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THVESTICALIONS CONQEMING DI COMNSON ANTIONNIC COMFGNENE
I¥ SUICELIA PARADTSENTRRIAR, FLEXNER A'D ESCHERICHIA
BThaTNG
a4y

IHTRGDUCT 208

This theals iz prosented as an offort to corry forvand work dono
by Swenson on tho awmtipenic relationships of shigelle paradysenmtories
Flemnor end Lschoriohin sbraims, (inpublished thesen presembod %o the
University of Oregon liedical School » June 1040}s On the basis of her
wvork, Swenson mggests that the dygmﬁanr baeillue poseocsos & whole
antigen, the hoaptent componant of which is shared by oortaln lsshorichis
strolns,

Cortidn experimemts performed by ncother worker in tho semo lebores
tory {Prandon - unrublished thesis, 1940) differ in ree:l%s from Swengon's
work end eugpost that the commom antigenic fractiom may be present in
Paots ooli as o surfese sobigon, ond prosent in certein pathopenls
orgecieng of the mﬂﬁm ag o doep somntio antigen.

Thio thospy consiets of two parts, rart cme s s disoussion of
work dome rereating ‘wenson's emperimonts acd ferther caporineats
sarriod out slong similiar lines in an offort to detesmine whether
further studioe should be slong the line of the hatene neture of the
eomaon antipgenic fregtion, or should investipgate tho poescivility of
deer and surfase antipense Mort two is dewoted o invoatigetions
eoneerning the naturs of the posaible ha tone eonbained in Focherichis
coli, oc emperinental work in part omo confivmod Swenson'e finding ond
indicated this courso.



PART 3
ETICENIC KELATIONSUIPS OF 8YIOBILA PARAUVSINTIRIAR PLEXNER,
AND BEQUERICHIA STEAING
liietory

The obsorvation Ciret mede by Sordet in 1860 end later by
Grubey, Durham and others, that high titer agplutinating gere would
sgglutinate not only the homelogons orpenisn but nlev relnted, end
in some omses unroluted organdems, though o o leaser exbtemt, had
forwresching implications in the Plold of Lmmmelogy. The relation
betesen immnising bactoris and amtidodios was hot slways & simple
ene, that is, immme sore could be produced with ane bacterial stredn
oantaining o $ibodies for unreleted organiens, end agpiutinetion wes
observed with sowe gtraing in sera though no kmowm history of Lssminde
setion with the honologous or releted orgenigns eould be oblitained,

In the £lold of enterie orpanimng Hiss I 1804 reported & soro~
lopicel relatiomabip botween Thigells porsdyeentories lemmer stralns
end the typhodd beoillus, A serologicsl reletieomehdp has beoo obrorved
by momy workers boiween Shigells parsdysenterice "lesmer ond facherichin
e0ld, Park (1004} found sers prepared angaingt sertain coli straing to
eontein agelutinine for Flemmer, and sera prepered sgninet Fliemmer o
contain egelutining for colis later (1537)Ingalis reporbed that e high
titor rabbit serum for & Shipa dyoentery organism agglutincted am Gpparw
ently unrelated nopepathogenis organien from the inteetinal flors of o
rabbit, sugresting & ocumon antigenise fuctors Sovers (1037) found
that o nmmber of Flesmer cultures, aprlutineating in five Paet, eoll
sntisore, failed Go remove sold agclutining in ebeorption experimentes
Alge, that Pact, coli entigons falled to rewve "lexner agplutining
from Flemner anbisora, Maekie (1089) on the other hend, demonstrated



partial removal of cold agrlutining by Flommer eantigens, end also
of Plemaner egglutining by cold antigens and otated thet this hetere
clogous absorplion was atrong ovidense of o fundamontal anbigenic
relationghip betwoan strains of shigella Flemnes and Poots colis

Both the Flemner dyseutery ané ssoh, toli groups of baoteria are
extremoly heteropmibus in their mntigenic composition. e rogt come
plote aud setiafestory sorologioal olnssifiention of the Fiemmer
group was published by Andrewes and Immn in 1810y On ¢he basis of
agglutinetion md absorption experimembs, they reported tho oxistence
of &b loagt five distinot types, desigmated as V,V,X,Y end 2, and two
subragon Vs ond Uik, essentially members of the ¥ omd W recos respec=
tively tut conbaining so lerge e proportion of the secondury compenonts
as to modify their serolegicsl behavior. This classification appeers
o dnolude tie majority of the Flexmer strains, but there are ococoasional
types which svpear }u be sntigenically disbinot,

The Escherichis group (inciuding Bsch, o0oli and Imch cold
mtabile) eppears to be even more heterogmibue and diffimit to
olsseify, then the Flemmer group, sad includecs wide warioty of
organiens distributed throughowt noture as inteetinal pernsitos, md
water and soil imhabitants. Usny ettompts howe boen made to classify
o0ii straing into opecifio groups 83 with mo succons. Lepper (1081)
reported that each strein of Naot. cold is practically spenifie, coll
antisora sgglutinating enly the homologoue orpganimm to hipgh titer.
Dredembroke (1037) arrived ot the eome comolusion. 4nd Siovere {1957)
conoluded thet it is fmposeible to claseify cold straine into opsoifio
groupss “anob. coli mutalile straing appear to fomm & pore hanogerfmin
serological group them do the laot. ooli orgoniemn,



¥ise Swanoon, whoos work corved ae o basis for thio thesis found
thats | '

1. Formal rabbit seve have the capeoity to sgplutinate o wide
variety of gran negative indestinal baoilli including ctraing of
Ghigells paradysenteries Memner and Sact, ooll, The titer, however,
wag iow, esldom emecedipg 1:00,

2y Sore of aninals immmiged with Flemner straing show incroased
egglutining Tor both cold end Flommer, Homologous ebsorption removes
agplutining for Loth Dact, coll and Shigelle flemner, Abeorption of
Flexnor antisera with thw soll, however, ramoves coli egriutinine tut
not Flexnor sgglutining, ' '

3¢ Sera of animels lmminiged with cold ehow incressed sprlutinine
for wii, ut no riee in titor for Ploxner organisms. Sbeorption with
Flemner causes no decrease in coll titers

the following eaplenstions of these phenomens wore considered by
Jles Swenasn: ' ‘

is Simple antigenis relationship betwesn the two groups on the
bagds of & shared whole entigm. This thesis wap rejected for though
Fleaner Lmmne sors agplutinetod Dasta cold, Dact, coli Lawmme sera
did not agelutinate Flemner orpasiems, nor wes Baot, coli capabie of
abgorving Fleansr agglutinins from satiflemnor sere, though Flemmer
removed coli agglutining fran miiflomnor sora,

