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ABSTRACT

The flocculent agglutination produced by many strains of E. coli
K12 in response to antiserum is due in part to the presence of flagellar
antigen and in part to a heat stable antigen (HSA) not associated with
flagella.

Presence of HSA is not obviously correlated with F status.
Appropriate crosses show its genetlc basis not te be closely linked to
the TLBy region.

Occasional mitations from HSA™® to HSA™ and the reverse have oc—

curred simultaneously with mutations of other genes not obviously re-
lated physiologically.
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INTRODUCTION,

" In an earlier investigation (Markusen, 1960), an E. coli hybrid
between strain K12 fmdtile) and strain B (non-motile) was found to be
non-motile even after repeated passages on motility medium. Upon examin-
ation by light and electron microscopy,'it was found-also to be non- |
flagellated. Nonetheless; cultures of this hybrid strain (MSG56) were
agglutinated by high dilutions.of antiserum which had been produced in
response to its K12 parent. The aggregate formed in the agglqtination
resembled flagellar agglutination both in appearaﬁce and in the kinetics
of its formation.

TClose serological similarity between functionless molecules and
their normal homologues has been demonstrated in other studies, for ex-
ample the similarity between a cross-reacting prétein (CRM) and tryptophan
synthetase (Yanofsky, 1960). Furthermore in Salmonella the genetic loci
determining flagellar antigenh specificity (the H loci) are separable from
the genes for flagellar sﬁructﬁre (Stocker et al, 1953). Therefore, it
was postulated that MSG56'was an hitherto undescribed recombinant type
which carried (and expressed) the flagellar antigen specificity genes
of K12 but lacked the genes for flagellar strﬂcture°

The preceding workihg hypothesis has been examined and found to

be unlikely. Instead, the antigen carried by MSE56 appears to be not

.of the classical "H" type, but rather an antigen with novel properties.

The finding that at least one K12 mutant lacks this antigen

permits investigation of its genetic basis.

L
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MATERTALS AND METHODS

A, Bacterial and Bacteriophage Strains

All bacterial strains used in the investigation are described in

Table I. Wild type forms of both the virulent phage T5 and the temper—

ate phage lambda (Adams, 1959) were used.

B. Lfulture Media and Supplements

All final concentrations given below are in grams per liter of
distilled water except where indicated} All culture media were steri-
lized in the autoclave at 15 pounds pressure for 20 minutes.

Nutrient Agar: Difco nutrient broth 8, Nall 5, agar 15.

Motility Medium: Bacto Tasitone lO, yeast extract 3, agar 4,

Difco geIatih é0; Nafl 5. ‘The pH was adjusted to 7.0 after steriliza-

tion.

Pennassay Broth (Bacto Antibiotic Medium 3): Bacto-Beef Extract

1.5, Bacto-Yeast Extract 1.5, Bacto-Peptone 5.0, Bacto Dextrose 1.0,

NaCl 3.5, KoHPO, . 3.6, KHpPO, 1.3.

Fosin Methylene Blue Medium (EMB): Casein digest 10,0, yeast

- extract 1.0, NaCl 5.0, KoHPO; 2.0, Eosin Y 0.4, Methylene Blue 0,065,

agar 15.0, sugar 10.0.

Davis Minimal Agar (DMA): KpHPO, 7.0, KHpPO, 2.0, crystalline

sodium citrate 0.5, crystalline MgSQ, 0.1, crystalline (NH4)QSO4_1,O,
glucose 1.0, and agar 15.0, The salts were added to 500 ml of water

and sterilized. The glucose and agar were sterilized together in 500




(- L | Ll Li 0 L5

Table I. Bacterial Strains.

Strain designation Source New genetic markers
w677 E. coli Ki2ame T, L7, B , 1ac ~-mal”,
_ gxl_, mtl-,
WLL77 W677 3
£S11 W1177 F+ (Source of Fs W6)
MSC503 w677 malt
MSG501 WL177 mal®, mtl*, B*
WL603 W1177 Lpy—, T+
w2736 WL603" LpoS
MSC505 MSC501 mbl-
CS19 E. coli K12## pa~, mut*
W6 (58-161) . B. coki Klame I
MSCE9 Wb F-
w1895 w6 Hfr Cavalli
£S101 WLE95 nr
MSC70 * MSG69 F+ (Source of Fs CS11).
MSCl8 Wwé Pro~
TMN6O E. coli B try, gt
MSC39 TMN6O - made mot*, fla* by transduc-
: tion with PL grown on
MSCl8
TMN6Y E. coli B . shl , BT
MSC56 £S11l x- IMN64 prototrophic, lac 5 EZ— 5
mtl~, f£la~, mot~, S5
MSC500 ‘MSC56 sr
#B. coli B is mot™, fla~, lac’, mal™, xyl*, mtl*, S5, ¥1,5, %S,
prototrophic.

##B, coli K12 is mot™, fla*, lac*, mal*, xyl*, mtl+ 88, V18, Lpy*,
Lpg s mut 5 yla s prototrophlc°

Notations for genetic markers are as follows: T, threonine; L,
leucine; By, thiamine; pa, phenylalanine; try, tryptophane; shi,
shikimic acid; M, methionine; 4, arginine; lac, lactose; mal, maltose;
xyl, xylese,‘mﬁl, mannitol; 8,
and T5; Vg, sensitivity to Tl
Lpsy, ability to adsorb lambdaj
mt, mutability.

streptomycin; Vi, sen51t1v1ty to TL
not' T5; Lpj., lysogenicity for lambdaj
mot, motility; fla, presence of flagella;
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ml of water and added to the salt solution after sterilization (Leder-
berg, 1950).

