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Characterization of anthrax toxin

I 'A J lr,,,If .dith al I ?i ut, Fa'rt Thn, A, I'rederr At, Alarvivind

'i~iiir %'a iK o ( roi .,tte(1 il 1 8 ,If, [ilI stititllite1 tht-v (Itialfifiationts are essetntial for qu1antitative e ahIla

rteiI% 4(1 Intcrtet lin tie( role ill dilt cxtracelthir ;n-oduiets tiIoi of tite efiliieiw\ ()f it jproce1tchre ill termis of the( start-
of Thalifl/to ii, il iii ( tepIlýoIjjzenevi% of, the( dis~ease itit, miateriatl Stich imtietiod wotld also miake possible
c.i,1,i'du I\ t ill, ort".11isiiii Il 1(1-,l Sillith and Kep1))i(e (I El0 basic oildies oil the kinetics and mtechainismns of toxi
rc12ported lit-e ipresteict. Of .1 Specific toxin ill thet jplatilui2 of ut-n~esiN. A tlmajor objectk~e of' work oil anthrax toxin inl

Itiin.,Ii it!'. (k~ Iit--, fromi awI mirix I uitradermnalI i kjV~tiOI1 (If this flx~aborwo has b~eenl to dmv lop a procedutre iiie~ti~ng
f)LI'iai .2 rtiti thew~ wimaiis21 inito otlier giiuinva pit!. or these re(itiirelttenit%
rahbit cawwd (ii edf(eiiiatoii Ie'.quit ili tilt %kill; inttacl f Oit~isi ( f sev eral possihblv miitllcoots it\ailable for coicentra-
4(1 liut Ipei~tj)iit(ti. iltjectuiotllE into iict. and utuiiiiea p~i-i% tioll of larvc~ % olitnmcs of' vittitrv filtrate, it simiple' iltra-

r-ir', Ift(I i dclat1 Siibw~seciitI\tl It \%;t dj.cemmito tratedl filtration meithtlod w~as chosen Smiall dliamieter (hialvsis
ti1 1.1t 1!1111 rlaf I. jwt tI III IIlay. l)I(II)'-'I .~i IacI I\ ti \. is I~tltlee( l tttfI biitjt %%;I,, tused as5 the( filtering. mtembtIrane il it coti-

Ili \itin, I)\ hotl ft %ritlett muidtc im Irvnt vtrain' of' BI tiiitnoit fio\% S\ Still. tinder ntegative pressttre. ( ttre

Fi1 ~i ill dfeti~ledl ini~frmitai ilnt til)the cfe~ ybitent (if of till relatj'.eI\ avjrtileiit Sterne ( Weybridge I straint
qiloit iuii le(112ef_, itf anuthirax toxintid .ill(- chiarixterjiza \%qere grown inl the( casamina~o acids iieditiii of Thorne
tit pit ii its tliro I recoui.ti/ed comiijiitit%, dilt reader , Itiild Beltnii Ill') Alter aI .4-fr inciibatioi pirriod. bauc-
lc-ifrltd to tilt- %%( ttk of '-tiih i dt .11( (-%% orkrs (ili 1.1 1, teria werv renmoed b\ muihhiporv filtration. Iii the iltral

I hilloIiu.2( .giol ite I I -, 7 ,itc AldWAll (et .'I I filtration ~\sivnt itsed 40i ho liters of filtrate m~ild li ecoil
S4timr conitfti~it hast inseni fromiit ithe a of (lifle-reit uteitirated -,(14 toip . Ef ldit .1 ) (lays with illillilttil

ii~uuiiiil It\ir Br Hitish lld11( Aliieruecuii muthtor-i f'or \%hata ittentiton timo(I personnelI efiuirt All dtettvabile toxic atnd
.11pe)1 it IIw le il ufit' .11l1 inateril,k ItI thuis (hieussuitsm %%4- *iitiguitic i(-ti~it\ remiainted inl tile %ac( The ititrafiftrate
'11.1l1 hilfftm% liet recent11 suuletit~v1it) ()iI Dr I larr Smitjhi aix! rviditv, hevreafter (Iesiit.!nted I FR. was harvested In
11W .1 (Aiihiiitit Owfd t\%iI) Tie c(Ituioltf -iitt \% hieh is '*hackw\asl'iiw' \'ithi tris hllfer Yields (of' lethal actki(it,
I-Scetui.if filr tle11isttiuittiltit (d iii lrh f(feuIl, 12chtei alvlhilted(111t a1 \ohullttn (1iluitjoii basis, and Itteati titlite to

