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INTRODUCTION

Further advences Iin immunochenmistry require more definite
knowledge regsrding the mechanism of antiboedy fomation and
the chemlcal strueture of entidodies. The experiments de-
seribed in this thesls were sttempts to obtain more infor-
mation on the nature of antibody formation and attempis to
develop & simple procedure for evoking precipitating antie
bodies. A method of produeing sntlbodies more conveniently
than is poseible with the laboratory snimals generally used
Tfor this purpose should Teeilitate studies on the nature of
antibodies.

any hypotheses of the mechanism of spntibody production
have been suggested, They ey be divided into two genersl
proposals. One concept is that sntibody production is 2 syne-
thetie function of cellular gystems. Unfer the influence of
an antigen, the formation of eertaln globulin molecules may
be ﬁireg;a& s0 thet the resultent giﬁﬁﬁliﬂﬁ have a surface
structure complementary to the surfacs of the stimulating enti-
gen., The second propossl is thet antibodies mav be produced
by sltering the stereochemieal and/or electrochemiesl proper-
ties of non-asntibody proteins. No synthetic mechanism is
postuleted, Instesd it is suppested that under the influence
of an entigen end various physicel and chemiesl stimull, non-

antibody proteins mey be converted Into speeiflic antiboedies,



. - & o »1.‘ £ s
the firet hypothesis i more widely seeepted™® ., Most
imanologists slso scecept the evidence indlesting thet snti-

Lo

£

ies sare synthesized by the cells of the retieulo-endotheli
svabtem of aﬂimalgg, However, there are a number of reporbs
in the litersture of the demonstration of mtibedy formation
in the absence of reticulo-endothelial cells®, Naturel enti-
ho&iesb have been observed in plants., Productlon of snti-
bodies has been reported in plents, insects, snd in acellular
sysbens,

The specific purposes of the present study were to exbend
the recently reported observation of mtibody formotlon by
ineubstion of plesma snd sntisens gg,viﬁrﬁﬁ end to atbempt
to develop & rapld method for the production of the relstivelw
lerme gmounta of sntibodies vhilch sre needed for chemienl

sbudleg of mitibody conmposition.

wilson, “ﬁ%inﬁiylgg of Beeteriology snd Imrunity,
P %iizi%?s end Wilkins Co., Beliimore, Nd., :
orn, 1131

B

bﬂaﬁstgini@, "The Hpeeifielty of Serolosical Hescthions,™
Revise? 4., Harvard University Press, Cambrideme, tnss.,
(1ﬂ£%}, Te 148, 145,

(24

¥ Bpeon, Areh. Internel Med. 72, 581 {(1947)

intivody formatlon wey be demonstrated by sny observeble
reaction betweon sn Qatix@n mmd ite specific antibody or

a2l

by the development of praﬁuuv to o gpecific antisren present

in on erﬁaniam*

See Glossary, p. 3.



GLOSBARY

Antigen - A substance which stimlates the produetion of en
antibody and vhich, vhen nixed with thet antibody,
rescts with it in some obgervaeble way.

Antibody - A substance vhleh is produced under the stimulus
of an antigen and which, vhen mixed with thet
antigen, rencts with it in some obmervable way.

Notursl Ant
%ﬁiah,havﬁ not been treated with en sntigen, end
which sre similer in thelr effects to the anti-

ihody -~ Substances found in enimals and plants

bodies developed by Immnization.

ix. - An antivody vhich reacts in an observable
way only with the antigen vhich stimulated 1is
produetion and with closely related antigens.

- En sntibody vhich resets with & eellular sntigen

Agelutinin
causing agglutination of the antigen.

Antitoxin - An entibody vhich resets with a toxin; l.e., en

antigen charaeterized by high toxicity, thereby

neutralizing the physioclogical activity of the

toxin.

An entibvody which reecets with s cellular antlgen

eousing diruption or lysis of cells,
Yy ~ The abllity to resist the development of a disease

caused by miero-orgenisms or thelr products bee

ﬁaﬁéé of the scetion of speecifie antibodies,
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Active Inpunity - Immunity resulting from the production of

antibodies by an orgenism after stimulus with an

aentigen.

Y, - Immunity produced indirectly by introdue-
tion of antibodies Tormed by emother orgsnism.
~ An antibedy vhich rescts with s soluble antlgen

to Torm s visible precipitete.

» The ability of an orgsnism to withstend s

disesse or infestion.

nee - The natural or sequired cepeclty to withstand an

antigenlie substance.



Hypotheses on the Mechenlsm of Antibody Formatlon

Of the verious hypotheses of the mechanism of antibody
formation whieh have been proposed, the simplest 1s the
agsumption first advenced by Buchner® that the entipgens
enter into the composition of the sntibodles. To this
wmﬁ@ﬁ are opposed strong srguments, DBerger and Erlen~
mazmrﬁ after immunizetion of animels with a conjugated anti-
gen conteining ersenie, "horse serum dlezo ersanilic seid®,
found no arseniec in the sers, and Heldelberger and K@nﬂgllég
ﬁée}mr and Boyd’ and Haurowitz s Vardar and sﬁmmﬁng have
also reported results not in keeping with this hyyatﬁasis..
Another objection to Buchner's suggestion is based u@aﬁ the
guentitative relationship between sntlgens and sntibodies.
éﬁmxﬁ‘iﬁg to a esleulstion made by Hooker end ﬁayﬁ a single
antizen molecule may giva rise to 8 guantity of antibody

suffieient to react with gseverel hundred sntigen molecules,

4 Buchner, Zentr. Bekt. 5, 817 (1889),

° %gé@;g:? and Erlenmeyer, 4. Hyes. Infektionskrsnk. 113, 79
15533, , v

& Eﬁiﬁa&h@rggﬁy and Kendall, Sei. 72, 252 {1930).

7 Hooker end Boyd, J. Immmnol. 23, 465 (1932).

& Heurowitz, Vardar end Schwerin, . Impunol. 43, 327 (1942),
® Hooker end Boyd, J. Immunol. 21, 113 (1931},
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& working hypothesis of the method of smtibody forma-
tion which fits In well with our present knowledge of the
sbrﬁ&ﬁur& of antigens and antibodies has been put forth by
Breinl anﬁ‘ﬁaur@w£EKXQ aaﬁyﬁﬁﬁﬁliﬁ These Investigstors ?rm~
ygsé& that in contaect with the antigen, glﬂhuiixs aYe Synh-
thesized which correspond spetially and in chemiesl affinity
to the antigen. This influence is exerted throush = physienl
end/or chemieal union between the peptides or emino acids and
the antigen during globulin synthesls, HNudd suggests that
this synthesis oceurs st the interfsee between the sntigen
snd the surrounding fluld. The globulin thus formed is asw-
sumed to be dissoeciated from the sntipgen sfter s certein stage
“has been reached 2nd the mtigen is thus sble to lesve its
stereochemical imprint on ﬁﬁéﬁ&ﬁﬁi%@ molecules of entlbody
globulin, Breinl and Haurowltz sugeest thet this synthesis
is located in the reticulo-endothelinl ecells,

?ﬁﬁl&ﬂglg has reviewed the physicochemicsl besis of the
hypothesis and eonsiders that "all sntibody molecules con-
tein the same polypeptide chainsg as normal slobulin and 4iffer
from nﬂrmél zlobulin only in the confipurstion of the chaing
that is, in the way thet the chein is coiled in the molecule”,

Pauling supgests thet when an sntigenie substance with a well

l& Breinl and Heurowitz, Z. physiol, Chem. 192, 45 (1930)}.

11 ywaa, J. Immunol. 23, 423 (19%2).
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defined eonfiguretion of active groups is present in the ecell,
1% influences the conflguration at the ends of the folded
polypeptide cheins of the normal globulins, thereby inducing
the formastlon of antibody. |

Burnet!® has pointed out a number of features of enti-
body formation thet are not explained by the ebove hypotheses.
Burnet ststes thet these hypotheses demend the presence of

antigen in the tlesues as long as active immnity lasts.

Burnet prefers the assumption of en entibody foming capacity,
independent of the eontinued presence of antigen, whieh is
trensmitted to descendant cells by some har@ﬁitgryfgraeeaae
He suggests that sntigens do not influence the sntibody globuw-
lins directly during thelr formetion, but modify the protein~
ases responsible for globulin synthesis. When the entigen 1s
no longer present in the tissues, the protelnase 1s reproduced
in the modified fom, both in the originel and in descendant
eells, ‘

Fmersont? hes supgested that the formation of sntibodies
as well as the formetion of matural antigens and of enzymes
mey be genetieelly controlled.

There s wery little knoviedge of the mechsnism of anti-
body formstion based on dlreet experiment, and it is not pos-

sible to decide between %h&sﬁ'hyﬁﬁihﬁﬁﬁﬁg’




Antibody Production in Cellulsr Systems

In Animels

Labvorstories producing ecommercisl entisers use the
method of injeetion of animels to stimulste sntibody produc
tion In enimels. %hen en spprecisble guantity of foreign
protein has been injected into an mimel in o series of small
doses, the blood serum of the animel contains, In most eases,
g large smount of sntibody speciflie Tor the injected protein.
Injeetions are ﬁsmﬁ.iy mede at three to four day intervals
for s series of Tive to thirty trestments, sond the amount of
entigen administered is Ineressed each time. This method,
however inconvenient end time consuming, 1s at the present
time the preferred method for the production of sntisers
for therspeutic use and for theoreticsl investigation.

in Tissue Gul

Antibody Tormetion in cell cultures has been repeatedly
reported. Carrel and Kngem—igamﬁm {1912) mixed pomt
ervthrocytes with lymph node or bhone marrow tissue of guines
pigs ond aefter three to Tive days in culture cbteined hemo-
lvsins to goat erythroovtes in extracts of the ecultures, By
e similar procedure Sen11rl® (1926) prepared bseteriolysins

15 garrel and Ingebrigsten, J. Exptl. Hed. 15, 287 (1912},

18 genile, wentr. Bekt. 97, 216 (1926).
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to ¥ibrio cholerse. Schilf cultured cells from rabbit spleen
in rabbit plosms and chicken embryo extract ¢ontaining entiw
gen st 37° for seversl days and wes able {*&} demonstrate the
presence of specific vibriolysins in extrects of the eultures.

Fischerl? (1922) reported that fibrobdlasts in witro

spond to the presence of an sntigen in the cultures medium dbv
becoming immunized to its setions A larse smount of foreign
protein sdded to culture medium markedly decreased the rate
of growth of fibroblasts previougly cultured in homogeneous
media, but had relatively little effect on those ecells prew
viously cultured in medis contalining the sntigen. Fischer
found a definlite relation between the amount of entigen
present in the media and the time of sppesrence of immmuni-
zoation and ibs durstion. |

Other workers have demonstrated formetion of entibody
for a variety of sntigens vhen the tlssue cultures were made
from snimals vhich hed been inoculsted previocusly with the
entigen,; but have cbitained uniformly negative resulis by
sdding the entigen to the tissus culture in vitro, ILiaxel®
{1912) injected killed cultures of typhold or dysentery beeill:l
into rabblts,; removed gpleen or mn@-«mmm@ cells after one
to Tive days,; snd cultiveted the cells in homologous plasma.
After two to five deys; he wes sble to detect lysing and
agelutinine in the eulture fluld.s His results were generslly

17 pisener, 3. E
18 yndxe, Berlin klin. ¥Woechsg

ptls Med, B6, 535 (1922); B35, 661 {(1922),




negsbive when he added antigeniec meterials directly 4o the
tissue e&ltur@ﬁ, Mever and &gﬁﬁﬁﬂ%ﬁgllg {1928} reported
that cultures of the spleen, lymph glends, and "milkepots™
of rabblts form agrlutinins for typhoid beeilll. vhen teken
from animsls previcusly injeeted with the sntirpen. Arclutinin
formation was noticed for two to Tive devs. Cessetion of the
funetion after this period of time wes sssumed to bhe due to
chenges in tﬁé rebticulo-endothelinl syeten, Hever snd
Loewenthel uses the method of masslive sntigen injection
followed by ILmmedlate deanth of the snimel. They believe that
thig method ig superior to the method of addition of szntigen
to tissue eultures in vitro only beesuse it provides for
grester diffusion of sntigens into the cells, The time pepe
108 bestveen injection of the sntigsn and desth of the sninmel
was not long enough for setivetion of the sntibodyv-synthesizing
mecheniaon of the body. These investiestors streass the impor-
tance of sctively growine eells sinee they fTound that the
smount of entibody produetion in viiro could be eorrelated
with the smount of growth in the culture flesks., They vere
able to demonstrete entibody production only with tissues
gsecured Trom the retliculo-endothelisl system,

A type of enephylsetic reesection in tlssue culburss vns
reported by Moen and S Pt (1956) vho found that cells in

spleen tissue cultures from rebbit previcugly inlected with

i9 Mieyer and Loewenthal, Z. Immunitets. 54, 409 (1928},

20 moen snd Switt, J. Exptl. bed. 84, 339 (1936).
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tubercle beellli exhibit 2 hipgh degree of sensitiviity to
tuberculin toxicity when grovn in medis conteining tuber-
eulin, eos ghown by the rete of cviolysis, Toen®t {19%6)

also Tound that tubereulin-sensitive eells grown in vitro

in normal medls showed persistence of this ecelluler sengi-
tivity throuzh severasl trensplsntstions, during vhieh $ine
mony new generabions of cells developed. Hwon®® {1997) cule
tured rebblt spleen tissues Iin medis contalning diphtherlns
toxin snd reported failure of the cultures to produce onti-
toxins. Antitoxin waes produeced, however, by tissue cultures
from smimele vhieh hed been inceulated with toxin., Spleen
tissue fronm previously iﬂ@ﬁmlﬁﬁ@ﬁ.ﬁnimﬁlﬁ wes enltured in
medis conteining dphtherias toxin, After two to six dryve of
culture in vitro, the presence of antlitoxin in tissue extracts
could be demonstrated. Selle and Eeﬁmieﬁg (1937} slao feiled
to produce preecipiting, sgelutinins, or hemolysins by in vitro
culture of sntigens with suspensions of chiek embrvo tissue or
tissue cultures of rabbit or suines pig splenic or pulmonary
cells. Parker > {1937) reporbted snother studv of the for-
mation of entibodies by tissue culbures in vitre. He was

able to demonstrste sntibody Pormation only vhen the tlssue

was boken Trom sn enimsl vhich had been injected with an

£
: 3

“+ Hoen, J. BExphl. Bed. £4, 945 (1936},

" bwon, J, DImunol. 35, 471 (1937).

ont e .
“5 8nalle and HeOmie, de Imrunol, 32, 157 (1937]).

“% Porker, Sci. 88, #¢2 (19%7); Compt. rend. soc. biol, 125,

715 {18777,




entiren tveo to three dove earllier. HNessatlve results were
obhtained when the time of exposure of the snimsl to the
anbigen weg shortened, Perlker sugpested thot =ntibody oro-
duction does not take place unlegs the tlissues heve besn
seted upon by some unknovs mechenism within the body.

The renpons for feilure of the in vitro immunizetion
are not obvious. Beerd snd Rous®® {19%e ), using & culture of
Kupffer cells from the liver, noted thet the cultlvated cells
hed laaﬁ their normal power of incesting entigenic partiecles,
These investlgetors inoeulated rabbits with veceinie virus,
removed the Kupffer ecells (rebtienlo-endothelisl eells linings
the liver sinusoids) end mixed the ecells with virus. 9he
miixbure wes then reinoculeted subeoutenecusly inteo rebbits
and weg found to be less pathorenic then was the virus slone.
They muggest that the cells multiply in the cutaneous tissue
ond thus suppress virus sebivity, No antivirsl effect was
found if the cells feiled to »ulbiply, and no antivirel
ule wes eleboreted by the eells under Ip vitre cone

F.3

ditions. In Tsact, the virus concentrabtion ghowed a grest in-
erenge ‘uring six to elght deys Incubstion in Ligsue eulture.
The evidence indicating thet the reticvlo-endothelisl
gsystem 1s not essentisl Tor antibody production s indirect.
There is, for example, some evidence for the occurrence of

the antibody mechenism In neturs In lower Torms. Antibody

“

Tormotion hes heen veported in lower verbtobretes snd In insect

as well o5 in plents.

o .
“2 Hesrd snd Rouns, J. Frptl. I




Immunizetion of insects by inoceulstion with attenueted
culture, cultures ki?ﬁl@é by heeting st 607, snd emall doses
of viralent cultures heve been m;;awt@&?ﬁ‘ 27, 28, % Two
typiesl reports are those of Chor inev0 snd Metelnikov an&
Chorine®t, Chorine {1928) demonstrated thet eaterpillers,

)  Hellonells, could be passively i«,:,;-«-iaae‘{ to diph-
theria toxin by injecting the bleood of immunized eceterpillars
into the body cevities. ﬁﬁbs@q&@ﬁt injeection of lethal doses
of the toxin did not kill the inseets, OChorine elso showed
that diphtheris toxin mixed with the blood of immunized ecat-
erpillars was neutralized. WMetelnikov and Chorine {1930} re=-

ported lmmunization of eaterpillars, Pyr 1s :
various virulent and sviralent streins of baecteris., Small
doses of 24 hour cultures of bacteris such as Boot

end Baclllus paratyphi were injected inte the

rallerise

eaterpillars. After one to seversl dsys, doses vhieh were

26 ‘ ' , .
metalnikov snd co-vorkers, &nn. Inst., Pagteur 74
(1220}, 35, 363 (1920}, 37, 526 [1003). |

2v o o) e £
Chorine, Compt. rend. soe. biol. 28, 1289 (1937), Compt.
rend. 186, 1659 (1928). = T

28 -
H&illat Compt. rend. sce. blol, 83, 278 (1920}, B4, 737
Comp T 1fE. 111% 11999), =

3?