Saline: NaCl 8,6,

Streptomycin: Dihydrostreptomycin sulfate was used in all tests
for streptomycin resistance. All streptomycin broth and agar media
were prepared to give a final concentration of 250 #g/ml.

Growth Factors: The following supplements were added to minimal

agar plates wherever appropriate to give these final concentrations:
Thiamine .000l, p-aminobenzoic acid .00l, arginine .02, methionine .02,
leucine .02, phenylalanine .02, tyrosine .02, tryptophane .02; threonine

.04, proline .02,

. Agglutination Procedures

1. Production of Antiserum: Fifty ml of blood were drawn f?om
the marginal veiﬁ.of the ear of a‘rabbit° The blood was centrifuged
and the serum decanted and‘stored in the deep freeze for future use as
a control in agglutination tests. Vaccine was administered intravenous-
ly to the rabbit acebrding to the following schedule (Carpenter, 1956):

First day . o o v o s o\ ... Oulnl
Fourth day. « ¢ ¢ o ¢ o o ¢ « o 0.3 ml
Eighth day. . o o « o « « « « o 0.5 ml
Eleventh day. . - ¢« = o « o o o 1,0 ml
Fifteenth day « . « - o . «» «» » 2,0 mlL
Three more 1.0 ml injections were‘given at weekly intervals and -

the rabbit was bled on the fifty¥second day. The blood was centrifuged,
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the serum decanted and frozen for future use,

2. Preparation of Vaccines Kolle flasks of nutrient agar were

inoculated with nutrient broth cultures of appropriate strains aﬁd incu~
bated overnight at 37 €. Growth was removed carefully by washing with
sterile saline containiﬁg 0.2 per cent formalin., Matrient agar platss
were streaked with the cell suspensién and incubated at 37 © to test

for viability of cells in the formalin-treated culture. Tubes of braiﬁ
heart infusion agar also were inoculated and incubated at 37 € to check
for the presence .of viable anaerobic eontaminants. No growth ever was
observed on either blétes or stabs after seven da&s incabation.

. The cells were shaken by hand in screw-cap test tubes containing
glass beads in order to obtgin a homogeneous suspension. This was
filtered through sterile gauze and sterile glass wool and sténdardized
with a McFarland's nephelometer to a density of approximately 1 x 109

cells per ml.

3. Preparation of Absorbing Antigen: MNutrient agar plates were
inocﬁlated with 0.1 ml quantifies of an ovérnight Pennassay broth cul-
ture. The nutrient agar plates were incubated tﬁgntyhfour hours at 37 G
and the growth'was removed by washing with 5.0 -ml 6f formalinizéd.(0.5%)
saline.

4o Serum Absorption: A modification of the methods recommended

by the Mackie anhd McCartney Handbook (Truickshank, 1960) was followed.
The formalinized cell suspensions were centrifuged and resuspended in

successive volumes of the saline suspension several times in order %o
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obtain a suitable cell density. The concentrated suspension was added
to an equal volume of 4 135 dilution of complete antiserum and the mix-
ture was incubated at 55 C iﬁ the water bath for twenty hours. The
cells were again centrifuged and the supernatant fluid was tested for
presence of homologous antibody by titration with Pennassay broth cul-
tures. If the serum was found to‘oe incompletely absorbed, it was re-
incubated with packed cells in order to remove remaining antibody with-
out further dilutiné the antiserum. When the antiserum was found to

be completely absorbed, it was filtered through a Seitz filter.

5. Agglutination Tests: For quantitative tests, two-fold serial
dilutions of antisefum were made with formalinized saline. Aliquots
of 0.5 ml of twenty;four'hour Pennassay broth cultures were added to
0.5 ml of the serum dilution in each tube. All tests were incubated

in the water bath at 55 € for two hours and read macroscopically by

oblique light on a Kahn viewer.

6. Preparation of Antigens for Heat Stability Tests: Pennassay
broﬁh.oulturés were heated for the appropriate length of time in the
water bath when temperatures below 100 € were indicated. For tempera-

tures of 100 C and higher, cultures were heated in the autoclave.

D. Procedures Involving Crosses

1. F Infectien Procedures: See section D, part 2 of Results.

2. Cross Procedures: TFive ml quantities of sixteen hour

Pennassay broth cultures were centrifuged, washed in saline, and resus-

pended in 1.0 ml of saline. The saline suspensions were mixed well
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and 0.1 ml of the suspension of each culture involved in the cross was
pipetted.to a plat‘e,lof']jM.'A° The two suspensions were mixed wéll with a
glass spreader and allowed to dry. Controls consisted of 091 .mli
quantities of each culﬁdfe plated separately on IMA plates,' A11 cul-
tures were incubated for forty—eight hours and scored for pfototréphic
recombinants,. |

3. Scoring of Recombinant Markers: . To score for prototrophy, an

iﬁoculum from Well-purified recombinants was grown in.brqfh'and sfreaked
to,plateélgﬁ DMA. To score for.fermentative markers, similar broth
cultures were streaked qnlapprqpriate_plates of EMB. Streptomycin re-
sistance was tested by st?eaking‘on'nﬁtrient agar plates containing
étfepﬁo@ycin. Sensitivity to hécﬁeriqphage was tested as follows:
Nutriént'agar plates were streaked once with a large loopful of a sus-
pension of the appropriate phage'aﬁd allowed to dry, Broth cultures to
be tested were then streaked adross.the phage inoculum, Piates were ﬂ

incubated for twenty-four hours and examined for lysis.

4°. Preparétion.giléhbdé'Lysatés: A twenty-four hourlPennassay
Broth culture of a.lysogenié strain was centrifuged to sediment the
cells. The supernatant‘fluid was retained and O.L ml of Cﬁﬁlg was
added to 5.0 ml of the fluid to kill any remaining cells. The mixture
was allowed to stand at room temperature for twenty-four hours before

use.

