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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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fhe presejtiG.e. of tyrosine residues -in the tox’ie enzyme Moieeulde eiab-

orated by Clostridium kemolytieuro W e  been establiabed, C1Onditions for th& 

rapid tozoidibg of this toxin by toeatee' of iodine were determined. ■ trader 
these conditions, the tyrosine groups were completely converted to di^iodo=

tyrosine groups ns eyidenesd. by complete abolition of the Iiilloit Reaction, 

loss ■ of the free ■ tyrosine ■ groups resulted, in the destruction .of* 9Sob%
^ - J v  -I r f - - , V 7  / ' <• I . ' s* • / i * - , • ' 1 * ' '' »

the IeeitMnaae activity of the original toxin„ t h #  establishing the Ssean^ ■
tiallty of free tyrosine groups for the leeithitiaSe' activity of this toxin. 

Moreover, Iodine^treated toxin showed a greatly diminished lethal, power' &e
'  7 *  < ‘  '  ,  I  I t  '  .  I ,  .  ,  ‘  »  - -  •  - - J - I 1 T  s  'f «  '  . I .  ,  V  -  .  .  *

evidenced by animal inoculation tests, but antigenicity WaS retained* # b -  ;
• ' '• ’ - v ’ ’ ’ t, » . „ , t t , _ v . - > - . . I- , . » ..... , r <-»V ,1, I r  V t' r- ‘

bit. antibody to the iodinated ,antigen exhibited a definite, tendency to cross-
• ”  - f‘ »> 'i ^ 4 ,V h ; ’ ‘

nenc$#th the nntnmed ..  .........Z. L.
therefore unaltered tyrosine as"as antigenic determinant appears to he: 

ruled out, while the pyeneW the lethality and Ieci-

thinase activity of the toxin molecule is'OstabiishQdo^



#0-s t u d y p r o d u c t s  of. bacterlai metabolism has heea of suffi-*' : 

interest aixd importance to -engage.-the: atteiitloh©’of workers for at 

least- the last,halfroentury, -Some recognition,of the Chemioai nattire of 

these materials' has^ howerer̂ ; bees only of rol'atively recent origin ani ; . 

this has been particularly true of the soluble exotoxin of the causative
s i, «1 - J, , H ■ • 11 <1 • ' . - . 1 I- , , I , - I - t ’* I t t - .

organism Of bacillary hemoglobinuria {redwafer disease! which was. first ■- 

completely described by BeCords and fawfcer (Si)e

The ground work on this toxin in Montana has been carried. out.•. chiefly 

by Jasmin (81) and by Swingle (3?) . The main effort has been directed to^ 

ward producing a. vaccinal product that would, confer an immunity of longer 

duration than has previously been attained.. ITp to the present time such, 

-efforts ha# W  with little success; probably, because #  tha. W  „

of the culture filtrates with respect to lethal and leoithlnaae activity, 

it. hue been recognized for so# time.now that, a .large degree of purifica^• 4 ' ' " ' 'fQ
tioh of the toxic material present in the culture filtrates was a logical 

prerequisite to the further study of the toxinj from,both the practical,, 

and the theoretical standpoints... Recently, such a purification, amount­

ing to around a thousand fold, has been, accomplished (57), The ability 

to secure the toxic material In such relatively pure form has paved the way 

for the work to be described here. , ' , . .. .
In. brief, this investigation has consisted ,of an attempt to determine

, . a T .i ' i ■ 1 , . * ■ 1 ‘ 1

the presence end essentiality Of free tyrosine residues, in this toxic 
zyme molecule' from the. standpoint Of*

1. Leeithinase activity
•, , i « »■ i y t  (<

2. Lethal activity

5. Antigenic activity
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4. Serological cross reactivity
In view of the generally considered high specificity of iodine 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 Iodine 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 iodine 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 irreversible 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



$  't,

"Ch.6 SpeeifiG group of the protein attaelcecl by this, yeageaf « 0  responsible 

or ployed, an Important port 'in wdiatlng'the activity. ' '• ■ • ^ - t .* •> * •. „

, '•' '4 determination of precisely those-groups on a protein molecule • res- - 

ponsitile for 'its dietInGtive'biological effects could lead to Glues on the 
Structure of such protein' materials ss viruses,;hofmonesy antigens'ahlj - in­

deed, ensymes such; .as the one' studied hereHowever, in addition to -the- 

IargS theoretical interest in such matters, there are certain'practical
• 'I > ' ■* I ’ t  ' » ~ (Jvi  ̂ I ' < , V I , I » ,J,

considerations, In the. present study, there M" justification f #  ah attempt 

Si modification Of the Undesirable properties pf this lecithihase so that, 

if, may be employed, without harm or-danger medicinally, I,a,,= as - a toxoid or 

vaccine, - The results of such treatment•on tpXind like tetanus and diph- ■ 

theria" Speak Well for-attamptS to employ a -similar means of detoxificatlono 

The- stibstando used; for- thl^ procedure in the base- of thssO' toXihSf and Uer^ 

tain others', has been formaldehyde. However,/ the Use of formaldehyde in -
, 1 1 . . * '  . - I i

detoxifying-this IecitMhaae has' always resulted in complete loss of ahti** _
. *. - n ' 1 , - - ' »i H X  "s t * I '» ' y '

genic activity* Some other agent and method for adcompltshfng this pur-;.
■ -■ ' , -

pose was thus indicated, and iodine - was chosen for the reasons previously

given, ' • ' ’
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3II. .HlSTOSIpjiL

I# 1959, the disease of' cattle and sheep knosn as bacillary hempglô - 

Mnuria an radwater disease wa; first recognised in Montana o Howevers it ■

Is Knom that it m s  prevalent in the irrigated valleys ot western Hemda 

and the bordering areas of California at least sinty years ago, although 

there appears to have been some confusion regarding its. distinction froM... ■ ....  I - / ! -I- ;;
anthrax» la 1914$ losses amounting to Sg per tent in some herds in the'.