$ﬁ~ﬁhmrina, Gompt, rend. 186, 657 (1928),
3l ietalnikov end Chorine, Ann. Inst. Pasteur 44, 273 (1930]).
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toxic to control inseects 4id not kill the previously inocu~
lated esterplllars, Thirty different baecteria were used ns
entigens. Five to ten Insects were inoculated with each
santigen. These workers were also able to demonstrate the

presence of baeteriolysinsg in the bleood of lmmunized insects.

in Marine Eses

Li111e°® {1913) noted the presence of sperm agelubtinins
in the egg water of ses urchins {Arbseip). In later studles
{1919) on sea urchins of the genus Strongylocentrotus (8.

frencisonus snd 8. purpurstus), Lillie found that the reaction

of the egz to the spermatozoon and the reasction of the spermae-
tozoe,by agglutinetion, to egr secretions were both highly
specific, He slsoc obteined evidence indlecsting that there

is a specifie correlstion between fertilizstion mmd the
capacity for sgelutination of the gpermetoroa end concluded
that the substence vhich apgglutinstes the spermatozos is the
same as that vhich ectivates fertilization of the egg. Tyler
and Fox o (1940) obteined solutions of sperm sgglutinins from
sea~urchin egegs and kevhole limpet eggs by dlssolving the
jelly leyer surrcunding the egg with acidified (pH 3,5) sea
water. @waﬁg {1940) slso found that cytolysis of the sges

%2 1111%e, 4. Exptl. Zool. 14, 513 (1913), ibid. 16, 523 (1914);

Tyler snd Fox, Sei. 90, 518 (1939), Bilol. Hull. 79, 153
{1940). _ S

33

34 yyler, Proc. Nat. Acad. Sci. U.8, 26, 249 (1940),
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relessed an antisgelutinin which insctivated the sgelutinin,
Production of sperm agelutinins by other marine eggs has been

reported®.,

in Elents

~ Numerous investigetors have reported the observation

of normal agglutinins, lysins, preeipitins snd other enti-
bodies in plants. Qhestexﬁﬁ, in an exeellent review of the
literature points out the works of ﬁareﬁsﬁanaﬁegﬁngﬁ, Wagner™’
and Wilkenko® as the most reliable investigations in this
fileld.

0f greater practiecsl importance is the study of aegquired
disesse resistence in plants. The studles in acguired Immun-
ity iﬁ plents were inaugursted by the reports afrﬁaysg and
Beau#arieéﬂ in 1901 of successful vaceinstion of eertaln
plants egalnst funpgus disease, Both of these workers vac-
ainateﬁ susceptible plants with attenuated strains of Botrvils
e;gerea,’and found thet on transfer of such imminized plants

2 See Tyler ond Fox (33) and references.

55 Chester, Quart. Rev. Blol. 8, 129, 275 {1933),

36 Mereusson-Begun, Z, Immunitats. 45, 59 (1926).

37 Viegner, Zentr. Bakt. 42, 615 (1915), 44, 708 (1916).

38 wilkenke, %. Immunitsts. 5, 91 (1910).

%% Rey, Rev. gen. botan. 13, 145 (1901).
40 Besuverie, Compt. rend. 133, 107 (1901},
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to enviromments rieh in virulent B. cineres, the plants re-
sisted the parsaite while non-veccinsted controls were killed.
Other investipgators have confirmed these results using the
seme and other parasites.® Inoculstion of plants with ex-

troets of parssites hag slse been shown %o result in ine-

eressed resistance to subsequent parasitice infection. Tarach?l
- £1932) grev sterile beasn seedling in graduslly incressing

concentrations of Botrytls eineres eultures, Subsequent

infection showed that the vaceineted beans were more resis-

tant to Botrytis infection than were the eontrols. Some of

the resiztant ?1&&%5 were killed by hesting to 70°9C,, by
ether vapor or by cold. ﬁﬁéh‘killeé plants were quickly
disintegrated by thg fungus, ruling out the possibility thet
sutotoxic s&haﬁ&a@ag;gyeaaa% iﬁ the cells were responsible
for the irmunity. It is interesting that the resistence of
%he plants seemed to be g Tunetion of the living tissues, a=
it seems to be in mnimals. Acquired resistance to baecterial
infections, to animal parasites =md to vaerlous virus infec-
tions heve been reported®s 42; 43, Wagrou?® (1978) reported
the observation of gpeeific agglutinins mé preeipitins inm
Julees of plants which had been infected with Phytomons

the asgent of plant tumors., HMagrou removed

ta See Chester {%l) snd references.

. %o 4, 315 (1932).

42 Mogrou, Asnn. Inst. Pasteur 80, 565 {1938).

43 Price, Guart, Rev. Blol. 15, 538 (1940}.
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33 lum zonate snd Chrysanthee
mum frutescens which had been inoculeted three to four months

earlier with P. 1w i s ground the materisl in s mortar,
and filtered the Juices., When the tumor extracts were mixed
with suspensions of the baecteria in physiologieal salt solu-
tion, the @ﬂllsﬁwer%fagglntiaﬁtaﬁg The resction differed
from the reaction of serum sgelutining in that the agﬁlﬂ%§n~
ation produets wers floceculent and filiform. The tumor ex~
tracts were also observed to react with extracts of the bac-
terial cells in typiecal g&é#igiﬁin reactions.

There are reports of et lesst six different plant virus
disesses in whieh yﬁﬁﬁéarg from the disesse 1s followed by
resistence from s second attack®3, The eharacteristie
features of the immunity are similer Tor all six diseases.
Plants r@névér after an acute attack by production of shoots
or leaves which appear healthy or show only mild symptoms
of diseese, whiech still harbor wirus, end vhich ere refrace
tory to infection with the virus in question but not to un-
related viruses. |

Several workers®®r 45 nave contended that this type of
acuuired tolerance to virus infecticns is not immunological
in ﬁatﬁ&aﬁ They suggest that cells become tolersnt of the

virus becnuse of the absence of virus preeursor materials,

Sta. Res. Bull, 360, 181 {(1935);
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or bepsuse the conversion of such materials into virus is re-
terded, However, o8 Yallace™® points out, this suggestion
does not explein the specificity of reported resctions, Uells
in which the supply of virus precursors is exhausted becsuse
of en infection should not be able to support the growth of
other unrelated virﬁﬁaﬁ,§ The fact that recovered plants still
contein virus i not incompatible with accepted imﬁanslagig
eal phenomenon, 3&?@?&4? hesz reported the presence af virus
in animals long after the symptoms of the disease hed dis~
appeared.,

There have been several reports of the development of
irmunity by bacterias to foreign material in their substrates®,
In most cases, there 1s considerable resson to believe that
the phenomens observed were instances of Inercesed toler-

anee rather than immnity or resistence in the serologieal

sense, However, Rosenow®® {1948) reported an interesting
study on the produection in yitro of substences resembling

antibodlies from streptocoeel, pneumceoeci, staphylocoeel,

Bac} f*,,ﬁé%@i&is*‘ Suspensions of organisms, containing
two billion to one hundred billion beeteria per ml, in
neutral saline solution were divided into three freetions,
One Traction was made O,5N in sodlum hydroxide, and another

made 0,58 in hydrochlorie seid, Allguots of the suspensions

48 wallece, J. hgr. Bes. 89, 1687 {1944},
*7 Rivers, Sei, 95, 107 (1942),
48 Hosenow, J. Infectious Disesses 78, 163 (1945),

2 3ee Chester (31) end references,



- were heated at different tempersiures ranging from 10 to 123°€,
for periods of twenty minutes to twelve days. Agglutinin

and precipitin tests were run on the neutrslized supernatants
of the suspensions. Altogether sbout 200 suspensions were
studied, Heximunm agglutiﬁaﬁi&&'ti%@rﬁ were obtained from
supernantants of suspensions thset hed been sutoclaved for 48
hours at 17 pounds pressure in seld solution. Tests were
incubated ot 50°C. znd read after elghteen sand forty hours.
Speelficity of agelutination was shown especislly well in

high dilutions, Rosenow interpreted the very high agglutinin
titers as indicating that sgelutinins actuslly were produced
from the bacteria snd not merely liberated ss eunto-antibodies,
Titers as high as 1/351,250 were noted. Rosenow found that

the agglutinins 414 not heve mny becteriostatie or bacteri-
eidal action on homologous or heterologous orgenisms but hed
antivody like smotion in yive. In these respects they resemble
entisers. He concluded %hat as long as the toxie Qﬁ%@ﬁﬁ@ﬁﬁg
within such bacteris are not completely destroyed, agglutiniﬂs'
are formed. These agglutinins have many of the charscteristies
of antibodies produced by animels under the stimulus of en
injected &aﬁiggﬁ.



Antibody Production in Acellular Systems

gg,ggggg,fefmatiag of antibodies in the absence of cells
hes beeniclaiméd‘by'maﬁy wsrk@fs; Substences simulsting
specifie aﬁtibmﬁiea feﬁm&d\oatgide the animal bodv were
de@snstrated'hy éstramﬁislenﬁki149 in 1915, By the incuba-
tion of a mixture of horse serum containing six percent
sodium chloride snd eiﬁhey‘éiphtheria toxin or botulism
toxin for %6 hours at é?”, a product was obtained with the
thérapsutié prﬁperties,af an &ntitaxia‘ Inoculation of ex-
periﬁent&lfanimals(with lethal doses of toxin plus sn equiva-
iant of the imcubatian‘pr@ﬁuct was hermless to the snimels.
ﬂpanﬁacidifieatiéa'af the incubation product, s solution was
obtained which was lethal but which could be converted to =
non-lethsl solution by exset neutralization. ﬂstremuislenskii
éestulateé thet the naﬁuw&l Qlébuliﬁs of animal serum ad$orb
ﬁhe administered téxin,firstiférming a‘nan«yaisonaus snlt
reeéily daéamﬁmsable‘by acid or slkali, The salt then under-
gaes a géaduéllprofaund ehenge with the formation of antie
toxin end the releamse of the toxin, which is then free to
convert more globulin to sntitoxin. This lsst chanse tekes
place only upon prolonged incubstion, the time being dependent
on the nature of the salt.

Variations of Ostromuislenskii's method have been used

49 pstromuislenskii, d. Russ. Phys. Chem. Soc. 47, #6% (1915).
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by other investigstors with varying success. Kryshanswskiﬁm
(1929) prepared two artificlsl diphtheria antitoxins of
different therepeutlie wvalue by incubating diphtheria texin
with different protein fractions of normal horse serum, and
found that the globulin freetion was much more effective then
was the albumin freetion for this preparstlon, B&scﬁkﬁrzevﬁl
applied Ostrommislenskils method to the production of agw
glutinins for gonococcus aend noted that blood previocusliy
inoculated with gonococcus was becterieldsl to the orgenism
on subsequent reinceuletion. ¥ez and Eiﬁg@ﬁ&g@ﬁkﬁg (1925])

plant julees with beef serum and ra@&yta&

incubated normal
the production of artificisl preelpitins specifie for each of
the Juleces. ﬁﬁala?ﬁglflﬁa?} was unable to eonfirm thelr
results. He found thet artificisl antisers prepared by the
‘method of Hez and Ziegenspeck reseted guite unspecifically
both in precipitation end in ag@iﬁ%iﬁa%imﬁ resetions, Bisler
concluded that the observed floeculation was s non-speecific
eolloldal resetion between ingredients of the serum end the
However, Sasse™ (1928) used the method of Mez with

extract.

aaﬂﬁaaa@ Basse mixed yl&ﬂ% Juleces with clear nonhemolytie

5w xrgm:msm Mg_g* Bakt. 110, 1 (1929).

51 Basehkirzev, Z. Urol. 23, 92 {1929).

52 Mez end Ziegenspeck, Boten. Areh. 12, 163 (1925),
53 nitats. 53, 156 (1927).

nz. 16, 351 (1928).

5e Spsse, Belir. Biol. Pfl




beef serum, | incubated the mixture for elght days at 35°, end
then diluted snd centrifuged the mizxture, ‘Ihe centrifugate
then contained an sntlserum with a titer as high as 1/1800 in
some enges. Susspe coneluded that slthough sniisers eould be
produceé by this method, the resetion has but little practical
importance since the antibody titer is low and since non-
$§6¢*fﬁ& reactions were obtained in certein ceses. Nache
maeh@r £1929) slso reported the cbservation of overlapping
reactlions end concluded thet no specific antibodles were
Tormed since no specificity of resction was observed.
Sdravosmissiov and Kostromin®® {1927} incubated éighw
’tharia toxin with commerciel trypsin for two snd one-half
hours at 37.5° end reported the sueccessful synthesis in vitro
of a toxin-trypsinate complex with the therayauﬁie’prayerﬁiea
of ﬁi@kth&ria,antit@xiﬁ; These investigstors had esrlier
{1923) subjeected cholers virus mnd verious bacteris to the
action of ﬁrvyai&ﬁg and hed found specific sgelutinins end
lysins, as éem@astrateﬁ by cﬁmpz@msnt fizetion tests. %he
firet conbact mf antiﬁan end enzyme resulted in ygeéﬁﬁtisn
of some lysis but no sgelutinetion, Addition of the bacterial
antigen to %Eﬁ’ﬁﬂﬁymﬁ*aﬂti§$R¢3$mp1$X'af%@r dlpgestion casused
agelutination of the bacteria. However, Kimmelstiel®® (1929),

55 E&ﬁm&ﬂﬁﬁr, %i%re ; iﬂlt Pflomz, 1‘?’ 1 {1@?«%}’

xmm;uitrtg. 5& 1 {1929)

56
57
S8drevosmisslov and Xostromin, Bull, Inst. ?astauy 21,
941 (1923),

58 Kimmelstiel; %.

Sdravosmisslor and Kostromin, &

wnifats. 62, 245 (1929).




in an attempt to eonfirm thelr results, wes unable to produce
specifiec antibodies.

Bacond (1943) reported production of antibodies by o
procedure véry similar to Ostromulislenskii's orimingl method.
Beeon lyophlilized bovine plssms 1n the presence of two per-
cent by volume of staphylocoecus toxin snd of diphtheria toxin
and incubsted the dried material at 37° for twelve hours. The
plasma wes then restored to its originel volume with wster,
adjusted to pH 7.4 with 0.1 ¥ acetic ecid, and filtered.
Preclipitin tests on the filtrates geve strong tesis, the
precipitste £filling from five to fifteen perecent of the test
tube, Contrel tubes geve light or negstive tests. Baecon
concluded that “the production of sntibodies nnder labore~-
tory conditions is within the bounds of possibility™. He
points out that fever, which ga&m&ya&i&sfiﬁfaeti@n in animels,
may conceivably be due to o shortage of water amveilsble in the
body for the sdsorption and tremeportation of hest enermy.

He therefors suggests that dehydretion of blood plasma, with
its resultent nlkelinization, mey cause remodeling of normal
globulins to antibody globulins in witro ss well as in in-
f@eteﬁlanimals, Unfortunetely, Bacon did not test his andi-
toxin preparstions for therepeutic velue,

. Peuling and Campbell®® (1942) prepared antibodles in
¥itro by subleecting normal globulins or other §rat@ins +0

%9 pauling end Cempbell, Sei. 95, 440 (1942), J. Exptl. Med.
76, 211 (19482},
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the setion of denaturing and rensturing resgents or cone
ditions in the presence of an antigen. %The procedure was
based on the hypothesis thet 1f globulins are trested with
denaturing sgents strong enough to esuse the protein chain
o uncoll, end if this sgent is removed slowly while the
entigen is present In solution in consldershble concentra-
tion, the chain ends will coll up to sssume configurations
steable under these conditions and complementary to the anti-
gen. The recolled plobulin will then have the properties
of & speclfie homologous antibody. Various methods of dew-
naturation were investigeted. The most suceessful consisted
of hesting to 55g, slowly cooling, end iﬁﬁﬁb&tﬁﬁg'fa? savernl
deys ot 57°. In s typleal experiment, a 0.01 percent solu=-
tion of 1,3-dihydroxy-£,4,6~tri~{p-azophenyl) arsonie acid
in & 1 percent protein solutlon st pH 7.8 was held at 57° for
about fourteen days. The mixbture was then dialyzed against
1 percent solution of sodium chloride to remove excess anti-
gen. Aliquots of the dlelyzate, when nmixed with antigen,
gave specific tests. The tests were wesk, however, end dif-
fered from those of immmune sers In that more critiesl con-
ditions were necessary for @?%ﬁi@itﬁﬁiﬁﬁ#

An unusual method of gg,ggggg.aﬂtibaé?‘@?ﬁéﬁetiea was
reported by Laiseleur®C (1938}, Using sn electrodislysls
procedure, Lalseleur clalms to heve produced antibodies to

ﬁﬂ“%aiaﬁiﬁﬁrg,@ﬁm4$'vgﬁﬁﬂﬁ soe. blol. 129, 172, 250, 358,
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eobre end viper venoms, diphtheris and tetanus torins and
ovaelbumin. Laiseleur sssumes that antigens and antibodlies
are eleetricsl imspes of esch other, and that if the charge
on esch of the dissocisted groups of sn antigenie protein
molecule is reversed with chenpge iIn the protein strueture,
the theoreticel conditions for antibody production will
have been met, The procedure eonsglsts of dlelysis of @
solution of antligen in the presence of chloride =nd eupric
ions for two hours {eurrent, 110 wolts a2t 20-50 millismps.).
A% the end of two hours the solution was slkeline. Five nls.
of €8y were ndded to the slkaline solution which wes then
ellowed to remet for another thirty mimutes., After this per-
iod, the solution contained the materisl which Lalseleur
considers to be & specific sntibody. Lalseleur postulsted
tﬁa following series of resetions for the proecedure.

