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The specien, Lscheriohia ooliy insludss slraing with delinite
charartorisiics walsh fors & part of a large group of gran negative
basilli often dlsouseed in the litorature under suveh nawes as “the coll
group?s "the colifors organisma®, ote. This large group le linited for
the most part Ly fermontation of lastose. [fferts have beon made Par mony
years to classily this group of organisms ioto species thmt wonld hove
sone usoful end constent rolationship to sueh practical problems as
specific diseans protuction and feeal pollutian of weter and foods The
aarlier attenpgts %o ugle uwse of the antipene-antibody reastions all lad to
the soae conalusion, namely, that qlass! fleation based an that property
would lead $o the establishmant of & very larpe mumber of groups with no
relation to the eghove mentlioned prastical problems.

In pocont years the group has boon divided into Asrobastor, intopw
madinteg, and Lgoheriehla seetionss For this elassifiestion & group of
tests 19 used to which Parp {(1936) haw glwon tho mmemonic ®Havie®, Tho
tests are (I) Indole procuctions (M) the metiylered roastiong (V) the
Tocos-Frosiener test; and {C) the uwtilisation of sodium citrote ga ihe
sole earbon sowros. Thmg the Lgchorichla section has Tavic reactiong +e—
which means that the strains of that seetion produce indole from the dee
scoposition of tryptophans, produse a final pi in glucose broth of LaS or
less, fall to produce acetyl-otlyl carbinel fron daxtavse ard ae unsble
to utilize sodivm citente as the sole carbon source. The Aercbacter gasge
tion giwes the Tovis reactions ~=ee and the intorvedistes eesclion lusludes
straing which have one or move fSgehoriehls characteristlics and ons or more
of those attributed to Aswobacter. Hlow lactoce femwenting stralns of all
three soobions are recognised, Among the lattey are the parosolon strains,
frogqontly isolatod fyom many especially in gastro-ertoritis culbreais.
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Thess paracclons occasionslly do not forment lactose or forment it
slowly with the formotion of aeld, or sold asi gass The miehile
stralng are olso sowilsss Insluded meong 418 parscclon basilll,
Thege fermwmnt laotoso late ond on & lactose nodiue cuoh as eosin
nothylons blno agae glve off fron Lhe nmelagtose feormonting mwbher
colony a onell lactose fermonting colony o papilis.

Altheugh Smith and fesgh (1903) and Deyer and Zeagh (I50L) demone
strated the difforonce betuson {lagellae and pomatic antigen it was not
until the work of Yell and Felix (1017) with a partionlar strain of
probtous 1n relstien to typims thet soroloieta bocons interected and
fully aware of flagollary and somabtic antipons. lowdver, thooo shudying
the sorological melationships of the golifom group of organiars do not
sooear to havw mds ey pedticular afifert to LIl Uwir resctions o
either flagellar or somstic amtigons o, vhen thoy bave, the rooulte havw
not been reparted seporately as sachs

Herrold and Culver (1919) 4n a stody of motlle, {ndole negstive parpe
colons ond motile and nonsoetile "eoli", proctically @il indale positive,
found both groups hoterogonous, but the organlmms in the parasslon gioup
move closely ralated then those in the colon groups The suthove do not
state dafinitely how the artigons for antigerume wore prepaved or identify
the type of aggiutingtion. The agdutinetion may have beea dio to 0 mbl-
gons or both i and O entigens o8 the agplutimmtion tests wore lncubsled
for 3 hours ot 3I7° C.and allowed %o stand 2L houre ab room tomparature Do
fore bolng voad.

Dadgoon, Vordisy end Dowbrea (1922) found that most of thole hwumow
1lytic strains of coliforn basterla isclated fron urinery infections ware
agelatingied by o serin prepared fam ond of thom bubt the non-hamalytic
gtrains did not dhow sugh @ relationship. The motilities of tholr straine
wore nob noteds Thodr sglutination tests wore imcubsted at 50 - 559 ¢.



for 5 hours and left 1 hour at roum Lomporeture end the resultisg
aggregntes wore “emallts Froo this ome eoncludos Shab thay were deale
ing ohlefly with somatio antigons axd O acdlsoruns,

Stuart, Baltew, Slomerman, Hrowm and Stene (1900) added cellobiose
formentatlon o the Zevic yosobions and fount a corrdlotion botwosn the
sarologicel axd the Dicshuaionl groaplnge. Albbough bobth motlle and
nom=motide cultures wers wsed by these subtbors and antigorume Were prow
pared with living eultores they nede no diatinobloa botween flagella mud
smatic aggletimbtion in thelr popers