m1 it\ tt% ilf 14)\I1, I iflr edfema i,,ftor 11:l*-F In~ Americanzt death Iin tilt Fischer Ito) jj strain oh' rats, .,%eralzed loj
\\~Iikqei, midx I-atittr I 1, till- liritisi \%sill 1bc ce'Ignatmed 7 -p ' I-For rr*asi 11%.2 is wt u tknoti, recoveries of edvi ilt
IIl I 'Ihue %ectiiIlf. .alilarrltt% ideinticalf with the itta pri-hlicillig .111d tiluntis tlethaf alcti~it% hiave Iteeti1 Coll

'IttIt4frutct(i~i%- .iitteit, (.tllrd( eithr P'A it- I-actor %jstenitt l4mi%%e Ihere is sitiniv loss iii acti It\ of Itile cruIde
II.rE-pe~i% l \%i'll beimir', PA 11 Simtilarlk, tilt- third filtrate-s fivld at .1 C for ille timle Ix-rimxl reqftire-l for the-
iitful ii4t. Ii4-~,ttr for1 thilet- ft.,l efflct 4(if till tox\in. 11ltrahiltratioti pr(K-1'%Siit!Ilg l twe~r. the (liflerenltial loss

vWiH hoe referred Iil , 1.1 I 1 i[ ll ii dviiia pr(KII(iwitz i(-tiit\ mid2( ittolise )ktf1ialit\ collid

IhIli defttitt111\. .tidirfis Ill theit- td 114ofl ) aulttoI ofI tilt- 1Mlivt be comitilec 1*(r otn this basis
Ii Sill clirto. rtiuttte fiuxitirauttl and1( hImgftlk lurified Fleetncfirophresis ofl tilt 1FR onl p~apr and celltilose

.ii irvf .me it' u d Idea;llk wh1(itle I.titfiutr fiftrate.. .teetate, Iiudicaterf that ureatest resolititio was aichieved

Sttoitpio'r Ifrattmnlitalit till th I '1jelfh tisi-ei I% 'tartiitz. \%liltt lie higher imuic( strentith fiifrersandi~ higher ciirretits
111,11,11i ,11 i.tttle I, kiuoimii tit tile p 524 .11 ,midl chiwitcal tied Iot p tiv(des. rimther thita conditions op~timtal for
1 ifllpuetlivs Iif I t-In utitulit )L!t ll\ Ictt I4 11 ui.1ITeIaf .2' 1 orivi I.tgelpro )irtutiliý Whei I. FR wats iicuibated at j- I lit-e

11.111% 1 rodItIt I(d I \ t Iei tirvamttluI I or ofit t1,. I\a v% I pt-o I utitifuer 41 po'l ~m ' Ll s. Iiliiig hands increased illitiall\,
f44,ttiulit', sli till 1.0q'iziliid caviltet \i'ititl! 1 thifeit dcre-aed, after *j 1) fir, \%ilth a contcoititatlt inicrease
i:1.,fte-re'd tl1\j( fi1-ltr.tie It 1'. co)icti(P 1i% .tI 1t1.t Owu t11i\nt Iii timnht~din positii% bands ( )n disc electrophoresis at

iu..u lie- .1 sligivi. foe huaxtiul etit ill' \%l(! Iý hu -t-ai vf.ut Ill proteini staiitiiiiin.: bands were ofuservecl ill fresh

ft .itgimi-eid In lit-e ul.tss filtrationt ltistamlk etiuuhici Ilit I 'I'R fiefpitraitI4io I. 'put jncitthatiml at C (A an initial
isa,lotitm fproedhlirt, Ilit miccitioii. tilt kiticirt, still mlcre.awIein giuiiter. ho~llowved h\ at loss of' proteint bands.

iiultats~isof tuiees remiaill to be elu1cidate4 %%.I,. .ilsom el oil thll di". Igels lliolotmical activit\ rapidly
I hicref'Ore, lith e tpo titef mi-sd fo(r coitceitratlmoi. istilatitim dceceased ill i prep-Imrationis fivld at this teunpieratutre for

.111d juuirilircttiomi %hould a~ tnd proceduires knt im i it, ittlru tfaii 1) fir and%%f - enirl aos aftr24l lir. AIlof