. ■ ' ' ' 5 1 - ' 11 1 1
■parson Talley of Wvsda were, responsible for the institution of' a: definite -

■ . .• . ; Vi-V/■
^researoh project at the Hnivereity of' Hevada» Initial progress m s  Sipwr

1 r - , , • * , * * 1 ^  " ' ' ' ' T . ti • I ’I 1 4 • I w ^  ». . I S  . ■ • I ' '  "  * 5 ‘ '  '  ' '  ,

but the wrh on clostridial forms during and after the first world war bfpught' . I . I . . . ■ ;■ i , - ; 1 ■ • ‘ : : . ' ■■■■•.>• r Y-' >"■
new techniques applicable to the problems posed by the OxtremS'- !astidiouS™

.. ' . "  -' ' , , ' t • t - t ) • ' , 4 ’ • i i ,  f ,  V  r V . , ’ 1 '•»

ness -of the etiological agent of this- diseassv The organ!# was gpom^thn 

clinical symptoms resulting from its metabolism WfalopMfr and its Wter-- 

iology recorded, thocines of various typos worn prepared, such "W phenol*-■ ■ ; ■ ; I : ■■...• .'.l . ’• >.’V' ...
killed whole culture bacterins and glyeerinated- Mh*toxiC IlW culture ■ 

vaccines (40}. ProtMtion-Was- conferred- for periods up to eight monthŝ '. ,• . - : ' . . , ■ .- - - ■ I ■ ■ , I : ' ' •' : f '• *' '' '■ '
perhaps' longer= Later the Same workers- (04} developed an alum-precipitated 

formalized bacterin which was apparently effective for about a ye#= the
* . ' - ■ ; . ‘ ■ ( _ - = '’ ■ t H ! 1. ] "  • 1 ̂  / ^  : - ' ' V'  ■ ! v  r ' . I • 11 ‘ ! ’ ’*■:

above materials were often accompanied on injection by extraneous skin Is#

;-■ ■

A

'i '< ..
ions, non-specific protein reactions and even death of the animal. The
' *  i " - - - .  V -  "I ' Y ' ,  ' i /  ' , ,  I ; , ' . ! O  , . q :  , - . i : :

cause of death was. not always attributable to the toxin Since characterise 
tie symptoms- were not, always present .

'0More recent work in-Montana has been directed along the lines Of S M  ;■ . ■ ’ ■ 'i, ■-■./, '' '■ i .>> ■ ». ; .  -• ' v. -  ̂i _
Curing a purified potent toxin for study. Only very recently ,has this goaf

. ....... v . , ; 7' , 1 , ■ V  ■ ■ "

been 'realised to any degree and,, therefore, the study- In. the present p a p #
~ . r . . .  .. . . - . . ■ ■



■f)

tfeppeseatiid the first knoim invest igatj.oh of the effect ■ .of a specific pro­

tein group reagent on the lethal,.enzymic, and antigenic activities Of 
the purified toxin. ,

A gfeat deal of Work ha'si however* been done on the Ofude toxin (3?}„ 

SUch factors as its stability were studied; rapid means and optimal condi«- 
tions for assay were established; a#d aStOmptn.were made to develop synv 
thetio or at least, ffSemiw-Synthetie media. Included also* were, singularly

I I  ̂ , } S . , , I " ' , I » * . • . < »  I' ■ M 1- f  ' '  '  I ' V

unsuccessful attempts to obtain purified toxin, free of non^protein nitron 

gen, by means of fractional alcohol precipitation. To date, the most 
effective means of purification involves precipitation employing ammonium■
>5 ■ , ' v * » > •» "•» I" I .1, *  . <1 V  H, ‘ 1 I » ,* V  , « J » ' 1 _ . I S I ‘ ' 1 ’ 1 V f c 1

■ sulfate: O M  nucleic acid. The impurities to be expected is the resultant ̂
■ , • ■ : . 1 , ■ . - T -  » ' ■. I ■ , "  , ■ j

toxic protein are-, chiefly*, then* inorganic -(ammonium sulfate) -and organic - 
(protamine nucleate) salts, and certain proteins,, proteoses ,and peptones 

which are carried along in the purification process. •

<*■ 9 *»-



. - # 4
' In this investigation an attempt is made to establish on determine:.- s 

1» the presence and essentiality pf tyrosine groups for the Iethai81 

lssithin^splitting and antigenie activity of the■exotoxin elaborated by 

the anaerobic sporê foritinp; -organism OlbstrMitm hemblytIcumfi - the 1Ctiolbgid 

agent for redwatpr disease of cattle* • ■ ■ - ;
• * i 1 ' * * ■ • I 1 i * i - • /

2« The eonSitions under which this tozln can be Iodiaated with ease 

end rapidity without clenaturation of the highly labile protein molecule,
> ' . , > , • ' - • < * V  * ' ' ^  - ■ ,  " 1

&  The effect pf the Specific- protein grotip, reagent, Iodine8 6n the• ■ - " 1 f S
tyrosine groups, provided their presence is d e m o n s t r a t e d . *

4-fi Evidence of the ability 0? inability of the lddinated toxin to 

produce on injection, antibodies which would crosa-react with, the original 
unaltered tpvcic protein motschie.*/ hlSd the production of-Sn antigen which
would confer a more lasting immunity,. . ■

. . . .  . . : . 1 ‘ -, ■
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A* MatGBlalB end Baagenis 

1» lodlnation Studies

a o. - Dry purified toxin preparations (S'?)

U ' foxin 'Bts l$| 695 containing' 28.$ mD/mg.
* I ; r . fi" ,, ■»' %. 'F P

' ». %4#n %#8 |ii Aaa plaining 'mD/W#
Toxin W  III m  containing 75.0 m ) / m °

b. Purified toxin solutions

These SClutiphs made up .from time to time With 

distilled, water. The pH sap adjusted to f;fr and they !were then placed
■ . ’ • - • *> . ' 7  ■ * ' '  \  ‘ ,

in amber bottles and stored in the refrigerator^
c. Concentrated stock iodine solution

200 ml. of 0.1 M resUblimed' iodine in 0.5 $  potassiui. 

iodide were made up and stored is an-amber bottle, a t room temperature.' ,

d. concentrated stock Sodium thlOSuifafe ' solution. /'■

200 ml* of 0.2 H  sodium thiosulfate solution were made 
Up with freshly boiled Wafer and presorted with o.g g* of podium carbonate.

e. Ctarch indicator solution
- A, I per # #  solution, of poiublb: stareh W  Prepared. 

and '8.per cent boric acid added as a preaerratlfe.''

