4 S{UDY OP THE "H" ANTIGENS
UF ESCH RICHIA COLI

by
Jean Taylor

A Thesls

Presented to the Department of Bactericlogy
and the Graduate Division of the University of Oregon
in partial fulfiliment
of the reguirements for the degree of
Master of Arvts

June 1941



APFROVED

majfr Adviger

For the OGreduste Comnmittee
of the University of Oregon
Medical School

WMD,O 1571941



TABLE OF CONTEETS

I,  INTRODUCTION
II. EXPERIMENIAL
 A. METHODS AND MATERIALS
B. RESULDS
III. DISCUSSION
IV. SUKFARY

1.
Ge

31

3T



INTRODUCTION

An enormous amount of work has been done on the
serological reactions of the colon group of baoteria and
upon Esch. so0ll specifically. Investigations earried out
early in the century showed that there was ne correlation
between ocultural and aerblagical reactionis, The general
conclusion faruéﬂ was that althaugh strains could be
grouped by cultursl end bioecheiical characteristics, each
was distinet on the basis of agglutinin production..

Van Loghem (1919) expressed the orinion thet the
saprophytic nature of the colon bseillus sccounted for
its sntigenic varisbility, and that as scom as e strain
became pathogenic its antigunia'natur& became sonstant,
Further investigstions of pathogenic colonm bseilli strains
by Dudgeon, Wordley and Brewiree (1931)3'lsybr and Lowene
berg {1934} and others showed an antigenic reletionship
among strains 1selated.frem infections. Thelr resulta
showsed not a complete antigenic homogemeity of pathogenie
straine, but thit strains isolsted from the same type of
infection showed an sntigeniec similerity.

Serologlcal inveatigetions by agglutination teste
of the coli strains isolsted from normal scources which
were carried out by Hess {1926) and Strunz (1926) showed
a relationship among various stra;ns although the veriation
of titer with different strains indicated that the streins

were not antigenically identical., Oszeckeli (1924) stressed



the lmportance of sgglutinsble streins of B, coli; ine
dicating that scme straine have a mors elaborste antigenie
eonfiguratian than others, and thet an immumne serun proe-
duced by a polyantigenic atréin might be used for the
dlegnosis of B. coll infections., It 42 well known thet
some strains of B, coli are méadily~agglut1natad in
human gerum, while others .sre not, Thus, when testing
sere for normal agglutinine, cere must be taken to ome
pley an agglutinsble strain., The antigenic differences
between a strasin which is agglutihahle aﬁﬁ those which
are not agglutinated in such & serum hes not been ine
vestigateds, In factAa detailed entigenic anvlysis of
the B, coli group has not been made.

In previous studies of the sntigens of Esch. coli
nothing has been reported on the relationship beﬁwaen
the motile strains on the basis of flagellar mgglutination,
Early attempte to group eoli str:ins serologicslly (Dur
hem, 18063 Meckie, 1913) were unsuccessfulj the cone
elusions reaéhed were that coll streins veried widely in
their antigenic make up eand that grouping of straine on
the basis of agglutinstion reasctieons was not probable,
In this work no affort_ﬁas made tc mask the uamatia(or
preserve the flegellar antigen. #As previously stated
Dudgecn et. al. {1921) noted that the hemolytie coli
straeins could be frouped by agglutination ?eactibna,

however the motillity of the strains was not expressed,
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In ¢lassifying the gram negative haailli'@f renal ine
Herrold snd Culver {1921) found that the paraeolon
baeilldl (nonelactose farmantars} could be grouped
serologleally. All of the strains tested were motile.
The antigen used in the teats was a killed culture,

but no mention was made of the method of killing

nor the typg éf‘aggiutinatiw# obtained, This scems to
be the‘cnly au&geatisn in the literature of ah antigenic
relationship among the matilevstrains. Inlﬁhia work
care was not taken ta~eliminate or lupraaa’sggiutinatian
due te the somatic antigen, and the authors do not SUZ -
gest that the realtionship wight be due to the similarity
of the flagellsr substance of the motile strains.

The flsgellar sgglutinogen was proved to be dise
tinet form the scmatie sgglutinogen by Smith and co=
workers (1903, 1904, 1924) who worked with a motile
gtrain of B8al. chelera suis and ita non-motile varient,
I% ;s generally agreed that the flocecular type of age
glutinztion produced by motils organisms in e homoe
genecus antieserum, in contrast to the grenular type
produced by non-motile orgeniems, 1s caused by the
reaction of the flagellay antigen and its antibody.
¥icroscople examination of this type of agglutination
shows that the bacteris themselves .re not massed

together, but that they sre held in clumps by the
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entangisﬁ fisgelle, This sgglutinetion hes been termed
by Weil and Pelix (1920) "H" sgglutinetion, and 1t is
a nerologiﬁal‘charaeteristic of motile orgenisms,

The flagellér antigen is heat labile; heating at
70°¢, for 20 minutes is sufficient to destroy its abe
ility to mgglutinete in an immune serum, Fhenol in éon-
centration of ,5% s well es alechol slso destroy this
property of tﬁa flagellur antigen, Conversely, formalin
in a .2% concentration enhances the "R" mgglutinaticn'by
masking the scmutie or "0" type, The agglutination proe
duced by the reactlon between the flsgellar antigen and
entibody consists éf large floceules which rafm e thick
layer in the bottom of tﬁe tube, but whieh cen be essily
breken up by‘ahaking after which it egeln settles, This
ie in marked contrast to the type of agglutination proe
duced by the somatic antigeneantibody reaction, These
propertlies dlstinguish the flegellar from the somatie
antigen, | '

Investigations of the "H" antigen of other ore
genisma show thet in some cases, as in B, prntaga, the
agglutin: tion resction of the sntigen serves to group
these organisms. On the other hend in the cese of
Eberthells typhoss the flagellar antigens are &peéific.«
The nature of the flagellsr anbigen‘in organisme in which
motility is not 4 senstant Feabupe hes never been re=

ported as such,
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Mot 1lily is not e cherscteristic of all strains of
Eechs coll; in fact the motility of a single strain varies
with cultural conditions, It seems that this cherscterw
istie wus for the most part overlooked in previous clese
ﬂifiﬁﬂ%iﬁnéq Many ol Chese, such ag that of Herrold and
Culver {1921} include motile and nmonemotile strains in
the s 'me group, In tﬁ@ attempted %aﬁdldgical classifica#ionn
ne partioculsr attention has reen givan,tha\flagellaf
antigens and thelr agglutination raactians,

An investigation of the nature of the "H" antigens
of the motile coli strains on the hasis of their resction
in aﬁ immune serum has never been raporta&. The results
of such an investigntion would be of value in proving
vhether or not the flagellsze of motile ¢oli streins rre
of a hetercgenccus or & homogeneous nature. It is with
the purpoese of maeking such en invastig&tién that the

following work was undertaken.