8s The rolationship could be asoribed to an amestis reeotionm,
that is, the production in response to a hoterolopone antipen of an
antibody that hag beomm produced in the tissies on wmno proviousoccte
sion, There appeared, huowever, no recgon why Flesner agelutining
should not be ctimuleted by coli immmisction in the sane way thed



csll sgglutinine wore stimulatod by Fleamer immmdgation, if this
wore the mechanigm, as mormel titers for Flemnor {(proof of mmtibody
producing mechenisn) are as high as some of the nermal titers for
solds Alee the rise in Daot. coli titer as a result of Floxner
immunigation was higher than that gererslly due to amnostic roaction.
This hypotheosiv, therefore, m&dmﬁbﬁ.ﬁ:ﬂummﬂm‘
"3y That a: actunl antigenie relationship, though not o gimple
ene, exigte botween Shigedla Ciexverd and Esoh. coli soems indiocated.
And the $hird poasibility consldered was that Bhigelle flomer might
be thought of us carrying & desp sntipen which ie mmmny
lhﬂhrteumrmm:;mwu cortain lschoriohis straing,

- Aokiqen g '
( mmm-)-A:h:{::m , m%nﬁm D

Flemnor baodllue Epohordichia baoiliug

This hypothesis emplains the ooourence in Plemmer enticera of D and 8
agglutining for both Flemner end cold, duc to D and 8 entigenic footors
in the bagterinl celly It aloo emplains the ebmorption of coll egpiue
tining, but not Flemer aggiutining from Flexner antisera by related
coldi orgenisme. Dut 1t doos not explain the absorption of #0li epglue
tining from Flemner antisera by Flemer organiens, as the Flexney
organism, accoiding to this hypotheasis, conbaing no D antipgen om the
surfose of the ooll and in o position to aboordb D cold aglutininag,

4y herefore & fourth possibility, that the relationchip might
be due o the sharing of o cormen haptons component, wea considored.
if the dysomtery basiline mey be thought of as ocumtaining & vhole



antigen, a haptone camponent ¢f which ip chared by certain coli
srgenisme, this hypothesis appears to emplain adeguately all the
oxperinmental data, It emplaing:

ts The oocurence iz Flemner antisere of agglutinine to high

e

Sitor for both Flemer end coli erganises, the whole
méigen bhelng egplutinopenie for iteelf end thorefore

for mny poars of iteeld

The fallure of Useh. c0!d %o onuse production of sgplue
tining for Flemner, as it comtaling in common with dysentery
only the hepbeno frection whick is not agplutinopenio,
Aveorption of oold sppintining in FMesner antisers by doth
eold and "lomner due %o cemmon antipenic fraotion,

Failure of mbsorption of Flowmor spfutining in Flammer
antisera by ooll on the basis that the ooli organiem can
ebgort anly these sgpiutinine with whieh they oan rooact, that
is, those thet wore produced by & coumen Deptene fraoti

o s Tcomer DRSS e o
sufficlont majority o prevent a notieoable reduotion in
titers

Thus the haptenc hypotheeis appears to provide sn edequate ozplone
ation, [gvewer, one spparent ecnflict arose, W the courge of Nise
Syunpcn's work, Np, Nrandon in the smmo loboratory performed certuin
experimentes with m tityphold sorn in which the applutinin titer for
coli had aloo inoreassd, and found monreduotion of cold agglutining on
absorpticn with the homologous orgunien, These recults represont
gvidence favoring the lypotheein of & surfage antigen in soll, present
as o door antigen in gertaln pathopanie amm&mn,‘%m not in line with
fwenson‘'s work, in which ghe demonateoted o redustion of applubining



for tacts coll in Flemer antisers whieoh had been homelopously
abyorbed, ‘

£ was thought ndviseble thervefore to investipate this field
further before devising experinents to teet nmore direetly oither of
thege hyrotissoss



EXPERDEITAL TORE
Part
Vaberdialy and Hethode

Esotorial straing ueed in the prepsretion of antigens and
mtim m these uved by Bwensom, Jor oculturee were obbained
from the Deoteriology Depertment of the (miversity of Orepen lodieal
Sohool, The three Flemmer straine uveod weore 562, 362 A end Werden
belonging to the streine ¥, W, W respoctively, Gix coli cultures
heving & high egglutinstion titer in the Flemmer snticers for 5582, BB2 4
and Vomdem, as detornined by Swensen, seve plekedfne the exporiment,

The cultural recetions were firet cheoleds The Flemer orjnisss
wore isoeulabed into tubes of lmotose, menmitel, suoreso and maltose,
fesulite woro siniliar Yo those obteined by Swensom, and are shown in
Teble I |

Six o0ll straine were strouked on endo plates, and incculated i-to
mbee containing lactcoes, svorese, pelatin, tryptorhmme to teet for
production of indel, glucose phosphets for the mothy) red and Vogose
Froghauner tests. Cuitures ware alse %ested for growth in ¢ltrate, snd
motility by exwsining hanging drep preparations of 18 hour tryptorhans
broth oultures. Origin asd oulturel reaotions of theeo stvedns are
shevm in Teble I3,

in the prepamation of anbipen, core wae taken ¢ use smsoth
siraine, RO hour imfusion sgar wmitures mispended in D08 soln. of
Fal) ceptaining 085 phemel were used in egplutimation teste. The
susponsions were standardised 4o the densidy of the Pefdy nephelometer
tube “o. § conbaining apromimately 900,000,000 basillii per oo,
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The sors used were thoso momovalent high titor rabbit cora pro-
pared by Swanson for the Flemner dysentery straing 362, 362 A, Warden;
snd for Poct, coli otraing loyfield, 4, 199, YNormal sorum taken
from cash rebbit before Imsmdsation wne uoe as 2 conbrol,.

fbporption ompeviments were rerfommed with liviwg wmtigone. 4n
0,808 saline suspencdam of the owsbined 74 hr, growth of four blske
vottios was otmtrifuged and freed Cywm medis by again washing and
eemtrifagings A0 o0 of a 1:10 4ilution of the perum to be shgorbed
wos than added to the sells, The msponsion hold in a waber both at
$7 & for two houve, sad plased in the leewbox overaight, Serum and
bagterie wore then sepnreted by centrifupgation. The euperncband sorusm
irn teetod in sorfal dilution with phemoldised antigen for completenoss
of eheoppbicn, 1F the $iter for the abeorbing etrain wes poritive in
g firal dilution of groabter than 1:20 the porum wes resbeorbed uniil
the titer fell to 1:20, Two cheorptions sufficed, in all sases, %o
roduas the titers Contrels consistiag of 1910 dilution of houted une
ebsorbed porur wore yun in all cepes, These shoved no reductionm of
titer when tested with the homolopgpus orperdam,



ACGLUTINATION TRSPS PERFORMED WITH ESCHERICHIA STRAINS

The B llowing egpiutisation tects wore carried out

1+ sgglutinetion of Peot. ooli eantigons in norsal sern = Teble 711

2+ Agglutination of Nacts cold entigme in ooif immnie sers «

. feble IV
3s Agglutination of Baot, cold antipons in Flemer entisors =
Yeble V
Agpiutine$ion toote with Buote coll in the nomwel corum of animsle
imuniged to Shige fiewneri wee impossible us newmel sera wore not
aveilablos

The resslte of thoss axperimints are showi, Sompared bo those
cbtained by Swansom, in tables IIX, IV md V regpectivelye They check
elosely, firet in the presence of ageclutining for Paot. cold in normel
sorum, though in low titer, secomd, in the titer for the homolopous
crgonien in coll Lwmine semmy &d third, and nost cipnifioant, in the
high titer for cvli orpandens in Floemser imune sora.

