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INTRODUCTION

Although the ultimete cause of spontaneous tumors* in man and
animels remaing unknown, it has been demonstrated that tumors can be
induced experimentally by viruses (e.z. ‘eus sarecoma, ‘“hope papillomsa,
end Bititner milk-factor tumor), and by chemical compounds of Imown
structure. The ciramicals are mainly of two tyves, namely, nhydrocar=
bons conbdaining a 1l,2«benzanthrecene macleus, and derivetives of
azobeniene, @e¢zZe butter yellow,.

One of the hydrocarbons, 3,4-benzpyrens, apparsntly was respon=-
sible for occupational tumors among early workers in the cosl=tar
industrys The hydrocarbons, horever, have never been directly imoliie
cated in spontanecus cancere. The chemical structure of thess hydro~-
caribons is somewhat similar to the bile acids, sterols, and sex
hermones and it is possible that carcinogenie (tumor-nroducing) come
pounds may arise in the body by transformetion of these normal meta=
bolic substances or their precursors.

In sccordance with this ides, and since it shouwld he possible to
imrunize animals spainst experimental tumors dus to hydrocarbons, it
might be possible to immunize animels against spontanecus tumors.
Sueh an immunization might have to be dirscted against.carcinogenic
hydrocarbons similar to those imown at the present time or against

active hydrocerbons or derivetives as yet unknowne.

* Spontaneous tumors are uncontrolled new growths arising without

any apparent external cause. Cancers are nalignarnt tumors which

invade and destroy tissuss.



It became of interest to develop s method of producing anti-
bodies which would reasct not orly with the hydrocarbon involved in
the irrmunization procednre, but with other hydrocsrbons as well, It
is with the production aﬁd stuly of such antibodles that the following

thesis jis concerneds



LEISTORICAL

A search for chemicsal agents active in carcinogenésis was begun
after the discovery by Yamaziwe and Ichikewa (54, 55) in 1815 that
siin tunors could be produced on the cars of rabbits by sprolonged
painting with coal tar, It was found by Kennaway (31) that heating
acotylene or isoprene in an astmosrhere of hydrozen resulted in the
formation of carecinogenic hydrocarbons active against mices Tieper
(26) determined thet the fluorescence spectra of these and other
carcinogenic mixtures, such 23 sluminumechloride treeted tetralin
(22), heat=treated echolesterol (33), zes works tar, ond shale oil,
were characteristically the same. On comparison with the fluorese
cerce spectra of known hydroecarbons, he found that the spectra of
the carcinogenic mixtures were remarkably similer to that of 1,Z=
benzanthracene., This indicated that the carcinogenic hydrocarbons
were of the polyeyclic aromatie ty~e and possibly derivatives of
1,2=benzanthracenc.

About thirty-five of such derivatives were synthesized by Cock,
Kennaway, asnd their colleagues st the RHoyal Cancer iospital in london
(10, €, 2)e The skin in the interscepular region of mice wss painted
severael times weekly with e benzene solution of the hydrecearbon under
teste The first synthetie compound which proved carcinozenic under
these conditions, and camused the Tormation of malignant twmors at the
site of application, was 1,2,5,6«~dibenzanthracene,

These “nglish workers iscolated from ecoal tar distillste, and
leter synthesizad, a very active carcinogen, 3,4-benzpyrene (¢),

which nas the typical fluorescence spaectrum of the other carcinogenie



azentss It is the only potent cercinogen whieh thus far hae beern
isolated from coal tar (8)s Its chemical structure is shown in Fige le
5till mnother hydrocarbon, of similsr structure, 2Cemethylcholan~
threne, (see Fige 2} was prepared by ¥ieland and Deane (53) by dehydro-
genation of dehydronorcholene, & compound which had previously been
chteined by Tieland and Schliehting (52) from desoxycholic aseids. Cook
and Faslewood (7) confirmed T"ieland's results on the formation of 20«
methyleholanthrene from desoxycholie seid, and found that it was car=
cinogenice They found it te be & rore rapid aseting carcincgen in ~ice
than any previously tested, as it caused tumors in seventy days, as
eompared with two nundred and ten days for 1,2,5,8«-dibenzanthracene
and one hundred days for 3J,4-benzpyrene. Z0=M¥ethylcholanthrene alsc
has been prepared by the trausicrmation of eholic acid and by nctusl
synthesis by I'ieser, Yewman, and Seligman of Harvard University (18, 20).
Both choliec acid and desoxycholic acid are found in the bile of srimals,
where they occur as parts of the bile selts involved in fat metabolisme
Several hundred compounds, similsr to those described above, have
been synthesized and tested for esrcinogenie potency (23)s The experie
mental work described in this thesis, however, is concerned primarily
with 1,2«bsnzanthracene, 1,2,5,6-dibenzenthracene, and 3,4-bDenzpyrene.
It would be well to point out st this time that systemstic studies of
the derivatives of 1,2«benzanthracene, conducted by Fiessr, Shear, and
their colleazues (18}, indieated that carcinozenic activity was associa=-
ted principally with derivetives of the following general nature. Care
cinozenic potency was found te be dependent on the strueture and the

position of the substituents in the l,Z2-benzenthraecene nucleus, which
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itself wes only very weakly active, The presence of one or two methyl
groups, or an sdditional benzene nucleus, in the 1,2~benzanthracene
molecule often resulted in highly potent earcirogens, while the pre=-
sence of ethyl or propyl groups wes less effective. The most favorable
sites for the location of the substituent zroups wers at carbon atoms

9 and 10; less active hydrocarbons were obtained when carbon atoms &
and 5 were substituted similarly (sse Fig. 3),

The relationshiy between structure and carcinogenic aectiviiy can
be sesn by comparison of structural forrmlee (see Fizs. 1, 2, snd 3).
The three most potent earcinogenic hydroecarbons are 20-methylcholan=
threne, I,4=benzpyrene, and 9,10=dimethylel,2«banzanthracens, Ale
though the sterol numbering system for 20emethylecholanthrens and the
nyrene system for 3,4=benzpyrene sre differesnt from the anthracens
syster, it is spparent from observstion of chemical structure that the
carcinogeniec sctivity of these compounds results from substitution of
aliphatic groups or eromatic rings et the effective positions in the
1,2=henzenthracene ring syster.

The carcinogenic hydrocarbons sre insocluble in water, but are
soluble in lipids and organic solvents. They are applied, usually in
dilute solution in lard or benzene, by pairting the skin of the test
animal (ususlly the rouse or rabhit), by subeutanecus injection (rat
or mouse), or by intraperitonesl injeection (rat or —ouse) (23, 18, 2).
The spnlication by paintirg is repeated, if necsssary, one or rore
+times 2 week until the appesrance of s turor cccursg, wheress with the
injection procedures usuelly only one dose is necessery. The interval

between primary spplicstion of the materiel and the appesrance of the






tumor is termed the latent period of the hydrocarbone. Skin painting
of miee hes shown that the most sctive hydrocarbon, 20-methylcholan-
threne, has a latent period of about two and a half months or less,
while the less mctive agents require nine months or longer to produce
tunors under the seme conditions (18). The potency of any particular
hydroearbon is considered to be a funetion of both the latent period
and the percentaze of animale in which tumor formation oceccurs; thus
the most active hydrocarbons regquire less time for the development of
tumors and the percentage of turores produced is ninety to one hundred.
The hydrocarbon-induced tumors occurred primarily at the site of app-
lication, although leukemia {48), and tumors of the lung (1) and liver
(8) have been reported to be assceiated conditions. Me%astaseg ‘o
other portions of the body have been reported by Cook (6} and Parsons
(48); tumors could slso be transplsnted from one animal to another of
the s=zme species (51),.

¥hether any of the kmown carecinozenic hydroecarbons is involved in
sponteneous csncer is not knowns Cook and Haslewocod (7) suggested
thet cholesterol or e bile ecid may be transformed by abnormal metabo=
ligm into & cncereproducing hydrocarbone Thie hypothesis is supuorted
by the fact that such transformations cen be carried out by relatively
simple chemical reesctions, such sas the conversion of cholic aeid to
Z0~methylcholanthrene in the laboratorye The similarity in chemical
gstructure of this carcinogen to the steroids led to the suggestion by
Fieser (18) that transformation of normal metabolic substences, such

a8 corticosterone and ocestrone, into carcirogeniec eompounds may occcur



in the body. However, there has been no direct experimental proof
that such trsmnsformations do cccur under physiclogical conditions, ale
though similer requisite reacticns of side chain degradations and
sronatization do oecur in the animal body. To date, no carecinogenie
hydrocarbons heve been isolated from tumor tissue; the probable tran-
sient but effective existence of minute smounts (less than one milli~-
gram) of such e product at some time prior to tumor formation mey well
be the explanetions. On the other hand, no availsble evidence excludes
the possibility of such 4ransformations ss being the cause of some
forms of eancer. A revort wss putlishsd by Druckrey, Richter, snd
Tierthaler (16) on the in vitre transformestion of dehydréhnrchalenc,

a compound releted to cholic acid, to carcinogenic substances by cule

tures cof Escherichie coli isoclated from pstients with rectal cancer.

However, no confirmation of this work has besen founde The injection
of large smounts of cestrogenic hormones inbo miee does cause the
formation of mmmmery tumors (22, 42), loeb, (42), however, considered
the oestrogenie substances to be distinet from the carcinogenie hydro=
carbons, since the former ss a rule are not carcinogenic, and the
latter may or may not be oestrogenice.

That those hydrocarbons are invelved in spontaneous cancer is
only & possibility at this time; however, they definitely incite the
production of ecsancer experimentally, as seen by the reports published
gince 1215, It hecomes of interest, therefcre, to develop & method of
imrunization against experimentel hydrocarbon carcinogenesis, end
furthermore, to determine if sueh an Imrunization could be mede effecw

tive against either spontaneous or hermwone~induced ecarcinozenesis.



The development of immunity in animels arainst hydrocarbons
cannot be gecomplished by injection of the hydrocarbons themselves,
since, sccording tc Zirsgser, inders, and Fotheryill (58}, only pro=
teins, ecertsin carbohydrates and carbohydrete~lipoid compleoxes are
entigeniecs Aun attempt to scusitize guinea pigs for anaphylactic
shock with 1,2,5,8=dibenzanthracene was found tc be unsuccessful by
lendsteiner and Jacobs (37)e Tarly in the study of immunology, it
was discovered by Bordet (3) thet native proteins are anti enic and
therefore capable of indueing lhe production of serum antibodics.
The method, introduced by Landsteirner and Lemnl (38), of conjugating
norpmprotein, non=antigeniec compounds with arbtigenic proteins was a
great step forwasrd in the study of serologicel reactions. They were
able to produce azoproteins by conjugstion of benzens diazonium
halides with horse and rebbit serwm proteins. Antiserum produced in
the radbit against horse asrzoprotein rescted not only with the homo=
logous antigen, but alsc with the rabbit azoprotein snmtizens IJirnie
larly, mixing seruvm against rabbit azoprotein with ithe horse ezopro=-
tein also resulted in precipiteticon. In order to determine the
specificity of these cross resctiorns, landsteiner and Lampl made
azoproteins from the para-aminc derivatives of benzoie, sulfcnic,
and phenyl arsenic acide Sera against the azoprotein of each meid
precipitated strongly with azoproteins made from different proteins
but from the seme acid; the resctions of these sera with azoproteins

mede fror the other acids wsre wesk or regstive. Thesge aromatic

acids conjurated with proteins differed from eseh other in the nature

of the acidie group only, yvet antiserum against benzoie scid horse



serum proteiln rescted stronzly with benzoic acid rabbit serum protein,
woakly with sulfonie ascid rablit serusm protein, zond not et sll vwith
phenyl arsenic seid rabbit serum proteime These investigators sgaﬁe&.
therefore, that the extent of serclogieal crocs resctblons among azo-
proteins was dependent on the similarity of the chemieal zroups sttached
to the proteins,.

Further experimentaticn was cerried out by Landsteiner and lempl
(32) and by Landsteiner (34} on the depsnderce «f serologicsl specifi=-
city on chemical structure. Arnino groups were substituted in the
aromatic acids mentioned above at the ortho, meta, and para positions;
diszobtization and conjugsbion with protelns then were conductede The
antisere to azoproteins of these substituted acids were specific, not
only for the particular acid zroup, dbut also the particular spatial
arrangement of the substituled artigen. For instance, sntisera sgainst
the wmeta-aminobenzoic acid szoprotein reacted with proteins conjugated
with the same compound, but not with proteins conjugated with pera=
aminochenzoic acid, meta=anminosulfonic aeid, parawanminosulfonlec acid, or
para=aninophenyl arsenic acide The presence of methyl, methoxyl, nitro,
or bromine groups in the bemzene ring did not zive rise to saéh speeific
gutigzens, as crosgs-reactions with sntisers to these compounds occurred,
el beit only vwesklye

These determirant groups introduced into the protein molecule have

\

been termed "haptenss.™ A haptene is defined ss & substance which is
not capable of producing antibedies when injected slore, but which does
react with antibodies produced by the injection of & conjugate of an

entigzeniec protein with the haptenre,
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The experiments of Landsteiner showed the oecurrence of a resction
bhotween haptene and antisera by the precipitation of antisera in the
presence of a speecific hapteneeprotein conjugatse That the haptenses
need rot be combined with proteins tor esct with antisera later was
shown by lendsteiner and bis collesgues (35, 34, 40). Thase workers
were able to show thet slthouzh the hapterne, or simple derivstives
therecf, usually would not causs the preeipitation of antisera, they
would inhibit the formstion of precipitates when the antisersa were
mixed with a suitable hapbens-protein conjugates The strenpth of the
precinitation rzaction between antisera against meta~aminoben:zoie aeid
and the aprropriste test antiger wes markedly reduced by the addition
of berzoie azeid, or of derivatives of this compound, *to the anti enw
antibody mixtures The precipitation wes ocompletely inhibited by addie
tion of metsenitro, «brom, w=chloro, and =methyl=henzoie aecid, and
partially inhibited by metswemino and =hydroxy-benzoic acid, and by the
benzoic acid jitselfs These haptenes showed a less pronounced chemical
specificity than the azoprotéing, but their use eliminated the possim
bility that the protein portion of the sntigen influenced the specifie-
eitye

Since the couplingz of the diszernium compounds with the proteins
ogccurg with the tryosine and histidine side chains, tryosine was coupled
with the amino=benzoie acid haptenes and the resulting compounds were
tested es inhibitor:s. (34). Smaller quantitics of these tyrosine=-
haptene compounds than of the haptenes themselves were reguired to
irhibit the preeipitetion reactions.

Landsteiner and van der Scheer (41) found that conjugates of hydroe
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carbons, such as butyl benzene and anthracens, with proteins acted
only ss wesk antigens, showinz slizht specificity due to the delterw
minant group, or haptene, It should be recalled that Landsteiner arnd
Lerpl had demonsitrated (3%) thet the single benzene ring could act as
a2 haptene, since diazotization of aniline and linkage to proteins
served to give an effective antizens

As mentioned ahbove, Landsteiner's method of haptene linkaze to
protein was by the reaction of a diazoniuvm compound with the tyvrosine
and histidine side chains of the proteine A different method of hap=
tene linkage to proteins was used by Hopkins and Wormall (27, 28),
The reaction of phenyl isocyanate with serum proteins or casein ree-
sulted in the conjugation of the bwo substances through a cerbamido=
{(also called ureido) linkege, ayparently involving only the free
epsilon~amino groups of the proteins The vhenyl groups thus atteched
to the proteins aeted as determipant groups, as demonstrated by typi=-
eal cross=reection precipitation testss By using phenylecarbamide
derivatives of lysine, glycime, and alanine as inhibitors of the pre=
cipitation reasction (282), they found thst the resction was inhibited
eomnletely by the lysine derivative, and ineompletely by the other
two derivetives. This supnorted their earlier view that phernyl=
carbamido~lysine was the characteristic group of the phenylecarbarido
proteinse

Creech and Franks (12) used this earbamido linkaze to prepsre
antigens composed of proteins and enthrecens cor 1,2,5,6«dibenzanthra=
cenes Habbit sers prepared against anthranylecarbemido-casein formed
nrecipitates in the presence of anthrenylecarbamido-zlobulin, and

sera against the globulin derivative also reacted with the casein



derivative of enthrecene. Antisera agsinst 1,2,5,6«-dibenzanthryl~
carbarido~casein ware precipiteted nobt oxnly with the homolozous antigen,
but slso with 1,2,5,8=dibenzanthracene derivatives of glecbulin end al=
birriz, and with the anthragylecarbarido=globulin to a lesser dezrese
These resuvlts showed that the carbaride proteins hed secquirsd e new
snescificity because of the hapltene determinant groupss Injection of
mice, rats, and rabbits with casein derivebtives of the hydrocarbons did
not result in carcincgenesis.