Stuarty Wheolor, Nustiglen and Zlaversmn (19h3) tested Useherichia
ooll, and stralns belonging to the paraculon group vith the Muvie roag
- Ulons e Hach group was tosted for aggintinsbion with its own antle
govums. §he paracalon organigms showed more relationship wibhin the group
than did bseherichia colis The peracolon group, as defived by the authors,
sopulsta of stvalns which fawment lactose slowly o with the forwition of
aeld only end of non-lactose Dormenting colilowd isolated from man,; eow
pecially in geslre-enteritis cutbresks. This study Lmelnded motlle am
mopeaoblls stiaing, oll Lmandsations were done with living culbures gnd
e aublors in thelr sumary stete, "Boomee of thelr eumplex serclogical
stesoture clavalliontion of paracoion basteria on tho basis of U ad O
atigens i Lpracticable.® lowover, the definitensse of this consinsion
hummmmﬁmmﬂmwwwmmm‘

dallick and Stuspd (Q9L3) isolabed (50 Ggelwrlichia ocoli stralng with
Tvle rosotlons see from one individesl and tosted thess with lton mwbie

gorums prodused asaingt 10 of these stralng, ‘ubpoguewt sbgorptions in-
dicated that 05,37 were antigeniteally identicsls From esch of 100 per-

sons umrelated to the above individugl a sbrain was lvolated gl the 100
stralng tested with the sene ten antiserurm. Clght slraine agglutinated
10 o titer suggesting cloge relebionshiy mbt absorption studies proved
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b
aly one o I» idontical with ayy of the ten straine, The madhors ine
cubated thole mwtile stewing for 2 hours at 37° €. followed by 12 ¢ 18
hours o 559 C.vhile nepvmotile cultures wezw ingubated at 550 C.onlys
From thls onn omy caoumd that flagellar agiutinetion was moted whon
progant, However, 1t is not reparted sopareiely which maine Lt 4100l
ecult to tell how much rolationship is due to flagellar antigens and how
muoh 10 somabic sntigoas, '

Taylor (19L1) who took especisl sme to limit her reastlons to
flageller agiintinations tested 50 coliform stralns with antisomns prow
pared fren thred of these. Her strains all peoduced seld and me in
gluoose, failad to forment sueress and fommented lagtooo, though oG
gave formontallon of the labiter sugar only afder severpl days ineubation.
These late labose femaniers vers mutedile stralnss O found thed 22
ebrains or UL, ineluding thops steaing usod ¢o make Lhe astiseruna, gowe
flagellsy sggivtingtion with ome or more of the thros astiseruns.

A2 @0 1ittle hos boon rocmrded of ZNagslloar anbipen relatliomabdp in
the eoliform group 1L soemd o us wortiwhile to eontinue the vl of
Taylar Y stodying the gerolagleal relationship duo o flagellar anbds
gena of one definile ssotlon of the eolifom groups The Decheriohia coll
seotion giving the Dwic resctiony +e-- was chosén., Tho streing need ine
olude B, coll mutabile a3 woll g O coll.



HATERTALS AND EETHODS

The work roposted in thip papor consiste of o sdudy of the
flagellor antigene of B0 straing of Sachoriohis coll (Tnvic eewe) by
neans of stralgit ep lutination tosts et cbuorpblion tects neing sommw
prepored against 10 of the strains. Of the 80 straino, 11 vewe of tiw
mtabile bypo.

Table I lists all of the (0 streink with data velobive to source and
biochondoal reastions at 37°C. Straine navied "stook® in the teble had
bos in the sulbue sollsstion for yesrs gnd were all originally isolated
from man, Tho obther styeing wore isolated fran pathalogleal speginens
and gbool specinons of man ol varios {ias dering the your and & helf
during vhich tine this study wos conducstod,

Al of the 80 gtraine exhibited actiw motility, bub $hore wes cone
sidorable variction in the proportion of organisss in the hanglng drop
fiold which showed mobillty at the time of cxaningtions dmsminatlons
were rads of broth cultures $het hed been insubated at 377 s for 15 w0
17 howrs anxd proportions of motlile organiany varied. Soos olealns gave
hancing drope in which prosticelly all organiora seamed to Le mobilo,
mwmamnmmmmm lisarly all mroportions
botween these extremws were cheorved 1 fhe entire groups

Astigenss To prepace an ontidgoen, oither for Lmmmisiyg @isals or
for agglutination teats the stook onltwro was sireged on 4 nolad oNe
traet agor plate axd incubeted overndah ab 370 Ce  Froo this plate a
aoth nalet colony was polootod el incculsted imo o tube of @ctrast
brothe Six %o elght hours lator the culfure was observed for motllity,
If motilo, o loopful of the culture wos transforred to o flasik containing
150 gete of infusion broth. This was ingubated st 3790, for 10 to 17 heours
If ot the end of that tdme the culiure still showed motile ergonioma, o
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e gladned snosr was exsained Yo gheck lor combaxination snd an
axiraot sz alant culture was nado for stooks Formalin wme added Yo
the flesk of antigen to & concontrubiss of O.2( and 1% wme stored in
the refrigovator.