EXAPERINENIAL

KETHCD AND MATERIALS: This investigation was
carried out by preparing four immume sera and testing
the agglutinating power of theae sera with fifty ane
tigenss A positive test, agglutination in a serum,
wes considered as evidence of =a siﬁilarity in chemicel
composition of the strain from which the antigen was
prepared and the strain which was used for immunizing.
It was hoped thet the motile eoli strains would group
themselves by the agglutination resctions of their fla-
gellar antigens. The number of sera used is smell and
wea further limited since two of the sera agglutinated
members of the same group leaving only three grouping |
2878,

The eoléﬁ bacilll which were used to prepare the
antigens for the following experiments all produce scid
and gas on giueose, fall to ferment sucrose and ell fer-
ment lactose elthough some, the mutabile strains, are
late lactose fermenters. Twenty eight of the strains,
ineluding those used in the preperation of immunislng,
antigens, were from lsboratory stock. The rest were is-
olated from stcool samples obtained from Hultnannh County
Hospital. A motile strain wes isolated from approximately
one quarter of the stocls cultured.

The elimination of "O" agglutination in the tests

waes undertaken in two weys. The use of formol killed



suspen&iéna as testing antigens tended to mask the "o¥
éntigsna which might be present, Alsc s short immnization
period wae employed in an effort to obtain sera before

the "0" agglutinins hed formed to any great extent.

The streins from astock were piated on extract ager
and isclated colonies transferred to agar slante, After
an incubation period of 6«8 hours these cultures were
examined for motility. If motile, a loopful of this cule
ture wes transferred to a Blake bottle to which B et of
saline had been ndded. After a period of 6-8 hours in the
incubator this culture wes tested for motility. The
motile cultures were allowed to incubate for 48 hours
from the time of planting. The culture was not expected
to be motile after this long incubation period, but it
wus assumed thet because there was active motility in the
culture at one time there would be flegellar substance
present, if not on the bacterla at lesst free in the scle
ution.  The growth in the Blake bottles was sus?andad in
10 ecs of 2% formolinized seline and removed from the
bottles and placed in the refrigerator for 48 hours, at
whiah time each antigen was tested for sterility amd for
contemination.  The sterile cultures were diluted to
10 times BaS0g stendard #3 for storage and diluted 1-10
as used, ‘

The early agpaarnneé of "H" sgglutining in an ime
mune serum wes noticed by Smith and Resgh (1203). 1In
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their original work on flagellar agglutination, they obe
served that in order to obtain somatic egglutinines a

much highor degree of immunity muat be confarrcd‘th:n
that necessary to obtain flagellar sgzlutinins in the
antieserum, The relatively high amount of "H" agglutinins
produced in an entieserum is not permanent. The amount
of "0" agglutinins increases disporportionately as the
immunization 60ntinuea end soon the titer of "0" age
glutination exceceds that for the "H" which remains cone
stant after its initial rise, The titer of thaéé'lera,
while low in cowperison to some "O" sera, is high for "H"
agglutination,

An immune serum was prepared for each of four
actively wotile strains, two of whicli were mutebile strains.
The objeet was to obtain en immmumne serum aohtaining the
greatest amount of flageller agglutinin with the least
emount af somatic asglutinine, end for that reason the
following plan for immmnigetion waé fulluwadg.'ﬂabbitg'
of from six to nine pounds were immunized; the animnls
were given five daily injections of graduated doses;

«1 co, on the first dey inereamsed to «6 cc. on the fifth,
The injections were made slternately in the right and
left ecar velns, Four or five daye after the f£ifth ine
Jeetion 8 cec, of bloéd was taken from the heart of each
rabbit, and the sera tested for the prasena§ of "HY age:

glutinins, If the titer was l+5120 the animels were bled
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and the sers preserved with merthiolate 1-10,000, If the
titers did not reach this figure four or five more deily
injections graduated from 6 to 1.6 ce. were given, ﬁive
days after the final injection triel bleedings were made,
in in all cases the titer was st least 15120, At this
time three of the animals were bled to death for serum,
Forty ccs of blood for serum was taken from the other
rebbit, them it was given another series of four daily
injections of 1,5 cc.; the £ifth and final injection wes
2 e¢e of sntigens Ten daye lster 40 ce. of blood was
taken and the serum preserved to be tested for 2 change
in titer, Thirty days after the last bleeding, during
which time no further injection of antigen was made, the
animal wee bled agein end the serum prepared and pre-
served for testing, The titers of tha‘four different
sera obtained from the same ratbit during and after the
immunization period were compared in order to observe the
maintenance of the "H" agglutinins, }

Changes in or loss of motility during the culture
series involved in the preparation of the antigens pree
santeavan annoy&ng,prsblem which wes sclved ﬁatiafnetérily
by growing oultures for motility tests on extract agar
glents to which 1 ec., of sterile ssline had been edded.
After 648 hours incubation a hanging drop prepared from

a2 loopful of the saline would show motile organisme Iif
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b the strain was the least bit motile. If the motility
tests could be mede within 8 héurs, incubation st 37°C.
was satisfactory. If, however, it was impossible to make
tk@ytest until’afﬁaﬁ the cultures were 1218 hours old,
they were not incubsted but allowed to grow at room teme
p@raturaﬁ This proccdure prevented overgrowth of the
culture which sugresses mctilit?.