.tlter c-haracteiistics of labile jprdititis mid2( tzkv high, these c-h .miiies ocrutr-redl ii1)01 storat.ve at I C. butt not1ch
#fti.tiititatie \11.1d.. (if all active. compufnments Bloith of itturesow
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Early in this work, a proteinase, measurable by the 00.O2M O.0o0 O02M o.0
Azocoll assay (8), was shown to be concentrated in the - o I I
UFR and in partially purified protective antigen pre-
pared by the ammoniunm sulfate fractionation method of
Strange and Thorne (15). This enzyme is probably re- 6
sponsible for the rapid degradation of preparations held 2

Xat 4 C and above.
Immunodifftision of longitudinal sections of the acryla-

Mide disc columns against antiserum prepared by hyper- a-
imnmtnization of a burro with spore vaccine showed that
many of the 16 bands shared common antigenic deter-
minants. At least three components formed continuous 2I
lines of immune precipitate down the length of the disc 4
pattern. The presence of three or four antigen com-
ponents identifying throughout the disc pattern was con-
firmied by reacting transverse sections of the column -
against burro antiserum in identity plates. These find- T NO.
ings suggested that at least three components in UFR TUSE NO.
were in various states of polymerization, were complex- vFI. I. Chromatography of I ml UFR 4719 Xi on 0 I11 .
ing with other substances, or were extensively frag- cellulose eluted with amnmonium acetate buffer gradient. plh 7-.

mented.
Initial chromatography studies of UFR employed the Lowry (6) and antigen activity was determined b%

DEAE-cellulose-phosphate buffer programns described Ouchiterlony's method (9) with the standard burro anti-
by Stanley and Smith (14). Recoveries of antigenic and serum or the antisera of rabbits imlnti7ized with .IFR
biological activities of UFR chro, natographed with this with complete Freund's adjuvant.
procedure were very low (25-4o%) and all fractions Although rat lethality of LF-III is usually tested I)
contained significant cross-contamination. Under the recombination with an optimal nulniber of units of par-
conditions of these experiments, loss by enzymatic degra- tially purified PA-1I (determined by titration), this
dation was negligible. It was believed, and later demon- method does not necessarily reflect combinina, propor-
strated, that the P) 4 ion is in some manner detrimental tions present in UFR or crude filtrates. Therefore, lio-
to the UFR proteins. The heterogeneity of UFR pro- logical activity was measured by reconstitution, instead
teins observed in column fractions also suggested en- of recombination.
zylnatic degradation, or protein-protein interaction, or Figure I is a typical chromatogram of I ml ofa 7' 4P X
both. concentrated UFR. The total volimne of column' elmmcate

For further work the development of a chromatog- diluted the sample to 4.65 X concentration. Aliqutots of
raphy system specifically designed for this mixture of o.i nil from each tube were combined and - ml of the
proteins appeared essential. It was found that in aln- mixture injected into each of three rats. Averaize time to
monium acetate the UFR proteins retained their anti- death was compared with that of animals challeized with
genic and biological activities for at least a week at 4 C. the original UFR diluted to 4.65 X concentration and
Both activities were significantly lost in P101 buffers. the total recovery front the cohlumn was calculat'd in
Since electrophoresis had shown that the mixture con- terms of the starting material. From these collmns pro
tained both strongly basic and strongly acidic proteins, tein recoveries averaged ioo"; and rat lethal aetivit%
a wide-range elution sequence was required. It was also recovery averaged go 8'y*;
found that Cellex celhuloses gave more uuniform results If it is assumed that each peak is a discrete colmpollent,
than the Eastman products. the volume of each peak could I)e diluted to 4.l'5 X ('"o,

At a ratio of t6 mg protein/g dry weight of cellulose, centration for testing alone, or any combination of peaks
DEAE-cellulose was equilibrated with o.o2 M amnmonium could be tested at the same dilution. Thus, spe'cific rat
acetate at pH 7.0 and packed in a colunn of appro- lethal activity could be located and related qiantita
priate size to yield a column bed of 1:6 diameter-to- tively to the starting material. Frequently, combination)
height ratio. Flow rate was adjusted to I -. 5 mI/min of active fractions has had slightly higher activity than
without pressure. The sample of UFR, diluted 1 :9 with the whole column, suggesting an inhibitor which hras not
distilled water, was applied and the column was elited been further explored.
stepwise with increasing molar concentrations of am- In the chromatogram shown in Fig. i, pe-ak I ia ;l
monium acetate through o.5 M. Volumes of buffer ap- basic polypeptide which was weakly antigenic with anti
plied and cluate collected varied with the size of sample sera of rabbits immunized with UFR but did not react
and column. As a final step, 0.1-0.5 N NaOH was ap- with the burro spore antiserum. It contained weak EF-1
plied to the column to remove a chromagen which will activity when combined with the PA-Il peak. Peaks -, :.
be discussed in detail later. All procedures were per- 5, 6, and 8 contained no biological activity related to
formed at 4 C. Protein was measured by the method of toxicity and were too weakly antigenic to be identified
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017ý GDm CO A uyeld was founrd in the same fraction as PA -I in pca;k -
Is and peak 9j containted only I.F-l I actsxsty. The PA-li1