Ir e later paper, Traiks aad Creech (21) descrived a serics of

-

expariments on the

unizatica of wiece with 1,2,5,0-dibensanthraayle
carhanide=~cassin in an atternt Lo prevent tumors produced by 1,2,5,58-
divenzanthracene.s Dne hundred control wice were injocted with the
1,2,5,8udibenzanthracene only; one hundred and fifty nice were injected
with the 1,2,5,68-=dibenzanthranyl=~carbacido~caselin over a soven week
pariod whiech sndad fourteen deys prior to the injection of Lthe carcinoe
ganic hydrocarbon itselfs A large nmber of the mice in both series
diad of intercurrent infsction during the ecourse of the exporimesnt,
thus raducing bthe statisticsl —walidity of the resultse Anparsntly, bew
ezuse of the prezence of traces of uncombdined 1,2,5,8~dibenzanthranyl
isoevarste (subseguently found unexrectedly to be carcinogesnic) in the
£irst preparztion of Wydrocerbon conjugate used for immunization, tumors

develc in somc cages at tre site of the injection of the inmunizing

antizens Despite these twe difficultles, the results did zhew sure evie
derce thet injeetiocns of 1,7%,5,8=Cibenzenthranyl-carbarido-casein re=
duced susceptidbility to careinogernesis by the hydrocarbon, since thirty
perecent of the Iimrunized mice ard seventeen percernt of the control mice

not only survived over the mean time of the appearance of btumor in the

controls, but wers alsc found, on denth or saerifice, to heve nc tumorse.



EXPERITVENTAL

PART 1

—

I, HUPOCE

o

The purpose of the first nert of the sxperimental studies wss te
determine the comperative heptene actiwity of three hydroearbons,
nomely, 1,2«benzanthrecere, 3,4«benzpyrens, anid 1,2,5,0=dibenzanthra=
cene, All thres hydroesarbonsg rreviously had been shown %o be capable
of hantene activity¥ but no extensive irmunologieal studies had been
conducted. (me aim of the exneriments was the development of antisera
which would resct not only with the hydrocarbon used in immunization,
but which slso would show cross reactions with other gimiler hydroe
carborse. Such modersately nonesnecifie antibody resetivity would be
degirable, if not necessary, in any irmonization against srontansous
tumors assuming that the ineiting asents may be hydrocarbons of unw
kriown, thourgh possibly similasr, chemieal structure.

Immunisetion against the hydroearhons reguired conjugation of these
compounde with orotein, since the hydroearbons are nnt articeric when
injected =lomne. Hentene setivity of a hydroearbon would he demonstrated
if antisera against a hydrocarhoneprotsein conjugate rescted with a cone=
jugete of the ssme hydrosarbon with a different proteine The strength
of this resction would be s measure cof the ability of the hydrocarbon
to sct a2s & haptene groupe A low degree of specificity of the haptene

would be indiested if these antisera would combine also with protein

* TUnpublished preliminary work by Creech, Cheever and Coons 2t Harvard

niversity.
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conjugates prepared from hydrocarbons of similasr structure. Investi-
rations were conducted to evaluate the three hydrocarbons in terrs of

their haptene activitye.

II. AETICERS

The antizens used for immunization were synthesized by Jre Hugh
Je Creech, formerly of the Chemistry Department of the Tniversity »f
¥ervlands The methods used for their prevarstion sand gnalvsis ere
described by Creech and Jones (11, 13, 14, 15, 30). The three =ain
hydrocarbons used for the formetion of antipenie »nrotein conjupates
vere l,Z=benzanthracene, I,4=benzpyrsne, and 1,2,5,6«dibenzarthracena,
These hydroearbons were nitrated and the mono nitro compounds were
reduced to the sminess The addition of phoscene to a benzene solution
of the eminass resulted in the formetion of erystalline isocvanates of
the hydroearbons., The position of the isocyanate sroup ( -¥CZn ) on
the hydrocarbon varied with the individual compound, The isoccvanate
groun was at earbon atom 10 with 1,Z2-benzanthracene, at carbon atom &
with 3,4=henznyrene, and st carbor atom & with 1,2,5,8=diboanranthro-
cens (see Yi:is. 4, 5, and 5}, Other isceyanstes® ere nrepered by
special methods.

The isocyanates were conjugeted with horse serum albumin which
had previously been separated from horse serum asccording to the pro-
eedure of ¥eVeekin (44)e The linkeze of hvdroearbon to albumin wes
carried cut by addition of a dioxane solution of hydrocarbon=isscyvae
nate to a cold aguecus-dioxane sclution of the protein buflered at
pH Bed = B43e The resction occcurred between the isoeyanste grour of

the hydrocarbon and the fres epsilonwsmino groups of the orotein,
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resulting in a carbamido linkare:
Hydrocarbon = Me(Caid 4 I, N « Frotein

Fydrocarbon - ¥ = § = § = Protein

ecarbamido
linkage

The coniugetes were purified by dielysis, centrifugation, filtration,
and precipitation with am-onium sulfate and acetore.
Spectrophotometric analyses, based on ths absorption of ultra=-
violet light by the hydrocarbaﬁ-pratein conjugates, were used to detere
mineé the numbher of hydrocarbon :roups attached to each molecule of
horse serum albumine These analyses were carried out by Dr. H. Hormen
Jones of Harvard University and Queens University, Kingston, Untarioce
The results for the econjugates used as antizens are as followss
Z,4~benzpyrenyl=5S~carbemido~horse serum slbumine~12 groups
~ (test anticen)
3yé=benzpyrenyl-Secarbsmido=horse serum albumin-~ 4 groups
(injection artigen)

"1,2=benzanthrylell-carbemido=horse serum albumin--32 zroups
(test and injeetion antigen)

1,2,5,6=dibenzarthrylei=carbarido~horse serun albuwrine-
21 groups (test and injection antigen).

The hydroecarbon-protein conjugates were dissolved in physiologie
cal saline solution %o give & concentration of ten mpe per cce in=
conjuzated horse serum albw:in in the sams eoncentration was used as
the fourth aﬁtigen, so that control sera would be evailable for the
seroclogical investigationse All of the antigen solutions were stored
with preservetive in sterile rubber=capped bottles in the refrigerator
during the entire course of the experiments; nco bacterial contaminstion

was noted at any time.
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ITT. IWUNIZATION PROCEDULE Series I

Ae Aninrals

Eleven albino rabbits were cbtalned from s desler in laborstory
stocke. Faech rabbit weighed aporoximaetely three pounds at the begin-
ning of the experimentsl work. Seven were male, and four were femele.
Their diet consisted of Purima rabbit chow, suprlemented by cabbsagzs,
lettuce, and earrots.

The animals were divided into five groups, on the besis of the

antigen used for injection.

TABLE X

ARTIGEN GROUPS OF RABBITS

Group Noe Nos of rabbits Antigen
r————— ara— N —— SO WA s s diwpesariecs
I 2 Horse serum albumin

I3 2 3p4=Tenzpyronyl=S=carbamido=

horse serum albumin

IiI 3 l,2-Benzanthryl=10-carbarido=
horse serum albumin

v 3 1,2,5,8=Dibenzanthryl=S«carbamidce
horge serum albumin

¥ l Hone

Bs ¥eedles and syringes

Becton~Dickinson or Agme stainlesswsteel needles were employed for
all injections and bleeding. Fach needle was placed in a test tube
eontaining, . in the butt, sbsorbent cotton in which the tip of the
needle rested; the tubes were plugzed and sterilized in the autocleve
for fifteen to twenty minutes at fifteen pounds pressure, and 121° C,
Gauge noe 24 needles were used for intrevenous injsctions, and Gauze

noe 22 and 20 needles for the intraperitoneal injections.
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The syringes were of the Luer type; they were individuslly
wrapned in gauze and brown paper, and sterilized in the autoclave at
the seme time snd temperature as the needles. Two=cce syringes wers
uged for the srall injections, snd five=cce syringes for the larze
injections.

Lfter being used for injection, the syringes and needles were
washed thoroughly in physiologicsl ssaline and in running tep water
before being sterilized. After autoclaving, they were allowed to cry
for sevsral hours bhefore being used again,.

Ce Injection series

The antigen solutions were allowed to reach room temperature
before injection, so that large voiumes of cold solution would not be
injecteds The suter mearginal ecar vein was used for intravenous ine
Jjectionse The hair over the vein was cerefully removed with a razor
hlade;\and the site swabbed with ninety-five percent alechol. 4 two
or a five=cce syringe and a gauge no. 24 needle were emnloyeds. The
needle was inserted ir the veln, snd the antigen solution injected
slowlye The rate of injection was epproximately one ccs in twenty to
thirty seconds.

For intraperitonesl injeetions, a site was prepared by shaving
an area of about two‘squara centimeters on the sbdomen of the rabbit.
Tineture of green soap was used to facilitate removal of the hair,
After shaving, the site was swebbed with ninety-five percent alcchol.
A five=cce. syringe and a gaure noe 22 or 20 reedle were smployed. The
antigen was injected into the peritonesl cavity at a more rapid rate
than during intraverous injectior, since there is no resistance to the

flow of the liguld inte the ceviiye.
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Each rabbit was injected with the sppropriate antigen three
times per week for five woeskse The protocol for the injeetion series
is shown in Teble 11,

TABLE II

RABBIT IRJECTIOR SERIES

Yoek no. ¥o. of ine Yode of ¥oe of cce Hise ¥gse
jeetions per injeciion sol'n antigen antigen
week injected injected per week
1 3 % 1 10 30
2 3 1.V 2 20 €0
3 3 TeVe 3 30 20
4 3 TI.TF. 4 40 120
5 3 TeFe g 539 152

Total mgzs. sntigen injeetsds 450

Hone of the rabbits showad ill effects after the injections.
There was an average weight gain of two to three pounds during the
eizht-week period from receipt of the animsls until thse final blseding.
¥o tumors were found at the injection sites or elsewhere in the animsls.

De Preliminary bleeding and titration

One rabbit from esech group was selscted for preliminsry titration
of entibodiess Four daye after the last injection, the ear vein of
sach rabbit was cut, end approximately five ce., of blood wes collscted
in a sterile fifteen~cece contrifuze tube. The blood w:s allowed to
elot at room temperature for one hour, and then was plaeced in the re=-
frigerator overnighte. After centrifugstion, the superratant seruwr wes

removed with a picette.
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Precipitation tests were run teo determine the antibody aetivity
of these gera. The antisers were diluted to twice their wvolume with
rhysioclogiecal saline solution (2.85% sodiws chloride in distilled
wster)s, The antizen solutions, containinz tsn mg. anti~en per cc.,
were wixed with ssline solutiorn %o glive serisl dilutions of 110,
150, 1«100, 1=200, 1=400, 1l«800, 1=10C0 and thereafter by ineresents
of 1=200 up to a final dilution of 1=-3000, In tubes of 10 mme by
75 mme, one-tenth occe of antibody was mixed with two-tenths cee. of
each dilution of the same antizen used for irmunization of the
rabkit from which the serum was taken, The tubes were shaken thow
roughkly, end pleced inigg%C. ineubator for one hour end fiftsen minue
tess Preecipitation occurred only in the tubes containing horse serum
albunin and rsbbit serum prevsred against that sntizen. Thereforse,
the tubes werve pleced overnight in the refrizerators After refrigersa=
tion, the proeseuce o precipitete in the tubes was observed visually
using shadsd incendescent light, In order te siwmplify the composition
of this and other tables, the names of the sntisens will hereafter be
abbreviated, in both text and tebles, s follows:

IiA = horse serum albumin

BPellZl - 3,4=benzpyrenyleiecarbamnido=horse serum albumin

10=H5SA » 1,2-benzanthryl=it=carbamido=horse serum albumin

DileiiBh = 1,2,0,8=dibenzanthryl=8=carbanido~horse serum albumin

The results of the nreliminary titrations are shown in Table IIT.
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TABLE IXI

FRELIVTEARY TITRATIONS OF AYTISTERA

Antiserun against Highest dilution of antigen showing
precipitation
oA 3000 *
BF-H0A 200
10-1SA 1400
LRA=TISA 400

* Tizhest Zilution tested

Antibodies demonstrated by such preeipitation tests are called
precipiting; those demonstratsd by other servlegieal proeedures are
elso nemed according to the method used, ee.zge lysine, agrlutininse.
S2inee some informatior, albeit it of guestionsble significance, may be
obtained by eomparison of the greatest dilutioms of antigen producing
e slight precipitste with a constent amount of sntiserun, those figures
have been recorded sbove and in ecertain subseguent tables for the sale
of completensss only.

Six rabbits were selected for further injections; they included
the four which had been tested serclogicslly, and two others whieh had

|
not been bleds These two rabbits included one member sach of the

10=ETA and DBA=HSELA groupse The six rabbits sach reeeived an zdditiomsl
course of threes inbrageritonesl injections, which bezer sevar days
after the reguler course, These injections were spaced at threo~day
intervels; the first was two cc. (twenty mpge); the second, two cce
(twenty mze)s end the third, five cce (fifty mge)e The total amount

of antigen injectzd into sach of these six rabbits therefore inercsaded

from four hundred and £ifty mgs. teo five hundred and forty mzse The
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four remaining immunized rabhits, which ineluded one member of each
axtigen group, were not reinjected, but were bled out according to the
procedure deseribed below.

Ee Finel bleeding

The rabbits were bled from the heart ten to thirtesn days after
the last injection of sntigone A fifby-ccs syringe and & zause no.

12 needle were preopsred aund sterilized by the methods described in
section III, The skin over the thorax was shaved, and swabbed with
tincture of iodine., The regiorn of meximum pulsation wss determined.
The reedle was insgerted throush the chest wall into the heart, and
blood was pulled into the syringe by gentle suction.

The bloocd in the syripze was run into sterile Erlenmeyer flasks,
and aliowsed to elot at room bexwperaturec for an houre I% was then
placed in the refrigerator overnights Ths supsrnsatant zerux wns
pipetted off the clot, ond centrifugzed to produce clear serum. Sterile
rubber-capped bottles were used for refrigerator storage of the serums
twoe or three drops of a 1:1000 dilution of merthiolaste were added as
& preservative, -

Three of the rabbits were bled twice. The first bleeding gave
approximetely fority cce of blo?d; the second bleedirg, which resulted
in death of the animal, zave from seveniy-Tivs %o nirety cec. The other
eight rebbits were hled only once; the amount of blood removed varied
from seventy-five to ninety=five cecs This loss of blood caused death
¢l the animalss Table IV shows the designations of the sera, snd the

number of days after injection thet each serun was obtained.
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TABLE IV
DESIGHATICN OF IVMUNE SERA

Antipgen  Rabbit tag Designation of ssrum Days after lest

noe injection

oA 1 HEAw=la 10

" 1 ESAm1D 158

" 2 HSA=2Za 10

n 2 HEA=2ZD 18

AP 3 OPwSA=1a 12

" 4 BP=TaAm2a 10

n 4 BlelSA«2b is

I10=HSA 5 10«HSA=18 10

? 6 10-H5A=25 13

" 7 10~ 8A=3a 13

DBA=TCA 8 DRA=ISA=la 12

n o DMA=T2A=le 1l

" 10 NRA=HSA=3a 10
¥one 11 ¥ormal

Fo Mntopsy

Autopsiesz were perforred on one robhit of each group which
received a hydrocarboneprotein antigenes IYllumination of the opened
carcass with ultra=violet lisht showed colored fluorescence of the
spleen and several patches of lymprhatic tissue of the omentum. The
hydrogarbon=protein conjugates hed previously been shown by Creech and
Jones (15) to be highly fluorescent., The locelization of the injected
antigens in the limphatie tissue wss not surprising, since it is this
tissue which is considered to be primerily important ir the removal of
fereign protein from the blood, and possibly in the formation of arntie-
todies as well,

No tumors were seen under ~rcss macrosecopic observation of the

organs of the thorax and abdomen.
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Y vy ¢~ vl S s
Ae onolozous antizens