| Agtigesums: The 30 oteains used for the prepgration of aMde
sorums e listed balow,

Skratn Yorioty Sgures
00 B sold murbsbile sioak
e Lo ooll mutablle stock
Idwarde Be cold wrlne
L2 s coll muiabile etoai
a2 Ge 001l oatebile altook
2008 i ©0li mutabilo BYool
g e cold stoois
Joodsian Be 0olf ueing
Jobhmpen B o0ld eppendix
Palloon s o0ld uring

ALl plsorums with the emsepiion of one ware vade frem adigens
widoh showed practioslly every organion motile ab the end of 15 to 17
hours incubation at 379 Os Tiw cwcoption, Hdwards, woes mate frem mn
anbigen widoh came fron two colonias, one of wideh ylalded a culture
contbadning fow rotile crgandens and i otlwy ylolded a culture in whieh
practically all orgm lsos wore mobtile, Theso culiures wern uvasd in
oqel pario. |

Rgbbite used for preparation of sniissruss weighed freo 3 3L to
& poundss Inorvasing Joses of satigen were glvon indo thw ear wiln
dadly for thyes dayo. The dosss Ware U5 CeGey 1 Culey M 2 C40ss
rogpectively, Occasionally an antmal bosame 111 after the first



injection, In such cases e lnjosticos were discombimed and later
gtartod egadn boginalng with the Cof cets anmad. Five or six daye
after the lasth Injooblon the rebbdt waa bled from the ear and the mtie
body titer of the serun detormined, 1If the titer was sotisfactory the
poliblt was Llad frow the carotide The samm woo placed in g sterile
vaseine vial and mertidolate added to 1e}0,000 dlutions The serune
e stored in 4w refrigerator, IF alter one sories of injeetisns the
titer wos lower than 1=-3200,a socond perdos was piven and Uw t4ter again
doterndned five doyw alter the last injostions This did nob in every ocunse
radss the midbody titer, Une somum: wob therefore nood o a titer below
| mhigens for Aboorptigns, These were sade by inosulating Hisko
bottles of 27 sger with 1 to 2 ¢s0s of an aebract Lroth eolture which had
bosn inoubatod overnight end diluted to 75 %0 100 cwns with eateast broths
The fmooulated Blakon wore incubated sbout 22 hoursy the bavboris washsd
off with 17 formalinised saling and lefb sbaxiing overnlght in penteifuge
tubes abt toum Leoporsture. Thess werw then eandrifugalised &b high speed
for gt loast 3} hours, the supwengnbant fluld peursd off and the organies
resuspended in & small amount of 02 foraglinised saline, 7Those andipons
wore otored in the refeigorstors Thoy vove alweys used withds 3 or L daye
Absarpbion Tosta, Mer the firot absorption of cech comun the basterie
wore not repeokod by comtrifugelisation becouse it wos thought possible
that sooe flagella might bo lost in mendpulabicn. To b 0x0e of the dow
sired baoterial suspousion 1 csce of the undiipted serum to be sbsorbed
woe added and mined woll, This was incubated at 37% G for 2 to 3 hours
a7 shen otowed in tho refrigorator ovarnights The next morming it was
pentrifugalised ab high spoed for 1) hours. The sasant of packed colls
mmmum-lemmmmmmlmh, I there was
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mors than 1 ¢ece of paoied eolls 0,27 fomsiinised saline wan added o
tedng the goman dilution %o 1 to L If 4t weo mecessary ¢o sbowrd the
soron 8 segond or third tize thw dilobed sorun was akied 4o o known
volase of packed baoteria. The final dilatdion of the sbsvrbed serum in
such Aswbenses was still rogarded as 1 to ke

Agalobingbion tesbos I or flagellar agglutination takoe plees vory
repidly and the agglutinated basterle ap.ear os lavge, bacyant olumps
uiysh gottle to the lower portion of the wbe, The gporegsice we gup-
posadly sompossd of dagilli whiech are bheld together Ly their tangled
flagalla and which re-digperss readily en shaldng,

In thiz stady aggiutination tesds previcus to ebsarviions were eet
up in tuboo whish wore then incuboted b 50° G for one honp and read
wiihout the ald of o Yo or sirrore  Agilebimation teste ualng ebeosiai
sovans were sob wp in the semo mmwmsr but reed with the aid of & mivrov
and oftertimes ardificiel ight, depending on vhat light was bests
Aggtut ontiom whioh appoared in one hour but which d4d not ro-disporee
on shaldng wos nob considered flagollar sgglutinaties. ‘hove tilews
wore 0 be dotermined, elthear befors or afer wheorption, seriel diloutions
of the sempg Wro made 4n the usual mommer, cach sucesading dilution being
doublo that of the precading ome. The highest of teose dilublons giving
uonistaleble agglutination of the I type was taken as the titer of the
serums The tubéa used were ) inoh by § inah soran tubos.