lin Ixwk 5 could be furthier resoixed onl E(ITELOLA-
celislose coli::ns. Thn- nonantigcnic, biologically inac -

14 Wu C ýIlniildn li pck t, ckecmed bk disc ctrom-
plioresis, could also I renioxc 6 hriatography.

91-Protein recoveries fromu crude filtrates averaged q7

o6ing li ter, cxtign4 whell inoaci htdbyNo

I plorcsik, at least i 02 mg PA-li and o~; g LF-111
Nt 1~~~ I'' cnIll- detected si itli the- ise of thu stnadbrr

4 t -",antiserinn. Tw~o Ynijllillitrs of crude filtrate, w.hich kifid

A -~ ~ rats inl 7-3 '"ill, c-Ontansled 17-4 Piz PA-Il and 6 -48 Jug
2 LFY-I 11, a ratio of about .1 to i.

_L iih Uf R pire-paratixe proocedure revovered approxi-

auticuuiii pesnedon trngad n xxF eak antiei it diasi pilrotei clitenora pre4enf;ofthed prthei sam

tic; 1 Cil disc eb-trouph oresis. this frudec lurft tion ho ne otlie ofpas sta o h-nRo rde filtrate lxldn hoagt.Crna

the jiv -ak h Niooniel- of ct diaksis itacImil
Mranme ad i uri (u~ Ait~icto ian hndwa aftre T havsh ked i7_ fitrat proteins hade
a w-ukerbandand etuol ngen d ( hromatoga plx dtectabl cntigreni pr boteicalr wbc actists T isilrted

Pnlerk recontied o the eak1 bandnen and forecimuaieu thielr ett protein s apa rnl lost ide sthesuraized. The
".- .as eilgcl Matm aln.ltractioens with burr wes - ompnets o to

atmrmit p1 untcd ct ttiunv an nbsand alltei ielatos~i.sflrt dionalvz rable een hesm
antiser ( -i discuu crmi esplsits brandion dscowedeto a oitlinae of 1wa us as l hua t havt e similor chriofiltate-

andtiilv h'arendt Ciiuee -h coplc ha p(tu etic habso not pset - ine, texplored

Nirneiniu wandTo stil coti n othe tointheriaino seend iiiths itakae.Notneosi i f tihe dand i ftand e rotedins beyod
dit kckut [lned i honiie )t statelu-1,1' peicaks e u-ltc'di eic kir biolacetate buffer l,, Tis depaof itae

f' peak 4 oiaielalo th"01-0 VA (I .A-l I activwith, and rate aplirtuiuai eoisetaioue et arlier. This isateial ofule not

P-PA 1I I roatigen ,\( nunyist asilj ilethaltorat onlyl \%1; ale ratie eli uted ')I diiresv dia luuuler con uentrtios to tos
cuiliisue ad wit \ peal4I)ic -tousleitrbandon disc shoedrone or Ioxuariegp o4o bot, hot u co mld ar renion iath-

dillauod blandwth tpr-erakrniorousoidP i uI: Naitt bll Tis -)rmcute bin~ r is~u adi lwar tha twie

conild be reiioked h)-. (liluitioli aiid passageii through the' the( art-a of the( others and represented at least 40' 1of
sunri ci~ulnin s~t!,um . Whci u this pe-ak wast- chruitnto- tIt(- prutenj) oif siti ples of LTR. erude filtrate, or diahysis
Lrasptied ou i titU Ij - )L A cullidsose columi n, the LF1 lit tiltraitcTe tIu- uibstance existed bo0th iii a dial\yzable fornl
jIr(xlvilct eiitt-d b\ il -1 bolther tzase a iilt itilltig'11 hanid auuid ill at St'tjulei of ti L~gagttt5 ilp to visibleh precipitates
\%ithu biurrto or tahbihu ansti'eriu and( (kus electrophutresi.s of' in UiR o~r liltrotes hue protein coiuplvx was nonanti-