02" 4 - e

e, oo o o R

4 2
,C00~Cus oo~ C00-Cu~00C-R

“NH “HH,, — Rfmg NH,
+ +

Unchenged
entigen antibody

In the presence of C3,, the resctions sre pletured as

_CooH | _CO0H .
‘ﬁ\ﬁﬁg + Gﬁﬁ omrmsri) R\gﬁsgg“ + Na

,COOH COOH - ,C00H |

R\i‘fﬁ{’}%* + R ﬁﬁg’" + O — B\%ﬁ ggﬁﬁ? R - COOH

antibedy
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Loiscleur clains to have obteined strong snd specific arsluti-
nrbion resctions between entigens sueh as ovelbunmin, ¢rsein

snd peletin and antibodies prepered by thisg method, end to

-

hove produced antivenom zolutions of such streneth that 8 me,.
of the entibody neutrslized the toxic effect of 1 np. of

venom when mixtures were injected into rebbiis Little ex-

»

mentel evidence ls given in his pay

erin
X

Y Jers

As Tar as eould be deternined, no methods other then the
stendard method of snimsl inoenletion heve been used for the
preperation of antibodies for use In medierl thernpy. Howe
ever, British Patent 5;¢s,$ﬁ&81 covers the production of anti-

9,

toxins vith verst

<

The patent steates that yesst cells,
srovm in s eulture of ¢ toxin, or » eulture of & toxin to-

rether with body fluides or orpenisns conteining toxin within

Jeeb
A
D
9]

therselves, seccumulate counter gsubstsnces which mey he u

ss medicements. The vesst cells when dried, snd formed into
rills, ere rvellsble for intrevenous or orsl sdninisbretion.
The therspeutlic value of Dsubschmann's prepareotion may be
seriously cuestioned., HNo experimentsl confirmation of his
claims wes presented. He apporently 4id not emplov any of

the relstively precise tests in cormon use to check the snti-
body content of his prepereotions, loreover, there sre no chef
reports Iin the litersture by Deutschmonn or cther investiszs-

tors on production of sntitoxins by vesst.

61 Deutsehmeann, Brit, Peotent 209,302, June 11, 1824,



EXPRRIMEITTAL

Preparation of Compounds

«s.

£46-Dijodo~-4d=nitrophenol -

L

9 g k\ o ‘} 3 3 * K
The method of bﬁvz%sklig“ for the lodinstion of tyroe-
sine wes éda§t@é for the preparostion of this compound,

Thirtyv-five go (0,85 nole) of p-nitrophenol {HEnstman Kodsk

Cos) were 'i golved In 870 wl, of concentroted srmonium hyw
droxide ond 788 mle of weber in a five liter flask, Tm this
solution wes added slovwly, with constent stirring, 128 o,
(0.50 mole) of iodine dissolved in 600 mls of = & perecent
solution of potsseium lodide, The solution was held at

6-0° guring the resetion period of three hours. Three f.
(0.084 mole) of sodiwm sulfite were sdded to the sclution and
sllowved to resct Tor five hours ot room tempersture. The
solution weg seidified with 700 nle of concentrsted hyvdro-
chloriec seld, filtered snd extraebed with ethers IEvapora-
tion of the ether extracts vielded £3 po (28%) of a yellow
solid, whiech wes soluble in sleohol, and which melted at

15%=155° (uncore) o

vz
i4
.
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anal, Gale'd for CaHaOsN In3 I, 65.0%; N, s.8%.
Found; I,% 64.8%; N, 5.9%.

2,6-Dilodo~dwaminophenol

The method given in Lassar-Gohn® for the preparetion
of m-smino-p-lodotoluene was adapted for this reduection.
Thirty g. (0.20 mole) of ferrous sulfate wes dissolved in
100 ml, of water and enough concentrated smonium hydroxide
 %@~@&£@ the solution slkaline. Five g. {(0.013 mole) of
'z,ﬁmﬁiiaéeﬁéwaitrﬁyhanﬁi‘ﬁarﬁ~ﬁi$aﬁiv@é in 100 nl, of
ethanol., The solutions were mixed snd refluxed on a boil-

ing water bath Tor ai@hﬁ hours. The sleohol was then boiled

83 Lasaar %ahg, "Arbeitemethoden fur Orpanisch-Chenische
Laboratorien”, Hth Ed. Voss, Lelpzig (1923). p. 819.

The method of Reimers, %Z. Anel. Chem, 118, 399 (1940,
for the @ﬂﬁiﬁati&ﬁ af‘ieﬁiae n Thyroid tissue was
adapted and found epplicable for the determination of
iodine in orgenic ecompounds of known constitution and
in lodo proteins. The method has been used for anslysis
of the Tollowing compounds in sddition to those reported
in this thesis.

3,5-Dilodo~-4-hydroxybenzoic seld

&nal Cele'd for CyHy0nlsy I, 85,15,

Founds I, 64.2%.

&

(3, ﬁngiiﬁéanéwﬁyﬁrwxybaﬁgyl}why@antnin
Anal. Cale'd. fﬁr-slﬁzgeﬁﬁ?xg, I, 565.4%

Found; I, 54.7%,

“*Ureidoms-{3,5-Dilodo~4~hydroxyphenyl)=propionic acid
inal, Calc'd. for ﬁlgﬁi o N,1I.3 I, 53.3%

f}é??*
Found; I, 52.8%.
The figures on the &iiaﬁa%yrn&iay derivatives vere nade
avelilsble through the kindness of Mr, ¥, N, Minard, who
prepasred end anslyzed the compounds,
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off; the agueous solution decsnted, end the residue ex~
tracted with 500 ml, of hot absolute alcohol, Thé alcohol
was distilled off under reduced pressure, lesving s red-
dish brown residue which wes dlssolved in concentrated
sodium hydroxide solution and extracted with ether. On
evaporstion of the ether in an a2ir strean, a yield of 2.3
g (49%) of vellow needlelike crystals was recovered.,
The materisl was recrvestallized from ethsnol. A semple
melted at 214-215° {uncor.) under icdine vapor.

Anal, Cale'd for CgHgONIgs; I, 70.4%:; N, 5,9%.

Found; I, 70.2%; N, 4,0%.

Attempts to prepare 2,6-diiodo-4-aminophenol by reduction
of 2,6 dijiodo~4-nitrophenol with stennous chloride snd

4
hydrochloric aeiéﬁ were unsuccesszful,

B38=-Dilodo-4~hydroxybenzeneazo cesein

The diazotization end coupling reaction of Landsteiner®5
and Ven der Seheer for sniline snd horse serum was adapted
for the preparation of 3,6-diicdo~4-hydroxybenzeneazo casein.
Two g. (0.005 mole) of 2,6-d1iocdo~4=-aminophenol were dis~
solved in 100 ml, of weter and 43 ml. of N hydrochlorie neid,
and diszotized at 0-5° by dropwise mdditlon of a sodium

6¢ seifert, J. prek. Chem. 28, 437 {1683).

85 Lendsteiner end Van der Scheer, J. Exptl. MHed. 45,
1045 (1927}, |
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nitrite solution wuntil & sterch-iodide end point wes reached.
The solution was then diluted to 1500 ml, with lee water,

and sdded slowly to 18 g. of casein (Pfeonstiehl, pure)
digsolved in IR0 ml., of a 0.2 H sodium esrbonete solution,
The mixture was allowed to reset for three snd one~half
hours with constant stirring, snd stored overnight in the
ice box. The solution was next aeidified with 10 percent

‘hydrochloriec acld. The precipitate viiich formed was centri-
fuged and washed with absolute slechol until the aleohol
waﬁhiﬁgs were colorless. The proteln was reéeatrifﬁgeﬁ

and dried over sulfurie seid in s vecuun desiceator for

seven days. The protein end its solutions were light yel-

low in color. The proteln was soluble in alkeli and in neubrel
salt solutions. |

inal. Found; I, 2.7%.

Hitro casein

Nitro cesein was prepared by the method ﬁf,ﬂﬁtaaarssﬁ.

Twenty g. of casein (Pranstiehl, pure) were dissolved in
200 ml. of a 5 percent solution of sodium easrbonste and
added dropwise to one liter of 6 N nitric acld, After five
ninutes st voonm tﬁ@p@f&t&?@, the resction mixture was
poured into a three liter flask contsining 1,000 wl, of

jce water end was placed in en iee box Tor twelve hours.

The preeipiteted protein was separsted by centrifugetion,

6ﬁ'wu$$ﬁ@r$@ Ann. Inst. Pesteur 82, 81 {1939},
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The protein was purified by solution in 800 ml, of & B

evcent sodlium carboneste soluticn end reprecipitetion with

5 I hydrochlorie seid, and by dislysis sreinst distilled

woter, | The protein wes dried over sulfuric ecid in =
vacuun desicentor for seven davs, The nitro protein ond
its olutions were vellow in eolor,.
inel. Found: Protein M (Kieldehl), 13.85; Total U
{Dumas) 21.8%.

The Dumes method for nitrogen messures both erino end nitro

nitropen. The Kieldehl method gives low resulits on nltro

. 67 o 2 .
compounds. The originsl Pranstiehl e=gein

¥ as deternined by the Kieldshl method,

4-Sulfobenzenenzo easein®

L osolution of 2.0 r. (0,015 mole) of sulfanilie aecid
{Beker end Adems) in B0 nl. of water snd 18 wl, of 7 H

Wydroehloriec scld wan prepared, The solublon wes caonled

50 (=5 in an lee Deth and = solution of sodiun nitrite

E

wan sdded dyopwiles until o positive resctlion wss obtained

diluted

""?@

with starch-iodide paper. The solution wse then

A«"g

to 100 mi, “i?n lee weher snd added to 21 g. of esseln

67 Jor 8, "Laborstory wﬂﬂusl of Hierochemistry,” Purcess,
&iﬁﬂﬁdgaiw~, Minn., (1241), p. 1%.
a .
All diszotization wna coupling resctions were rdepted
rom the r@mfrni procedure of dateiner and Ven der
fx & { 1@}??}‘

*3(;“'{:30.& Jt tl‘ } BT Y }u» £
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{Pfenstiehl, pure] dissolved im 300 ml. of a 0.3 K sodium
carbonate golution, The ﬁ@&aﬁi@n wes kept slkeline through-
out the resction pericd by the sddition of more sodium car-
bonate solution when necessary, end was held at 0-5°
throughout the resction period and Tor thirty minutes
sfter completion of the resetion, The protein wnz then
precipitated with § percent hydroehloric seid, dlslyzed
for 24 hours sgainst distilled water and separated by cen-
trifugetion. The yrat@in‘waa orsnge~red in eolor. On
degsiceation the color darkened to a reddish brown. Solu-
tions 2t pH 7.4«7.8 were red. The prodein waes dried over
sulfuric aeld in a vacuum desicvestor for seven deys.

ingl. Found: 8, 2.5%; neut. equiv. 236.

Heut. equiv. of Planctiehl esseln was found to be 800,
4~Carboxybenzeneazo casein.®

A solution of 1.8 g. (0.012 mele) of p-aminobenzole
aeld in 50 ml. of distilled water =nd 15 ml, of 7 H hydro=-
chlorie seld was prepared, A 2 percent sodium nitrite so-
lution wes added dropwlise until & positive test wes obtanined
with starch-iodide peper. The solution wes kept st 0-8°
in en iece bath during dlscotization. The g@luﬁian weosn then
diluted to 100 ml. with ice water snd sdded to 21 g. of

eazein {Pfenstiehl, pure} dilssolved in 300 ml, of a 0.5 ¥

% 411 diazotizetion and ecoupling resctions were sdapted
from the general procedure of Lendsteiner smd Van der
Sﬁﬁ@e’r’ i’ %Q tf}«-i » gﬁg@a % 1{}%3‘5 (1@??) E S
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sodium earbonate solution., The solution was held at 0«5°
and was kept alkeline to phenolphtheslein during the coup~
ling resction. The solution was then scidified with 5 K
hydroehloric acid. The precipitated proteln wae dialyvzed
for 24 hours sgalnst distilled weter and was drlied over
sulfurie seid in a vaeuun desicesntor Tor seven days. The
protein was red in eolor. Its solutlons were slso red.

Anel. Found: neut. equiv., 101,

The procedure of Cheethenm and Sehm1dt®® was rollowed
with slight modifieations. Forty-seven g. {(0.33 mole) of
arsenic acid {General Chem. Co.) end 152 ml. {1.83 moles)
of aniline (Generel Chen. Co.) were placed in a Kjeldahl
flask and heated on an oll bath at 150-160° for five hours,
allowed to stand at room hempersture overnight, and reheoted
to 150-160° for another five hours. The meterial was weshed
into » one liter besker with 200 ml, of hot weter, mixed
with 60 ml. of a 6 N sodiwm hydroxide solution and cooled
under a wabter tap. The agueons layer was separsted from
excess aniline in o sagarg%ary~fﬁaﬁﬁl, Twenty gm. of Filter
Cel were added to the 3&1&@&@51 vhiech was then filbered with
suction, The filtrete wes mixed with 50 ml. of 6 B hydro-
ehloriec acld and plaeed in the ice box., ¥Fhite needlelike

erystals separested out in four hours. The erystals were

68 Cheethem and Sehmidt, I. Am. Chem. Soe. 42, 628 (1920).
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filtered and recrystallized from hot weter. A sample melted
at 230° {uncor.}). The yield of arsenilic seld wes 24 g,
(34%) .
Angl. Cale*d for CgHgOpN As; As, 54.55; N, 6.50%
Found: 489, B33.8%; H, 6,5%

nobenzensezo gasein®

Two g. (0,009 mole} of arssnilie seld were dissolved
in 10 ml, of 7 H hydrochlorie seld, and dlazotized at 0°
with excess of a £ percent solution of sodium nitrite,
Sterch-icdide paper wes used as an Indiestor. The solution
wns diluted with 100 ml. of iece water end sdded slowly, with
ﬁ@ﬂﬁtﬁﬁﬁ‘sﬁirﬁiﬁg, to 50 g. of essein {(PPanstiehl, pure)
Aissolved in 500 ml. of & & W sodivm earbonate solution.
The resction mixture was held at 5-10° during the thirty
ninutes sllowed for coupling, snd wes kept nlkeline to
phenolphthalein by sddition of 2 N sodium hydroxide solution
when necessary. IThe srsonc protein was preeipiteted by acide
ifying the solution with 5 percent hydrochloric seld ond
was purified by reprecipitetion from & 12 B sgodivm hyvdroxide
solution by the addition of ten wvolumes of ethanol esnd

enough hydrochloric acid to couse Tlocculetion of the pro-

2 A1l arsenie analyses by the method of ¥wins, J. Cher
109, 1355 (1916},

b A1l diszotization and coupling procedures were adepted ~
from the general procedure of Lendstelner snd Van der
Seheer, J. ¥xptl. Med. 45, 1048 {1927).

A
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tein, end by dlalysis apainst diestilled water. The grﬁteinv
wes dried over sulfuric seid in a vecuum desiceator for
seven deys. Both the dried protein and its solutions were
e brisght vellow in eolor.

Anal, Foundi As, 1.0%.

A seoond preperstion of 4-~arsonchbenzeneszo easeln was
made in order to aﬁtain a easein with a higher srsenic con-
tent. Twentv-five g. of eansein {Pfenstiehl, pure} vere dig-
golved in 500 ml. of 2 2 ¥ sodium carbonste solution. Three
g. of arssniliec acid were dissolved in 20 ml, of 7 K hydro-
chloric neid and dilezotized with excess of 2 perecent solu~
tion of sodium nitrite at 0-5°, Subsequent treatment was
identiesl with thet of the first preparetion. The protein
obtained was oranpe in color mmd formed orange-red solutions
in d4ilute alkall. The proteln wss dried over sulfuriec scid
in g vecuum desiceator for seven days.

inel. Found: As, 3.9%; W, 19.5%.

4~irsonobenzencazo egg albumon®

Four-tenths g. (0.002 mole} of arsenilic seld were dis-
solved in 5 ml., of 7 N hydrochloric seld snd diszotized by
the slow sddition of s & perecent sodiuvm nitrite solution

ﬁﬁﬁil the stearcheiodide end point wwms resched, The solution

8 411 aiszotization and coupling procedures W@za“aﬂaptéﬁ
from the genmeral procedure of Landsteiner snd Ven der
Scheer, J. Exptl. Med. 45, 1045 {1927),




was diluted %o 60 ml, with lce water snd added slowly, with
constant stirring, to 10 g, of egg elbumen (Beker and Adams)
in 500 ml, of a ¥ sodlum carbonate solution, The solution
was held pt OwB° during dinzotization snd the thirty ninute
period sllowed for coupling. The solution was seldified
with 7 N hydrochloric scid and the protein which preeipi-
tated was separated by centrifugstion. The protein was
purified by three reprecipitetions from & 12 N sodium hy-
droxide solution with ten wolumes of ethanol and enough
hydroehlorie aecld to cause floceulation of the protelin, and
by dialysis against distilled weter, The protein wss dried
over sulfuric scid in & vacuunm desiecator for seven days.
The protein and its solutions were light orenge in color,
Anal, Found; As, 2.4%; N, 22%.