The activity and specifieity of the antisera vere detormined by
precipitation testse The recuired smount of sach antiserum was dilubted
with an eguel volure of saline sclutions Tre=tanth cce of ths diluted
serum was nipetted inte itubes measuring 10 mme. by 75 mme The antigen
which had been used for imrunization (howologous antigen) was diluted
with gsline sclution as followss 1«10, leB0, 1-100, 1«200, 1-400, 1-800,
1=1000 and thereafter by increments of 1=-200 up to a dilution of 1=-3000,
or hirher if necessarye. It should be pointed cut that the immunizing
antigens were used in a concenlraticn of 10 mrse per cce, or & 1=100
concentrations Therefore, a dilutiorn of 1-3000 of antigen solution
actuelly represented a dilution of 1=300,000 of ﬁhe antigen itseli.
Twowitenti:s cce of each dilullon of antigen were addod te "he ~ne-tenth
cce of diluted serums The mixtures wers incubeted in a 46°C. incubator
for one houre However, several dupliecate tubes incubated under difw
Perent conditions, i.2¢ roon hemperature, 37°C, insudator, or 3770,
water bath, showed no significant differences in the precipitation re-
actionse After incubation, ithe tubes were pleseed in the refrigerator
ovarnisht, snd were read the following day by shaded ineandescent lighte
The srowunt sf‘praeipitate was recorded as: very faint trece (vitr),

faint traee (ftr), trasce (tr), ¥+, +, ++, ++, ++, +++, +H+t, and v+,

2

ot

The long gredetion of resdin s wves usad ix crder to determins sz accus
rately as rossible the dilution of entigen at which maximum precipita~
tion cccurred,

The results of these cxzeriments sre shown in Tables ¥V, VI, VII,

arnd VIII., Table ¥V shows the resctions between horse serum albwumin and
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the rebbit sera prepared against thet antizgen. It should be recalled
that serum HSA=la and serun HSA=1b were taken from the same rabbit,
but that the HSA=1b serum was removed six days after the first. The
some sequence held for the [SA-2Za and HSA-2b sera. Comparison of the
resuits for the & and b sera for each rabbit shows that there was but
little difference in the readings. Such small variations might have
been due to experimental errors in pipetting or in reading the awmount
of precipitate, Arparently, the second bleeding serum which was not
markedly different in antibody content from the first serum, obtained
only ten days after the last antigen injeetion.
TABLE V

ANCUNT OF PRECIPITATE USIKEC HSA ANTISERA AND HOVOLOSOUS
ANTIGEY

Antigen dil. Antiserum (Oel co.)
(Ce2 cco) TiSA=la TSA=1b NA=28

1
3
o’

10
= 50
100
200
400
800
1000
1200
1400
1800
1800
2000
28008
2400
2800
2800
3000 tr
3200 tr
3400 tr
2800 tr
3800 fir
4000 -
4200 -
4400 -
4600 -
4800 -

HHEE

2222232222
i

it
s}

L EEELY

EERAARAETEIIE 2SS

+tr fir
fer fer
ftr f+r
vitr vitr

AR L EEAAC SR SR S S S S 55
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At the lowest dilutions of horse serum albumin (i.e. 1-10, 1=-50),
the yield of precipitate was loss than st the slightly greater dilue
tions of antigen (i.ece 1=400, 1=800}, where it reached a maximume
Thereafter, as the amount of antigen was decreased by further dilution,
the smount of precipitate slso deéreased; at very high dilutions of
antigen, no preoipitation cecurred at all, Three zones of antigen=
antibody ratios were therefore in evidence: (1) zone of antizen excess,
(2) zone of neutrality, or optimum preoportions, and (3) zone of anti=
body excesss <his zone phenomenon is cherecteristic in preeipitation
reaction in zeneral (4). Comparison of the sera of the two rabbits
showed that the optimum amount of antigen, yielding greatest prescipitae
tion, was different with the two serae For 0.05 cc, of serum HSA=1
(results of la erd 1b combined) it was Ce2 cce of a 1=400 dilution of
the aniigen solution, whereas with the same quantity of serum HSA=-2
(results of Za and 2b combined), the optimum smount of antigen was 0.2
gce of 2 1=200 dilubtions Since the latter serum combined with wmore
artigen and formed hesvier precipitates at its optimum ratioc than did
the former serum, the content of precipitating entibodies of sersa [SA=
Z2a and USA=2b appeared to be ;reater than that of sera {SA=la and !iSA~1b,.

The hizghest dilution of antigen which etill geve slight precipi-
tates on reaction with antisers ESAela and «1b wes 1-3800, and with antie
sera 'SA=-Za end «2b it was the 1=-4600 dilution of sntigen.

The preeipitation reactions of the rabbit sera prepared against
BP=ISA when mixed with the homologous antigen ere shown in Table VI,

The sera from the two rabbits differed rather markedly in antibody conw
tents The BP-[SA=la serum formed heavier precipitates than the BP=HSA-

2a or 2b sers.
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TABLE VI

AMOUNT OF PRECIPITATE USING SPeHSA ARTISERA ARKD HOMDLOGOUS
A¥TIGEK

Antigen dils Antiserum (Gel cce)
(0.2 cc.) BPwelilA~1a BPR=i A2 a BPeili3hi=2D

1- 10
50
100
200
400
800
1000
1200
1400
1600
1800
2000
2200
2400 tr
2600 tr
2800 fir -
3000 fir -

g

R 22321 1.
T
I T N N B N BN NN N Haqg'l'f'l“i‘:t

The end titer of 3P«H3A~la was 1=3000; those of the BP=H{3A=~Za and
-2b sersa were titer l«800 and 1-1000. As with the #HSA antisers, the
antisera from the second bleseding appeared to be only very slightly
different from the first serum obtained from the rabbit.

The most striking faet sbout the regults in Teble VI, however, is
the sharp drop in antiserum poteney, as compared with the results in
Table Vo The conjugation with hydrocarbon apparentlf greatly reduced
the antigenic properties of the serum albumin, even though only four
3,4=benzpyrenyl groups were introduced into each protein moleeule in
the conjugzate used for immunizatione

Antisere prepered by immunization with 10-HSA were tested against
the homologous antigens The results are given in Table VII. These
three antisera were obteained from different rabbitss Individual dif=

ferences in the sere were evident by the variation in the amount of the
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TABLE VII

AVOUNT OF FRECIPITATE USIHG 10-HSA ANTISERA AXD
HOWEOLOGOUS ANTICGEN

Antigen dil. Antiserum (0.1 cc.)
(0e2 ecs) 10~HSA~1a 10=HSA=28 10=TISA=5a
- 10 + tr tr
50 + ++ +
100 ++ g -+
200 +% ++HE +i
400 +i ++ -+
go0 +H ++t 4
1000 -+ 4+ 4+
1200 +§ + 4
1400 + + +
1600 : t t
1800 + tr tr
2000 + tr tr
2200 tr tr tr
2400 tr tr fir
2800 tr tr ftr
2800 tr fir fer
3000 tr tr ftr
3200 tr ftr fir
3400 fir ftr ftr
3600 ftr fir -
3800 fer fer -
4000 £ - -
4200 fer - -
4400 ftr - -
4600 - - -
4800 - - -

mnaximum precipitates A gocd part of the antigenie potency of the proe-
tein wes retsined after conjugation, although thirty-eizht 1,2-benzan~
thryl groups were introduced into the horse serum albumin molecule.
Two of the 10-HSA antisera whieh showed heevy precipitetes in the zone
of optimum proportions, were only slightly less potent than the anti-
sera against the unaltered protein when tested with the homologous
antigense.

Table ViII shows the precipitation resctions of the three antisera



28

ageinst DBA-HSAe Only very slight precipitation oecurred in any of
the tubese These sera did not compare favorably in poteney with the
antisera against the other two hydrocarboneprotein conjugates. Twenty-
one 1,2,5,8«dibenzanthranyl groups had been linked to the proteins;
aprarently the conjugation with the hydrocarbon caused a considerable

modification of the antigenicity of the albumin,

TABLE VIII

AMOUNT OF PRECIPITATE USING DBA=HSA AKTITFRA AND
HOMOLOGOUS ANTIGEN

Antigen dils Antiserum (O+l cce)
(0.2 cc.) DBAw TR Aw]ln DBA-HSA=24a TBA= S Awmis
l« 10 ftr f4r fEr
50 ftr tr ftr
1¢C fEr + tr
200 fer tr ftr
400 tr tr b1 4
800 ftr ftr ftr
1000 - ftr -
1200 - ftr -
1400 - - viEr -
1600 - vitr -
1800 - vitr -
2000 - vitr -
Z200 - vitr -
2400 - - -
2800 - -
2800 - - -
000 - - -

Bs Horse serum albumin

All nine sera which had been prepered by immunization with hydroe
carbon=horse serum albumin conjugates were tested against horse serum
albumine This was done to determine how great a modification of the
protein antigeniecity had occurred in eonjugation with hydrocarbons.

It wes expected, in accordance with the results of Tables V and VIII,
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that the antisera against the conjuzates would not yield as heavy pre-
cipitates with the albunin as did the sera against the horse serum
alb:min itself,

The antisera were diluted with equal volumes of saline solution,
and oneetenth ce. of each diluted serum wes mixed with two-tenths cce
of esch of the twentyesix dilutions of horse serum albumine These
antigen dilutiones were made according te the progression deseribed
above, ieo. from 1=10 to 1=4&00, Control tubes were set up with
antiserm snd saline solution, antipen arnd salire solution, and rormal
gerun and saline solutione MNo precipitation occurred in any of the
cortrol tubes. The rasults of these exreriments are shown in Table IX.
Figures for the sera avainst horse serum albumin are ineluded for come
parisons

Aecording to the fizures in Table IX, none of the antisors against
the conjugated albumins yielded as much precipitate as did the antisera
against the unconjugated proteine The 10-HSA serum group appsared to
have more precipiting agsinst the albumin than did either of the other
tTwWO serum ZroupSs his indicated less modification of the antigenic
structure of the albumin on conjugation with 1,2«bznzanthracene than
with ¥,4-benzpyrene or l,8,5,6—dihenzanthrgcena. This is in agreement
with the results against the homologous antigens shown in Tebles V to
Viiie

A lack of agreement between the serclogical methods, i.es end~
titer method and optimum zone methed, is indieated by the above figures.
Antisera BP-IiSA-la and DBA-HSA~Ze both showed +i readings at the opti=

mum zone, yet the end titer of the former serun was 1-400 and of the



TABLE IX

PRECIVITATION EBACTIOHS USING HSA AS ToiT ARTIGER

Antiserum Antigen dil. Resding of Hizhest antigen
showing mex. maximem dil. showing
pnte prte prte
Hhhmla 1-40¢, =00 +h+ 13800
-2a 100, 200, 400 S 4500
BP=HSA=1a 10 ++ 400
2a 10, 50 tr 100
2b 10, 80 tr 100
10~-HEA~1a 200, 400 +t 4400
2e 2400 + 4400
Sa 800 + 4800 =*

DBA=Y CA=la 1000 + 3800
da 1000 +% 4000
3a 200, 400 tr 1200

* Hicheat dilution tested

latter 1-4000, Conversely, two 10=KSA sera, la and Za&, hed the sams
end=titer but markedly different precipitate readings at the optimum
ZoNGe

Ce Heterologous Eydrocarbon conjugates

A third seriss of experiments was carried ocut to deternine the
sxtent of the reacticns bebween these antisers and hydrocerbonealbumin
conjugates not used for production of the antiserun under testse In
the first group of experiments, one member of caeh group of antisera
group weas tested against the other antigens used for immunizetion, i.e.
the conjugates of horse serum albumine These tests were performed with
the intention of confirming the results obtained by the first two
series of experiments on the decrease of antigenicity of the albumin

fraction of the conjugsted proteine.
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In thes seccnd group, each antiserum was tested azeinst bovire
serur albumin and hydrocarbon conjugates of this proteins These were
the first experiments eimed at determining the heptene groun setivity
of the hydrocarbonse

l. Hydrocarboa = horse serun albumins as test anti-ens

Four antisera only were used in these experiments. Uns antiserum
of each immunized amroup wes used, namely, H3A=la, BP={SA~la, 10-HSA=~la,
and D3A={SA-lae The sers were diluted with saline solution to twice
their volume, and cneetanth cce of the diluted serum was mixed with
twowtenths ece of emch dilutiom of antigene The three conjuceted antie
ieng used were BE=ISA, 10-'34, and DBA~HSA. Dilutions were made as
previously deseribed; the highest dilution of BF=i3A used was 1~3000,
whereas the highest dilutions of both 10«HSA and DU3A-=HSA antizeus
were 1=-4300, The sntiserur and antigern in each tube were nized, incuw
bated, and placed in the refrigerator overnights

Tach antigen was tested against the three heterologous antisera;
for example, BP=I15A4 antigen was mixed with antisera against 74, i0=
i34, and DBA=HSAe. The results of the resctions with the homologous
antisera, isee BP=iSA=1la, 2e, and Zb antisera, havs‘been BNOWE NI
viougiy in Table Vi, The same protocol was used for the other +two
conjurated entigzense The results of these experiments, sho . in
Table X, were practically opposite to those obiteined in the otler
tests nnd were more in aprezment with the expected resultsese The ox=
periments previously deseribed had irndicaetad that loss of aptigenieity
cf the horse serum albumin wns grester in the 3F- and DBA-conjuyzstes

than in the 10~ conjugates, as measured by precipitation with both
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TABIE X

PHECIPITATION HEACTIONS UBIRC ZUTHNROLOGOUS BORE
SERUM ALBUNMIN CONJUGATES AS TLST ANTIGENS

Tost Autiserum Antigen dil. Feading of Highest dil,
antiven showing mexe maximums ghowing
prta pote it
BP=ii3a {1SA=1a 1-10 ++ 13000 =
# 10wt CAw]g 200 +H 2T0
b DBA=iISA=1a 1800 + 2200
10w SA HEA=1a 10, 50 tr 202
" BPeii8A=1a 10 + 1400
" DiBA=HSA~1a 500 tr 3020
DBA=TISA HSA=1a 200, 400 + 2000
" BP=HSA=1le 10, 50 ftr 200
10~ 5412, 200, 400 +3 3220

* Jiighest dilution tested

homolozous santigen and horse serwun albumine Analysis of the resulis
in Table 4 indicates, however, that 3P-HZA aatigaﬁ was strongly nree
civitated by the HSA serum, while 10-HSA antigen yielded only traces
of precipitate with this serume. 1In the interpretation of these secumw
ingly conflieting resuiss, consideration must be given to ihs fact
that the antigens are being used in different wayse In the first
case, comparison is Lseing made smong the anitibodiss preduced by the
injection of the antigens whersss in the second case, comparison is
being male among the test antigenses The difference ir activity of
the albumin portion of the conjugates when used as injection and as
test antigens does not appear to be due sclely to the number of hydro=-

carbon groups introduced. The reasons ior these differences will be

advanced later in the thesis.
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2s Hydrocarbon=bovine serun alburins as test aaticens

As ghown by ths references cited in the section on the histo=
rical backzround of ithe thesis, repbtens activiity can be deternined by
usins twoe éifferent proteins, ecch containing either the same or a
similsr haptense Tne zuch conjugated protein wasz used for imnmunizae
tions Serunm thus produced was tested against the other eonjuzated
proteine Then precipitstion cceurred, it wass considered to be due %o
the entigenic specifieity of the haptere =lone, since the two proteins
wore different and 4did rot give such eross reactions.

All of the artisers were first teasted ageinst dilutions of bovine
sermum albumin, in order to exclude the possibility of cross reactions
betweon the two albuminse Precipitation did not oceur with these sers,

with the exception of cone very faint treace reaction between a ¢orcen=

ﬁ\-

rated bovine serun alburin solution snd an antiserum azainst lorse
seru albumine Tests showin: precipitation with s hydroesrbon-hovine
gerr albuein conjuzzte would he dus entirely to the hydrocarbon nore
tion of the conjurated

The bovine serum alhumin conjugates were synthesized by Dr. Creech,
according to the methnd described in section II. Three such conjurates
were nrensred, namely, 3,4~benznyrenvleSegarbazido=hovine sermm albuwwin
(Br=Bov) containing nineteen hydrocerbon grouns per protein molecule;
1,2=henzanthryl=10=carbanido~bovine serum albunin {10=Bov) with thirty-
cne zroupss and 1,2,5,6-dibenzenthryl=9=carbanido~bovine sserum albumin
(N534=0o7) with twenty grousse. The sntizens were used in saline solue
tion, in a concentration ol five mpse. 76T cce
The first set of ex-arizents to detsrmine haptene activity of the

hvdroesrbons was carried out by using BP-Hov as the test antizen.



