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Abstract:

The presence of tyrosine residues In the toxic enzyme Molecules elaborated by Clostridiiu
hemolyticum has been established. Conditions for the rapid toxoiding of this toxin by means' of iodine
wore determined. Under these conditions, the tyrosine groups were completely converted to
di-iodo-tyrosine groups as evidenced, by complete abolition of the millon reaction.

Loss of the free tyrosine groups resulted in the destruction of 98.5 of the lecithinase activity of the
original toxin, thus establishing the essen-tiality Of free tyrosine groups, for the lecithinase activity of
this toxin. Moreover, iodine-treated toxin showed a greatly diminished lethal power as evidenced by
animal inoculation tests, but antigenicity Was retained. Rab-bit. antibody to the iodinated antigen
exhibited a definite tendency to cross-react with the untreated antigen.

Therefore unaltered tyrosine as an antigenic determinant appears to be ruled out, while the necessity of
it's presence for the lethality and leci- thinase activity of the toxin molecule is established.
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The presence of twmsim rasiduea 31 the 1:0::;‘,@ anzybza maleeuiea eiah.. .

fa:qafheel. by Gl ,,‘sri@m fi

Jemolytioum has besii gafaa?.liﬁheén C‘»’Qnﬂi‘!sia!m for 'bhé
7epid vozoiding of il toxin by nesns of dodine vemo detomined:. Videy

Fhese gané&iﬁim‘w, ¥he tyrosine groups weiee abmpleﬁe—.’l‘.? canveftéd- o &i&iaééa ”
tyrosite froups as av,iéanead by complete abalmia;n of the M;illm reac'bisﬁe

‘Lq,sa ¢f the froé. mgaine g}mups :e;esumed in tha das‘izmawm of 9805% éf

the fkacithinaaa aefhiﬂ'ﬁy of izha a:v:&gmal imz:i,n, ¥hys ﬁsmbllﬂhin@ tha :a;aasné :
%ialit;,r af Zree ﬁyxasine groups. far the 1eeithmase aétiv;.ty af this vz:e:sino
Mﬁrewar, ipdinewweatﬁd ‘hcxxixx aﬁawaxi a gfeatw ﬂimﬁ.msha& fiatha}, powex" as
evidﬁneaﬁ by animal inogulakion dests, ftm'éz anﬁig&uwity wag ::eﬁaine&, Rgb« ,
bit azrhibm;r to the maixmea antigen exhivited o definibe tendénty 9. c;mss»
fenck wﬁ:ch ‘the uﬂ’bréa‘kaﬁ an‘%igam _ L e o
- wnexefmm unali;gz*ed tyzaosim ag ‘an ant;géaia dshermiﬁam% ax&paaﬁs %é ve
fuled outy whi&e ’Bhe nawssiw oF Jus prosence i"ear the lethality &nd :Léu;b«

?'k'

thigage actwity B the ttm;sin xaaleeﬁule is® astablishec‘i, g
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The. ﬁ'ﬁudy uf . the producks of bacterial m@ﬁa‘halism has be‘:an of s;:gffi-»ﬁ :

gient interest snd imywﬁama;i;q engage- the attentlions of workens fop af

Leaat the lagt -;hai.f-ﬂ@mnw‘é Somé- f‘wa;iﬁig%liﬁd#‘.,qfﬁ e 'j\‘?hafﬁiﬁfﬂ?i nakire 6F

these mtie:csiaslaf hag, Ehg‘sweaztmg: bepy ouly of :m;wifiwmy vacont. Srighh and- -

'''''

fai'ganiﬁm af ’baeiumy hemo@wa;mza (redwa’aar diseass} which was. firs%
catipletely deseribed by Retords and TVawber {84). . .
he ground worlk on this toxin iy Wonbana Yas beéen Sareied. r;ﬂw emef:m
¥y Jasuin (21) sl by Swinglo (570« Tho main pRfort hag boon direchad 4oe:
vapd produeing & afaae:tnai product thab wWould t:dﬁféz» an. immunity 6F %ngéir“
duration than haﬁ px'evﬁ.eusly been. attaine@g Tp b0 ‘pha present fime. stich.
whforks have meb miﬂx :Li%la Busgeshy Ezmbahlm bgeatse of the iLuw tiﬁa&r
of the onliuve i‘ii‘wataﬁ with respect to Lekhal afd &éei’ahim\ae aetiv&tsr@

1% Bas besn redognized Ton sezré time now that. a Jarge degres of puzzi:ﬁ'iaa-e-
tioh a;f the vozic maberial present in the cml%uws ﬁmrates was a mgieal
prerequisite Yo the f‘ur‘mﬁm‘ sﬁuﬁy of" ths mxm, :f.‘mm bntﬁ tm waetiﬁal
an& the theoratical sﬁan&pvims» Recemzly, _such & puzaifiaaﬁ:wm 9muuatw
ing *{z@ apdund a Shousend feici,, has been aauomplisheﬁ (3’? i, The ability
%6 pecure the toxic matsriai in sueh relabively pure form hag paved Phe way

for %he work te be deﬁcsmheﬁ Here. . a ,

. In beief, tbia investigatimn hag eexasistad of an a%amm‘: 'i;e &etezmm@
the presence and essentiality of free fyrosiie residues in this toxis an=
Zyme molepule from the. standpolnd of:

L Lecithinase sotivity
2, isthe) sebivity
3. Anbigetiie ‘ac‘ii ivity
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4. Serological cross reactivity

In view of the generally considered high specificity of 1odine ae a
group reagent under proper conditions and the non-specific or, at least,
uncertain specificity of other cherieal reagents on tyrosine groups (31,
I) It was decided to employ lodine for the study outlined above.

It has been demonstrated (15, 19, 25, 26) that at alkaline pR’s the
oxidative proclivities of iodine are almost completely excluded in favor
of substitution on the aromatic nucleus of the tyrosine residues. The re-

action is considered to be the following:

The entrance of iodine at the ortho-positions is to be expected In
view of the directive influence of the highly reactive hydroxyl group
due to the high electron density of the ortho-positions coupled with the
electrophilic nature of the iodine atom.

The choice of i1odine as a reagent in this study was further mediated
by reason of its rather mild effect on proteins. That is, It does not hy-
drolyze peptide bonds nor disulfide groups of the protein backbone nor does
it usually cause disruption of the original configuration to bring about the
often 1irreversible structural changes known as "‘Aenaturetion** (31).

Thus, the employment of iodine should enable Investigation of the
effects of the alteration of a specific group on the biological activity
of the protein. If, by means of this reagent, the biological activity

could be destroyed or altered, then it should be correct to assume that
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the specific gioup of the protein atbucked by thie preagent was responsible
or played an Important pard in mséa.al;:mg the: adtiviky, "o =

b depsimination of pmc;ﬂely those: groups on & provain ,nmemle reﬁw
pcns;xbl& for it -dispinebive biological effedts gould lead 0 ¢lues ﬁ?nf*@i‘!{é}
,sfemgturq of such protein m;zt@rir;\;s ag ;Viﬂl}ﬁ?ﬁgéharmﬁﬁﬁlﬁ‘g‘ ‘am‘;igé:?is' and,,ia»—
deed, enzynes such Bs the ons: studled ‘héres Howdved, in addition o the
largs theorsbisal interdst ib such mabbersy there are cetbals ﬁpa@k{iéﬁ;};‘t
qpnsmeraﬁmm,- fn the presént sbufy, there 4 ﬁ;iﬁ?giffieg;ﬁiag foz an a@;ggg;pﬁ.
at modification of the undedirablé properties ?:f: this le¢ithihase &0 thet
i% may be employed wi'gh@uﬁhimm % danger meaia;iﬂalxy, Lottoy a5 8 tONGEd oF
vaceine. - The pesults of sudh tréatment on boxing like tebamus snd diphe
théria spesk well i’,%izr;'a,mmp;&s, to employ & siniler means of deborifigapion.
The mbstance wsed for thig r-,;ex':éc_s‘e&qz;a 'ih'?he(ﬁaﬁé’ of thede Toxinsy and dep=
bain th.'herg‘,; has %ze'eg_"i'g:::ggéﬂgéghydm Howevery the ﬁsagg-fomam-aw@ _..g;xgi‘ Lo
detorifying this léeithivade hﬂa'aiwaya reSui%ed : i cofplete Loas’ of an’ni-«-
‘gonie. acmviw. Some’ m:har agen’s anﬁ method oz aécumplishmg “ﬂma ;mfm»
poss was *hhus ixxdiaatefi, and iqdma was ¢hoged For the veasdhs pxev:&oﬁs;.y