Almo, in agroasent with Swenson, thore soeus to be uo correlation
hetween Floamer type antisera and ooli agglubinin Titer, which pugpests
thet the shered antigenie ompements arc of & group neture rethor than
rolated %o type specifieity,

As michd Lo capested, the Bect, 0oll titer in Flower soticers
(ive titor 1:1200) iz mot an high as in the homelogous somu.

(iwo 1150,000) or as high ae the titer for the Viemner crganisse in ite
hemologous serun whore agglutination ecoured in dllwbions es high as
3181,520s lgwever, in the sgglutinim test with sbradns of Paot, cold
in the three types of Plemer saticera, The average titor of 11200
showed o maried inorvase over the coli eggiutinin level in the corroge



i3

ponding normal serum in whioh the titer did not ewened 1140 in any
akets

It night be pointed out here that, in comparing Swenpon's work
with our ows, a differenso in titor of from ome fourth to four times
the dliution figure was ocousiomally obeorveds 4s o chenpe in the
titer of this dogree siuply means a difference of ono to two tubes in
the serial dilution and as our sntigens were prepored over a yoar latopr
then Swensomts and slight alterstion of stredn might howe occurad, we
ooneidered the weristion mo greeter then that which might be expootod.

fhe three Shige femer snticers for straine 388, 562 A end
dorden, wero homolopously sboorbed et Sested for aglutining for the
six Eeohorichin antigens used previously in the sgriutination tests,
The restite are showm in Table VN, I all cases, in ssreenent with
Swangon's work, abgorption with ¢the homologous Tlemnor oreentem cuuged
& ebriking reduction or a compicte reuovel of the ool epplutinine ce
woll as & complete removal of the bomolopous agplutinines In thooo
easoe in whleh removal of onli sgolutining was nmot ccmplote the
residual titers wes mo hicher them those thet might be expested fronm
normal robbit sera as 48 soom in Table 11X,



14
TABLE 111

AGQLUTININ TITER FOR & BACT. OULI STRALNES N & BURMAL RABBI? BERA

BORMAL SHRA 199 Rebre Meyf ield
Streln

199 3120 isa0 e
Rede 1340 140 30
Meyfield 1340 120 320

AGGLUTININ TITER CPTAINED BY SuANSON WiTH THE S.ME SERA

BORMAL SERA 199 Rede Mayfield
Btra

109 1190 1140 .
Rede 120 pRL - 330

Meyfield Lot 1130 1:20



TABLE 1V

AGGLUTININ TITER PGB 3 COLI STRAINS IN 3 BACT. CULY ANTISERA
PREPARED FROM RABDITS WHOSE NORMAL SERA Was
PREVIOUSLY TESTED

Imnune sers Rodo 199 Mayfield
Straia

Hode 1310240 1283920 1140060
158 3920480 1340980 1204060
Msyfield © lab6320 1310240 1340860

RESULTS OBTAINED BY SWANSON WITH THE SAME SiRA

Immune sera

atr& Redo 199 Mayfield
Haede 1310840 1381920 1340860
199 1s30240 13200000 1120480

Meyf1eld  2s6120 1482920 1120680

i8
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TABLE V

AQOLUTININ TITER FOR 6 QOLI STHAING IN ANTISERA FOR § FLEXNER STRAINS

Immune sers 62 S58A Yarden
Strain

Homologous org. 1381920 1310240 1340860
Beste coli

Hayfield lsl260 113280 1,640
Reh 142660 111260 141260
Hogen 14160 111280 132660
Cruse 111280 111280 111280
Begt. eoli mutabile

199 112660 132660 142660
Sperks 12660 132660 11640

AGGLUTININ TITERS OBTAINED BY SWANSCN WITH THE SAME ANTISERA

Jumame sera b2 262A Hardan
S¢rain

hlg‘w‘ orge 181080 1310240 1340860
Bagt, eoli

Meyfield 121200 11260 11640
Redo 131280 142660 131260
W 1380 1260 136120
Cruse 13520 111280 191260
Bast. goli mutabile

199 142660 141280 121280

Sperks 143280 132660 335640



k4

CULY AGGLUTINEN TITEAS FOR BOMOLOGOUSLY ABSOMDED PLEXNZH ANTINERA

Iramo sera 568 368 Vinrdan
Ingfiold 11260 0 11200 0O 14640 0
Behy 12860 O 31;1280 1.80 133280 320
Tiogen 160 o 153880 © 22560 O
Cruse 1266 0 i1d200 O 3280 0O
Baots cold muts

ise 1:2680 L0 1:2600 © 132600 1420
Sparke 1¢2560 0 1:26860 O 130640 0

BESULTS OPTAINED BY SwANSON IN A SINILAR ARSORPYICH EXYERINSNT

Immune sera S68 8G8a wandon

fmumoe shsorbed imsme eboorbed idvemme obsorbed
Bk, oold strain
Vayfleld lsiReo 0 1:1280 o 13640 1420
Bods 131280 0 132660 o 1:3080 ¢
Hogan 1:80 " 12360 - 1:5380 -
Gruse . 1:G%0 " 2212890 @ 31:3880 -
Beote coll mute
3109 132660 ([ 31800 J:20 1:3000 120

Bparks 13200 - 142600 - 1:640 -



FRBIARY >
.