5, Tests for Lysogenicity: Ses éection'D, part 3 of_Resultso

.
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Incubation of Tultures

All cultures were incubated at 37 € unless otherwise stated.
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RESULTS

A. Serological Analysis of the Surface Antigens of TSLl

Antiserum produced in response to formalin-killed whole-cell
sﬁspensions of the E. coli sub—stfain, LS1l, agglutinates cultures of
the non-flagellated K12 x B hybrid, MSC56 (see Table II). Both MST56
and CS11 are agglutinated by high (1:1280) dilutions of TS11 antiserums

but when the antiserum is absorbed with dense cell suspensions of MSg56

‘until this strain no longer is agglutinated; €S1l continues to react

with 1:160 dilutions, suggesting that the antiserum contains two anti— 
body components, oné of which does not have an antigenic counterpart
in MSCSéo This, in turn, indicates that CSll possesses at least two
genetically sepérable antigenic components.

A motile K12 x B hybrid, MSC39, also is agglutinated by high
dilutions of CSl1l antiserum. Like MSC56, MST39 é}so only partially
absorbs GS1l agglutinins from antiserum prepared against £S1l, Ab-
sorption by MSC39 ié not nearly as effective as absorptién by MSC56.
Results given in Table II show that antiserum absorbed by MSC39 agglut-
inates €S1l at a 1:640 dilution; Nonetheless, the possibility arises
that the two hybrids are antigenically alike., To test this possibility,
antiserum was prepared with MSC39 and tested for its ability to agglut—
inate the three strains. Results given in Table II show that high
dilutions of this antiserum agglutinated both TS1l and MSC39. MSC56
was not agglutinated even at a dilution.of 1320, These results demon-

strated an antigenic relationship between MSL39 and GSll but not between
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Table II. Serological Relationships Among CS1l, MSC39, and MSC56.

Reeiprocal of agglutinating titer in £S811 antiserum:

Unabsorbed Absorbed with M3£39  Absorbed with MS{s56
Test maximum detectable maximum detectable maximum detectable
antigen agglut. agglut. = agglut. agglut., agglut. agglut,
£S11 1280 2560 640 1280 80 160
MSC56 1280 2560 640 1280 0 0
MSC39 640 1280 0 0 160 320

Reciprocal of agglutinating titer in MS{39 antiserums
maximum detectable
agglut, agglut.

£S11 640 1280
MSC56 o 0
MSC39 640 1280

"OY means negative in a serum dilubtion of 1:20. Control. serum
tubes were all O.

|90 /A S
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MSC39 and MSG56. These relationships were clarified further when it
was found that antiserum absorbed with MSC56 continued to agglutinate

, .
M3039 and that antiserum absorbed with MSC39 continued.ﬁo agglutinate
MSC56., The ability of MSCS@ to lower the agglutinating titer of €S11
antiserum-fpr MSG39 is unexplained. When CS1l antiserum was absorbed
sequentially with MSC56 and MSC39, it no longer agglutinated CS1l. It
was concluded that CS11l antiserum contains two antibody components, one
of which corresponds to the flagellar antigen of MSC39, the other to
an antigen carried by MSC56 and not clearly associated with flagella.
Results of the following test show that the antigeniof MSC56, when
carried by £SIl, is not intimately associated with the flagella. When
motilized cultures are inoculated into the center of a plate of semi~
solid culture medium, the cells will migrate through the medium produc-
ing.a visible and increasingly larger circle of growth extending teward
the periphery of the plate. If homologeus flagellar antibody is in-
corporated into the‘mediumw this migratibn of cells is impeded and

growth is confined to the site of inoculation. To determine whether

the antibody remaining‘in £S11l antiserum absorbed with MS{39 is associ-

ated with flagellaf antigen, a soft agar plate containing a 1:50 dilu-
tion of this antise;um.was inoculated with an actively motile culture
of CSlL, At the same time, a plate contain%ng the same dilution of
unabsorbed CSlluantiserum was similarly inoculated. A third inoculated
plate containing normal serum served as a_contr.ol° The pulture swarmed

through the medium containihg the absorbed antiserum as well as through
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that containing control serum, No swaiming occurred in the medium
containing unabsorbed serum. It is inferred from this data that the
antibody remaining in the absorbed serum does not correspond to an
antigen of structural CS1l flagella,

The flocculent nature of the. MSC56 agglutination suggests that,
as in "H" (flagellar) agglutination, the reacting antigen is situated
at some distance from the main contour of the cell. In fact, the |
possibility arises that the antigen of MSC56 is a "secretion™ not physi-
cally in contact with the cell, -This situation seems unlikely in view
of results obtained from the followihg éxper‘imt_ant° A twenty-four hour
Pennassay broth culture of g K12 sub-strain (MSC501) known to lack the
antigen possessed by MSCSG (see later section) and a similar culture of
MSC56 were centrifuged, decanted, washed in sterile breth, and résus— |
pended in the reciprocal supernatant broth culture fluids. The cells
of MST56 resﬁspended in the supernatant fluid of the MSC50L culture
were agglutinated by a 13160 dilution of absorbed antiserum; no agglut-
ination was seen in the suspension of MSC501 cells. Thus it appears

that the MSC56 antigen is an adherent part of the cell surface.