glven,
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| tE. mremoRtos N
zn 1959, -?sh& &maase ef catﬂe ancI ﬁheep kmwn as ﬁamllary hemqglea
‘bzmzma ew re&wai:er &meage was fmst x*eaognized in :Mantame. Iiewwez:a ii;
is knqwa that it was prevalan’s 1!1 the im‘&g&ted val:teys af wastem N@V&:ia
and the bardering az’eas af Gamfwma at laam; aizﬁ;y yaars 820, although
there appeazes %n have been some ecnmsion regaming its, diatimtiq:; frqxz_z
amhraxo sz mz. :Logses amoum:mg o 86 per wm in some heraa iz; ther .
'Garsan ‘ﬂ’allay e;:‘c‘ Kﬂﬂ'&c’{a wWere, résponﬁible FoF The ins%im‘swbim mf & ﬁeﬁ.m‘se :
'resaamh pre;jeat a'h the Mveﬁsﬂ.ﬁy mf NWﬁdag xni‘hial pragxzess was sm .
bui; the wcrL :m alaaﬁriéial rama aarmg am aﬂzeﬂ tha fﬁ,pgﬁ wowld Waz: bxwgh%
maw teéhmques appliaaﬁle 1 the prabiams pai&e& hy tb,e ¢xwme ramdms»l
msa m? ﬁhe atialagiaal agam t?f ﬁm.s ﬁiaeaaeq mw e;i:‘gaximm wag gmwng 'bhe _
liaiml s;mpmms m‘a%ﬁsiﬁg i‘mm ihs meﬁabeiism aaﬁalagmm szd :H:s bw&:m '
imlogsr xecm:déa, irascainas m vamms fm)as wexve gwpared, sueh A phemi«
‘kul@d whmm eulwre bae’aerins anﬂ gzzrﬁerinatad nohutaxm 1;;% eu:ktum |
) ‘vacemes (4&330 m*b*ba@ﬂoa Was uanfeweﬂ :f‘m“ :gm*iaeis up to e:l.gm% m@hﬁhm

xxxxx

fomamzed baaizerin which Was’ apparently ﬁffe@t;i,va fe;r abem “ yea:ae \ Tha

11 alrés ¢

abeve maﬁerials were ai“hm ae,emmpanieﬂ zm inﬂ%iz:wn h;sr s::rﬁmneaus :skin 1sas=s

ians ] nam-speeiﬁia proﬁam maaﬁic&ns and even ﬁea#h of the animal. “hé

g

X s

cantse ef death was m‘a always attxibu‘iiahlev ‘M th& ﬁaxin sm@ eharagﬁepig@ :
.k;;;t.c: smptcms wera mis always presenta ) _
, M‘W‘B ’fe‘fem‘ Wﬁi‘k m Mm*bana has t;aen diraataé aleng 'ﬁhs 1ines bf‘ saw ;f

.euz*ing a pux:imed patemf; toxin fm' s*‘audy, Qn:r,y vex*y :eﬁaaxwly has %his gaaéz.:'

Bean xealimé ﬁn amr degnee and, therafm:m tha sﬁﬁdy in tiw ppaaen‘& papeix:
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réprésents the first-known.inyesﬁigatiﬁn 6f the effecﬁ-@f a SQaeifia préﬂ
vedn group xeagﬂnt on the Jethal, . enzymiag and antlgﬁnia ac%£Vxﬁiag of
the puvified tuxinp L

A great déal o WOﬁk has, hmwever: Bden aane on‘%ha ¢iude texih.{ﬁ?};
Sueh‘factora as iﬁg syabmlity ey ghudied; rapia means and nptimal aan&i~
-tiohs rar'assay-Wemé establishad; and attempts W@re maﬂe ts ﬁeveiup ByRs
thetie o aﬁ laaﬁt ﬂﬁamiﬂwéynmhatln media, Iﬁaludﬁa aisa, were aiagularlg
unsuaeessful attempﬁs o obﬁaan purzfi@ﬂ tcmin@ free Qf’nqnwyretain\niﬁreqf
gen, by maans ﬁf fraekianal alcohol yre¢ipiﬁaﬁiana N d&ﬁa, tha mnﬁt ,
-affaaﬁive meaaa af'pnrifiaaﬁion invqlves—pnecipitabioﬂ amplaying ammonium
'%ﬂuifa%& an& nueleic aéid. ‘i’hé impuri‘omea “ko he ﬁ:@éate& in the rasultam |
taxiﬁ pzatein are. chiafly, thenn in&rgania {ammanium sulfata) anﬂ ﬂrganie
{protamine nueiea%e} salts anﬂ certain pmteiusﬁ pratsuses anﬁ papﬁanea

which ave earvisd amaﬁg in thﬁ purificatxon process. >W?w
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I¥, SPATENENT OF PROBLEN :
In tni@ invesﬁiga%i@n B éttempﬁ ms madﬁ ab egtmbeSh Q& ﬂ&*aﬁmﬁnﬁ.A

i? The pﬁesanca and eﬁéentzality of tvwasine groups ﬂ@r ﬁha 1e»hala

leei%hxnﬂspiittimg and antigenia aetivitj bf tha pxotox¢n éiabnvaﬁed~by

the anaerohia spore»forrzng organism closmriaium,bemaLyuzcumg tha etioieg;e
agenﬁ for- reéwater queaqe ef'eatﬁlea - S : "

2. whe e@ﬁdﬁﬁioﬁs ander which.vhis taxln s be iﬁﬂlﬂﬁt&ﬁ wi%h éaﬁa
gnd ranidity wi%hmut a&naturatinn ar the hmghiy Labiie pwoﬁenn méleeule‘

B The effﬁﬂ% of tha sPeaifia yrﬁtein grauﬁ reagﬂn%, iqéiﬁeﬁ ob the
tyrasmne grouys, providea thely preseaaa 18 demansﬁra&aa.; , o

$« Eviﬁanee of the ability ox inability of the ibdin&t&d,texzn o
prpauva on injeeﬁian@ anﬁibﬁéi@& “which woulé eréss*rQQC% with‘@ha érigxnaﬁ
ﬁmaiterea %oxie pratein mnlecule» élsﬁ t&e nroﬂﬁe$iaﬁ of an an%igan Whméh .

woulﬁ eanfar A mbre 1&&?1@@ immuﬂity.
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, Ve BXPERIVENTAL
Ko matemais ';anﬂ Rafa*gjem;;s
1. Iodination Htuaias N
.- Dry pupified :z:exm prepamti,ons (sv)
3. - Poxin E¥S ITL 235 eomfaining 28.,5 mn/mge
2. Roxin KFS 11x 248 zr.cm.a}‘;y;;zg ‘5475 MED/siggs
B, 'Powin KFS III 280 conbaining 75.0 MLD/me.
bo Purified tozin solutions |