Tho res:lts of those wxperinenta subste tiate Swangen's nnum
1s that nommel sers may contain epplutining fof Bech, oold hut only in
low titer, 0s the® Leamisstion with Ship. flemmeri inoresses the titer
for each Usch. cold, 8¢ that sbsorption of Plemmer sern hamolorounly
renoves ooli agglutining,



EXPERDSENTAL WORK
Fart B
SIUDIES OF MEW STRAING ANy A TISERA

I% seamed advisable aftor senfirming tho work with Swonson's
atraing to go over the same ground with freshly eolleoted coli strains
snd freghly preparod satisera, both $o further cheok results and, in
0580 of sagrewment, Yo inoresse the body of evidence in fewor of the
havtene hyvothasis,

datepiuls and Lothods

62 Racts 00ld strain were collected largly feem foond and wrins
speoimens from pationts at the Mltnomeh lospitel, Those strains are
Ms’hdcmpmwwmwigm,mm is piven,

The cultural charasteristien of the 52 sold streing wers studied
for the predustion of seld and gas in broth tubes comtaining lestoos
and s:erose, for liquifection of peletin, production of indol frowm
tryptovhane, growth in citrete, methyl red and VogeseProcteuer reactions
in glucose phosphate broth. The oultural recotions are shown in
Tahle VIi. Theso strains giving reections typloal of Sohorichin sold
eomunis or ocemmior, 50 in ell, were used in the preparation of
phenelised antizen s desoribed earlier in this thesis,



Best. svli strelns

Vesal etraine

Rurry
Iseseson
Feterson
LaB

S2A
Billmen
Viong
Travis
Heokett 1
Heokett 2
Cherry
AT BOB
Kerrimen 8

Urine strainsg
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Urine 1 Lewie
Urine 2 Chuinard
Urine 8

Gordon

Viong

Pindley

Bennett

Johneon

Reider

Horrimen ul

lee

Herriman u2

Bullard

Dant

Bolt

Fesal straine

Uit
Borden 163
784

Blood straine

dreble
Johnen
Lanjer
Probot
Dolty

Buntley
Leuter
Gillman
Bmg
2691
Oldve M
Hlastrom
70 MR
2bls
g09R
260Lv
1500



a1

. & # - > - - ov ov o
4 * ° @ ¥+ F o e o 8 UEEilaey
@ - = - % + - ™ oy uGRzeny
& Ll - - 4 + . - oy )
# + = - + * . = or & eIpTE
e + - “ 4 + - - oV 1 ey
@ *+ - - A + -~ P o STARI
u - - - + - - 1 Y n Pacy
a4 ¥ - - & & - - & Lt
® + - - + @ = " 87 w2t
. * & ¥ - 4 + - - oy gk
w - - - + - o - oY useieyed
* + = - + + - ow oy wWosswws §
redoiod * = - + #* o o oy = S
| Y
sopus Bo weR3IRI LYY
S9TEOTCD  MFIWICN  eIRRREE g% *E°'m Topul UIIUIOD OS0IIN;  e80309g vRag

TI00 “30VE S0 SHIVELIT 05 80 SOLISIEISOVIVES TVEWILNN

114 ETave



22

POIOLOS -
cpEe uO

soImOTes eyelyiy Moy

¥ 4+ &

+

% %
a +
+ *
- *
+ *
* o+
2 &
* %
# +
% *
+ &
+ “
& *
- *
* +
- %
+ +
% 4

{4EnKIIR00)
TIA EIEVE

woEIAug by
"M% lopuy ewgyuIen

29 3 81

b

2 § 3 33 % 93 98 3 39

nv
oY

£8090077

SRy
£1°0
g
g

Q0

LOPESY



" o
$ + & + ¥ *

s
$ &

8 -
i e
pesotoo +

opuR uwo
sajuutey L331M3oM

LE R R

.mi”

.
a*
+
WP
“*
“*

“*

.MI_W.“

* + + + 4 + +

¥ 2 F + @+ 2 > ¥ 4

WOISUIMOTT
topnl esapwep

- 3Ia TTEYE

! 2
f 9

$1 9 11 99
T 98 8 <

'
¥ 2 8§ 3 3 3 8 31

ss0aong  @8030VT

b o 2
o1qeap

£i UEETIIRR
10 Seagazan

AOPYSY

Jeumeg
g ian
u Juog
uopiLp
fouys g
£ sugan
1 swgag



AGGINTIRATION OF ¥ ESHLY IS0LATRD BSCHREICHIA SPRATNS Y
BiGd TIVER VLEXWER ANYISENA

The mmu titers of U0 Baot. coli mtigome wore determined
in sach of Wuwe Flemser sntisora 582, SOR A and Yardem, Servm dflue
tions up to 1:160 wore made routinely. In those cases in whioh aeplve
tination oocured in thic dilution, tests were rum o titor, Toble VIIX
smmarizes the resultse ho rasge of agglntimetion titer for tho cold
sireing voried fyom 0 %o 1630240, fifbesn cut of 50 organisms appiue
tinating nekbedly above the norrel level,

ACGLUTININ TITER OF 6 COLI DURAYS IN BOMOLOGOUSLY Ansoimen
H1GH TITER FLEXHER ANTISERA

S8 ooli strwins having a markedly high egelutinin titer in all
three Flemer antisera were chogen for apglutinin ebeerption oxporie
neats,  The colf apggiutinin titer of the three Flemer antlisere
homologously sbeorbed was tosted with cesh of the ofw hirh applne
tioeting sbroines The resulte (feble I¥) chow mosked sheorption, the
titor belng reduoed %o O (1:20 dllution) in most cases,



TABLE VIIX

6

AGOLUTININ TITER FOR 60 COL1 BTRAINS IE § RICH TITER FLIXNER ANTISERA

imsune sera

Reider
Merrimen ul
Horrimen uz
Bullerd
Findley
Chulnard
Beunett
Tong w
EBerson
Lee
Johnson
Travis
chér?:
Rackett 1
Hogkett 2
2095w
‘26“

26b

TOMR
Meorrimen »
Johnsn

legaogon

562

1140
3180
1:00

142660
1:40

624

Vierdes

1580
11640



TABLE VIII

{CONTINUED)

Immune sers 82 624 ~ Berdem
Bagt, oold etraim ‘
138 1:80 11160 1;40
Grebie | 11320 11520 1140
Dolty . ' 1:640 14160 481280
bwg 131280 11660 1160
Bolt 11220 11280 | 13160
Leuter 1480 1:20 1180
Murry . 11180 13520 14260
Feterson 0 | 1:20 -3
Lenler 1120 1280 -
gordom 1420 ' 180 -
Probat - deg0 1340 -
Deat 1:20 0 -
S4B 1340 1:40 -
Goodwin o 320 -
Huatley 0 -
Ja 40 -
Urins 1 ¢ 0 -
Urine § 0 ia =0 -

263L Ls20 0 -
i M !
¢ | 1140 0 -
Holbrook Q v -

*% There wes not suffieient antiserum to rum tests om ell strains



{
Imoume gera &b2
Beot. eoli mut. strain
163 0
T84 1380

Borden 4320

TABLE VIIX
CORTINUED)

J62A

1120
1:80
1:20

Hearden

_Y



TABLE IX

AUGLUTIRIN TITER OF @ BACT. COLI STRAINS IN HOMOLOGOUSLY
ABSOEBED HIGH TITER FLEXNER ANTISERA

Isaune sore s6a B5BA Vaurden
immune sbeorbed immume sbsorbed immume ebsorbed

Baot. voll sirein

Greble 11320 0 1s320 0 d340 0
Dolty 11640 0 13160 1:40 lsl280 ©
4= 313280 0 1s640  Je20 13160 o
Bols 2820 0© 112880 0O 11180 Q
Laitey i: 80 o li20 0 1160 0