8. 'deneral ■ Heagents
a, . Mllioa^ S tyrosine reagent

b. IuggltS tyrosine-tryptophane reagent (5)

3o Lecithinaee inhibition experiments
a. Egg-yolk substrate (37)



be Isotonlo borate buffer of the fdilotring apmposition: 
0.9f§ NaOl, 0>02' M CaOl2, Oil M. S5BO3 aril NaOS- to pH 7.4.

, B? Methods . , ,
J . * ^ ' ' { - - . i^-' , ,.i ..v ^

I* _ Qualitative test for presence 'of tyrosine groups in the toxin 
molecule. '•

^  " ■ ■ -  1 , . , v ”  .

_ 4, Qrail epatulaftil Of dried toxin;was dissolved in,ahtiut̂ ■

I ail. ,of aistilled water and two to three drops of Billon's reagent added.
Sts solution^̂ as.heated Very,slowly .and;after several minutes a. bright red 
coloration appeared. Tbs experiment was repeat# twice more with the same 

results., thus establishing the presence of tyrpSine in the toxic lecithin- 

sse preparation. All remaining work was based on the established presence
' * I ’ • t ; ; - ' 1 ; ' 1 v

of "exposed* tyrhsin©,; residues in the toxin molecule,.,

No Technique of iodinetiph of the t'yroSine groups, in the toxin

molecule.

370-mg. of toxin. KfS IJl 248 were weighed out and placed in
*l. • . . "V < ' * ' ’ 1 - ‘ > ■' - 1 I .« .. 1»• i. shout @ ml*. of, water* .'AeW1, splpt |©r was ,'.essentially dompldt©* and:th©'/pN 

. m  ad justed;to '7.4\with■ dilute NdCNf _ 13.1 ml. of 0.03 N Ig9 pH 7.4, . were
. dddsd, and the. p& was readjusted to 7,4» _ PN had a v tendency to. fall 

,slowly with time and had'to h© brought to 7,4 occasionally with dilute NaOH, ).
1 1 ‘ ‘ 4 1 ’ , • ‘ ' • ' •. , , . ' i . ' Av I , ' .

Addition of;the iodine wfs accompanied by the development of some turbidity
' 1 « ‘ ' ’ ' ’ . '' ' ' 7  , ‘ ^  -<«• 1 ‘ ' v  ‘ s ' <' • 1 , 1 '

and a chalky yellowish-brown color. Exactly ten minutes was allotted for

entrance of lodinp into the ortho-positions of the tyrosine residues. At 

the end of this, time, 0,3 mi. of starch indicator was added and sufficient

Na2Sgpg run In to completely destroy the slight excess of, fpe© iodine, 'The. 

pH was readjusted to 7.4, (it rose oh addition of the thiosulfate)., the



f 3lS •*!
solution was quantitatively transferred to a -Sd 0.̂ ; volumetric flask, and

borate buffer, at pH 7.4 Wag added to the mark* The mixture was W a  fil;- 

tered through a. sintered glass (Corning %?.?.) filter, Filtration was ex-
"  v . I » ! * >* -' i ‘ ’ . • ' ' '' ■ . ̂  < i •. , . » >' I i \ ' ‘ *1 ' ' * ’ a  .'

Oeedingly slow in ,spits of the alkaline. pH. There were a few small iasol- '-• : - ; ....  . • ■ * •' • - . - y ' ' ' ' /' . r .. , '
uble .particles and a Slight turbidity suggesting that the iodine had he-! 

haved in part as a precipitant.. A qualitative IeOithinase test on, 0, portion

Of the unfilterable material Showed that there was some residual activity. 
W '  toxin whifh passed the filter was a light-brown clear, liquid...' - , ‘ ’ - - - . ■ ‘ * " * -'1 > , 1 rx, ', 1 1 • i. ‘ i ‘ H.' ' 1̂'

This material was transferred sSeptitislly- to s, sterile- serum bottle,, fitted
. • . • , ■ * • _ > ( r -  •. • - , f  ' , : If - A -  ' ’ '

with a sterile rubber serum-bottle cap, and placed in the refrigerator, .

This lodo-toxin.was labelled Solution

3, demonstration of uptake of iodine by the toxic protein. ■ ; 

Initial experiments designed to show a less of free iodine in
 ̂ . ■ "fl « T • I ' } • - » I1I « » j - I • V  I - ~  - ' ' S  , I j i

a system, .containing? in  addition t# the free iodine? \the toxic.-Ieoithinasb9
, - - 11 . ‘ ■ ' , ; • iV  ' 1 .. «*» , ,, • - I * u . .  - *■

gave extremely variable results. The toxin solution was diluted to the '3
i-HH/mi, level. S.G ml,, of 6.61 H iodine were allowed to react with 10 al.^

of the toxin solution, at room temperature for a period of ten minutesAt , . : . ' , . ,, . / ,/ ^ ''.'f'
the end of the time allotted, the excess iodine Was titrated with 0.0033 B
thiosulfate. However* as stated* the results were erratic..- It was there--. .

, - ' . . . . -. : . 1 .............................. ’ -'• /  - .

fore felt that the inability to demonstrate conclusively iodine uptake by 
the protein might have been due in part to the relatively small amount of 
protein employed (0*07 mg. protein per ml,}* so that the limits of accuracy
of the method of titration mere exceeded. Accordingly a much more concen- 

trated toxin solution was used in t|t,e1 following work.
In this attempt? a toxin solution containing 8 mg. toxic protein per



■ f is
mie of solutidti vies employed. The results are shown in Table -

: Table I •'

Uptake of Iodine by the Toxic Protein '•

Tosin Iodine* added
..I, Iiw i lI, .,.Iijiiyfi,,..