These spmtmg weuee made up frem time 'to %im& wi%&z

isstitted wator. THe D Vas adjusted fo b = 7.6 and thiey were thoi plaeed

in ember bottles and stored in the rsfr,igezratﬁm
G qoneantrateé stock Jodine fseluﬁioxl N ,
200 ml. of 0.1 N z*esubli;mad lodine in 0.5 N pb‘ﬁaﬁsium
iédid@ Wete made up and stored in an. amber bo%le ab z'aam %emperamme o
| 4, &eﬁtsemzzated stoék aeamm %hiosuli’afsa som*hiun & " ’
209 ml of 0.2 N sodiun thiesawate sulu'bﬁ.m wsx'e maaé_
up with freshly boiled Waﬁer and preserved with 0.2 g, of godium carbonate.
8. Stareh inaiea%ar solutio |
o & 1 per gent solutiod of so;Lubm shapeh was prapareét
and & per eent boplg m:m added as & greaarvamva¢
B. Geperal Reagents y
8 Millon's tyrosine reagent |
b. Iugg's tymsizzaatmwphane reagsmi (5)
Bo mehinéxsa iﬁhibwim @xperimema
go Togeyolk substyabe (5‘7) i
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T
be Isobonie borabe tuffer of the following Gb_mpasiﬁi}“aﬁ’ﬂ": w
0.9% NaCl, 0402 ¥-Cally, 0.) M HyB0; and NeOH o pil 7.4, |
, By Welhods S T SO
| 3. @;ﬁmw@ive best for presence of tyrosine groups in the tcxin |
m#léimiﬁigfl o .
| . A, Mall spai:ulaful of ﬂ:cifaa boxiy, was dissqlved in ahen'is .
. 3 omi. of émmlleﬁ water and two to three drops of Millont®s vedgent adde&.,
?hs aelu?siap, wag heated very. slawly and, ai‘ter sevsral. mixm-heg a, hrig»;hi; yed
Gelom%mn aPQea:ceda ’Zﬂh& ~experdsent wWas repeatsad ﬁw,i.ce: more w:,,th ‘bh*a same
results, thys rastablishinga‘ khe presence of ?5‘311!953‘;1;!&9; in the toxle 13@;1_:&@;;»
LT pna&rémtima, f,i;l'réimaimgg work =v¢a's"ﬁa‘s§£ti-$ri-‘%hé. @éébﬁh@%hgdﬁ présence
of “exposed" fyrdsine: fa&idﬂsa in the to::cm maieeuleg

2, iﬂechmqne of dodination of the ﬂ;vresine groups, ih the *t;oxin

moLeculle, o v o o
| BR8: mg,; of tmcin K%‘S X;’Z 8/!-8 were Weighed Q‘ﬁ‘%i and ;p;Laeed in
‘abouk & kg of waﬁew, ‘Whe*.t*e samm@n waa ‘esaem:zally complei:e,, and. ‘hhe pI:I
. ves a&jasted o ?.@ wi‘bh éi}me ﬁae&,. l:ﬁ.l ml, 6£, 0,08 iq 139 pﬁ '7,4 we:ge:_‘
.ﬁ&ded‘ and the. pH wgs I'eadjuaized ‘he ’?,,4, fﬁhe pﬁ haﬂ a tepéency *ha ﬁalj_
slowly with time and had, to be brmght ﬁo ‘?»é aaaasiavnany *w:tth ﬁmaize Naﬂﬂa}‘. ; |
Addition, of '‘the zadihe R aqumpanieé by, t}xe dav@lopment 'ef ~som$ .tmzbi&ity »
“nd a eha]ky yellgwishﬁbmwn aalmu Ez;aaﬂy te;a minu'gas WIS . anmma mr A ,' '
m;txaams of iodine imi:» *ﬁhe grihd-positions of the typosine resm&,u,es@ Aﬁ '
the end of this mme, 0.5 m, of stamh imwa-m was adﬁe& ami snrfi.ciem

NazSg0s ran fn 6 aempl%ei,y des*&roy the slight excéss af Tree iadineq 'I‘he ‘/

$H was readjusted to Ted, .(;.%t. rase on addition of the fchiogg;fate}., $he
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solution was gansliatively transferred. to o 25 ml. volumetrie i?iasz«:; and
horate Puffer ay pit 7.4 wag added %o the werk. The mixture was then f1}-
bered through . sintersd glass (Gorping U.F,). filter, Filbratigy was ex-
deediz&gly slmv ix\ spi—m of the a&.kaiine 13}19 E!Ei:tere were g fen ,smaiz ix;sbl«i '
Juble par‘tiales ami a qlight tu:ﬁbiﬁiw mggeabine; tha'& txze indin& haﬂ bée )
haw}d_in ga,m'. ag & ppeeipiﬁamﬁ . A quali’gat:i‘ve leqiﬁhinaSe test on & partian,‘
of the uni‘ilterable maﬁetaial smwed thet there was s:;me refsmual aﬂ‘kivity.

:z*he mxin whigh pzass-;ed *bhe mmm was & hg,mw‘brmm aléﬁr ;xquid« L

Th&s mterial waa transfemea a$ept1aa13.y to a sterile sorum bottle, ﬁtte& "'
w:tti,x f ﬁzeria,-e ruhhar se:pum—»bss%le. eap, and p}.at,}.eﬁ in she ﬁefg;gga?aﬁaz‘,, o
‘I}his maamtmn was, ;Labelleﬁ Salutian II, e N
B, @amenstratim of uptaka of: ioﬁmé by tha toxie pr::s‘aeino L
ini‘;;i,al axpemments aésig;ne& ‘tﬁ ahow & less of i‘rae maﬂw izz.
2 ayst«am eantainmg, ;m addition tt.p ime fsxee iﬁ&ina, *she 'ism»ia lﬁf&i‘bhiﬁatﬂ%
gave exhremely variable vesulis, The boxis salutiozz was ﬁilwse:d to the 3
'%‘D/ﬂ'&l, lﬁvel.' 53.,& ke, of Q o1 N mt‘iine wers alloweﬁ, ‘Ea rea@% wi’ch 10 ml'
. of the %axin aa:m'bion at room temparatu:ces £ox a pemimd af“ ten mmtew) ,,ﬂ*b
“'I""‘bh& en& af ’qhe time alloﬂe&, izhe exeess zsd:;na was ﬁitrated with G aezg hog
%hiasu&fatéq ﬂzawevem as statezcl, tha resul‘ﬁs wera erra#ie. m i %ha::eu
_' a?ara fe:uz thad . tha inabiJ m tm demmmtmte g.mmlusively ;ﬁadim uzmake b;y‘
the pm%em m:.ght have bee;z aue in part ‘tm fshe ralatmely mall amémm ai’
pr‘otega& employad m 0‘? g - pmtxein per zsz:t },( a6 tha'a ’éha Aimis ﬂf aceuraey
of the methmd w:ﬁ' ti’aratian weax*e& exceedea, Acéormngiy 8 mueh m@ﬁa co:m%w
trated tomn salu*bmn was useé’; ir& the’ follsmng wam; . |

Tn this a’oteinpt; a ﬁaxin salntian eon%aming 44 mg* tbxic pmtem pe:f
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#l. of solution was-erployed. The zesults sve shown in Table ¥..