tt-traictionu sbtus-d (tll* timtzu hand and t \lA Heirut- uvu-uuc ind huiolwe catli\lninctive showed at stro-)i ultra-

i.ae cotmin I i [thc-r anak,ix 'isId piirit\ hAs not oh-it abuhrptisuuu at 2,t~i img. had anl isoelectric point at
bos: c~ii ticileuc fi1 1 8, andi~ (lisot$atlcl into it fret' clitomtophiore irrooj)

lThe clutiuti~~pin uitinxl described was. Also ando free , jpcipjrutt'ilu below1 that p1-fj
alykpbic~u to toxic whole cuaude, culture filtr-ate, The This unateuial seuuied to tIl made upl of 1 irotici-botiiid
tiltraw \%was diluited i :() %wih (his;tillt'( %%a~ter annlaple initrinie(li~ttts of iiseIuniu fun-med lin clthure filtrates,
i)till thu ini Fumuu~lractitons xst're eluitu front tinl cohunon dials is filtraute,. and ITK h on stauidwui .-\hkaline liv.-
Itsiii th le stnic ullr Jitiriumui anud \%ere- evAluated In thle (rlu-O! Is of ia 1l- 1 R cldvd anl ctlier-soluuble coitipotind
ttiuuistItitutiln ictll (h'scuih:-d xs iti stronig 11htraxiuilct absortptioni at _,6o umit which

Fivnre -, 1ai clsroiimiovTam of ii lite~r of crude hiltrate tuirud pink oii oxidation ind %%,s Aidetical with the(
' ihtre %%crt' striking! sinularitivto if)( tIe R 141-Aphu Thew jurul oairsutic acid t~irs reported h,. Chiao et all (it.
hia~i ,tu pokmtide si aý wen liti peak 1 Ohe largev 1xak T, nui dilixdro~ilitisoue is Iprohabh~h the prtcurisor for the-

ciutuiiuuud I' PA , anid the lari.e peak (I eo01iuuaiuu I--.,Ill mi-huninl It t-ruseldlawes

L~i.t~ec'sru .lo .g~ihcnu dl'ricuv A i -. d Ab -ru~ut~ n ,F, L~X. %Olw.. i, ,a oluliiiotft con-
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(Aminant Inl coluimn fractions, is in a highly kinectic oxi- mecet the staadard critria of pmi Ltv Tile EF-1 has been!
dation-reduction state. is higiii% acidic, readily polv-- recorded unu quialitatively In this prcscntatioi1 . A :similar
inertzcs, and comtbines strongly with amine groups and q¶uantitativc analysis for this substance 1), chroillatotz-
cellutlase. Its relationship to or effects utpon other pro.- raphx- reqliirf's a more pruccise hioas~~iy proceduire.
teii.s inl thle toxic. filtrates are as vet unknow-n. Since thle Free -hirognophore groups, sell inl the dialysis filtrate,
chroinagen or its chroinophore group was shown it-o 1w mav be iynthesized inl excess of thle protein moiety of the
capable of Ca4 ý chelation, this substance mnav be re- chroitnogen compoinent, Since (tile clhiomagen and its

sponsible far tile ultraviolet absorbing, chckating ae- chroniopluire are activelyv a~greýainmg sulbstace-s-, they
tivits in EF-i preoaretions described bv Stanllev and Inay act as absorpfition ceniters, for other proteinls anld this
Smith (14).- Capablilitv nav accolunt for chroniagen contamination1 III

Thec application of the chronnatoaraphic procedurwe to chroinatographie fractions Tltne Iinluence of Chromiagen
studies of the kinetics of toxigenesis has been initiated Ilpon thle physicnrlchiical fichavior of those proteins- is

onlyý rcccentlv, the results are still vcry preliminar%. anut ko
Single chroinatogranis of 12-, 1&-, and 4 8-hir viulture The prvsence of considerabie aitountts of a basic po~w
filtrates hase been comparedl in peak location, vield, and pepri.-e ill tEse--( cuiltnre fihtrates might contrsibute to
activit% to the stand-fard 24 -hr filtrate chromuatograums- In aZ~rCtgahi0I wvith 0he mnore acidic clizomm-yn or LF-Il I