SAVELVEIRAL WK

To clagalfy tho 60 motile steaine on a basis of fiagollae
sgplutination, the flret procedurc was to test osch of the 40 sbrains
with each of too 10 mntigerunms Sdnoe 46 wos antledpated that nany
strains would not aggivtinate in any dd4lutlon with my of the 10 antie
sormme, & pralimdinasy test was Tirel oot wp conglsting of oue tube for
sach anbigem. The dliution of the antlserws in this proddmdnay tosh
wag 1850, Mntigens falling to agglutinato in tWde tost were disoanded
ﬁmmn&w. Antigens agginbinading in this prellinminary test
ware subsaquenily eot up wilh dilutions of mbisorw in the nannor do=
goribed ehove o doternine the titew. It was thowis possiblo thab
gush teote =izt be negetive in 1150 dilutions bub positive In o higher
dilution, that 18, that thoy mighd auiibit the so cnlled “20oe" phonmm-
onon, Howovor, agplutination teste on L0 of ¢ho straing, wslog & rango
of dilutlons, gave no evidencs of gush o phonooomons Tuble IT gives
the seeults of tltrstions on gll patiserms giving a positive pesult in
the prolisinary one tube tost.

%o otudy the rolotionghip of the flagellar mbligens glviag positive
agplobication Lests 1o the sew gnbloermang, sbeoorpbdon tosto were oavried
ouby 8o of Wileh wore sseiprocal, To determine cenpletensss of absorption,
tho sboorbed artiserus was tested in a 1350 dllution with the shoorbing
mitigin, the result beling real with the add of ¢ wirrer, IF Chis pioved
mogebive, tie sbewrbed andisorus was lostad with the warious antigens
wiaich it hat sgriviinsted before balng aboorbeds The resulis of all b
sorphion teeta are piven in Tables 11T, IV, V, VI, ¥II, VIIT and 1%,
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RESULES

in exgndinatdon of Teble IT shows thet the 21 stealns fail ioto
four geoups vhish @e olthey not related ot il or very slightly sos

Gne of these geoups combalng enly ene de eoll sbtrain, stealn 5.
Thore ame ten othor amall groupes one gonbaining fivwe strains, two of
whih gre mtedile, mnd the other contalning six streains. The titars
of tho astiscrusms for the varisus astigens vary consldemebly, iodicstdng
that no Len stealms 1o etthar of these groups have idenblosl flagellur
aniloen. MMWwﬁmm&m#u%afthmmw
ghare flagellar ostligene, diffurent oteelne contain then It weeying
gvnte and in combinabion with other antipone for which theve ore o
antibodies in the ten anblsewunss Tobles VIIland X give the results of
dosarption teste. Aldhough only oo rogiprocal sbsorpiion wos carsied
outy Lie resmite egroe wilth tho cbove stabamsst, e stralng vary 8o to
souree end imclude thom frov an eprendisy, = axudale, stools and & wrino.

Tho growp videh oproars moot otrldng insludes 10 straine, all of
wideh are ogglutinnted by the same five astiseruns, 100, 268, hi2, 712
m! Bdwads, i dUlutions comparsble with ¢the titars of the somuns for
tholr hooologous antigang. T was to bo ezpocted that strains contalning
the sase flapllar anigens as tho hawlogous stealn, when aggintinabed
thm1mmﬁngguwmmﬂMmaﬁuﬁM!Mw
balow the hamologous diter. lowever, sswe of these ambigens were agplotde
pated by on anblcerun in @ dilation two dilubtiens Jower than the homologons
titor. Thua it appesrs posoibls that they ney hawo vovy dlosely releted
but not fdontieal Clagellar anblgoend. Tn looikting over Tadle IT ona finds
mmmmaﬂmwmm%avmwmmmm
to titors which ave % dilutions below the homologous titers Doth the
mmwmmgutmmaﬂmmmmwﬂmm
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Absorption Testes with Antiserum 912