Hotility, if present, was rated on the basis of 1 to
4 pluss A 1 plus motllity rating was given those strains
which showed under test conditions oniy a few éiuggishly
motile organisms in a field conteining many nonwmotile
bacilli« A 2 pluse motiliby rating was given those strains
showing motility, sluggish or active, of about half the
organisms in the field. The 3 plus reting was given those
in which most of the organisms in the fleld were motile.
& 4 plus rating was given those strains which showed
furious motion of every orgenism in the field. No strains
with less then e 2 plus rating were used for thé pree
paration of antigens and the antigens used for immunizetion
wore all prapare& from 4 plus straine. The test antigenu
were prepared in the same masnner asvhha immunizing ane
tigens, _

The method of obteining strains from stool samples
was to emulsify e loopful of the sample in B ce. of saline
and streak from this to Endo's plates, Iaalated typiecal

cclonies from the plates were trensplanted to Russell 's
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double suger and sucrcse brothe If the resction on
Russell's wes acid end gas in the butt of the tube (glue
cose fermentetion) end ecid on the slant (lactose ferw
mentatien), and if there was nec fermentetion of suerose;
the organisme were considered to be Esch. colli and were
tested for motility in the mamner previcusly deseribed.
Antigens of the motile strains were prepared following
the sume methods es thet used for the preperaticn of
immunizing entigens.

The Endo's plates which showed white coloniecs were
set sgide at room temper:ture end exemined delly to see
if the red (lactose fermenting) deughter colonies ope
peared., Isclated colonles of this tyre were replated on
Endo's and colonies rrqm this plate trensplanted to lacwe
toee broth. Repeated transfers in lactose broth incressed
the ability of the strains to ferment this sugar., After
proving the strains to be late lactose farmsngars or
ecli »utebile straing, the motility was tested and if
the strains were motile antigems were prepered using the
same method as with the other BZsch. coli uﬁrains, The
antigens were identified by numbers,

The method of testing for "H" sgglutination was
&8 followsg Serial dilutions of serum from 1-10 to 1-85120
were made in saline and .5 co. of each dilution was added
to a serles of serum tubes, 4 x 3/8 inches; s control

tube containing B ee., of srline was :dded to esch test
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making & total of eleven tubes in caeh series. To each
of these tubes .5 ce. of the sntigen to Le tested was
added doubling the dilution of the serum. Rach time a
group of tests were run using the same scrum with 4if-
ferent antigens, one series of tubes containing the ime
munizing antigen was always run as a cheeck on the serum
and &8 a stendsrd for comparison in case agglutination
should qccﬁr with some of the other antigens. The tubes
were pléaad in a water bath at 62°0., and axnmined et half
hour intervals for the first hour and hourly thereafter
until the fourth hour and again after 12«18 hours in the
ice-box, In rewéing the agglutination results care was
taken not to shake the tubes before reading, as the ag-
glutination due to the flagellaﬁ eantigen 1s aaaily.
broken up and might be missed. After the determination
of the presence and amount of agglutination, the tubes
were shaken in sueh a manner that the particles on the
bottom would be dlslodged and swirl around the bottom of
the tube without dispersing into the solution, as would
have been the case had the shaking been vigorous, The
size of the particles wes observed when they were in
motion, and from thiglthn typre of sgglutination ocecurring
was judged. It was found in most cases that the "H"
agglutination took place before the seeond hour, in faect
the antigens which were strongly sgglutineted in & serum

showed egglutination in mmm of 1-320 to 1-1280 at
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the end of 15 mimnutes in the water bath., However a come
plete titer wes not reached in any of the antigen~ anti-
body combinations tested aftey this shert incubation
period, In some cases sgglutination did mot appeer until
after 3-4 hours, and in others no agglutin-tion aeppesred
until after the tubes stood overnight in the ice-box, Conw-
‘sldering the time taken to agglutinate, one would conclude
that this wes "0" type agglutinstion, but the character of
the agglutination was that of the "H" typé. The grsnuleyr
type of agzglutination did not oceur or et lesst it did not
occur separately from the "H" agglutinmation, in which case
the granular "o¢ aggiutinatian would be masked by the
floccular "H" type. In the case of the homogeneous antigen
and'anﬁi~serum, the agglutinatibn in dilutions up to

1-5120 completely cleared the tube and s loose mat of age
glutin:ted antigen which could eesily be resuspended in

the solution by shaking ;ay in the bottom of the tube.

In the higher dilutions the agglutanation was not as come

plete and the solution never became clesr, but the

antigen seemed to‘clump together in loose masses which
would sometimes settle after 12«18 hours 1# the ice~box.
This type of a;slutination, although it did not immediately
gettle in large floccules as is gharacteristic of e
aggiutinatien, could not be considered as gramular "O%

type because the messes held in suspendion were larger
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than the grenules which settle out in "0" agglutination,
Some of the hebterogeneous antigens produced this tyéa'ot
agglutination, clumps suspended in solution, even in
1§w dliutions of the antieserum, but in other ceses the
agglutination of the he terogeneous antigens ﬁae very.
slmller to that of the homogeneous antigen in appearsnce
a8 well as titer., |

In order to determine the amount of "0" agglutinins
present in the sere, "0" antigens of the four immnizing
strains were prepared and tested in their respective anti-
serum. The étcek strains were plated out on phenocle
- ized ager which was prepared by edding 1.5§ phenol to
extract agar. Isalated ecclonies from these plates were
transplanted to phenolized agar slents with 1 co. of sal~
ine added, After a suitable insubation period, these cule
tures wara‘teataﬁ for motility. The phenocl supressed
both gwawth,énd rotility, but destroyed neither, Then u
oulture was made on & Phenolized slant without aalina.
After 48 hours iaauﬁntian this culture was amulgifiadv
- with B ces of ,25% phenolized saline. “é” antigens were
also prepared by heating a saline suspension of esch
| strain for 1 hour in a water bath at 20°=100%, The
suspensions were m:de from 24 houy growths on extract
agar slents. After hesting the suspensiani were diluted
with saline to mateh BaSOy standard #35. Agglutination

tests were run with both types of ®O" antigen.
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In the agglutinatiﬁn tests a negative result was
considered final, wheress, on the other hand, if age
glutination occurred at eny time, 1n'&ny dilution, the
test using the same antigen and anti.serum was repeated
at least three times end the titers obtained each tiﬁa
compered. Also, to eliminate thé'yonsihility of age
glutination due fo the normel presence of agglutinins
for the antiwserum, those strains which were agglutinated
in the iwrune serum were tested with normel serum teken
from the animel before the immnigation wes begun, The
tests on the normel sera were not reesd with a lens, This
was not aonsxdermd'naeaasary since the "H" agglutinine for
which the tests were made primerily if present would csuse
an aigzutin&tipn visible to the naked eye.

