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AKTRAET

å senoS-oqfcaJ.ly aeÈåve æubetaneeo extraeted from eonlaated

eel.ls of CeEyeebeqËeEÁum sgrosås ATCO 7094 r*åth hot H01, y$ended

one preeåpåtån J.åne by lmr¡nodåffuod.on açralnst a homolwous antls€truma

bt¡t s$.x proteån bande bV dåsc eneetnophoresle. Extraets of other

speeÍes of, eorymebaeterfa falled to eross-reaet w$th the ant$.eeEum, The

cm¡de aeåd,.extraet of e . xes'osfç was pmr$.fåed by ÐEÃE-eellulose eolumn

ahE"ematælrap&tyo ehemåea} and enøymati.e treatment,s" Båo:6e1. ffiP adsorp-
rmJ {L

tlore,-,geå flS.tretåon orlp-enhadex G-20Û eolumun; .r;r'i, ; :ii'::,'i: ;::::''-.:':.:' 
'

.r',.,t, ,.,:1,r; i.:;...'t,:1';; :::t-1...ï-,,.ï':., The homqene*ty and p¡¡¡r$.ty of the antlç¡en fog'

seroloçrleeJ. aetåvlÈyo px'oteirnu and eanhohydrate srae estah&d.shed þ
$.m¡¡neeleetropkroresås and dise eIeetrophoresås "

the pantåaLl.y palnffÍed antlçren from tbse ehemåean and emøymatåc

treatments was shown to he stable hy the v-aråo¡¿s chemåeals. BÅoehem$eal.

anaS.ysås, of the prn$.fÍed antlqren shqøed that proteåno earbokrydrate and

nuel.eåe aeåd were present ln the ratlo of 3.tr.l.]":1 s'eepeetlveÃy" S'he

majsr a&å66 aelds of the arutlçren were anar¡lme, grlutamåe aeåd" qlyelmeu

aspartle 
j;acd'd 

and arqrånfne" The sugar 'of the antlçten wes ådentåfi'ed as

arabånose hV paper ehromatography, fhe srol.ecular welght of the anti.genu

est$æ,ated hy qe} ffåÈre,tåon rethodrwas J.45"t0fl'
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TMTRODWTTON

Tn reaerEt 3r€ars tÞ¿e f¡'actåonat$.on and anaLytleal rethods

deveS.opd for the study of, bfo].ogsearly aetlve e¡ruyme systems have

beecù appl$.ed to the analysds of baeterd.al ant.$.grens.

Osmoti.e or @nzlnuatåc Lysåsn f,tre@ze-tha¡*lng, shaksngr" hSEh:

pressur@ amd ¡¡Ltrasonse v'åbratS.on have been usef,uå rethods for the

ext¡-aet{sn of antlqrens from ¡^rhole eells, Get j.run¡rnodd.ffuslon and

fmmr¡noelectrophoretfe anan.ysse have prowåded technlques for t&rc

demonstrat$on and fdentiflcatson of speelfåe antiEens, Eon

exetuançre chromatqtraphy and gel flltratåonu whlela made :tt posslbne

to separate håo1q$eaJ. maeromoleeuJ.es from eompnex måxtuEes wåthout

arter*ng't&leår ånteqnsty" have beem wldeS.y resed for enzyræ syotems

btrt only reeently appJ.åed to the study of,'baeteråal. amtfgens.

ReXatåvel fetç baetersal ant$.Eens hav'e been lsoLated end eharactes'åøed

by hd,oehemleatr analyoås and thed.r åmu.nochemleaj. speeåfåefty" Thás

kd,nd of study ean serv@ as arÅ addåtåona} eråtec"fon fos'baeterlel

enaesåffeatSon.

Felø reports are avallab&e on the serolqrieatJ.y aetåve eubstarüees

i.solated from dåsru.pted whol.e eelLs of Gxareposåt$ve haetersa exeept

for the ørornp A streptoeoeel" t'wo speåes of staphyxoeoeeå arnd so@

stre$ns of S.aetobaeåIJ.l" Låttl.e fs knø,¡n about antd.çrens of the

eor5rmebacteråa, "{ c}on-speelf,le or qrroup antåqren has been, found Sm

-Çorg¡reþgeÊegég& di.ehtheråae and various dlphtheroids, whleh had fall.ed



to shw speeåes dlffes'ene@s ry egqrÌ.utånatåon tests hut nev.ea}ed

cofiünoa antåglenlc coryonents sltuated more deeply j.n t&æ eelLs by

conplement-fi.xatåon tests(BaåIey" Ig25; frefJ.tr. et êL.u lg3J.;

Hotrdrsorth, 3.952 ) " Ån çrroup specf f$.c potysaeeharlde arcd a type

specd,flc protein of g' dépeereqÅce was demonstrated hy wong and

Tu¡tg(lgg8, !.939) and eumáns(ì.gs*) U¡¡t *mnnochemåeen sÈudles of

these amt*Eens hawe not beest reponted"

Reccntlyu tr.ro serologlce}s.y actår¡'e s¡¡bstances of Çggruq:-

Þgqggqégg &rofmannå:L have been chasaetcs-j.ued (Bar¡ach and ÏIa¡sÍrko"

1966)' ln the pnesent studyu an i,sol.atlom" pmr$,f,seatl,ow and

parÈlax. elmraeterlsatlon of øn antfgen of csnvnebacteFfr¡m xegoséq

ås deseråh€d,
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Enffi€RggAtr"

Many arutlçrens deu'Sved from Gram*posd.tåve bactersa wh$,eh &uave

beem sdentlfled as protesrasu polysaceharådes, telehoåe aefds" ox.

comptrex poxyæx's ar@ co¡opomemts of knwn eeLi. wall. strt¡etures and

eonf,er type, s¡:@e$.esu or çrroup specåfd.eå,ty (Mdartye:,,..:, :',..',, &g6q)"

Reecntly åmn&oehemieaå studåes on amtfçrens of a few Graeæ-posild"ve

bactea'åa have lntens$.vely been eerråed o¡¡t.

Three seeoloqråea}ly eetlve suhstersces åsolated from hot ecld

extracts of ¡shole ee!.J.e of StrepÈoaoeeus &eernglyti.eus (nameefleldJ"g2E)

ld@ne; ¡,,rides,{q.nated e çrroup-sp@clfle carbohydrate(e }" a type-

speeåf$e pnoteln(Mlo amd e a@m-tyæ-speelflc protej.m(p), The çrroup-

speeffie, earhohydrate c subetance end type-speeff,$.e M proteån have

been i.denÈíf,á.ed as cel} waì.J. eomponents (Mc€arty, j.9s2; $ex.toru" ngbs)"

A toxlc cel.lul.ar eompoment of çrx'oup A streptocoee$. (sclsryab et al"o

1.959) appeared to be a eomplex of poJ.ysaeeharrde aná proteån" the

po3.ysaeeharlde havlmq' the serolqlcar ahas"aeteråstres of the çrror¡p-

speeÍfåc e substenee" T'he qrroup*specåfåc canbohydrate 0 eubstance of,

Èhe çrroup A and .å.-varlant streptoeoeeå are mrltá.branc&red structr¡res

w$.th a sma}l amount qlucosamlne ln the beekbone ar¡d the baslc struetwe

of the rhamnosc ponyseceharåde appeas'ed to he the eame ån tÞte two

earhohydråteso but d$,ffen prLnclpaLÌ.y ln the presegree or- absenee of

tenmåna} N-aeetyl-qr}t¡eosamåmá.de resfdues or¡ the o}lçrosaecharfde s$.de

ehe{ns (&{danty and taneefåeJ.d" 1.95s; Mccanty, xgs6}" Mdarty (rgsg}

found thet "ôhe tes'mlnaJ. N-aeetyL glucoee¡a{ne resådr¡ec Ìúetr@ essentlal.

for t&rc prøeÈpl.tatl.on react$.on of, the antlçrenlc determd.nant of the
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group ,{ earbohydrate" More dlreet evi.dence was shørn by the symthetle

dlazo ant$gens of p-amsnoplrenyÀ-Æ*t{-aeetyJ.çrLueosansnåde coup].ed to
varlous protefrus cFosg-a€êctång rølth group A streptoeoeeel antåsere"