Four-tenths g« (0,008 mole) of arsenilic acid were dis-
solved In 5 ml., of 7 N hydrochloric acld snd dlszotized at
0° by the addition of a £ pereent solution of sodium nitrite
to s starch~iocdide end point. The solution wes diluted to
10 ml. with lce weter, and coupled st 5-10° to 1 g. of blood
elbunin {of unknown history) dilssolved in 45 ml, of a 1 N

sodium earbonste solution. After 15 minutes, the mixture

2 £1) diazotization and coupling proececures were adapted
from the genersl proecedure of Landsteiner and Van der
Seheer, J. Bxptl. Med. 45, 1045 (1927},
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was filtered to separate the small amount of yra%ein which
had not been in solution., The filtrete wes scldifled with
5 & hgﬁré@hiaric aecid,. The protein vhich preeipitated was
purified by reprecipitation from 5 ml, of & 10 N sodium
hydroxide solution by the sddition of ten volumes of ethanol
and enough hydrochloric acld to esuse flocculstion of the
?r@teia; The arsono protein was dried over sulfurie secld
in a vacuurm desiceator for seven days.

Anal. Found; As, 0.1%.

A second preparation of 4-arsonchenzeneazo blood albue-
nin was mede using two g. of bovine plasma slbumin {drmour,
Crystalline, lot 46). The albumin was dlssolved in 200 ml,
of & 1 § podim carbonate solution and ecoupled with 0.1 g.
{0.0045 mole) gm. of diszgotized srssnilie escid by the proce~
dure used for the first preparstion. The protein was pre-
eipitated by peldificetion of the solution with hydrochlorie
acld, and was purified by two reprecipitations from sodium
hydroxide séiuti&m with hﬁﬁrﬁﬁhiaria~a§1§,aa& e%haﬁél, and
ﬁy dislysis against distilled weter. The protein was dried
in a ?seuumfﬁasieaﬁtar over sulfurie seld for seven days.
Both the arsono protein and its solutiong in nentrsl salts
were orange in eolor.,

Anel, Found: As, 3.9%; H, 20%.

' The method of Wormall®? wes rollowed. Twenty-five g.

® Vormell, J. Exptl. Med. 51, 295 (1930).



of casein (Pfanstiehl, pure) were dissolved in 1,000 ml, of
a 1 N sodium carbonate solution. Two g. of iodine in a 10
percent solution of potessium iaﬁiﬂé were sdded to the pro-
tein solution in a two liter eless—atoppered Tlask. The
mizture wes sllowed to vemet for 24 hours in the iece box.
The solution @as then acidified with b perecent hvdrochlorie
acid, The protelin vhich precipiteted was fil%@r@é with sucw
tion and wes washed with water untll the filtrate wes chloride
free snd ecolorless, The iodo enseln wms dried over sulfurie
scld in e vacuun desieeantor for seven davs. The protein was
white in color and its solutions were colorless.

Anel. Found; I, £.8%; N, 16.5%,

The method of ﬁﬁahrakh?gfwaa used, Ten g. of egg albu-
men {Baker and Adems} were dissolved in 1,400 ml. of soluw
%iﬁn‘ﬂantaining 40 g. of dipotassiuvm hydrogen phosphate and
40 g, of pobaessium dilhydrogen phosphete. Filve g. of lodine
in 120 ml. of g § percent solution of potassium iodide were
added and this solution wes held at 5-10° for twenty hours.
Exeess lodine wes then reduced &y*aﬁﬁi%iaﬁ of & seturated
solution of sodium thiosulfate. The iodo albumen was pre-
clipitated by the eddition of an eqgual volume of a saturated
ammonium sulfete solution and enousgh 1 percent acetic acid

to make the solutlon distinetly turbid, The nixture was

70 Snehrokh, . Biol. Chem. 151, 659 (194%).



placed in the ice box for six hours to gllow the precipitate
to settle out. The protein wee then separasted by centrifu-
gation, purified by dialysis ageinst distilled weter, and
dried over sulfuric seid in s veouunm desicestor for seven
ﬁﬂys.

Anal, Found; T, Z2.6%; N, 14,5%.

fode pl a&&;&lb&mﬁﬂ

Iodo plasma slbumin wég also prepared by the method of
shahrokh. Uwo g. of bovine plesma =lbumin {Armour, crystal-
liég, lot 46] were dissolved in 240 ml. of gsolution contain-
iagag g« of potassium dlhydrogen phosphate ad 8 p. of di-
potassium hyﬁrsgéa §ha$§§ata,iﬂ’a glﬁss*ﬁﬁagggyﬁé Plesk.
One-helf g, of lodine In 120 ml. of = 10 percent potassium
jodide solution were sdded to the elesr protein solution and
the flask wae kept in the ice box for 24 hours. Yen ml, of
e satursted sodium thiosulfate solubtion were azdded to reduce
the exeess iodine. ‘The protein was preecipiteted by the
eddition of en equal volume of a ssbursted srmonium sulfate
solution, ?ﬁﬁ'yfﬁ@i§i$&%$‘ﬁﬁﬁ separeated by aentrifngatian,.
dialyzed sgalnet distilled water and dried over sulfurie
seld in s vecuum desiccetor Tor seven days.

Anal, Found: I, 0.4%; ¥, 22%.



.

%he procedure of ﬁhi&ﬁn&ek,&nﬁ,wigaasyl“Wﬁa followed.
Fifty g. (2/3 mole] of thioures {Eastmen Kodek 497) were
 mixed with 25 ml. of water in a 1llter round bottom flask,
Thirty-six ml,. {4 moles) of methyl sulfate {Eastmen Kodek,
practieal) were ndded. The flask wes hested with a moving
flame until o spontsneous resction ammecz « After zémmgla-—
tion of the apoatmmua reaction, the meterial was refluxed
on en oil bath €hgﬁh tempersture 130°-140°%) for 1% hours.
‘The mixture was then cooled, and 200 ml. of absolute aleo-
hol were sdded. There were formed immediately white erystals
‘%&ieh, vhen filtered, washed with aleochol, and dried in air
overnight, melted with decomposition st 228° (uncor.). The
vield was 65 pg. (68%). |

#nal. Cale'd. for CuHy04N.8a3 N, 20.3%

¥ound; N, a.‘%{}#“%i%.

Busnidyl easein

75

£

The method of sﬁh&tm was us » JTwentyvefive g. of
casein { i’f&ﬁ%ﬁiﬁﬁly pure} were dissolved in 500 ml. of con-
centrated pmmonium hydroxide, end 8.8 g. of B-methylisothiourss
sulfate were added to the protein solutlon in a ground gless

a’%ﬁgp&m& flask. The reaction mixture wes nllowed to slt at

1 Biatt, norgenlc Syntheses” Col. Vol. IT, John ‘miley & Sons,

Inc., Mew York, N. ¥. (1947}, p. 411,

e i0l. Chem, 278, 59 {1943},

%hﬁt’ﬁﬁg z’." LNk
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room temperature for three wecks, ‘the protein was then
dislyzed for three days agsinst tap wster end for three days
seainst distilled weter. 'The precipitsted protein was then
separeted by centrifugetion end dried @var\3ﬂ1fnria aeid in
a vacuw: desiecator for seven days. The proteins and thelr
golutions were eolorless.
- #nel. Found: Protein H, {Ejel.}, 25.2%.

& duplieste somple vas sllowed to resct for only three
dnys snd was then dlalyzed and dried in the seme wey.

inal Found: Protein N (Kjel.), 13.6%.
The originel Pfenstishl cnsein ﬁ@ﬁﬁ@i&ﬁﬁ 13.86% N,

The method of Sehutte was followed, fTwenty g. of egg
albumen {Baker end Adsms)} were dissolved in 400 ml. of con-
centrated ammonium hydroxide, end 6.5 g. of S-methylisoe
thiourea sulfate were ndded to the proteln golution in =
ground glass-stoppered flask. The mixture was allowed to
react ot room temperature for three wesks., The protein was
then dislyzed for three days againgt tap weter and for three
devs speinst distilled water. The preeipitated protein was
separabed by centrifugetion snd dried ower salfari¢ aeid in
8 vﬁéuum desicentor for seven davs. The protein ﬁﬁﬁ it$
solutions vere colorless. | |

fAnal. Found: Proteln N (Kjel.), 23.1%.

A Guplicate semple wes ellowed to reasct for only three days
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and was then dialyzed and dried.
Anal, Pound: Protein ¥ {Kjel.}, gﬁ;l%,
The original epg albu@ﬁn eontoined 14.5% N.

Methods of Antibody Production

Three methofs of antibody production were investigated;
stimulation of entibedy production by intravenocus injection
of sntigens into reabbits, lyophilization end incubstion of
antigen sand bovine serun mixtures as developed by Bacon® and
3ﬁiture of veast in « medis conteining sn antipgenic protein.
Yenst was tested because of its repld synthesis of protein
ss demonstrated in the menufscture of nutritionsl concen-

tratﬁs*75

dnoculation of Animels with

The method of rabbit inceulstion used was substantielly
that piven in Havk ang ﬁergﬁim?é¢ SBolutions of A-arsono-
benzeneszo casein (%.0 mg. N/ml,) snd iodoeasein (1.7 me..
¥/mi.) were prepsred and sterilized by pessege throush s
Seite Pilter. The sntigen solutions were stored in the ice
héx at ﬁ»iﬁgg Babbite were ﬁnjé@%aﬁ intrevenously st three

to four &@y intervals with ocne of the entipen solutions, The

?% #ink, Yorratepfles
(1938)

74 Hawlk and Bergein, ”?&ysi&lﬂgiﬁgl Chemistry”, 11th Ed,,
ﬁiﬁ Bleakiston e‘Q«’ Philedelphia. Pa. P ‘é‘gi}u

e . Lebensmittelforseh. 1, 52, 107
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saount of inceulum wes Iincressed Prom 0.5 to 1.0 =1, ir »
series of 4 to 12 injections. Blood wms romoved ten davs
sftor the lest incculstion, preserved vwith 0,010 percent

2

merthiolate, and stored in the ice bor st 5-10°0,

inoubntion of Blood Ploaoms and Anbicens

Boeon's method of =mtibody g?&&ﬁﬁ%iﬁg vag mnodified
slizhtlyv, Une hurdred ml,., of elesry eltrated or ovslsted
snd centrifuged beel pleenmes vere pleced in p 1000 nml, suce
tion Tlesk. To the plasna wes added sm eliguot of sn ontipen
solution eonteining £ 2. of the sntisen. {(Seeller smounts of
antigen wore used in the initisl experiments. The better
results vere obtalned vhen the relative concentrations indi-
entod vere used,) The solutions vwere thoroughly nized s=nd
were lvephilized, The dried moterisl wes incubsted st 779

Por 1214 homn =nd wes then reconstituted with Alebilled

weater apf sufficient 0.1 ¥ seetbic neld to =diust the ol to
{The majority of solutions orepared did

of reid.) The reconstituted solution

sliguot of the Milirete tested Tfor proe-

One to Tive nml,

slicuobs of the Piltrsie were mized vith 1 ml, of o 0.1 per-
cent solution of the homolopous snitipen in 1 percent sodium
chloride solution, snd ineubsted Loy twelve hours st n9°,

Hendines vere teken every hour, Incubetion for 4-6 hours

seve the most ssotisfectory resdinegs. Intensity of resction



ineresses with ineressed tinme of ineubstion, but non-gpeeifie

srecipitntion interfered sfter sbout six hours,

Culturine Yesst ip Medis Cornteining fntirens

The veast used was Ssecheronvees gersvisise, Strein no.

567 of the Horthern Resionsl Hesesreh Leboratory® The gtock
culture wes carried on s 7,5 pereent melt erxtract aser slant?,
Cultures were Lranslferred sverv three months., Loop transfers
were mede from the stock culturee to flasks containing 100

rl, of # 1520 perecent molesses solutlon and were then incu-
bated Tor 24 hours st 30°. In order to make up medis Tor snv
partieulas run, 20 ml, of molasses medlium, 10 ml, of =2n =p-

sroximetely 1 percent solution of sn mtiren ond o 10 mi,

ot of 2 74 hour wveast culture were combined in o 600 mi,

Plesk. The number of wvesst ﬁ@lif inoeulsted was wwovineately

¢ x 1Q$ in each case. The flaske vere then incubsted Tor 48
hours at 309,

The molasses medium was prepared by dissolving the
molesses {Brer Habbit or Anheuser busch) in hot weter, bril-
ing for 15«20 minutes, snd Pilterine of f the cossuleted pro-
tein throurh s met of Pilter Cel., The redium was sterilized

by autoclaving ab Tifteen counds pressure for 20 minutes.

e

Findly furnished by Dr, L. 4, Underkofler nd Dr. E. I,
fulmer.

b Tventy-five g, of wert ager, 205 g. of malt extract, snd

20 ge of pgar vere dissolved in 1,000 wl, of water. The
medi aAwrm autoclaved for 15 minutes ot 15 sounds pressure,
Ten ml. alicuots of medin were used to prepare sger slents,
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Une percent solutions of the sntigens were prepared by dise
solving 5 g. of the dried protein in 50 ml*'af a 5 ¥ sodium
hydroxide solution, diluting with 400 ml, of distilled water,
ond neutrelizing the solution with 50 ml, of 5 B hydrochlorie
aeid, If the protein was ingoluble in neutrel solution, ﬁh&v
pH was sometimes adjusted by dropwise addition of 10 N sodium
hydroxide until the solution was elear. In other cases,
antigen smlutians eenﬁaining suﬁ§anﬁ&§ protein particles
were used,.

After lneubetion, the cells were separsted by centrifu-
gatlon, weshed with distilled water, cytolyzed by fairly
continuous grinding vith ses sand and ether for 30 minutes,
and extracted with 25 ml. of a 5 percent solution of sodium
chloride, The sodium chloride extraects were decanted from
the sand and‘cenﬁrifugeé until c¢lear. 1t was found that
centrifugation d4id not remove £ll the suspended material,
éné in later work the centrifugates were trested with 0.1
g« of Filter Cel for 15-20 minutes snd filtered. The ex-
trects were then tested for preeipitin content.

Extracts giving stronger preclipitin tests were obtained
from yeasst cells vhich were transferred to fresh media con-
taining the seme concentration of sntigen each 48 hours for
a series of t%a to six transfers, and then were cytolyzed

aﬁé extracted by the praeaéﬁr& given sbove.



Hethods of Testing for Antibodies
filero

Two methods of testinm Tor precipitins were used, the
miero method of ﬁﬁﬁkﬁ?ﬁ and the more eommonly used macro pro-
eipitin te@tqéﬂ Henks'! method for determinetion of small
amounts of preeipitins wes modified slightly. OUne ml., sli-
guots of gelatin base or sntigen solutions in gelatin base
were placed in 756 x» 7 mnm, test tubes. One ml. aliguots of
the solutions to be tested for precipitin content were lay-
ered over the gelatin, The test tubes were incubsted ot 37°
for 1-3 hours and then placed in an ice box for three days.
Readings vere teken after 1, 2, 3 and 72 hours of incubation,

Gelatin base was prepared by dissolving 25 g. of Difeo
gelatin in 400 ml. of distilled wnter, sdding 10 g. of sodium
chloride, 2.5 2z, of phenol and 100 ml, of glyecerol to the
gelatin solution, snd mixineg thoroughly., The antigen solu-
tions for testing were prepered by mixing ¢ ml. of gelatin
base and 1 ml. of s elesr stock solution of the desired cone
centration of aentigen in 1 perecent sodium chloride solution.
Stoek solutions of sntigens were prepared by the procedure

given on p. 45.

7S Hanks, 4. Immunol. 28, 95 (1985).

78 Kolmer, "A Practical Textbock of Infectlon, Irmunity,
- and Blologic Tﬁﬂ?&??”g 3rd Ed,.,, W. B, Ssunders Co,.,
Philsdelphia, Pa., 1924. P, 1133,
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The macro precipitin tests were set up by a modification
of Kolmer's method’®., One ml. of approximetely 0.1 percent
solutions of the antigens in 1 percent sbﬁium chloride
solution were placed in small test tubes (100 x 12,5 rm,)
Antipen solutlone vere prepared by dlluting 1 ml, of 1 per-
cent solutions of proteln prepsred in the manner glven on p.
45, with 9 ml, of & 1 percent sodium dhloride solution. &All
entigen solut! ons used for testing were opticelly clear. One
to five ml, saliguots of the solutlons being tested for pre~
cipitin content were mixed thoroughly with the sntigen solu-
tions. The tests were incubated st 37° for 1-3 hours and
then placed in en ilce box ovemight. Readines were taken
after 1, 2 and 3 hours of incubation snd efter & night in

the iece box.
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RESULTS

Produection of Antibodies by Ixperimental Animals

It é@ﬁm%d desireble to cheek the abllity of some of the
antigens to stimulate specifiec sntibody production by the
usual immunologieal procedure of snimel inoeuletion. Four
rebbits were emploved, Two of the rabbits were injected
intra?&amusly}wiah a sterile solution of 4-arsoncbenzeneazo
caselin (3.8 mg, H/ml.). Two vere trested in the some msmner
with a sterile solution of iode ecasein (1.7 mz, §/ml.). The
smount of inoculum was increased from 0.5 to 1.0 ml. in a
series of four to twelve injections. Injections were made
at -4 day intervels with a rest period of ten days after
6, 10, and 12 injeections. Blood wasz removed for titer de-
terminations at the end of each rest period.