RESULIS: Antiesera were obtained for four dife
ferent motile Eschs eoli strains. The identification,
immunizing sntigen and titer of these sera are listed
in Table I. Ten dilutione of each sorum from 1-20 to
1#16,240 were used in the teats. Agglutination occurred
in the tenth ture in some of the tests, expeecially those
with the homogeneous entigen, however it was not cone
sidered neeaséary to use higher serum dilutions eech
time the tests were run because in e test eapeeially
made to determine the absolute titer of eech sntigen with

its lmrunizing antigen, it was found that 1-10,240 wes



TABLE I

"HY AND "O" AGGLUTININ CCNTENT OF IMMUNE SERA

SERUM
1T
v

Vil

IMMUNIZING
ANTIGEN

2
#4
#8
#7

"H" TITER
1-5120
15120

1+10,240
1-10,240

"o" TITER
18560
1-640
1-2560
1-1280
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the highest seriasl dilution in which egglutinstion oce
curred.

Agglutination tended to occcur in higher dilutlana
with incressed time in the water bath, It was not une
eomcon to have the titer jump from 1-80 after the first
hour to 1640 by the end of the genand hour, After the
tubes stood overnight at a eold temperature, the ten=
dency was for the titer to be 1 dilution higher them it
hed been the previous day, This was not true of the titer
of the immunizing untigen in ite entieserum. In this
ease the titer wes usually reached after 2 hour and in
ell cases at the end of 1 hour in the weter bsth., Fluee
tuation of titer in the same test was not uncommon, thet
ig, the titer efter # hour might be higher then the titer
aftgr 1 hour slthough mever more than one dilution higher,
In these enses the titer after 2 hours was es high es
thet after # hour, The titer of the antieserum varied with
the seme strain in different tests. This varietion wes
never more then one dilution in the series end occurred
only in the high dilutiens“ Antigen B for gxamﬁle was
sometimes egglutineted in a serum dilution of 1-10,240,
but the titer of Serum II was taken to be 1-5120 because
egglutination oceurred in this dilution in evory test.
Serum II showed this veristion in titer with other strains
in Group II as well, This effect may be due to the un-

stable nature of the "H"™ type of agglutimsation. It is
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well known thet "H" egglutination can easily be broken up
when forming or when firét formed by shaking ﬁhﬁ‘tubﬁﬁ, and
it mey be mssumed that this can oceur spontaneocusly, or as
a result of handling the iufes during cbservation.

In the agglutination tests the foup aptiuner: and
sntigens prepared from £ifty strains were used, The ree
sults of these sgglutination teats are 1istad in Table II.
This table ahmws.that there ere more unclassifisble strains
than classifiable ones. On the other hend 1t cen be seen
that some of t'e str-ins fall into definite groups and are
egglutinated in a higﬁ dilution of their group anii-serum.
8%i11 others fall into the groupings, but the titer of the
anti-gerum with them is not very high. Héw@ve?, the age
glutinaéicn s?gegra within two hours, although maximmus
titer is not resched until after further incubation, or
even after the tubes @ere left ovarnight-at*lnw L oM
paratare. Ihere was some question about including strains
producing this tyre of agglutinetion in the same group as
the strains huving high titers in their regspective antie
serum, However tests run on the normal serum curr@spénding
to eaeh antleserum with the entigens which agnlutineted in
the antleserum showed me aggiutination.

Irace agglutinution which oceurred in some cases
in the lower dilutiéns of the immune sers was not cone
sidered significant, bhecause even in the normal sers in

low dilutions trace ssglutination occurred, The trace



- TABLE IX
Titere of Four Antiecoli "H®™ Sers with
Pifty Streine of Motile Esch. eoldl

Antigen Serum IX Serum IV Scrum V Serum VII
1 0 o 0 0
2 1.£120 0 0 0
5 0 0 0 0
4 0 1.5120 1.5120 4]
& 0 15120 1+10,240 0
8 1.1880 0 0 ]
7 0 0 o - 1-.10,840
8 1-2860 0 0 0
9 O 0 0 6

10 0 156120 15120 0
11 0 0 o Q
iz 0 0 G ¢
13 0 0 0 0
14 0 L] o 0
i5 trace 0 4] 0
ié 0 ) trace o
1? 0 0 0 0
ig 0 0 0 0
19 1.1280 0 0 &
20 trace o 0 ¢}



5 TABLE II (cont.)
Titers of Four Antiecoli "H" Sera with
Pifty Strains of liotile Esch,. coll

Antigen Serum II Serum IV Serum V Serum VII
2l 1.160 0 o 0
22 0 0 0 o
23 0 0 0 V)
24 0 o 0 o
28 0 0 0 ]
26 1-80 0 0 0
29 4] 1-5120 1-5120 ¢}
28 1-2560 0 0 4]
20 0 o 0 1«5120
30 0 0 0 trace
31 0 0 0 180
32 0 0 () 1=80
33 0 0 0 1«80
34 0 4] 0 8]
K15 ¢ 0 0 0
56 o 0 0 o
a7 o 0 0 tragce
38 1-10,240 0 0 0
59 0 0 0 trace
40 Q 0 0 0



TABLE II (eont. )

Titers of Pour Antiecoll "H" Sera with
Pifty Strains of Motile Zsch. cold

Antigen
41

Serum II
¢
1-10,240
1-28560
1-5120
0

0

0

0
110,240

0

Serum IV

4]

© O O ©

 © O G

Serum V

Serum VI
0

9 © 0o © ©°

1-80
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agglutination when 4t erpeared in these tests wue seen
after the tuvers lad been in the water bath 4 hours or
even after they had stood overnight; 4t could ve seen
with the naked eye., It could not have been misteken for
gocd "H" agglutination becsuse it consisted of a few
discrete, small elumps which swirl up from the bottom of
the tube Ihan it 4s shnkeﬁ. The "H" agglutination in an
antie-serum which wus the basis of classifying s strain
im one of the groups consisted of large flakes which,
especia:ly in the low dilutions, matte! tegether., Theree
fore the significent agglutinetion must be considered as
due to @ resction between the sntigen end =n sntibody
formed iﬁ the serum by the lmunlzetion. 8Since the ege
glutination was flocoular, it alsc must be considered
that 1t waes due to the resction of flagellar antizens
‘and the flsgellsr sgglutining in the serum.