Mo¡'e reeentlyu McCarty (1964) also found thôt th€ cster-llnked
Ð-aransne was &n $.mportant determ.$.nent ln the spec$.fåesty of, çrroup

.å streptoeoces,

The gnoup D amtlEen of stneptoeoced. hes been ldentdfd,ed as a

telchoåe aeld wlth e Elycex'ophosp&rate haebome wlth ElyeosådåcaJ.Ly

åå&ked 6uçrêrs and ester{fled E*al.an$.ne (fficken and Badds}ey, J.g6s}"

The majoE pontd.on of thfç antlçren appeared to be e].oseLy assoesated

¡slth the protopS.ast ¡nemhceme of streptoeoecå (shoehen and slade,

1964), Separatfom of th,e antd.gem has beert eehåevcd by gel. fåItne_

td.on usånE CI,15 Þf ffiac} soxvent end exut$.om oa a sephadex 6-200

eoJ.umm (Rasano ng66 ) "

A non-speeles-speei.fåc po].ysaeeharåde (NSS) ¡ras demone,treted

by hemosensstùzatfon tests of ct¡tt¡¡re f,ll.trates of hemotrytåe str-epto-

coccå (Harrd.s and Ilanr$so l.9sg)" Ranta et al.. (lgs6) also shqøed

erosa neaet$.vlty of eul.tt¡re fÍItrates of, çrroup A, Ç and G strepto-
coceåu enteroeoeel" EtEÉEIoeegcgs _eurqgg.,pneumocoeed. and tsacålj.us

€EL. by hemosensåtåaatåon tests wd.th norwl &¡uren setrum" T&æ hetero-

genle emtsgen wes sbreøn to be heet stable" no&-dd.alyøable and ewpJ.e-

teJ.y ahsent frem Gram=r¡,e,çratåve bacterÍe. More reeently" chorpemmång

and &odd (1966) obtelncd solt¡bne.er¡t$.gens from specåes of, 6ram=

posltlve hag-teråa whåeh we¡re s@trotr.qq$calny aatf.ve wd,th åmme sera

'âÊ rdeål as nor@L setra" One of these heterqrenle antl€rene eee¡med to

be ed.¡n$;J.ar to thc Rantøas stre¡rtocoacal. NSS"
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.å type-speclflc canbo&rydrete entlgem (Ju}iamneLtre end Wåeghard"

L934) and a group-6!þelfåe polysaecharfde ant$.gen from avirulent

staphyl.ococes (wcfgharo and Jul.l.anel}e" lggs) srere j.so¡.ated from

stap&rylocoecaL whole eerrs by eNtreetro¡r seåth IÐr" verway (ng40)

used a må],der aeld treaùrent to demonstrate a t:rpe-speeff,se proted.m

antlçren as wc3.Ï as the type-speed.f$.a earbohydx"ate of type Ä staphy!.o-

eoccl" A sero!.ogdoetl.y actåve s'lbltol. phosp&rate poJ.3mer from

stenhvneseeeus êureus H wae dsotrated by ÅrmsÈrorry et ax., (LgbE¡ whåeÞr

contafned a raÈSo of rfbftoÌ. phosphate :aeetytrg}r¡eosàn'ånø:Ð*a]"arutne

of, l.:0"99:0.49" Sanderson et el-" (XE6n) sheøed thet t&le deterælmamt ,

çrEoup wê6 &srç{-N-aeetyJ.çrnuaosamlny}. rlbåtol. of the ¡'d.bltoJ. phosphate

pox.Srmer" Hauke¡res (xg6a) lsorated a senoLoE$.ea}l.y eetlve pory-

saceharsde A substance from dlsz'upted s, ,auregq eelLs, rÞre antlgen

pras puråfåed by dfethynemsnoethy3.(ÐEAE)-eelJ.r¡J.ose and Ðqu€K-l lon

gsehanqe chromotography and was foumd to he eomposed of a m¡co-

peptlde cmd a råb$to} tesdbte aeld, Hj.satsune et, a}, (X962) has

deecråbed e seroJ.ogrd.eaJ.Ly aetåyø eeJ.I waj.L peptåde polper of,

S, a,r¡reus "

Spores end vegetatlve ee1j.s of Bae*}}.us spp. coataj.n scro-

]'wlea].}yaetåvesuhstançesoftexo*'*m([,amanna',&94g}"

Ðav$.es (l9sl.) found a spee$.es-speeåffe emtfçren $.n spones of EggåÅÅgg
b¿¿wpeÅr@rgê. "A po&ypeptldc end a pol.ysaeelwrj.de antåEen lhas.rlsolaÊed

from ee}Ls ef Ege:!ÅIr¡s'H*, ê etrad,n of BaeáI}¡¡s ryçreterår¡m (Geux-

Holøer and romefk, 1956)" The polyæptåde antåqen proved to be

i.demtlcal to the pol.y-Ð-glutamla aeåd pol.yær of Bec$.Iluq anth¡raeås,
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The antlgenfe enalyeås of _Gorvncheeter$.¡¡m dfphthes,Sae @sleg

açrgtr¡¡tånatlon teehnfques shøøed the epeeÍes eou1d he dlvfded lnto

vêEåous serotypes (Havens, I9?0; Smi,th" 1923; EagX.etort and Bexteru

n9?S), [.atenu Bal].ey {¡.925} eone}uded that agql.uÈånatåors teets wes'e

ruot sutrted for reveaÌ.Snq' speeåee dåffereneee betwecru C " @&ÑFeÞrÅee

and other eorynebaetes$.a, ÍIøevetru t&æ subspeeåes of g" d4ph.Ê&egéce;

gFavås., égLerme¡dlus and roUL:[e were shøøn by agglut$.natlen reectd.on

to be. amtsgenfcal.ly dlverse (Ewång, 19SS) " Ã common emtá.çrem whåeh

f$.Ned compX.ement fn the pr@6@ae@ of heterqem@ous antd.scra was found

Sn aleôho& estneets of Ç" gååebÊ&egéae" eerta$n dåp&utherolde" end the

tubera&e baeåi.l.l (fsan end Wltebekyn J.930) "

Ã çnotap-epee$ffe polysaeeharfde anti.Een of 9" dåehtþee.åge r*es

demonstrated by preelpltatlon and abeorptd.on teste (Wong and Turtgo

1938)" A yçan ì.atern these workers sh@'r'ed that two polysaceharÍdesu

deçågnaÊed,A and Eu wetre present (Wong and Tungo 1939). there hawe

been no subsewent studfes on thesc group reactive earhohydrate

antj.çrems of e* af@&egéeg"

Hqrle (]-942) obta$ned speelee-specá.f,$.e a¡rtl.geme fs'om al.eohold.e

extreets of g, dåphtherÍae type mütÉs artd Ç" hofmannål and a çrroup-

specåfle antågen eom&out to tÏæ gEêyé.Ë." ånterred$.trso and qü,rb:Lq strafns

of g" eeph:E&Egége as we3.I as to e " hofænm$.i." A therrnostabS.e qrouÞ

epeeåfle po].ysaeeharåde arud a tlwrmonabfle speefes-epce$.fle proteån

entågren of g, dlphthgr$ae hae beerù reported by OedlnE (1950),

Hayes (1951) was the flrst to demomstrate homnoeenslt$,øånq



amtC.qrens

extraets
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I, dfpetÞ¡eråCg, Bhese anti.gens al.so were found lm eallne

varåor¡s eorynehacterla (Casi.}le and S'oueaso 1960).