*the chromatograni of the biologically inactive 12-hr :iýtgeil Wlide flli;i aqgregatw(m mighit comitribtitv to that
culture filtrate, early synthesis of basic' protein, P.4-Il, ofher\ved in iiltracentrifugal fractious (2z), it appareniak
and chroimagen were seen, but no LF-111I was detected. Ut,-S .10i exertI a significant effcct upon culumm fractionls
The chroniatogrt fteflyatv 6h i'-t '- f-au DEFAE-Irellnilosc. The basic protein is readilv di
sentrd a confutsing, butE highly suiggestive and interesting sociated from acidic proteins bN the ion -c-chantyc pro-
picture. Basic protein, PA--Il, and chroinagen bad inl- ceciire
cr~eased inl quantity and a large peak in thle IY-l II area InI none oi thle preparationsqsudie-d has there beni -n ei
was well developed. Howvever, an-zigenic activity was deuce to indicate that the comuponents replsil-fr

found inl other areas of tile graph and tile LF-ll I protein lethality inl the rat exist ais aI suinle chemical vntitý -Pt-
area was biologically inactive in all combinations with prelimiiinar studies oil the kinetics of toxigenesis slticest
PA-I1 from thle saihie preparation or others known to he that thev are sv.mmilve ýzvu at rijtferentt rates in %vitro. 'hue
fully artive. Tile chm-oniatogrzin Of thle nonltoxie 4 8-hir dissociation (if IA2 Ill actiz-1-v front the protein elutech bk
filtrate showed extensive fragmientation of PA-11 with o.m acetate inl v Im troiatovyr, ph'. of I)(311 thrn nunltoxic
isotigenic activity in several peaks. dialssis filtrate- and l tI Itfllv toxic 'el ir ci Lititre filtrawts

To continue meanlitgful studies of kinetics of prodne- Su~ggests a kinetic extracehhimlar tse idsto - Iuid tiltn- pro-
tion, more rapid preparation of larger quantit~cs of the teini peak with full LFIll aeivIt at 14 h11 This ob'.ers a
purified fractions is necessary_ A preliuiinarv irvey of' ton make~s ii teinptitii t) sp-culate that tic( prote~ 21in

application of the chromiatographic procedure to batch serve as an inert carrier for a stmall, toxic hiaptril-1,111
preparations has beeni made. Tile dlrý D EAE-ce'llulose work of' A. j Gahspar uinpublished datao mdt Xl~ltIajr
was stirred in the diluted crude culture filtrate overnight, and .- ltenhlero17 dvitionnmrais'd that sqeparat'- nivp-et0nim4

A column packed with this wmaterial was elnited with the of PA-Il and I:E Ill (within I h fr de~infriiogl 11pon
stepwise sequence of bmdfi'rs. It was found that th iti(- which was ginen firm) wecre fulls lethll Itnr thet r~a 'I'lrun
fractions could be obtained fromt crude filtrates within :30 is tile ugetm.thein, that ti lcme two (cci poTnIX Its act

hr h% this mmethiod In yields coinparable to those obtained st'(Itlitciall¾- rather thian inl coiiillantioluIll 01 thi spvjte"e

with' thet Nt~amidard chroniatograph-v procedure. The ftill Tlet sumi totol (ih all of' the abo\ v olner\ ation' prox idesý

capacities of thle system are still under investigation. bas-l fo a-tk thc loe uit-culato ands m t n.ilt- h\ l ithrs H tIM

lII suimmiuarv, anl efficient preparative columtin cliro- intertwihattoelaeatm hjintiumis

able to UFR. crude filtrates, or batch collection. NYields prt inerric' her'jinnltbr amitiutiah
o8o85 of thle Initial biological activ ity were olkta1 ined tehs fsi atresutm i ultx tsisof~o ~cOmliplatiltle %\1th theilt- bersed (fliferetun e in) rcmomusm to

inl the( fractions, studied The PA-11 and L.F- III fractionus toninhir t 1uieoltstam

prepared 1bx taiis methodl aplieared to lbe purc bN unl- toiil thuk Jvf A I- alm,

11iium1ochietiical analvsis and disc veletroplioresis, bitt 4h es iimt u~.'s~~, Iit NI k<

t 1e11m11sili smlet) d to h rtir analyses in order to K..1d,%mi-J- d\ Ii il~~1 ~ . stii

I BV %ii. F..A\, M. J. TANm.'sk %ND C> it *Imiu.sV .1. 'k4f,';4 Al ( \ki .I 5 it . 111 15 ".5 -- m'. "I I x, t) Rs -
8
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