The groupings which resulted from the agglutinstion
tests vre listed in Teble III, Antiegerum IT eagglutineted
11l strains in addition to its homogeneous atrain. This
group c¢onbains more strains than the other groups in
this classification, end it can be seen that with a few
exceptions the titer of the serum with the test nntigéns
of this group is high, in some cases matehing that obe
tained with the homogensous antigen., The strains which
were agglutinated in low diiutions of this serum are ine

eluded in the group beceusse the nature and quantity of



Anpigan
2
6
8

19
21
28
28
o8
42
43
44
49

with Twelve Agglutinating Strains

4 Hour

TABLE IIX
Helation of Titer of Serum IXI to Time of Incubation

1 Hour

1-.5120 1-B120

0
0
120
0
0
Q
0
1840
o
1-150
i1-1880

0
12560
1-320
1-160

0
1-360
15120
165120
1-160
1640
1.1280

2 Hours 3 Hours 4 Hours

145120
1-160
12560
142560
1-160
1-80
1-640
1-5120
1-5120
1320
12560
15120

1-5120
1-320
L w2860
1-2560
114160
180
1-1280
1-5120
1-5120
1-1280
12560
16120

1.5120

1-640
1-2860
1-5120

1-160

1-80
1.2560
1-56120
}«5130
1.2560
1-5120
1.5120

Overs
night

1-5120
1-1280
1-5120
1-5120
1160
1-80
1-2560
1-5120
1-5120
1-2560
15120
1+5120



PABLE III {(conts)

Relation of Titer of Serum IV to Time of Incubation

With Plve Agglutinating Strains

Antigen % Hour 1 Hour 2 Hours 3 Hours 4 Hours
1-5120 1-5120 15120

4
5
10
27
46

1-8120
0
1180
1-80

15120

1-2560
1640
1320

1-5120
12560
1640
1640

1-5120
15120
1-8560
1.1280
1.2660

18120
15120
1-2560
12560
12660

Overs
night

1-5220
1-5120
1-5120
128560

e

1856

Relation of Titer of Serum V %o Time of Incubation

Antigen

4
6
10
27
46

with Five Agglutinating 3tralns

% Houy
110240
-10240

1~5120 -

1-640
0

1l Howr € Hours 3 Hours

1-1024C
110740

1-640
1.80

1=10240
110240

18120 15120

1-640
1=540

1-10240
1.10240
1-5120
1.1280

11280

4 Hours
1.10240
1-20240
1-5120
1.12820
1-2560

Over-

night

1.10240
1-10240
1.5120
1-2660
12660



| TABLE III (cont.)
Relatlon of vi!’.‘ﬂ..tax' of Serum VII to Time of Ineubation
with Pive Agglutimting Strains |
Antigen ¢ Hcur 3 Hour Evﬁaura 3 Hours 4 Hours §§§§E
7 1.5120 1.10240 1410240 1-10240 1-10240 110240
89  1-5120 1.5120 15120 1-5120 1e5120 1-5120
&2 ¢ 0 1«80 1-80 1-80 180
33 0 0 180 1.80 1.80 180
48 trace 1.40 1-40 1-40 1«80 i.e0
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agglutination which occurred in the antieserum wos not
duplieéted in testes on the nermsl serum, The asgglutination
conslsted of lerge, locse clumpe, Thiz seems to indicate
that it w b due to s relationship of the "H" entigens of
the immunizing strain and the one tested,

Serum IV and Serum V show a striking similarity;
they agglutinate the same antigens with practically the
same Liter, Serum V has a higher titer for ité homo=
senecus antigen than Serum IV, and this greater concene
tration of sxglutinins in the serum is evident in sll
the tests since Serum V agglutinated the same testing
antigens as Serum IV and usually in one serum dilution
highor., Mive streins were agglutinated by these anti-sera.
The titer of both sers in all cases is comperativsely high.

Five strains woere agglutinated by Serum VII. Mexe
imum titer was cobtained only in twe cases, one of whiech
wes with the imunizing antigen. The other three atrains
ere asgglutineted by the serum only in low dilution, 1-80,
The agglutination, however, was heavy and floccular end
eould not have been due to the normal presence of age
glutinins. In the csses in which elasgificatisn of o
strain wes based on agglutination in low dilutions, the
egglutination occurred within two hours, Antigen 31 wes
strongly egglutinated by Serum VII, but anly in a dilution

of 1+20, The antigen was not egglutinated by the normel
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serum, Because of the low titer, the strain from which
antigen 51 was prepared wes not included in Serum VII
EXroups

An exsmination of Teble 11X shows that the immunizing
antigens are eagglutinated to tiﬁar sfter an incubstion
of 2 hours The titer ar‘tha sntieserum withAan heter-
ogeneous -strain wes not, except in the case of antigens
4 end 5 in anti-sera IV and V, resched in § hour,

' The strains of each grpup were tested in the normal
gavum of the pebblt Prom which the group entieserum wes
obtained. The normel sera were taken before immunizetion.
In no case did eny agglutination eppesr within four hours
incubation, The results of the tests with the normal
sera are listed in Teble IV. The observations were made
a8 in tﬁa teste uging antiesera; in this instence only
‘the highe¢st dilution in which sgglutination ocourred and
the ﬁime of épyearvnea is recorded, It was found tﬁat
none of the group strains were agglutinated in the
normal sera after 4 hours inecubation, and the readings
made after the tests had been in the ice~box ovérnight
ghowed trace agglutinetion in only a few cages, }

Antigens 4 and 7 used in immnizing rebbite for the
production of entieseras IV and VII respectively were pre-
pared from Esch. coli mutabile strains, Mutebile strains

were also useéd to prepsre antigens 1, 10, 23, 27, and E0,



TABLE IV

Titers of Normal SBerum of Rebbit II with

Shra;nn Repregenting Group I1IX

Antigen
2
6
8

19
21
26
286
38
48
43
44
49

Titer
0

trace

~ Time

over-night

over=night

over-nlght

évarnaighe



TABLE IV (cont.)
Titers of Normal Serum of Rebbit IV with
Streins Representing Group IV.V

Antigen Titer ‘ Time
4 0
8 , trace over-night
10 0
27 trace over-night
4€ ¢

Tlters of Normal Serum of Rabbit V with
Strains Representing Group IV.V

Antigen Titer Time
4 0
5 0
10 o
27 trace over-night

46 trace , over-night



TABLE IV {cont.)
Titers of FHormal Serum of Rabbit VII with
Strains Representing Group VII