¥ore antigen and antiserum were used for these reactions than for
those previously descrined since it was expected thet the prseipite=
tion would be lesse Ineressing the concentration of the resazctante
would inecresse the possibility of detecting preecipitstion. The sntie
ren was diluted with saline solution, using a series of l=2, 1I-4, 1=8,
l=18, ard so on up to 1-40848, To two-tenths cee of each entigen dilue
tior was added two-tenths cce of sntiserum diluted 1=2. The tubes
were incubasted, refrizeratren, and reed by the previously described
nethod se

According to the results shown in Table XI, all of the ilmmune
sera against the hydrocarbon=horse serun albumin conjugates reacted
with the BP=Bov antigene. Since it hed been shown previously that
these sera did oot yield precipitates with bovine serum albunin alemne,
the rsrecipitation with 3P-TZav must have besn due to corbinstion with
the J,4=bengpyrene groupsSe

1t is apparent from a compsrison of the figures that the sntisera
against 10«33A precipitated 3le=3ov the most strongly, even mors than
the antisera against 5P=-HSAe This indicates thut the serological ac=
tivity of the hydroearbon haptenes is not strictly speeiflic, i.o.
gserum sgeinst one hydroesrbon conjugate would precipitate with conjue
gatas of other hydrocarbous cicsely related in chemical structurs.
Tris was eonfirmed by the results in Table X1I, where 10=Bov was uscd
as the test antigens. The szame procedures were used Tor these tests
as for the BP=3ov reactionse

The l,i-benzaxnthryl (denoted by "10%) groups introducsd appeared

to ghov strong haptense group sctivitye The autisera produced oy

irmunizetion with 10=ii8A reacted sirongly with the 1l0=lov counjugate



TABLE XI

FRECIPITATION REACTIONS USIEG BPR-BOV AS TEST ANTIGEN PR
HAPTEEE ACTIVITY

Antiserum

¥ormal
HSA=1Db

BPwFSA=la
BPwHSAwZn
BrelS5=2b

10wESA=1n
10=FSA=2a
10=HEA= 30

IiBA=H3A~18
TBA=HSA~20
BA~HSA~3a

Antigen dil.
showing maxe ppte.

1, 2, 4

4
4

* «undiluted antigen

Reading of
maximun ppte

Ht g g

t%»ﬂ'q

TABLE XII

Highest dil.
showing ppte

1-16

16
16

512
256
128

16
32
16

PRECIPITATION RDACTIONS USING 10-B0OV AS THST ANTIGEN FOR
HAPTEEE ACTIVITY

Antigerum

Yormal
HEAwlh

BPeliSi=la
BP=lS5A=2a
BP=i34~2b

=lSA~1a
I0wtiSAm2a
10=HSA-2a

DBA-HSA~la
DBA=HSA-28
DBA=ESA=3a

* ~highest dilution tested
}'wealy dilutions showing precipitates

Antigen dil.
showing maxe note

32
64

is.
8,

18

8, 18

8, 16 £

Reading of
maximum ppte

-

fer

548 **'{ nag !

Highest dil.
gshowing opte

84
18
2

2088 *
512
4086 *

18
2586
16

35
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even in high dilution; this precipitation could have been due only to
antibodies directed against the hydrocarbeon group, sinee no rescticns
oceurred bebtween thase 10~TSA antisera and bovine serum albumin alone,
or betweern antiserwun against horse serum albunin and the 10=Bov conju-
gates The 3,4-benzpyrens and 1,2,5,8«dibenzarthracene showed wesker
activity as hsptenes, as shown by the sraller smount of precipitate
with antisera against the BP=HIA and V3A-HSA conjugates.

ixperirents then were conducted using 1,2,5,86=dibenzanthryl=gw
carbamido~bovine serum albumin (DBA-Bov) as the tost antizen for hap-
tene aectivity. The same procedures were used, except that two-tenths
cce of undiluted, instead of diluted, serumn were used in each tube.
fieavy precipitation occurred with all sera, including the normal
serum end that prepared against horse serum albumin. The preeipita-
tion wa; heaviest in the tube conbtaining the most antipgen, les. two=
tenths cce of undiluted antigen, and decreased with the lowering of
antigen concentration. There was only occasionel precivitation in
env of the series beyond the 1-8 dilution of antirsen. These tests
were repeated several times, using only the four lowest dilutions of
the TRA~Bov, with the same resulis.

£ new solution of the sewme antigen preparation was made and teuted.
The results with the new solution were essentially similare. Uccssion=
8lly, the tube eomtaining the undiluted antigen was extremely turbid,
but eontained no preeipitate, whereas the tube with the 1=2 dilutiom
of antigen contained a considerable amount of precipitate. IHowever,
after shaking both tubes, the turbidity of the second tube wes less

thar that in the first.



The emount of antiserum used was then halved to one~tenth cce. of
undiluted serum, in an attempt to eliminste the nonespecific precipie-
tation reactions of the contrel sers. However, this procedure was of
little value, since the normal serum and the serum against horse
serum slbumin still showed precipitatese The amount of precipitate
wes somewhat less than that with the sere against the conjugated
sntigens.

Synthesis of s new DiA-DBov preparation resulted in a compound
forming slightly less opalescent solutions than the one which had
been previously used. It did not yield quite as heavy precipitates,
but the reaction was still not speseific for.haptene activity, since
the control sera formad precipitates with the new preparation ss well
85 with the olde A probable exnlanetion is the grester insolubility
of the DEA~Bov compeared with the other econjugates.

De Additionel immunization ssries

The seroclogical tests alrsady performed had indicated that 10~
H2A was the most satisfactory irmurnizing antien, producing sera which
rescted strongly with both oroteirn and hydrocerbon moitiss of the con~-
jugates. Therefore, two additional rabbits were immunized with this
antigren. This was done to confirm the results, and to provide suffi-
cient seruwm for the serolozical investigetions to follow.

The procedure for the injections wss the same as that described
in section IIl. However, cne rabbit received only three hundred and
fifty mgse of antipen; the last two intraperitoneasl injections of
fifty mzs. each were amitteds This was done to determine whether

decreasing the amount of sntigen would appreciably lower the antibody

content of the serums. The radhit waes bled on thres suceassive days,
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starting with the ninth day after injectinns The first two bleedings
obtained approximately forby ¢ce each; the third bleeding obtained
eighty cce of blood snd cesussd Jeath of the rabbit.

The second rabbit was injected with five hundred mgse of 10<I34
gnticens It was bled out enly once nn the tenth day after injection.
Finety cce of blood were obtasired, and the loss of blood caused the
death of the rabbite The sers were removeil after c¢lotting end re-
friger«tion, snd were stored with merthiolate, The antisera of the
first rebbit were designated as 10=HSA=4a, 10=i{JA~4b, and 10«HSAedcs
that of the second rabbit was desigrated as 10=HSA~5a.

Precipitation tests were carried out with the sera thus cbteined,
using as test antigens those corpounds which had besn run previously
azainst 10«Y4S%A serme The nrotecols for these tests were the same as
those used for the sarlier mprecipitetion reactionse. Hesults of these
exnerimnents are shown in Table XIIXs The reactions with D3A=Bov are
onitted, since the nonwspecific preeipitatior by control sera lowered
the value of thisg c:njuzate as a test antizen for havntene activity.

These sera compared favorably with the 10-HSA sere previously
obteined, and served to eonfirm the haptene setivity of 1,2«benzan-
thracenes Although the amount of precipitate in sll of these tests on
the new sera was slightly less then the average obtained for the old
10«54 ssra, they still showed far greater aectivity than the BFeISA
end DBA-HSA serse Thers was little difference in the preeipitation
resctions of the two sera, despit@'the fact that rabbit no. 4 had ree
ceived one hundred snd [ifty mgse less antigen than did rabbit noe B
The three sera obtained on comsecutive days from the seme rabbit did

not differ to & significent degree in their preeipitation reactions.
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TABLE XIII

PRECIPITATION THESTS USING HZW BERA AGATHAET 10-HEA

Antipen Antiserum Antigen dil. Reading of Highest dil.
showing maxe. maxXimun showing
10=-HSA 10-HSA~4a 1=-500, 800 +% 1=-3000C
" 4b 600 4 3200
" 4c 500 ++ 3000
" Sa #00, 1000 ++ 3000
=B34 10=liSh=da 1400 ++ 1800 *
" 4b 1200, 1400 ++ 1800 =
" de 1200 ++ 1600 =*
" 5a 1200, 1400 ++ 1600 *
DRA=HSA 10=HGAm4a 200 + 800
" £b 200 + 1000
¥ 4c 200, 400 + 1000
" ba 200, 400 + 1200
RN 10=HSA~de 800 + 1800 =
" 5a 600 ++ 1800 =
10=-Bow 10=HSA=de 352 + 256
" 5a 18 + 266
Br=3ov I0=H%4mia 4 * 18
" 4b 8 + kY
" dc 4 + 32
" 5a. 1 % 8

* =highest dilutien btested

E.

Inhibition reactions

The second method for demonstrating serclogical specificity

used by Lendsteiner and his coworkers (35, 34, 40) was the inhibition

of precipitation reactiomns by the haptene, or simple deriveatives

thereof.« The inhibitors 4did not preeipitate with antisera, but did
prevent the formation of entigen~antibody precipiteates. This method
has gained rather wide use iu Imrunology as an ald in determining the
specificity of serclogical reoactions, sinece it eliminates the prossie

biliﬁy of impfluence of protein structures on the preeipitation resctions.
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The aprlication of the Iinhibitior method in studying the heptere
sctivity of the hydrocarbons wes limited to use of derivatives, since
the hydrocarbons themselves are insoluble in saline solution. (re
type of moderately water-socluble derivative of the hydrocarbons was
prepeared by Ure. Creech by means of digestion of hydrocarbone-protein
conjuzates with vepsin, trypsin, and erepsine The products of these
digestions were presumed to consist of snall polypeptides, some of
whieh were linked to hydroearbon groups.s The following protseins were
hydrolyzed by this method:s Iorse serum albumin, 3,4-benzpyrenyle=5Se
carbamido=horse serum alburin, 1,Z-benzanthrylelO~carbamido-horse
serwn albumin, and 1,2,5,8=dibsnzanthryleSecarbamido~horse serux
elbimine.

The digests were tested for their ability to inhibit the pre-
cipitation f@acticns. They were diluted serislly up to lels with
saline solutione One=tenth cce of undiluted antigerur wes mixed with
one~=tenth cce. of eseh dilution of digest, and the two incubated at
46%C, for one roure. Then the optimum concentration of the test antie
cen was added to eseh tuhe, which wes subsequently reincubated for
one hour and nlaced in the refrigerator overnighte Control tubes
were set up by using only entiserwr snd antigen, and replacing the
digest with an egual volume of galine solutions A second set of
control tubes omitted the antigen from the inhibitore-antiserum systems

The results of the inhibition tests, whieh are shown in Table
X1V, were confused by the erratiec behavior of the digest made from
DEA=HSA, and by the D3A=-3ov antizen.s In all cases, the antisera
vielded precipitates with this D2A=-IZ4 digest in the absence of the

test antirens. Therefore, more precipitate was formed when the
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digest was yresent with the sntigen-antibody system thanymﬁeﬁ it was
ebgsente It should be rscalled thet the N3A«Rov antigen had nreviously
beern guilty of non-specific preeipitetion in the presence of control
seras Apperently, the low solubility of the 1,2,F,5-dibsnzanthracene
(ie2s DRA) conjuzates limited their value in demonstratins haptene
activity end specificity,

24 +the other hand, the 1,2~benzanthracene (i.e. "10%) and the
3,4=benzpyrene (i.e. B7) conjugzates, when digested with enzymes,
yielded inhibitors which did not form precipitates with the sntisera,
and were effective in inhibiting precipitation reactions. The 10-
direst ecomplotely inhibited the resctions of the 10=H3A sera with the
10=Bor antigen, and partially irhibited the resctions with BF-Iov and
10=1A sntigens. The imhibition by the l0=digest of ths precipitation
with the N3A=-Bov test antigen did not appear logical, since this proe
cipitation had been considered comparatively non-specifiic.

The BP=digest partially inhibited the resction of RBR«HIAL antisers
with BP=3ov antigen, and of mme 10«-HTA gerum with 10-3ov antione
These cross inhibition reactions indicate that the haptene activity is
not completely specific; if it were, only reactions with homolozous
hydrocarbons would have been inhibited.

These inhibition resctions confirmed the conclusions drewn from
the precipitstion reasctions, i.e. a) that 1,2=benzenthrscene pcssssses
the strornzest haptene group astivity of the three hydrocarbonsz tested;
b) that cross resctions do cccur in the haptene activity of these

hydrocerbons, indicatinz laek of complete specificity; c¢) that 1,2,5,

et 4

S~dibenzanthracene derivatives are of limited wvalue in the serslosicsl

fa

tosts because of their tendency to nom=speecifie precipitation.
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TABLE XIV

IXHIBITION REACTIONS USING ENZYMATIC DIGESTS OF HOUBE JHRUM
ALBTVIN AWD HYTROCARBOEHORSE IRTIRS ALBUNIN COMJUSATES AS

TEST IRYIBITORS

Anti serum Antigen Inhibitors digest of
HBA 10-284A BR.HBA DRA=FES
HSA=2h H3A 0O
" DBA=Bov 4] 4] Q I
10~HSA~2a 10-H8A +
® Za 10=Bow 0 4+ + I
" 2a DBA=Bov I
¥  3a 10=ESA +
" Za 10=Bov 0 et
® de DRA=Bov 0 ++ O I
" 5a DBA-Rov 4] 4+ O I
PP=HSA=1a BP=Bov 0 4] + I
" 2p  Bp-Bov o + + I
2h DEA-Boy 0 1 I T
TRA~FESi=-1a DBA=Bov 1 I T I
" 2a NRA=~Bov I
" Z2a NRA=Bov I I I I
Hormal DRA=RBov O 0 0 I
¢ «ro inhibition +++ emarked or complete inhibition
4+ =glizht inhibition I ~increased precipitation

44+ aroderste imhibition

Fo Quantitative gtwdies

It was apperent from the results of the preeipitation reections
deseribed in the preceding sections that a highe-end titer of any anti-

gen cannot be eorrelated with a large amount of precipitate at the
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zone of optimum proportions, nor is it irdicative of strony haptene
group activity. Comparison of msximum precipitation reasdings wes of
value only if the same amount of antiserum was used for eacht zste
Fren if this condition was satisiied, the optimum antigen-antibody
ratio and the amount of precipitation st this optimum ralio varied

sc much from serum to serum, that only rough comparisons of antibody
potency were valide A standard seceurat e method wes therefore necese
sary for evaluation of the sitrength of the antigen-entibody reactions
of thaose sgere,

The method chosen to #ulfill this requirement was the cquaritie
tative determination of the smount of preeipitate, when the serum and
entigen were mixed in optimur proportions to give maximum precipita-
tione This method has been used by Hiedelberger and Kendall for

and Smith
ecarbohydrate antigens (24, 25), and by Marrack/for protein antirens

{43)s The precipitates formed in thess rescticnsbcgnsist almost
entirely of antibody, which is a gamma serum globuline Since the
zlobulin is protein, nitrogen anelyses indicate the smmount of protein
in the preeipitate. In tha cage of nrotein antizens, a small spount
of the nitrogen in the precipitate is contributed by the antigen.
lowever, the ratio of antibedy nitrogen is so large that the letter
figure does not alter tho significance of the results.

The following procedure was used ir deterzining the vrotein
content of the precipitates. Undiluted antiserum (five-itenths or one

or two ece.) was pipetted into each of three fifteen-cc. centrifuge

tubcee Dilutions of entisen were added to the serume. In the first

tube, the amount of antiser wes directly proportional (in reletion to

«



*he guartity of serwm) to the least smount of antigen shownm by ths

<

5]

nracinpitation tests to be in exeess of the optivum ratic of antizen
end sntibodye In the secon? tube, the optimum samoumt of sntisen was
sddeds The third tube contained the most amount of antigen calenlated
te rivz a ratic of slizht excess of antibodys In some cases where
twe cor more tubes showed the nmaximum amount of precipitate, by visual
observetion, =2ll of these enticen diluvtions were run, as well as the
tubzg of excess antizen end entibedye. Thiz was done 3o detervine
cuantitatively the dilution of optimur precinitation.
The tubes were placed in the 48°C, incubator, for one hour, then
refrigzerated overnisht. After refrizeration, the precipitates were
antrifurged, end tho supernatant fluid wes removed by pipetis. The
mrecipitates were thenm wasghaed thraes times with saline solution, by
stirring and sheking the nrecipitate with a few ec., of asaline, re=
cerntrifuging, and removing the clear suwnsrnetant, This proesdure
reroved uncombined antibod iy, uncorbined entigen, and the other proteins
of the antiserum; the precinitste itself doss not dissolve in the
saline solution
Cuantitetive miero=¥ieldahkl analyses for the smount of ritrogen
waere then cerried outs The determinstions were made by ¥r. Yax Tryon
and Ir. "dward “alton of the Cheristry Devertment of ths University of
Terrland, The method for nitrozen ernalysis was a modification of the
wieroarslytical method of Presl (50), The precipitete was first digested
with one cce of sulfuric ecid until cleer. Trhe digest was ther run into
s miero¥ joldahl distillation spparstueg, wanufactured bvr the Stgndard
Seiertific Olass Companye Ten cce of sodium hydroxide were =dded to

the sample, and the ammonies Jormed weas stesm-disgtilled into & receiver
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HUOLIGRAMS OF ZeO Dy PrQIPTITATED PR ON® GO, OF AMTISFHUY

Antiserum Antisen Mese of antigen adied per 1 cc. of antiserum
10,0 5,0 A0 2.5 1,6 1,2 0,30 0,60 0,40 0,20 0,15 0,10 0,09 0,05 0,04 0.025

HSA=la HSA 0.32 1.80 1.54 1,02

" 2b HSA 0.30 1.81 1,06 0474 0435
. }ap..}{qg.]_a }3}3.}16‘ D — —r T S—————
* 2b BP=Dov 0420

# 2b TBA=Rov 0,20+

10-HSA-la  10-HSA | 0,68 0,76 0455 0.23

LI T 10-Bov 0434, 0,66 0.48
* la BPeiov Do/

" 2g Dit=Bov 0425+

" 5g 10=HSA 0.51 0.49 0s29
DBA<HSA-la  DBASHSA 1,08 1,21 21 0.97 0.73
" 2a TFA=Tov 0,10

# «value after correction for amount of precipitate with normal serum,
Inderscoring indicates maximum precipitate,
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contairning ten cc. of a four percent bhorie acid solution to which
methyl red had been added. The use of boriec acid in place of the
standard method of absorption of distillete in hydrochloric acid

has been recommended by “amsner, et ale (17, 45). The distillaste in
the receiving flask was titrated with standard swlfuric acid to the
color of & control boric meid solution. The smount of nitrogen in
wmilligrems in the precipitete was ealculated from the amount of
sulfuric acid useds This figure was then multiplied by 8.25 to give
the number of milligrams of protein in the precipitate.