Thiosulfate** added to 
titrate excess iodine

teg*
■ y

. 1:0

tel-*.
so,
SO'

fffilf

* 0,006 U' ’ ' ■
0.0052 N . ■ _ *.

These results are the averages ̂ of three detei-minationse
" Th these.-trials 'there: was.,, after several minutes,, a very hotiideahle de­

crease Invthe intensify1 of. the :yell6wish*-orange 'iodine coloration in those 

flasks.containing the enzyme, end a marked decrease:after tan minutes, in­

dicating loss, of free iodine ffon:solution. This interesting result was 

borne out in the course of the thiosulfate titrations. That tyrosine groups 

were Involved is the disappearance of free iodine was demonstrated by the 
' complete inability .of. the iodinated protein to furnish a positive Millon;'"

reaction^ whereas, the untreated toxin; produced an excellent t.dSt for tyro- ■
" : 1. " , . ... ■ . - V

sine with this reagent-. .

'4, Analytical tests for leclfh-inaae after lodlnation* Perddhtw '■

age inactivation, of lecithinase by iodine, 1

■ Initial experiments1'designed to. estimate the amount Of ,

residual enzyme activity of the iodinated toxin*, designated Solution. Ilj ■

indicated that some activity did remain and that It was only a •small frac-' " ' 1 I - . ; . ' :   ̂ '^-1I 1I . ' ■ - "
tlcn of the original. It further provided information as to the region in

, 4 .



“* ■±4 -*r
which $ duantiitatiitre ,IesitMsaee deiesmmtion sight profitably be-fail# - 

Aoeordinglys the following prosedare was carried -out r ■ & si, of Solutioa 

Ii were dilated Iifi8 and each Of three dilutions of this solution Wae . 

assayed in triplicate* Tho results are, recorded in Table II, Since the 

average number of S=LD6S in I ml, of Iifi dilution of Solution.II Was 1*28, 

a fi ml-, aliquot, ’representing I @1,, 'of the concentrated lodo-tOfin con= 
tains fi z 1,32 w 7.52 MID, Since the toxin solution prior to iodinatioa 

contained =; 511 MLD/ml., the
r- 4 < A, ^  ̂ *  i

per cent inactivation Iffi- % loo ̂

Although the extent Of inactivation of Ieeithinase1 Wah 98,# pef cent ̂ 1% .
t , > > - I 1 .. , ' ,.S I ,  I. v. . I

Cannot be stated with, certainty that it was due:exclusively to the Iodine* 

tion process alone*
5, Time study of the effect of iodine PU leeithinase activity. 

Since if seemed advisable to establish the pildW cOndi-'' 

tiona under which the toxic enzyme could be Inectiteteds the effect of 

, time of contact, of the toxin with a given normality of iodine on the Ieoi-? 

thinase activity was studied, "Yl:
- T  t , , l + V ,  . v  ̂ " _ 11 -1 I " ' ' " ,r’ ' V  ̂ '

., 10 mg. of toxin ICIS III 255 containing 28,5 BED/mg, were dissolved in ' 
142.5 ml. of distilled water atid the ptt adjusted to 7,4' -* 7.6 with seferal

drops of dilute IWOB- The potency* 'therefore* was around g MLD/ml,. To •

5'ml, portions of "this solution a COUafMnt amount (6.1 ml*) #  .#,1 B  io*.' . . " '  - -Y;,;;
dine was added, and, after varying time intervals* reduced with dilute
(0.0066 H) sodium thiosulfate using starch Indicator to determine the end*\ I
point, 2 ml* aliquots of the mixture were then removed and analyzed for 
leeithinase,'; The results are Shown 1» Figure where time Of"Cehfadfs.Wffh
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Table II

Determination of Residual Lecithinase Activity 
in Toxin Solution II

Tube Toxin Buffer Substrate
Optical 
Density x 10 MLD/ml.

ml. ml. ml.
0 0 5 5 -
I 3 2 n 7.30 *

2 If ff if 7.20 *

3 If If if 7.40 *

4 2 3 # 6.80 ♦

5 If ff if 6.70 *

6 W If W 6.82 *

7 I 4 if 5.00 1.18

8 * •f W 5.20 1.24

9 If ff W 5.20 1.24

Substrate
Buffer
Temp.

J. L. C . 
E. T. P. 
37° 0.

6/13/49
6/7/49

Average 1.22

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.
♦Optical density readings above 6.2 lie beyond the useful range of the

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

Figure I. Effect of time of contact of toxin with iodine on lecithin- 
ase activity. The ordinate values represent the turbidity produced in 
twenty minutes$ and are read as optical density.



'i, y-tV’-vt i i i

lo&ine is plotted against, optical density of the - enzyme-substrate, sisttw#-=.
Jt stay he seen that the iodine rapidly InMhits the ability of the toxic 

enayme to cleave its substrate (egg-yolk lecithin) into the fatty #ld » 
Siglyeeride mixture responsible .for the turbidity by which the rate of the 

reaction is measured. Jt was discovered in a separate experiment that ■ 

neither thiosulfate nor starch inhibited the lecithinase' reaction;' thtis.» 

the inhibition represented can be due only to iodine, That it was not • ^
actually 100 per cent complete even with 6.1 S iodine for three minutes 

longer (as might be inferred from Figure I) should perhaps he mentioned^■ \

This curve is the result of the standard assay procedure* according to #ich 

turbidity measurements ays made after an enzyme^substrate Mtiubation period 

of twenty minutes..- Thus* turMaimetfle determinations made .after ah McU-:' 

hation period of twenty-one hours revealed that some "residual" lecithin^’ 

use was apparently present,
6. Minimal amount, of iodine to inactivate lecithinase.

