Sroup of corynebaeterial

antigene have been recentþ reported. Cr¡mi¡s (L962, 1965) showed

ùhet stralns of nycobacùeria, corXmebaeteria a¡d, noca¡dia lü¡ich

sl¡ared the g¡"oup antigen oontain arabinose and galactose as üheir

prfnclpat cell rraIl oügâ^rer He sonsiderod that the speci'f,ieity sf,

this arrüigen $aa cor¡f,erred by arebÍ-nose or a süall pol¡rner containing

arabl¡¡ose. lmmr4ofluoresseat tectrniques sere rrsed by Jones and

Ipwis (1gó6) to denonstrate the tmportanee of a.tani¡¡e Ín the antibody-

conbin:iAg sites of eel-lr¡jler antfuens of Q. Èípt¡Lhgríae' Therefore¡

it appeare ùl¡at the epecies-sÞeclficit'y and ühe detetmi¡¡ant g¡roups
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of, arrtigen A and B nay be aonfe¡red by a mall con¡lonent such ês

an.iJ¡o acidr sug€rrr or amÍno-aü$ârr

Anüfgens A and B appear to be si¡mlla.r i¡ te¡øs of cheuieal

struoture, ei¡ectnophoretic nobility and seroJ.ogÍoa'l reactÍvity. the

metbod of exbrastion a¡ld separêtlon required the anÈigens to be

themsst¿ble, aeid resista¡¡t, ar¡d of, dlfferent ¡noleoular size. theso

anüÍgeus rnay be of value in the ùa¡ronomic classifLcêtion of S.holnan¡¡i

erd, relaùed sPeei.ds.
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