Tested SV S48
with Unabe Absorbed with
sotigen| sorbed | Hdwards 2680 100 442 A48 Fall  Kixk Grupe
Edwards 800 o ) 0 O o o 0 o
2628 3800 o 0 0 @ 0 o o ¢
100 800 0 0 ® 0 o G <] o
91z 1600 | 200 W0 W0 ¢ & o o o
4z 1600 200 100 e 0 G o o 0
140 1600 | 200 o0 W0 o o 0 0 o
Pail 1600 | 200 0 10 ¢ G 0 o o
girk 1600 | 500 00 W6 0 ¢ ¢ o ]
Cruse 800 | 200 00 w0 0 ¢ o 0 0
TABLE IV
Absorption Tests with Antisorum 412
tiserum 412
Tosted {——ro e
Sstigen | sorbed | Rdwerds 2068 100 238 MG Hall Kizk  Cruse
Bawards | 3200 0 0 0 0 0 0 o G
<628 6400 ) 0 o 0 0 o 0 0
100 6400 o 0 o o o 0 4] 0
91z 6400 | 800 800 400 @ o o o ¢
412 6400 | 800 800 80 O o ] 0 o
146 128006 | 80O g0 800 @ 0 o o o
Fall 6400 | 400 400 400 0 0 o 0 o
firk G400 | 400 800 400 @ c 0 o 0
Cruse 3200 800 800 400 0 e o o o




TABLE ¥

Absorption Tests with Antiserum 100

Antiserum 100
ibgorbed with

22 M& Fall Kk Cruse
800 400 800 800 8O0 800
800 800 800 800

800
1600 800

Q

B0OC 800 1600 800

5]

k=

o

Unsbe

6400
€400

3200

JeuC

Testsd

with

itore) sorbed| 268 Idwards ha

100

2028

Edwards
41z

912

Eirk

Cruse

TABLE V1

Absorption Tests with Antiserwn 262D

Autiserun 608
dbgorbed with

T W

240 Iadl [Kirg Cruse

==

Egwerds 4da Si&

400 400 400 400 200 200

2]
Q

400 400 400 400 400 200

<00

400 400 400 L0 200

@

Unab-

3200

3200

1600

Tested

with

eculturel soxbed| 100

«Oeb

180

Edwerds

Kirk

Cruse



TaBLE VII

sbsorption Tests »ith Antiserum Edwards

nticerun Fdwards

400

.l

b

MO 268 A 52 146 Isld Eixk  Cruee
0 0 200 200 00 200 200

00 200 A0 WO 200 20

RC 400 400 400 400 200

o

Unabe

3200

1600

1600

Tested

with

.1

412
91z

Kirk

Cruse



TABLE VIIZ

Absorstion Tests with Antiserum Pullman

Teated

Antizerum Pullmen

wilh Unabe Absorbed with
Sulbore | soxbed | CO@good sghogon Hicky GRGEDAE Efen
Pullman 3200 100 1600 o 800 1600
Qagood 1600 o 800 ¢ ¢ 1600
Johnson 800 ) o ¢ 400 0
Eieky 1600 5 0 ) 800 200
Ganble 800 0 804 G ¢ 800
Pfen 300 100 & 0 BOO o

 TABLE IX
Absorption Tests with mbium Jolnson
‘ dntigerum Johnson

?:::;ﬂ s Absorbed with
cuditure | _gerped | Gsgood Zuliuag Hisky Bfen
Junnson 12600 6400 6400 3200 6400
Pullesn 800 2C0 0 0 ¢
0Osgood 200 o 0 o 0
Hicky 3200 1600 o o 0
Pisn 3200 3&00 0 50 o
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dilutions below the howologous titer. Tables IV, VI and V7T give the
rosulio of reeiprocal abcovpbion tests of stralos 112, 2020 and Bdwards,
Thege show thet L12 is olosely relsed to, but doos mob have the seme
fla@llar aotigens as 2028 and Sdwards, which have identical flagellar
antigzens. AlShough there are nw reciprocal absomption teste using
stoaing Cruse asd fall resulte of the testo glven in Tebles IIT, IV, ¥,
VY mod 91T ghow that while related o, thay do not have the same fagule
lar golligens as eteein 100. Thoy aprote more like steains 912 end 12,
dome anbigong theugh they do not hove ldesticel flegellar antigens have
boen agzlutineted by mbisewwn to hasologwus or to highew Litars. Thos
i% gpooars that although & titer tmo dilution below the hemologous Liter
ngy indicate that the stewla Jdoos not hawe ideaticad (legellae antigens
with the strain prsdncing the anisorum, rovertheless ldontiesl titers
of go mtiserus for two or mwe different anbigens still dows oot prow
that the strains possese idemtical flagellm ardipens. As reciproosl
WtWMMtMﬁMMMMﬂbth
that it doos not poosess an antigon or entigens widsh the olhws stralns
do not bave, Howower, in the sbsorpblons dome 1t apresrs Like steaing
912 and 412 awd 42 34 containg ddenticel flageller antigons; the cone
sistently low ti%er with oll antdserung vould peon to be due to the faeb
that 4t is & lese soneitive ok igen thain the othors or eantalirs Uho mibie
gona in difforent proportions, T the shoovption tostoy none of the ab=
sorpbion dosos ware adjusted so that it wae possible to demonsirate @
gquantitative difforencs in the straing containing closaly rolated or
idertical flogeliar antigenss