I \ . - '

Determination of the mildest conditions for IodMatlon in- ' 
volved an examination of the minimal quantity of: Wdine which M  a given 
short interval of time, would abolish lecithinase action M  terms, again, - ' 

of the standard aSsay procedure,''

• 5 ml. portions of toxin KFS III 235, containing 2 MLD/ml,* as before, •
I , * • > - i ' ' , . , <• y / ,

were placed in a series of tubes, Iodine solutions of graded normalities 

(O.l S - o.ooooy B) and at pH 7,4 » 7,6 were added to the tubes and the 

■excess free iodine reduced exactly tea minutes after addition by means
, ' * ' f „ • *, I i ’ - S. / ’ > ,  » i r ' ■ 'i' I ' I , '>

.of a few drops of 6,8 B thiosulfate, .2 ml. allquote from. Cach, tube wer#'., * ' ■ i 7 •1 % T " . Ss ’̂ i v v ' T \ Y'
•.combined with 9 ml, of borate buffer, (pS W L '  # egg #betrW$ ad#$

. :  ' , . ' 1 ■ 4 M  ^ - 1 - v . i .• - i', v ;

" I? *!"
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Table III

Effect of Decreasing Iodine Concentration 
on the Leclthlnase Reaction

Normality of Iodine__________________ 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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aad the mixture assayed for IeelthWse, $he analytical results are shown 

In enable IlXi Xn the table,- the SO Binnte assay results never the entire 

range of iodine concentrations, while those assays Bade after inoubatioh -
V j.

of enzyme-substrate for I, Si S M  40 hours were selected so as to indicate 
simply the trend at these later periods. It may be noticed that in no case 

was the leoithinase reaction of the iodine-treated toxin as rapidly com- 
Pitted as that of the non-iodinated control ■*. with the one exception in 

Which 0.00009 H iodine was employed. #  interesting situation was Observed 

in the tubes containing toxin solutions treated with less than G.0005 N 

iodine. Ja these tubes, after1 ten Binutesv there was #  development a ■ 

blue coloration upon the addition of starch indicator. It would thus appear 

that all of the iodine added had been taken up by the toxin. This fact. 
was the basis for the establishment of I ml. of 0.0005 H iodine as the ."

'-i . ' ■
least amount. of iodine which Ih ten minutes-time completely IMinated all 

of the tyrosine groups of the toxin preparation employed, ligure & shows, 

the manner in which the enzyme activity responded to increments in Iodine 

concentration.
7. Mouse tests of lethal action of toxin after Iodine treatment.

BiWe', white, inbred mice weighing SG - 35 grams were used 
In all tests of the lethality of the lodluated toxin* Sterile dilutions of 
two separate iodinated toxin preparations were made in the following mannarl' 

Small samples of the sterile concentrated' Ibdo-toxin. were withdrawn 

from the serutoi-bottlQ with sterile syringes add transferred to several 
sterile serum bottles, To these samples„ sterile isotonic borate buffer 
Was added in sufficient amount to yield dilutions of the concentrated ma-
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Figure 2. Effect Cf concentration of iodine on lecithinase activity



SX •*
tej?iaX of 28.5* 34* 16* 4̂ . aiid S SiB/sile !Btee mice were injected infer a «* ,

venously (cattdal feite) Mtte 6 .5  :ml. Of th is  iriafeeriai according to $h* scheme 

shown in fable X7= ;

All mice Ottriflted1J, including those inoculated with a dosage of toxin
' %  • ~ - ,  - • /  - ■ ?- .,i. ■ .  .

Which before lodinatlon would hare been sufficient to # 1 X  38,5 mice= ■ ■ 

fhat both the; lethal, and lecithinase activities of this toxin are 

dependent upon the presence of free tyrosine grottpa would thus seem t© be 

Indicated,, Such correspondence between the, two activities ,hod already 

been noted elsewhere (Sl)5 but was based oh other evidence,
8,. technique and course of rabbit inoculations=

An accelerated program of rabbit inoculations was initiated ' 
in On attempt to- build up m  rapidly as possible rabbit immunity to the 
iodovtoxin. While it would have been desirable to employ Several animals • 
in as endeavor to demonstrate an antibody to lecithinase* the. use of only, ■ 
one was conditioned by the non-eVailability Of more than a few hundred '/v, 
milligrams of the purified toxic material, therefore a Stngleft white^

. * ‘ > - v  ►- . , , ‘ , . -  .»,*//^.'7 - V tl '

male rabbit weighing about 8260 grams Was selected for the inoculations= '
■ , ■ . . .

All injections were made subcutaneously using a 31 gauge needle, fhe Io= 

dinated toxin preparation used (Solution 12) Contained approximately 510 

lE-D/ml, or 14.8 mg, protein/ml, !Eable V gives the complete schedule of 

injections* fhe final injection of 8558 'MbBfS would have been sufficients 

had it not been treated*, to have hilled at least W n t y  normal Vabbite of
'' ' ' ' 1 iV. ' , . \
the same age and weight*/ /

9. fasts for presence Of antilecithinase In the serum of the 

injected rabbit. - ;
/’



Table IV
Mouse Tests of Lethal Power of Iodo-Ieclthlnase

— 82 •»

Solution *MLD*s/0.5 ml. 
Injected

Solution
Injected

Froteln/o.5 ml. Result
ml. mg.

IA 1.0 0.5 0.035 Survived
IB 2.0 0.5 0.07 ft

IO 4.0 0.5 0.14 If

ID 8.0 0.5 0.28 W

IB 16.0 0.5 0.56 H

Ii 24.0 0.5 0.84 W

I 28.5 0.5 1.00 H

IIA 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 lodlnatIon.



Table 7

Schedule of Inoculations 
for Production of Rabbit Antileclthinase

«* 23 «»

Days Soln. II 
Injected

MLD*8* 
Injected

Protein
Injected

Symptoms
ml. mg.