0

Murry 11160 1440 11320 0 13360



AQGLUTININ TITERD OF DACY, COLI STRADIS IN THREE NORMAL SISGA
LATER DRWUNIZED 70 PLEXNER

48 only o small amount of normal sers was avedleable the ocoif
MmuMMMwiﬁhmm“ 1% soomod
advisablo et this point, howewer, to dotermine the coli agplutinin titor
for as muny strains as possidlo in normml sorum of each of the robbite
which had lator boen immmised vAth the Mleamer streims ace, sez a
end ‘arden, and to determine what freotiom, if any, of ti» nowmal
agglutining to sold muld be removed by ehawrption of the sorun with
the Flemner orpganiam,

mlu%mtlmm“mﬂmﬂﬁnuﬂm&m#ﬁ%
three rlemer anticems 352, 368 A end Werden, Tuble X shows the
mt-uthmmhmmwnmm-mwmm
same orgonims on the corresponding imame serum, In vory fow cascs
mmﬂmmmmqmmnxummm Tidth
amsmtwum-ammmmummmmmm
in the dysemtery antisera. It is m intorenting observation that those
wmwmamuwmmnnnamumamnmﬂm
e high titer in the nowmel sera,

fiore ogain the inorease in the coli titer in fmwme sormm did
not appear asgoninted with Flesmer type, indication the basie rether
than race movific nature of the relationshipe



TABLE X
AGGLUTININ TITHRS OF DACT, OOLI BTEAINE I8 8 HOREMAL SERA A0 IN
CORRESPONDING PLEXNER IBINE SHRA

el normal aigmm mmﬁgg&m mn:;“m i une
Reider 15360 22560  © 23080 6 1460
Horriman ul 2:380 1:00840 10 132060 1:40 13040
Berrimem u® 1440  1e2BGD 1420 16130 10 1:040
Morrimen wl 1340 1428580 1:80 1:3280 X0 1:3200

Bullard L L2 1380 1420 L0 1320
Pindlay 1s20 0 13180 1¢80 120
Chuinawa 1sgo 3:33 B 3 I3 o
Pennott 1:20 1390 1:20 Tscan 10 140
Weng u 1480 a0 1:80 o o 1:leg
imerany o 0 © o o 0
T 1¢0  1.80 1240 23040 1s40 3040
Johnson ‘ 2:20 1:20 o G 32 ¢
Trevis 1040 2440 o o 1B 120
Chorey @0 L@ a o 1:20 1:20
iinokett 1 ¢ 4] Lt 0 1ty 1140
Haokett 2 0 @ o o 3:40  1.40
6oLy ] - 1240 o 1280 & ¢
268 R 1] 3250 3380 g 1:40 140
201 & 0 150 12 i 1340 120
) ¥ 1:80  1at0 o 13360 o 199

TOMR Q 4] e 1] 1:® 1:20



EFFECTS OF ABBORPRION WIZU FLEXNER STRAINS OF THE @ LI
AOGLUTINIR LEVEL IN DORMAL 85RA

For the absorption experiment 10 w01l streins wers choeen in
so far ap was poosible, bhad normal egolutinin titers between 1s®0
end X340 in the novmal gorms In ondor to dotermine whether dbsorpe
tiom with lesmor orgonicns bad any effect on the noreal agglutinine
for coll and whether the amount of removel of agplutinins, should mny
oocull, ccuid be correlated with Flemer mwoe,the normal serum, laber
izcuniged %o Shigs. pasadyeenterice Mlemmer Yerden, was sbporbed with
the Wardem, 362, 3562 A straing of Flomner vespoctively, Utraine
362 A ond Vardon belong to the "W" roce and otrain 862 to the B¢
race, Therefere, if oy rase gpooific fuctor were involwved in the
rolationghip to the o il orgonism the effvet of abeorption of the
normal sorum with 852 A and Warden should be more alike than the
effoot of the absorption with 852, The results are indicated in
Teble XI and show a definite lowering of titer though no corrclation
botween Fleanor raoe md removel of agglutining is evidenced, This
poovides additional evidense in fevor of the exigtance of & basic
nom=iace epecifio entipenic conatituent cozmon to Shig. poredysentorice
Floxner end cortain straing of SHeaot, cold.



LaBAE 23

GULI AOGLURININ TITER IN NORMAL OHEE ABICLDED G13 FLIGE OTHAINS

Serum Horml dbgorbed  Absorbed Sbeorbed
with 362 with 3024 with Viadan
Bacty gold stz
Hackett ) 1540 0 0 L4
Haokett 2 1440 ¢ o o
Lee 1140 1120 ¢ 0
paox 140 ;20 & 180
Nerrimem ul 1:40 ] 1:20 @
Nerrimem uf  1:40 120 1820 1290
Berriman o 1:40 o 0 0
Vong u 1440 G ¢
Findley 1:20 o 3¢20 <]
Damett l:0 0 ‘ 1.80 1s20



SUMMARY

The results of these éxperlnuntl oarried ocut with B0 freshly
isolated Bact, coli orgeniems end freshly prepared Fleamer sntisera
for gtrains 362, 352 A end Werdem substantiate the results of Part A,
nemely, thet (1) normal serum may contain egglutining for Esch. cold
Wt only in low titer, (2) immmisation with shig, Flozner increases
the titer for Hsch, coli, {3) absorption of Flemmer entisera homolow
gously removes the eoll agplutinine,

In addition it was shown that sbsorption of normal serum with
Flemmer strains ceused a reduetion of the Baot, ooli titer below the
nermal lewvel, which is additiomal evidence in favor of an antigenie
faotor in the dysemtory baecillus heving & specific relationship to e
somponent ‘ar certain Bget. 00li strains. This relationmship did not
sppear %o be related to the Flesmer type,



DISOUSSION A1D CONILDSION

The rosulte of theee expurimenty reorformed both with Swanson's
saterdal and vith fredily isclated strains end froshly prepared imeamne
nm%‘n findinge thets

(1) ugrmal seruin msy contaln agplvtining, but only in low titer, for
both Shig, flemmeri and Beot, eoll,

(2) Imunisetion with Shig. flemneri eignificantly incrvases the titer
for Saots cold.

{3) lbni*pﬂ.m of Viesner antisern, homologously, ranoves cold
agrlutinineg sven below the norsel lewvel,

{4) Hemovel of coli aggiutining both feom mormal end from Flemer
immune semmy, by members of the varicus races, shows mo correlation
betwoon anount of remowl and reocce
This evidenee suggost tho existense of o basic noneraon sppecific

mtigenie constituent common to Chig. varmdysenterice Mesmer and gertain
straing of Seot., coll, That thie common antipenic fector oxlstes oz &
whole antigen in Shig, flemeri od as o hapbens in Baob, coll, is the
ypothecis sugpested by Swangom, The esporimental vork in thie paper
oonfirus the work domo by Gwamson and points to the hapteme hypothesis
ag the only emplanation adogmete Lo avoount for the experinental date.