In the tests, one ml, sliguots of serial dilutions of
rabbit serum and 1 ml. of a 0.1 percent solution of the
homologous entligen were mixed and incubsted ot 37° ror two
hours, end ovemight in =n ice box, Results of micro and
maero tests asre shown in Tebles I and II,

To test the specifiecity of the antibodies present in
the rabblt sera, e¢ross tests vere run using the serum dilu-
tion vhich gave the strongest precipitin resction in the

titer determinstions. One ml, sliguots of serum were addef
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Table 1
Titer Determined by Henk's Micro Method®

Serum from rabblts injected with

Ro., of 4d-Arsonobenzeneazo Iodoensein
injectlions casein .
#1 #2 #1 #2
8 1/180 1/840 1/1280
10 1/1z80 171280 1/5120
12 1/40° 1/2560 1/10,240  1/5120

® piters recorded are the hipghest dilution vhich gove s
p brecipitete, ’ ,
Rabbit seerificed after four injections.

Table II
Titer Determined by Maero Method®

N A A o S e e e oSl S 2

Serum from rebbits Injected with

Ko. of 4-Arsonobenzensazo Iodocasein
injections r easein )
# #2 # #2
6 1/80 1/40 1/40
10 ’ 1/80 1/640  1/%20
12 1/8P 1/2048 1/1024 1/512

& piters recorded are the highest dilution vhich gave &
b ggeeigiﬁateﬁ
¥ Rabbit sserificed alfter four injeotions.
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to 1 ml, portions of 0.1 pereent solutions of a wide variety
of antligens snd were tested by the maero preciplitin test

{p. 47). Hesulte are shown in Tebles III end IV, Serum ob-
tained from the mimals prior to inoeulation with the enti-
gens dld not Torm preclpitates with any of the antigens.

The results show considerable varistion in the amount of
precipitine end In the sgpecificity of the preeipitins pro-
duced by animals wvhich hed been inoculeted with the seme

entigen.,
Produetion of Antibodies by in ¥itro
Incubation of Antigens and Serum Proteins

Production of Precipitinsg by a Modifiestion of Baecon's Method

Since Bacon's procedure, if confirmed, would provide a
method for repid production of relatively large quantities of
sntibodies, it was gpplied to the preparation of precipitins
against the chemicelly modified proteins being studied. The
antigens tested were 3,5-diicdo-4~benzeneazo easein, nitro
cosein, 4-sulfobenzeneazo casein, 4-arsonobenzeneazo cesein,
éwarsﬁﬁahenzeneazo ege albumen, 4~arsonobenzeneszo blood
albumin, iodo essein, and iodo eps albumen. A number of the
antigens were used in two or more §yaparatiéna‘ The prepa-
rations were %esﬁeﬁ for precipitins by the masero test (p. 47).
See Table V.,

Preparations vhich formed definitely heavier precipitates
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Table 111

Macre Tests for Cross Remctions of Antisera®

%ﬁa ml. a%ianits of serum

Con~
trol
4~-Argsonobanzeneaso Iodo ecasein
1% , easeln -
Hall Animal Animal Animal Animeld
e . i _#2 #1 #2
Serum Dilution 1/8 . 1/28¢  1/ls8  1/512
Test Antigens : |
(1 ml, of 1% :
solutions in .
1% NaCl solu- i
tion,) , "
1% Sodium Chloride , — —0 T _‘"
. 4-Arsonobenzeneazo ; v —_— -
casein LN Tx
Iodo easein $— “—' +
4-Arsonobenzeneazo °
ege albumen . —+ —+ Ix Tr
Todo egg albumen , _ Tr — ++ -
émﬁrsanﬁbanzﬁnaaza . , —
bleod albumin ¢+ — @ —— —+ —+
Iodo blood elbumin ¥ —  — _ —  —+
5 ,5=Di1l0d0 =i~ L —
hyéxoxvhaazena&ze _ —_— _ —
easelin : ,
Guani&y& casein O -+ — ‘+‘ —

{13.6% N} .
Guenidyl caseln

(23.26% N) "f 4“‘ ‘H“ #‘H‘ | _H— I

& Readings teken after incubntion for two hours at 37°, and
b overnight in an ilce box,
Ksy: Tk , eloudy; O, opalescent; + -H , preeipitate.
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Table IV

Hicro Tests farfﬁrcﬁéfﬁa&@tisns of éntiseraa

One ml, aliquats of serum from rabhita

inoculated with

4~Arsonobenzeneszo Iodo eansein
patmel o Rnimal  Animel  Animel
A e ano o he

Serum Dilution 1/40 1/e40  1/320  1/2560

Tegt Antigens
(1 mi, of 0,1%
solution in

Zelatin bose) -
. b -

ﬁéatrcl, gelatin bese , —

LT T T

d~frsonobenzenenzo s —
cogein
Ilodo csasein —_— —_— —*"

d-Araonchenzeneszso
ege albumen -

Iodo ege albumen

4~Arsoncbenzeneazo . .

Iodo blood albumin

3 Suﬂiiaﬁcwémh?ﬁraxyn
benzenaaaa easelin . —_—

Guaniéyl eagelin :

(23.2% H) ‘

Guanidyl eee &l bumen :
(23.1% N)

*
»

blood slbumin ‘ -_— -
+-

ﬁitre{case&a : -_ ; ‘

2 Tegts were incubated at 37° for three hours, and in en ice
bsx for 72 hours.

Key§13++§r®¢i§itates*
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when tested with the homolopous sntipen then vhen tested
with the control (1% sodium chloride) were reported as ziving
positive preecipitin tests. ?rﬁgarﬁﬁimaa which formed no

Table ¥V
Precipitin Tests on Solutions Prepared by Bacon's Hethod

Ko, of Ho, of % of
preparations preparations preparetions
tested giving giving
intigen Tested positive positive
- » Precipitin precipitin
tests tests

3, 5-Diiodo-d-hydroxy-
henzeneazo easein 4 4 160

é-ﬁalrobanaaneaz@
ecasein

Hitro easein

0
50
100
100

Iodo epg slbumen

b - N
B - B © B

>
i

Jlodo easein

d-drsonobenzeneazo

caseln & B 100
4~-Arsoncbenzeneaso o

egg albumen 2 2 . 100

4wArgoncbenzenenzo _ ‘
blood =2lbumin ' 1 1 160

preeipitate when testadvith the homologous antigen snd prepare-
tions vhich formed ss much preeipitate with the control
{sodium chloride) as with the homologous sntipen were re=-
ported as eiving negetive precipltin tests. In the majority

of the positive tests, a2 trace, st most, of precipitate was



formed in aénﬁrﬁl tubes. The preparations gave positive
precipitin tests in slmost nll csmses, The plasms preparations
did not, however, show the expected speeificity of reaction.
{See Teble VI).

Baeon reported extremely hesvy precipitin tests be-
tween his entibody preparastions and the stimulating toxins.
In certein eases, the preelpitate was reported as filling
as much sg l0-15 percent of the test tnbe, In no cese was
80 heavy & precipitete obteined in these experiments, The
heaviest preciplteote observed did not ocoupy more then 2.3
percent of the test tubes. An atbtempt wes made, however,

smounts of precipitins. Csleulstions of percent incidence

, 49
of precipitation, by the method of E@s@ﬂﬁw“? were made and
ere shown in Figure 1. Hach reaction wes scored according

to the Tollowing scale.

Reading Interpretation Score
- ‘ Ho resnetion 0
"®,*®,0 Cloudy or opalescent

solution 1
81ight precipltete 2

Preeipitotes of
increasing strength

+
+
+4-

" 4
+-

» 5
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Takle VI

Ho. of Ho, of No. of Yo, of

preparstions pers . 5 rotions

Antigen tested Tor showing shovwing

in gpecificity specifie precipitstion nm
Preparation precipitetion® of

guestionable

speeificity”

B,B-uiiodowda
hydroxy-
benrenesso
eoseln 2 1 1 0

25
o
R
Q

Witro caselin 2

o
2
D

iodo egs albumen B

S
it
fe

Icéq eageln 4

w
kS
8
Yot

Lo AP G OLLD o
banmensay

o

e allamin 2 1 1
Lo AT HOT e
henyensano

blood albumin 1 0 1 0

@ In these ceses, o given plasms prepsyotion showed
‘eipitet ith the homolopous ﬁﬁ%iﬁ@ﬁg and ol ther
cipitntes r with the hopelogous ant! G
gmounts of proeeip! with other sntl
proteln conponent the gome hapben.
In these cases, o & slasme preparabion
cipitation with sanbtigens other than the :
contained either the same sroteln eomponen
€ In these eoses, san unexplsinsble cross resctlon was noted,

o o
or
B

&




80
\\
70 \\\\\
% RN
80 \
Inclédence \\\\\
50 4 \\\\\ \\\\\
of \\\\ \\\\\
Precipita~ \\\\ v
tion \ \\ '
&0 \\\\\
ms\ \\\\\\
FREL \ S \ ; \\\ |
Usod 12| 2 8 4 |5 |6 |7 ls |s
Preparations | 6 4] 1} 2 2 4 5 2 |1 :
Tested o " A
81 gontrol , 6 «» lodo essein
2 = 3,5-Diiodo-4~hydroxy~- 7 -« 4~Arsonobenzeneezo-
- benzeneszo eagelin _ cagelin . T
3 - 4d-3ulfobenzeneazo 8 ~ 4~Arsonobenzenenzo
casein ege slbumen
4 - Hitro caseln 9 = 4edrsonchbenzencazo
5 « lodo egz slbumen ‘blood slbumen

Flgure 1

Strength of Precipitin Reactions
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Percent incidence was found by 4ividing the total score from
tests on plasma treated with a given sntigen by the totel pos=-
sible score {5 x no. tests).

It should be noted that the number of preparations tested
wes smell. Therefore, positive conclusions as to effective~
ness of antligens cannot be drawn., However proteln derivetives
containing arsenic or lodine sppesred to be the most effective
of the antigens tested in stimuleting produection of meterials
giving relatively strong and specific preecipitin tests.

Effect Qf Substitution of Skim Milk or Eeg White
Protelns for Berum Proteins

8ince blood plesma 1s a relatively unevaileble source of
protein, 1t seemed desirsble to see if another cheap, avail-
able protein could be used as a substitute, Blood plasma
contains 1.8 percent of glﬁbulinﬁg. The two groﬁein sources
gelected for substitutes, skim milk and ege white, contain
0,15 pereent and 0.7 percent of globulins, rasyectivelyvé‘

Sufficient sodium hydroxide wes added to 200 ml. of
skim milk to clarify the solution. The pH of the milk was
then{&ﬁjnste& to approximetely 7.4 with 10 percent scetie
aciﬁ; Thirty ml. of the milk solution were mixed with a
solution containing 0.3 g. of 4-arsonobenzeneszo egy slbumen,
and lyophilized. Thirty ml. of untrested milk were also
lyophilized, Shaf&rieﬁ materials were incubated st 37° for

twelve hours, snd were then reconstituted. laero tests

7% Hewk end Hergeim, op. clt. pp. 199, 407,
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{Table VII} run on the preparstions. gave only negative rew
sults {See p. 53). No precipitstion ccecurred in any of the
tubes, slthough all solutions beceme cloudy after four hours

of ineubstion.

Table VII
8kim Milk ns a Blood Plasms Substitute

Preparation teaﬁaﬁa‘,_

Milk and
Milk 4~Arzonobenzeneazo
{ Control} sze albumen

Test entigens (1 ml, of

a 1% golution in 1%

NaCl)
1% HaCl (Control) Txb Tr
4-Arsonobenzenenzo

egg slbumen T Tx
4-Arsonobenzeneazo Tr Tw

caseln
Iodo easein T Tx

® Results after incubation for four hours et 37°, HNo change
in the tests vas noted during six sdditlonsl hours of

b incubation.
Tk » troce.

Lyophilized samples of ege vhite and 4-arsonchenveneészo
casein, ege vhite and lode casmeln, and ege vhite eantaiﬁin@'
no antigen were ineubsted, reconstliuted snd tested Tor pre~
eipitin eontent, Only nom-specifiec prseipitstion wes observed
when meero tests (Table VIII) were run on aliquots of the

preparations,
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Heither egr vwhite nor milk was s substitute for blood
plasme for production of sntibodlies under the conditions of
these experiments,

Teble VIII
Hgg Wnite as a Blood Plasma Substitute®

Preparation tested

Eeg vhite
plus
d-grachobenzenenso
casein

Egg vhite
plus
1odo eangein

HEpp white
Control

O E R Y

#

LR S A AR LN

Test antigens

tion of entigen in

1% haCl}. ;
1% NeCl (CGontrol) I8 P L Te
4~Arsoncbenzeneazo Tr -+ T=

eoaselin
lodo easein TR T t

Iodo sgg slbumen Tr ++ Te

Cd=droonchensenaszo | TR
egg albumen Tr , -+

’ : : —— . ; .
giﬁ;amzl‘hs after ineubntion for eight hours st 37 .
- TR trace; +, H— , precipitates.

Comparison of Precipitin Production by
Bacon's snd Ostromuislenskii's Methods

As has been mentioned, Beeon's procedure for preperaw

tions of sntibodles resenbles the method developed by



Ogtromuislenskii in 1915, It seemed of interest to conmpare
the strength and specificity of the preelipitin resctions of
preparations cbtelned by the two methods.

Une go of ivodo cnseln was dlssolved in B ml, of 10 H
sodium hvdroxide and 10 ml, of weter, One g. of 4-prsono-
benzeneazo caseln was trested in the some way. The solutions
were then neutrelized with 5 ml, of 10 N hydrochloric scid.
A 10 mi, aliguot of easch of the protein solutions was mixed
with 1 ge of sgodium ehloride snd 10 ml, of blood plasme, and
inoubated at 37° for 36 hours. After incubastion, the solu-
tiong were filtered snd dested for precipitin content. A
10 ml, eliguot of esch of the protein solutions was slso used
for the preperetion of sntitodiss by Bacon's procedure. These
preparations were also tested for preeipitin content.

The test results, shown in Table IX, iaﬁiaaﬂ;e that pre-
eipitins of comparable concentration snd specificity may be
prepared by these two methods,

Produetion of Antibtodies by Yeast Culitured in
Eﬁﬁig Contelning Antigenic Proteins

8ince yveast growith might be retarded by too hich a con-
centration of forelpgn protein in the medium, 1t seemed sdvige
able to determine the effect on growth of verlous concentra-
tions of antigen. Cell counts were made on cultures conteining
34B~dilodowé~hyd roxybenzeneszo ¢asein in concentrations of

1071 4o lé"$ percent after inecubestion for 48 hours at 300 -
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Growth was found to be falrly uniform (15-30 fold) over this
renge of antigen concentrestions, snd the dbserved variations
in growth could not be correlmted with antigen concentration.

Twenty to thirty fold grovth was nobted in entigen~-free cultures,

Teble IX

Precipitin Tests after Incubation at 37° for six hours®

Preparations tested

ﬁe%haﬁ;af Ostromuislenskii’s Baecon's

preparetion
 Antigen
in

Blood Flaﬂéa

Blood Plesma
) » ;}3_“_ [ DURVE, s

,_.3;13155 :

& 3.4

tMone: Iodo :4~Arsono- :HNone: Iodo :4-Arsono-
ieaselntbenzeneazo tenseintbenzeneazo

ot _icaseln t .. ieaselin

Bk HE TR CEE B R

preparction

Thw A% sk R wx ¥ AN 6 ¥ ¥k el

ST

Test Antigen

{1 ml, of a

0.1% solution

of antigen in 1%
Nal1)

{1% Hall) — Tr Tx
Iodo ensein — + =
LA SON O~ —_

benzeneazo — e + —_  + TR
coselin .

% Mhe tests were incubsted for twelve hours st 37°, Readings
token after 7-12 hours of incubstion showed less speecifiecity

B than -those tsken alter 4-6 hours.

Y Tk, trace; +, precipitate,

In the initisl experiments on the production of precipitins

by 8. cerevisiae, vesst was ecultured for 48 hours st 30° in a




15-20 percent solution {g./ml.} of molesses conteining antie

gen, antigen concentrations varled from la"l

to 1079 percent,
The following proteins were used ns sntizenst ecaseln {Pfan-
stiehl, pure}, ege slbumen (Baker snd Adems), gluten {Waxy
maize, Iows 939}, tyrocidin {Hereck), papain (¥erek), iodo
ensein, nitro ensein, 4-srsonobenzeneazc casein, 4d~sulfo~
benzeneazo ensein, 4-carboxybenzeneszo essein, 3,5-dliodo-
4-hydroxybenzeneazo ¢aselin, lodo egg albumsn, 4-arsonobenzenew
8z0 egg elbumen, gusnidyl cesein snd guaﬁidyi ege albumen,

After incubation, the cells were sapaxatg? by centrifu-
gotion and were washed twice with distilled water. The eells
were transferred to a mortsr and were eytolyzed by falrly
continuous grinding with send md ether for thirty minutes.
The eslls were then extracted with 25 ml. of e 5 percent
sodiuwm chloride solution. The evirects were decented from
the ssnd and were tlesred by centrifugation. One ml. aliguots
of the extracts were tested for preeipitin content by the nmiero
precipitin test.