Antigen Titer Time
7 0
29 0
31 0
ag trace oversnight
- trace over-night
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The common culturasl property of these strains, late fere
mentation of lactose, seemed to bear no relationship te
the agglutination response of the various mutsbile strains,.
The antlie-sera for the wmutabile strains sgglutinated both
rmutabile and nmn*mutabila streins, For example mutabile
anti-serum IV agglutineted mutabile antigen 10 and nore
ﬁal antigen 48. Antigens prepared from mutabile strains
4re agglutimétﬁd in non mitabile serum as in the case of
tha agglu“iration of antigen iﬂ in 8erum V. In the

ssrum II grouping no mutabile strains sre yepresented and
some of the mutabile antigens, 1, 23, and BO were nct
egglutinated by any of the entlesers on hand, These ree
sults indicatve that, es far aes "H" antigens are cone
¢erned, while there are instances of similarity, these
ere no more common than in the normal coli sirsins, The
flagellar substance in some of the mutebile streins ape
pears to be similar to that of some of the normal strains.
| Agglutinatien tests using the antigen prepared by
suspending growth on phenclized agsr slants in »25%
vhenolized seline zave "H" type azglutination after §
hour inecubstion. In some cases the éggluﬁinatian 0Ce
curred in the same dilution as agglutiﬁ&%ian éf forme
¢lized antigens, in othere the titer of the anti-serum was
not as high es with the "H" entigen, The agglutination
was floecculer and appeared after a short incubation period.

There can be no doubt that it wes "H" type.



Antl ens prepared by heating a aulp@naién of the
growth on extract wegar slants for 1 hour at 90°-100°¢,
were used in the determination of the aomatia‘agglutinin\
content of the mtie-sere, In these tests no agglutination
appeared until after an incubation period of 1 hour. The
final titer of an anti«aarum.with its corresponding "O%
antigen wes in no case ss high a8 that for the "H" nntigen.
It did not sppear until after en incubation periocd of 1
hour, 8nd the titer at this time was not alwaysrtheﬂmlzn
imum titer. The asglutinetion wes finé aﬁd granuler,
especially in the higher dilutions of serum. It remsined
even afteb vigorous shaking, In low serum dilutions
the agglutination cccassionelly was flaky. It différeé
frcﬁ the "BE" sgslutination in that the flakes had aAﬂry
arpesrance and, slthough thaae woulé¢ break up when the
tubes were shaken vigoraﬁsly, resuspension was not come
pléte snd fine gramules could be seen without the aid of'
8 lens, The "flake" agglutinution occurred only in low
ailutiena of serum. The agglutinatinﬁ at titer was that
typleel for the "0" antigem~antibody reaction.

It was found that there was wide variation in the
motility of the motile soli strains., Some were chere
acterized by rapid directional movement, othérs had a
eireuler motion, and still others had e siuggish aime

less-seeming type of motion. As well as variestions between
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the verious strailns, there were also varietions in the
motilit; of a single strain., These variations were
brought about by cultural conditions end 4t wae found
that they éoula be gontrolled to s certain extent, Exe
tract agar wae found to be the mest medium for making
cultures to be tested for motility in the menner dew

| seribed, Hven infusion ager was too rieh,;énﬁ the exe
ceoasive growth of organisms on it resulted in the dise
appearance of motility in known motile strains, The
method of testing motility used in securing motile strains
from which antigens were prepaered was found to be su-
perior to the mear broth cultures commonly used for mo-
tility testa, This experience indicates that motility
is a characteristic which 1s lost by growth on an en=
riehedvmedium, & fect which 1s probably due to ecrowding
as ¢ result of excessive growth rather then to eny cone
stituents of this medium which effects the formaetion of
flagella, It hes been suggested that the flagella are
broken off the argaﬂiams when growth is profuse simply
ag a result of the frietien caused by the'organismd
moving against each other,

Mere of the strains whieh were recently iscleted
showed 4 plus motllity than the stock strains tested
although in both groups the motility ranged from 2 to 4
plus., HNo relstionship was found between grade of motility

and agglutination in the anti-sera; for this resson
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listing of the wotility ratings of the tested strains has
not been included.

The rabbit used in the preparation of Serum II was
not killed when bled for antie-serum; but hyperimunized
with another series of injections, bled following this,
end bled sgain one month laters. The five seray A, normaly
B, first antibody; €, second entibody; D, hyperimmune and
E, meintenance from the seme snimal were tested with the
correaponding antigen. The changes in tlter of the sera
are shown in Tsble V. Injections were given between the
-‘bleadings,,and when this was the cﬁs&, it is indicated
by date on the teble. The normal serum showed only a

trace of agulutinstion in dilution 1420 after standing
Vﬁvarnight following 4 hours in the weater buth. The sera
obtained Iirom the second end third bleeding, € and D,
have higher agglutinin éoneqntration than the first and
last gntie-sera, B end C, To obtain the D serum the en-
imal was hyperimmunised, thet is, after the desired
titor hed been obtained tﬁe immunization procedure was
continued with another series of antigen injections.
Serum D had & titer of 140,960 for the immunizing ane
tigen. Serum E from bleood taken 30 days efter Serum D
was obtained shows a desresse in titer to 110,240,

No antigen was injected during the period between oObe-
taining serum D and E ns 4t wes between the other bleedings.



TABLE V
Asglutination Titer in Rebbit II During and
After 3 Series of Injections of
Pormelinized Strain 2

Serum Date of Bleeding Injections Tiger
. Date Amount
Normal 2/12/41 0
A

2/12,13,14,16,17/41

adwed Gla

Antibody I 2/285/41 15120
B H
2/28,26,27,28/41
514’
251,86 cc.
ﬂntibgﬁy i1 = 3/8/41 110,240
$/11,12,15,14,15/41
‘ 1.,5-2 ge,
Antibody IXX 3/28/41 1+40,960

Antibody IV 4/28/41 ' 1.10,240
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The gurve of the drop in titer is not ateab for the first
thirty days. In general the tendeney is for the curve

to flatten with time; 1ndieéﬁimg that the coli "H" age
glutinins present ﬁill rlhain for a considerable length
of time,

In the tests Serum C reached its titer, 1.10,240,
after 1 hour in the water bath, Alfhcugh the final titer
of Serum D was higher than this, 1-40,960, it was not
reached until the fourth hour, however a titer of 120,480
was reasched by this aerﬁm after 1 hour, Serum E reached
a titer of 110,240 after 3 hours. In the last two in-
stanees the highest titer is reaahed after 3 hours in
the water bath, this suggests the appewraﬁea of "o¥
agglutination which tends to augment the "H' agglutination.
In all the sera tested the type éf agglutinetion waé the
vaaméa The large floccules typleal of g agglutinatian
appesred in all the tests «fter £ howr in the water bath.