Firet, the coouwreuse ia Flemnor entisere of egpiutining for both
Ghig. flemnord ani hact, coli way be wla&mﬁ in thet the viole witie
gem in the dyssntery bacillus is agplutimpgesie for iteelf or any part
of itoelf,

fpoond, 1% empliains the fuf Jure of Dash, cvll to veuse the produde
%ilon of egelutining fur chige flemmeri as it comtaing, in common with
the Flemnor orgonism, only & hopbene freoticn which ip nomeantipenio.

Thind, tho sheorpt! 9 of ooli spplutining from Megmor ontisers



by both Shig. flemeri and Daots ©0li mey be sscounted for in that
both orpaniems contain o common antigonie frecticn with o greuping
spoeific for the sold apgiutining, -
Pourth, the fallure of ebgorption of Flemer soplutining from
'n‘mw antisera by Jaost, o0li may be explained on the bapis that
the nii orpunian can sbeorb only those agplutining with -mim- they
can react, Miﬁ, wammwﬁpmmwumnmm
fraotion of tho Flemer basteriel oell, wherees the egplutining prow
dussd by the ramminder of tho Plemmer beotorisl coll ere untouched
end sufficfontly in the majority that the Flemer titer may repsin
unchangeds
"his hypothesis, therefore, soms sdoquate to carlain the
szporimental data, ,
Eggurding the work of Drandon on the basis of which he surrested
tho existonce of a common extigenio fooboy present in Shig, Plexneri
as & deop aitipen mad Sn certaln Hocherichin otroins as & surfuce
antigon, the conflict betwwen his experinental work and that of
Sysnson and our ol Lecotie loes significant on further sxemination
of bis dete. Comourning the ~ormal sevum agglutinin level for ihe
Ploxuer and eold orgmmicme, oocneerning the Increasse in soll aprlue
tinins seused by Usamdsation with pethopenie entoric orrnigne, cnd
songoining the lack of inorense of ag,gmﬁnins for theoe p thoponie
grpanigny in eorum of rabbits bemnised Yo ooli, tho roo it obtningd
by Drandon » ¢ Sumngon ore in gomplete agreecdent, "he toini of
differewe in exorinental date, and the peoint on whdeh "roandon based
his hyrothesis was the failure of the tyrhodd erpeiiss to reduce merkeds
iy the ool azplutinin titer on snboopption of the homologous serums
Srendon carried out omvoriments both with high titer enti ty«
phédd sonm prepared from rabbits, hemeleppualy cbuorbed and epplue
tinated with Paot. wid, and with lnman typhoid immne sermm from



cases, also homologoualy ebsorbed end agplutinated with coli straina,
The res:lts are shown on pe SQamd 3%

Agglutination absorplion tosts with antl typhold rabbit sers
show o varietion in the reductiom of coli sgglutining on herolomus
sbsorption. In severnl casos the recuction cooured only to the nemb
sorial dilution or from 1:2606o 111280 as with the lillmen oppuanism
in Bagts paratyphosun B serum homologously abeorbed, flowever, in the
majority of casve, tho reduotion wes more, the §restest lowering Ledng
from e titer of 1:2560 %o o ¢iter of 11160, The lack of a sipnificant
reduction of agglutining in the case of the Millman orpanism i not in
agroancat with our results, but is the only ingtence in which look of
reduotion is otriking and seens insufficient evidense on vhich to base
any definite soncinslons, ,

The experinments performed with human typhoid entisera homolopousw
ly absorbed and agslutineted with vold end puratyvhoid orpanisus, show
interesting resalts in that the ¢old agpiutinin titer is not lowered
eignifivently while the perstyphodd agelutinin titer i_a lovered markode
1ys Fowgver, it swems uestiomabls vhether the rosulte obtained in
tiis experiment ere comporeble o the vest of the exyerimevtal dete,
which La bnoed o rosults obtained with dontroiled and artifiecially
bmunised rebbit seras In this oese ¢hw source of the cold agpliue
tining fe wnlnown,s Adequete controls on the mormal eors, of course,
oould not be run, And it is guite impossible Yo determine vholher or
wot tiwe eoli apgsiutindne %o hish titer reonltod from imamising votion
of the typbold orpaniems 1% mipht Lo rogsible during typhold fever,
under cireusgtoness of intestinal ulcoration mnd irritation, for the
soll organiam to reach the blood and give rise indeverdently to sgrlue
Tining which might or nipht not have ary entirende reletlonship 4o the
inveding dieonse orpgaiomn,

Thorofore, since in the Ciret eprerinemt, fallure of the hawloe



AGRUTIAIN TIEER FOR BSOH, UOLI IN ROMOLOGOUSLY ARSORBED TYPHOID
AND FARATIFAOID RABBIT ANTIOERA { WROM BhANDON )

Eschy o0lf strain Braoby ymtﬁlw sum B Baoky typhooum (00Y

7 abes homolopgously abes
Piyan
© gonitrel
a3 Aoy
o 0
Control
1:8080
Je ™ B
12860
sontrol
@rady .
i)
Conbrol h
1:86 1160
L sangen '
, 13d1s0 13320
SGontrol
Yo. 273 ¢
& g
Gontiol
Bilies 1:80 1:80
Ganansi » 132640 1180
L%
i1 inen 151280 15160
Contanl

1sRE60 1:28800



AGOLUTININ TITER FOR ESCH., COLY IN HOMOLOGOUSLY ARSORBED
TYPHOID ANTISERA OBTAINED PROM BUMAN CASES (PFRON BRANDON )

sntipens Serum dilutioms
1540 1:80 1:180 1:8320 1:640 1:1280
Backs typhosum @ 0 C 0 e} o
0801
Contrel e +4 +d +4 w4 1L 4]
Egohe coli Hiller *3 +3 3 +1 0 0
Control +3 +3 +3 +5 0 0
Bech, coli Hilmem *4 +*3 »3 +Z2 i1 &
Control 5 +4 L] +iE iL 0
Beche ooli Gredy  +¢ +4 +4 +4 +1 1L
Control 3 +3 +3 +5 +2 +8
Esch, coll 271 4 4 - a4 +4 ) +3
Gentrol +4 +4 LT 4  «d 4
Esch, ocoli Swensom +3 +5  e3 1L 0 )
Control *4 w4 4 +8 4] 0
Bact, aberdeem 0 0 0 0 ¢} 0
Control 0 0 0 ¢] 0 0
Bast, paretyphosum © 0 0 0 0 ¢
B 8008
Control +3 1L o 0 s}
Baots peratPphosum © e o 0 0 0
B 288h