Results of wome typlesl tests are shown in Tebles X and
XI. Precipitin formsetion wes observed in sach case bub the
tests showed some non~specific preeipitation. There was,
also, considerable veriation between the reactions of the
geveral extracts of cells grown in the presence of the seme
sntigen {Teble X1}, Yo correlstion could be made between the
number of ecells extracted or the feld growth of cells in
the culture =nd the svecifielty and/or strength of the pre-
cipitin tests.



In tests of 95 of such extracts, 80 (83 percent) of the
extracts gave positive precipitin tests (See Table XII),
Extx-aéts which formed digtinetly more precipitate or cloudw

Table X

Precipitin Formation by Yesst Grown in
Media Containing Some Caseln Derivetives

One ml, aliquots of sodium chloride
extracts of yveast grovm in medis
eontainineg 0.01% concentraion of
the indieated sntigen®

-Antigen in - Iodo 3,5 Diiodo-4-
Medla Hone Casein GCasein hydroxybenzens-
az0 casein

#1 #2 71 A #e # 92

Test antigen -
{1 ml; Gf Qul%
solution in
gelatin base)

Hone — TR? Tr Tx Tr —_
Casein —_— + — + -_
Iodo easein R +H + +H- T=  +H

hydroxybenzenew — — +H— + +H- —+ +H-

azo cagelin

a Resding teken sfter incubstion for three hours at :5?0 and
b 72 hours in an ice bhox.
Tk » trace;+ +, increasing emounts of preeipltates,
iness when tested with s 0.1 ,pgmmt solution of the homologous
sntigen in gelatin bzse than vhen tested with the eontrol

{gelatin base) were reported as giving positive precipitin



Table XI

Preeipitin Formatlon by Yeast Grown in Medis
*S@ntaming Some Casein Derivatives

One nl. Aliquots of &aﬁiﬂm Chloride extracts
of Colls Grown in Medis Containing ﬁ,lé
Concentration of the Indicated ﬁﬁtim

Antigen | Kone ﬁﬁﬁmﬁii@ﬁ&@« 4-Sulfobenzeneazo
o in ; hydroxybenzeneszo gaselin
Media 1 o e ne gtBseln ;

Test Antlgen

tion in gel-~-
atin base)

Hone —--—-.-—“l"b - - — +

5, 5-Dilodo-

géwhyéraxyn—-——f* - + + -+ — kR — —
benzseneano

cosein

benzeneszoe — — —_ — + + TR — —
easein

4-Carboxy- _ B
benzeneazo — — — — — — — -+ —_— — —
caseln :

Iodo easeln — — — — @ — — — e — 4 —

Hitro essein — — — — + — — — Ta + —

® Readings taken after incubstion for three hours at 37° and
«amigzxt in an lce box,.
TR s trace;,.,. #.i ineressing smounts of preelpliate,



- Gf -

Table LI {Continued)

Antigen
in
Hedia

E-UaThoxy =~
benzensazo
egselin

# 72

Test Antigen

{1 ml, of &
0,1% solum
~tion in gel~
atin base)

Hone

dehydroxy-
benzeneazo
pagein

4~Sullow
benzeneazo
casein

4-Carboxy-
Penzeneszo
gasein

Iodo esseln

Hitro ensein

+ 4

Iodo easein

—_—— T —

Hitro cagelin

7;!’_____.._.

o+ — —




tests. No resectlon wes noted in control tests on 44 (75 per-
eent} of %hﬁ 60 extranots vhich showed positive precipitin
renctions, In tests of the other 18 {27 percent) extracte
which gave positive preelpitin tests, control tubes showed
some ﬁ&ﬁﬂéﬁﬁﬁ&ﬂ ar & trace of preciplitate,

Extracts vhich formed no precipitate vhen tested with a
solution of the homologous sntigen were reported es giving
negative precipitin tests. Extrects vhilch formed preeipitstes
with solutions of the homologous sntigen but vhieh showed
equally strong reactions with the gelatin %ﬁae‘eﬁﬁxral ware
also reported es giving negetive tests. |

It seemed possible that many of the extraets vhich formed
equally heavy precipitates with the control end with the
homologous sntigen, snd vhich, conseguently, were recorded
as ggviﬁg negative tests, actually contained precipitins.

In opder to obtein extreets vhich vould give consistently
aegativa control tests, methods of removing non-specific
precipiteting meterials from the yesst extrecets were investie
goted. It was subseguently found that trestment of the cen-
trifuged extracts for 15-20 minutes with 0.1 g. of Filter Cel
would remove much of the non~gpeeific preeipitaetine materisl.
Micro precipitin tests on 25 of suech treated extrects were
positive in 18 {72 percent) cesess (See Teble XII), IEx-
trects trested with Filter Cel also showed fewer aberrant
eross réaatiaaﬁ* {Bee Tables XIII ang XV},



Table X311
Eiero Preeipitin Tests on Yeast Extroots

Antigen Ho., of Ho, of Percent of
Tested extraets exbraeis extracts
tested giving positive giving positive
precipitin precipitin
tests tests

Extrects not trested with Filter Cel
. hydroxybenzeneazo
.easgein 29 £8 76
Cagein ' 11 4 ' 36
Todo eeselin is 51 40

4~Arsoncbenzene-
azo easein

ny
<
o

4~Carborybenzene- ,
azo caseln 11 9 a2

4=-8ulfobenzene-
nzo caseln B £ - 14 88

Hitro cosgeln

P B OB O
L B = B R -
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Table XIT1 {Continued)

Antlgen Ho, of Yo, of Percent of
Tested exbracts extracts extrects
\ tested gliving positive piving positive
precipitin
tests

Extreets trested with Filter Uel

hydroxybenzeneazo
casclin 1 1 100

3B

Iodo casein
lode egg slbumen 2 b 100

4-Arponobenzensnzo
taselin 8 & 75

4wArsonobenzene-
azo ege albumen 2 2 100

Guanidyl easeln 2 2 100

Guenidyl egg
albumen 2 2 180
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Table XIII

Effect of Treatment with Filter Cel on Spmiﬁeitgr
a:ff ?mzsi;aitiz: R&ﬁﬁ'ﬁ«ﬁnﬁ

One ml. ﬂliﬁg&ﬁts of sodium chloride extreets
of cells grovn in medie containing g,.l% con-
centration of the indiceted m'x%ig,@n

Antiﬁgen Hone lodo Xﬁ&zzs egg 4-Arsono-~ 4-Arsono~

coda easein slbumen benzeneszo benzeneszo
Hedisa caseln egp slbumen

Untreated extracts

Test Zntilgen
(1 mls of
0.1% solu~
tion in
gelatin base)

None Y — Tr T=

Tx Tr
Tr —_

Iodo casein + Tr
Iodo egg slbumen + TR

¥+

4=ATBONOw
benzeneazo +H+ T« .
ecasein , 1 + Tx

4~hrBono- : : ‘
benzeneazo + — + T~ —
ege slbunen ’
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Table XIIXI {Continued)

Intigen Fope lodo Iodo eggy 4-Arsono-  4-APsSOnce
in ersein  albumen benzeneazo benzeneazo
Hedils casain  ege slbumen

Extracts treated vith
0.1l @. Filter Gel for 15 min,

Test intigen
{1 ml, of
0,1% solu-
tion in gelw
atin base)

Kone

- - Tw — —_—

Iodo casein — Tk —~+
Iodo egs nlbumen — IR —+ —

L APsOn -
benzeneaszo + Tk +- T
caselin ‘

L AT BOTIO ' T
benzeneano _— - Tx —
egr albumen

® Resdings taken after ineubation for three hours at 37 and
p 72 hours 1n an ige box.

TR, tracejn+,+4y precipitate.

¢ Test missing.



The use of ¥ilter Cel on the extracts shown in Table
XIII eliminated some of the non-specifie precliplitstion
in cross tests and control tests. The treated extract of
the control culture of yeast showed three Tewer non-specifie
reactions than did the unbrested extract. TUrested extracts
of cells cultured in media contsining lodo emsein, lodo egp
albumen, 4-arsonobenzeneazo casein, or 4-srsoncbenzeneazo
egg albumen showed zerc, zero, three, snd three fewer cross
?@&ﬁﬁi@ﬂs, respectively, than d1d the corresponding untreszted
extracts, In genersl, the use of Filter Cel ol iminsted some
of the non-gspecific precipitetion in eross tests and control
tests vhich confused the results of tests of untreeted ex-
tracts, (See Tebles XIXI and XIV),

It is probsble that some of the speeific precipitins
are also removed during the trectment, resulting in smeller
smounts of y@aaiyﬁ%&t& in homolopous tests. Table XV shows
the results of preecipitin tests on sliquots of yeast extraets
trescted with Filter Cel fer 10, 20, end 30 minutes. After
treatment for ten minutes with Filter Uel, extrscts of cells
grown in med ium eontaining ilode essein f&ileé to give posi-
tive tests. Uxtracts of @eilﬁ eultured in lodo egg albumen
showed the seme result after thirty minutes of treatment.

In genersl, in tests of extrscts of ecells cultured in medis
containing the various proteins, the extracts vhich hed been
exposed to the setion of Filter Uesl for twenty minutes gave
resctions vhieh were most satisfactory, considering both

strength and specifieity of reaction.
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Table XIV
Specifieity of Precipitin Renctions

i

e g ; . . v Redbp s oous
e ‘el .

traets not %varteﬁﬁwith~£§;£e§~ﬁ§§

: No. of No, of Ho, of
o extracts extractse extracts
: tested for showing showing
Antigens specific ity® specific precipitation
Teated precipitation® of
‘ quas%ieﬁaﬁlg
specificity”

hydroxybenzene-~

azo cagein 14
ﬁésaim
Iodo esseln
Ege albumen 1l

O M
& 8 oW

4-5ulfobenzeneazo
caoseln 4 O 4]

4~Carboxybenzeneazo
casein . 4. 4]

b
Pt

Nitro casein

4-Arsonobenzeneszo
easein

Gluten
Tyrocidin
Papain

0k e 20
o S - S o SENE o U o
LT - S S

Guanidyl casein

HBuenildyl ezg
albumen 1 0 !
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Table XIV {Continued)

Mo, of Ho, of Ho, of
extracis extracts extrsots
tested Tor showing showing
Antigens specifieity”™ specifie ., preelpitetion
Teagbed precipitation - of
guestionable
speeificity®

3,5-Bliodo=dm
hydroxybenzeneazo S
enseln 1 1 0

ia&a caselin & 1

)

Iodo egr elbumen 3 2 0

L=froonohensenesso
soasein B ;3 5 0

4-prsonobenzeneazo
epe albunmen 3 s 1

2 Unly extracts giving positive preeipitin tests {(p, 63)
p were considered In tests of specificity.

in these eases,; a glven extract geve a positive reaction
with the homologous antigen, and elther gave no resction
with other sntigens or gave wesker resctions with sntigens
containing the same protein or hspten component.
In these cases, 2 given extraet geve a posltive resction
with the homologous entigen, but geve stropnger positive
resctions with other sntigens contelning the seme protein
or hapten component.
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The strengbth and specifieity of the observed precipitin
reactions varied widely in experimentation during twelve
months. {(See Table XIV and Fig, 2). The . dsta presented in
Fipure 2 rust be Interpreted a&atiﬁaslyg It should be noted

Table XV

Effect of Time of Treatment with Filter Cel
on Strength of Precipitin Reactions

“Pne ml. aliquots of sodlum chloride exLTaCES
of eells grown in medis containing 0.1% cone
centration of the indicated entismen.®

Test Antigens 3
{1 ml. of 0.1%: Hone 4~Arsono- Iodo 4=Arsono-  Iodo

gsolution in 1 benzenenzo ege benzenesazo casein
gelatin base): ege albumen slbumen ecaseln

Untreated extracts
None T v -+ + - —

4=-AT80N0- 7_ ,

benzeneazo r :

easein -+ 7R -++_. —_—
4=ATrsonoe :

benzeneazo

egr, albumen = Tr 7E ~++~ Tz
-Xodo egey ' .

albumen T Tr Tx [ Tx
Iodo casein T —_—

I Tr + -+ [

a Readings teken after incubstion for three hours at 57°% and
overnisht in an iee box,.
T=r » trace;, ., , increasing amounts of preclpitate.
that the number of tests on exirscts of yeast cultures grown
in a given sntigen veries widely. Seversl extracts vhich
formed heavy precipitetes with the h&m@lﬁgads antigen, slsoc
showed non-gpecific precipitetion with heterplogous sntigens.

In ﬁeneral,’arsenic snd iodine containing proteins were found



w TH -

+0 be the most satisfactory entigens of those tested in pro-
dueing sggﬂific precipitins by yeast eultures ass well ss by
the ineﬂbatiaﬁ procedure of Baeon. ,

There are indieations that at lesst some of the veria=-
bility mey be blologicel, Experiments in'whieﬁ three or four

Table XV {Continued)

Test Antigens
{1 ml., of 0.1% Hone 4-Arsono~ lode 4~irsono- Todo
golution in benzeneazo egg - benzenegzo easein
gelatin bese) ez albumen albumen easein

Extracts trested with 0.1 g. Filter Cel
for 10 minutes

Hone — _— —_— _— e

éuﬁraﬂns~ ' '
benzeneazo — TIr Tx Tr —_—
casein

4= AT SON 0™
benzeneazo — Tr T ‘*‘“ -
ege slbumen

Iodo egg e T — _
albumen

lodo easelin — -

cultures were carried out slmulteneously showed differences
which sre difficult to explein on sny other basis. Teble
XVI showe results which are typieal of the resmctions cbtained
in experiments desipgned to determine iIf eultures earried out
simultenecusly would pﬁ@dﬁea comparable smounts of specific
precipitine., Extracts from the three yveast eultures grovn

in the presence of 4~arsonobenzenenzo caseln 211 sppear to
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contain preeipitins, but differences In strength snd specifie~
ity of resction sre shown by the tests. The extracts from
veest cultures grown in the presence of lodo easein show

even greater varietions. Ope extrect gave feirly specifie

- resctions. OUne gave wesk snd non-specific resctions. One

Table XV {Continued)

Test Antipens
{1 mi, of 0.1%
solution in
pelatin base)

Hone 4-Arsono- Iodo 4=Lrsono- Lodo
benzeneazo egg benzenearo taosein
ege albumen slbumen easeln

Tin ww He an Aw W

Bxtreets trested with 0,1 g. Filter Qel
for 20 minutes
None _ TR —_ T -
4 AP SO RO ; ,
benzeneazo - —+- — -+ —_—
eangein
%»aréﬂaa» |
benzeneazo — ++ +-
egy %lhﬁméﬁ

Iodo egm :
albumen — Tr Txr Tr —

lodo ensein - -

extract showed no @rﬂaipiﬁin concentration., The results show
that sodium ehloride extracts of zimilar cultures, treasted
under the same cultural conditions, varied in strength and/or
speeiflelty of §rﬁ@ipitiﬁ re&atﬁm&s;¢

The molasses medium from vhich the e¢ells had bheen sep-
arated was slso btested for precipitins by Henk's miero test.

Ho preciplitins could be demonstrated in the medium. HFurtherw
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more, diffusion of the ecolored wnstituents of the medium
into the gelstin laver results in formetion of a dark col-
ored ring'wﬁiﬁh would hide the formetion of a colorless
preelpitate st the gelatin-molasses interface. Dialysis of
the molasses for seven deyve sgeinst distilled weter Poiled

to remove the coloring metter.

T

Table XV {Continusd)

Test antigens
solution in
gelatin base)

None 4~arsono- lodo d-prsonoc- Jodo
benzeneszo egg benzeneszo ecasein
egs slbumen plbumen casein

Fhe on A% w8 4R W

Extracts trested with 0.1 g. Filter Cel
for 30 minutes
4w AT SOTO .
benzeneszo —_— T= —_ —_—
- gasein

4w BT SONO
benzeneazo -+
ege albumen

albumen

iodo easein —_— — —_—

In the course of experimentation, it was noted (Table
XVIII} is typleal) thet the mmount of precipitste formed when
sodlum chloride extracts of vesst were tested for precipitin cone
tent frequently decressed vhen the extracts were stored in the

ice box {5-10°GC.) for more than a few days.
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8 gee Fip. 1 and discussion.

b 1 - Contrel
2 = 3,5 Dilodo~dw

hydroxybenzeneazo

cagelin
3 - Unseln
4 - Lodo cssein
5 =~ Egg Albumen
6 - Iodo egg slbumen

9 «Nitro ecagelin

casein

caselin

7 = 4~Sulfo-benzensezo

10 -~ 4d-Arsonobenzeneazo

eanein

1l « 4<Arsonchenzeneszo

Figure 2

ege slbumen

Strength of Preclpitin Resctions of Y@ast
Extrascts with Homologous Antigens

8 =~ 4-Larboxybenzensazo
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It 1= concelveble that proteolytic enzymes freed during
eyt@lyais of the vesst cells msy completely or partiaslly |
hydrolyze the protelins responsible for the dhserved precipi-

- tebion. As the quentity of precipitins precent wes reduced by
hydrolysis, smaller smounts of preeipitete would be expected.