The fånst separta$on of a group*speed.f$.e poX.ysaeeharåde compound

from Ë, dåphtherlee by modenn rnethods was acbÀleved by Hol.dsdorth (1952),

The caxbohydrate was lsolated from t&te purffled ceLl we3.3. pnepasat*on

ar¿d eontaåned D-çralactoseu E-mônnos@" amd Ð*arabfnose ls a moLar ret$.o

2:1":3, S$.nce the o$ü.gosaceheråde had no i.nherent reduelngr powero he

deduced that alL termfnaL unlts erer@ non-r'ednreånç galactose çrroups,
{

Oumlrus (1954) lsol.ated two entd.çrcns from thc ee13- vsalls of

Ç" dsphtlserúee, Eleat treeted eetrL weÏ3.s of lnter¡uedlus and gz'avi.s

subspee$.es açrqrlutd.ntated wåth the antlsen¡m prepared açreånst the mstls

stra$n, S$.nee the eross reaet{qn dld not oceur wlth who}c aen}s the

antfgem appeancd te be sltuated deep ¡såth ael1 v¡aÏtr. The heatlabfle

type-epeeåf,fe px'otefn antd.gea eppeared to be present as e superfd,alal

Layex'" Celn waÏì. suspensloms of 8" ëggegéq" Ç" resïa¡.e" and 9" nsfmaggåå

esther dåd not açtg}utfmate wltþr antl,serusr to C. Sl$phtherlae or dåd so

et mtrch losser tf,tec's than those glven by the homo1wrons eell. waÏI

sus¡:enslons "

The ehemlcal composft$.on and antågeñÍe stz'uctt¡s"e of the eei.l

waLLs of conynebacterd.a as¡d related onganåcms have heen examÍned by

Crrmlns and hfs eollaboraÈors (1955" L956u Ï958" and 1962) usfmE

açrElut$"natåon tests wåt&r eeLL taa}I suspeneione " A co¡won antfqen$e

couponent was ldenttfåed ån straá.ns of corynehaeteråa whÍah eontålned

or

otr



arablmose and gaS.actose as thelr prfrre$.pte eeltr ¡satl sugersu ênd

alanåne" çrl.utasrd.e aeld" and díami.noplmelåc acld as eetr.I v¡a}l amsruo

acd.ds " Thls s'esult sugrçrested that these stralns belonçr together

ån the sase taxomornle group, ?he only exeeptlons wer@ g, _WgÊegE

and p, haeqqåÆéggg wh{ch dj.d slot eontaån arablnoee amd qra}actose

as basíe eetr 1 wali. sugarË and CumlnË suggrested that these speefes

shot¡Ld be recl.assi.f,led"

The teelmåques of lmunodåfft¡sior¡ and å¡munoe&eetrophoresgs

hav'e beerc used to study the ldentlty" Fn¡rl.ty, speelf,åeítyo and

çhemleaå structus^cs of antfgens" The eLassá.ea} seroJ-oElean rethode

of aEçiltltfnatlon" pxeclpåÈatlon amd compS.ement-flxatåon ês'e usefuL

for surrneys and prelåmlmany stu.dy" hut eannoÈ be appxled dlreetty to
t&¿e examlnatfon of, eomp]-ex msxtures of baeteEåa1 antfçrens" T'he gel

d$'f,fusÍon ¡nethod orågånal.ny descr$.bed by Beehhol.d (ngCIS)u was appÅåed

to lnsnunolrySeal ana}ysås by Otrdln (å946) " B'&ue s$,mp1e d{ffusåon

method prowed to be apptrlcable to quarrtÍtat*ve as well as qualitatåve

enalysås' A double d$ff,usåon teeh¡aåque *rhd.eh shøred e h$"gh resol,vlnçr

p@r@u' was developed fndcpendentJ.y by Oraebterlony (1g4g) and El.ek (19dg)"

ar¡d has becn partd.curarny ¡¡sefu3. for eomparatlve work on eomplex

antd,gen-antåhody s3nstems amd has l-argety replaced the tudim method"

Tlte CIuehterl.oay teehnåqre Ïras been emptr oyed for enalysls of the poly-

seeehard.de antl.gren of $taphyl.ocoeeus autreus (Ha¡¡kcmesu l.g6a) and

ÅlgggEd¿e bras,fllenses (Estrada-Pa¡,re et a1."" 1965). A,

d.mmtrnod*ffus*on anelysås oxr extraets of whol.e eeJ.Le of sÈaphyl.oeoeeus

sgqegg (oedlnE and llaukenesu n963) and extraets of ce}l. ïúaLÅs of



eoffyneheetenlao nryeobaeterla and noeerdd.a (C¡¡måns,

þresenee of mn¡trtSptr-e anti.gertle speeff,lei.tles'

I

1965) shorøed the

Tmunoel.ectrophoresls whfch eombfned the separatlom by eleetro-

phoxesls and fol.lqe@d by geL di.ffusforr v¡es fi.rst deseråbed by Grabar

and W$.n}åam (å953)" A måcs'o-teehnsqtre by Sehed.dw@r (1955) whfeh

was earr$ed ot¡t on ¡&lcroscope, alldes sfmplÍf$"ed t&æ procedureu

shortened the tlreo amd mlnfmi.ued the emount of antfgen and antåserum

requfred. Gs"aber (1960) ¡rsed the måcro-toebnlqoe for the Ídentffåea-

ÈSonu of, bacteråal, antlçrens by lnmrnoeS.eletrop&loretÍc anelysås" Reeentl'y,

åmmmoeneetnophoretåe analysls &ras heen enrp{a$ed on uLtraeonlc wtraats

of younEr v'egetatá.ve ee}Xs of Egeå¿¿ug çCe@F. (Bel}¡.åe and l{orrås" 3-964)

and E" @gateEågg (ß{astroenÍ et al"" 3.967} to sh6g the preseaee of a

Large numher of ant$.geni.e eonst{tuemts '

In a recent etudy on the lsoLatson end eharaeÈec'fsati.on of tvso

çrroup-speeåf,j.e entj.qrens from C" &efrne4eåå Banach and HawÅrkc ( 1966)

obtaåned fu¿o pept$'de pol'y¡nes's desl€rnated antågec¡ A and anti'gren B'

The antågeas ldetr@ exÈraeted from ul'trasoaÍc dåsl¡¡teqrnated cells wi'th

*rot acldo puråf$'ed þy ÐEAE-eelluLose colum ab¿romat@raphy and sepa-

rated by neehromatography on e $ephadex 6-200 eo}¡¡mn" Bloehemåeal

analys$s shcçsed that the t*¡o antlgems wetre eomposed of a major prote$'n

fraetlon wltbr cas'bobydretc amd a smel} anount of, n¡¡e1eüe aeld' -ghe

sÌ.rgðss of antågen A rsere ldemtÍfled as arehlcàose and E}ueose. l{o

erosd-treactlvåty was sluoaøn wüth other speeles of eonynebeeteråa"

It ås apperemt that baeÈerÍe& eeLls aontafn a trarge number



of entlgemåc sr¡bsta&ces and i"t ås nøs' possåb].e to lsolate

t&rem by måÀd extractd.ons and eol.umm clwomtoçrraph:o on åoxa

resåms and gel f,ål.trat{ona'

L0

and puråf,y

exchamge
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MATgR&AÍS ANÐ ffiHOÞS

eæqg4

fryptlcas@ solr bs'oth {TSB" Bel.tÍ.mere B$otr.ogåeel. [,eboratoråes ]

sras used t&uoughout t&wee stqdåes and for rnaåntad,nånçi stoek eu&tures.

c4,TirR&g

The stref¡¡s used wer@ e_ogg&ebêgte8_å@ xeros$.s AtrCg ?09d,

9eæeþegÊegÅge ÞrefmåaaåÍ AffCe 1.0700 and S.abonatory sÈra$.ms of

-Q-ggyneÞcterå¡¡¡n -EEoçQ@.g " -Corvnehaeterf um eeruL and 

'oqrueÞeg&e'åue
êåph$egÅeg type mÍtås and were transfens.ed week}y j.n TSB,

fhe eei.l mss of, 9" gegggég was prepared fEom growth obtaåned

from 1.2 Låters of rsB j.neubeted on a rotary sheken at 3? e fon LE

&roure' The eeLrs were hervested þ usåmg a s&rarples eentrsfuEe"

wasÏæd Ècråee sn selåne, oace d.n di.stå}}ed water and stos'ed at -l.s e.