Control 3 i1 G O 0 O
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gously ebeorbed rabbit antl typhold serum o dhow merked recuctich
of ool agplutining ie not the rule, and sinoe it socme doubtful thot
the results of the seoond emperiment are sirietly o rparsble to the
reet of the amcerimemtel dete, it soms o ue that Bracdon’s conelue
slon of en entigenic reletionship between Ngoh, cold and Shig, floxnord
through a degp antigen in the dysentery basiliue shared as & surfece
erbigen in Beet, cold 38 not smpported b pufficiont experimemtel dota,
As our own experimental vork supported fwason's work showins o
removal of cold agglutining by absorption of eati dysentery semm with
mmumummmmtbmimmmmm. od an we
carnot agree that Drandonts wrk contradiots this hypothesis, wo feel
that o direst searsh for s haptene is justified,



PART 11
INVESTIGATIVNS CONCERNING &4 HAPTENE IN BACT. GOLI

Review of the Litersture om Heptemes

Before proceding with work on the isoletion of & haptene
from Bect. voli it seemed edvissble to review the litereture on
the chemicelwature end immnologicsl significemce of haptenes in
gemerel, in order to gein e baakgrahnd for the work imvolved,

History. Fundementsl to the underetanding of heptemes im @
baokground in the general problem of smiigen-antibody resctions,
end in the entigenie or chemical composition of beoterie. The
study of partiel éntigens, or haptemes, wss = loglcal outgrowth
of ettempis to determine the relatciomships betwesn differemt

groups of bacteris se suggested by serologieal resctions.

The term antiger spplies to amy substance which {1, esuses
the development of speeific antibodies in amimale into which it
is injected perenterslly and {2} rescts speeificelly with the
antibodies produced. 4 heptenme posscsses only the sesomd of these
properties.

The development of our knowledge of the various reactions
which mey oeour when the blood or serum of sn snimsl is mixed with
verious begteria, beeterial yroducts, foreign oells, or foreign
protsin begen in 1888 when Huttell demonstrated th-*& defibrineted
blood hed the power of killing beoteris. In 1690 Von Behring end
Eiteseto showed thet the serum of snimels whioh hed recsived re~
peated imjectious of sub-lethal doses of tetamus toxim segquired the
property of speeificelly neutralizing these toxins. In 1853 Pfeiffer

recorded the ocourence of wantarimly-in, and Bordet elarifisd the



resction by showing the participation of wwo fecitors in the iysing
of beeteris, cane prwunt in normel serum and heet lebile, and the
other e speeifie, reletively heet stable feotor produced under the
iufluence of en eptigen. Uruber and Durhem im 1806 published the

i vat deteiled siudivs ob agglutinetion of beoteris. Ian 1607 Kreus

ouserved the preoipitin rewotivn with flltrstes fﬁ besoterial cultures
spd the homologous sers. fThe complement fisstion,firet wus devel-
oped by Bordet snd Gemgou{l¥0l) who showed thall antigen, sensitised
by specifliec antibody, {ixee complement. Houfold{lu04é; poinved out
the satigen-satibedy nsture of speoifia phagoytosis.

That sentigenie eaploity wes not limited to beeterisl cells was
shown by Bordet who deseribed theappesrance of lytic antibodies in
“he sera of animals injected with red blood cells of en snivel of
gome other species and showed that this lysis depended on the inter-
aotion of two distivedl substanoss s in the cuse of beoterie.

ihe desoription of the generel types of lmmune reecticns, sueide
from the practlioal eppliostions in medlieine, was the poiab of depurt-
ure for & vest smount of rescerch inte the neture oi the mechemisms
luvelved. The esseutiel feature of these sntigen-antibody resotions
is specifiecily, n phenomeaon ccummon toell blologlesl procssses [rom
uhe fertilisation of the ovum by the specific spermatesos, on through
ihe processes whioh lead to ths formaition of spesific structures
sheracteristic of the epecies, to the specific resmotions Lo injury
which lead to repeir by the proper tiesues elements and o the spee-
iflc methods of defense against inveding orgenisme. The study of
beoteris in which there ere o few possible points of struetursl d4if-
Ferentlietion, which are yet speeifie, and which are endowed wiih the

cepacity of indefimite reproduction of pure streins, was a greet abep



forward towsrds bringing the broed biologioal phenomens tw ivs
simplest terms. And further, fractionation of beoteris iato
verious sntigenie or chemicel cumy-onents and uee of thesy snd of
ertifioially conjugsted sntigens im serologiosl Gtudlies, have por-
mitbed subjestion of the problem to chemicel smalysis, whish must
provide the basis for s undsrdtanding of spoeifieity.

The preeipitia resction provided s method for differentiating
proteins, muoh wore delicate than shemicel means, snd akac-\nc.;i het
proteins heve & twofold speoifioity that of the partioulsr protein
end thet of speeies, sad thet esch protein contains s mumber of
seralogicelly distinet eompoments. It was found that with rele-
tively slight Lmmunigstion, en entisers would be produced whioh
would reset elmost solely with the weme or homologous eutigen, but
if the sermm were ralsed to a high titer the renge of rewotivity
would broeden until distinet resetions could be obiained with lese
elosely related sntigens, the noa-epecilio reactions Lelng more
mervked with the more clesely releted proteins. On the cther hend
the power of producing antibodies is grester the less oloscly re-
lated is the entigen to the serum protein of the suimel boling im-
wuniged. Serologiosl relationships heve been found to eUrry 8y uid
slosely with soologiosl elassificetions bsses on morpholegy, and bave
provided & meene of clsssifying meny bseteris. Thus, lomwnological
gtudies whow degrec of reletionship in the plenk enmd srimsl world

a8 well se speoifioivy.

Chemistry. Of the Basic carbohydrates, lipoid, emd protvein
material, the yroperty of entigenioity hes been assoolsted until

revently exolusiviy with the letter. 7The firet imunologicel
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studiei wore mede with becteris or blood but it wae soon found thet
ell soluble proteins ere satigenie if the teorm protein is iimited
to "those colloidel emino soid egeregutes which aonﬁah} the full
quote of amine seide found im complete protelin. s

sntigenic ospioity scems releted to the eromstic redicels in
the protcin. Gelatin which conteins inntly diemino eoids end is
leeiking in the erumetio wa sdids, tyrosime, phemylelenime, snd
ie low in tryptophsne, hes no lnﬂgg;anm power. Uther protelns pose
seselng the full complement of eromatic redicels but defiolent in
sume other emino soids sre sotively sntigenio--examples being ;liedin
whioh 1#@‘&3 lyeine, egg albemin whioh lueks glyoine, ossein which
iwku oystine and glyoine. Froteins which oconsist ohgifly of dismine
aoide »jith but emell smount of mono~amino ecide ere lecking in suti-
genio properties.