Effect of Repeated Introduction of
Antigen to Yeast Cultures

- Bince the mmtibody tlter of the plasme of =nimals is
higher when & given samount %f mtipen iz Inleected in a series
of smell doses then vhen akéingig massive dose is given, it
se@m&.ﬁi xiasﬁ;rahlé to éa‘!;esmim the effeet of repested sddition
of smell emounts Qf‘&m%igﬂ% to veast culture medium. lin AP T~
iments, using different antigens, extracts of eells removed
after seversl additlions of antigen Teiled to glve significently
stronger precipitin tégﬁs than ortrasets of ecells removed fronm
the cultures after one eddition of antigen. Both miero snd
meero methods of testing were used. 1In & typlesl experiment,
flasks were set up containing 400 ml, of a 15 percent {g./ml)
molasses solution, epproximately 5 x 10Y yesst cells and 40
ml, of 2 0.1 percent solution of elther 4-arsonchenzeneazo
cagein or lodo ege alhﬁgan, The eulitures were Incubsted st
20% Por 48 hours. At the end of the First 48 hour period,

g 100 ml. eliguot of ecach culture medium wes vwithdrewn snd
30 ml, of antigen were sdded to the remsinder of the culture

medium, which was then incubated st 30° for snother 48 hour



period, Antigen was added sfter each 48 hour mcu‘batien period
for e series of five edditions. Allquots were removed after
48, 144, snd 240 hours. Cells were separated by centrifugastion,
eytolyzed with sand and ether and extracted wit%a 25 ml. of a
Table XVI
Variations in Preecipitin Production in Triplicate Cultures

One mi, aliquots of sodlum enioride

extracts of eells growm In medis

containing 0.1% concentration of
_the indieated entigen?,

Test Antligens
{1 mi. of 0.1%

solutiones in Hone Iodo Casein  4-Arsonobenzeneazo

selatin base) i - | | ¢agein |
‘ $ b (1) 127 (3] {17 2y (3]

Hone - — — TR
4-Argonobenzenesnzo : . — v ’H )

easein % + +
Iodo cmsein : = T= Tk —
4=Arsonchbenzeneazo *

ege albumen T - - — — T + +
lodo egg albumen ¢ __ . . + Tx T= Tr
4~Arsonobenzeneazo :

blood albumin z T - — — Tr "f" +

Iodo blood slbumin — — 4T " T®R  —
2 Readings taken after incubation for three hours at 37° and
p 12 hours in an ies box, ‘

Tr » tracej; 41—, incressing smounts of preeipitates.

5 percent solution of sodium chloride. The extracts were clari-
fied by centrifugs .on and trestment with Filter Cel, Aliquots
of the elarified extyracis were tested for preeipitin content
by the macro method. Results ere shown in Table XVIII, In

this experiment, yeast cultured in medium conteining iodo egg
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Table XVII

Deerease in fmount of Preelplitins in Stored IExtrects of
Yeast Cells

e ——

One ml. aliguobts of sodium @hlﬁrﬁéa extracts
of cells grovm in medie conteining 0.1% con-
centration of the indiceted antigen™.

Antigen in , A APsoncm deAPsonows 4o Arsonom= 4=-Araorio
¥edls llone benzene- benzens- :Hone benzene- benzones
S ‘ azno ers  azo s aZ0 Bgy 870

slbumen  casein : albumen  casein
permse—s -~ ; ; : s .
Fresh Preparations : After storsge at 5-10
o S S for two weeks
4

Test intigens z i
{1 ml. of 3
0.1% soluw 3
“$ions in 3
gelatin :

‘base) 4
Hone — TR Tw s — —_— _—
, %

4= ATBONO- b —

benzeneazo — + - H : -

egg albumen ?

A=~Arsono- HH -+ : — +H-

benzeneazo — - —+-

ceseln b

!é,
Iodo ege — Tk Tr 5 — - '——
albumen 3
, : S —_— —_—
Xodo eaa&in - - —" 2

& Readings taken after incubation for three hours at 37° end
b 72 hours in an ice bax.
TR 4 trace;+ -, H, innreaging-amaaﬁta of precipitates,.



albumen felled to produce specific precipitins. IBxtracts
of cells
easein d4l4d, hm*ez#er, pive specific preclipitin tests. The

grown in medium containing 4-arsoncbenzeneazo

largest amount of preclpitste was obtalned from a test on
' Toble XVIILI

Effect of Repeated Additions of Antigen on the ?mémtiaﬂ
of f?ma:{m tins by Oultures of Yeast

ltxm m. ,. a. if:g}mta of sodium e;hlm"iée axtmets
of cells grown in medie enn%ﬁxzing g 1% con~
o _centration of the indiented entl » ‘
o . : R _ ;
ﬁéﬁitim& of Lero : Two

; i , A
Intigen in Z-ATEono~ 1000 egg* “A<Arsono- 1040 ogf
ﬁ@&ia Hone bwm&em@ alhmmz; tHone bmzeneaaa albumen

?@33’5 Antigen
{0.2 mls.
solution

in 1% HaC1)

HNone . P Tr Tr — Tr Tr kR -

(1% Hat1)

dwlraonce
benzeneaze — T Ix Tx 3+ TR T

eascin ‘
Iodo egs —_ — T T L~ - = T Tr
albmsm

& Rendings teken after inecubation for three hours at 37°, and

b overnisght in an ice box.
Tr 4 trace; +,4- , incressing emounts of preeipitates.

ﬁsz& gxtract of evells vhich received one sddition of antigen.

Effect of Bepeated Tremsfers of Yeast Cells to
Fresh Hedle Conteining Antigen

In the course of experiments on the effect of repested



introduction of sntigen into yeast culture medium it was
noted that the yeast multiplled werv little after the first
48 hours of incubstion., It eppsared likely that the smount
of precipitin production by weast would be elosely corre-
lsted with the totsl amount of proteln syntheslis teking

Table XVIITI (Continued)

Additions of Four

— Antipen

Antigen in Hone AmATBONO~ Iodo ege
media benzenenzo albumen

gcozelin .
5 S 5

Test Antigen
iﬁh g ﬁls& c*f
a 0.1% solu-
tion in 1%
NaCl)

Hone
{1% HaCl)

4 AT SOTLO
benzeneszo —_— ‘TR e
casein

Iodo ege

albumen 4_F_' Tr | T Tr

place in the culture. Therefore, it seemed sdviseble to ad-

conditions vhich sustein a fair agnount of vesst growth,
Accordingly, ?sast were cultured at 30° for 48 hours

in medium contalning 100 ml, of a 15«20 pereent =zolution

{g./m1) of molasses and 0.1 percent concentration of asntipgen.

At the end of this incubation period, the cells were separated
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by centrifugation and were transferred to fresh medium con~
taining the same sntigen snd sgain incubated at %0° for 48
hours, The c¢ells were transferred esmch 48 hours =nd the

flasks were sebt up at intervels vhieh provided, st the end
Table XIX
Haoro Tests on Extracts of Yeast Cultured by
the TransPer Teehnicue

: T, Aliguots of sodium ohloride exe
t?ﬁﬁtﬁ sf cells grown in medis conteining

_ Mai% goneentration of the indiested a”t1,~n -
Antigen None 4~Arsono- Iodo ‘None 4-Arsono- Iodo
in benzene=~ eas@iﬁ benzene-  caseln
Hedla - 270 caselin ; azo caseln
"o, of transters R P M
Test Antlgens
{1 ml. of 0.1%
golution in 1%
HaCl)
Nome (1% WaCl) Tx® Tk Tx Te T
%wﬁra&nﬁwb ; | | |
benzemeazo Ty T T Ta W
Iodo emsein Tr Tw Tx + TR Tr

® Readings taken after ineubetion for two hours at %7° and
overnight In an lee box,.

3f}‘l}z,, trace iy, 4, ineresasing emounte of precipitates.

of the culture period, cells whlch hed been transferred zero,

two, four, and six times, It was possible by this procedure

to. obtain ﬁyaei@itia extroets vhich gave positive mecro tests.

Table XIX shows the results of the Tirst experiment using this

method of trensfers.
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In this cese, the extraets of yesst cultures vhich hed
been transferres six times goave gxeaaﬁingly strong praei§ie
tin resctions. In the sbove tests, sfeguate specifielity af'

renction was slso demomstrated, Binee 1t had usually been

Table XIX {Continued)

Antigen - Hone 4~Arsono- Jodo None 4«Arscno- Iodo

in benzenew easein benzene- onsein
KHedia azo aﬁgeia : azo ¢asein

ﬂo, qf transfers %7 i , , 8

Tegt Antigens
(1 ml, of 0,1%
solution in 1%
NaCl)

Wone (14 HaCl) Tx e Tx _— T —

S AP SON O
benzenenzo T

I
ensein tH-a Tx
Iodo casein Tr , -+ Tw Tr tt e

¢ Sclution missing
4 48 me.
€ 73 ng. , : .
Only the precipitetes 4 and e were welghed. The test solu-
tions were slightly contsminated by mold., The precipitstes
were, however, separated, washed, dried snd weighed sfter
removel of the mold,
impossible to obtain positive macoro tests with extracts of
cells cultured by the originsl method, it seemed from this
snd subsequent tests {Tables XI-XXV} thet the method of
transfers inereassed the produetion of precipitines.
In the sbove teste, the lergest smountes of precipitate

were Tormed by extrsets of cells which hed been trensferred
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the most {six) times. Therefore, it seomed desirable to ex~
‘tend the number of transfers in order to determine if there
- were a transfer level glving maximum preeci pitin production.

Yeast cultures were set up sud trensferred, scoording to the

Toble X1

Precipitin Tests on Extrects of Yesst Cultured
by the %@ﬁgf@r Procedure

Five mi. gﬁ@mﬁg oF sodium chlor1ds exbtracis
of cells grown iizaz media mnﬁaiﬁmg t}.lfs con~
S centration of the In i ' ' ,

#ntigen in fione 4-arsono- 10&@ : ; Nome 4~Arsomo- Iodo
sedia benzene~ gmmm; benzene~ casein
&mi ms@m s amzﬁm&m

* Two ﬁ?ﬁﬁﬁf&ﬁ:‘&

Teat mﬁigmm
{}' mlb &r g%l&
solution in

1% BaCl})

Nome (1% Netl) — — +? + — — — — — — = Tn

LB SON0- ' : . . _H_ r
benzensaso S R — R
eagein + + H H

1&@0%%&&3&3 -+ -+ -H: +H + Tn Tk- - H TR +

,%‘f‘

a ﬁea&i&gs taken after ineubation for three hours at %?ﬁ

and overnight in en ice box.

Tr » trecej;+ w ., incressing smounts of precipitate.
procedure given on p. 83, esch 46 hours., The flasks were set
up at intervaels whieh provided, st the end of the wulture per-
lod, ag&isﬁﬁ‘%ﬁie}i had been brensferred zero, ¢, 4, 8, 8 snd 10
times. Table 3X shows the results of msero yreﬁiyitiﬁ tests

on extrascts of the eslle.
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In this experiment, more precipitete wes formed in tests
of extracts of cells which had been transferred zero, two or
four times then wes formed In tests of extracts of cells whieh

were trensferred a greater number of times. Ixtracts @f,callg

Table XX {Continued)

Antigen in Hone 4-Arsono~ lodo Hone 4-arsono- Xodo
Media benvene- caseln benzene~ eoselin
azo essein ~ azo cgseln )

E@ﬂ'gf trensfers __Fov ;,~~ kf«; Bix transfer
Pest Antigens

solution in
1% NaCl)

Fone (13 Batl) — — TR — + — — — — Tk —
L AP SORO~ ‘

benzeneazo ™" — T # 4T — — T Tr
engein | ,

Iodo casein TR — Tz + + T — - -

Tk — Tr

grown in medium conteining 1o0do casein end removed after zZero
or two transfers showed the expected specificity of resction.
Extracts of eells grown in medium containing 4~-arsonobenzeneszo
ensein and removed after zero snd four transfers showed only
slight specifieity. Hore s@&éi?ie resctions were noted in
tests of extracts of cells transferred six times to medium
conteining 4-arsonobenzeneszo ¢sselin.

However, in the procedure described sbove, cultures
trensferred different numbers of times dbore no relastionship

to eaeh other, since esch culture was started from = separate



inceulum,. In order to esteblish a correlstion between number
of transfers snd the smount of precipitete formed in macro
nreeipitin tests 1t seemed desirable to ranove and dest a

fraction of the seme vesst culture st esch transfer level,

Table XX {Continued)

Antigen in lone 4-Arsono- Ilodo Nene 4-Arsone-  Iodo
Redln benzene- ecesein benzene-  caselin
%ﬁlﬁﬂﬁﬁiﬁ 2 4 aﬁa sagaﬁn o

Tegt antigens
{1 ml. of 0.1%
solution in

1% Hafl)

—
—— —y —

Hone {1% NaCl) — — —_ — TR T —

G LPBONOw n — Tx T/ — —
benzensazo —_ . — T Tr T=

cagein -

lodo easein —_. e — T Tr

@hﬁrefﬁr@, ?%ﬁ%ﬁ wers enltured at 30° for 48 hours In 400 mi,
of medium awatﬁiniﬁg 1620 pereent lg./ml) concentration of

molasses snd 0.1 percent econcentration of mtigen, gﬁé wers

trensferred each 48 hours to fresh medium contalining the seme
entigen snd egein ineubated ot %0° for 48 hours, Une hundred
miu aliguots were removed after sero, 2, 4, and 6 trensfers.
The cells were separsted by centrifugetion and were cytolyzed

and extracted in the ususl menner. Results of maero tests on

extracts of a serles of cultures trested in this way are pre-

sented in Teble Xii
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In this series the strongest precipitin resctions were
shown by extracts of cells removed from the culture after
two or no transfers., Hxtracts of cells removed after further
transfers falled to show inereasing strength of resetion.

Teble XXI

Precipitin Tests on Aliquots of Yeast Cultures
Taken at Different Transfer Levels

“Five ml. allquots of Bodiim ohloride ovirnets
of veast celle growvn in medis containing C.1%
concentretion of the indiested sntigen®

%nﬁigan in ’
Bedia Hone 4-Arsono- lodo egg Hone 4-grsono- Jlodo egg

: benzeneszo albumen benzeneazo albumen
R _gasein N . peseln
Mo. of Yransfers Zero o Two

Test Antlgen
{1 ml, of 0.1%
solution in 1%
NaCl)

B ,__h _T/‘( TI‘T T T 1 —_
None kR — — & Tk Tg Iz
{1% HaCl) Ir

poprsomo-, Tk Tk Tn k— =Tk HH# T T

caseln

Iodo eps Ti Tx Tr — — Ir Tx + +
&1h“ma§g - . “kxik

& Readings taken after inecubation at 37° for three hours snd
overnicht in an iece box.
b Tk , trace;+ 4+ 4 precipitates.

In trensfer experiments, maximﬁm,gréﬁiyi%aﬁian was shown
by extracts of cells removed after zero, two, four, snd six
transfers, verylng in different rans snd with different mn€i~

gens, (See Tables XX through XXIV), In tests on extracts of
allguots of a totel of seventeen different eultures, treated

by the second transfer procedure, specifle maero tests were
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obtained, ot some trensfer level, in fourteen cnses. At
other transfer levels, wesker or less specifie §?&ﬁi§i%ﬁ%i@n
was noted., In the other three ceses, only none-speeifie pre-

eipitation wne observed. (Teble XXII)

Teble X1 {Continved)

None 4-Arsono- Iodo epg dmirsono- Iodo
Antigen in benzenesso albumen  HNons benzeneazo epp
Hedia ensein esseln albumen

Ho. of Transfers Four

| | 1 #1 72
Tast Antigen

(1 ml. of

tion in 1%

HaCl)

None (1% HaCl)k T,% — Tr T~ Tx T + 4+ TRT
L AT S OTIO

benzeneazo  [x Ix Tz IR " T TxTin ++ Tr T

goselin

oo -~ T+ WRh+t+ KR

elbumen

In the course of experimentation, 1t was found that the
maximum smount of preeipitete formed veried consideradly from
one experiment to snother. The ;g?i{miyim@%' from certsin of
the tests were centrifaged, washed with weter until the wash-
ings vere free of chloride lom, dried at 60°C., and weighed.
Teble XXIITI presents data on the smount of preeipitates noted
3.11 gome of the tests reported in Teble XXX,

The previocusly noted type eultursl variation wae



obgerved in tests of preeipitin content of extracts of cells
trented by the transfer proecedure ﬁn&e@ the pame gﬁy@rimgﬁtﬁl
conditions. Table XIV shows results of macro tests on ex=
tracts of triplicete cultures of veast grown in mediunm cone

taining 4-ersoncbenzeneazo easein.