B. Physical Properties of the Antigen of MSLC56

The antigen-antibody aggregate formed by MSC56 and by €S11 in

response to antiserum is very similar to, but not identieal with, that

produced by M3G39. In both cases, the response is rapid; agglutination.

usually is visible in the first tube within ten minutes and is complete

within an hour. Both give the flocculent appearance characteristic of
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flagellar agglutination but the aégregate formed by MS£39 is very fragile
and easily dispersed by shaking. The aggregates formed by MSG56 and by
S1l1 are not completely dispersed by shaking but remain suspended as
discrete particles which are readily visible when viewed under the
dissecting microscope.
Weibull (1949) has done an extensive chemical analysis of the

flagella of some of the Enterobacteriaceae and found them to be mainly,

if not completely, protein. The antigenic stability of the flagella
of this group is described (Cruickshank, 1960) as being destroyed at
temperatures of from 80 C to 100 © for about twenty minutes. This ﬁeat
lability,;along with the flaky nature of the agglﬁﬁination, is charac-
teristic of the flagellar antigen-antibody reabtion and serves to dis-
tinguish it from other serological reactions éommonly observed for the
surface antigens in this group of bacteria. If the antigen of MSG56
is, in fact, a flagellar protein, it should be hea@ iabile like the
antigen of structural flagella., This point is of more than incidental
interest for the following reason. Motile strains of E. coli, unlike
the closely-related Salmonella? are monophasic. No strains have peén
described which have more than one flagellar serotype. It may be,
however, that E. coli is normally diphasic, one phase fepresented by a
unique state in which flagellar protein is present but not organized as
structural flagella. This would be consistent with the failure of
standard methods-to detect a tyéical diphasic condition. |

@rskov and @rskov (1960) reject the KL2 and B strains of E. coli
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as suitable subjects for serological study of éurface antigen on the
basis that they are auto-agglutinable., Maccacaro and Tolombo (1956)
report the detection of K and O antigens in K12 strains using saline
suspensions of cells in agglutination tests designed to compare anti-
genic properties of F- and F+ cultures. Our experience has been that
cultures suspended in saline are readily auto-agglutinable especialiy
upon heating. Similarly, slide agglutination £eéts using growth from

solid media suspended in saline have been found to be unreliable

~Howe€er, by means of tube agglutinations carried out with Pennassay

broth cultures, it has been possible to obtain reliabie serological
data, The heat stabilities of £Sll, MSC39, and-MSC56 were examined Ey
this method. Results appear in Table III. .

All three strains were heated to 7L C for fifteen minuﬁes and
subsequently tested for reaction with antiserum. O£SLl1 and MSC56 con-
tinued to be agglutinated by 1:640 dilutions of CSl1l an;ciserumn
MSC39 showed no agglutination with £S11l antiserum. Neither MSC39 nor
CS11 were agglutinated by MSG39 antiserum even at a 1:20 dilution,

As the cultures of CSll and MSC56 were exposed to increases in témper—
ature, thelr ability to be agglutinated declined. Both, however,

gave a strong reaction in a 1:20 dilution of antiserum even after having
been heated to 110 C for an hour. No appreciable difference in agglut-
inability was noted for any given temperature if the time of heating

was increased from fifteen minutes to an houf; ‘For example, CSll

reacted strongly with antiserum at a dilution of 1:80 when heated to
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Table III. Heat Stability of Antigens.

Reciprocal of agglubinating titer ofs

311l antiserum

MS£39 antiserum

Test maximum  detectable maximum  detectable
antigen agglut. agglut, agglut., agglut.
Unheated :
LS11 1280 2560 640 1280
MSC39 640 1280 640 1280
MSc56 1280 2560 0 0
7L G, 15 min
gS1l 640 1280 0 0
MSG39 0 0 0 0
MSC56 640 1280- 0] 0
82 G, 1L hr
CS11 320 640
uSC56 320 640
87 C, 15 min
£S1l 160 64,0
MSC56 320 640
100 €, 15 min
£Sll 80 640
MSE56 80 640
100 C, 1 hr
~ ©S11 80 160
MSL56 80 160
110 ¢, 1 hr :
CS11 .20 40
MSC56. 40

20

%0% means negative in a serum dilution of 1:20.

tubes were all O,

Control serum

LISl

iy
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100 © for fifteen minutes and‘reacted to approximately the same dilu-
tion after heating for a full hour.

These experiments indicate clearly that the antigens of MST39
and MSC56 have distinct and different heat stabilities. The behavior
of the MSC39 antigen is coﬁpletely compatiblé with the accepted criter-
ion fof_"H" antigenicity. That of MST56 is not. It is necessary,
therefore, to exclude the hypothesis that the MSC56 heat stable antigen
is a non-functioning flagellar antigen.

In subsequent sections, this antigen will be referred to as the
Heat Stable Antigen (HSA) and €Sll antiserum absorbed with MSC39 as

HSA anhtiserum.

T. ‘Occurrence of HSA Among K12 Strains

Since no antigen like HSA has been described fof B, coli Kl2,
it was appropriate to determine whether USLll was an unusual antigenic
mutant gf the strain. A survey was made from among the stock cultures
in our collection. Nine sub-strains were examined for presence of the
antigen as well as for all other known markers. Results are shown in
Table IV, The following seven cultures reacted with HSA an£iserum and

failed to agglutinate when tested quantitatively with control serum:

MSC503, S1l, MSC69, MSC70, Wé, CS19, and MSCL8. The Hfr strain, CS1OL,

is agglutinated but gives a less striking reaction with antiserum than
do the cultures cited above. Another Hfr cul?ure, W1895, agglutinates
spontansously both in test serum and in control serum. MSC501 alone

is stable in control serum and fails to react with antiserum, and is.
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Table IV. HSA Status of Selected K12 Strains.

HSA agglutinations

Auxotrophic Other markers maximum detectable
Strain markers 1 lac mal xyl mtl S sex . agglut. . agglub.