The results of these quantitative studies are zhown in Table XV,
The smounts of antigen and the precipitate were ased on reactions
with one cce. of antiserume If & different quantity of antiserum was
used in setting up a precipitetion test, the figures in the table
were those calculated from the experimental data for one ce. of
antiserme.

The optimim amounts of antigen for maximum prseipitation (undere
scored in the bable) as determined by these quantitative analyvses
azreed with the walues obtained by visual observation, with a few
exceptions, namely the nrecipitetion reactions of 10-H3%A~5a2 sera and
the rezctions of HSA-la serum with BP=-HS4. In the other cases, how=
ever, the maximun ~recipitetion was found bto be by guantitetive
aneslysis near the center of the range of antigzen dilutions, or et
the antigen dilution predicted by visual cbservaticns,.

The data were not suf'ficiently complete to draw definite con=
eclusions eoncerning the value of this method for antibedy potency.
Because of the number of serologieal tests that had been carried out,

sufficient quantities of the strongly precipitsting sntisera were not
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available for thorough guantitative studies. Towever, a few reneral
camrents appesr to be warranted by the results which were obtained,

First, it can be seen that the amount of precipitate formed on
reaction ¢f entisera against the conjugates with the homologous antie
vens wag in no case as high as that formed on reaction of sers against
horse serum albumin with their homologous entizene This indiceted e
definite loss in protein entigenicity on conjupation; the extent of
this loss might be comparable to the deerease in the amount of pree
cipitate formed with equal gquantities of antizen at tihe optimum zone.
For instance, for the syster of horss serum albumin and 1SA-ls serum,
the preeipltate contained 1.80 mise. of proteins for the system of
1l,2=benzanthryl=1C-carbanido=horse serum albumin and 10wHSA~ls serum,
there was D.76 mpe of protein in the precipitates Thus, the antigenie-
city may heave been decressed approximately omne=half on conjuzatione

A second deduction made after obserwvation of the results was that
the most precipitate was formed with homologous artigen. As the test
antigen diverged more from the homologous antigen, zrester quantities
of test antigen were required at the optimum zone, with snaller quen=
tities of precipitate resultinze This statement can be verified by
o?serving in Table XV, where the top line in eaech serum sroup denoted
reactions with homologous antigen. Eeacticns with non-homologous
conjugated antigens showed & shift to the left gide »f the table, i.e
to the region of higher antigen concentrstions Concurrent with this
ghift in the smount of antigen, a drop in the amount of precipitate
was evidente A comparison of the maximum precipitates using sntiserum

10=HSA=1la with three different sntigens will serve %o illustrate the
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general trend of the renctions. The most precipitete was formed with
the homologous 10-HSA antigen. When the test antigen was 10-3ov,

which eonteined the same hydrocarbon but s different protein, the use
of six times as much antigen produced slightly less precipitates ¥hen
BPeBov, & eompletely hebterologous antigen was used, the amount of
antigen required rose to twelve times that required by the homologous
antigen, yet only slightly more then one~half the amount of precipitate
wes formede.

Evaluation of the comparative heptene activity of the three hydro=-
cerbons on the hasis of the amount of preecipitated protein confirmed
the eonclusion, reached after visual observations, that 1,2«benzanthrae-
cene was the most efficient of the three. Examination of the results
in Teble XV showed that 10-HSA sera formed heavier precipitates with

ell heterologous antigens tested than did DBA-HSA or BP-HSA antisera.



EAPERIMENTAL

FART IX
Ts FUEPOSE

Trhe experirants described in Part I had shown that only ore of
;he thres hydrocarbons tested, ims 1,2~benzarthrecene, possessed strong
hsptene group activitye The other two hydroecarbons, 3,4=benzpyrene
and 1,2,8,B8«dibenzanthracene, exhibited less effective antigenieity
in the production of sntisera directed ajairst these hydrccarbon
haptene groups. Therefeore, it was considered desirable thset further
experinentation on the irmunclogicel bshavior of the three hydrocar-
bonsg be limited to antisera developed by injeoction of serum albumin
conjugates vith l,Z-benzarthrscene onlye.

The preliminary studies on the guantitstive analysis of precipi-
tates had indiecated that this method weould be of wvalue in determining
the loss of antigenic properties of the albumin on conjugation with
hydrocerbon, and the degree of immunclogical cross-reactions among
these hydrocarbonse I‘owover, the preliminary quantitative experiments
had not been sufficiently extensive to 2steblish with certainty either
of these phenomena, sinee only a few sers of high antibody content
were available for tostings

A comprehensive study of sera sgainst serum elbumin conjuzates of
1,2-benzanthracene was therefores underteken for the purpose of detere
mining, by quantitative methods, the pattern of seroclogical relation=-
ships with homologous and heternlogous antigens.

I1¥. ANTIGENS

Two serun elbumin conjusetes of 1,2=-benzanthrscene wers prepared

for use as immunization antirens, namely 1,2=benzanthrylel0ecarbamido=



humar serun alburin and 1,2«benrzenthrylel0wcarbarido~horse serum
albumine.

HAuman serum slbuwmin wes obtained from the lasboratery of Ur,
Pawinr Jo Cobhmn, of the Farverd Tedical Sehoocls EReaction of the slbumin
with 1,28=benzanthryl=10-isocyanate resulted in s cornjuzete containing
twenty=nine hydroecarbon groups rer molscule of albumine The conjugate
was vsed for injection end testing in a concentration of nine millie
grams per cc. of seline solutione

The horse serun albwnin was isolated in this laborstory by means
of frectional smmonium sulfate precipitaticn from horse plesuns The
fractiorstion of the components of horse plasma was carried oub by
selting out the proteins at different concentrations of smmonium sule

fate, scowrding to the method deseribed by Meleekin (44). The ammo=

niwe sulfate wae rlaced in & rotating cellophans bagz, and a2llowed to
diffusa into the unrotein solution. The aprparatus is sketched in
Figure 7. The content of salt in the protein sclution could be deterw
of protein present and for the temperatures The corrected density
reading then corresponded to a8 definite concentration of ammonium
sulfate.

Five and three-tenths liters of horse blocd was eollectsd in a
citrate-saline solution; the red bloaod corpuscles were allowed to

gottle, and the gsupernatant plasme was removed by suctions The plasma

(b

(three thousand one hundred and fi7ty cc.) was 431luted with +thre
thousand cec. of 2K smwonium sulfate to sive a concentration of 0,%4Y

saltes Thereafter, the following fractions were removed in series, by

placing the calculated smount of smmonium sulfate in the cellophane
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her, rotating it in the nrotein solution for sbout twentyweight hours
or more and ellowing the nreeipitated protein to settle for about

twenty hours. All of these operstions were carried out in the re=

Frizerator.
Concentration of s~lb Probable content of fraction removed
At 0.96 ¥ fibrinogen
129 ¥ gamma-rlobulin
2408 M alphe- and beta=globulin
2448 ¥ albumin
271 % albumin

The almmin precipitates were dialyzed against tap and distilled
water at 7°C. for forty-eight hours to remove the smmoniun sulfate.
The solution of protein, presunably largely albumnin; was hrought to a
concentration of 2.0 ¥ ammonium sulfate, 2 nd ths small arount of pree
c.ipitate, mainly slobulin, was disearded. The concentration of =elt
was then raised Yo P31 ! and 2 large amount of precinitste was formed.
" eroscoric examihation showed larze numbers of typical horse serum

— >

albumin erystals:

This crystalline oracipitete was subjected to two recrystallizetions.
To the supernatant from the precipitation at 2.31 ¥ salt vas
added sr—onium sulfate to give a concentration of 258 ¥ salt. Heawy
precipitation of the albumin occurred, ziving a completely crystalline
products This was dialyzed spainst tap and distilled water at 7°C.
for forty~eight hourse Caleulation of the miero=¥ieldahl data ror

protein content of the albumin solution showed fifteen and four-tenths

gramg of protein in the three hundred end fifty cc. of solutioun;



however, it waz labter found thet the calenlstion was erroneous, and
that the actual amount of erystelline slbumin obtained in this pree
raration was thirty-sizht and five-tenths gramse.

Several other freoctioneticns of the supernaltants of the two major
albumin precipitetions were carried out, but these yislded at best
only partially erystalline produets. The fraction cobbained at Z.556 ¥
armonium sulfate was selected for injection, and for coupling with
l,2«benzaenthracenec.

The covpling resction between horse serum albumin and 1,2«benze
anthryl-10=igocranate was carried ont by Dre. Creesch sccording to the
procedure deseribed in Mart T, seection II. The resultin: horse serum
elbunin conjugate of the hydrocarbon econtained sixzxteen groups ger
albumin rolecule, in conpariscn with the thirty-eight group conjugate
used in the previous « ?efiments. This deersass in the number of
hydrocarbon groups wes due to the srror in cowpubing the amount of
crystelline horse zorum albumine Since there was two and onee=hslf
times rore rrotein present than originally esleculated, the rurber of
hydreocerbon groups on esch nrotein rolecule wes correspondingly re-
duced approximately two ané one~half tiroes., The conjusgate vas dige
gsolved in salins soluticn; the comcentrebtion of protein was ten
millicrens ner cce of sclutione

Trrodified horse serum albumin and huamzn serum slbunin were also
used as antigens for imrmnizetiene “aeh protein was disszolved in
salire selution to give s corecentration of ten ~illizrams of rroteir
DEr €Ce A1l four entigens were stored with merthiclete as preservaw

+ive in the refrigerator in gterile rubber-ca;pped bobtiles.



TY¥T. IWVUSRIZATION STRTES

Twelve albino rabdbits were used Tor immunizatiocne They were
obtained from a different desler in lavoratory siock than those used
in the gerlisr experiments, Four were male, and eight were Tamale.
The rabbits were fed Purins chew, occasional greens, end waters

The snimals were separated into fowr groups, dilferentiated on
the basis of anbtipen reeceivsd., Table XVI shows the groups into whieh

the rabhits were divided,.

TABLE XVI

RABBIT GROUPE OF BASIS OF ANTIGER <BCEIV.D

Group Ko ¥Hoe of Rabbits Antizen
1 2 Horse serun slburin {(M3A)
IT 4 1,2«3enzanthrylel0=carbarnido=
Lorse serwun albuwein (J0=-X8A
IIT 2 Mmen serum albumin {UIa)
v 4 1,2=2Benzanthryl=10=carvanido=

human serum slbumin (10~USA)
The rabbits were injected three timee per week for five weeks with
the eppropriate antizen. Approximately forty-five milligrams per in=
jection were given intraperitonesrlly for three alternate weeks. App-
roximately ton milligramad per injection were given subsutanecusly for
the other two weeks. . total of apyroximately four hundred and fifty
milligrams wes injaetad into each of ten rabbits.e Since difficulties
in the coupling reaction between 1,Zebenzanthracene and hunan serum
albumin had resulted in e small yield of 10-USA conjugate, insufficient

sntizen was available for immunization of all Tour rabbits of the 10=-USA
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group with four hundred and {ifty milligzrems eache It was therefors
decided to ocut down the antigen dose nf two &% thesa rabblits o two
hundred and twentyefive milliszrems of 10=U%.

In an ettenrt to compensybte Tor this rediction in Iwunising
antizen, these two rabhblits were slso injected intreperitoneslly with
cne gc, 7t 8 aﬁ&uwua solviion of *ilsonts Solahilized Livor Fraetion 1,
containiny fifty znwww greme of protein per €c., with saeh injseticn of
antigon. !ilone, ¥asare, sn! Teiteh (48) had shown that injection of
s soluble liver extract in eonjuretion with Immuniszation of rabbits

with a Salwonelln schotimiilieri beoterin enhanced the production of

antibodiss, a8 deszonstrated by sgglutination and =ouge sroteedtion tests.

Tadll 271X

POTAL ARTUNT QF ANTIC L9 SECHIL
BRI
2abbit no. Antiren hrrtw of motipen Amt, of liver
indocted extract injected

b A 450 MESe

1 3 ALT mioge

11 10=3%s LE) wose

& 10=H5A 4E8 musSe

27 10mTI" 4 4850 mege TG00 mese

53 10=Ea {8 wmite 7O0 mzase w?.. A=ta
18 VT A 458 mrse Thhwln
50 A 4586 mEge

4 L18e2 mirge® 1eli Awlg
40 £12e4 mesed 100 imza
A E2L B miBe FOO My Se 10w w30
48 22847 MEBe TOO mese 10=l Smig

* =Tagt injection was not ziven becsuse of laek of mvrailable
unhl cene

\_l abbit was ot raining wel:zhit, ste little food, and apreared

sermeny, 80 the injeetion series was discontinueds The cordition
of the rasbit improved eousiderably after injections wers stopped.

Two of the rabbits whieh were injected with four and Fift:r milligresms
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of 1,2-henzanthryle«l0=cartanido=horse serun albumin were also given the
liver asxtract, in an effort %o produce more notent sera arainst this
antigens The smount of antigen injected into sach rabbit and the desig=

nation of the sermm fror aach, ere shown in Tabls TVIT.

¥ VT T TNE Y i ey Ty
ﬂ » fj‘}a:', »a'i»f;;”: f“f’?.‘}c‘“ﬁ ‘)v.mki’;

Ten days after the last injection, sach rabbit was bled from the
enr, sud the precinitin tibter agsinet homolepgous antigen determined.
Girce the titer in nost cases apnesred gatisfactory, l.0. comparable to
titers obtained ir previous axverirents, no alditional antiren was ine-
jecteds The rabbits were tled out seven to ber Jdays alter the prelinie
nary esr bleedinge This finel bleeding was accomplished by aracsthow
tizing the rabbit with ether, then bleading frow the heart with a zaugs
noe 1B needle ard s {ifty cce. syrings. The smount of blood obtained
reanzed fron sixty=five to ninedy cce The blond was allowed to clot at
room temperature for one hour, pleseced in the refrizerator cvernight,
and the serum wes removed by centrifugation or pipette., The sers were

chtored in sterile botiles with n few drops of —earthiolats a8 preservstive.

Ve SEROLICAL TIWIBTIGATIONS

freecipitetion reactions of these twelvs sora were condueted using
2oth hameologous and heterologous antijens. 4 thorough investigation of
sercler-icel resctions was necessary hefore grantitative analyses of
these resctions couldt dbe carried ocub, in order tc determine tnec rone
of maxirmur preeipitation for ssch antigenwantibody resction.

Aes ‘whhods

The procedure for carryving out thess serolosieal tests verlied from

the methods used in Part I zs followss
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1) The test tubes used messured reven millimeters by Tifty

willimebers, instead oFf ten millimebers by seventy~Ffive millimeterse

2) ¥or horolosous artizene, the serum was usually diluted in
half with salime solution, ard further diluvted sgain by one=hz1f if
+three zones »f precizitstion were nol dsmonstrstsd with the larger
ovantity’ of gerwns Tor heterologouvs cotipens, the serun was uvced une
diluteds Teesuse of the viscosity of the serwa zrnd the narrovwress of
the tubes, the serus would not run to the bottom of the tubes when a
ripette was used. Therefors, cne-tenth cce of diluted or undiluted
serwer wes placed in the tubes by using & two cc. syringe and o one end
e nall irnch, caupe noe 20 reedle.