Az the vegulie in the teblas show, the teo atook outablle otegine,
2628 mnd 100, hawe the aass flageller antigonod as the reoantly isolsted
wrine B, oold steain Ndwesds, and that the teo related stock mutabile
gtrains, 712 and L2, hove identical [leogollar entigsens, Thus thie



)
groaping of antigons s dependent on tasbts with only two perunn, soch
comiaining a large amowt of gouson spbibedy and what appoars %0 be &
eealisy momt of evibody cpesifie for cach serum, Ot stwaing in
the group, Kirk, Fall, Cruse and LG, oo S wvarying couroess Abe
parptions indleate thot thoy most nearly ressuble tiw muteblie sirelms
L2 ad 912, Towever, rociproogl shomptions weye not carwied cut on
thaso atraing go it is possiltle thad they elso contaln oblhar aabigwmis.
Ho abaorpdion tests ware carrled oub with strain 2671

e of the vary stedldng resvl 8 of Uide study 13 the high pers
ceckace of mutebile stralne widoh gave poeitive agglutination testa. OF
the 11 mubabile strdine 8 or 72,75 geve a posltive ag@lutinetion test
wdle of the other & stratney only 1) or 135 gowo & positive agplubl-
nation toot with ons or ndve enbiseruns, The eallsurune wWeie HEGO
5 mutabile pteebe and 5 otraine whioh peoduced eold and gas In 2 hourss
Teo of the antisemurs wore nade fren rmutobile eteelng having idmdlical
Flagellor aobigons, Throe astiserus vere made fros 2 rutebile stesine
endl 1 gteain fevonting legtese in 24 houss, all contalning idemtical
flagellar andigone Thorefors, anbiserums containing different antibodics
meberod only seven,which oy be represeated by antiseruws of fouy repid
lactose fommenting eteaing, two mtablila ghraing, wy! one, either br a
mubabile strain ar 5 rapld lactose forovting strain. Thus 1% is wery
ovident that the lawge pareentage of positive agintimtion tests given
by cmtabilo strains iz pot due to tho use of @ larger nubor of enbistrums
code fyom matabile stralug than fron other steeins esutalining different
Mmmm,mwnmfmmﬁamtmmmaamp
eantage have melated or identical antizene wilsh may also be contadined
in gome othor 5, soll strains,



SRERARY AND CONCLUSIONS

%o determine Lhs sowolosioal relationship of the {lagellsr antie
gons of Sscherdohia c0li, a study wes made of 50 motile steains isolatad
froz man and having Gl Isvico reactlions eeee, Of the 80 strains 11 were
of the sbtabile type. Antisoruns ware propered auelaet formglinised
broth adkigons of ton of Uw strains whileh were wey motile. Fwe of
tiwee strains were of the mutebile typo. Bagh of the mtisorune wao
used to $est a formalinised bewth mtigen of sach strein for flagellar
sglutination. Absovptlon tests, som of widch vere reciprocal wore
ecarried oud with most of tho strsing wideh gave o pesitive agglutination
et in o or aore mbtlioorEmg,

kn snalyals of the relationship brought out in %Ue resulds of Gids
study show thet in so far s thle Lwostigation hao gone, out of the 80
Es woli stealos, only 21 posovss flagoller anbigons reprosented by mntde
body in the 10 mtigorimg. A study of these 21 strale showad that como
sorane bohaved as A€ they contalmod tiv sane flogeller entibodies. Tinas
the 71 stralue wore growed by sorune gontaining enbibodles for soven
flageliar anbipen cosplexes. The 21 sbralng fell into fourr groupy which
wore elther not related ad all or very alightly aoe The larjosiyad
antigonically the moot complote of thooe groups Wae Hrmmed by & sulabils
straing and L other stralan. Abscrption teste carried out with the
shraing of Lhis group proved that mutabile strains and rapld lastose fer-
menting shralnn mgy contaln identlcal flagellor antigeud oF nay have vary
closaly related Clageller entdgensy that esch of the two anbiservas of
thio group contained antibodies Zor ab least two antipmic corpondits, o
of which was comaon Lo all straine and ancthor more epecifie; that sotdgons
nay heve closely related bub nob ldentieal flagellar mbigeee md b8 aggin-
tmmmmmmwwumumm.mmwm
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Souress and isolated vears apart mgyr have ddenticel or clocely relsted
flageliar amtigmne, '

Ona group eonsisted of only one straine Two other grouwe ovom
wmwamfmmmmiahmwmwm
sntioureng to varying titers, indleating that the difforent strains
oombalned the flagellar satigens in dlfforent meurds togetier with
othar stigns for whilch the avtisorre oyrdainad no antidodics.

