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AD a..ntigen c,btalned trom 'the filtrate. of a modified

caaamino acid synthetic rnedium inoculated with the Steme

.tralnotl.lP1cill:AI~.pI'ot.et.dg'uin.a pigs against viru

lent and lethal doses ot .i.anth,rac,& and gave a zone ot

pz-ecip1tatlon in capillary tube. and 1n gel diffusion toata

in the presence or sp.el.tle 1trrnune aerum.

Gel diffusion and quantitatlwmicroproe1pitatlon

tests were employed tor titrating anthrax ant.1gen against

ita 1mmun••erum. The micropreclpltatlon 'teat was .,as1er to

run than the gel diftualon t.et and was more economical ae

it conawnod leas amount ot 1n'rnune aerum.

An indirect hemagglutination test to detect anti

anthrax antibodi•• was developed during the cours. ot th•••

eXperiments. Hur.n group Oerythrocytea, tanned and. senai

'timed with the culture filtrate. containing the anthrax anti

g,en. were uMd for titration or immune anthrax ••rum obtained

from varioua sources. The indirect hemaulutination tes1;

\filS found to be more .ensitive than tho r...c1pltQtlon teat.

Electrophoretic studt. of 1. anthraQiA culture iU

trates ...~oweda band in the gmrma globulin region. rio banda

were aeen when filtrate. ot growth rned1um ..rEt used instead.



Prote1ft detenainat10ns of the anthrax ant1pn by chem1c£11

meana "","misleading beoau•• ot the pres.rice or large

amoun~8 of mnino acids in the growth rraed1wn am because 01

the v.ptake ()t 80me or the•• amino acids by the organism

during s;rowth with poesible produotlon 01 new Dubstanc•••

The protective actlv.1\y of the anthrax ant118n ••

d.••troytld by heat at 60°0 tor 1 hour, and by O.s,; trypa1n.

It was adaorbld on s.tltz lilter pads a.nd •• precipitated w1th

alum. Howeve"t when the culture f11trateconta1n1.ng the anti

gen _8 heated. treated with 'tryps1n and paaaed.thNugh S.itz

t1,lter pads. ita preclp1t~lt1ng propert14e were notl().'t.

Alum r;nc1p1tated antllen had no pr.c1plta~1ng propertl...

'rom th... findings it _18 poetulated that at least t.,ant1.

gena 1tIIIItn present in the culture t1ltrate of ~. iASChDIII.I.

The tiNt of th••• -._ a prot.ect1veant1gen \\bleh was pro

tein in nature, and the second a precipitating ant1ger1 at

unknown chen11cal constitution, possibly a polyaacchar'ido.

Further work should be carried out to elucidate the exact

chemical nature of the protective antigen and the precipita.

tins ant1~.

<y)
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INTROlJUCTIOR

Studi. 1n the past yea.!'. have revealed t!~~t th.

caplN1e of~ AA:ttl£lqYl 18 a 'polypeptide (lade ot

D-slutamic a.cid and ita 0111 wall contains a polyaaecharlde

and a polyglycerophoaphate. All three o£ thee. 8Ubet~iU1C••

react with anthrax iDlmme.erum J.a~ but none i8 J,J'I'Oteo

tift aa indicated 1n ~.sta on laboratory an1ntala.

The tox1D produced by 1l.IUt hrl9ia JA.xm and JA
rla,~tI in mediaconta1n1ng amino aoids. v1t~l:.,.1n8, inorganic

.lta and pyrimidine., baa been fractionated into three COlI

p.onenta: Factor I (edernatoua 'actor) t Factor II (protective

ant,1pn) and Factor In (lethal Factor) • 'actor I, 1n combi

nation with Factor II when inoculated into animal. ·produce.

cutaneous edema. 'actor III. when given in ctD'blnatton. with

Factor II, ialethal to animals. Factors II and III ltlen

adrdniateredaeparately, induce 1rnmunity in ctXpJGrlmental an1

:lJala. All three ot th... 'actors are pr~.ln 1n nature and

are ant1pnlc. :~11. both 'acto·", II and III are protective.
to laboratoryan:L,taln. interest haa been m.a1nly c.n~.red on

'actor II 'been\l•• ot ita •••• 1ft production in artificial

:media., ~md ita lack in toxic properties. In ad.dltlon to pro

tect!.,.. te.ts .J.n.nm.. gel d1ttualonandcOluplement fixa.tlon

teata have alao beenealployed to detect this antigen J.a !.Uta
!here 18 little eVidence to 1nd1cate that 'actor II is auper..

1
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10r aaan 1mmun.1z1ng agent to the conventional spore vaccine,

yet it••aay ava1labU1ty ma.k•• it an attrao~1ve aubstlsu1ce to'

uti11ze tor4t~asurlng immunity in ant11rax both J.D. xa.tm and

Ja J1Dl.

Considerable work dealing with the ~ranology of the

pr1jtect1ve antigen haa been carr:led out, l'JY people lAtOrking in

th1st1eld t yetasucb 1IOrk remains to be done in developinl

technioa tor 1dentlty1ng this a.ntigen and detecting 1t by

varloua ..ro10g10 procedures. The experimenta described 1n

the rresent work were de.igned (1) to characterize the protec

tift antigen by varioua chemical. phya1cfll andeleotrophoretlc

pr'ocedurea, (2) to determine by a capillary prec1J>ltatlon

technic the titer of t.he protective ant,1pn 1n the culture

filtrate and. () tomeaaure quan't1tat1Y81y the antibody con

tent ot immune anthrax ••ru.m by the Gmploy~nGn't of an ind irect

henlagglutinatlont.at.



Six antigen. ot~ AOSbmlY haw so .far been

1den'tifiedand stu.died. The•• are tho capsular polypeptide.

the eor.tic l)olyeaccharide, a polyglycerophoa,phate. and

'actors I, II and III or the anthrax tox1n.

Thorn,. (1960) olaa.1tied Jl. iatbEllla1n:to three .major

groupe: (1) virulent atra1ne (3 type) whioh I:troduce capaulea

\then grown JaIl.xJ.I.I or J.D nsra. in tho preaeJ')oe of an added

quantity of sodium bicarbonate and 1n an atmosphere rich 1n

carbon dioxide, (2) avlrulerrtetra1ne which produce capsule.

in the abaenoe ot an added quan~lty ot sodium blcarboNlte cr

carbon dioxide. and (3) avirulent strains (R type) which do

not'f.sr'oduco cap8Ul.e8 unde.. any condition.

Studies on the chemicalnatunt of the capsule by Thorne

(1960) ahO'tMd that it was compoeedot a polypeptide .bleb ..

rel....d upon &utoljll1s or by autoclaY1ng the cella. o.glutam1c

aci,d was the only compound rel....d up~n hydrolyc8 of the poly

peptide. leppleas.~. (1963) sho1l8d that the capsule enhance.

virulence. ia antlphagoeyt1o and protects the organ.1am trom the

bacterioidal aotion of nonnal horae ..rum. Leonard. and Thorne

(1961) found that ~h. ,).u~l polypeptide reacted wi'thl.

IIl$DltLa.~ ..D.t¥rltlrA. tAglsaUl. .Qlg... and~

~ anti.era .e -.11 ..a with normal ••rr:1, both lncomple-



ment fixation and gel d1ttws1on tests. and they thourl'J,t. that

th1a non-apec'lf1c reaotion waa due· to aen:u:n lyaozymeor to

~••• 81m1lar to it_

Sr.d.t.h andStrance (1956)atudied the ch.emical nature

f;:,t the polyaaccbarideof the ceU .a.U. They shQ..ed that it

consist. of galactose 34$. salac'toeam1ne 3J+%. nitrogen 4.~t

and alpha-carboxylam1no-nitrogen 0.8%. Attached tothl.

polysaccharide .. a. ..11 peptide moiety conta1n1na alpr.a...E

dl&t1d.nop1n:.lic acid. The polyeaccharide reacts 1n high dUu

tiona wlth a.nthrax immune ..rum and haa common antigenic

components with the polysacchar1de ot type 14 pneum;.>coce1 and

wi'th partially hydrolysed blood group Aaubatance. Thepoly

pcoh,arid.. play.• no ro1ein v1rulence.