Sbelve J.íters of, hroth cultures

welErht of ee}ls"

ÈRSPARÆÏ0N OF 4ffirSsRA

'::,: yåelded appx'oxåæte3.y 60 g v¿et

îhe veee$.ne of 9" geros$.e rdês prepared from eeÏÅ¿, qrrwn at

s7 c for LB hours ,in Tsts" washed t¡o$.ce lm eei.snc amd suspemdæt ån

0,2% fosæeL saline Èo a denslty connespomdåmqr to a MeF"arland seale

Ho" S i,n ûhe Beehman Model C eolorlretes. at 3S% någ&¡t transmlsssos¡

usd.r,t.g Kl.ett tubes end red ff}ter, The eel.L suspensfon was dåal.ysed

açrafnst 0"2% fornsel. sal.lne et 5 C fon 48 t¡ours and hetrd at 5 C for

a week" Sterll.$ty teets r,retre carrsed out and the vaceåne was storcd
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et5c"

Ãdu1t aI.b$no rabbåÈs were used to produce antåsera hy t&æ

proeedure of Kabat and Mayen (196n) exeept that a total. of 4X."5 mi-

of antlge& was l¡ljeeted over ê perlod of elght vseeks. The lmune

sefixm was eol.l.ected one rseek afÈer thc nast år¡jeet:i.on and Èested b
the stamdard t¡¡be aEglt¡tfnatfon. The reclproeal agg3.¡:tlnatlon tlters

of tÏæ setra w@re 51.? to 1.024, The antåsera wetr@ stored at -3.5 e "

rMeffi}{oÐrPqwgo¡ir EEÆÊ

å modffåeati.on of CIuehterJ.onyøs p}ate tøehn$que (Å949) was

applSed"

ã% SohXø agar (ÞIFCO) was eoated v¡åth a thån f$.].m over the

bottom of a petrl d$.shes (lnmer dlaretcr of g em) and them S.ayered

wlth 2CI mJ. of 0"8% t{ob}.e agar eonta$.nlxug }?" sodåum aslde and O"EE%

$aCJ." A ÏrosåuontaL trouEh of, 0"2F L0 em was etat er¡t ån t&re aqar qel

plate and flLled wft&r undål.uted ant$serr¡m, Thc weLLs were punehed

ont at a d$.star¡ee of, l em oa eaeh såde of the antlserum trouçrh rølth

a nuúes' one eonk borer end fål-3.ed wlth 0.03 m¡. of test antågens

whleh had been dåal.ysed agalnst 0"CI2 M phosphate-htrffered sal.fne (mS)"

pH 'î "&" fhe pletes rúer@ kept ln a moåst ehamber at room tempenature
'Dt"'{rY

and observed delly for preed.pftån Iånes"iã'perfod of one week"

T&lese teehnd.q¡¡e wøre app3.led to aÏ]" stages of the pu'eparat$on

of, the test antåqren and to a eross reaeËåvi"ty' between tle acåd

extraets of t&le other speeles a¡ud the antlserum of, C, xeu"osi.s,



1ô

ffiTRAffiTON OF ÃmT€pHS

The procedure was that of a cnodd.f,åcetron of the Benach and

Hasfrko (L966).

W3'9
Fåfty g wet eel.l. massr.suspended Sn ?S srå of O"CIA M phosphate

bnrf,fero pH 7'4 and dlsånteqmated åru a RayÈheon uLtrasonåe oscåLlator

at L0 K/see' for one hour, The cnushed eelL suspensåoxù ?rð6 treated

s¡sth f,our wo} of 0.0625 ¡I re} (sOCI mr)" þeld ln a boil.d.nE watcr bat&r

for r0 måno eooled rapÍdåy on Íeeu adJusted to d{ ?,dn and eentrf-

firged at 27"t00 E E fon ?t msn" The exearo suþrnatant v¡es co¡reen:

trated to be L{2A øf tÞre ord.gfnal vo&ume amd dsalysed açraånst 0,gA M

PBS" pH 7'4 et 5 C for s$.s hon¡rs" The erude aeld exts'aet wae sÈos'ed

at -15 c" Ã si.mfl.ar extraetlon procedure was fol}ry¿¡ed usånq om@ g

wet weåglrt of eel.l. maes of, C" hofmamnli" C" gpgenÊå" g, eqt¡¡L and

c' di.phtheråae type mftég" These extnaets were tested foc.serolo-

çrd.cai. aetlv5.ty by fmunodlff¡¡s$.on.

PURTFTCATTOT{ OF A}¡TTGEI{S

a ) ÞEÄE-Oe1}r¡i.ose Oo}uqq Chromateqrap&y

The px'eparati.on of Ðåethylannånocthyl (ÐgAE)-ee}tr¡¡Lose ($IGMA)

was thêt deser$.bed hy Petenson and Sober (å956), ÐEAB*t:eILr¡Iose

(medd,un meeh)

$ t{affi :',::: I

was washed wfth d$.et$l.l.ed w&.teru

' and weshed ¡rlth addltåonaJ. 0.S t{ NeOEI until. no motre

so}or was re¡noved" The
f'*r ftv'r

:..; næ,terlaì.,,.wes vrashed , r,.- SFÀ 20 vol.

:¡nee ån 0"5

d$'stål'l.ed ¡øater untll tlx@ pffi was become neutreå and eqraf¡.lbrated to
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0"0å M phosphate br¡ffer soi.utfon" dI 7,4 f,ox'L2 hours. The column

(A"o 4 75 cn) was paeked by pourånE the px'epaa,ed sì.urry and ewålå-

brated by pass$.rq througrh two llters of 0.02 M phosptrete b¡¡ffer, Fffi

7"4 wÍth & pr€ssur"e of abouÊ 3.00 cm watetr.

T&re cr¡¡de acld extraet ¡sas suhJeeted to ton-exe&wruçre etwoæ:

tqrephy us*ng' ÐEÅB-cel3.u}ese as deser$.bed hy Banaeh e¡td l{aw$.rko

(ng6g), Sfxty mL of the semp}e from approm$.rnate3.y ?00 g of the wet

ce}l. mass ¡cas ahsonbed onto the ÐEÄg-eel.LuJ.ose aotrunm and el.r¡ted uslnçl

a aontåruuous ilnean gredåent of 0"0 to 1."0 M re3. lm 0"0? M phosp&¡ate

hr¡ff,ero FH 7"4, The flm rate was reEnn].ated to ebout Z0 må pen hour

amd 1.00 fs'aetÅons of 2O mi. were collected at 5 C. Eaeh fc'aetlom eras

tested for preefpd.tån }$.nes by åtwunodÅffusd.on; sex'otroçråeaU.y' aetsve

fraetåons were pootred and stored at -I5 e"

b) ,Chemåeal and Enøypatle Fract{onatÍorc

The seroLogfcalLy aet$.ve

toçts'ephy were edJusted to pII X2"

to pH 4"?, The preeåpftate r*as

'x g for 20 md.m" d{sso¡.ved ln 50

,*nd d$.alysed agralnst 0,02 M PBS"

fz'aetlons from DEå&-cel,l¡¡losc ehroma-

hydroLysed for 30 mån and acådlfsed

co3.J.ected by centrlf,ugatson at åo0CI0

mL of 0,02 M phosphate buffer" pI{ 7"4

pH 7.4 owennÍg&t

The so!.utåon was treated wl.th råboaue}ease (50 uq/mL) at 87

for 30 m$no them wlth 3 mL of, â% protqxn{r¡e sulfete and }2 m} of 5%

sËreptory¡eån at 5 C for 1.0 mån. The supernatant v¡as col.Ieeted hy

eent:rlf,uEatlon at 10"000 g g for 20 ¡nln and dlalysed eçralnst fåve
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}$.ters of, 0.02 H pBS, pH 7.4 for 1.6 hours"

Ðífferent$.al. preelpltatlon wåth awonåt¡¡n sulfate (0"35*0"8

saturaÈåonl v¡as earrfed out and the pz'eefpåtate was redfsaol.wed lEt

30 ml. of 0"01 M phosphate buffer soluti,on and redsalysed agad,net

0"01 M FBS" pH 7"4 overr¡ÍEht.