:‘Tﬁhié-i 

Uptake of Todiné by ‘the Toxie Prgiein

Toxin Todine® added Thiosulfabe™ added o

e e it D BAkEbe ekdess dodine
mg‘)o ‘ ' 2 N . R g ml.'g t, . ] - . ". ' mlpn . . K
o ' "77’9- : .. . " ) 39#3,-31,
10 | sy .. 86.25
BRI “’“:.;f ey e P Tiee
& 05,0082 N, ’ - :

Thésé results are the averagas B ﬁhree detezmmnatiﬁnse ‘
‘xa thevd: thigls ihere was, aftam several mxnutas, = very'naﬁiaeahla ae«
greape in. the 1n£ensiﬁy Qf the yelléw;$h~arange zo&iga coloratién in thqéé
ﬁlasks aontalnxng.uhe enayme, anﬁ a markea deewamse after tan miﬁuvesg in»l“
dmcaﬁing doss. of free 1ed1ne fron splublen, . This iﬁteresﬁxng r&ault was
bvorhe oul in the caumse of uh@‘yhlﬁsulf&tﬁ bitpations, That %yrdsxﬁa gndmgs
were invo&ve& in the dissppearance of free iodlne was dam@nstrate& by the
'eempleta mmabilmﬁy‘szﬁga:igﬁinaﬁed,grate}p‘hﬁ fapnish a posibive M;llqa'
Feachion, whﬁr&aﬁ ?hg gnﬁreétéa\tdkinfpraaﬁeed aR“éxeelién$ té$ﬁ fort tyﬁém‘«
gine with vhis reagants | ( - . o , “\:{y_
4, Analybtical iesus 707 lea;thznﬁse afuer iadmn&tman¢ Bexcéamu* )
‘age inaat;Vat;an 0f 1euxthin35@ by aad&nea L . '_
Enivial experzmenﬁs designe& $p. eahimaﬁa the amount of .
residual énayme~acﬁlvzty of the 1odmnateﬁ taxin; de»xgnaﬁeﬁ 5s&utian Elw
im&ieaﬁed tha% same aaixyity did rfemsin ana vhat iﬁ was only 4 SM@EE frae».

vien of the originel. It furbher'pcovldﬁé iﬁférmatien as te'ﬁhe regien ig

?




5,
“y

which =2 quasﬁzi‘ta?iﬁ lecithinase determination might profitably be ruh. o

Aecordingly, the fbllowing ;gmaeduré was ﬁﬁi‘l“iéd oubs’ & mls of Stblutiem .

I:E were diluhed Li6; and each of mmee di}.‘at}icmﬁ of this solutfon was .
apsayed in triplicafe, Whe resnlts ave reporded in Table FI. Since ti_m;é
avreragé number of FLDis in L md 01-’1?6 df’ﬁl‘gﬂzv;‘m'aﬂ' Sﬁlut;im‘i.iﬁgﬁ ws‘rvasv‘}l-'qz,z_{;
2 & ml. aliquot, pepredenting 1 pl. of the ea;wgm;,m‘jat?a gzsgmav%wm; chﬁ%‘_’:

tafns 6 x 1.88 = 7,52 MLD. Sings the toxin solupion prior 46 iodination
BYO % BB '

contalingd Wé-g-»-w—m‘ 511 Mﬂ/mlw ‘e ‘
per oent inaptivation m]i’(?ﬂ" o228 4 1,‘95 z 98.5

,,Aum@ugn the extent of 1haatiﬂratian af l@cithinasa Was ﬁsgﬁ pez,* aenm m;

gannot be sta‘ted w:!,th aex-%amty ‘bha'b it was dua axclusi‘?e&y i:o the iodinde
tion pmaess alone. ‘ | N
B, Time study ¢f the ei’f&eﬁ of i&aéine zm s.eeithinaae aativs.ty,
$inoe ;i{: geemeﬂ aﬂvﬂ,sable o estabmah ﬁhe mil&ésﬁ aazx«un

tiong ‘under whieh the -to;s:ie anzwne eoul‘d bez inactivatedg 'Bhe effea'& of

. time of contmet of the boxin with & gived zmx'ma,li%y of i.éﬁme oh the lébie

thinase agbivity was a‘suéliaap N : . ‘ .

)

.. 10 mg. of boxin KPS IIX 395 conﬁammg aa.,s mn/mg. were aiases.wa in "

142,85 ml. of distzllea water and the pH aﬂﬁua‘bec‘l to v,qe - ?,6 wﬁsth sa'g’ezfai
drops of ditube Wa0H» ?he :pc%ency, theréﬁere, was ax*ound 2 mm/mlg f::‘o

5 ale partians af i:his sb&u‘bion a aansﬁam amcmﬁﬁ (0,1 ) #f 0o d :io» ,

\ %t

‘ dfne was addbd, and, amer varyizzg bine imervals,, xa&wee‘f w;t%h e}im‘he

{0.0068 W) sodium thiosn}.fate uaing starch indicetor 46 éeﬁsmmine the en&c»-

poibt, 2 ml. sliguots of %he mizture Were then ;;amavea and analyzéa fass -

ieaivhinase, Whe Fesmlts xawe, shewn in mguzﬁ‘? by where Bine ‘a,:@ I‘ngx?aé‘&\:mﬁhl |
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Table 11

Determination of Residual Lecithinase Activity
in Toxin Solution Il

Optical
Tube Toxin Buffer Substrate Density X 10 MLD/mI .
ml. ml . ml .
0 0 5 5 _
[ 2 n 7.30 *
2 F Li r 7.20 *
3 IF IF (& 7.40 *
4 2 3 # 6.80 +
5 IF L if 6.70 *
6 W I ] 6.82 *
7 [ 4 r 5.00 1.18
8 * « W 5.20 1.24
9 I ﬁ W 5.20 1.24
Substrate J. L. C. 6/13/49 Average 1.22
Buffer E. T. P. 6/7/49
Temp. 37° 0.

All readings were made on a Lumetron photoelectric colorimeter equipped

with a 650 mu filter. Toxin and substrate were incubated for twenty min-

utes before reading.

oOptical density readings above 6.2 lie beyond the useful range of the

standard curve
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Time of Contact of Toxin with lodine (minutes)

Effect of time of contact of toxin with

iodine on lecithin-

The ordinate values represent the turbidity produced in
twenty minutes$ and are read as optical density.
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dodine is plotted ageinst optical demsity of t@erégzmees&hsﬁraizé- Iixtur,
It may be geen that the iodine rapidly inhibits. the 'ability of the toxic

engyme to cleave ite substrabe {eaE=yoll lecithin) ‘into the febly dcid -
"gig@yceﬁﬂe mirbure respopsidble Lor the turbidity by which the rate of the

reachlon is measured, Tt wag &i,gedvergd'in a sepavate expériment thay
teither vhiosulfate nor gterch inhibited the Iecitbinase reactjony thus,
he lmnibition represented cah be dus only to jodine, Theb it wes hol -
detually 100 per dént complete éven with 0.1 N ;igaimk‘,ﬁ@ three ?ﬂi&u‘*‘iﬁ%ﬁﬂf_; |
longer (as might be inferved from Figure 1) should pei‘haps be men%ianééﬁi, : .
This curve is fkhge result pf the standavd assay pwaeaﬁre, anctmﬁing %6 wh:i,ch

turbidlity measurements aa:a mada aftezr an amzyme-waubawata inﬁubaﬁmn zgeris:d

of ‘twenty mipubés.. Thys, *burbiélimem'm &Mﬁix‘mina‘biens made afber an im' '}a
betion period of twenty~one hours revealed thak svme Mresidualr 1ee;$h1gw

#gge wag appamz;tly present.

P NP |

6o mnimal ameunt of iodine Yo imaetiwize mciﬁhinasm

......