141Cc.rtY (19'9)ieolated a, simple poly;]\Gr ot glycerophoa

phate from. a nur\1berofgram-p08it1ve 1:k'l.cterla. such aa the

B-hemolyt10 streptooocoi t etaphylocGcci and. ~1D1iDlil..

This eubDtancenacted with ltmm.U'l8 ••rum prepared agzlinet

various gram-positive orsan1ama containing glycerophosphate

in their cell ,,-U8,.

It hae long been known that i~ AP3ibrll611 produces a

toxin ,1Itllch along with the capsule constitute the rnajo.r tactors

conc.rned wIth virulence, but only recently this toxin h••

been fractionated into components and studled. Cromartie -. !il.



,
(1947a) _re aueoe••ru,l in preparing sterile extracts £rom

anthrax 1••lons in rabbits • which when injecrted intracutan

eoua1y Into rabbltaproduced hiatopathologio.Q,l change. similar

to tho.. produced by 1nteetlon with 1. ID»llEi9;1.1. Repeated

lntrac'utaneoua 1njoctl,onaot thia extrdet produced .immunity

In rabbit. to anthrax1nteotlon.

Cro:aartie Al.IJ.. (1947b) fractlon,ated the extract

from anthrax 1••1ona uelng calcium phoaphate. They ahawd

that the precipitate contained 'actors I a,ftd III, responsible

tor d~,.g1ng tlesue. and the supernatant contained 'actor II.

which had the lrrmunial.ng Iroperty. and called 1tt.he protec

tive antipm.

Stanley .. Al- (1960) and Stanley andSmlth (1961)

pur1.tled 'actors I and II of the anthrax toxin. and1aolatecl

a third tao'tor ('actor III) .b,1ch was aerolo@:1.cally difterent

from 'act,ore I and II, and. .s not toxic when inject,ed alone.

but lethal to mice and guinea piS. 'When elv... 1n combination

with Factor II. Their .,rk •• cQnt:.t,rmed by Beall .IS. A1.
(1962) lClO i.alated and purified thethr.. tactors.Seall

.IS. £1. (1962) further showed that aCOlnb1Mtlon ot Factors n
and III was lethal to mice and rate but cau••dno cutaneoua

.dema. in gu1nea pip_ The combination of Factora I and II.

waa not l,etlutl to anutlala but cauaedcutaneoua ed.ula 1n su1nea

piSa. 1ina.l1y they believed that the lethal eftect or the
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"'lU. work.•• be1nl oarried out to ident1fyvar1oua

toxic and an.tigen1c tactor.1n edemaf1u1d, att~ft:pta -..re

aleo made to produoe similar eub.tan••• J.D nttm- Glad.stone

t1(46) wa. aucc••aful in prepar.lng the pro,.ct1ve ant1~

(,"Eu,tor II) by srow1ns i.~ in ..rum orp1&8:na.

S1.ntered gla.. filtrat.. of SUGh oultures 1tw:nun1zed rabbits

a~1.1nat a virulent a1;ralnotj,. ,n1i~tmgy. Varioue aem1.8yn

th.tic and cherdeally detined rnedia. wreu8ed to J"'Jroduce th18

protective antigen. For exa.rnple. Belton and Strange (19S4a)

prepared a caaara1fto aoid.synthetio trledlwl _11on .a. later

modified by nlome and Belton (19'7). Likewise. Wrigh~AJJ..

(1954b) prepared the '28 adium \1Jh1ch h. and his co-worker. later

(19'4. 19S7, 1962)moditied. Th•• medla were de.1gnaIe4!aa

555. S99. 6S7. 96Sand 1095 (Table 1). In all th••• mCldia a

protectlw antlpn we elaborated ~.n inoculated with.ll.

~.

Smith a .11. (1958) were 8ucoeaetul in producing a.
toxin from jl. IPSibnlJaa by grow1ng the organ!S! 1n a !oedlum

containing 9Oi' .8rum and they concluded ttu"t ••rurJl ._ nee.seary

tor toxin production. Later. Strange and Thorne (19'8) 1001

catcthat enzymea produced lnthe cultures during growth

d••troyed the tox1n. By adding aarum or soo.lum bicflrbonateto

brlns up the pH to 8-.9, the en.lyn:te aotion was inhibited and
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'he toxin could be detected. Pus1.. and Ho.rd (1963) 8ho_d

1ihat .odium b1earbonate also altered theperme.billty ot 'the

bacterial cell in suon a ., aa to permit the protecrt1.

ant1sentocl1ttuae (Nt. In itt. ab.encet.he jprotectlve antigen

accumulated 1n the 0811. Thorn. (1960) pointed out that

'actoN I and III wn aleor'bed by 81nteroc.t tJ.aaa tl1t.ra and

in order to prevent adsorption. 10" ..rum ahould be added to

the cult.ure prior to rUtratlon. The Mrwa blocka the.daor.

bins capac:lty of the slaeaf:11".r and permits 'the paasag8 of

'acton I and III along w1t.hFactor II.

Varlouaetraina of j,.IQ~bDlWlhay. beentrled tor

their abi11ty to produce a protective antigen in culture

nwd1a.Wrigh' JIl a. (1962). 1aolated six Ni" and Ii mutan*

strain. trom six typical Virulent atra1na of ji. IQtbmoiY..
and compared their ability to produce a prot.eet1veant1seft

in dU.terent medtawith that ~lt the Sterne .train. The

isolated mutant. ..... V7?O-»Pl..l\. 1062-NP1-a" l07..NP~.

l08-rIPl-~. U6-.NP1-R2 and W3-NP1-a,. TheSteme strain

waaauperlorto these lIU'tanta 1n the elaboratlO1lof tho anti-,

senln the caaam1no acid eynthetic n1.d1um and 52S. 5". 599

and 681 tned1a. Howftr. "".n the 968 and the 109Srned1a ten

used instead and the incubation period •• prol.onsed to 40

hours, the iaolatedrtlUtante, ••pecially the V77o-Hilll..I\ and

107-.l'1~2-R.). ~/.,..tound to 'be superior in elaborating th. ant,l-
If,

pn as c011lIBred ~h ~ Stern. Grain.



•
Gladstone (19'.6) showed 'that rabbi1;s, sheep and

monkey. immLtnised w1~h 'the protective ant:Lpn aurviYed the

ehall.nee ot .. virulent .'train alii.- .lD51l£l91a. Guinea pip

immunized wit.h the ant:1gen gaves. prolonaed survival time as

coapared with controla. but, no 1~ity WIl. produoed 1n mice

inoculated vtth the ant1s8n. Z~ann A.I1. (1961) showd

that the prolongation of lit. of teat guinea pic- treat.ed with

the antisen was 8tatlat1.cally valid and could be uaed as a

cr.lter1on tor evaluating the prot.ectiYe capacity of the a.nti-

gen.•

Serological etud1u haw aleo been carried out to

charaC'ter1•• the protective antigen. 'or example,Gladstone

(1946) and Cromartie JI.\.I1. (1947b) were unable to obta1n

'precipitation ue1ng anthrax isntralne rabbit .erum and the }u-oteo

t.lv. antigen. Thome and Belton (1957) h01llJGver. ~ .uoc.....

tul in obtain1ng banda ot precipitation in the geld1ttua1on

technics using horao antiaerum instead. IJJoGann.at A1. (1961)

developed a oomplem.nt fixation teet using the protective

antigen. and rabbit tmt1aera prepared by inlnun1zing j-abbitl
,

with the eame antigen. However, fixation ot 'the c(l1Iplement

was not obtu1ned til~rabb1' antl••rurn. prepared by irmnunillns

rabbits tdth living organama, waauHd in the teat.