To ﬁaﬁermina how mush of the agglutination occurring
was due to the "o¢ agglntinigaﬁs and agglutinins preéant
in the "H" antigens and the anti-sers respectively, these
ﬁera were tested with the 0" antigen prnﬁarad‘fr@m,tha
immunizing strein. The titer of none of the sera was as
high for the "0" antigen es for the "H", In Serum A there
waeg no egslutinstion; the titers of.aera B, €C and D'were
1-2560 in all cesesy the titer of the meintenance serum,

E, wae 1-640,



DISCUSSION

Results of the agglutination tests show thet some
cf the striins tested were agglutini:ted in high dilution
of the group anti-serum. The titers obﬁaina& were the
éama or only one or two dilutions lower than that proe
duced with the immunizing strain. In some cases it
appesred that the group serum would have e higher ﬁiter
with a heterogeneous antigen than @ith the homagena#ua
one., Hees {1926) reported that ome of his anti-sera
agglutinated the immmniging strain only in a 1.40 éilutigng
but thet a heterogeneous strsin was agglutineted in a
1-2560 dilution., No such results were dbtainad in these
tests, Pigher titer of an anti-sere for a heterogeneocus
entigen than for the immunizing one occurred in a few ine
stences only; the titer was in all e¢ases only ome dil-
ution higher and was not meintained at this dilutien in
every tests It is believed that these results cén be
attributed to the unstable nature of "H" azglutinstion
which makes it impossidle to determine the exset titer
of an‘anhiﬁaarum with any strain. éthar strains were
sggiutinated in lower ﬁilutianalnnlyﬁ» Theré appear to
be some straine with slmoet a complete iﬁantity of flaw~
géllar entigen, and others in which there is only a
partial similerity, This luggcaté thet the flugellasr
material 1s di-antigenic and may be palymantigenia.
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1] o ihu fifty straines tested twentyetwo eéuid be
eclassifled by thelr sgglutinetion in one of three grouping
anti-gera. Ihe sgglutination wes of the “"H" type, theree
for the similsrit; between sireins in each grouﬁ gan be
sald te be due to partial or complete identity of the "n"
sntigens of the straine within a group.

It seoms unlikely that the strains mot grouped by
these pers could all be sgglutinated by am enti-serum
prepared for one of these strains, There ic me doubt,
howover, thet sush an antieserum would egglutinete some
of these straine, |

Sorum IV and Serum V have identical sgglutininag

I.thl? were propered from e mutabile straln, 4, and & normel

strain, &, The flugeller ao niil a8 the somstie materisl
of Lhepe two strains nu:t be the s:me or very similer.
Although there is a difference in the bicechemical proe-
porties of thees strains there scems to be no ﬂltfarenca

in the "H" and "C" antigens. This does not gorrespond

with results presented by Herrold and Culver (1921) who
nt&to thalt the mutablle strains osn be grouped serow
logicslly wherees the normal co.1 straeine are sntigenieally
heterogenoccuss JThey wers unabia to get agglﬁtlnatioa of
normal strains in any of thelr muteblle sntiegera, Dudgeon

{1924) and Dudgeon and Pulvertaeft (1927) grouped thirteen
out of fourteen mutabile strains with s single snti~serum;

they slso found s olose antigenic relstionship between the



33

normsl end slow lectose fermenting etreins. The neture
of this relationship, somatic or flegellar, was nob
mentioned, and the type of agglutination obteined in
these tests was not descrihed, The relationship of
strains 4 and B can be sald to be due to the similerity of
beth the flegeller and somstic antigens.

| Examination of the reésults of the asglutination
tests using antigens of rmutabile dtrains in antlesers
rrepered ageinst normal Fech. ¢o0li streins and mutabile
strains, show that the "H" sntigens of the mutsbile
gtrains vary in the seme way as those of the normal strains,

The differences in ﬁharaeter of motility in various

strains ams well eg the differences in emount of mﬁtility
in a single strain hav@ rreviously been pointed out,
There wae mo sorrelation between these differences and the
grouping, In eny group there were strains of 2, 3, end 4
rlus motility; and the character of the motion of strains
within the same group varied, Howevor, sinee the motility
varies with the time and conditions of testing it may be
thet the motility ae determined by the motility test
was nelther e true nor a constant measure, Overcrowding
deereases motility and many timee completely inhibits it.
The motility of o cultur@‘appaérs to increase with ine
cubation up to a certain time, 6.8 hours, asfter which as
growth inqraaaes the motility constantly decreases. With

these facts in mind 1% 4s emey to see how a strain which
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ghowed 2 plue motility at one time might show & 3 or

even 4 rlus motility under different coﬁditiona, sueh as
length of inecubstion period and amount of meterial ine
coulated. However it was found that even in recently
isolated streins, in which motility is sesumed to be at

1ts meximum, when the vaeriables of time and growth were
controlled es much a8 possiblej thet some strains were
more motllé than others,s Although the former evidence
seems to indicete that every motile ;hrain is ecapable of
maximmm motility, becemnee of the latter results sash strain
>Wﬁ$ given a mmtility rating on the basls of s motility test
made on eech during the preparstion of antigens,

The method of immmnisation used in this work was
falléwaﬂ in an ettempt to get the highest possible cone
centration of "H" asgglutinins in thevaurum with the least
smount of the "0" type, This was scoomplished as the
titers of the sera for the "0" antigens of the immunizing
strains cre alwayl lower than that for the "H" antigens
of the strains. The immnizetion procedure followed ie
recommended ss one for the development of & coll antie
“H”Qﬁerum.

Fhenol treated bacteriml suspensions were not faunﬁ
to be as satisfsctory for "O" sntigens 88 heated suspensions,
The concentration of phencl used was low and the poor
results obtained with entigens 8o prepared msy be ate

trivuted to this fact. To obtein good somstic antigens
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from motile straine 1t is essentinl to use a bacterial
susp nslon kiilled either with e aufficiantly strong
concentration of rhenel or with heat in order to elime
innte the "H" antigens,

o 70" agglutination appeared in less than sn hour,
and the "H" antigens were asglutinated to titer in their
correaronding serum in £ hour under the incubation cone
ditions of these tests. The JH” agglutination occourring
in the hyperimmune and maintenance sera shows that in
high serum dilutions the "H" agglaﬁinétian may nct oceur
until after & or 4 hours incubation, The difference in
time of appeerance igs neither great nor constant encugh
to use this factor alon§ in determining the type of -
agzlutinetion obtained becsuse overlapping of the two
types of ggglutinstion waqld oceur, This overlapring
would probubly ceceur te an even greater extent in tests
using heterogeneous sntigens.