53 Tre volume of emch st en dilution was reduced Irom twoe
ternths ccs to oune=tenth cce 80 thet the tests would reguire luss entie

sen, cspscielly of those conjurates which wore savailable only in swmall

cuantity.

8

£} The entigen=-ertiserur mixtire weas incubated at rocm tem=
rereture, retner than st 46°C., priwarily for convesiencs. [relimi-
nary tests had shown thet ecual emounts of preeipitsite were formed
wher the tubes were incubated st 48°C. and at room temperaturce

5) Ths tubes vwers read, after refrigeration, by light from
g2 “percer sl justable microscope lamp, with iris disphramme The lack

4
of glere end the sharper images cbtaired made this light preferable

to shaded incsndescent light.

Be Yorologzous serum albuming snd 1,2=besrzanthryleli~carbemidow

serur albumin conjugates as test mulirens

le #ith sers against mrmodified proteins

Each of the four sera against ummodified proteins was mixed with



the homologous artigzen or with the 1l,Ze~benzanthryl ¢

proteins This was done to determine whether conjuzetion with hydro-

53

onjuzate of that

carbon linmited the antigenicity of the serun albumnins, as indicated

by ligbter precipitetion when the conjugated protein

rether than the

urmmodified protein wes used for testing the sers. The results of

these exneriments are skown in Table XVIII.
TARLE X9111

PRECIFITATION REACTIONS USTHG HOMOIOGOUS SPRUX

g

1,2«BENZ YT RY ™ 10-CARBANTIT Ca S XRTE ALBIMTY
FAITH FrRA AGATHET URODIFILD SHRUM ALBUMIES

ALBUMINS AND

TOTHRAT AFTITERS

Dilution of Antigen dil. Reading at
sArtiserim EAntizen serur of maxXs pote raximun pple
PEf=de TqEA 1-4 1=100 +3
HEA=3a 10-HSA Undile. 1«8, 16 +++
ASA=4n H3A 1 -4 1-50 -+
HiAwdn 10«HSA ‘ndile. 1-4 4t
T3A=1s Uss 1l -2 1-200 b o
UShk=la 10=-T3A Uudile Undile tr
UbA=2a USA l-2 1=-100 +++
Uih=Za 10=TUSA 1 -2 1.2 +

Comparison of the results with serum HSA-3a and both antigens

showed that with conjugated horse serum slbumin, four times as much

antigerum and approximately ten times eas much antigen were required to

produce cnly slightly more precipitete thsn that obtained with ummodie

fied horse serun albumine

Similar results were given by the other

sera; nuch larger quantitiee of antiserum and of conjugated albumin

were required in all cases to produce comparable, or sven lower, maxi-

mum precipitation.

conjugation with l,2=benzenthrecene was showne

Thus a decrease in resctivity of both alburins on

It should aulso be noted

taat lne decrease appearsd to be more marked inm the case of the human
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gerun albumin eonjurate; the precipitateswith these antizens were

considerably lighter than those with wmodified humnan serum albuming
For ecmparable cguantities of antiserum and umodified albumin,

the sere against humen serum albumirn did not give as heavy precipi=-

teteg as did sere against horse serum albumine This indicated lower

asntigenic potenecy for human serun albumin thean for horse serum albumine

2o With gera azaingt 1,2=benzavthryl~10=carbamide serus

albunins.

The four sers againsgt 1,Z~benzanthrylellOwcerbamide herse serum
albumin, and the four sera against 1,2=banzenthryl-lO=-carbanido=humean
serum albunin were tested with the sntizen used for injéc%ion, and
with the vmmodified albumin fror which thet conjugste was made.

Table XIX presents the results of these experiments, which showed
that, ir &ll cases, the antisera sagainst the human serum albunin cone
jugate yielded a smaller anount of precipitate with homologous antigen
than did sere against the horse serum albumin conjuzate. This confire
med the results shown above on the lower antigenie potency of human
serer albumine

Reactiong of all eizht sera with the umnodified slbumins wers of
lower intensity than with the hydrocarbonealbunin conjugstess Appa—
rently, the modification of the albumins on conjugaticn e xtended to
their ability to incite the formstion of antibodies ageinst the albumin
moities of the eonjugates, as well as their ability to form precipitates

with srntisers against the unmodified ppotein, as shown in Teble XIVII.

The experiments with which these two tables are concerned confirmed the

obgervations in Part I on the marked loss in antigenieity of the serum



TABLE XIX

PRECIPITATION ¥
1,2w BEHZANTHRY L 10=-CAR BA TDO=SER UM ALBUNIRS AS THST ARTIC
TITH SERA AGAIUST 1,2«BEHZA THRYILe1O0=CARBANILO-SERUN AL3U

GEACTIONS USIKG HOMOLOGOUS SERUY ALBUMIES ARD
»73
I'.

&3

Dilution Antigen dile Reading at

Artiserum Antigen of serum of maxe pote maximum ppte
10=HSA=8a TSA 1-2 1 - 100 ++
10=HCA=Sa 10=H3A 1 -2 1 - 50 i
10-HSA=Ta HSA Tmdile 0 0
10=HEA=Ta 10=FSA Undile 1 - 200 Sa g
10=1ISA=Ea TISA l1-2 1 - 100 +
10-1SA=8a 10=HSk Undil. 1 - 200 ++
10=HSA=%8 HSA l1-2 1 - 200 +
10=15A=00 10=H3A Undile. 1 - 100 A
10«0A=1a UsSA l1-2 1 - 100 4
10~-USA-1a 10-USA 1-4 1 - 50 ++
10=TUSA=Za Usa 1-2 1 ~ 400 i
10WTUSA-28 10=-USA l1 -2 1 - 160 +-4
10=U3A=2a USA 1 -2 1 - 400, 800 tr
10=USA=3a 10-USA l.-2 1 - 100 +H
I0=USA=4a USA 1 -2 1 - 400 +
10=USh=4n 10-USA 1-~-4 1 - 80 +

albunins on conjugation with hydrocarbon groups through a carbamido
linkago.

The last two sera in seeh group in Table XIX were obtained from
rabbits which had received seven hurndred milligrems each of the soluble
liver extracte Comparison of the serological reactions indicated that
this liver extract did not raise the antibody content of the sers,
since there was no significantly greater preecipitates with these sera
then with those from rabbits which had not recived the liver sxtract.

The sera from the two rabbits which had recdved only half the usual
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smount of antigen, i. 2 sora 10=US4~3s and l0=~USA=~-4a, showed weaker
precinitation resctions than those sers frow rebbits which had been
injected with the full Tfour hundred and fifty milligrams of antigen.
Thus, the liver exirsect did not appear teo influence the preecinitin
content of these ssra.

Ce Heterologous serum slbunins as tesgt antigens with sll antisers

Preliminary to exreriments demonstrat ing haptene activity, it
viag deemed necesssry to test all antisera for their lack of reactivity
with heterologous albumins, in order to meke certain that later ex-
reriments with heterologous cenjugated albumins would indicate orly
haptene sebivity.

The six antisersa against horse serum albumin, or the 1,2«benzan=
thracene conjugate thereof, vere mixed with human serun albumin and
bovine serum albumine The six antisere against human serum alburin,
or the l,2=-benzanthracene sonjugete thereof, were tested azainst horse
serun albumin and bovine serum albumine PFight of theose twelve sera
did not preeipitate at all with the heterologous serum albumins. Two
of the g cra, namely 10=-HSA-%a and l10-USA-3a, yielded precipitetes resad
as "very faint trece™ with a 1 - 4 dilution of bovine serum albuning
sarun USA=Zs vielded a Preciyitafe read as "trace” with a 1-2 dilution
of bovine serum albumine These resctions were considerad so slicht as
to e of negligible importance in influencing haptene group activitye

Serum HSA~4a gave fairly strong reactions with the haeterologous
elbuminse “hen one=tenth cc. of serum (diluted 1 - 2) was nized with
one=tenth ccs of the optimum 1 - 4 dilution of human seruwn albumin,

the smount of precipitation was recorded as "++." ‘hen the ssme
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emount of serun was mixed with one-tenth cce of 8 1 « ¢ dilution of bo=-
vine serum slbumin, the precipitate was read as "+." There was a possi-
bility that the rabbit had been injected with human serum alburmin by
mistake and so had formed antibodies against that proteine Such an
error could not explain the results with the bovine serwn albumin, howe
ever, since it was not used for injections

Therefore, it was decided to attempt a precipitin absorption test,
to see if these two nreecipitations were ceaused by ron=speeific cross
reactions, or by speeilic antibodicse One cce of a 1 = 2 dilution of
the HSA=~4a entiserum wes mixed with cne cce of 2 1 « 25 dilution of
horse serun slbumin (optimum 2one). The mixture was incubated two
hours at rowmm btemmerature, and kept forty hours in the refrizerator.
The resulting heavy oreecipitate was removed by centrifuging, and the
supernratant was decanted. Precipitation tests were thern run with horse,
h wnan, end vovine serum albuminsg at optimum zones for the 1 = & dilue
tion of antiserum. In no case was the emount of precipitation in the
tests greater than "faint trece”, when any of the three ssrum albumins
woere usede.

Apperently, therefore, the absorpition with horse sserum albunin
not only removed almost all of the antibodies azainst horse serun al-
burmin, but alsc those giving resctions with human and bovine s erum
albuminse The eross reasctions of this serum appesr to e due to none
specifiec antibodies, rather than to individual antibodies ageainst the
heterclosous serum albuminse

e Teterologous conjusated serum albumins as test antigens for
haptene actiwvity.

As esxplained in Fart I, tests for the antigenicity of the haptene
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hydroecarbon groups were conducted by mixing antiserum against one
hydrocerbon=serun albhumin eonjuzate with a hydrocarbon conjurate of
a different serum albumin. Since only two of the sera againest hydroe-
cerbon=gerun elburin conjugates had formed but “wery faint trace” re=
gctions with bovine serum albumin, it wss assumed thst reactions of all
eirnt sera with e hydrocarbone=bovine serum albumin conjugate would be
due almost entirely to antibodies direeted against the hydrocarbon
£roure

The sera prepared by immunization with 1,2-benzarthrylel0=carbanido=
horase serum albumin were tested ageinst soluticna of 1,2«-benzanthryl=
i0=carbanido=human serum slbumin (twenty-nine hydrsecerbon groups per
molecule; nine =milliprems of antirern protein per ece. of solution); 1,2-
benzarthrylelO=carbamido=bovine serur albumin (two preparations: a)
thirty-one hydrocarbon groups ner molecule; five millipgrarms of antigen
protein rer cec., of solution, snd b) fifteen hydrocsrbon groups ner mole=
cule; ten milligrams of antigen protein per ecce of solution); and 3,4=
benzpyrenyleb-carbamido=bovine serum albumin (nineteer hydrocarbon groups
per molecule; five milligrams of antigen protein per ec. of solution).
A preparation of 1,2,5,5~dibenzanthryl=C-carbarido-bovine serun albumin
(twenty hydrocarbon groups per molecule; ten millirsrams of sntigen pro=
tein per cce. of solution) was elso used, and the resctions with antisers
were corrécted to control valunese.e All of these antizens, =xeert for
i,2=benzantiirylelO=carbamido=humean seruvm albumin, had been prepared by
Dre. Creeech a few years previous to the tesbts, During the interval, the
antigene wers preserved asg precipitstes in helfesatursated ammonium sul-

fate solution. They were prepared for seroclogical use by dialysis for
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three days against cold distilled water, and for s fourth day against
cold saline solutione. After diglysis, the antigen solutions were
enalysed by the microKjsldahl method for protein content and were
then diluted with saline solution to concentrations of sither five or
ten milligrars of antizen protein ver co, of solutions The results of
these experiments to demonstrate haptene activity of 1,Z~benzanthra=-
cene are shown in Table Xi.
TABLE XX
FRECIPITATION REACTIONS OF ANTISERA AGAINST ),2«BBHZANTHRYLe

17«CARBANIDO=HORSE SERUNM ALBUWIN WITH HETEROLOGOUS HYDROw
CARBOX SuRUM ALBUNIN CONJUGATHS

. Antigen
(with noe of Antigen dil, Readin: at
hydrocarbon of maximum maxinun
groups) Antiserum pote  pote
10-UsA (29) 10-HEA=5a 1=~ 18 +
® ¥ -¥a l-38 +
" ® -Ba 1«16 +
" 7 =9a 1 -8 +
10=Bov (31} 10=H5A= 62 1 - 8, 18 +
" " w7a Undile. +
# " =Ba Tndil,. tr
® " «3a 1 -1, 2 fer
10-Bow (18) 10=-H3A=58 1 -8 +
® % -a 1-2 tr
e i -3a Undile £tr
" " «%a 1l -2 tr
Breiov (19) 10=H34a=6a Undil. £tr
B " -Ta - -
" 4 ‘8ﬂ - -
# o -G - -
DBA=Bov (20) 10=-13A=~68 l1-18 ftr
i 4 "'71& - -
o " -Ra - -

" " =Op - -
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Fairly strong precipitetion wes exhibited Dy sll antisera with
1,2=herzanthryl=10=carbamido=huren serus albumin, jindicetirgz pronoun=
ced haptene ectivity of l,l-tenzarthracenes Individual differences
arong the sere were not rreste On the other hend, the reactions with
the 1,2%=benranthryl=10=cerbamido=bovine serum alburin conjusete (10=
Bovy varied with the sers; only two sere showed moderste precipite~
tione This difference in preeipitation vith the two arntigens might be
expleined by the fact that “he bwnan serum alburin prerarstior {i.8e
10«U34) was only a few wonths «1d, wherees the bovire serim albumin
conjugates had been prepared aporoxizately three yesrs previous to
these oxneriments, Some denaturation of these antigeng might have
securred during the intervsl, ard might have beern responsible for a
decrzase in ability Lo precipitete with =sntisera. Fevertheless, pre=
cipitation, thoupgh to a lesser degree, did oceur, confirming the reoe
sults on haptene activity with the other heterolosous anticen, 1,2«
ber zerthryle10=carbamido~hunan serum elbumine

nly one serum formed precipitates with either ths 3,4~benzpyreny1-
or 1,2,5,6=-dibenzanthrylebovire serur albumin uonjngaﬁes. The experi=
ments with these entigens were repsated, with the same results. It was
not knowvn whether an alteration of the antigen had slsco occurred during
storagzes, Since the only seryr which did react with these Ywo antigens,
namely serm 10«H%4-8a, e#lso showed the strongest reactions with the
heterologous conjuratss of 1,2«benzanthracene, it was possidle that only
serun of high antibody potency against the homologous hydrocarbon would
also react with the heterclegous hydrocarbons.