Gladstone (1946) showd that the protective ant1aen

va. n,o't dialyzable but. was destroyed a't pH below 6.5, by paa-



'.urlsatlon and trypsin dig••tlan (Or0lUlrt1e4iJt.•• 1947b).

The J"roteet1w antisen could be preclpltated by alum (~itht

....,•• 1954&) and. by tr1ohoroacet1c .014 and amon1u.m aullate

(Belton and 3t,z-anp. 1954b). Belton and. Strange (19'4&)

tu,rther $ho_d that the antlpn was adsorbod on Se1ta filter.,

and it.a act.lv1ty was beet pre.....d wh,en stored at _20°C. or

at room temperature 1n lyophilized tom. From the above 1_

.... concluded tha't 'the ant1pn •• protein in nature.

Il.ina al. (1962) ahowe! that the protectlwant118D

when inoculated into guinea pi88 produced a. level of "_1...

tanc. approximately loco-told hi,gher than 1D the controla t and

.,en a cornb1natlan of protectt.. antigen and. 11vevacc1ne wa,.

g1Ytm. this 1'881_a11O_._ 100 mUllon-told. Li" vaoclnee

alone produced only a lQ..1S-!o1d resistance ae comparedw1th

the control••



A 10081 Y1rulent .train. i.alated tro. a horse wi~h

anthrax* ,wa. need to challenge a.n1.%Wu.&, and the Sterne atrain J

A'n av,irulent and unoapaulated .train obtained trom the National

Col18ctlon Type Cultures. Collindale t was uaed to elaborate tbe

protective ant1gen.8oth .ttrain. wetre uaCld a8.p0r8SU8pen.

aione... Sporea ",,"prepared by atreaklns the o~ln1am8 on

trypto.. phosphate agar plat.. and in,oubatlng them at 37'C tor

three day.. By thiat1me moe-t althe organisms had sporula

ted.The growth .. aUllpended1n 0.14 oM sodium chloride

solution (physlo1og1calaal1ne), washed three tim.. with the

aame, solution, centritupdand the ••d1mentre8uap.inded 1n

ateriled18t1Ued, water. The.pont auapeneiona .re then

heated at 60°C for 90 llinut•• to kill any vegetative forma.

Thrtte spore suspensions _ret pnpared. The tlrattwo

of the•• 8uepena1ona1tMre prepared from the Stern••train and

containtd lOxl06 and .)x109 8porea/rril. respectiyely. The third.

prepared troll the.1rulent atrain, c~nta1ned lOOxl06 sporea/ml.

Spore counts ..rca performed by 'he plate d:11ut1onmethod.Tbe

8uapfm.a1ana ..restored at 400 until ulMd•

• -
*Iaola'.din 19S5 by Dr. J'088pl1 A8Inar-t School ot

J\griculture. Araer1cL"l Un1ftralty ot lJ.1rut.

10
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rnllll:~AID aLlx:ra.et.m .AntlDl1

The ~.ctl" antisen waa prepared ustng the rnodi.

tied caaamino aoid ayntheticmedia d••cribed by Thorne and

Belton (19S7). P1". stock aolut1ona were prepared:

C.alL'"n1Do aclda (D1leo) ..... ., ..... '. .. ...... ..... 90.00 grams

Glycine .

L.t.ryptophan .

L-cyat1ne ••••••••••••••••••••••••••••••

OC.375

01.)0

00.30

"

"

L....tryptophan was diasolved in 10 all. or IN Bel.

L-cyatine -.s dissolved in :3 ml. otdiatUled water. and

concentrated fiOl -._ added dropw1a8 until it was completely

dissolved. TheM solution. wre th., added to the caaa..

mino acid and glycine d18801ved 1n d18tUled ltSter. and

the volume _. mild. up to one liter with di8tilled _ter.

0.25 ft

0.07 ft

O.07S It

0.070 "
0.0025 "........ .... ............. .......

.......... ... .. ...................
••••••••••••••••••••••••••••••••

Th1am1ne

Ouan1,ne

Oraell

~

Calcium chloride (CaC~.6H20) •••••••••• 0.5512 grams

li'.Sl,ealum. chloride (!4fgS04" ?H20 i ..
Ad.llln••••••••••••••••••••••••••••••••



Guanin..._ diaaolved In d1atl11ed water and con

cantra'ted Hel ..a added dropwi.. unt111t waa completely

dlaaolved. It •• then added to the reat of the lngred..

lent. d1eaolved in distilled water and the volurne _. 'n.de

up to one liter w1th d1atUledwater.

~

Potaaslum dihydropn pho8pbate ••• " '" • " • II )4.00 grams

Potassium hydroxide S~ ••••••••••••••••• 160 ml.

Pota8S·1wn dlhydropn phosphate ._ di••olvedin

800 ml. of distilled _ter to 'Mhich 160 tal. of S" pota••lwu

hydroxide was then added and the volwne ..... made up to one

liter with diatlU.•d water.

Sodium bicarbonate •••••••••••••••••••••

D-gl:uco.. • •••••••• """ • ".. ,. "••••••• , , • ., ...

Glutam1rte • • • ••

60.00 grana

1O.OC "

00.01 "

.
Thea. wre dl••o1ved in 900 Ill. ot distilled water.

Th18 atoekaolutloD waa sterilised by filtration uatns

s1nterect 118.8.

~

Ferrooe sullate ('.504.?H20) ,. 1.40 gram.
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l'errou8sultste was di8801ved 1n 200 x,d. of d1a

tilled witer contaln,lng 0.3 ml. or concentrated Hel and

W8ethen mixed with the ,mangan••• sulfate diaaolved in

distilled water. The volume was mad. up to 400 ml. with

diat111«\ wa.-tar. It was theft filtered through .intend

glaar$.To this solution. 0.1 ml. of a, lOxl06"P..../r4.
euopeneion ot the Sterne atralnwaa added..

The abow etoeksolutlone were atored at 4°C wl1en not

1n u... 301ut1Qft8 D and E '1M'" used within 72 houra ot rJre
parat1on.

T-wenty mU1U1tera trom each ot stock solution. At I3

and C were added to 3eSml. or distilled _t.- ina 1000 ml.

tla8k. Thl. mixture was then autoclaved tor lS minute. at

12100. lJext, 45 1'4. of solution D and 10 ml. oteolution E

containins apores, _ret added aseptically. The culture was

then incubated at )~C tor 24 hours. D.".lopmentol turbl-
,

dity lnthe culture medlum and pre••n,ce at large GrAm-po.itt.,.

..,xie in atalned ernean _re considered ae criteria tor growth.

The cultu.re -.. then tiltered throulh a1ntered glass, The

filtrate ... , ..ted tor the pre_eno. ot a,ntlgen. The .ten.
l1ty or the filtrate •• tested by stNak.1ng a tryptoee-phOlJ

phate apr plate with a aample ot the filtrate and. incubating



it at ,7'c tor 48 hours. jt'1tty mUll11't.rlcre~p tubes

_re fiUed each w1t.h 20 ml. of culture fl1tnlte and_rea

stored at ..20°C for further use.

Itfed1um tor controlpurpoae. ..prepared following

the same prooedu:re aa described tor the l)J"8paratlon ot the

antigen. except that no .pore lnnoculum wae added to it.

fD.RU:AtiRD 2'JmmiDI &111I
The InoculwD uaed tor lUJm1nislns rabbits waa a au...

pens10n or the Sterne .train containing ,3XlQ~"; apore.a/ml.

Three rabbits""," immunized with thie auspension using the

toUow1ng sobedule.

0.1 ml.

0.2 tal.

0.4 ml.

0.6 ~nl.

0.8 rd..

1.0 ml.