& noried difforense was fowsd in the mmber of mubedile straing
and rapid lactoss femmonbing etralns agflutinating i{n the sotiserais.
OF the 12 wubabile etedss § or 72,70 gave positiwe agilutinebion tesbs,
while of the other ) strd us only 13 or 10.07 gave positive aggiuting-
tion testo. Although Vhis 1s @ very emell mmbor of gtraim, 1t gpposrs
mttmmbeammunwmu.ummnmh
mmmmmmmmmamaummmmm
than are those of the obher B ooll.

Do Be 00ld mutebile sterd ns vore fwnd which wore very unoteble
with regpect o moldlity. Aan ol motile and sgointinabls Hroth evliure
of § to 16 hourw whon wsed for an imooulon %0 & bruth redivn gowe o cule
ture conteining eppromingtely one=tiisd vory motile argenisms that would
not egglutinate with the homologous antlocrun uhdeh had bean mads against
an all wotile enlture. The instebility of the mobility of these shraing
in seh ¢ shord time and tho falluro oF sowe cultures Lo agghitinate
nalns NBeessery £ atudy of flagella snd wobility in velabion to egzlutingw
tion of Ze 0oll before any furthor work on S flagellar antigenic ralos
tienshdp do undertaion, The detalls of the obeorvations made on tide
phenaeenon are given in the appendix,



APPRENGIX
loea Fhase Varlation with ‘wspeet bs Hoblllty dxist in the ks coli¥

Flagellor agglutinetion s booa uwsed mainly in the sbudy of B
typhosus ond Salmonella group of orgenisns which are usually motile.
Thore eve both motile and moneaotdiie L. ooll straion and prasticslly
ne wordt has been dons on dhe motility ond ¥ antigons of theso organionn.
It heo beon ssoumed that & formalindged beoth cultars of & wotile & oold
strain vould be aglutinated by its homologous antibody in 8 naumor
corvesponding to that of L. Syphosus or ey of the Salmomella atreins,
Toploy and Wileon (1937) say of Salmonolls, A fovmoliszed broth eulture
of a flagelictod species meadlly agglutinmntes in the prasence of the
honologoos | agglobindns.” Oealgle (1931) in his study of the serelogleal
roootions of Bs typhosus shook matile typhosus beoilll el found no the
basilll begane demmdod of flagella and the Magells undervont fregaoitbas
tdom, the mount of Clageilar olunping 4n antiserus becwmss loss, Afher
~ his strain bod bom in use for sous & 100, 1% booame less wotile and o
definite gramli elenont apeared in the agsiutinations Teylee (15L1)
in her stody of flageller sntigens of Gy coll found aggiubimstion of
stroing slwwing varying eowants of wotilitye Oad (1937) and Card ond
Peilmson (1939) found in normel coliform mone-gcpaoifie flagellar eotigen
with no phase varigtion of the Salmomelln typds leluffe, Hdeards, s
Broney {1542} have reported the prescnpe of mopophanic type of Salmonellas
flegellar antigon 4o slow loctose ferventars with Tavic resctions —i—te

In thic stady it weo essuned thatl formelinised broth culbares of
B 0014 with varring degrees of motildidy woald show sore agoiubinagtion
with hamologoud amtisoruns, It wos nob until the steaight agglotinebion
toste had boon oomploted that the quostion of modility in relotion to
ageintination arooo,
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The original sobipgen of the mtablle shealin B0 gewe & typlcal
flagellor aggletinetlon with 1te hooologeas axbiserum, Wine wmonbhe
later whon the stook culture which had been dmoeulated from She oullure
used o maks the origingl andigen was ingeulnted to infusien Droth and
mmxﬁul?mwmmmwsmmmmmm
smne homologous antiseres, Shen the sipein was paspod froo one bmwdh to
another, o each day fop two days, using & serles of infuslon beeth e
anothor serles of axtrast bruth, npithor of the finel cultures sgsintimatod
in the hemologous abiscomi. When o streslk plate was made walng on ine
ooulm from ond of the beoths or fen the stoek culture and oo colony
ploled to infusion bw'oth widoh was Lnoubsted fyom 15 to 17 hours, thoro
was 0o agglubtinetion with the hoeologous antisotum, owen though eppoti-
nately one=thind of Lhe orgamlang appeared vory mtile.