@atazmmaman ef the mildeaﬁ acpditiﬁxxgs fa‘r p,adina%&xx ;mw '

yolved an examinaﬁim oF the minimal quamsiw c:t? icmizza whmh in 8 gﬁven

shnrt ;im:erval of ts.me, ‘wot’zld abo;t,;ush lecwmnaae aci;mn in térhsg agam,

o¥f the atan&ard assay pﬁsasﬁurew i . ‘ .
5 ml., portlens ca:? fhoxin Eﬁ‘s IXI E:ﬁﬁ, mmﬁaining 8 m;a/m::.w as beff&m,

we:;e placva& in a seriea of ‘hubesq 1{?&111@ Salu*aiens af gm&eﬁ nwmaii*eiaﬁ
{o.1 - o,owae R) and at pH 75% = T a were aaaea % the ﬁizbes and the

axaess free :Lc&ina reduced exacﬂy ‘aan mimrbes after aﬂditien by xaaans "

of a i’ew d:.*e;)s of 0.8 N thiasulfate, 2 al, aliquots fmm éa@h tubé wem
~a&mbmad wii;h & uil. of borate bufﬁ’aﬁ {pl 7. 4),, 5 mg\af egg subswaﬁ;é adﬁeé '
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Table 111

Effect of Decreasing lodine Concentration
on the Leclthlnase Reaction

Normality of lodine Optical Density .
20 Mn . I hour 5 hours 40 hours
(std.)
0.0 (control) 6.90 7.50 7.50 7.50
0.1 0.00 1.36
0.08 0.00 2.03
0.06 0.00 2.45
0.04 0.00 3.00
0.02 0.00
0.009 0.00
0.007 0.00
0.005 0.00
0.003 0.00 1.03
0.002 0.05 1.12 1.76
0.001 0.10 1.45 2.36
0.0009 0.28 2.45
0.0008 0.65
0.0007 0.75
0.0006 1.02
0.0005 1.25 3.78
0.0004 1.86 4.90
0.0002 2.50 6.40
0.0001 3.82 7.08

0.00009 5.90 7.60
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and the mixture assayed for lecithinese, The analybieal resulfs ave shown
m Table ITI. In the table, ‘b‘iiéa- 20 minute assay I.i‘estxl%ﬁ gover fle @ri:bi;i:e '—
range of jodine cancen’arationsg whi:!.e bhase assays siade aftor :.n,enbaméa j.’
- Of enzyme-gubstrate for l, 95, and 40 hcmzfs weye aeleaﬁed go as 6 :mﬁiqate |
§lmply the trend at these :La‘aer parmétsa Z*b gy be :mtined *Bha‘t in ne cage
was the iacitha.nasa reaction of the isdimeﬁreateﬁ taxin as rapa.elly goi=
1@1;3& as that 4f tha naw—imdmatea sonbrpl - wi‘t:h the ohe excéption iu -
uhich 9393969,3“3 jodine was employeds An in‘beresti;;g, sltuation was upsem’fe.,é’t
in the fubes containing toxin s’oiﬁﬁ,cms ﬁ;ﬁeatéﬁ_, with less than 0,0005 ¥
doging. In these bubes, after bem mimutes, there was mo develepment of -
l?;‘m.e éoloration upon the ;ﬂdiﬁién of .ata‘rﬁ_h,‘ #.‘ndi.aator‘..: I% “v\vm’;l&’ thus a;:pééf :
that all off the imﬁﬁe’ addéd had been taken up by the toxin. This faei; : |
was the basis for the eshablishment of 1 ral» of 6&005 N ic&ine &y mm
1ea$‘u ameunt, of ioding which 18 ten mimztes time completely dodinaved all
of the tyrosine groups of the toxin proparation employed. Tigare # shows
the masner in which the enzyme achivity responded %o inevements in loding
ﬂﬂn@eﬂtrﬁ%;@nn . . . o . o n I T R N
7. Bouss tests of lethal action 6f boxin after lodine treatnent,
Hature, ubite, inbred mice weighing 20 - 26 gvems wers Ysed
in 2ll téste of the lathalifay_ of j;he ig{diﬁa‘%ﬁi it‘ss)xgmj_” si;gari;a gilagg?;p:i’sj f:_ag"
fiwo seperate lodinnbed toxin p'rapamat&mﬁ were riadd ih the following mantiers
Small samples qi‘ the sterile conaan%mted wﬂo»-“baxin webe withdrawn
from the serum-bothle with sherile syringes am %raus:’emed to several
sterils serun b‘att‘;:es\g, Te ‘?;h,e‘sa samples, steriiﬁ %ﬁﬁ‘hﬁhic bgrgté :b&iffelj
was added in sufficient amount to yield dilubions of the concénitrabed ma-

L
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terial of 28.5, 24, 16, 8, 4y and 2 MLD/mi. The mice were inﬂented &nﬁraw, :

Vemeuﬁiy (eauﬁa,l Vein) wiﬁh 6.8 ml. of this Jma‘beria:}. acaqr&:ing to the se&mme

Al

shown ;ln E’ame Iva o o ] N

ALY miea snwi?ed » inclmiing those imculatea mﬁ:ﬁ # desage ni‘ ﬁm:iiz

whioh ba;t‘ure i@dinati;m wo&:ﬁﬁ bave been eufﬁci,mri: im Mll 2895 mieéu
‘?ha’a buﬁh e ;ethal and 1eeithinase aétiwgiﬁias of this tgxin ave

dSpenden’b upcm the presence czf fres byrosine gmups would thus seen to ba

ig&_igg*\&gé, ,g‘»ug:a, cyrresporidence between the o aafaﬁ,ﬂﬁigs had alreaay

~ been noted elsewhore (‘2113 bk was based on c@@ha’r ewiémen _

8, Teehnique and goupsé of rabbit inoculationao

An aaaezex-atad program of rabbrb inoemlatiaas waa ini.ts.ateﬂ ‘

ia an awamm w bu:&lﬁ up a8 xa;pzi.d.w a8 pasgihle :z:abbit imnﬁxy o tha

iodoetoxin, W}aile it waulc‘t have ‘baen, desiraw.@ to ampluy save::a,}, angmals :
1n an sndazavar t.e ﬂeme:xstmi.a an anbibody ta l@cithia,asaﬁ %he uss of dn},y -

ong was canﬁitiaﬂea by ﬁha nwnmawilahxlity é:f mmra “bham 8 faw hunama A

Ly

mi,lligmmsa Qf the puri:ﬁ‘ieﬂ “bome ma*hemah ?hemﬁ‘ore & amglm Whﬁ;ea
fale rab‘bit weighmg abouy .‘3290 gx'ams was selec'i;ed for the mdaulationso‘

m.x in,jeati@as wepe made suhnu%meously usisxg a 21 gauge neeﬂz,en ';f,’he o=

' &ma-i;ea bhxin mepaz*atim uaed {samtibsz £} aaﬁtameﬁ appmxima%ely 53.0

mg/m;. or 14.8 mg. px'cmem/mh E*ah;!.e ¥ egived tha complete scheﬁule éf‘ ‘

inzeq%iazas, The final mgectien of 2650 MEDte wmxld have beea suff&eienﬁ&'

had i% not heen ﬁ‘raated,? .13 have killed ab leahﬁ; tienby normal :;‘abhﬁ:s af
tey, ; ) .

the sae age and welghi,: l ‘
8o Tasi'us for presence of anbil eaithinasa ih the serum ei‘ ‘i:he

injeebed rabblb.
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Table 1V

Mouse Tests of Lethal Power of lodo-leclthlnase

Solution *MLD*s/0.5 ml.  Solution Froteln/o.5 ml. Result
Injected Injected
ml . mg-
1A 1.0 0.5 0.035 Survived
IB 2.0 0.5 0.07 ft
10 4.0 0.5 0.14 I
ID 8.0 0.5 0.28 W
IB 16.0 0.5 0.56 H
I 24.0 0.5 0.84 W
| 28.5 0.5 1.00 H
11A 25.5 0.5 0.74 w

*MLD - The least amount of untreated toxin Killing within 24 hours all mice
Injected. The tabulated values refer to the lethality of the toxin
before lodInatlon.