¢Sl AT, T, I;', R - - - - R F+ 640 1280
B~ '
Msc503 T, L, B R - 4 - - 8§ F- 640 1280
MSC50L T, L~ R - + - + R F- 0 0
w6 M S + + + + S F+ 1280 2560
£3519 pa” S + + + + 8 F- 640 1280
MSCl8 M S  + + + + 8 F+ 640 - 1280
MSCT0 M S + + + ..+ S T+ 640 1280
MSC69 M S + + + + 8 F- 320 | 640
gSL0L M~ S +' 4+ + o+ 8 Hfr 320 640
wig9s M S + + + + S Hfr A A

#Numbers given in this column represent the reciprocal of the
highest dilution of antiserum which gives agglptination. WA® in this
columnh means auto-agglutination. AllL other serum controls were nega-
tive. UO® in this column means negative in-a serum dilution of 1:20.

R or 8 indicate resistance or sensitivity to streptomycin
(column S) or to T5 bacteriophage (column Vy). + or - indicate ability
or lack of ability to ferment the following carbohydratess lactose,
maltose, xylose, mannitol., -Notation for auxotrophic markers is as
follows: A, arginine; L, leucine; I, threonine; B;, thiamine; M,
methionine; pa, phenylalanine.
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hence HSA™.

As can be seen from Table IV, no obvious correlation exists’
bétweén the HSA property and possession of any other knoﬁn marker, No
oqrr¢lation between coloni&} morphology and HSA has been observed. Some
of the HSA* strains consistently produce rough-colonies while others
preduce smooth colonies. Possession of HSA can not be correlated with
the mucdid appearanée which K12 cﬁltures often pi‘esent° £Sll, for
example, produces large amounts of mucus and consistently reacts with
high dilutions of HSA antiserium° MST50L also tends to produce large
amounts of mucus but dOGS‘no£ react with HSA anﬁisérum even when test
antigens are(prepared from particularly muéoid growth. Pennassay broth
cultures of‘ﬂ§£f strains typlcally produce an adherent residue areund
the inside of the test tube which can be démonstrated by tilting the |
culture tube to displace the broth from the side of the tube.. The
presence of this residue is reliable enough to serve as a convenient
screening‘device in searching for E§Af cultures. It is not infallible
however, _Broth'cultures of some strains which produce rough colonies
on solid medium are often clear with most of the cells sedimented at
the bottom of the tube., These broth cultures do not produce the adher-
ent residue characteristic of HSA* strains but may give typical agglut-
ination when tested with antiserum.

The results of this limited survey of strains clearly shows
that ﬁossession of HSA is net a unigue'property of CSli but is chargc»

teristic of many K12 sub-strains and, further, that this antigenic
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property is not a‘pleiotropic effect of any of the known genetic markers.
The consistent and uwniform reaction of most cultures when tested with
antiserum shows that HSA is a stable characteristic not readily influ-
enced by wvariation in genetic,oruenvironmental background. That the
HSA~ property of MSG501L is likewise stable is inferred from two years
observation of this stra:ino Even more dramatic evidence of the stabil-
ity of HSA™ was provided by examination of a new culture of WLL77
provided by Dr. J. Lederbergo,:MSCSOl is a éulture of WL177 whicﬁ, in
the course of storage in Dr. Skaar's laboratory, has become malt, mtl¥,
and Bl+oA The Lederberg culture of WLL77 has acquired a new requirement
for phenylalanine. In spite of ten years isolation, these two W1177
derivativeé'are both HSA™. Infrequent revgrsions of HSA™ to E§Af and
the'reverse among variants of WLL77 and MSC50L wil} be the subject of

the next section.

D. Mutation of the HSA Propefty in Derivatives of WLl77

The HSA™ nature of MSC50L has been known for about two years.
During this period the culture has been propagated on mutrient agar
slants and has been repeatedly subcultured. Broth cultures inoculated
from the agar slants have consistently failed to react with HSA anti-
serum; however, on one occasion,. when broth cultures were diluted and
plated on solid medium to give isolated colonies which, in turn, were
transferred to broth, a.few HSA* revertants were detected. All of
these reveftants arose on plates of EMB lactose which had been spréad

with high dilutions of one Pennassay broth culture of MS{501., Five of

LA
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forty colonies pickéd were found to be HsA*. All of these cultures
have been retained on nutrient agar slants and confinue to be stable
for thelﬂ§gf property and give reactions in antiserum which are com—
parable with that of CSll. One of these cuitures is MST505.

It seems unlikely that growth on EMB lactose had induéed the
change in antigeniéity; but, to test this possibiiity, another inoculum
from the same MSG50L slant was grown up in brbth, diluted, and plated
on EMB lactose. A second plating was made from an HSA* revertant.
Forty colonies from each plating were examined for mutation of HSA.

No mutation in either direction was observed. Obviously, this small
sampling is of little value in determining the rate of mutation of the
HSA character, but the results strengthen our impression that the
change is rare and occurs with a frequency that is more compatible with
a true mutation than with a more narrowly oscillating change such as
phase variation. |

Historically, W1177 was obtained by Dr. Lederberg as a strepto-
mycin resistant mutant of W677. Our culture of W677 (which has been
renmumbered MSC503 because of a mutation from mal™ to ggl+) is stably
HSA*. Since the culture of W1177 recentlj obtained from Dr. Lederberg
gives an ﬂ§éf\reactioﬁ; it is believed that the HSA™ character was lsst
similtaneously with the loss of streptomycin sensitivity. ©SL1 is a
derivative of WL177 which was made F+ by Dr. P. D. Skaar by treatment
with strain 58-16l. " CSll consistently gives an HSA* reaction. Thus

it appears that the HSA™ to HSA™ change may have accompanied the mutation
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to streptemycin resistance and that the HSA™ to §§Af reversion may have
accompanied the acquisition of the sex factor;