Althsagh no phose variation has been found, specific and noneepecilihp
N eatdgons have beon reposted 1n the eolifor: groupe Thooo findings suge
gosted the possibility that the fallure to agslutinete with the homologwus
anbisorun mght bo dus to phase varfation. The followlng aKporinont was
dome with that in mind, An oxtenobl oge plate wao streaiod with en ine
ogulmm fron the stool culture, inoubated for 14 hours and 15 colonies
vere oonh trancforred Lo a 2 .0 wiumoe of infunion Wwoth. The broths
wero ingubsted for 6 howrs ond fren thoue mesroscopic sgglutinetion bteste
wore sot up using tho hosologows anbiscemm ab & diiution of 1100 Tiwee
colturos gave a pasitive agglubingtion test and when hanging drep preper-
ations vere nade for choorwing wobillity, ewvery organion In the field of
those oultures appomred aobtlls, lenglag deop preparations of those mul~
turas vhich gave mo agglutinetion contalmed spuwoxinatoly onowthlrd er
less motile organdisns. Thore did not sppear to Le eny differance in the
dogroe of xobility of the individual motile orgarioms in the gpglutinable
and moneaglutineble cultures, The sbove resulbs with slight varfetions
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in the manbor of positive agglubinabloas wiow cbocrved ot least (hove
avs. In onp exporiment, when an agglutimble and all motile beoth
culture wao uwsed tho oane doy At was tested to imoculate another Lrubh
which was lsoubated overnight, an aggimtlabie entigon resalted. This
wos (ried sovergl other tineo and oould not bo sopoated, To obtain o
sabisfustory satigen fyon an dnooulum of g all noddle and agsintine
ghle oulture, it wes moosssary to noke s streal plato sod incubabe
ovaraights Then 6 %o 10 colonics woro sash trawforred 4 a 20 to 30 cede
volune of infusion Weoth which were imgubatod for § hours. Haoh culture
woe tosted separatody fur wobllily and egglutinabionyend those found
sabiafactory wore pooled for an mibigem. To nalke gordain the steain
ww nod roughy & nonagglutisabls oulbure showlng appronlzztaly ondw
third motileo orgmiges wes lnocoulabed bo en agm slant. The Lnosonloted
sgae wap inouboted gvernlghh, the organdow were vashwd off with saline
and lasteds This ghovod mo olumping of bosteris.

4 portdon of the @tosit culture boseme moldy sl o new ook was nade
directly Orom o noapepoldy peetion of the sbosi cultwre, Pour emperinonts
wore Gong io which Gho now obock wos uwsad for the inpeulum. Tn Gash e
porinent 15 to 20 colonles were toenaforred fyes g 10 houwr stroghc ager
plate, eaoh to o 2 cece volumo of infusion brothy dncuboted for 6 to B
tours and then teoted for agglutination wibth the homologous entiperwn, ALL
wesw megative and no culbure contained more than gpproxioately ondwthird
motile orpm loas. , :

Stesin 200 dhoorption mobizen was : ade frou e incoulun combaining
sprroimately opeethdrd mbils crgm iems gb tho end of O houre imcubation.
This antigen aboorbed sntiswmrums but whon diluted failed to sgalubingte
in sy dilation of the homslogous ontigorum,

Steadn 2608 1s a mutebiles plrain which containg the smse flagollar
anbigens e otrain 100, Untll recently 2028 gave an wgplatinable enliure
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when imsoulated directly from the stosk culdurs to infusion bwoths To
asoure an azzlutineble ardigen 4t boomwe nogeosuyy %o ploto cubl the oule
tire, plok golondes %o Dewth and lmsubobe. Fron thege culbwres the oot
motile onlture wer solested ol uned to makg mothor stregk plate and
aftcr the plate was incubotod svemmight 10 %o I colonfen wooo agein
tramforred to broth gxd incubated for & 4o § boure oftor wivich epch
gulture was teoted for motility. This was codimaed ustil o all nobile
endtuore v oldalned wideh ag@flutinsted with the homologoos antlsorum.
Diregt inooulmdion of this culture to @ Leoth mdia did not glw an
aglutimbie ontigen, The agzAvtinabile oulturs was ctrogted mm an axtract
agwr plate and incubsted owrnight. Ot to 10 of the colonics wore osah
tpansforrod 50 & 20 50 30 Cets VOLumd of cxbract broth and incubatod over
night or to infusion broth and inoubabed for eight houras Sesh culiase
uas tested soparately and moot of thom would apfutinete with the homow
logme anbiserum and would dontein all =obile cwgarions.

Vhan Yep mybtabile ooltures, 2620 and 100 wewre incoulated into beuth
end yialded a culture contalning eppraxizptely ew-thivrd mobtile organisng
4t would not aggflotingts in the prosence of the homologous antiserus which
had beon made agalrod an all motile culbure, Uhen the proportion of metile
wmmm“um«mtmmmrmmw
Sainonalle culturus whioh give flagellar aglutindienm with homologous
aotioesun, thovo 45 no cbvious difference. The faot thub these twn 5. celd
mitabile eteains do not agglutinsbe wxless every orgeris: in the field
apoesre motile very defimitely raises the question an %o whether tids
failuore to agglutinats with sn hosologous aobimerum ia dus Lo phase varie-
tion, to the sncund and distribution of flagellar substances or $o o o
binabion of thooe festers. Also, is this a charscteristic wileh cen be
foumd only in tho mutabils type of N, oolle
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