Intracutan,eoualy

Subcutan.oualy

"
"

T

1st week

2nd week

3rd week

Seven daye arter the last lmullnillng d~•• each rabbit ..

inoculated with O. S ml. ot the virulent strain conta1n11'11

lOOxl06 aporea/rtd. The immune anlmalareelated thla chaUenge

dOM wllle ~. controls died. Ten daye after the last inocula-



tlon the rabbit. were bled trom 'the heart and the serum waa

••parat.d and atored at -20°0 untl1uaed.

Ant1-anthrax ..rum :prepared in harM. (u••d tor' the

i~i,.col1 t ••t,) was obtained trom the !).ateu:r Inetltute. Paris.

and ant,1-ant,hrax ..rum. IJrePlnd 1n cattle .tt obtai,ned trom

Berna, Sw:1'tzerland.

IDS_Gill A~1.. gRDI'D_~"iD

1.~I Neutral gla.. £reoze-dry1ns ampoule. were

tilled each with 2• .5 ml. ot the 0l11tu" filtrate (oont-ai

n.1118 the i)l"Oteoti". antigen) and_,.. lyophilized"'.

Growth medium .aa18o lyoph11.1••d in the ,8;lme way to be

uaed aa control. Thee. preparations were u..d tar prote1n

determinations and electrophoresis stud1·ea.

The culture filtrate and the p-owth medium .,..

al.,o lyo{:lhl11.edua1ns the procedure ot Tborn. and Belton

(1951).. The.. _reused in gel d1lrua1on and protection

'.ats. The material to 111 lyoph111aed _: ,:i.de l~:~ VIV
wIth a ~ W/Vgelatin .olution in 0.02 14phoaphate butter,

pH 8. All lyophUlsed IJr.pu-ationawe.,.. stored at room

temperatu.re 1ft a dieaica'tor when not 1n use•

....... .........__.-.,···_'..__. ._t_ .........__.,.
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2. A : Th••tbod ot Belton and

Stranp(1954a) .. £ollo..d.Alwa. 0.1 gram .. added to

100 ml. ot culturottltrate and th.pH was adjuated to ;,.9

with 11 HOl. Thiawaa lett overn1ghtat 4°0 alter which

the supernatant was removed and tl,. precipitate 8uapended.

in 100 ml. of d1stilled water. A l*"tlon ot themediwf'

tor control purp08•••• treated 1n a l1k.mann.r.B~h

auepenalone wre ueedl.n protection , ••ts, 10r hemagglut1..

flatlon teR8 the precipitate tormed .... d1aaolved in S ml.

ot 0.2 M citrio aold and \he wlume made up to 15,ml. with

phyelo1.olioal ealin..The solution .... then d.lal'yzed

aga1mJt distilled_tel' at ,.°0 tor 4S hours.

All precipitated preparat10na ..,.. stored at 4°0

until uaed.

). JDJint&:LM£* The ultrat11ter* used in th••• tGsta conal.ted

ot a nylon frame covered with a sac ot d1alya1a tubing.

Attached to the nylon rrar..•.• a rubber tubing extend1ng

to a vacuum pump. The ultrafUter.•s immersed into a

solution eontaining the protective antigen and auction ••

appllfld.Wlth such a preperatlcm _tel' and solut•• ot

molecular wight below )0 ,000 would 1'88. through the dialy.1.

tubing. while lars-molecular tr111ght compounds,suCh aa

- - t II I L •• ••

*Obtained tJ"Om LlB-Produkte.. 1\2, P.0.13.12220.
3t.ockholm 12, Sweden.
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Jrot.ina. lGuld not. Both ttl. culture filtrate and the

c.ontrolmedlum we... conc4mtrated 4-told bythia tnet.hod.

Th... concentrated forma were u••d 1n the indirect hemagg:lu..

tlnatlon 'eata.

4. QQDllntratl,gn hx ftAa»Ua4I:.: Oulture t11trl~te and srowth

medium were plaoed in dial".1. bap and lmmened1n

tfAquac1de"*. At 15-minute intenal. the "Aq'WIcido" ad

hering to the d1alyaia bags •• wiped orf. By this pro

cedure up to s..rold oonoentrations ...re obtain" over a

period of 8 hours. Th... p"parationa were used 1nthe

indirect h.mflg~lut1natlonteata.

lnl1iI=.11 IllS.
'our groupe ot animals, each r,roup conaiatins of 4-

locally purchaaed. guinea pip wlgh1ng appronmatoly)SO grama

each, were uaed 1n th••• ~.sts.

The first ,group ot anil.la waa 1nInun1sed according to

th.method ot McGann -. .... (1961). The content. of 6 lyophl..,

l1zedtube8 containing the ant1pn wre d1esolved in :3 ml. ot

d1at.l11ed water. Ot this solution,0.5 ml. was inject.ed sub

cutaneously into each guinea piS in the &rOUP- This ""'8

I • • •• I.. •••• •• ••••

....,.
,I



l'
repeatttd Oft alt.rnate day. untU ....h guinea. pig 1n the group

had received a total of 2.5 nil•• equivalent to 12.5 ml. of

untreatted culture filtrate. A second group was lmmunized

ua1rlgan alum-precipitated ant1gen (Belton and Strange, 19S4.).

Alum-precipitated euapena10n obtll1ned tram tho cul~Uft t11.

trate contaln1,ng the anti.." ..e1,njected. in 1.5 ml. a.mount.

8uboutaneoualyinto each guinea p1g In the &rOUp. Ten days

later another 1.5 ml. do.. waa liven to each guinea, ·pig.

Total amount ot alum-precipitated swap.naion injected to each

guinea pigwa••qu1valent to , ml. of untreated culture til

tnt••

A third and a fourth groupot guinea pi,gB we,. inocu.

lated in a like manner ue1ng lyophilized growth medium and

alurr.-preclpitatod growth medlUtu respect1voly. Theae animals

••rnd 88 controla in protection t.ata.

Sewn days atter the last 1Jmlunlz,ing lnjeetlOft, each

guinea pic •• challen,ed with a.s 111. of the virulent spore

.u~enalon contain1n& lOOXl06 eporea/ml. (Table III) •.

.s1I1.JlU~I3-sm i,...
""hemethod ot Thorne and Belton (1957) WI. uaed tor

thea. teate. The t:18dium used cona18ted ot phoaphato butter,

0.015 ~t, (pH 7.)) containing O.~ aod.lum chlorid., 0.01%

merth10late and l,~ agar. Petri dish•• w1t,b a diameter of
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9 OI!l" .... fl11edeach w1\h 12 ml. or ;:-~led1urt1 and wen stored

at 200 until uaed.T'w rOW8ot _11. were 'bored out 1n the

agar 10 .uGh a -'1 tn.., each .110£ on. row •• hactly

tao1nalts cor.re8pond1.ngwell1n the other row at a d1atllnce

of 0.'.1 em. Horeeantl••rul1._ plaoedl!] the .-118 o~ the

t1rat row. and thepla'te ... :stored at 4°Ctor 24 hourG. The

content. ot 6 lyor;hlUzM tu'beeconta1.nin.g the an.t1gen .-...

reconstituted by the addition of 15 nil. of phyalo1.og1cal

eal1ne and. se,.1a1 dl1\lt lon. .... prepared from thia. Next.

the _11. of the ..coM row _re :tlU«l each with a dilterent

dl1ut1onot th1. ant1sen. The plato. wae lett at room tempera

ture tor 24 hours after .lob banda ot fftc1pitatlon "'twen

the ianuDe ••rum and dirterent dilution. of antigen ....

obaerY8d. AalmUar procedure ._ carried out uaing undUuted

anti.-n and ..r1al dilutions ot hor.. 11lP.tuneae1"Wl (;"1&. 1 and

Tabl. IV).