In addition to the WL177 culture, tﬁo derivatives of WL177 which
differ in their properties relating to the temperate bactériophage,
lambda, were obtained from Dr. Lederberg and tested for their reaction
with HSA antiserum. The lambda-related properties of K12 strains are
controlled by genes at two loci. The Lpl locus controls pessession of
the.prophége,,the Lp, locus controls possession of the receptors for
adsorption of phage'(Lederberg and Lederberg, 1953). LQQT cultures
cannot adsorb lambda phage and are therefore immune to infection even
l though they may be non-lysogenic. LpsS cultures are able to adsorb
phage and, if non-lységenic, are sensitive to infectioh by extrinsic
phage. The genotype of the HSA™ strain, WLl77, is Lpl+, gpér, W1603,
which is an Lp1™, LpoT-derivative of W1177, is HSA*. W2736, which is
an Lp1~, QQQS derivative of WL603 is HSA™, The appeafance, in rapid
succession, of two reversions in the HSA property ocourring simultane~
ously'withrmutétional changes in the lambda properties raises the pos-
sibility that changes of the HSA state may be invariably accompanied by
changes of oéher, not obviously related, properties. |

All of the five HSA™ to E§Af revertantq of MSC501 were different
from the parent strain when grown on EMB mannitol. 'When MSCSOB'is
grown on BMB mannitol, the colonieé which arise have a typical mbil™
appearance, The appearance of M3G501L colonies onm. EMB mannitol is

intermediate between mtl™ and mtl*. FEach of the five revertants gave a
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typical mtl™ reaction. The fact that all nine of the observed mutations

of the HSA character have occurred simultaneously with other genetic
changes affecying properties which have no obvious physiological rela-
tionship to HSA or to éach‘other-made it seem appropriate to determine
whether the concurrent mutations were simply fortuitous events. Be~.
cause of the lack.of suitable methods fér selecting HSA mutants, the
problem was approached by studying the associated mutations., The
changes in colbnial appearance on IMB mannitol was not investigated
because this mutation also does not lend itself to selective methods.
The changes in streptomyein resistance; lambda characteristics, and

mating properties (gain or loss of sex factor) can be readily studied.

1, Mutation Eg,Streptomyciﬁ Resistance: Chronologically, the
first observed mutation to HSA appeared at the £ime of origin of
WLi77. The first possibility to be considered is that HSA™ and ST
are pleiotropic effects of a single gene. This is ruled out by the
occurrence of HSA+ aerivatives of MSE561 which are stiil ST, A re-

meining explanation is that, in the genetic background of MSCs03 (HSAY,

S8), mutation %o ﬂg&f always accompanies the S° to ST mutation. To
’test this second possibility, new streptomycin resistant mutants‘of
MSC503 were sought by the following procedure. AOne—tenth ml quantities
of an ovgrnight Pennassa& broth culture of MS{503 were itransferred to
forty 5.0 mlL quantities of Pennassay broth and incubated twenty-four
hours at 37 €. These cultures were centrifuged and the pellet resus-

pended in broth comtaining streptomycin and reincubated. Four of the
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forty tubes showed turbid growth within forty-eight houfs. These cul-
tores were streaked on mutrient agar containing streptomycin and incu-
bated until wéll—developed isolatgd colonies appeared which were ~then
picked and transferred to tubes of Pennassay broth. After twenty-four
hours 'irlcubati_cm‘9 the cultures were tested for HSA and for streptomycin
resistance., All were found to be E§Af like MSC503 and were streptomy-
cin resistant. Thus it is evident that the mutation to streptomycin
resistance and the mutation to HSA™ are not.invariébly associated in
MSC503, Obviously, the small number of mutants examined in this experi-
ment offers little indication of the frequency of similar simultaneous
mutations among K12 strains in generélo To obtain a larger sampling
of mutants, the same selection was made using strain ©€S19. ©S19 is a
sub-culture of the mutable strain, 58-278. This culture mgtates from
streptomycin sensitivity to streptomycin resistance at a frequency
which is about a hundred times greater than that of other K12 strains
(Treffers, et al, 1954; Skaar, 1956). Among 100 such streptomycin
resistant mutants obtained, all were found to be E§A?, Thus it appears
that the HSA mutation occurs at a freguency which is less than one per
one hundred mutations to streptomycin.resistanceo

If the genetic basis for the HSA property is cytoplasmic, the
simultaneous oceurrence of ST and HSA™ mutations might be attributed to
the streptomycin treatment employed in gelecting the ST mutant, WL177.
The ability of streptomycin to disinfect certain cells of cytoplasmic

génés has been demonstrated in algal flagellates (Provasoli, et al,
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1951), in seed plants (Bogorad, 1950), and in Buglena (Provasoli, gﬁ_gl,‘

1948). In order to test this possibility, cultures of MSC500, which

is a streppomycin resistaht-variant of MSC56, andlof TS11 were sub-
cultured daily for fourteem days in Pennassay brotk comtaining strepto-
mycin. The cultures were tested daily for reaction with HSA antiserum.
Both cultures continued to react with high dilutions of antiserum which
meant that they were not massively converted to an HSA™ state.

2. Tonversion gﬁ_Eﬁ Strains to F+: Genetic recombination by
conjugation in E. coli depends upon a sexual differentiation of the
strains involved. Genes are transferred uni-directionally from am F+
donor to an F- recipient. This difference is basedlon the  presence of
a sex factor Which is possessed by F+ strains but not by F- strains.
The sex factor is independent of the bacterial chromoseme and can be
transferred at high frequency from am F+ to F- culture, thereby con-
ferring upon the latter the ability to act as a gene donor (Cavalli,
et al; 1953).