The partåalì.y prÅffed anti.gen was tested for chemlcal

stahål"lty '',.:1:..,,'',,; ovetr @ perlod of one month" Ths'ee oxåd$slnE agemts

(0"CIS% of, potasslum $,odateo potass$.um ferrfeyan$.de and potesslurn

perlodatelu tvro reducfng age¡tts (0,05% of eyste$ne and sodlum g]-uta-

thlone)" and foua- dlssoasatfng aEents (6M tra"ea" 0"05% sod$"um Lar¡ry}

sutrfate, 5$ Dloxane" ]"CI% Ðfcxa&eu end 0,05% em'A) were used as selee-

ted ehemfeals, .After ts'eatrent i,vidrEþs6¿.als, the pffi range of the aXlL

systems was 6,5 to 7"9,

c) €eÌ AdsorpË:Lon

The de&rydrated materd,al.o Blo-6ei. fÍfP (BÏO-RAÐ) was sr¡spemded

i.n 0.01 M phosp&mte buffero FH 7.4. The cotumr¡ (a,S ry 20 cm) was

prepared hy pour$.mgr the materåa} as a slrarry and equslåbs'ated i.t wi.th

the lnÍ.ti.a} eLutlng buffero 0.01. M phos$ate buffero p$l 7"4" by

passånçr 500 m3 of the såme buffer throuEh Èhe hed over ê perüod of

24 hours,

.å load of 5 ry of proteån from antfçren solutlon per mL bed vol

Has adsorbed onto the ceLumn and eluted wåth 150 Bl. of 0,0S M phosphete

buffer" ÉI 7"4. Äntågen was eo¡reentrated by centrd"fr¡çratlon r¡slry
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Sephadex G-å5" suspended *n 20 mI of 0,ûA M phosB&rate buf,f,er"dÏ 7.4

and eol.lected by såphonlry or¿t (Fl.odin et aL," 1960).

d) 6el FåXtratåom on Sephd

îhe dry beads of Sephedex G-20S (40-låt r¡) (PfrARMACÏA) wene

hydrated Sm a sol.uti.on of 0,CI2 M F&9" Él 2,4, eomtat@ O"Oe% sodfum

azlde and 0.00? M EYIÃ' amd pS.aeed at 56 C overnåght. The slurxy was

a}.Løed to eweU. for two weeks at 5 0" tÏæn fåLtered t&rrough Whatmasr

t{o" } Fper and deeanted to r€mowe the emal}est partÍc}es, Then the

gel tryether wÍth the exeees of tþ¿e huffer lo,as pj-aeed ln a vaeeum

flask and asp$.rated untfL bc¡bhl.lng ceased"

A e&¡romatoçrraphle coj.unm (å.s x 100 em) (pHARMAefÅ) was f$.nled

wåth the s'me braffero and a wlde stem furcnen was attaehed to the top

usåãw a rubber stopper. tshe hydreted geJ. wae added and stj.rred eons-

tanttry to settle the Eel throuqh the otcm of the f,n¡nner $urto th@

eoLumn" Ã f,Low adaptor (PU¡lRMAgfA) was fftted and the eoluñrn.,j w(àgl:j

equfLåbx'ated f,or eeverel. days wåth the buf,fer so1utlon by upard,

fl.ow etrut{on (Rothstelnu 1965}, To regulate the opesatånçr pressure, ühr

outLet tubång of the co}r¡ro¡ was poslt{omed at about LCI em be}ø

the J.åW¡åd LeweL ln the reses"vfor" eontaåmå¡w eÌ.ut{on buff,er so&r¡tåon,

The sample solut5.on eontalnfng appnomåmateJ.y E0 mg prote$.m lm

10 mL of the h¡¡ffer was msxed wj.th 1.0% sìrctroses l*{áC betwecn tk¡e

gel" bed end the br¡ffen heado and eluted w$.th the buffer at a fl.ow

rate of appronrS,mately I m} per hous, Ooi.¡¡mn eff}uenÈs ssere eolleeted
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{n 3 mL fractlons and the opt$.ea} denslty of each fre,et$on was deter-

måned at ?80 mp, ln a Beekan ÐtÍ speetrophotometex", .ålX. experlmerut

w@re earri.ed out at 5 C,

The fs"aatåons from eeeh of the two absorptåom peaks were

pooledo freese-dråed ¡¡nder vêeuum, suspended ln L0 ml. of CI"CI? M mS,

Éf 7"4 and dlaJ.ysed agalnst thc same buffer" Stte one peak was sero*

LoçlleaLLy eetåve and was rechromatographed om Sephadex G-å00u dfa}ysed

agafnst slx }åters d$.et$.U.ed water for 4E hours, frceøe*dri.ed, and

stoned ån a deeeleator at room tern¡rerature" Ehås fmråfúed antåqcn

røas subjeeted to $m¡noehem{ael. analysd.s,

rs$fr JKOET"Effi_80qHORES rS

Iwt¡sùoel.ectrophoresås was earnled out on noåcroseope eld.des

aeeordång to the rethod of Sehed.dågger (1955),

The Euppsrtfmq' sL$des were eoated wåth a th*n ff}m of 1..5%

Agrarose (¡ürc) whleh was dÍ.esolved $.n 0,05 ¡{ hanbùta} bufferu pH 8"4

and then layed rsfth â,û Erl'of aqrar, A, trouErh of, 0.2.4 6 em was eut

out wåth two surçrå.eaL bledes bound together and tv¡o startlmçr we.Ì.Is

were pu&eb¿ed out at a dåstanee of 0,3 em on eqeh slde of, the throuçrh

w$th ê 3ûo" IE hypodermle needLc" The sJ.d.des wetr@ conneeted to the

el.ectrode vessens wh*eh eontai.ned CI"05 M harbåtaL huffer of pffi 8.4 ln

buffer tank hy me&ns ef eqarose wåeks "

F'fve samples of Þus'åfled e,nt$.geru wene flX].ed Ín each of the

welns wi.Èh ê So" 26 hypodermlc meedl.e. T&¡e agaroee wfeks wex'e damrpen-
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ed wltbu the b¡¡ffer and the Shendon electrophoretåe tank was eonneet-

ed to a Beekan Þuostet Ð. C" power supptry, Eleetnophoresl.s was

earråed o¡¡t for 6CI mln at l0 volts/cm, After the run, undli.uted

antÍeera were plaeed i.n the hori.zontaL troteEh and the reaetl.on was

a}Løed to dev'el.op at room temperatu:re for 24 hoqrrs ln mofst ehamber.

The snSdes w@re wes&rcd ån I% t{aCl solutlon" ln dfstlLl.ed

watetr" drfed, stalned wlth satureted amåno b}aek soJ.ut{on for a few

måno amd destafned wåth 7"5% acetlc ae$.d umtfl- e}ear (Parker et aL,o

x96? ) "

eq&,YAaRYraMrEE 6EL EI.ECTREpHORESëq

The method was thet deserlhed þ Þev$s (1964) uslng the

Canaleo Ðfse Bl.eetxopüaoresi.s Tx'úa3. Kd.t (Cfe ).

SampJ.es of anatlgen eomtaånlng n 0014ø dry vreåg'ht were måxed

wåth equaL amounts of upper-gel fn a totel vol¡¡¡se of 0"20 m3.. E!.eetno-

phoresls was carrd.ed out ln fnls-grlyefne huf,fenu d{ 9,5" fos. 60 to

9ß mån at 4 m. a" p@r' ge1 co}umm usånçr the Casìel.co Model. ¡.50 V" p@üer

supply" ^åfter comp}et$.on of the run" the EeI eo}umrs (0,5 + 6"0 em)

vr@tr@ nemovedo l¡¡¡medlate!.y stalmed for g0 mån w$.th 0.00251[ e(]offiarsså@

hrå3.Låant gr€@R for protefn and destalned wlth ]"ffi tnfehloroaaetfe

aeld" A modlfåed perlodfc aeld:Sehfff (pAS) s'eactfon w&s used for

staånlnE poS.ysaeehas'lde (St@esent-Tu3.tr, 1965), The çreÌ predrled on

the g}ass ptrate Ì4ras cov@tred wlth a l.% sodlum perlodate soltrtloxr,

replaeed lslth dåsti.II.ed watetro amd the suLf¡sr di.oxi.de gas was paesed
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ånto the water unt$.I the brcn¿n eoLor hed diseppeatr@d. The qrel was