Days

1st

5th

9th

13th

16th

19th

22nd

Totals

* These values refer to mouse ULD"s before

Soln. 11
Injected
ml.
1.0
1.5
2.0
2.5
3.0
3.5

5.0

18.5

& 23 @

Table 7

Schedule of Inoculations
for Production of Rabbit Antileclthinase

MLD*8*
Injected

510

766

1020

1275

1530

1785

2550

9435

Protein
Injected

mg.
14.8

22.2

29.6

37.0

44 .4

51.8

74.0

273.8

lodInatlon

Symptoms

moderate anorexia,
lethargy

slight anorexia,
lethargy

none

none

none

none

none
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A% yeguler Inbervald, usually on the eams days a8 ‘g zeahbit
sharp saaz-pel,' fislze margivnal ear v:einq This prgve& a rapiﬁ and " efﬁfc‘eetive :
Hieatis  foir ob‘aaining nan-hamalyzad soT8. After _se,paxaaﬁ,,inggt»\ha serunt ?;r:ggncs |
ﬁ:i.fugat;ian, severdl drops of chiproform wewe added and the sorui samgl?

. plagwd in the refr&géra’aqf 't‘:in?;-_i&, asaay“ed o i,'l‘iie, assa;"rs' were .'iimamably’ ij@”.
Pormeéd within 24 hours of the time he blood was d::awn,) o ‘ ' " B
.. Anyilecithinase determinations were @arriaé but aeeordingi o the i‘allcmw
thg procedares . . RN o
 Berum was :piaéed in matiched Lumebron. tubes in gvaﬂeé amouits’ :t« .E}i mle
- G,s Iﬂl.) and exactly oxe mJ;, of purified tox z,n golutien, pH ?.4, aoxxw -
Jan.mng abeut 2 m.za/m:t.,, added, . Sufficient bm; she buffaz* wag rup in o bx*ing
the volume bo 5 :pig The ﬁoxinwsammnbuﬂfexf mi:cmwe was then zinenbai;ed fm:‘
B0 méaxiﬁes a‘& 23‘?9 A’s "ﬁha end’ ef thws Jbima,; 5 Iﬁla of egg substrate vxfe:ce |
added Yo emch “ube: an& the assay pﬁ%rfwmeﬁ m the Hsual manHer.” Gongrol
tubes {ng raerum} were glsp -g.‘ug af the 2 MED and 1 WD levéls. The mmber
Q}E ‘mitiilivers of ée,mm réquired Yo redioe the 1&61‘#&«&@3@ value from -ma'
2 M3 to the 3. VLB level Was ‘hhen &e‘bax'minéé_ for each ﬁf the se;mm pre»
parations, Tu a- sepayate esperinent, i‘b wag. found that ehloyoLors, in 'bha:‘
alisuny s emplayéa For scérum preservatmm haa 1o iahmbiﬂary aﬁea‘b b ﬁb\a a
g.eaﬂ.%{ginasa ITG&G’&-},ﬁns & gyapg‘ glusi;rative of the -mcrease in anti’aex:i,;x
%iw:e with Bige ig shomn in Flegare 8. In m‘&ap %o %ﬁka inﬁa emaié&ramm '
pessihle ohange iﬁ the atm:ka (2 m,xa/miq} toxin aamiaiw used ﬁﬁ the antiw
locithinase agsays,, $he 2 D an@ X MED gp&nﬁg oo thé 4ssay Curves Weré g«

peblished for soth new sérum prepavation aspayed.
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2 10

I MLD

22nd day 6th day

Milliliters of Immune berum Added

Figure 3. Antilecithlnase titer of Sera obtained on different days of
immunization. The ordinate values represent the turbidity produced in
twenty minutes, and are read as optical density.
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Milliliters of Serum

Time 1in Days

Figure 4. Antilecitbinase titer vs. time of iImmunization. The titer
is expressed in terms of milliliters of serum to reduce the activity of
2 MD toxin to I MD.
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':,nocuia’qiens descri‘bed 1n ‘I‘able Voo o - Lo e

$o' fodine nptake,

> &7 -
Fignre 4. indicates. the overall veswlts obtained from the -eouise of -

.

My I Betimation of total tyrosine «p:i‘ the- ﬁaxiﬁ and itg rela’siozg

-Daying the sourse of this investigebion, it appeaged *a}:x:a% a
&etermnamm of- 'ﬁhﬁ tobal tyrosine prasént fn ’ahe pumfiéa %oxm prepara»
%ion ‘might ;yiém tabetesbing thedrebical resui,ts ¥ parm‘.buiaztly it s Pélaw -
‘;;im,;s}u;:ﬂ could be established with the iodime uptakg of =z sgmplﬁ inthg
$ame prepavation. Under the conditions of iﬁ&iﬁﬂ@n smployed hepe, 3%
’shaulﬁ be expeqtéd that bue ;ma’mea of i0ding weuld disappear £or every méléf,:
bf tyrosine pmse;ai; in we praparatmm, . - )

Acwrﬂinglm Blmk and ‘Bollings iﬁ) mﬁdificatien of Luegg*s prceeaura
(3'7) for the detarmiﬂation éf Mtfﬁ. ty#ﬁeﬁm& wag ohployed; ﬁfith slﬁagh'b :
variatians, f.‘c:z‘ th@ es’sma’aian of ﬁyrosme, ‘I‘he :ceagenks nsa@ W&we made
up exae*tly 8s descx*i‘bezi by these atﬁshars, excsp*& i'er omissien of thé ccler

Peagent whieh ;m nei; requimed ft:rr ﬁymaim de*samina’simsg E

A shanderd tymsima solution was prepared by weighing out 25 ngi ’t;v:ma o
'aine, issolvang in % mlm of '? W sulphupie aaﬁ,&, and adding distilled watéz'

%¢ the mark in a 359 nilig vommﬁria flask (O mg/ml),y

“Phrés ﬁﬁ ngy samplés of voxin K’FE 135 250 {75 mn/mg,) were Wei@haa,
in‘t.a miemwtesfu tubes: {5 ml I and hydrelyze& with 0,65 mil. ﬂf 5N NaOH i:n
an. ail bath at nawmﬁ@ *fw B heau:azs's° M‘tev hyﬁz:alyaiw i3 m. i ‘? w Wlm
pm;x»ic aetia way added to éaa;zh sampla} the mixt&rea bransfarxe& o “15 mm.
aentrifuga tubgs and waber adﬁeﬁ to the 3,9 k. 18?@3.. A'Sma,l;.t- axg;az;nk g;f," _
Supers-celn (EtbhﬂS#Mﬁtﬂ'?ﬁii@-e.) -was mixed in and the tubes senbrifuged a éhgzjﬁ




- 8B - |
lvbima %o thyow doww mm gal—éuke salidag ‘I‘hree aliquots, ﬂmx‘ézaimﬁg abou{;
0,3 ~ 0.6 mg., ’i}"ﬁ‘osin@ eaﬁhu wex'e rem&aved ﬁ‘mm eaen ”t:ube., ‘ (Tkx@ aasumptian
ws made *aha*u the w:mitz pre‘bain aantamed 5 i:e:a cént isy;méiﬁa, whaggg‘gm, '
i.n 16 nﬁ, them w:mld ’oeﬁ 495 % 59 E 1.,5 mgq w:tmsinea ‘ , | .