The antigenle sepaoity of proteins elso eppesrs to be releved to
moleguler sige, or properties rolated tu moleculer sige ss, under
oliroumslences in whish the protein moleoule is brokem down, iv loses
its envigenio especity. In this conneotion Zineser (19iy; suggests
that the sntigens must be wn«-dii‘fﬁuble .Gu}.laida. therefon, which
ceanut entor the o«lis to be destroyod there, necessiteting the furme
stion of soluble extrssclluler entibodies which may vemot in some way
with the foreign protein to esuse its dvetruoticn, mey be sntigenic.
It would deen to follow thet whem the foreign protein moleoule is small
encugh to be ukgﬁ into the eell by diffusion, sntibody [ormeiicn
beouwes unnecessary for 1is disiotegreticn end vonvequently we huve no
entigens thet ere mnot eollcidal., In support of this conception it

wes shown thet the clesvege produvss of o protein even when injeoted

¢ Bells-Chemioel Aspects of Immunity p. 26



Yogether, leck antigenic power and when ertificielly united se
piseteins the entigenic power of the originel meterisl wes restore
eds (Gay end Roberton, 1uls)

Also satigenic sotivity varies with different proteins, This
mey be releled Lo some extent to the esolubility but this is uot
the only frotor us serum elbumin is much less strongly savigenic
than serum globulin from the seme serum (Dale and Hertley, ivis).
Aleo the sntigenlo aclivity of & protein veries with the diffwrent
enimels \even of sewe species) inte whioh it ie injected. (Vells
page 24) The [E*] of the protein injeoted mey also heve some in-
fluentce on entibody formation, scid being somewhet more effective
then alkell in some omses. (Felk, 1023)

The best spprouch to the systemstio lavestigeiion of serum
resotions along chemiosl linmes i the study of the effevts of elter-
ed, srtificelily comjugsted, sniigens.

lmmunologloul propertiss of proveins sre ef'i'scted in different
ways by shemicsl slterstions Trestment with digestive casymes,
slkelle, welde, deoresses or destroys sutigenio sotivity, slkelis
belng more effcotive then seids. The antlgenie propervies sloured
by alkell are restored im part by mitrstion =nd to & less degrees by
lcdisetion. (Johuscu end Vormell, 1982)

More profiteble for study ere slterstions in the molesule not
destroylng immuniging power mad sbility to reset with satibodics.
Obermeyer end Plok (1906) found thet in oertein resctions suoh as
eoupling with disgobsngene or oxydising with permsngenste, species
speeifioliy ie preserved %o & lerge emtent. Vor exsmple précipicine
for the oxyprosulfonio weids,formed upon oxmidstion of vrotelns uh:‘u



permangensate, reaot . with the sntigen but net with the originsl
protein or with other oxyprotsulfonic seids. lowever, greeisr
changes ia the serologlesl properties of proteins ere prodused

by the sstion of aitrie, nitrovs scid, end iocdine. |Landsteliverjes
Serum proteins trested in this way lose their originel svecies
speelfiolty ut gein e new epecificity, sesovcisted with the newly
intvoduced group, ead shered by normslly unrelated serum proteins
thet ere chemicslly sltered by the seme prooedure. Thus an enti-
serum prepared sgaingt the nitrated gerum of & partioulsr wnimal
species feiled to reset to eny extent with the unaluwred serum of
thet species but resoted with & wide renge of nitrated sers of
uireleted species.

Sinoe the mitre grouy and helogen elements were known o
enter thne Lempene ring snd sinoce sueh chemiocsl slierations were
found te profoundly effect the specilleity of sueh vrotelns it
appers that the eromstice nuoleus, especislly the tyrosing group-
ing, plays & jert of peoulier imporience in determining spesificity.
It eppears thet ths changed eciivity of Lodo-proieins end bromo-
protsins ie mot due to iodine or bromlne in themselves but to the
tyrosine redical digsubstituted by helogem in the 3,0 positions
with ¢ hydroxyl vieinel to the halogen.

Huteners (lodd-by means of the method of syecific lmhibivion)
has oleerly demonstreted thet the serologicel specifiecity of xzantho-
proteins is due to the nltrotyrosine grouplng. Using numerc.s
releted compu.nds the suther found thet the resetivity dependson
the presence of nitro and hydroxyl substituents in the benzene ring,
sud & sorboxyl group, iree or esterified. Hitrstion of gelatin did

ot oonfer sntigenio propekies upon this protein and nitro-geletin
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wes not preeipitsied by immune sere to other nitro-proteins. .

Ha—this-ecnneotion Tt ie of interest thet by lodisation snd
nitration of different proteine sre mude serovlogiowliy siike. .i-
chough their originel chemisel differences cannot heve besa BomLLeL-
ely dose ewey with, it would sppeer thet the predominemce of sltered

trugturce meske the besio chemicul differences.

Ageldn there aere rewctions whieh effeot srumstie groups withoot
chenging species speoilloity. pze oompounds formed by eoupling | ro-
telns with dissobengene evill possess species speeificity, although
680 groups are undoubtedly linked to tyrosine. On the othsr heud
sgeaiéa speoifioity sea be ohanged without substituting erometice
groups. In fect come deoresse in speoificity oosurs when nutursl
proteins wre diered, ae by heet, formaldehyde, eta. |

Lendsteiner hes shown thet the salt ferming groups of the wmino
soids, the osrboxyl, hydroxyl, wud emino groups, else play & sigpifi-
esat pert in the devermination of speoificity. By esterificetion,
methylation, end asetyletion, he hes shown elterstion of the lsmanc-
logieel specifieity. For exmmple in the esterificetion of seld rediesls
by means of eold in aleoholio solutiom{l9i6-Lendsteiner) or ea intease
trestment with dlesomethene, ia FRASL Ry °§§M&“J£ﬁm Similer-
ly to the niltreted snd lodised proteins in that srecies spenifiolty
is to @ lerge extent loet end ¢ serclogicsl reis tionenip eppesrs
between similerly ptrested proteins of different speoles, If cus
visualiges the protein molesuls es & spheriecsl or eiriptical coliilag
of peptide chains with osrboxyl groups et the yeriphery of the mole-
sule, the pronounced effect of esterifioction of these grovpe sug-
gests thet the groupinge of the pwriphary,oriaﬂtsﬂ toward the solvuny,
piey 8 promicent pert.

Thue cheuges in specificity ere determined from the shurseter



and position of the substitutlong groups and alse {rom tas cHenges
in the struoture of the moleoule es @ whole whioh ovour quring we
of substitution.

dore recently Lendsteiner hes e, prosched the probiem frea wn-
other engle sterting with substences kpownend of reistively simple
compositicn snd building up synthetic sntigeune with knowncaemiosl
groupings, snd studying the influence of these groupiags on greeili~
oity. ihe chemioai grouping of tae substange to be tested i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>