Three other .-1 d1ttue1on plate....re P"'pand 1n auch

a -.y that) ro.. ot _118. each row cQna:l.~lng of 2 .-U.
tacine each other., ... bored out. Hone a·ntl..rwa was placed

1n one otthe WIlla 1Jlthe middle row~ and nor~r~al hone ..rum

1D the othctr "",U tacing 1t. The plate .... etOl'fJdat4°0 tor

24 hour. alter \Ilblch undiluted ar$11OD .. p1&o.<1 in the two

empty _118,:)£ one row and und11ut.d control lnedllD 1n the

t'fOoth.reapty ..11ao£ the ot.her :row. Tbe plat••• left

a.t room temperatture tor ~ hour. af't,er 'tIC11ch they were 0\1-
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A similar procedure __ carried out tor ~••t1ng ltlmtUnl

rabbit and bovine sera. Sample. of protractive antipn treated

with o.;1.Jtrrype1nat )70C tor 1 hour. heat,ed at 6000 tor 1

hour. autoclawd and p&88ed th,rough 88itz filter, .... t ••ted

successively 1n a like manner.

Paeteur pipet. about S em. long \1erG p-epared tram

soda lu. glaa. tu.bing and were ueed 1n th1.~••t. Ser1a1

d11u't1oneot cultUl'e tiltrau wre prepared. The Paste..

pipete .... sealed on OM end by 8t1ck1nc them into clay.

They were ~hen halt tilled with horae antiMrumand ....

layered. w1th dUE.rent dl1ut1one {)t the culture filtrate.

Thl readinaa were Uk.nafter )0 minutee. S1mUar procedures

were carried out tortestins normal horee .erum. lnrnune rabbit,

..rum, normal rabbit eerum, immune bovine serum and normal

bovine ..rum. Likewise, t ••t..,..carried out ua1ng control

medlumw1'tb variowt teat eera 1n placeot the culture tl1tra

te (Table V).

Immune ••rum was alao t1trated by ua1n8 a quantitatlve

In1cro..preclpi~atlon'technic in capl1.1ary tubes. Thi8 ... done

by plao1Da dirt.rent d1lu't1ona ot anti..ra in capillary tube.

and overlaying them with undiluted antipn.
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1. ~1_l.a.BM lb. ~brQQ'SII: The method of Garabedian

...... (1957) •• followed with aame mod1£1cat:l.one. fresh,

human, group O. In positive or negative blood, 20 ml. J

wa. mUc8d with 20 111. of Al..ver'. solution. Tbi._•

• tared a't 400 and •• WI8d within 7 day. atter a1;orage.

A portion ot the blood ..- centrifuged and the erythro-

oyt•• were then waahed with 10 ml. of tmyalo1osical SaliM.

Tbia was repeated ) tin'Mt8. Packed erythroC)""... 0.5 ala

1I'I8re auspend.ed 1n 9.' nil. ot 1:20,000 tannic acid aolutlon

1ft physiological aaUn.. The mixtun waa incubated a.t

).,00 tor 10 minut.. and waa frequen'tlyahaken. It ...

then .ermr1tuged. The ••na tere th..-. .ahed with 10 rd.

or physiological ...1in. , and wre suspended 111 9.' 111. or
aeneltiz:1ng antilen. Next. the mixture was lett at room

temperature tor 2S minut•• , ahakins it occasionally. It

W18 then cent.r1£Upd. the eupematant removed, and the

eeU.....hed once with 10 ml. of ~ bovine albumin 1n

physlo1os1cal sa11ne. 'or the treat, a 0.5" auspenslon ot

aena1t1Dd cella wre prepared 1n ~ bovine albumin.

Red blood cella ware ••ns1tiz,ed .ucc..sl....1y with

the ant 198ft and growth medium 1n their original concentra

t.lon and at 2-told., and 4-told concerrtratlone.They were

all10 ••n.1~ised with alum preclp.:ltated antigen dlaaolYed

1n 0.2 )1 c1tric ae'ld.



HolWl1 and. "'Met! erythrocyte 8U8penalons tor

control purpoe...re prepared by au,apendins O.s ml. ot

tMahedpacked erythrocyte. in 100 ml. of ~ bonnealbu.

tnin 1n phyaiological eaUne.

2. A~t\.np I"'1:1M1ID.s In a rack 11 round-bottomed test

tubes (100xl) ••) ... arTanged. To the tiret tubeot th1a

_r:1.8. 0.9 ml. of physlo1oc1oal saline and 0.1 :nl. or 'the

••rura sample to be teatted. and to the reat ot the tube••

excluding t,h...ftnt••nth tube. 0.25 ml. ot ~ bov1ne

album1n in physiological saline ..re added. The tinrt

tu_, contain1nc 1:10 dilution or the teat .erw., was then

remOYed £rom the rack and placed in a water ·batb at 6000
tor 20 minu"e.. After th18 t,ime 0.7; rol. of diluted serwa

was removed. 0.2' ual. 01· i~ wa. added to the ••condtube.

0.25 ad. to the ••vent••n'th 'tube and 'thereat. 0.25 ml••

wa. diacarded. The cont.en't,. ot the ••cond tubl wre mixed

and 0.2' ml. or the auld •• carried to the thin! t.ub••

1:h18 proo... was repeated untU the £itteenthtube ••

reaohed. 'rom the tifie.nth tube 0.2S ml. of.' the fluId
*_. discarded. ttext 0.5 ml. of ••nalt1••d erythrocyte•

•• added to each ot the first 16 tubes. The ••yent••nth

tube received the same amounto£O.~' norrna.l erythrocytes.

The tubea were left at room temperature tor 1-2 hours art

which the readL:k})I?gt;~'·. taken according to the pattern of

settled erythrocyte:} (Tabl. II and VI).
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Te.ta ..... carried out on horee t baYine. and rabbit

antl-anthrax Mra and. normal ••~a. and erythrocyte. ..ne1

't',iSM with VSilr10ua ~yp.. ot anti..n and growth 2~lum _1".
ue.din each case.

Gelatin-tree lyophU.1••d antigen, (equivalent. to 15ml.).

was diuolved In ) ad. of phya101og1calaaline and 1t8 prote1n

content 1«18 determined by theSiuret method (Gornall .......

1949). The protein contentot the growth r.dlum was l1kewi..

determined.

A.\lAttlPbgalll

Q". package ot 8..2 butter (Veronal b1tter. conta1nlnl

2.76 grmns or d1ethyl barbituric acid and 15.4 gr&1118 or 8od.

luna d1tJ'thyl ba.rblturate. Splnco) __ d1esolV.d in 1 liter ot

dlatUled water. Ot 'this butter solution gOO ml. WWI placed

in the.lectrophoretl0 cell ...sel (Spineo model R tYPe) and

8 paper stripe (Schleicher and Schnell 201t3A Utl!J.,3 em. wid.

and )0.6 em. lone) wre attached and aoeked 1n the butter•.
Cktlatin-.o:.elyophl11••d antigen waa dieaolY8d in enou1#1dle-

tUl-.1 'Wator to B:ift a lS-told concen1;ratlon ot the original

antipn. A a1ral1ar prooedUl"G •• oarried out tor the growth

:ned1wn. ~l1~ an applicator. two paper .tripa .... streaked

wit.b the 15-fold conoentratedantigen. two \11th the is-told

oonoentrattMl grotfthmed1um and two ot.benJ with normtl rabbit
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·.rum. The CUlTen't (Spinoo duoetat) -.. then turn.ed on and

.. lett on tor 16 hO'Ur$. The paper strips .ere then removed

and plaoed1n an oven at 121°0 tor)O minute.tin methanol

tor 6 DdnUt8., 8-4 dye (1 gram ot bromophenol blue dissolved

1ft 1 l1ter ot;~'l.thanol. Spinoo) tor )0 minutes, and 1n )

solution. ot S~ a,cetio ac1dlaoh tor 6 runutea. They tl8ro

then dried in an own at 121QC tor 1S minutes. F1na.l1y. "bey

were expoaed to &t1lnon1a tumea £:01'15 minute. and weroDcann,ed

with an analytrol (Spinco model RB) (11g. 2 and :3) •
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148dia that elaborate the i~.et.i_ antisen

jllQRJlh.w: The inoculum u88d1D each case _re spores of 1l. lQ$tllElGiY.