| The mei;hod emp’*oyaa fmm ﬁms paixﬂx en wes essen'b:laily 'Bha'b oi‘ Iﬁiaaka
an. amepnim waﬁ the allcmame af teﬁ mimz%s, rafshw %hmz f@vggg for Qelﬁr
ﬁs‘vrelepmeni; afte:e a&&i’a‘iaﬂ af the saéi‘um xzﬁ.*brim veagent !I?h:t.s gem: auffiw
aien% tima far maai:pulatiea (‘Bremsfaz* of & 19 mz.a a‘iiquat o Lumtzﬂm m‘beép
wammgg mading# %m) ami M; waa ff;;tzm} that i:ﬁe eelem dm Bok ehang@ ia
lnteasiw ovex the additional i‘.we mztmta perieéo | o '5

' Tha sﬁaﬁdarﬁ eurve was p::eiaamé by qarmy*ﬁg the knom ﬁymsim ﬂaluw
thots thwugh exaqﬁl‘y' the semo precedura as oy the imlsmwm Wiish hg a:as :
_aaxﬂzicn af ‘hhe hyﬂrﬂw&s si:ep., ‘;i‘he ﬁaw aw plm%ed m ﬁ'i@m‘é 5. &’ablef
V1 gives the ex;pez'me.ntal v‘a;Lues ebﬁaizm& an the uﬂknam sampiam o _

‘ ;!;1: ‘was I’qund ﬁhat the pementage Lymmm in %nis tmzm préparatién Was
2.8, A ammpamsau of -bhe psraantaga nf wrmsma with i:he up*ba}ssa pf &odiﬁa
e g 'bh,en a%empﬁed, E}m amount. éf ia&im i;akeu up hr,r fw mg? oﬁ‘ ‘bm:ia M‘a
13T 260 has a&raaﬁy beexx amcusse& in z’m ﬁ ei* khe axgerimental swﬁinng
am was rounﬁ 1::;: 'bﬁ 2»&‘? % l,ﬁe; mi., af ﬂmos X ;[caamﬁq The feimwmg dals
eu:tatians were -aherefnra maﬁa wif:h the daﬁa furnishéd by ’tme e exye’vﬁ,menﬁs
deﬁcrlhed~ . s

A ‘M@lﬁa ar iodine x*équireﬁ fer aemp:!,e%e ie&maﬁwn af 1‘3 fi%0. ﬁamm

13

Péx« eéxﬂ; tyrusiua ' CoE a«a B
gregs % per 16 mg. toxlp F0.88 x 1@"’5 ‘ :w&"
Toles - " e 10 mgs hoxin % 0o28 x 107 F 1.4 ?ﬁl‘.}fé

- 8,182 % 10
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S a,naine m ot m@w' e e ey
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Bouivalents iodite- takan u}; % 2:96 % ,@as x,m"‘ﬁ % 1,}436 % mvﬁ :
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Figure 5. Standard Tyrosine Curve. Readings were taken on a "Lumetron™

photoelectric colorimeter using a 520 mu filter.



Table TL

Summary of Experimental Talues and Derived Date

for the Determination of Tyrosine on Toxin KPS 111 250

Total wt. ) Trans- Trans- Tyrosine Total tyro, Total tyro,

Tube Toxin spl. Toxin/tube mission mission per tube toxin spl. toxin spl.
mg.- mg .- i Log. % mg. mg.- T "
Blank 0 0 100 2.0 0.00 0.00 0.00
la 30.6 0.3 x 30.6 95 1.978 0.23 0.77 2.5
Ib 30.6 9 oY 1.973 0.28 0.93 3.0
le 30.6 n 7 1.973 0.28 0.93 3.0
Ave. 0.26 0.88 2.8
2a 31.8 0.3 x 31.8 94.5 1.975 0.26 0.87 2.7
2b 31.8 L 95 1.978 0.23 0.77 2.4
2c 31.8 m 94.8 1.977 0.24 0.80 2.5
Ave. 0.24 0.81 2.5
3a 30.7 0.3 x 30.7 4.5 1.975 0.26 0.87 2.8
3b 30.7 it 95 1.978 0.23 0.77 2.5
30 30.7 k 93 1.968 0.33 1.11 3.6
Ave. 0.27 0.92 3.0

Average

The values for tyrosine/tube were read from the standard tyrosine curve shown In Figure 5.
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. VI, DISCUSSYON OF RESUERS. o
The imporﬁame of una;lfbex’ea tyrostne Por tné biolagiﬂeal ami’srity w
the Vaaﬁ majcrrity m‘: proteins stuaied has been noted by, ﬁicmtt (51)‘, HW-»
,fa‘ve,r‘,, 1ittls, i any,? noficé hgs_‘bagn p?i.él-”:tkfg reagqns for ﬁ;hgx :kmpq;lﬁang%_( ,'
‘0? thig amine asid iy hormones, -viruses, enuymel and the }i.ilcé'? It i‘s suga-
-gestel thaix the open ovtho-spoaitions oft #he unaltarea tymsiz;s resi&ué in
Gangjumtion with tha aa‘b;hfity conferrad, hy the x;aaaﬁzwa hyémmrl grmp
migm: aeaoumtz fq»r the abs,l:.ty ‘of fhe :La:mgar, unalﬁex‘ed protein moleciis ta
epter inte ﬁwm typge of. aexz;binthns in ‘the anmal iﬁoﬂy,/ [
o 1 ‘i‘hpse wh:lah ax«e a:&‘ benefit m the e}.amra‘bmg z;rganism, bha i
$he ho.st or ihvadax, or ) ' L o
20 Raaetims {sueh ag the, ane catalyzed by the taxm leqsithinase)
whiéh a;,ve af sewrerel;r harmful cansequame 'lm ’aha hosto )
‘ I,f, ag woul@ appéar i,ndma’aad ‘hy the: n?aa%tzlts of this WO.T.’K, ana;werea
_. *l:yrasine is essenﬁiai w %;he aec;tm& m‘z ‘hhesa hypey {:in mus aase)& mvsm
| :¢ham1ea3, bimking of the protein groupings neoegsaTy fo:s sueh a reaé.tion |
eeuﬁ.fi vield a. mai;ex*ial mmrahm ?;é: “he i‘umigxz aﬁituﬂl,,,, ami yaﬁ pasaessimg
Phopé qualities required to elmi.t n@utraliming gubstances wtxem mjeeﬂbé
ints the tissnen mr blood stean of $he snimal, . o
( The quesﬂezl of wh@*&her the an'aibadiefs pxseﬁanéd in respunaé o in=
Jogtions of iodo-alemthinase ara the teesn?ﬁ; bf 'Ehef remaihi:zg 1 5 gér czem; -
J.eas;zhimw ammmy oL are ahi%;fly ami‘ba&;ﬁas % th@ :mswwam;:lgan hae ;h&at ]
beea sppwared gamyletely, he:ce are save::%al pbosibla agproaehes to this pﬁé@«
b}.ema havwevare ) fw exampia, ishe serym m axzmala immk&‘wﬁ wi’sh %ke mzm»
bem of Mm)‘s oi‘ ﬁnﬁreaﬁé& ;purified ﬁoxin M‘S QIII 348 eguivalen% to x,a per




- B3 -
sent of its ariginal aafsivii:y cq;ul& he asqayad mfaa:' & course t:f imnmzaw
'b:mn to aei;emxine whethem i:,me antiﬁa}gm 'bi,tar rasponded in 'hhe ptrolcs mﬂnﬂex

14

as wim the ioﬂimﬁeﬂ tcxlm . )

Ihhmbitieﬂ nf the anbibmy ﬁg t‘he iﬂ&imwd aatigﬁn by means gaf d;fﬁ.{ =
iaaotwomna wcsuld be furthea: avié&enca %hat the antileemmaase pewér of
A'ﬁh@ $ermn Wﬁﬁ inﬂaeﬂ, antﬁ,bg&y 46 ’hh@ Mg~pretein ﬁﬂﬂ ,'B.Q‘t ﬁi mpﬂ.y é I‘&Spéﬁs& PR

| "bo the émall ameunt of ﬁnal'bere& materiai whig:h remaineda | ;gx o

Finally, *ges@ora@ion of paxis or a:&l Mf the q:p;lgma}; auﬁivity e:ﬂ* *taha .
"‘baxin by rama‘sral of i,he iqﬁiﬁe wmzld ba Qf gm&éat aié in resolying this ques:a o
tion, &Z‘hat catal;rﬁic dshalaganati@n of 1 pzeatem is féasible was de{noa?