The four antisere against l,Z-benzerthrylelO-carbarmido-huran serm

albumin were *then tested azsinst a wider spacirum of antisens, since
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three hydrocarbon conjugates of horse serum albumin were heterologous
to the antigen used for immunizetion. The conecentration of the test
antizen solutions varied between five end ten milligrems of sntigen
protein per ce. of solution. Results of these precipitation resctions,
shown in Teble Y1, indicated that the antisere sgsinst 1,2=-benzanthryle-
lﬂwcarbamidawhuman serun elburin were capable of preeipiteting with
heterologous antigens whose similarity to the immunizing antigenwas
in the hydrocarbon groups attached to the protein.

tneh stronger reactions were shown by these sers when they were
mixed with antigens containing the same hydroecarbon as that iunvolwved
in the immunization procedure, ise. 1,2«benzanthracens. Compariscn of
the precipitstes obteined by using sera against 10=USA and those against
10«554 (from Tables XX and XXI) indicated that sera azsinst either cone
fugate exhibited aspvroximately the same ability to react with the horow
logous hydroearbone It had been observed previously (see Tables XVIII
and XIX) that sera against the human serun albumin conjugate of 1,2«
benzanthracene exhibited weaker precipitation reactions than did sera
arainst the horse serum albumin conjugate when the test antigens used
were the entigen ussd for immunizetion and the protein molisty thereof,

These sera azeinst 1,2-benzanthryl=ll=carbamido~huran serur slbumin
showed occasional weak precipitation with conjuszates of 3,4=benzpyrens.
The reactions were not limited to the sera showing the strongest reace
tions with conjugates of the homolopgous hydrocarbon, since the differ=
ences among the sera in their reactions with homologous hydrocarbon were

neither great nor uniform.
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TABLE XXI

FPRECIPITATION RYA
CARBAMIDO=HUMAN BI

ETISERA AGAINST 1,2-3ERZANTHAYLe10=
¥ ALBUVIN ©IT: HETEROLOGOUS HYDROCARSOHNw
SHRUY ALBUHIY COVJUOATTS

Articen
(»ith no. of Antigen dil. Reading at
hydrocerbon of maximum maxt i
groups) Antiserum pote gote
10=H34 {18) 10«USA=1a 1 - 18 +
" ¥ =2s l - 18, 32 +
" B «3Za l-4 tr
" T wdg 1 - 32, 84 +
0= (38) 10=T24=1s 1 - 18 i
" ‘"\ -20 1 - 16 +
" % =3a 1 - 18 +
" " -dg 1«38 tr
10=2ov (31) 10=USA~1e 1~ 18 +
" ? «Pa TTrdile tr
" ? «3a Undil. tr
" ¥ owlda Tndile tr
Brapos (19) 10=TS ke ln - -
" " -2 a - -
" n -Bg - -
" T wdg 1~ 18 tr
BF=Bov (19) 10=USA=1a 1«4 fer
L o -2& - -
" L -3 - -
" T owdp 1 - 18, 32 fer
TRA=HSA (21} 10=U%A=1a Undil. +
® - Undile 1“
b " =3a Tndile fir
" ? =da Undil. fEr
DEA=How (20 I0=TiSA=1n, 1 -8, 15, 32 +

The rescticns of these sera with the horse and bovine serum
albmmin eonjugates of 1,2,5,8~dibenzanthracene were generally heavier
thar those with the conjugates of 3,4=benzpyrene.

fme of these sers, namely l0-UShi-la, was tested with thres antie

geng which had not bsen previously used in the seroclegiesl investirstions.
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They were ? —anthryl=horse serwr aldburin, 1,2-benzanthryl-3-carbamidow=
horse sorum elbunin, and 10e-methyl 1,Z«benzantihryled-carbarido-horse
serun albunine The first conjugete was a derivative of anthrscene,
whieh was conjugated with horse ssrum albumin by means of an isceyanate
group aﬁ»the P position on the hydrocarbon. The lstter two compounds
were preparsd by conjugaticn of albumins with the hydrocarbons through
an isccyanate group at a different site on the benzenthracene woleculs
thet that useﬁ for previous experimentse. These conjuzstss had been

provared by Dre. Creechs The concentration of the

ten willigrams of protein per ces of solutien, of the latter. two,

five milligramse. nly a “wery faint trace® preeipitate was forwmed with
, ~anthryl=norse serwun albumin, whereas "trrce™ nrecisitatos were

the anthryl=horse serum albumin, wher *trece™ izit r

formed with the derivratives of 1,%<benzanthracene, at the zones of

poximwn precipitation.

e Inhibition rsacticns

Because of their insolubility, the hydrocarbons themselves could
not be used to irhibit the resctions ?r@s;med to be due to haptens
sctivity. In the previous axperimenta, enzymatic hydrolysatss of
hydrocarbon-horse sermm albwumin conjuzates were used as inhibitors.
These were not entirsly satisfactory, bhecause of their low hydroscarbon
content and linited solubility.

For the exserinesads described below, certain anino acid derivatives
of 1,2-~tenzanthracens were preparad by MNre. larry 4. Traon, fornerly of
the Chemistry Tepartment of the University of Yaryland. 3Sincs the

hydrocarbon derivatives of rlyeine end €-aminocaproic acid had a limited

solublility ir waler, it was expecied that conjuzstion of the hydrocarbons



with synthetic die and tripeptides would zive compounds having a
greeter solubility in water and conseguently a greater usefulness in

the inhibitory testse The derivetives were only partielly scluble

ol

v o dilute solution containing sodium cerbonate and sodium bicarbonate;
& fow drops of dioxane were sdded to feeilitete solutions The pil of
the solution was then adjusted to 7.5 with /10 HCl. The final concmn=
tration of the smino escid derivatives was congidersbly lower than that
of the albumin derivatives used in previous serclogieal testse Thess
emino ecid deriveatives, and the corncentrsition of eaeh per cce of s0lu~
tion are listed as follows:

Derivative

LyZ=benzanthryl=10=carbamido~aceto=glycinesssessscecsss 4odd

1,2=benzanthryl=10=carbarido~aceto=glyeyl=glycingsseses 1420

o (1,2~benzanthryl=10=corbanido=)=zglutaric acidecessess Ua72

¢ (1,2=benzanthryl-10=-carbamido=)=caproic 6cidecevecsss UeBS
As a ecoxntrol for the innhibition tests, glyeyleglycine was used at a
concentration of five and four-hundredths wmillisrams per cee oFf solutions

The following method wes used to detect inhibition of nrecipitation
resetions by these derivotives of 1,2-benzanthrscene. Four test tubes,
esch containing one=tenth cce. of antiserum, ¥ ere prepared. Cclutions
ef the amino scid derivatives were each diluted serially: 1 - 2,‘1 - &,
1l = 8, To the first tube of antiseruﬁ, one=%tarth cce of undiluted
solution was added; to the second tube of sntiserum, ons-tenth cce of
the 1 = 2 dilution; to the third, one=-tenth cce of the 1 = 4 dilutiong
to the fourth, one=tenth cce of the 1 = 8 dilutione Five suceh series,
one for sach amino acid derivative, were prepared for esch serum tested,

with the sxecention of 10-0U54A~4s, of which only a small amount of serum
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was available. The two solutions were mixsd and incubated at room
termperature for one hour,

4t the end of this ineubation periocd, the optimum dilution of
entigen was added and =ixed thorouchly with the contents of the tubes.
For sera agzainst 1,2«benzanthryl-lO~carbamido=-horse serum albumin,
the antipen added was 1,2-benzanthryl=lO-cartemido~human serum albu=
mine In the case of sera azainst the humen serun albwmin conjugate,
the horse serum conjugate wee used as the test antizen. A econtrol
tube of sntiserum and sctiven, plus one-tenth cc. of saline, vwag also
set upe The tubes were reincubated for ome hour at room temperature,
and then were placed in the refrigerator. The same procedure was
used to set up an antiserum = amino scid derivative - homologous antie
ren system {or eaeh zerum tested.

The results of these irkibition re=zctions are summsrized in Tabls
XX¥Te The glycyleglyecine did not inhibit eny of the resctions tested.
There wes irhibition by all four 1,2«benzanthryl-derivatives of the
resctions of the sera with heterologous antipgens, with the exception
of the aceto=glycine derivative on the reaction belween 10-Il%A-~3a sorum
and 10«USA sntigen. The irhibition was marked in the case of the £ =
eino caproic acid derivative, and slisht or wmoderate with tlhe other
compoundse.

Phen homologzous antizens were used, there wes very slight inhie
bition of the nrecinitetion by the & -~amino caprsic ecid and scetow

glyeyl~clycine derivetives.
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TABLA XAIX

ERPTINE CONJUGATHE  AS
RRACTIONG

1,2=00RAANTHEY I 10=C ok BAVID0=AMI NO ACTL ANL T
THHIBITORS OF PREBCIPITATION

ly2=henzanthrvlell=ecarbamido=

aceto~ AL - £ -
acetos rlveyle (10) = (1) = glycyl=

Antiserum Antigen glyeine glveire slutaric acid caproic zcid glyeine

1o Amiln 10=k2A O + 0 * G
" wmfa 10=USA 44 I+ + Fot+ o
10wH SA=Tn 10=-12a 0 + + + O
" wUa 10=UiA ¢ + + fordir 0O
10=USL~1a 13wTIA ] + D + 8]
T el 10=154 + + + 4+ o
10=UCamdn  10=H%4 + Y
¢ =pno inhibition ++ ~moderate inhibition
t ~very slizht inhibition +++ emarked inhidbion
+ wslight inhibition

VIe UULHTITATIVY ZTUDIES

Ancther method of determining serological activity of the antisers
was used in the previous exneriments. This method involwved ~uantita-
tive anslysis of nreeipitates =t the ontlmmm retio of antizen and antie
bodye Sinee the walue ohtained could bz established in terms -f s
gincrle standard, i.c. one cce of sntiserun, the warious sresecinitation
reactions tested could be comnared with accurac v zrsater thar that
possible by wisual observation of precipitation resctions, The guantity
of each antigen~-antibody srecinitate indicatel the desree of reanctivity
of the serum with that »narticuler antizen.

The procedurs used was essentially the ssme es that in Part I.
Three or more tubes of sntigeneantiserum mixtures were rrepered, one

tubs of which containsd the ontiman ratio of ths two components. Two



72

tubes each contained an exe@ssref one component; in one case sntipgen,
in the cother, sntiserum, As the invegtigations vrogressed, it bscame
obrious that insufficient ouantities of antisera would make it irpose
sibhle to set up three tubes for esch antiserim against each antigens
Therefore, when necessary, the optimum ratio mixture was the only one
prenared. Occasionally, if the cuantity of serum was adequacte, one
tube of & mixture containins excess component was also set up,.

The mixtures were incubated at room temperature for two hours,
and refrigerated overnirhte The precipitste was centrifuged, and
weshad with eaporoximately two ecce of c¢old saline solutione The
waghing was carried out by suspension of the prseipitaté in the saline
solution and centrifugation at forty-five hundred T.P.¥e in n small

1:le=hcad centrifuge in the refrigeratore The supernatant ligquid
wag then removed by eapillary pipette. Three sueh washin:s were
carried cute.

The rrecipitate was then mixed with one ec. of concentrated sule
furic acid, snd gubjeeted to digestion until cleare The analvsis for
ritrogen content of the dizest wes carried out by the author, in the
leboratories of the DLepartment of Bectericlozye. The amount of protein
in the precipitates was then cealculsted fror the nitrogen analysis.
The results of the anslyses sre shown in Tabl~es XXIIT and XXIV.

Teble XXIII is concerned with the quantity of precipitata when
sere against horse serum albimin, or 1,2«benzanthryl«il=carbamnido-
horse serum alburin, were tested with homologous and heterolozous
antirerss The reactions with homolegous antigen are shown by the

firet line of the ygroup of antigens tested with esch serum. For all



TABLE XXITI
MILLIGRANS OF IROTEIN PRECIPITATED PTR ONE OC, OF ANTISERUM AGATNST HSA AND 10-HSA

" W1ligrams of antigen
intiserum jnticen 10,00 5,00 4,00 2,50 2,25 2,00 1,25 ° , 0 6 0,55 0,40 0,313 0,281 0,275 0,20 0,156 0,10 0,05 0,025
HSA-3s  HSA : 1,20 0,95

:

" 3a 108 0,52 L3 l’ﬁ
HSA-4a  HSA 3,00 2
"efa  10-HSA 2,02 4o58 3.90
10-HShba  10-ESA 1,18

E

1,50

&

" -ba H34
" ba  10-USA 0.48 0,58 0.32
" -6a  10-Bov 0,324 0,354

" ks EP-ov

2

10-ESA=Ta  10-HSA L.10 118 1,32 106
" 7a 10-USA 0,30 .

10-H54-88  10-ESA 112 i L7% 072
"ga  HSA o 0,39 0,31

" -2 10-USA 0,22 0,20

10-H9A-08  10-HSA 0,68 1,04 1,00 0,82
"Ha  HSA : 0.31 0,38 0,25
" Dg  10-USA 0,31 0,3 0.23

P Underlining indicates maximm ppt,
’ £ indicates aversge of two determinations



MILLIGRAMS OF PROTEIN PRUCIPITAT:L

TABLY LIV

¥{lligrams of antigen

CC, OF ANTISERUM AGAINST USA AND 10-0I2A

74

B.36 0313 0,20 0,18 0.156 0,10 0,09

Antiserum Antigen 40,00 17.6 8,80 5,02 "1.'..40 4,00 3,60 1,80 1,26 0,72 0,625
USA-1a usA : 2,04 1.90
" <la  10~TSA 0.27 0432 . "
10-USA-1a  10~TSA . 9 a2
" =la TSA 2,33
" -l 10-HSA (16) 0.2 0,23
t «la 10-H3SA (38) 0:24
" ~la  10-Pov 0.19 0,34# 0.30
" -la  BP-HSA 0,17
® ~la BP=Rov 0,19
" ~1a DBA-HSA 0,22
" wla  [RA-Bov 0.12
10-USA-2a  10-11SA ‘ 0.76 1,08 o 0,76
" -2a UsA 0.33
" ~2a 10-HSA (16) 0,14
10-USA=3a  10-USA 0,20 0.60 0,50
* ~3a  10-HSA (38) Q.14
10-USA-4a  10-USA 0,51
" b ysa 0,38
" ~4a 0,20

Underlining indicated maximun ppt,
# indicates average of twe determinations
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the sera, except serum IfA-3a, the largest awount of precipitate at
the optimum ratio was formed when this entigen was used. Ulowever,
when the test snti;en was heterologous to thet used for immunization,
the smount of precipitate dropped rather sharplye.

In the case of serum HTA=3a, there was slightly more precipitate
with the heterologous antipen l0=H%A than with the homnologous antigen
lithe However, approximately three times as much heterclo;ous artizen
wasg regiuired to produece the heavier precipitate.

The x eecipitates formed with serum 'SA-4e were heavier than
those of any other serume This was the serwm whrieh reacted strongly
with the heteroclogous anticrens human serum albumin and bovine serum
albumine “hen the conjuzated antigzen, 10-HSA, was used Qs test anti-
zen with this serum, the amount of precipitate was consideorably less
than that formed with the homologous protein, although approximately
three tirmes as much antipgen wos useds

The four serea against the conjugete, 10=HSA, showed hesvier rre-
cipitates with this antizen than with eny othere Far Iz ss precipi-
tate, one-=fourth to one=third, wes formed with the cptinum concentra=-
tion of horse ssrum albwrin, althousn similer amounts of sarntizen were
uged,.

hen the conjuzate 10=UZA was the test antizen with +the sera
apainst 10=HIA, the amount of this heterclogous antizen reouired st
the optimum ratio wos always greater than that of the homologous antie
gen 10=HSAs In the case of seren l0-H3A-6a, the inerease in arntigen
wag from 040 milligrams to orly 0.885 »1illigrams, but with serum 10-
H5A=%a the rise was from C.10 milligrems to 1.125 milligrass, a ten=

fold irncrease. Concurrent with the rise in the smount of required



entiger., there wes also for all sera a marked decresase in nreeipite-
tion, eas compared with the velues using homologous antizen.

“hen the completely heterologous antigen, 3P=3ov, wass tested
azainst serum 10=liSA~8a, the yield of preecipitate was further re-
dueed, and a much yreater concentrefion of antigen was required.

Table XXIV shows the results with the antisera against human
servw albwrin, and againgt 1,2«benzanthryl-il=carbamido-humsn serum
albumine %erum TSA-2a was not used for the guantitative studies hew
eause it yielded only slight preeipitates with any of the esntigens
against which it was tested. Analyses of the reactions with serum
USh=la were sinilar to those with sere against horse seorum albumin
in that more conjugated albumin bthan anmodified albumin was reguired
at the optimum zones. In this cass, the use of forty tines as muech
conjugeted antigen yieldod only onew=sizth the emount of precipitate.
The inerease in reguired antigern snd the deersssed yield of mrecipi-
tate with the econjugeted humen serum albumin were much greater than
with the conjugated horse serum elbumine

The four sers against l0«UZA all gave greoater precipitates with
the homologous conjugate than with sny other entigens The rabbits
from which sera 10=1USA=3g and 10«USA=4a were obtained had received
legs antigen than the other two rabbitsy the amount of precipitation
of these two sera with the homolorous antiren was epproximately onee
half that of the 1l0«USA=la and 10-USA~Ca sera.

¥hen human serum albumin wes used as the test antigen with
three of the 1lU=USA sera, the amount of antigen r eguired at the optiw
mun gone wes in one case (serum 1l0-USA=-2a) epnproximately the seme as

with the homologous antigen; in the case of the other two sera, it
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was fer lower (one=thirtye-sixth es much with serum 10=U3A~48)e As
with the 1D=134 sera, the precipitate with sers 10~USA-la and 10-USA-
28 was one-fourth to one=third az mueh as with homologous antigen.
fmly with the comparstively wesak serum 10=17Si-4a was the yield of pre-
cipitate with wmodified humen serum albumin only slightly less than
éith the conjuzated human serum albumine. Howsver, the total yield of
precipitste with this antigen was about the same for all three sera
(Ce3% milligrams, 033 milligrars, 0e38 millizrams.)e.

The reactions of the four 10-USA sera to demonstrate hantenie
pctivity of 1,2«-benzanthracene yielded only slizght precipitates, even
less than those with ummodified human serum albuwin. The only pre-
cipitate greater than 0.26 millisrems was formed with serun 10-USi-la
and the antigen 10=-Bov. #11 of the other preeipitetes demonstrating
haptenic activity were less then those of the seme type when sere
against l0-HSA were used (see Table X4III}s For the one serum tested
with 3,4=~benzpyrene snd 1,2,5,8-dibenzanthracene derivatives, the
vield of precipitate was in sll ceses lower than with the l,2~benzene
thracene derivatives.