The "O" sntigems of atrains 4 and 5 sre agglutinated
in anti-gsera IV and V. The similarity of both the "HP
and "O" antigens of these two strains es shown by age
glutination of both "H" end "o" antigens of these strains
in both antl~-s ra strongly sugcests thelr complete ane
-tiqenic identity.

The sera tsken from the same rubbit during and efter
imrunizaticn show, by their titers with the "H"™ antigen e

rise in "H" egglutinin concentration d uring immunization



snd a gredusl fell following cessation of injections.
The titers of theve sera with "0" entigens of the

strain show thrt with this method of immumization "O"
agzlutining are formed following the first series of ine
jections and are not inereased by the subsequent serics.
The increase of titer with time of incubation shown by
Sera D and E cannot be'attributed to augmentﬁtidn of """
agslutination by ﬁhe<ap§ear&nce'of the "0" type because
the "0" titer of these sera is lower then the "H", It

) lat

e

is poesible that this increase in titer is due t

o

appearing "H" agplutination. The fail in titer for "o"
agglutin:tion in the malntenance serum, E, shows tha? the
fall in "0" agglutinin content of the serum pervallels that
of the "H" egglutinins. Ordinsrily the somatie agsglutinine
are mors concentrated in en snti«sorum then the flagellay
azglutinins excépt for a rief pericd following the {irst |
immunizing injections. If the immunization is completed
before this incresse in "0" sgzlutinins occurs, the

higher concentration of "H" agglutinins 1s meintained

although both decresse in actual asmount,



SUNHARY

In order to determine the nature of the flagellar
materlal of the motile Esch. coll strains & serological
investigation vas made using the "H" antigens prepared
from fifty moetile straine and testing them for agglu-
tination In sntiesers prepared asgainst four straineg. |
Previcus resulte of serologicsl tests on the coli group
indicated that each strain differed antigenically, but
in these no effort had been made to seperaste motile
frmm non-motile strains and any'agglutinatien which oce
curred was of the "0" type.

Twenty eight of the strains used were from labe
eratory stock tmltureaq the other twenty two were ise
olated from stool sumples. In the preparation of the
antigens, & formelinized suspension of bacterias, care
was taken to insure the presence of "H" agglutinogens
and te mask the "0" agglutinogens. The sers were prepared
in such & wanner as to obtein & maximum of "H" agglutinins
and = minimum of "Q%, The agglu%in&tian consisted of

large clumps which were easily broken up by shaking the

agglutin:stion of the coll group which is finely grenuler,
and in some cases can be seen only with the aid of & lens.
it was found that the motility of e colil strain

varied with cultural conditions and length of ineubation,.
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4 rich medium end long incuhation period, both or come
bined, produced wergrwﬁh which sugressed the motility,
The maximum motility of = strain was obtained sfter growth
for a periocd of 6«8 hours at 37°C, or 1218 hours =t
room temperature on an exirsct agsr slant to which 1 ce.
of saline had been szdded,
| There were only three possible groubings because
two of the four sera agplutinated the same antigens in
all tests: Twelve of the antvigens were agglutinated by
Serum II; five by Sera IV end V; and five by Serum VII.
‘Twenty one of the strains were not agglutinated by eny of
the anti-scra and seven were agglubineted in low dilutlons
of the sera aefter standing overnight., These twenty eight
strains were considered unslassifiable by the sera on
hand,
Two of the anti#aera were prepared with entigens
of Bs coll mutsbile strains, late laotose fermenters,
There was no relationship between these two sera, Ome
“of the mutabile antlesera had the same agglutinating
ﬁvapértias 88 an antieserun prepared with & normel lage
tose fermenting Esch., coli strein. The other mutabile
anti-serum agglutinated only one other antigen to full
titer; thls entigen was prepared from a mutabile strain,
Some of the motile mutabile struins tested belomg to
the unelessifiable group. Corelusions cannut he bused

on the results obtained from tests ueing so few sora,
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but indicetions are that similarity in flagellar materiel
cceurs between mutabile end the lactose fermenting strains
just se 1t occcure Letween sirains within the mutabile group
and between streins belenging to the lactose Permenting
gréup. | |
| The snticens agglutinated by an anti.serum were
tested in the normal serum of the same rabbit to determine
whether the sgglutinins for the strsin were formed by
the immunizaticn or were present in the normal serum,
fhere was no agglutinetion of the strains in the group
normal serum except for a few cases of trace agglutination
which was incomrlets ard occurred only in low dilutions.

Althsﬁgh the egglutination in these tests was of
the "E" type, large loose elumps, to determine the amount
of "0" agglutinine present in the anti-serum, heated ane
tigens of the imruniring streins were prepsred and tested
on their respective anti-serum. The results of these
tests show Shat the titers for the sera for the "H" ane
tigens was higher then that for the "0" antigens, ine
dieating that the "0" agglutinins were less concentrated
than the "H" in the enti-serum,

The immunization procedure consisted of injecting
two series of daily injections, dosss .6 to 1.5 ce.,
five days spart. The testing anti-sera were obtained tem

dayvs after the last injection of the second series., One

4
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of the animels wr8 hyperimmunized by giving it a third
sories of dauily injeetions, 1.5.8.5 ce. Sera were obe
talned after the first, second end third series, and
onece agein one month following the third series during
which time me immunizing injections were given. Tests
on these sera ghowed that the ﬁiter rose rapidl? as a
result of the {lrst series of injections, continued to
rise at e slower rate during the twe following injection
series, and in the first month after the immunization
was completed the full in titer was not great.

The results of these serologlesl tests show that
the motile c¢oll strains ere not the sercliogically hete
erogeneous group most of the reports seem to indicute,
It was found that straine could ve Srouped by the sie
mila&itieg in'aggiﬂtin&tien of the - “H* antigens preo=
pared from the etrains in on anti-coll serum, The fect
thet out of fifty strains tested only twenty-two could
be grouped by such resctions indicates that while there
1s undoubtedly some eimilarity in the flagellar material
of different motile ¢cll straine, groupings mede on the
basie of this similarity would be numerocus snd none would

contuln meny strains.
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