* styatod by Haxfinmm — (11) wheh they éishalﬂgéaaﬁad iedina‘had 1#&1@31% :
ﬁherehy resmmng 30450 per can’ﬁ of i,i:s am.ginal aaﬁmiwg o L B

The fmding that a:oaund P i::.mes tha ambnm: of iaéim ha& b@en *balaen
‘ up by the nox;xz as wag thecra%:&mlly passible, on, the hasiﬁh of the éalatzn
‘iatea tyroaine cqn’eamt was no‘is ennﬁrmﬁd. ﬁ?ha% this resuil:&; may nmz have
been dus emirely tu eme::imeatal eTYOT - r@ew@ﬁ smne sup;aur% mm ths Wtk
of Bauer amd Stmuss, qucmea Ty ﬁeﬁrieﬁt (ag) , *mha f'mm& tha% glebin (ﬁ‘rem
hamoglobin) ’ whieh b £ r:ia}a iﬁ niatidine, a%mﬁbed mum mare ioﬁfme tban ex- ,
mated fz*om thé Wrusz.ne aﬂﬂi}fﬁﬁﬁu mkewi‘aeﬂ Pauiw, mmfmd by :emmm (191.,.. :
| Ifmmd “t;hat imiaazsle anxi the immamle mimagen of ‘heﬁmﬁ hzaizid:me z'éae’&
wii:h ;i.oéine« In. the lat xzax' a;:mzmund, %wa iﬁﬁiﬁ&a subsisitm;ea,f :gzx aﬁdiﬁanﬁ x
. Shahmkh (ﬁﬁ) nbsemrea 6@8&&&1‘&“&1@ axlﬂahicm during 1@&111&%&!1 ef érystaib |
1;1:ze se:mm albumin at pH 6.5. %‘hera is, in he present aaae, aome pﬁﬂﬂibil=
it;r ﬁhaﬁ tdo gmmt an azeesa c:{.* mm was usaa in me %mpe'ﬁ:wmnﬁ ﬁeaigneﬁ

to shaw iadma uptake by texin Ifi‘:s I:I 2569, Tlméex* aucsh mnnlitiana} ;z-a may




be that some oxidation (of SH) and substitution into histidine could haye
qebﬁrred, Iy oriar that uu(-h effeots m:,ght be mlmmmed :ﬂ: is ﬁugg@st@a
’ﬁhsﬁﬁ md:mation or any pmtem on whiczh bhe of fect,s OF -such ‘rsreatmem: are. '
bem@ swdwé be prece,@éed ‘hy a tm;al hyraawe analystis, '.Bhe shoiahmm
rae%me dmouat cf wd:.he fnr mmplaﬁe iaél.mawon Qf the %ymmne altme
tsoulq ﬁhen be ad&ad, 1n adc‘iitmzh & ae*barn;ina‘bicm e,f 'bhé zoame cq:a’ten%
| j of repaﬁecim’mtez} ind0~box:in Qom.d be ased as ;ﬁumhw e‘\udeme tha‘& o‘t&l‘y‘
the hymsims Had been substituhed and fhat no oxiﬂatma haé mgurradu .-
Qetemlmtmns of m&ixza i:i pmﬁems have ‘héen aammbad ’by ?‘iem}.ow (1& o
'337) a’m‘i by Stinmlel emd Eﬁuﬁallmgh {IBS) , .

Amozzg\ -hhbss Wo'r‘kers whe hawe, b,owmrs . beex‘; able: ‘-;lb' ‘ciémaﬁaiﬁme;té‘a‘
l’ zlrase aorres;pcmence beween wdine upﬁaké and *Bwasine aonﬁem a:r.‘g‘: I,,i v
(é‘b)w wha iadinat:eel 1erbtmgania h:wm)ne and Nauhwger §5DI$ whe ;3&?:&71% mib
sbudmﬁ on w&zn«a’ae& zein, Likewiseﬁ tE::;.«:mzltmmus‘.if:s,E qu::‘aad by and ('?),
~ iotinated hm'se qemm glohuun snd’ fauné that thé amtmui: e:{f iadine whmh
amsrea the mez.ecsul@ was aseoun’ba& fox* hy ‘ahes ﬁyragma g;r‘ouvs, ‘ “Huwevam'
iy is imeresting that the ;wwer worker ﬂisemrared ﬂlmt 1od;i.na‘i}wn dea-—
froyed the ahimty of hia pm‘ﬁem to pmduea aﬁtmodms tc rmt%w hcrse
giobﬂlizh . P A

;1: wauld seein tha'b imﬂinﬁtim cf ﬁhis %xﬁ,e praiwem provz.ées a prag-
*siaal means :E‘ar amerin@ (tm:aia;ng} *t:ha ‘faémhmase ﬁgxm af W
gﬂglﬁi g b0 ;yiel& e mai;eriai wmeh may 'ba mjeai‘aeﬁ safmr in larga
amaunﬁs in cmﬂﬁr fahﬁi’v am::;budy ean be px‘oéuﬂml whiah is aapabla Joi‘ cresgn'

macwnglmﬁh the oyigiyal’ tg&ing L
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The gmino acid tyrosine wag shawn b0 ba ?resen# in ﬁhe lethal~toxin

ef alesﬁriﬂium hemo%;bzanm, an enayme aataiyaing>ﬁha hyﬂraiJsis 9ﬁ
Ay ! J I

iaeithla,

Ghem;ﬁal alteraﬁlen éf ﬂhe frsa tyrmsine grqups hV'eompleta eqnxann

's;an ta ﬂi»ieﬂptyraszﬁa ﬁ&strqya 98 73 per-ﬁéﬁﬁ oft %he m?iginal aétiv».

ity af the ﬁexinu Gampleteness nf canyersion ta d&eiadatvrosxna Was

showa by the ;nabaliby of the téxin.ﬁa fnvnash a nﬁsiti?é hiilun’s

reactlcn«

?he shortess tim@ of aanxact with lndine and the 1awesﬁ aeﬁeenmraﬁien
mf ioémﬁ& nacesaary for cdmpleﬁe &odinaﬁann,wera deﬁarmiﬁédq

'”hs techniques bf’iadination, sﬂexilimatzen, etc., sf the puzifxe&

toxin are described, , . o ‘ , L

Animal tesﬁs aw the leﬁhal p@wer~aﬁ 1ed0~lscithiaasé and %ha ﬁaahni« |
que ana geursa Of‘rabhiﬁ immanizatien 1o the taxﬁn are preseatad, -,;
Eaperinsnts Gesigned 80 a@mmnstrate the uytake of io&iﬁe y the t&xin ;\‘
ard ite quanhitative relaﬁianShip to the tyraaine analygis ef‘+h@
purifled %@xin are presantéé anﬁ disausseds Ry was eoacﬁﬁ&eé tkat )
‘Yhe rﬁsulﬁs @b%ainea ahaul& aot be,. aeeagteﬁ mncon&itiamally $$m¢a théy7‘
pave not beon @qnfirmedo . . ' .

Eviﬂence is giVGn Qf the grcaﬁly ﬂimimishe& 1@tha; nawar of the, tax;m

.‘aﬁter iad&natioﬁ withﬁ howaver, ratenxien.mf antigani&iﬁy‘

T
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