The sex factor is assumed to have two effects upon the cell it

“inhabits., The first effect is.to bring about a surface change which

facilitates pairing with compatible F- cells; the second is to effect

.the migration of chromosomal genes (Makela, et al, 1962). It has been

propoesed that, since unlike cell metabolites, enzymes; or vegetative
phage, the sex factor is transferred at high frequency in F+ x F-
crosses, the sex factor structure is not randomly distributed in the

cytoplasm but occupies a specific site close to the bacterial cell wall

Lt
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(Jacob, et al, 1960).

Certain differences. between the physical properties of F+ cell
surfaces and those of F- cells have been reported by Maccacaro (1955).
Sneath and Lederberg (1961) have .found that treatment of F+ cells with
metaperiodate makes them phenotypically unable to act as gene doﬁorsg
presumably by the oxidation of surfa&e cérbohydrates which function
in the pairing process. Differences between F- and F+ cultures of K12
strains with respect to their agglu£inability with hémologous antiserum
have been reported by Maccacaro and Tolombo (1956).

@rskov and @rskov (1960) report an "f*" antigen which occurs
in strains of E. ggli_whiéh kave been convérted to the donor state by
treatmentiwith F+ K12 strains. All converted strains testéd were shown
to possess the £* antigen but not all (£*)* -strains were found to be
F+, - Some strains of B, .coli have, in. fact, been found to have the
capacity for converting other strains to the F+ state even though they
themselves could not act as donors for chromosomal genes (Furness and
Rowley, 1957)0“The @Borskovs hypothesize é tdefective® sex factor which
fulfills the funetion of pairing and of anﬁigenicity but not of pro-
moting gene transfer.

It is clear that not all F- strains are HSA™. MS[503 which is
F- is HSAY and is able to absorb all detectable antibody from the
homologoﬁs antiserum of the F+ strain, CS1ll (see Table V). However,
the fact that MSC501 (F~, HSA™) when made F+ (CSll) also became §§A+

raises the possibility that the HSA antigen is indispensable (but-nét
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Table 'V, Serological Relationships Among F-, F+, and Hfr Strains.

Reciprocal of agglutinating titer <in €Sll antiseruni:

Test absorbed with absorbed with absorbed with
. -antigen MST39 ) -MSG5073 - £S101
CSL1 F+ 640 o 0
MSC503 F- ' 640 0 0]

£S101 Hfr 640 0 0

"O¥ méans negative in a serum dilution of 1:20. Control serum
tubes were all 0., Figures are for maximum agglutination.
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sufficient) for the mating process. On this basis, all F+ strains
should be HSA*. To test this, F+ derivatives of MSC501 were obtained
by mixed growth with two F+ donors, MSE7O ana W6. Overnight cultures
of the three strains were grown up separately in Pennassay broth to a
concentration of about 1 x lO9 cells per ml. One hundred fold dilu-
tions were made of all qultures_and they were incubated again until
they reached concéntrations of about 1 x 108 cells per ml, Then, 2.5
ml quantities of MS{501 were added to 5.0 ml quan£ities of each of the
F+ cultures, and the mixtures were incubated in the 37 © water bath for-
one hour. Dilutions were made of the cultures and 0.1 ml samples were
spread on plates of BMB lactose to give approximately 100 colonies per
plate. The plates were incubated at 37 C for 30 hours, Well-isolated
lac™ colonies were transferred to Pennassay broth, incubated 16 hours

at 37 € and then crosses were made with IMN64 on TMA plates with selec-

‘tion for transfer of the shikimic acid locus. The DMA plates were

incubated for 48 hours at 37 C and scored for the number of prototrophic --

recombinants. Seven cultures of MST50L from the mixing with W6 gave
large numbers of recombinants with IMN64. Four cultures of MSC501 from
the mixing with MSC70 also gave large numbers of recombinants. Control
platings of the cross componénts alone were barren. ﬁone of the broth
cultures from the‘newlyetransformed MSC501 F+ strains reacted with HSA
antiserum, indicating that the HSA antigen is not an essential atbri-
bute of F+ K12 strains.

To test the possibility that HSA® cells might differ from HSA™




28
cells in the readiness with which they are converted to F+, the follow-
ing experiment was performed. PGultures of three F- strains {(MSC501,
MSC503, and MSGSO5) wére exposed to W6 as in the preceding experiment,
and the purified progeny of the exposed eells were testéd for F- status,
M3C503 kthe mal® derivative of W677) is HSA™; MSC501 (the gglf deriva-
tive of WL177) is HSA™; MSCG505 is the HSA™ derivative of MSC50l. As
seen in Table VI (First Cross), all three strains wefe converted to
F+ with equal facility.

To determine whether the F+ state.was stable in the newly con-
hverted strains, each was streaked to a second set of EMB lactose plates,
These plates were incubated 30 hours as before and broth cﬁltures
derived from isoiéted éqlohies were tested for their ability to act as
genetic donors for IMN64 (Second Cross, Table VI)., In all cases, the
F+ property of the newly converted strains was retained in the subcul-
ture, No explanation can be offered at the present time for the in-
ferior fertility of MSC501 and MSC505 derivatives, as contrasted with
those of MSTC503.

Again, all newly converted F+ derivatives of MSG501 were still
Eggf at the time of both the first and second‘crosses°

The preceding results clearly show that K12 strains may be, F+
without HSA., In a&dition, they show that, if HSA is episomally deter-
mined, the infectivity of that episome is lower than is that of the
sex factor. |

3. HSA Mutations Associated with Changes in Lambda Related
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Table VI. Relative Efficiency of F+ Gonversion. of MSC501, MSC503, and

MSC505 by Mixed Growth Wlth wé.