1st 1.0 510 14.8 moderate anorexia, 
lethargy

5th 1.5 766 22.2 slight anorexia, 
lethargy

9th 2.0 1020 29.6 none

13th 2.5 1275 37.0 none

16th 3.0 1530 44.4 none

19th 3.5 1785 51.8 none

22nd 5.0 2550 74.0 none

Totals 18.5 9435 273.8

* These values refer to mouse ULD's before lodlnatlon



">* S4

Al?. regular Intarvalsff Usually on the earn© days, as :th'e yabbit 
received Injections, 5»? ml, l̂ood' were .obtained by-SevQring0.-with a . 

ahavp.'so.alyel e U n  .marginal, ear vein; I1M s  pr#ed a rapid and e#actlva 

means, for obtaining non-hemolyzea sera. After separating' the serum by.een-=- 

trifogation, several'drops of- chloroform were -added and the serum sample
, * < 4 » I * - < / ,» . «'l H  \

placed in the refrigerator Until assayed,/ t$he; assays 'were.Ihvariahly per- 

formed within 24 hours of the time- the blood was drawn,i

AntlleMthinase determinations were carried OUh according to' the follow-
. \ 1 - >Ing procedure; - - ,

• Seruia was placed in matched lumetron- tubes in graded amounts' (0,01 ml,

- 0,5 Ml,) and exactly one mi» Of purified toxin Solution, pH 7.4^.con- .
. V V **,' . r r  „ « , , » ► . » , f » .

tainihg about 8 Mi/ml. added. , Sufficient borate buffer was • run in to bring
" • *  , \  'I J ; . • * r - f I . . I , (1 2 ’ f  I' f • I < • ’ » ,

the volume to 5 ml,:;' The toxin-serum-buffer mixture was then incubated for 

50' minutes at Ŝ e-,., At the end of this time, 5 si., of'egg "substrate were 

added to each tube-and the assay performed in the usual manner;,'' Oohtrol 

tubes - W  serum) w w  also 'tun at the $ TMm and, I # #  le#ls* % #  'humhA#.
' I I j ( » , I , I ' ^ v' ' » I ' • 1I 1 '  ' t  •*, '  '•'/ ■ -V*

of milliliters''of serum required to reduce the Iecithinpse value from the 
S $Sh to the I MhB ’level was then determined, for each of the. serum pro- _ - 
parations:, In a- separate experiment it Was,found that chloroform, :ia th# 
amounts employed for serum preservation, had ho Inhibitory effect On the 
IeeithihaSO reaction. A graph illustrative of the increase in antitoxic, 

titer with time, is shown in Figure 3, In order to take into eoneideratio.ti. "
’ 1 • - " i c \ - < - . v *, e / I » ’ I A  1 - % '

possible change' in the stock, (s mD/ml,) toxin solution used In the anti-
, • 1 , - . 1 ’ , a  ' ’ , ; L 1 I = , ■

lecithinaso assays, the 2 MLB- and I MhD points on the assay Cprves were es­

tablished for each new serum preparation assayed, '
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2 ItXD

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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Figure 4. Antilecitbinase titer vs. time of immunization. The titer 
is expressed in terms of milliliters of serum to reduce the activity of 
2 M D  toxin to I M D .



4 iadicates the overall results obtai&ed from the course of 
• lnoeuletlens aescribei in-^bie ?*■■■■■■ • » - - , , $, ...,

- '10, ' Estimation Of total tyrosine of the toxin m&  # 0  relation ' 
to- ioSino uptaket ■ - ■ • -■ ■ . - ,

" - XSxrinf the course of- this InveStigationi, It appeared that a
determination, -Of-the - total ■ tyrosine.■ present in the purified toxin prepara­

tion might yield interesting theoretical results, particularly if a rela­

tionship could be established with the iodine uptake of a sample of the - 

SSine preparation. Under the conditions of iodinatipn employed here, it 

should be expected that two moles of iodine would' disappear for every mole
Of tyrosine present In the'preparation, , - ;

- . - -

Accordingly^ Block; and Bollings (5) modification of Lttggts procedure - 

(27) for the determination Of total tyrosine Was- employed, with slight 1 
variations., -for the estimation of tyrosine, I he reagents psea, 'Were ,made 

tip exactly as described by these authors, except for omission of the color 

reagent which is not required for tyrosine determinations0 ■ ■ . •

A -standard' tyrosine solution was prepared by weighing; tint. SE tig, tyro- 

sine, dissolving in 5 ml, of 7 K .sulphuric acid, and adding distilled water 

to the mark in a 250 ml, volumetric flask (0.1 mg/ml)A' - - < 1 ' ' • - r ' ' J - v, v . , ■ .
W b  @0 m&y s # # # ;  wf tti#n # 9  '

- ' ,

Into micro-test tubes- (S ml.) and hydrelySed with; 0.65 ml, of 5 S UaOt in 

an oil bath at 110-1250 for S- hours. • After hydrolysis, I ml. Of 7 U sul-
I I > « . » - «  - f ,

phurio acid was added to each sample, the mixtures transferred to 15 ml. 

Centrifuge tubes and water added to the I'O ml. level, ''''A small- amount of 

rtSuper-cel« (lohns-Manvilie) • was mixed In and the tubes Stihtnifugefi a short



time to throw doiva the gal-lika solids» Three Sliquots5 eoatainiag about 

O»3 * Q»6 mg, tyrosine Oaeh5 were-removed from eaoh; tube, .(W Sssumptidn 

■wee mode that the te%te protein ooutained S per cent tyrobimo* fherefdre,- ' 
ih 1© ml. there would be «05 x SO « 1.5 mg. tyrosine.) . •

The method employed from this point #  m &  essehtielly that of Block.