~iQ4~.'." 99: This d.itteredt'rora 599 _diwa by ha.Yi.. an exl;ra 0 ..002 M. glycine and O.OOs 1<1
nine. , The amount otaapart1cacld .. lncreaeed to 0.0025 M.IJ.utaraic ac1dto

0.0055 M and sodium bicarbonate to 0.072 .iI;.. 'eSQI..1H2O .. d....ased.. ' •. to 0.000C25 £-L,
The wgetatlwtorm o~ the .Sterneatra1n .. waed 1rlI*ead ot spores.

~'.if~.'.. '~_t fh1. d..·itt~red trom themod1t1ed... eaaaa1no aold synthetic'
med!:wl pap .. •... n hartng a reduoad 8'11OW1t't or sodlum bicarbonate (25 gram. in
stock solut,lon :0) and an increaMd amou~ otterroua" .\11£at.. (2.78 gra..me in at.oclt
solution E). .

• I ...... _ ' ... ~ ••••••

N
\It

O.OOC04S

.-
0.0005
0.000;

-

-
-
-

0.4 ug/cc

0.0056

1 Ufic.c

0.4 ugfec

1 ¥Icc

0.005

0.0)

...

-

0.0002
0.oooa5
O.OOOIt.
0.00025

0.0001
0.00004
O.OOCOOs

0.0003
O.OOCl
0.0002
0.0005
O.ooos
0.001
0.001
0.0005
0.0011

~
(tor anaero-
bic grolJlth)
l~!2J,fr gone,

0.o00ooo3

0.0056

1 ug/ce

-

-

•

..

0.005

0.0)

-

0.000045
-

-

...

-

o.ooos
O.ooos

0.0001
0.00004
oo5סס0.0

0.0003
0.0001
0.0002
O.ooos
0.0005
0.001
0.001
O.OOOs
0.0011

0.0002
O.OC02S
0.0004
0.0002'

-

-

-

..

..

0.005

0.03

-

-

0.00004

0 oo03סס0.•

0.0056

-

-

-
-

o.ooos
o.ooos

0.0002
0.00025
Q.OOO4
0.0002;

0.0001
0.00004
oo5סס0.0

0.0002
o.ooos
0.0005
0.001
0.001
0.000;
0.0011

.-
-

0.005

0.03

O.OOOCOO)

0.0056

-

-

.-

-
-

-

-

-
...

'Ill

0.000014

0.0001
0.00004
oo5סס0.0

o.ooos
O.OOOs

oo5סס.0

0.00Q2
O.OOO2S
o.,~

0.00025

0.0002
0.0005
O.C005
0.001
0.001
O.ooos
0.0011

-

-

0 oo14סס.•

0.OCOO2S

•

-

..

o.oo~

0.03

oo2סס.0

0.o00ooo)

O.OOS6

-

-

.,

-

oo5סס.0

0.0002
0.00025
0.000It
0.00(2)

0.0005
0.0005

0.0001
O.'Q0004

O.OOOOOs

0.0002
0.0005
0.0005
0.001
0.001
O.C005
O.OOll

..

0.005

0.0)

0.00002

0.00002

0.00002S

0.o00ooo)

0.0056

-
-

-

-

0.0002·
0.001
Q.OOO4
0.00025
0.000007
0.0001
0.00004
oo05סס.0

0.0004
0.001
0.0002
0.001
O.('¥)O'
0.001
0.001
0.0005
0.0011
0.00016
0.0005
O.ooos
o.oooos

528 5SS 599 681 96S
Molar cone. ~\lolar cone. 1401ar cone. Molar cone. Molar cone.

-4

11"°4
.HCo,

adenine

gtk'1n1ne.HCl

uracU

xanth..ine

thiamin•• Uel

glucose

adenoaine

biotin

P)T1doxa,~.HCl

·Ingredient

{f:,lyclne
DL-alanine
DL-aer1ne
DL-thBton1ne
DL-val1ne
DL-leuc1ne
DL-1aoleuclne
DL-aepartic~acid
L-glutaad.c; ·;ac1d

DL-ly81ne.HCl
L-arg1n1ne.HCl
L-hlatld1ne.HCl
L-cyetine
L-cys'telne.HCl
DL-methion1ne
L-prol1ne.
DL.phenyla1an1ne
L-*ryptopheD
L-g1utamine

Ca.C1a.6~O

".SO,.-7Ba0
••SO,..4ItzfJ
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Procedure ot the indirect· hemagglutination test tor anthrax

Test Controls

o.'S

T8$.·". &e... 'fUlll.'. '{l:lOJ

.,

1/10 11/20 1/40 11/80 11/160 11/)20 11/640

0.2; I 0.25 0.25 IO..2S I C.as I 0.25 I 0.25ml.

Dilut1on**
." , II • • + • • • - -Itt §G.. '.~'''' . r:~....~ ..

erythro-
cY'teaTest*

"nL~

1« -H Lib I .... -:'. -, I .. --~. i. II < -.. I'.· __. It,'.-.......

zti bovine albwldn 10
"~li~"a . -'~~- ,;.".i. __V' .. ~iLA..- ..

.. ... - .. - - - C.2; -
..........., t41ir....J.t-- I '£1 , .1" I ,. at jrp ...-it. III'. I La .'r

Sef\~it,ized*** hu.1JtUl
~..,...•.. OU.~·.p 0, Rh ne(,ga.·~jve).•.· IIO.2sl 0.25 I 0.25 10.25 I 0.25
eryt. troc :ltes o•.,10 •
td.

0.25 0.2S O.2S - at

Normal human group 0,
.llh. negat1..-, erythro-.. ..
eyt.ea (0.5)\1). mi. - - - .. - - - 0.25

*Ser-a tested wre· horse, bovine, and rabbit antl..arrthraxsera and n~..l sera.

*.8xce~ tor dilution 1/10, the other dUutiona O£88nLl1 were made in ~~ bovL'18
albwdn. Serum dilutions up 'to 1/S.242.800 t«tre carried out, but becaua. of
lack or .~ce, th... dilutions 'ware no't indicated in this Table•

• **3rythroe-j'tes were aenaitlzed with anthrax ~igen ard m:th growth medi\Lll as
control•

.. I



The r ••ulte preeented 1n Table III indicate that S~

of thegu1noa plSS 1nnunlzed w1th the lyophUlzeda,nthrax anti

gen. and 2'~ ot the £\lin.. pis- 1nmunl••d withalum-prec1pi

tated :;;U1.t:1een 8UrYived the virulent challer188 dose. The rest

Qfthe immun11ed guin-. pigs aurt1vad longer than th. contro18.

Th. results ot gel dUtuelon teats are presented in

Table IV. T1«> banda ot prec1pltation one thick and the other

thin, were obta1nedln the gel diffusion tests using the

antigen and 1uIm.lne horae ••r'Ui"n (;~1g. 1). vtten 1mrcunebOYine

aerum _auaed lnateadot In..mune horae ••rum only a thin

band ot preoipitation appeared at the equivalence sone.

No band or preclpitationwaa obtained wh.n immune horae ..rum

"'. replaced byllJftU.ne rabbit. ..rum. norrttal rabbit ••rum,

normal horee aarum. ,andnortua1 bovin.e a.runl. Likew1ae.

when the ant1gonwas replaced by growth medlwn no band ot

precipitation appeared. A &81 diffu8ion titer of 1/8 _.

obt,alnedby ,itrating the antigen with undiluted UL'l1UDe

horae aerwn, but no band of prec1pita:t1on appeared wum

difterent dUutlone ot ltm]lW"1. hone aerum were ueed with un

diluted antlgen.