stalned wlth I% pararosanfJ.frue hydroehtroEåde whl.eh hðd been deeoJ.os'$.-

zed by passång sCI2 gao throuEh the se3.utlon f,or 30 mlnn weahed ån sog

v¿ater ar¿d re-dri.ed q¡¡g.ek].y at 80 c" Thc Eei. 3{,ðs a Låght prrple and

the earbohydrate band was dark pfmk,

Br@HEryCAL A$IAtYSffi

a) FRûT8Ïü

The procedure of Kr¡nkel and Ward (Igg0) as outlfned Sn

Kwaplnsk$. (1.965) was fol.læsed w$.Èh garmna q}ob¡¿lår,u (¡üBC) as thc

eter¿dard and read at 570 
rya,"

b) cARFoEm&AgE

"å modd"fåeatfon of the Ãnthrone Éüøthod of, Seott and MeLvln {

¡.9s3) ¡sas us@d wáth dextros@ aB the standerd" TIhe sample was kepù

at J.CIO C for 1"5 nln and read at 660 ryt,

e) gpemogg

fhe proeed¡rre of Wlnz3.er (1955) as outlåned å.n Kabat ænd

Mayer {}96[] was f,oü@rcd wåtkt a¡eb$.noee as the stamderd and read

at 670 ry,,

d) -YæAWruE

A, medÍfåeatlon of the proeedure ofRôndet amd Morgam (l.g54)

es outl$.ned $,ru Kabat arud &Íayer (1961) was foS.Lwced ryj.th çr3.treosam$.me

Wl as the stendas'd" SempJ.es røere hydro.l.ysed ín 2 N ltrI- at LCICI e



z0

for tløo horsas qmd read at 540 m¡""

e) HttrLEEC ,AefÐ

The proeedr¡re of WarburE a¡¡d Chråst$an (i.94?), usfuw ÐU Beekmam

speetx'ophotoreter to measure the rati.o of optåcal. dcmslty at 28CI ryp.

ar¡d ?60 ry¡ was f,oL3.øed fon the nuelele aei.d determåmatfon"

f}DEW

A modåfåeatlon of the proeedrere of, Bt¡ston (1956) ae on¡tå$.ned

Ín Køap$uaskü (X965) was foS.Lwed wlth thyffiÈs Dl{A as standard' ghe

senpl"es were extraeted wfth 5% trfehloreaeet$e acåd and the reeults

were rcad at 600 ry¿,

g} PHO$PffiROTF.

The proeed¡¡re of Fåske and Sr¡bbarøs (19?6) as o¡¡tl$ned ån

Kabat amd Mayer (å961,) was fol.l.qued wÍtb ffigP0{ as the standard

and read at 660 rye,

h} NTTROGEH

N'ftrogen was determi,ned bv,æ-ïerp*Hte}'*ahÏ-'.,.?neþod,::å i

*äetgnÞd.:i¡1, ç¿¡¡s'ù1.þú*,,r14ä.yér: t?;961_':],' , :''''i,,; .',.,. :.,,',.'1':r ,

f ) aMïhro ÅcnDs

A Tec&¡nfeon Auto Anelyser was used fon determlnatlon of amÍno

aaåds, ghe sampLes wene hydnolysed ln 6 N W3. for 3.8 hourso drÍed

$.n e des&pato.r overn$Eht" dlssol.vcd lra Iü/Å0 rel'" and aslaÀysed'
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j ) PAPER enrRobsag@8Äpw

Reduel.rûg 6uqrer6 and Baexosâmle@ wene lder¡t$,f$ed by e deseendåry

ehrwatwrrañy on Whe.tman Ko" 1 paær (+O x 75 em) n¡så@ phenol water

(80:å0 þ volure) ae the soLvent, 0,9 ry samplce were hydrolysed ln

0"S må of I l{ H*5Set 3.CI0 C før 2 houtrs, r¿eutra}åaed wåth e@(OH}e,

aentnffuqred to re@ove barsum sulfete, end evapox'eted to drynesÉ'},'lThe

hydroS.yø-ed seepÀes were d$,ssolved fn water and appl.$.ed to the papes',

Eaeh starsdærd øuEar was spotted separately end e måxture of, al.l the

sugers wåe'aneo spotted, B3.utfon ¡øas casã'åed out frar 24 hours" the

pap@r wae ainåedo ånd redue$.nE sraçrerg were Èdentåfåed hy øpraylng wåth

anfååm@ hydrogen phthelate rea€rent (Fertcldge, n949)" For the *den-

tlffeetfon of hcxoeamfmeu drled pap@r was dúpped qu$'ekny ln sltrver

n*trate solutlon and dr$.ed fn f¡¡me e&mÀnþero

w4,sc{r[ÁR wr6ry DgTeR¡gsÆ4oN Ey @sr, ru

Â modlf$.eatåon of tlre Sephadex*çreL-flltretåen method of Andrews

(&964, 3.965) was used for the eståmåtlon of moleeular srelght of the

amtfglen" Bhe method fo3.l.æEcd wae th@ 6Rm@ proeedure es deeeslbed ún

Srrev$ous gel fåLtratlon on Sepþdex G-?08. CI"04% Bnue þextrqn 3008

(ffiARMACIA)" whseh was eNe}n¡ded f,rom the ge1 lntenåoru was empLoyed to

døtesmáne tbe voLd vonuæ (Vo)" the votruæ exterlor to the gel. phase"

$tandards were oval.b¡¡mfn (OA) (SfffiÅ e${ËM" C0." A x enyota1}lsed}

mo} wt 45,CI00#; hov'i.me 6@n¡¡m el.bumd.n (nSn¡ (I{Be" erysta}Låzed} ¡no1 wt

* The moL wt vaÌ.ues eståmeted by teltraeentr$.fuga} methed
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67"000æ; yeast aLeohol. dehydsogenese (YÅE) (SfffiA CruM. e0,, â x

erysteJ.Ì,åa@d) mo]. wt !,?6"t0t#€F; gêffie gì.obn.ün (GG) (¡trc, human frac-
tlom ll) moå wt 1.60"9CI0; emd ferrltln (Ft{} (ÞmL, horse sp}eenn 2 x

arysta}Ålsed) mol wt 290"000#. Reference proÈe$ns were used wd.tho¡¡t

purlfåeetlom and exper$.mente were done at s e , Flve w of eaeh ffiA

and @o S @r of O,4 and YAS" â mg of FS" and S Wr of antd.çre¡¡ wes.e d$s-

so!.ved ln 5 mL of the egulx.Íhrat$,om h¡rffen and the sol.utåon wes
.\

appl.fed to the bottom of, e col.umn uslng4;ampxe eppl.åee,tor. when e

half of the sampre sol.utlon hedJ entered dnto t&le ge} eotru@o the

eolu¡nm efLuetes werc ao&}eeÈed wfth"fractåon eoll.eetor 'trn j nå .,

'tre.*t"v*îls:6,i. The varúatlon ån the v'o&ure of eluate fsaeÈloms wes

* g% (v/*) respeetlveS.y,

The freetlens were momftor$,ed at å80 ry aad zg0 ryp wåth tseek-

¡nan EU speeÈs"oÞhotoætes, The elutåsn vol.u@ (Ve) of a çrlven soln¡te

EoB@ waa taken i.n a3n e&6@s as t&æ vorure of th,e eorueentratåon

mex$.mum Sn the uone, ?he V¡¿/V6 ratlos were pnotted aqra$.nst the nq
mo3. wt of the $,ndlvfduaL reference px"ote$.ns to obtalæ a eaLÍhratfon

er¡rve, the antlqren was f$.tted to t&¡e standard eurve and the mol. wt

eståmated"