Teble XXIX
Fr@@iﬁi@in Reactions of Extracts of Yesst Cells

B M. BllquoLts Of sodium 6nlorids of oxtreots
of eells cultured in medis ﬁ&ﬁt&iﬁig@ 0.1% conw
centration of the indiested sntigen

%@ﬁigeﬁ in None 4-Arsono- lodo ezg Hone 4-Arsono- Iodo ezp

Eﬁﬁia hanzen@&za albumen benzenearzo albumen
Ebﬁ @f Traﬁﬁfavs ﬁn tran&fars ?wa %yﬁnsfara
Test &ﬁ?ig@n ¢

{1 ml, of 0.1%

solution in

1% RaCl)

Nome (1% NaCl)—"— . —OR Tp — Tz — _ _
e APE ONL O '

henzeneazo

easein TR — — 4z Te — — Tr Tx Tr Te
lodo epe ;

2 Resdings taken after incubstion for three hours at 37° and
b overnizht in sn iece box.

4 trage; 4, 4 , ineressing smounts of preecipitste.

¢ 5@1&%%5& missing

4 See Fig. 5.

Considerable veriation was chserved between tests on
extracts of the seversl cultures. Cultures #1 and #3 showed
maxirmum precipitetion after no tramsfers. -Oulture #2 showed

meximum precipitation after six transfers. The quantity



Table ZATIX

Amount of Precipitate Formed in Precipitin
Tests of Extracts of Yeast®

5 ml. sliguots of sodium chloride
extracts of cells cultured in medila
containing 0.1% aaaeagtratisaa of
the indiested mtigen®.

Antigen in Media Hone lodo Egg A4-sarsonobenzeneszo

albumen casain

Test Antigen
{1 ml. of 0.1%
solution in
1% NaGl)

Hone (1% Na€l) 0,3 mg. 0.4 M2 0.4 ng.

Iodo ege =lbumen 0.0 11,6 0.4
4~ﬁ@sanﬁbeﬁﬁeﬁeﬁza '
ceselin 0.6 DW.E 9.7

2 Bee Table XXI,

b o tgensfers in this set. Yests were incubated three hours
at 37 , stood ovemight in ice box, tentrifuged eight hours
later., All Tigures are sverages of dupliestes,
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Table AXIV

Variation in Tests on Trigli@aﬁe Cultures

5 %@a/&li@&ﬁ%ﬁ of Ke€l extracts
of cells cultured in medias con-
tainine the indieated antigen™,

Antigen in Medis

lione 4«~irsono-
‘benzeneazo

{1}

W W KR R

engein

(2) (3)3

£

L]

L AT BOTIO-
benzeneszo

caselin
(1) (2) (3)

Hone

Ho. of Transfers

Yone

Two

Test Antigen
{1 ml. of 0.1%
solution in

1% HaCl)
NHone {1% NaCl) TRP
éwéfﬁmﬁﬁﬁﬁﬂﬁﬁﬂﬁaﬁﬁ —
eanein

= - Tr
+_.

_'..H.

+ o+ o+
H

? Reedings token e fter ineubstion for three hours a%'%?a and
overnight in an ice box,
TR » btrace;+ 4+, 44« Inereasing smounts of precipitates.



of precipitate formed also verled considerably. Extracts
of eunlture #3 pave the strongest tests in this experiment.
Figure #5 shows reactions (See Table XXI1) which are

illustrative of results of meero precipitin tests, The

Table XZIV (Continued)

Antigen in Medls None 4-4rsono

: None 4~Arsono-
benseneazo benzeneszo
gagein : casein

| ) | (1) (2) (B)s {1) (2) (3}
No. of Transfers Four ; Six
Test Antigen

{1 ml. of 0.1%
solution in
1% HaCl)

None {1% NaCl) T T Tr Tr

4~Arsonobenzeneaso : . Ta Tr
casein T ot A I ‘k-

eontents of the tubes sre as follows:

Tube # Test antipgens Extrect
' (0.2 ml. of a 0,1% 1 ml, of an extract
solution in 1% NaCl) of eells cultured
in medis containing
1 None (1% NaCl) 4~-Arsonobenzeneazo
7 ecasein
Iodo egg albumen "
3 &=-Arsonobenzanenro
ensein "
4 d-Arsonobenzenenzo ‘o antipen
caselin

Tube #3 contalned, es expected, much more precipitate than did
the other tubes.
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#1 #2 #3 #a

Figure 3

Macro Precipitin Tests on Extracts
of Yeast
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DISCUSSION AND CONCLUSIONS

Comperison of the Reprodueiblility of Precipitin Pormation

?b@l@y and Wilsan??, in an imtrmﬁu&%i&n to the study of
Immunology, ¢all attention to the fact thet verious workers
haeve reported violently conflicting reports on the efficecy
of various methods of immunizetion. He states thet sueh di-
vergence is 1o be expected since workers in this field cannot
avoid sn element of rendomness in observetions, due to inter-
play of factors sbout vhieh little is knawn,”exé@pt that they
are wvery numerous snd may be very important. Topley suggests
that whenever possible it is edvisable to apply statistical
methods 1o snalyses of the resulis obtained.

In immunoclogicel studies using snimels to produce enti-
bodles, it is common practice to select for testing the serum
of those enimals which indicate the highest antibody concen-
trati&na?é'?g. Animals vhich fsll to produce entlbodles or
whose sera contain low concentrstions of entibodies are dise
carded. There are, unfortunately, few reports in the literature
indiecsting the smount of this type of seleetlon involved in
serologieal experiments. It is known, however, that there is
considerable varietion in the response of individuels to

sntigen ﬂtimnlatimn??,

2 Topley and Wilson, op. olt. p. 990.

78 jayer and Heidelberger, J. Am. Chem. Sce. 88, 18 (19486).
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Tnbles V and XII show that precipitin resctions were
positive for 20 percent of the mntibody solutions prepared
by the lyophilizetion end ineubstion procedure, and for 85
percent of the prepsyations obisined by extrsction of yeast
cells cultured in medis contalning snticeniec proteins.

The effect of variation in individusl responses to
entigeniec stimull wes not determined for the solutlons
prepared bv Beeon's method, The blood plesms used was ob-
~tained et vari@ué times from the Veterinery Clinie, Iows State
College., The snimel source was unknown,

In the yeast culture methods the total number of cells
extracted was spproximately 2 x 3&9 to 7 x 10° in thé
originsl experiments. In spite of the larpe numbers of
cells invalv&@; experiments indlcate that certsin dbiologieeal
and/or cultural factors influence the precipitin formetion
in duplicate or triplieste cultures. See Tables XVI gnd Xﬁv.ffggf%f

It seems probeble that the indiested fallure (Table XII)
to obtain preeipitin femation in 55 percent of the prepara-
tisns from yveast after £ 48 hour incubation period may have
been due, in psrt, to fallure to remove non-specific pre-
eipitating materials from the extracts and, in part, to for-
mation of wesk entibody solutlons rether then to failure of
the cultﬁraﬁ to produce precipitins. It was seldom possible
to demonstrate the presence of preelipitins in these extrects
by macro tests, end in many ceses the micro tests showed only

week precipitin resctions,
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When using the transfer procedures to increase the anti-
body content of extracts it wes possible in 80 perecent of the
cultures studled to obtain posgitive meero precipitin tests at
selected optimel trensfer levels. (Tables XX-XIV)}, However,
due to this selectlon of optimel trensfer levels, the repro-
ducibility of tests on extracts of cells cultured by the
trensfer procedures cannot be compared with the reproduci-
bility of miero precipitin tests on extrscts of 48 hour yeast
cultures., No selection, of this type, was possible in tests
on extracts of 48 hour vernst cultures.

By use of the transfer technigue the number of cells in
a 100 ml, slicuot was incrensed to e reange of 4 x 1&9 Lo
1 = 10%°, Ho definite correlation cen be shown, however,
from the dsta aveileble at this time, between the number of
ecells extracted snd the strenpgth or reproducibility of the

preeipitin tests.

Comperison of the Strengih of Preelpitin Resctions

The antiﬁeéy.solaﬁians prepared by Bseon's method or by
the yesst incubation methods were, in genersl, much lower in
antibody concentration than the sera of the rabbits injected
with the eorresponding sntigens, Titer determinations on o
few of these preparations gave maximum titers of 1/80 for a
plasma prepsration of enti-3,5-diliodo-4~hydroxvhenzeneszo
casein snd 1/8 for sn extract of yeast cells cultured in medis

containing é»sulfab@nzenaaﬁa<c&s@inm The titers of the rabbit



- 9T -

sera were considerably hirher as ﬁﬁﬂwn in Tebles I end II,
Bxtraets of vesst eculbured bv the transfer maﬁhﬂé gave
deeiyiﬁin'reéetiaﬂﬁ vﬂiehzﬁ@?&; in meny cases, hﬂaviervthan
sy éf the rﬁgeti@na shown by solutions prepared by Bacon's
incubation proeedure. The preaigitatﬁéi however, differed
in physlenl form from the precipitetes obtalined in tests
of rebbit sers or of the aﬂtiéﬁﬁy'aalutians prepared by in
yitro incubstion of plesmea end entigen. The precipitates
formed by antigen snd yesst extrsets were floceulent vhile
precipitates formed by entigen end snimsl serum or plesma

preparatlons were generally granuler.

Comperison of the Specificity of Preciplitin Hesetions

iﬁe term "specific® (Bee Glossary) sms applied to sé?0~
logiesl resctions should not be interpreted too ri@ﬂ?ﬂﬁﬁiya
%ﬁﬁﬁsﬁﬁiﬁﬁr?g points out thet lmmune sera very in the renpge
and strength of ;yass reasctions vhen produced in individusls
of the same species, or obtained from the same snimal at
~different times., Referring in perticular to variﬂus;aza
protelns he states thet it is not alwavs easy and ma&
require a number of animels o obtain an immune ﬁarug SpEe
cifie for an szo components He indiestes thet aften; depend«
ing upon the response of the individual emimel, sera are pro-

duced vihhieh preeipitate strongly the immunizing szo protein

79 Lendstelner, op. cit., Revised Bd. pp. 19, 159, 267.
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and other antigens eontanining kindred protelns, end says,

"Of course such serr are not_ suitsble for the studies on

serclogienl speeifieity in relstion to chemienl constitu-

tion, » point vhich hes sometimes been overlooked."

He also indicates that the presence of chsracteristie
resctive groupings on en sntigenic molecule éoes not nee-
essitate resction only with sntibodies speeifie Tor that
grouping., According to Lendsteiner the fact that no strict
aarralgticn exists between antipens end antibodles is shown
c¢learly by the oecurrence of non-reciprocel reactions. Thus
when immune sers for 2-carboxybenzeneazo proteins react
strongly with Z-sulfobenzeneszo proteins, vhile sers for
Z=gsulfobenzeneazo proteins do not preclpitste 2-carboxy-
henzeneszo protelns, this must be due to the difference in
specificity between the two seras. He concludes thet this
rhenomenon proves that even a small determinent structure
can corbine with guite different sntibodies.

In a test on the specificity of sn unsdsorbed anti-
3~gulfobenzeneazo horse serum solution, Lendsteiner™0

the results shoen in Teble XXV, The reaction of the anti-

reports

serum with the homologous entlgen ig stronger than any of the

cross reactions but considereble precipitate was noted with

antigens contalning merkedly dlfferent determinant groups.
The mtigens vhich proved most seatisfactory in stimu-

lating the production of sntibodles by vesst were iodo

8 Ipis. p.-270.



- 101 -

proteins and 4-arsoncbenzeneszo proteinsg, Lendsteiner = * el

mokes the following generslizetions regerding the gpecificity
of mbtisers for s&éﬁ'gﬁtigéns.

The effect of iodinstlion of & protein is loss of
the originel speeificity, partlsl or complete, de~
pending upon the intensity of the trestment, snd
appesrance of o new specifiecity for iodinated pro-
teins. However, immune sers for lodo protelns may
conbain distinet entibodies rereting with the
homologous sntigen slone, with gll lodo proteins,

and with the originel protein, thelr relastive
proportion {snd cceurrence] depending on the depree
of iodinetion.

Table XXV

Crose Hesction of Serum

Serurt Trom animals injectead
with J-gulfobenzenenzo horse

Test Antligens

E-Sulfobenzenenso
chicken serunm

J=Lrsonobenvsenssyo
chicken serun

3-Carboxybenzeneazo

~+—t—

-

chieken serum +H+
HHH-

S-Sulfobenzeneazo
ghicken serum

Irrune sers ageainst azo proteins precipitate
not onlv the homologous azo sntigen dbut slso mostly
the original protein as vell as verious azo deriva-
tives thereof; end there is evidenee to show thet
the resections are not to be explained solely by
some uncoupled protein admixed with the immunizing
antigen but to antibodies stimulated by the mmiigen.

8l Lendsteiner, ibid. p. 50.
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Purther, on testing =20 snitigens prepared with the

seme azo component but with different proteins, the

reactions, es a rule, vary in intensity acecording to

the relationship of the proteins to that conteined

in the irmunizing entlgen.

ﬁamé of the eross reactlons noted in studiss of the
specificity of the mntlibody solutions prepered by the scel-
lular and vesst eulture methods (Tebles VI and XII) are
explaineble on the basie of the sbove corrslstions of Lend-
steiner, |

Table VI indieates that in tests of nineteen antibody
solutions prepared by Baecon's procedure, fmurt@en showed
cross resctlons only with sntigens containing similer hepten
or protelin constituents,

Specificity tests on veast extracts show g somewhst
higher percentege of aberrant cross resctioms, Table XV
shows that in tests of extrsets of veest ecultures grown for
48 hours et 30° 35 (é@ percent) of 59 extraets elarified @ﬁly
by ecentrifupgntion showed the expeeted speecificity of r;mcti@n*
However, 82 percent of the 17 extracts vhieh hnd been ben-
trifuged and then treeted with Filter Cel to remove non-specific
precipitating neterials geve positive precipitin resetions
seme hapten or protein.

A1l extreets of yesst grown by the transfer methods were
trected with Filter Cel, Tests on extraets of cells removed
from seventeen of such aultures sfter zero, two, four or six

trensfers indiecstad the presence of speeifie preeipitine in
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14 {80 pereent) of the cultures st one or snother transfer
level. Hovever, tests on extracts of cells removed from g
given culture st other then the optimel trensfer level frequent-
ly showed considersble non-specific precipitation.

- Too little date sre evailable at present on the produe-
tion of entibodies by yeast or by Incubatlon of plasma and
antigens in vitre for a Tull stetistleal snalysis of the
observetions. Purther lnvestigation of both methods of enti-
body formation is desirable,

With further study, it ﬁﬁ@ﬁlﬁ be possible to find im-
proved econditions for vesst culture snd for the extraction
of preeipitins from vesst, and thus to obtein solutions of
higher precipitin concentretion. Development of other methods
of sdsorption of non-specific greaipiiins from the yvesst ex-
tracts may concelvably lesd to separation of specifie anti-

bodies, suiteble for chemieal anslysis.
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1. Uging a aiigﬂt medification of hﬂeén*s yrsceﬂuraﬁﬁ
prﬁeipiting heve been prepsred in wviiro for sueh chemiceslly
modified proteins ss 3,5-dilodo-4-hydroxybenzeneazo caselin,
lodo epsein, 4~&rgmnabeﬁzanﬁﬁzn eagein, iodo egmg elbumen, =nd
4-grsonocbenzeneazo ege sibumen, Antigens vere mixed with
bovine blood plasma snd lyophilized. The dried msterisls
were incubated st 37° for twelve hours, reconstituted, snd
b@sﬁeﬁ:f@r~§raeipitin content, Precipitins e&alé be demon-
strated in ninety percent of the twenty-one preperations
studied. Cross tests indleeted speeificity of reﬁéﬁian
in a@ér&ximateiy 2/% of the preparations.

. Preelpitins have been &ﬂwanstréted in extracts of
Saceh ’

a yeast, promyses cerevisise, eultured in media contain-

ing anﬁiga&iﬁ proteins. The antigens tested were 4-sulfobenzene~
azno #a3§in; 4-~carboxybenzeneazo caseln, nitro ecaseln, 3,5~
dilodo~4-hydroxybenzenenzo easein, guanidyl e¢ssein, gueanidyl
ege albwm@ﬁ, and ﬁh& 4-graonobenzeneszo and lodo derivetives
of gasein, ecgg albumen snd crystelline plessme slbumen.

In the method employing H. gerevisise, inoculse of Strain
No. 587 of the Horthemn Eegiﬁﬁ&i»aeséaveh Leborastory were
incubsted in 100 cec,. of 15-20 percent molasses solution for
24 hours st E’Seﬂ, sliquots conteining spproximetely 6 x 10°

cells were trensferred to fresh medium {100 ce.) containing
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the antigen in 0.1 percent wm&ntmmm md reincudbsated T or
48 hours. The eells were centrifuped, washed with water,

and eytolyzed with send snd ether by vigorous grinding. The
evtolyzetes veres ench extracted with 25 co. of & 5§ percent
sodium chloride solutlion, The extrscts were cleared by

| centrifugetion, end by ‘ﬁ‘!&irrﬁag for 20 minutes with 100 mp.
of Filter Cel., In 72 percent of elighteen of such prepers-
tions tested by miero-precipitin tests, homologous @r@ipmin
reactions were positive.

Stronger preclpitin extracts, demonstrable with mecre
tests, were obtained from ecells which were transferred each
48 hours to fresh mediunm contelining the same antigen., In 80
percent of seventeen of such cultures, vmem tests indiested
the presence of specifie preeipitins st sslectes transfer
levels,

Considersble veriastions in strength and specificity of
precipitin resctions wvere noted in testz of vesst extracts

prepared during sixteen months of experimentation.
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