It is & pparent from the results in Tables XZIIT and XXIV that
coningation with the hydrocarbon caused considersble decrease of the
antigenieity of the albumins. Sera produced by imsunization with
10=-F2A or 10=~USA were capable of reacting with either part of the
cogiizated antigen used for injeetion. IHowever, the quantitative
studies showsed that thq/tgzgﬁgate was more effective in produecing
angibcdies directed sgainst the hydrocearbon group, since precipitates
with heterologous conjugates were heavier with 10-HBA sera than with

1C-TSA sera.



DISCUSHION

The experimsntal results on the ability of these hydroecarbons
to act as hapteniec groups confirms the work of Creech end Franks (12,
21) with 1,2,5,6=-dibenzanthracene. This compound showed a somewhat
greater ability toect as a heptene in their work than in the experi-
ments desceribed above. Part of this difference may be dus to the
fact that Creech and Franks used only one other hydrocarbon, acnthrae-
cens, in their ecomparative experiments; it is more probable that the
main difference was caused by modifications in the sexperimentel teche
nigque of preparingz the conjugates. Landsteiner (41) had previously
stated thet anthracene, when goupled to a protein by sn azo linksge,
hed only wesk hesptenic activitys In comparison, when anthracene and
1,2,58,8=dibenzanthracene were couéled to proteing by a carbarido
linkage, Creech and ¥ranks found that both hydrocarbons had rather
marked seroclogical specificitiese Anthrecene is net as satisfactory
e heptene for ecomparison with 1,2,5,8=dibenzanthracene as are the
compounds used in this study.

Then the haptenic activity of 1,2,E5,6«dibenzanthracene was com=
pared with those of l,Z-benzfenthracene and 2,4-bengzpyrens, the experi=
mental r esults indieated that the latter two hydrocarbons possessed
mueh greater activity than 1,2,5,6«dibenzanthracenes. The activity weas
not entirely dependent on the mumber of hydrccarbon groups attached to
each slburin moleecule of the iwmumizing antigen.

In the first series of experiments, the number of l,2-benzanthra-
cene groups, (ie.e. thirty-eight) ves almost twice that of each of the

cther hydroecarbons; this may have aseccounted in part for the higher
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haptene schivity of 1,2«-bexzanthracens. On the other hand, in the
second seriesg, ithe number of 1,2-henzanthracene zroups in %he horse
serum slbumin molecule was reduced to sixteen, yet the antirenic
setivity of this conjugate was still stronge The preeipitetion reacw
tions with homologous and heterologous antigens of sera against the
1,2=benzanthryl=lt=carbanido~horse serum alburin with sixteen groups
wers heavier *han those of sers against 3,4-benzpyrenyl-S-carbanido=
norse serum albumin with four growps, or 1,2,5,8-dibenzanthryleOe
carbamido~horse serum albumin with twentyeone groupss Therefore,
even with approximately equal numbers of hydrocarbon groups in two
of the conjugated antigens, there were significant differences in
he activity of the hydroearbons,

The number of hydroecarbon groups on the test antigens was also
apparently not the fhetor determining the amount of preeipitate. A
serun against 1,2-benzanthrylelO-carbanido=humen serum albumin was
tested with bovine serum albumin derivatives of the fthree hydrocarbons,
with 16, 15, end 19 hydrocerbon groups, respectivelye. The heaviest
precipitate was formed with the homologous hydrocarbon conjuzete, and
lighter precipitates with the heterologous hydrocarbon conjugates;
although the number of groups on each test antigen was approximstely
the samo.

The linkage of isocyanates with proteins was considersd by
Hopkins and Vormaell (27, 28, 2%5 %o be with the free epsilonmamino
groups of proteins, with the formation of a connecting carbamido group.
This theory was supported by their experiments whieh showed that lysine

derivatives of the haptene groups completely inhibited precipitation
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reactionse Lysine is an emino scid with two amino groups, ouly one of
which (the elpha amino group) is involved in peptide liukaze within
the protein structure. The cther smino group, at the epailon cerbon
atom, is not bound in peptide linkege, and would therefore be free to
react with isoeyanate groupse. Inhibitien of precipitetion resctions
by lysine derivatives of haptenes therefore indicasted thet the linkaye
was at the free epsilon amino groups, snd that the protein structure
immedistely sdjacent to the haptene greoup was also involved in their
immunéiogical éativity.

8imilar results were obtained in the experimental studies described
in this thesise Here, amino acid derivatives of 1l,2~benzanthracsne
were uscd as inhibitorse The epsilon~emino c&pﬁoic acid derivative of
1l,2=benzanthracene caused narked inhibition of precipitation reactions
due tc haptene aetivity of 1,2~benzanthracenc, Tnsilon~sminc caproic
acid is different from lysine only in its lack of an alpha amino group.
This is the amino group whieh is bound in peptide linkage when lysine
is a struectural unit of protein, where it would not be free to influence
the immunological sebivity of the proltein or protein conjugatess Therew
fore, since epsilon (1,2«benzanthryl-lO-carbaridc } =-ceproic scid siron=-
gly inhibited the precipltation reasctions due to haptene aetivity of
the hydroearbon, it seemed most likely theat linkege with protein was
through the epsilon amino groupse The fact that other smino scid derie
vatives of 1,2«benzanthracene also inhibited the precipitation resctions
dves not detract from the mejor importance of this particular linkage.
It is possible that under certain conditions the hydrocarbon isocysnates

might combine with groups un the proteins other than the epsilon emino
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sroupss The work of Creech and Jones (15} with rein demonstrated
+hat wder the normal experimenial coxditions of conjugation, only
free smino groups of the proteins were involved.s The strong irhie
bition by the epsilon-armine ceproie acid derivetive, in contrest with
the woeak or moderate iniibition by cther derivatives, supports the
conclusion that the majority, if not all, of the linkeges sare of the
earbamido Lype involving the free epsilon amino groups.

The quentitative studiss of the precipitasbion reactions wore of
great value for scecurabte analysis of antigenicitys. Althouph visual
obsgsrvation of precipitation resetions is of primary importance in
deternining the existence of grecipgitates, there are a number of
factors which affect the value of this method for comparative stuliese

Yhen reedin; the litderature om serologiecal resctions which hss
sccunulated during the last fifty yesrs, one finds most often that
the strength of precipitation was recorded as multiples of "+%, i.s.
TR, M Bl ete. However, the guantity of serum and the concenw
treaticn of entigen giving a speeific reaction varied with each experie
mental study. Sinee the amount of precipltate is directly depoendent
on the concsutration of both of these substances, only those reactions
with the ssme concentration of components ean be compared with amy
degree of pocuracy. In some cases, the suthors neglected to state the
concentration of either reagente.

Another factor importent in the visual mothod is the individual
difference in recording the results. One observer may assizn a value
of "+" to the precipitate, while another person obsarvimz the same
precipitate may sssign to it only a "+" designation. There are no

definite, absolute starndards which can be used in visual observations
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of precipitaetes; the aecurscy ¢f the method depends on the experience
and reliability of the individual workers

On the other hand, the protein content of the precipitate at the
optimur zone is not influeunced by the personel faetor, once the tech=
nique of Kjeldshl snalysis is mestered. If all the results are cal-
culated on the bausis of one cce of antiserum standards of comparison
ther become evailables 3oth the amcunl of antigen required and the
smount of preeipitete for reactions with homologous and heterologous
antigens can be compared, and the degrse of resctivity of the serum
with verious antigens can be more accuretely dstermineds. “hen this
guantitative method eames into more génerel use in serclogical resoarch,
it may be possible that a gradvated scale of values willbe established.
Under such 2 systen, the amount of preecipitate resulting from any pare
ticular antigen-antibedy reaction would fall in a definite pleuce on
the scale. The serologist would know with certainty whether he weas
studying a wveak or a stronyg precipitation reactions Then, toc, the
haptene activity of any compound could be meessured in terms of a gquan-
titative standard,

The carcinegenie hydrocarbons which have been studied in this
research project definitely exhibit hsptene activity, as measured by
both visuel obsgervation snd quartitetive analysis of precipitation
reactionse Tha three hydrocarbons could be evaluated by those methods
en the basis of their effectivseness as hapienes irn the following order
of incressing aectivity: 1,2,0,5-dibenzanthracene, 3,4-benzpyrene, and
1,2=benzanthraceres “hether or not one considers l1,Z-benzanthracene a

¥gtrong™ heptene group, in the light of the sxperimental evidence one



83

is led to the conclusion that it definitely does exert such determinant
zroup activity, and thait the immunelogical response is sufficiently
non=-speciric to inelude reactivity with other hydrocarbons of related
chenleal structure.

The haptene aoctlvity of theve hydrocarbons is provocative from

the point of wview of geverzl of the ocurrent theories on the mechaniem

)

hody formations Breinl and Forowitz (5] sugmested that the

of om¥li
orientation of eminc meids ir the sntibedy globulin molecule wes goverw
ned hv the surface residual valsnces of the antizenes They cited obser
vaetione fro~ Lendsteiner's many experiments showing that antizens cone
teining residusl wvaleney groups, ie.e. carboxyl, amino, ete., incited
entibody formation specific Jor the haptene group, whereas sliphatic
or arcmetic hydrcearbons, whieh lsek such groups, were not capable of
causing the formstion of sntibodies specific for the hydrocarbon groups

vudd (47) suzzested that the specificity of antibodies was a
result of the srrangerent of chemical groapings ol the antibody molecule
during synthesis, srd that these groupings were adapted spatially snd
n their chemiecal affinities to the surface of the antigens

Pauling®z concept of antibody formetion (4%) wss basod on a bivalent
entibady, i.e. a8 gzlobulin molscule which hed an immunologieally active
regicn at either snd of the peptide chain. The perticular configuration
of the chain ends would ba dependert, aceording to this theory, on the
surface groups of the envizen, which by thair charges attraet or repel
parts of tho globulin chaine According to Puuling, the antibody mole=
euie conteins the same amins acids %Zn the same relalive order as an
ordirary molecule (globulin) end differs from It only in the way in

wiilel: the chain ie eciled inm the molecule.
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In his bock on seroclogicel reactions, landsteiner (38) noted the
results obtained by Creech end Pranks (12, 15, 21) on the antigenicity
of arthracene and dibenszanthracene. Te stated:

Gmite possibly the hydrocsrbon residuss are responsible

for the specificity of the resctioms only in conjunetion

with adjacent parts of the protein,

The sxnerimental evidence offered in this thesis does not contredict
this statement. The marked irhibition of precipitetion reactions by
the spsilonwsmine esproiec acid derivative indesd apnears to indicate
that the adjscent part of the protein may be involved in the irmunio=
logical specificitye. Yet the hydrocarbon groups themsselves must in
some way have influenced the immunological response, because the results
indieated thet precipitetion with homologous hydrocarboneconjusate was
in most ceses grester than with heterolopous hydrogcarboneconjugates

Since it was most likely that all three hydrocarbons were cone
Jugated with the same, or similsr, siructural groups on the serum
albumins, the adjacent parte of the protein would have been alike.
Therefors, the decrease in resctivity of antisera with heterolegous
hydrocarbons asppeared to have been due primerily to a wariation in
structure from that of the homologous antigene The chamiea} structure
of esech hydrocarbon was most probebly responsidle for ths particular
irrurclogical response, as represented by antisera directed toward the
hydrocarbon determinant zroupe

The chemical atrueturé of the carcinggenic hydrocarbons is devoid
of any functional polar groups, such as carboxyl, emiro, nitro, etece’
Landsteiner (34) and landsteiner and lampl (39) had shown, by their work

on azoproteins, that introductior of only weakly polar groups, such as

methyl or bromine, in the benzoic acid determinant group wes of slight
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influence on the immumological specificity of {the conjugated antigen.
Strongly polar groups, such es nitro groups, had greater influence on
specificity.

It 3is probable that serologiesl cross resctions among the carcino-
genic hydrocerbons were the result of the lack of such groups in the
moleculer structure, It does not appear, however, that sueh zroups
are required in the structure of ths antigen for the formetion of
entibodies directed against the haptene groups.

Since thess hydrocarbons have been found to possess hapitene achtie
vity, it is of interest to continue studies to determine if the immuno=
logieal response extends to protection against their ecarcinogenic
activity, and further, if such preotection is effective azainst other
hydrocarbons than the one used for immamiza%ian. The rele of carcino=
genic hydrocurbons in spontaneous tumor formation might be illuminated
by a study of their immunological effect on the genesis of spontaneous

timor se
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l, The ecoupling of l,2=-benzanthracene, 3,4-benzoyrene, and 1,2,5,6=~
dibenzanthracene with sermm albumins by the carbamido linkage produced
conjugated proteins possossing antigenic activity.

2+ The conjugeted proteins possessed & new specificity which was
directed towsrd the hydrocarbon groups.

3e There was a moderabts degree of seroloziesl crosg reaction
amony the hydrocarbonse In most cases, howsver, the amount of precipie
tate with homologous hydrocarbon was greater thau that with heterologzous
hydrocarbon,

4o OFf the three hydrocarbons, 1,2-benzarthracens possessed thne
greatest hapbtenie activity, as mweasured both by visuel cbservation gnd
by the gusntitative analrsis of precinitaies,.

£. The albteration of the serological properties of the albumin pore
tion of the conjugates was dependent on the hydroearboen introduced and
cn the ease of the cowuplirg reactions.

Ss The crystalline horge serur albumin isclated in this lishoratory
appeared to have greater artigenic activity they the purified human
serwr elbumin obtained from DPre. Fdwin Je Cohn, of Harverd University.
The 1,Z2=benzanthrylelQ=carbamido derivative of horse serum alburin was
the moet effective produce in ipeiting the formation of antibodies
against the haptene hydrccarbhon groupe

7e uantitative miero-Kjisldabhl analysis of precipitates formed
at the optimum retic of antiger and sntibody served as en sccurate method
for eomparisons of the haptenic metivities of the hydrocarbons.

Se The precipitetion resctions dus to haptene activity of 1,Z2«~bene

zenthracens were more ctrongly irhibited by the 1,2«benzanthryl deriva-



87

tive of epsiloneemino csproic eeid than with other amine acid deriva~
tivese This iphibition irndicated that the hydroearbon groups were
linked to the serur albumins by a carbarido linkage with the free

epsilon spinoc groups on the proitein moleeunles.
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The purposes of this study were (1) to determine whether carcinoe
zenie hydroearbons act as hapltenes when conjugated with protsins, and
{2} to ascertain whethor the imrune sera are specific for the homo=
logous hydrocarbon.

Torse seru albumin coupled by carbemido linkege with l,2-benganw
thraecene, 1,2,E,8-dibenzanthrecene, and 3,4i-berzipyrens, and huwan
serum albumin coupled with 1,2«-benzanthracene were used as anti;onse
Fabbits were immunized by multiple intrevenous and intreperitonesl
injections totaling spproximatsly 480 mg. of the conjugated or control
native protein. Frecipitin reactions with the resulting antisera were
read macroscornicnlly, and were confirmad guantifatively by microcKjele
dahl snalyses of the washed precipitstes.

The results indicete theit the conjugsted proteins hed geined new
specificity due to the determinant groups 1,2-Benzanthracene was found
to be more effective as e hapbtene than the osther two hydrocarbonse
sntisera showing the best rosults were those formed by injsetion of
1,2=benzanthryl=lO=carbanido~horse serum albumine. Although these ssera
resetsd most strongly with the antigen usad for injection, they demon=
strated haptenic sctivity by resebing, to e lesser degree, with 1,2=

benzaernthracene conjugates frow hwumsen and bovine serim salburin, and with



1,2,5,8=dibenzanthrecens and 3,4-benznyrene conjugates from bovine
gerur albunine duantitative analyses confirmed the observation thsat
such eross-reactions were zreatest at a definite retio of antigen ard
antiserz; this retio waried for the individual sers.

The use of amino acid dsrivatives of 1l,2-~benzanthracene as
inhibitore of the precinitin resctions indiceted that the epsilone-
smino caproic acid derivative was more effective than those of glycyle
glyeine, glyeylezlyevleglyeine, and glutamic acide This finding is in
a~rreement with evidernce ohﬁaineé previously by chemieal means and
indicstes that this carberido linkege with the hydroecarbon groups
involwves only the epsilon=snino groups of the serum albuminse.

The iwmrunological setivity of ths aldbumin portion of the conju=
gates was decreased by iabtroduction of the hwdrocarbon sroups. Horse
serun albumin hed greetsr antigenic activity then human seruwm azlbumin,
beoth a8 pative protein and as the protein wolety of the conjuzates.

The hantenic activity of these eompounds makesg desgireble forther
ressarch on protective immunizeation of animals against carcinosonesis

due to various hydrocarbons.
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