#■ exception wee the allowance of ten Jaihutee5. rather then ItIth5 fqt del#

deyelopment after .addition of the sodium nitrite- reagent» This, gate suffix 

Ofeht time for manipulation (transfer of a 1© ml. aliquot to fumotron tubes, 

warming,, reading# ■##,.). and if was found that the color did not change In
’ , . . , , I . I1 ., • ' I . ■ ■ : ■ ' ■ ■ '  ',1| 1 V - 1'

intensity over the additional five minute period-,
The standard curve was prepared by harrying the known tyrosine- solu­

tions through exactly the same procedure as for the Unknowns with the, e#.
o < s. ' ,. i . ■, ' '. ^ ' . * ' • I ' *. >■ i ' , - 1- ■ - I .  ' < . '  1

, X I  . k . • ' ’ \  ' /  ' "  ' ' ’ ' ’ , I

.uepiidjs, of the hydrolysis step, The date are- plotted in # # #  S. fahio 
Vl gives the experimental values obtained on the unknown samples.

ft was found that the percentage tyrosine- in; this toxin, preparation WaO
• * I v» - K  X -  ‘ ' --I . , I' r x ' I ’ -<■ , - ' I Z ' I . • '-I,' I, ■ . / ■ ; = * ,  i , I ' V '' ‘ ■■ ' , ’ '

d edmperison of the percentage of tyrosine with' the- uptake o f ,lodihe
• i ■ , v, j • ' , . • 11 f  > v - /, ;

was then attempted. The amount- of Iodine taken Up by 1© mg?- of' toxin 'ktS'1 
I H  85© has- already been discussed in p a #  #  of the experimental section# 
and was found to be 2.87 x 1.04 ml. of 0?0©5 M iodine, The following ea.1*- 
etilations were therefore made- with the data furnished by the two- experiments 
described:

4? - M o X m  of iodine required for complete iodiustion of .1© mg., toxin?
Per cent tyrosine : " 2.8 ._©rams ' ^ \ per i© mg; w n  $  ©^8-m ^  ^  jEeles ■ " -per 1© mg. toxin ~ 0.28 x 10”f 1*54 X.. 1 © ^..... ... • • 0.182 x IO3 ■



i -f ' ;
■ i.. ' "  -1BH- '

.■ ■ ;)
'Mdlebs loathe to domhlet^ ■’ "•* • - • i V'
idaiiWte USi x 10-6 moles . x ,1,94 at 10"6 #- 3,08 x -
•tyrosine ■  ̂ . •; .x .■

1 . t':
■■. -

; : W' ' Moles• of iodine' actually taken .up by(±6 mg* toxin,v •. •. -■ t "■ .....
W i  '' 'rt'’' ' • *  '•

: k y. -V :...
" , K -

* •' v i » 'j • * 5 ► .  .1 - 1 , t , i •.
K . ' ' ■ ; ; 'r; 'i,

, , f , i  ■ ]■; W - , . \  - Y  ' r t r  , ' " V - . ' }■. ' ' f i i h - v  i I ? / ' ' V - ' .

it would, appes* therefore that over twice;.;|2.4 times) as much Jpdine .. 

was' taken Up by the toxin protein SP wouid be. expected, on the bSsls Sf the
» ;v . . i V „ , . f -.„ / .  .V.. " . ' , V  r y  .)I ,i • ' V  -  [ i f  ' ' V  ; .. : y  'i v  : 'I ■ i 'i' x, -

V

perCSntage of • tyrdsinb found., 4#es discussion, ) •V;;

■■h. ■■< »«’{ :,

r-
^ i. ! I r * .

. i ,
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Figure 5. Standard Tyrosine Curve. Readings were taken on a "Lumetron" 
photoelectric colorimeter using a 520 mu filter.
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Table TL
Summary of Experimental Talues and Derived Date 

for the Determination of Tyrosine on Toxin KPS III 250

Tube
Total wt. 
Toxin spl. Toxin/tube

Trans­
mission

Trans­
mission

Tyrosine 
per tube Total tyro, 

toxin spl. Total tyro, 
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
lb 30.6 9 94 1.973 0.28 0.93 3.0
Ie 30.6 n 94 1.973 0.28 0.93 3.0Ave. 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 ft 95 1.978 0.23 0.77 2.4
2c 31.8 m 94.8 1.977 0.24 0.80 2.5Ave. 0.24 0.81 2.5
3a 30.7 0.3 x 30.7 94.5 1.975 0.26 0.87 2.8
3b 30.7 ft 95 1.978 0.23 0.77 2.5
30 30.7 It 93 1.968 0.33 1.11 3.6Ave. 0.27 0.92 3.0
Average
The values for tyrosine/tube were read from the standard tyrosine curve shown in Figure 5.



Ti, biscussiaN m  msxms.

The lmportanee of unaltered tyroaiue for' the biological 'WefWty of.' .
I ‘ * 1 * •"

the vast majority of proteins studied has been noted, by Oleott (Sl)e Eo,w» 

■ ever„ little, if any, notice has been paid the reasons for the importance: 
of this amino acid in hormones, viruses, enzymes, and the Iike0. It is sug­
gested that the open ortho-positions of the unaltered tyrosine residue in

' j ( ^ " i  . , ' t

conjunction with the activity conferred by the reactive hydrofyl group

might account' for the ability of the larger* unaltered protOih molecule' to
■ . - <,'7'enter into two types of ..combinations in the .Onimal body; ^

’ ■ i '' ' ’. : '"'77''. ' '
1# ' Those, which Ofe of benefit td' the elaborating organism, be it

the host or invader^ or

2. Reactions (such as the one catalyzed;by the toxic lecithihase) 

which aye of Severely harmful consequence to the host.

If, as would appear Indicated by the results of this work., unaltered, 
tyrosine is essential to the second of these types (in this Case), then 

',Chemical' blocking of the protein groupings necessary for such a reaction
. * « 1 ' , • , ’ • i / - , « * ' M ' ' ' '  ̂ <1 • .

could yield a,material, tolerable to the ipp&ig# sBiiml* .end yet possessing': 

'those qualities required to elicit neutralizing'substances when injected' ’

into the tissues or blood stream of the animal,
The question of whether the antibodies produced in response to in= 

jections of iodo^ieclthiuase are th© 'result of the remaining 1,5 per cent „ =
' ' f " j c ' I r > c, . ■ ’ r » « ’ I- *< >• I . -V « , f i/ v, ■ ™ _<'

lecithihase' activity dr are chiefly antibodies to the iodo-antigen ,Wd W  
been answered completely,. There are several, possible approaches to this p m -  
biem, h o w e r e . for example, the nor# of animals= inoculated With the. num­
ber of IiIiB5S, of Untreated purified toxin BES III S48; equivalent to Is'B per



S S j  - i f

cent of its original activity couM be assayed over a course of irntmiza=* 
tion to determine whether the antitoxic titer responded, in the ,same manner 
as with the iodinated toxin* .