The moå

The mol

by

by

wt

'Tdt

vel.uee estlmated

væl¡¡es estlmated

uLtracentnåfuga} @thod

ge&-f i.Ltratlorr method
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RESU&trS

lmm¡nodlffuslon of the erudc ae{d extraet ohtaåned from the crushed

een1s of, g, xegosås y'leJ.ded onJ.y one pa'ecÍpåtd.n Låme wåth tÏle homonryous

antlserumu hut æåx proteån bends by dåse eleetrophosesle (F'åçr, 6 a),

The pneelpftln Iåne rema$.ned present after eaeh staçre of the purlflea-

tiom pnoeesa (Fåqr, I: ). No pree$.pftån }á,ne was obtalned wsth cmrde aeúd

extraete of g" eEfmaeBååu 9" Æfqgtenes" g" @qu& and Ç" dépht&er¿ee typ@

m$,tås wlth the e" xerosfs antlsenum,

Bhe sevol.ryfeanly aetlve fraetloms of the erude aeåd extraet
LF

shotsed bry Sumunodd,ffusüon were el-uted frog.,ÐEÄE-aelLui.osc eonumn at

0"S M K} eoneentratåo¡r j.n tubes lflo" 42 to 47 (Flq" 2) ænd sholsed thsee

prote$.n bands by dlse e].eetnophores$.s, TÈre eluíèes preafpftated et É{

4"7u treated wlth r$bonueLeese and eaLted out by anmomlum sulfate pree$.-

pd.tatfon nemaåned seroXogfea3.J.y aetfve" fhe next stage o,f paråfåeatåon

by elutåon fræ t&re Bfo-GeX HFff eonumn wåth 0.CI$ M phosphate bufferu

d{ 7'4" shqeed t¡ro bands by dlse e].eetrophoresfs" The fåna} pnrr$.ffea-

tåorr hy Sephadex G-200 eoJ.umn ehroæatoqrraphy ( F'lgç, g and 4',) qreve an

eL¡¿ate whåeh shæsed one proteln band by dåøe eneetrophoresåc¡ (Flg. 6 b)"

T&¿e seroJ.ogåea} aetf¡re freetåon from the seeond staçre of

purff,fcatlon was stabS.e aqalnst the reducfrag açremts (8,05% of eysteåne

and sod{u¡n glutathfone} and t&¡e dlssoefatånçr aqrents (6 M urce, 0"0S%

sodfu¡m }a¡¡ry} staJ.fate, 5% Ðloxaneu Lt)iË Ðsoxame and 0.0S% EEæA) Son a

perlod of one month)
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T'he y'i.el,d f,rom 200 g of ¡set eeLL mass wes approwåæte3.y 3å W

purlfåed emtfEen" Thc antfgre&t was reLatåvely so3.ubJ.e ün water and ap
peared as a pal.c bræn eol-os'ed ryden ån dry state"

Måcro-fmunoel.eetrophoreoås of tlte entfgen shoøed a sfngJ.e sÌ.øø

mågretång are of preelp$.tatlon (FåE, 5)" Ðåse eLectropltoresls of the

crude aeåd extraet yåelded at Least s$x protelm bamds" ¡vhereas the

puEåf,åed antåçren reveaned oraly one protefn bamd at a dåetanee of X0

m behånd the traekåryr bamd (På9" g a and b), T&ue peråodfe aeld-

Sehl.ff, (PA^S) rethod for eanhohydrate ehøsed a dark band on the same

posltlon as the proteån handu and a faånt band at a dlsËenee of 4 w
behånd thc fårst hamd (F'å9" r a êmd h),

The hloehemåeen amaJ.yeÍs of the antlgen for tota& proted"nu

carbolrydreteo pentoseu hexosamåneo nue3.efe aesdu deoxyx'Shonueleåe

aeåd" phosphonousa @&d nstroçren ls shæcn j.n TabLe 1..

Papr ehromatoqnaphy of suçr&rs and Ïrcxoeapá,nee of the antlçren

shmed that arahånose rdês present and poeslhly g}ueosam{ne"

The amåno ee$d eomposi.tfon of the antlgen ohtassted by tb@

5'eehnleon Automåtle Amlno Äe$.d .{nal.yser *s shwn ån 9ab3.e 2" TeT€

maJor am{no aelde vres'e al.anåne and g}utarq{e aeåd ar¡d re}atfve}y hlgh

!.evens of aspartåc aefdu çrì.ye$.neo }euelneo and arg$nåne"

The moleetal.ar weåght of the antlçren by ge1 fÍ.l.tratfom methed

was eståmeted to b@ 1.45"000(FlEe. I and 9 ).
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TABT"E ].

BTæHgMTCA& ASAÃ,TSTS OF fHB PTæTFTEÞ .AHT36E$

colmfrEws PERCE}f;TAGE OF ÐRY
}MTG¡tr

PRCffETN

CARBOT{ruRAS'E

PB}üTESE

HEXffiAMNNE

$[te[,EÏe AerÐ

ÐBOXYRTEOW{¡CU8 re ¿Crp

PHOSFHOROW

¡{rTROgEr{

E3

3,6

0"8

0"s

qA
&62

0"t4

4,n

9,94
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TAB["8 2

A$[!üO ACSE AT{ALTST,S

ÃMIÑO ACTES RESÏÐUES/ r. 000 RESTDUES

AT,å}TIHE

GtwfÄMre AerÐ

SLYCTHE

ARGT$Tr{E

A.SPÃATÏC ÃCrD

LETEÃ$E

var.rNg

PROI"gHN

r,Ysr¡üg

TSOT.,ETJCTNE

THREO}IIfiE

SERTI{E

ffiENYT,ÂT,ANT}¡E

ORNTTTUI{E#

AMþMNTA

260

1.38

1.04

9S

7L

oJ.

5g

4r

ery

sg

3¿

3tr

16

Tð

L7,V*e

* The ornd.th$.ne probebS.y eomes from ba'eakdov¡n of argånåne

duz'fng hydroS.ysd.s,

n* p moles rrdtx'oEen / *"?5 mg ef antlgen"



$'fgure i." lmmtrnodlffuelon l*$.th Ç. xeqoess Åntüserum agafnet Varüow Ant$gremle
FraetÍons" We3.l. Iu eontrol.; WeLn 2u tsuffered Somfe ExÈraet;
WelJ. 3u Crude Aeld Extraet; ÞtreJLÀ 4, P¡¡r$f,åed Ant$çrøn.

B!å
\9



OPTICAL DIN{SITY

f\) (¡J

{ zsO r¡r#. )

s

z8

\
\

\*_t--"__ *l-.f
L.J

tåffiäÍ;un*" 
oltËlo. h"ft.*liÀ:tïr c" xerosrs on ÐEng-cerrurose corr¡m.

reÃ-



29

OPTICAL

i$ t'¡ b

EäþJSITY iztt mp)

b'¿Þibie

\

-/

\ \\ \._-_
*"--

.,\.-*-,- _-___ -___-

.f"*'*"'éã?
T

I
{
I
¡t

/
¡

I

(
i

Flgure 3, Cluomatogrephsr of Partlatly furlfted Äntígea on Sepbadex
G-?00 Co1um"
ret Antigenlc .å,etÍvíty



tpT¡cp.t
.ll
O:lü3;

DHhIS¡"TY {ä80 rn¡* }

i\l
O

i

../"-o

Fígure 4" Recbro¡natography of the Í.st sephadex G-200 peak oa
Sephadex 6-200 Colun¡¡.

&t$M Antfsenie .Actfvlty

\.

\
.l

,,

tr?ÉaËlitIt,ttlrlil
t. 4
F-lrlËttl
v. :4

't1
F:1
t,r
"qlf¡
FJtl
v1|{å,¡iirl
EÅi¡
E-lil /v.-:t .4'



3T

Fügure 5" lmomunoe3.ectrophoresd.s of h¡rÍfd.cd Amtlqren

Fo&yaeryÅan{de f:rl. Fleetre- F$gure
påoresls ståit?äd. f*i:.Fro.ire in *f
Crude Aeåd Extraet(å) and
Purlfled AntiEen(n)"
T"B.; Traeksng Barrd
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phoresfs of Pur.åfÍed ant;.eæn
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Fiçnue 8" Elutlon Pattern of Antigen and Reference protelns on
Sephadex G-?00 Column.
Feaks: l. Ferrltin