It can be ••en from Table V that the antigen ....U

aa the U'0lM'l ;:aedlum ahawed a band otprec1p1tat1on wi:th

21
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undilutedlmu'I1no hor....rwa in the nucroprec1pitatlon teats.

How"..r, when 1/, dilution. of immune hore•••rU1l waa uaed

lnate.d ot undiluted ••rum. th, 1)os1tive results <'bta1ned

with the U{)'Wth n;edium we" el1m1na:ted. Titration ()f 4-.1"01<1

conoerl.trat·ed antigen by the m1croprec1pitatlon technic gaw

a titer of 1/128 but no band or precipitation apk,~ared with

unconcentra'ted antigen orw1th 1/2 dilution ot the ant1£e:n.

A tl~.r or 1/20 Wt:uJ obtll\lned when 1.minune :serum _l8 uaadwith

undUuted antisen in microprec1pitatlon tEUJ'tS. The result.

were negat1". withnonul horee. bovine and rabbit .ers,and

with 1.mrmme bovine and rabb1't 8era.

Tho aot1V1ty of the f.rec1p1tat1ngBntison. aa indica

ted by the gel diffusion t ••'ta (11S_ 1) and the rn1crQprec1

p1tatlon technica, ... not destroyed when the antigen _.

heated at 37"0 tor 1 hour. 60°0 tor 1 hour, autoolaved, or

paaMd through a Seits t1lter pad. Likewi•• it was not

d••troyed by 0.;" trypaln at )"oa tor 1 hour. How...r, nega

tive result. wreobta1nedwhen alum ~"c1p1tat.d antigen.•

d18.so1ved in 0.2 citric aoid••• UMd in gel d1.t.tuaion

tests.

#\8 ind1ca~.d 1ft Table VI • titer ot 1/1280 tor l1A2iw1.

rabbit aerum, 1/10.240 tor hor•• and ;:::;';'.1/5,2,42,800 for bovine

1mn~une ..rum, were o})t.alned us.lng untreated protective a,ntl

gen in indirect hemagglut.lnat,lo.n teats. ~um 2':£old c(,neeD->

Q



tra-ted antipn ... uaed, the 1.~unerabb1t ••rum titer._

1/2'60. Incona1etent Nault. were obtained when4--told

conoelltrated antigGft wa. u..d tor .enait1z1n.,the erythro

cyt•••

'lhe lrote1n content ot the S-told e~)ncentrated eultU'l'e

filtrateeont,a:1nlng the antigen was O.1SmgJrtil•• ti1:11e the

protein oontentot the S-fold concentrat;8d ~h ined1wa ..

0.60 rq/ml. The electropbo"t10 pattern of the culture

filtrate &howed a peak 1ft 'he r,amma globul1nregion. No

peak ap'peered. wn-n growth D*l1um wae used. tor such determina

tions (F1g. 2 and ).

l.....-. ...... .
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Protective activity ot the anthrax anti.eft 18 gu1nea pig.
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Total I Day ot death Eollowinc challenge with a
D'W.·..f""'.• »ber....... of· virult'nt _rain o£ .l-. !!... ~C!!..·.coa:. Ianimals I J. . . t . I

uaed

Lyophilized aDtlsen

Immt4niz1ng ~erial

LyoPhillzed .srowth
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LyophilizedantigeD

Alua }r8clplta~
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11..•u.'.• ~ r~re...clpltate4
growtn medlwa
(eont.rol)

• 7 day. atter-the last immunizing injection each guinea pigwaa challenged
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Gel diffusion tltra~lonaot th. anthraxa~igen W'i~h an~hrax btnune sera

Type of material tested
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11.tra..£8 Ql... A.l.\lm.• ! .•...•...p·ot:' .•... a·nt.. J.Pft .• llIed.·1.WI·.d i.$ SQ.l'll'..• 'ed) dilutions: d1a301~ in 0 ..2 H: • in 0.2 ~ citric
1/4 1/8 1/16 cltrlc acid aft«A IIltAft+PA
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+..f • 9ft. band (thick) of precipitation
4 = One band (thin) of' precipitation
- '= t~eip1tatlon absent,

of rree1pitation
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TABLE. V

)~ua:f1'tlta'tl.e;,_....preclp1.'tatlon t,eata using an~hrax a.?Jt,lgea and anthrax~~

Normal. bovU- I n

~ne rabbit I tr

lirfpmal rabbit

}1:r:Mfi.'~ horae

tf

-+

-

1/161/2 1/4 1/8

+ -+ ..-.... I -+ I -+

Antigen d11utiona

<4

un
dillttad

- ..
- +

- ....
-- ..

- ...
.. .-

.. ..
•- • --- • ..

..
Growth medium

UDd.Uut«l
(control)

n

"

1/20
1/40

1/10

1/s

undlluUd

undUu1ied.

3e1'\lU1
dllutlona

bOY1DeI

~~

~.&.1iiUM

Type o£ aeJ"WI

1m-nuns horse
serum

1iIUOi.L....

-+- ,. Precipitation preaent

-- Preclpl~atlOD&bse~

. ~
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Indirect herafJzlut.i.Dat1on 'te~ uainganthraxantigen and anthrax 1JmmJne sera

Sensitizing 8ubst.anee

l ...fold

Antbrax ant1pu2-.Zold
concentration:

Rabbl1;

1/1280

1/2560

A."It1aerum ~i'ter
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N.D.
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:> 1/5,·242 ,800

N.D.

Nor;1Jl1
serum
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Bovins
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,....rold
..

InC.Ol18iat.em IIncon.. a18tent IInCOn8.. 18ten't
resul.u results resul~a

"Negative

L I

ppt. antigen diasol
vad in 0.2 citric acid

frc~wth medilh"ll l-fold. 2-Eold
a.nd 4-fold concentrations

.D•• fiat done

legati".

liegatiw

N.D.

fiegatl98

B.D.

r~egatiYe

megative

r~.gat!Ye



DISCUSSION

During the couraeot 'the exper1taentsdeacribed

h...1n it •• found tha.t the quan't1tat1"Nmicropreo1p1tatlon

t ••t •• a more convenient r.~hod torti'rating the anthrax

antigen andlor the anti_NIl tbe,a the gel d.iffus1on test.

and the lrxllreot hernati£J.utlnatloa t ••t for t1trat.lng anthrax

1i1tzuntt ..rum va. more ..neit1ve t;han the precipitation test.

It wall further observed that the eleotrophoreti.c patltern ot

the anthrax antlgenpo1rtted out; to a band in the .... globu..

11ft regj.on, and the chemical and pnya1ca,1 agen~. which de••

troyed theproteet1veact1v1ty of the anthrax antigen, did

D,ot eftect its precipitating propertl•••

Attempt. to pre'pare the anthrax antigon in S99. 698

and. 109S tlled1a (Wt-lgh'.I1•• 19S4b. 1962 and \flr1ght and Puz1...

1954, 19'1) ue1na aper.sot Sterne strain a.inoculum, wre

unaueoeaeful. In th... media no growth occurred f"ollowUts

inCUblltlon at )T-C. ~fr1ght .IS..I1. (1962) indicated that

••rial tranate.. we,.. nece.sary tor thC! strain to adopt itself

to the growtb rcaedlum. and this .'. '[JI"olably the reasonter

the aba.no.ot growth in the aboye mentioned tlMt(11a.