 ̂ Inhibition of the1 antibody tt? the Iodinated antigen by means Qf dif 

iodotyroaine would be further evidence that the antiieoithinese p o w  of 

the serum was indeed antibody to the lodo-proteia and hot simply & tespdh# 
to the Small amount of unaltered material, which remaineda vf:

f in a lly ? restoration of part or a l l  o f.th e  original a c tiv ity  o f thC ' 

■toxin by removal of the iodine would be Cf great aid; In resolving th is  Mea'=■ r , • . ....... . ... ... vr-
tio n , That ca ta ly tic  dehalogenation o f a protein is. fea sib le  .-was demon?- 

.atrated by harington et a.l C U )  when they dedalogenated iodinated insulin, 
thereby .restoring SO-iSO per cent o f i t s  orig inal activity*

% e finding that around 3+4 times the amount of iodine had been taken 

up by the toxin as was th eoretica lly  possible on the basis o f the calcu­

lated  tyrosine content. was hot confirmed. What th is  resu lt may not have

been due entirely to  experimental error receives some support from the work

o f Bauer and .Strauss, quoted by Herriott (19) Who found that globia (from 
. , . , , .. - - . . - ' . , -- - \ -y -- '

hemoglobin), which |@ rich lh' h istid in e , absorbed much more iodine than ex- 

pected from the tyrosine analyses. Likewise, Pauly, quoted by Hefriott (19), 

found that imidazole and the imidazole nitrogen of benzoyl h istid in e  react 

wfth iodine. In, the la tte r  compound, two Iodines substituted. -1 % ..addition, ■ 

Shahrokh- (35) observed ,considerable oxidation during iodination o f  crystal­

lin e  serum albumin at pH <6.5. There i s ,  in  the present case, some- p osa ib il- 

i t y  that too great an excess o f Iodine was used in the experlemht designed;' 

to  show iodine uptake by toxin KS4S 111 350. Hhder such conditions, i t  may



be that some oxidation (of SE) and 'substitution into' h istid ine ObuiS have

OCdhfreri „ %n order that' such of foots might; be minimised it ' i s  suggested
- , . ■ , * ' 1 ' ’

that - iodinatidn of any Bfotain on which the effects of"such treatment ’ afe 
being studied be', predeeded by & total tyrosine analysis, ■ ■ She Stoldhio- 

metric amount of iodine, for■complete IodinGtlon of the tyrosine alone' •.'- 
could then be added. In addition*'h determination of- the iodine content 

of repreolpitsted1iodo-toxin could,be used as further evidence that only, 

the tyrosines had been substituted and that no oxidation had occurred.,*. • 

Determinations' of iodine in proteins have been 'described ■ by Berriott (16* 

I?) and by Stimmel and MoQuliough (86)«
• Among'those workers who have* however.* been, able to demonstrate a 

diose correspondence between iodine uptake and tyrosine content are- Ii 1 
(W)* whe iodihafced lactogenic hormone and. Beubdrger (SO)6 who -carried out 
studies oh ’ lodihated helm, likewise-.- Jflecakowskil quoted .by- .Soyd (7) , -

* . j 6 . , ' <• ' t • * I Ij » 'r- < I f ■* * I st • 1

iodlneted horse serum globulin and found that the amou&t o f iodine- which 

entered the molecule was accounted for by the tyrosine groupse However>' 

i t  i s  in teresting that the la tter  worker discovered that iodination des-
. ' ' ' > * * I ’ ‘ , < • ’ „ 1 ’ I ' • ’ ' j ’ * ■ ' i

trpyed the a b ility  of h is  protein to -produce antibodies to, native horse

globulin, • ' , _  .................. ,

I t  would seem that 'Iodlndtion Of t h is  toxic protein, provides a ■prac­

t ic a l  means for a ltering (t.oxoiding) the lecith ipase toxin of Olostridium 

hemolyticum to y ie ld  a material which may be injected safely  in large , 

amounts in  order that antibody can be produced which i s  capable o f cross=-

raaoting with; the original toxin , , ' ,a...■ ■ .  . ‘ ■



~  60
'' ' ' V#*: 30#### . - , . , '

i* 5h@ BMim acia tyzoaiae -Wag sJigxm to Se present in t# Jetfeal toxin _ 
of Olostriaium feemolytioum, an enzyme catalyzing the feyarolyais of

' ' ' ' ' , * ' ‘ : 1 ' . : ■ ■ ‘ 1 ' 1 I 1 - ' J -  i » .

Ieciitfeiav- •• 1 ■ ■ ■ ' 1 1 . ■ .

8« Chemical alteration Oi1 the free tyrosine groups fey complete ,convert 
Sion to Iî ipdotjTPOSine destroys 9Q„C pen> W t  PS the original activ- . 
ity of the to'%lfe. Completeness of conversion to di-iodotyrOsiae tvas 
Sfeotsn fey tfee inability Of the tbxin to furnish a positive Klllon*e 
reaction*

3, ffep ,shortest time of Contact. iWltfe iodine and tfee 'lowest concentration, 
of iodine necessary for complete iodination were determined. ' " .
■ ....... . ,v-;

4 , -Ihe techniques Of Iodlnationir sterilisa tion ^  etc,., o f  the purified  

toxin are described,,

6« Animal tests Of the lethal power of Iedo-IeefffeinaeO and the techni­
que and course of rabbit immunisation #  the toxin are presented.

6. Experiments designed to demonstrate ffee uptake o f IodifeS by the toxin  

and i t s  quantitative relationship tp the tyrosine analysis Of tfee 

purified toxin  are presented and discussed. I t  was concluded that' 

the resu lts  obtained should not be, .accepted unconditionally SfncS they 

have not been confirmed.

?. Evidence is given. Of the greatly diminished lethal power of the toxin 
' after iodination with, however, retention, of antigenicity.
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