3. Antigen
5. Serum Albunin(bo'vÍne )
Absorbance at 280 mtr
Absorbance at 230 mu

z. fi-Gfo¡uttn
4. .tlcohol Dehydrogenase
6. Ovalbunln

ffi Precipitate by Imnnodiffuslon
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Icr the f$rst attempt of, pnrr$f,åeatlon of t&¡e entlEen presenË Sn

the erude ae{d extraet whleh gave aåx bands bV dsse eJ'eetu'ophoresls"

the method follwed was that used for åsolatlng the preelpltatlnE

antlgems of g. ee€uuaee4é (Eanaeh and Hawårko" !.966)" .Aftes'ÞEAg-

cel}utrose ehromaûqtrephy and Sephadex G-?00 EeI f,Íl.tratfon the antågen

grave trøo or tlrree bands o,f pnote$.n þ dd"sa e}ectrophoresås and was

eLuted sn the near vold volume of,--Sep@ex eotrr¡æ¡r lnd$eatÍry a narge
ttrs"

moi.eeulas' ¡øeåght eomplex" FunrËher pnrr$.fd.eatfon was þ treatment ¡q$th

råbonueleas@c ptreed.pltetåon wåth arnmonlum stanfateu fotrl.ensed W Eåo-Gel

Fffi adsorptfon" The antåqen stfLn showed two ba¡rde and lt was on3.y

after e seeond ffl.tratlon ein Sephadex G-20t thðt th,e serol"o€rfeally aetûve

f,naet:Åon çtav@ oae band by dåee eleetrop3aonesås"

Th.e arrt{g'øa eppears to possess heat stabtre and ee$d resåstant

pnopert*eç and eåmee lt wae eJ"uted from"pEÃE-eennuloee eolumn åt eppears
íJv

to have negatåver.eharge. Omny ome preeåoltån }i.me wes ebserv@d ry

d,mca@dåffue$on throughout aLl staqres of puråf,åeatfon"

The e&eetropboretåe mobåJ.Sty of the antåçren ln açrar çre1 was re-

åatåvely s&su and rshen lwusroeleeÈrophoreeåe was applåed wåth hlgher

vo}taçre (7 m a) or a }oryes tåmeo tlre pree*pftån ].åne resulted ln larger

arcs of, moderatc aurvature, Thås suqprestø that the arutågen mey eonslst

of, a eJ.ectnophonetfeaÏ[y heteroqeruous ee@onent wåth mån¡¡Èe graduated

dåfferenees (Grabas, and Bwtlnu J.964) 
"
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D$.se eLeetrophoresls ors polyaeryl"am{de gel stalned þ ceomareele

brll3.lamt grr@@sr slsd{ed ome band åndleatåmg thêt ttìe ant$.gen wa,s ov@tr

90 per eent $når@ wlth respeat to protej"n" ÞIhcn staåmed by a modåfåed

perlodle acd.d=seh¿$.ff teehnågrEe f,or carbohydrates sn the çre} (stæras't-

TulÌ." 1"965) ln addåtlott to the major earbohydrat,e a seeond f,a$mt band

appeared whi.ch was dåffleqlLt to ånterpret,

Båoeherad.eaJ. anatrysls of the antåg'en shssed E2 pex' cent prote$"n

by ni.nhydrfn rethod. Bhe three othen methode f,or protelnu the pMno1

@thod of Lovøny (1951)" modåfled b$.sret method of Robånson and Hogden

(f.94CI)u &Bd the measurerent of ¡¡l.tsavåolet ebsonptson speetra çieve

vanåebne resÌ¡&ts whåeh måy be due to the aonstått¡emt Emúmo aeåds and

t&¡e strmeture of peptådes oceu.rrång ån the antfgren, ghe re1atåvely

sma}Ï amormt of earhohydrate deÈeeted by the amthrone test CIugrçrests

that the ant$Een fs a eompJ.ex peptlde, The E¡ucl.ed'e eeåd present üs not

eomsådeEed to he sfgnd.fåeant" Aåthough the }åpåd content was mot testedn

the phoephorous anal.ysfs su€rgests a Låpld eompoment mêy be pnesent,

Alse a trfal. ste$nlng of 3.lpåd end J.åpoprote$.n ($nle3. amd 6rehar, }956)

oS thc preeåpftfn J.lne d.¡tdfcated the preseneø of låpåd" The ehemj.eal

eomposltfon of Èhe axttlgrea ôpp@ers to be såm$.Lan to that of eeJ.I ¡ne@rene

of gx"otrp A streptoeocel whsch røas shøn te be ehemåea3.ny dåotlnet from

the ee3.n ¡øaLI and sr@s eomposed of z? per eent proteåm, 26 pereemt L$.pld"

end € per eemt earhohydx-ate (Frelmer" J.g6S)"

The snåerose dens$ty grad$.ent method of eståmatiry moleeular welçrht

eaEt çrÍve r$se to etrtrors sånee there are three lndependemt parametes-s ln
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the Svedberg equatlono the sedåmentati.on eoeffÍeåemtn the pentla}

spec5.fle voJ.u@n and the dd.ffusåor¡ coeffåei.ent (Martån amd A@s, 196I)"

The moleeular welght determi.netåom of anti.Een attempted by th$s rethod

proved to be ucssrnecesefr¡I" MoLecular welEht estfmatd.o¡r by geL fåLtra-

tlon lnvo3.vee the prlne{pLe of a cempanfsom betvveen the getr fúl.tratlon

hehav'åour of a teet sanrpS.e ¡s{th that of eompounds rdhlch conform to am

appropråate re3.et$.one&råp, ThSs method has proved to he the most use-

ful beeause of, Íts sl.mpÏ.lelty ån operetlon, wfde appn$eatåon and

equåvaJ.ence vvåth preparatsve proeeduE'e (AnAræs" Ï964), A}thouçrh ano-

malor¿s behevlo¡¡r ean be exp,eeted frsm çrly'eoproteåno baele protefmo and

those eapahle of trndex'qrofnçf assoelet$"om-dfssoelatáon reaetloms, eo&F

pounds wfth a earhohydrate eontemt sf only 3 - 4 per cent suaeh ee

oveJ.bumån @ppear to have nfttle ef,feet on mo3-eeulau' s{aeo as eomgrarød

¡uåth typlcen globu}ar proteÅns (Whftaker" 1963; Squåre" n964; Andrews"

X96S) " fhe @thod adapted ån thfs stu@ wðs & eol¡:mt deslqrrr f,or

reverse-fløø orn gei. ffJ.tratson on a6 desenfhed by Rothsteån (1965) and

allolç¡ed m$Ider eondltd,ons and better sepåraülon" Imn¡nodsffusåon

performed wlth amtfs@aum p}.aeed ån a eer¡traL ssell aeeondlnE to the tee&t-

nÍ.que of ûuehterlony (1949)" shwscd that tbre amti.qten had sånllar dåffu-

elon eoeffåelemt to lmunoq].obU"n and thås concìåtrs w$.th the ¡moleeu3.er

c{eåg'ht determåned by ge1 ff}tratlon method"

?he antlçren extraeted from e. xerosls epp@ers to be speeÍes*

speeff$e sånee the hoÈ aefd extraete from othes' conynebaeter$.a speeles

fa$.l.ed to çrlve px"eefpltÍn llnes hy åmmanodÍf,fueåon" SåmåJ.arLy Cumlne
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(1954) reported the preeenee of a type-speelflc protefn ln several

straÍns of g, AlphÊþegêCe hut not ln -C_" Ãêros-ås." 0" hofmannl{_or

g" gesgÅgu but hÆ dåd not carry out d.msaunochemi.caL analysls,

Mc€arty (1964) sh,qøed t&¡ct a¡a ester-l.l¡Ìked Ð-alanfÍre Bdas &n

Smpontant determlnant ån the sree$.flty of group Ã streptocoeel

a¡¡t,lgen" More r@centlyu Jones amd Lersåç (1966) ådentd,fåed the deter-

mlnant gro!åp of eeLluJ.ar anÈå.gens of g, dfpht&egéCe ae alan$.r¡e hy the

anti.hody*coñlnfng sltee uslw fmunofl¡¡oreseent tee&¡nfcrues, Further-

m,oã@, Èhe arut{qen of 9" xerggéE ln thfs study was ehown to he hÍgh}y

stahle to vax"åorss chem$caLs and was xapadly lnaetåvatcd by peråodate

oxfdatåom" so thet the determlnant çrror¡pË of antfgea me he presuæably

a smal.À eomponent sueh as a sd,ng3.e emi.no aeåd, sugr&trø or a aoffilr¡atlon

of, them"

Further etudåes of th,e amtågen are needed to esteb3.üsh the

nat¡¡re of determånant çrrot¿p and the seåatåonehåp to the eeS.L strueture"
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