Thorne and Belton (1957) prepared a :rD;t;xJif"'1ed oa8iam1no

ac1d aynthet1c rnedlum and a modified 599 rnodlum tor the

propagation ot i. _bmsta- The- inoculum uead in th,e casa.



mlnoac1d ,nted1um •••pore. o! the Sterne strain. Q,rowth in

thie tflerl1um dido,.cur poss1blybecau. ttl1,e •• arlO" en.

riched medium than the 599, 696 and 1095. Th.• inoculum used

1ft thetuod1f1ed 599 med1ua Waa thevegetatlve form ot the

Sterne atra,in. In our experL1lenta '1t was found that se1

dlttualontltera, obtained by ua1ng ttl. antigen prepared in

a mod1t1ed ca~o acid .ynthetlcaaedlum, were higher than

thoae obtained ualns 'the laoclltled 599 med1wu.

l~JcG8M .~liJ.. (1961)d.".loped a me'thad t~or demon..

trating the p,.••nce of anthrax ant1,enin culture f"11trt5tt••

by showing it. protective aO'tlvlty in g,u.tnea p1gs. In S ot
the group. of anJJ:na18 there was a prolonsatlon ot lit. wi'th

no sun!val.. 1n .. groupa2;" aurrt1wd. in 2 grGUl'}8 sal' atAr..

v1ved. 1n 1 group 751; 8u,."lved. and 1ft 'thelaat lfOuP 100$

aurvived. they 'then ahated that the prolonga,tlon ot l:1te,

and the nUllber of auJ'Yivalawere st~lti.tic4.11y valid a.nd could

be used aa criterion tor d.emonetrating the presen•• of

anthrax protective an'tigen 1ft culture filtratet". In our

experiments "sults simUar to tho.. ,otMcGann ""'" obtained

wh.en anthrax arrtlpn tram modified oaaam1no ac1dtnedlum ••

t ••ted 1n ~}8 of gu.lnMp1p.

lurther indication 'bat the anthrax protrective anti

sen •• present 1nthe cult'UJ'le .fl1tr.t1'te otcaaam1no ac1cl

medium .a(:>btalnedh;: the util1sat1onot the go,l d1ttualon

,



,.at d••.,.1bed by Thorne and Belton (19'7). Hawver, expert

men'ta carried out 1n th18laboNtory indicated that Q. positive

gel d1tt\.181on reactlon did not necessarily tr./:1n that the

"aet1nsan~1c.nwas pro".ati".

The tluantitatlYC1 fl'licroprec1pitat1on 'test and the 111..

direct h.11agglut1natlon~.att bO!th of l'ilieb were u.••d in thts

studi.. to titrate the anthrax ant1sen and/or antiserum. were

round to be mon convenient and mor•••ne1tive tban, the sel

ditfu8·1on test. Performance of the gel dlrru.lonteat and

observation of "sultea requ~lred 3 days, 'Wll8I"'Ga., in the tl'1icro

precipitin 'teet. it took )0 minute. to ()bta1n theresulte.

t\lrthe:rrnoru. l ••s a.nt i ••rum was consumed 1n themicroprec1

pltln test than in the gel diffusion '.st. Likewiee. the

indirect hel'ragglut1nation ' ••t •• round to be more sensitive

than tho precipitation t.esta. 'or .xample, 'While 1mrun.

rabbit aerum tal1edto g1ve positive reeulte 1n the precipita

tion teeta with anthrax antigen, it yielded a. high titer in

hema.cglut1natlon testa.

*'th.electrophoretic analya18 of tho culture fU'trate

and the growth nl8dlum was 80 tartound to be the beat rnethod

to1nd1cI:.lte tbe presence ot proteiD 1n the cultu.re filtrate

and 11;. absence in the growth ~dlum.v~Jben1l.aPSf'b£laf\&

culture f11'trates 'wz-e used a 'band-a.ppeared lnthe garma gJ.o

bu11n region, whereas DO banda were ••on whenfiltrat•• ot
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growth zledlum -we used 1n.~.ad ('lg. 2). Protein dete:rrd.na

tlon ot the anthrax Ant.1.." by ohemical l_ana were misleading

becauaeof the presence of large qu~mtitlea or ami.no soide

1n tho growth taedium and becau.. of the uptakeo! GOlDe of the••

att:!1no acids by the orga.niam clu.r-lng gowth with possible pro

duction ot new 8u'betanc•••

Glad.tone (1946) and Cromartie a..I1.. (1947b) indica

t.d that the protectiftact1v1ty or the antigen wa_ loat tithe"

it \Cia heat:ed at 60°0 tor 1 hour or trea.ted with try!)81n,

sugg••ting that the ant1.gen wa- prctte1n in nature. Belton and

Stranp (1954&) ahONed that the protect1veant1sen was adsorbed

on Seitz filter pada and Wrlght ... .11- (1954a) pointed out

that the protective antigen could be precipitated by the addi

tion of alum. T••taparformed in th1s laboratory indicated

that the precipltat1nl aotivity of the ant1g,.n _.not d.s.

troyed by heating at 60°0 tor 1 hour or by autoclav1ns at

15 lbe pressure forlS l'I1nu'tea. i\1r'thermore. gel dlrrua10ft

t1te:rs of unheated anticen and. ant1.pn heated at 100°C tor

S minut.. .ere identiCAl. Banda or prec:1pltatlon _re obtained.

with oultu.re filtrate (contdlln1ng the antigen) that had been

paasedthrough Selts nlt.,. pad and also with culture til..

·trate treatod with tryp.in.Bo....r.bands ,ofpreclp1tation

....re not obtlili.ned in gel d:trtualon and bemagt;'lut1natlon teeta

whenalut1!l prec1pitated antigen dissolved 1n 0.2 citric acid

_. uaed. Nevertheleea,ln accc)n!ance with the !'*!.ndinj.::sot

4



pr8Y1oua investigatora, the alum preo1p,itC:lted ant.1gen was

.found to be protectlve 1n guinea pigs. Th.electrophoretic

pattern or the lUlthrax a.nt1pn 'Which bad been heated at 100°0

tor- 5 minute. ahowd a thin bttndatthe point of application

but d1dnot glw any peak when soanned with the analytrol.

On the b£:uJla of the.. findinSS and th~).. ()! previous

investigaton it _a postulated that at least two typeaot

ant1gena existed in the cult,ure t11tr;J.te. The f-.1rst (:)fth•••

WBS a protective antigen, possibly a protein, which_).8

destroyed by heat and trypsin.• was adsorbed on the Se,itz

filter pad, precl.p1tatted by treatrnent with alum t but was in.

active in sel dlttua1ont••te. The ••cond ant.ipnwa.8 a pre

cipitating antigen complex til1ch •• not destroyed by heat or

by 0.55' trypaln.paa.ed throush seitl t"*11t,er pad, and waa not

precipitated by alum. tthe chemical nature ot the precip1ta

t.1ng antigen could not be determined at th1a time. It.J

haft been a polysaccharide w:1th the same or similar antigenic

constituent. u the antipn which glve. the precipitation

reaction 1n the A.coli. ~.at (Aacoli. 1911). l'Urther work

ahould be carrl~ out to elucidate the exact chemical nature

of botht.hep,rotectivQ and. tbe precipitating ant'lpma.
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F1g. 1. Gel diffusion precipitation of the anthrax
antigen with anthrax immune sera. AI). antigen d11u~~

IH3 .. lmc~une horae serum; NBS - nonal horae _ruml
IDS - i.mmune bovine aerumJ NBS - nt:)nas! bovine "rtL~t
IRS - 1ml'uune rabbit ••rum; NRS - normal rabbit seruml
A - antigen.; GM - growth rll8d1ulll (control)L Ai - unt..... rea
ted antigen; A2 - .ant1cen heated at 370C .i.or 1 hour.
A) .. antigen.haated a~ 6000 tor. 1 ho.url " A4-. auto.. elaTed
antigen; A, .. ant1pn paa"d~'throushSeitz filter padl
A6 .. antigtm treated wl~h 0.;> t.rypain at 37OCfor 1 hour.

~
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'i,g. 2. El$etrOj)h~t1cpattem01
wth!ffted~ura(con1irol ) t .&nd bonal rabb1t "1"'._

I) I( (0.01 lIl.). .. us8d 1n .-on.oa.. and.600 _ .
11ter __ tilled in the, analytrol toracannl'
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