Prototrophlc recombinants per plate in crosses with THING/:

First cross

Second cross

Treated strains . MSC501  MSC505 MSC503  MSC50L  MSC505  MSC503
BExtracted clones
1 100 0 0 100 0 0
2 100 100  »>1000 200  »1000  »1000
3 40 160  »>1000 100 200 $1000
4 100 0 0 60 0. o
5 0 100 0 0 400 0
6 0 0 0 0 0 0
7 0 300 0 0 '4'00‘;' 0
8 70 100 1000 100 120 1000
9 0 0 %1000 0 0 1000
10 500 140 1000 200 200 51000 .

Caltures of MSG501, MSC505, and MSC503 (all lag™) were grown with
W6 (lac*). Ten lac™ clones were then extracted from each mixture.
These)were 1mmed1ately tested for F status by crossing to IMN64 (first
cross
lated colony. This new culture was then tested for F status { second
cross). A control cross between W6 and IMN64 gave 1000 prototrophic
recombinants. Tontrol platings of all components were negative.

Fach clone was streaked and a new .culture initiated from. ah. ise-

LLL I~
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Properties: WLL77 is HSA™, Lp;”, LpsT, and maly”. The corresponding
mal® strain, MSC501, is HSA™, Lpl+, and presumably Lps® according to
Lederberg®s conclusions that Lpzs and ggll‘ are under the pleiotropie
control of a single géne (Lederberg, 1955). WL603 is g§gf, Ly~ Lpo¥,
maly”. TIts derivative, W2736, is'HSA®, Lp~, Lp,®, maly ™.

The HSA character and the properties related to lambda are not
under pleiotrépic control since W11l77 and W2736 are alike for HSA but
different for Lpp while W11l77 and WLé03 are alike for Lp; but different

for HSA.

To determine whether a mutation at either the Lpy or the Lps
locus can be correlated with changes in‘the HSA property, mitants ef
W2637 were sought for study by the following;method%: A nuffient agar
plate was spread with a 0.1 ml ‘overnight Pennassay broth culture of
W2637 and allowed to dry. A lambda suspension was prepared from MSC503
(see Materials and Methods) and a loopful of this suspension was spotted
on the W2637 plate.

The plate was incubated f?r 24 hours and examined for lysis. A
lawn of growth appeared over thé entire plate except fof an area of“"
nearly confluent lysis in the region where the phage had been applied.
Streakings were. made from this l&sed area to several plates of EMB mal-
tose which had been spread with streptomycin to kill any contaminabing
MSC503 cells, The plates were incubated for 24 hours. Fifty-four
colonies were picked and tfansferred to tubes of Pennassay broth, incu-

bated for 24 hours and tested with a 1:40 dilution of HSA antiserum.

Ny |
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None were agglutinated by the antiserum.
Among twenty-eight of the colonies picked from the maltose

streptomycin plate, twenty-one were fna-l+ and immune to lambda. Fifteen

of these were demonstrated to be lysogenic. The remaining colonies
were mal~ and (surprisingly) sensitive to ;§m§g§3 The appearance of
mal~ lambda sensitive mutants is interesting in itself and deserves
further study. The important point here; however, is that mutation
of the HSA property is not invariably correlated with mutation from
lambda sensitivity to lambda lysogenicity nor with the mutation from .

mal* to mal”.

E. Matation of HSA Associateq_with Enhanced Motility

The loss of fertility associated with prolonged passage on
motility medium has been interpreted as due to selection for allelgs
with pleiotropic effects on fertility and rapidity of swarming (Skaar,
et al, 1957). These authors suggest that cells not encumbered by a
surface component necessary for fertility méy be thus fortuitously
selected as rapid swarmers. For the same reason, it might be predicted
that selection for high motility might result in correlated selection
for HSA™. This possibility was tested as follows: A& culture of Wb
was motilized by ten suceessive transfers on motility medium until the
entire population was highly motile. and gave a delicate swarm. An
inoculum from the edge of the swarm oﬁ fhe tenth plate was transferred
to Pennassay broth and incubated. At the same time,‘an inoculum from

the stock culture agar slant was similarly transferred to broth and

LLI 1 —
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incubated. At the end of forty—-eight hours incubation the broth cul-
tures were tested quantitatively for agglutination by HSA antiserum.
The culture derived from the agar slant was agglutinated strongly by a
1:640 dilution of antiéerum; the highly motile culture showed no de-
tectable agglutination even with a 1320 dilution of antiserum. The
broth cultures were then subcultured into fresh broth and a third broth
culture was initiated from an inoculum obtained_directly from a swérm
on motility medium. All three cultures were tested for their ability |
to produce prototrophic recombinants with WLl77. The method used in
this cross was identicalvwith that described in section F of Results
except that the DMA plates were spread with phenylalanine (see Materials
and Methods) to relax selection for transfer of the pgf gen;a°

After two days incubation, the DMA plates were scored for proto-
trophic.recombinants° The non-motilized culture gave more than 1000
recombinants, the cross with the first motilized culture shoﬁed an
approximately ten-fold decrease in number of recombinants, and the
culture which was inoculated directly from the swarm showed an approxi-
mately twenty-fold decrease in number of fecombinantso These results
suggest that loss of §§Af and”loss of F;‘may accompany the selection of
the highly.motile genotype. The results also show, however, that E§A+
and F+ do nof have a common genetic basis, supporting conclusions’

reached in a previous section.

F. Localization of the HSA Gene on the Bacterial Chromosome

Strain W1177 was isolated as a streptomycin resistant mutant of
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W677. MSC501 is a mal® mutant of WL177 and MSC503 is a mal® mutant of

W677. MSC503 is agglutinated by a 1:640 dilution of HSA antiserum.
Agglutination at this dilution is strong; that is, a large flaky anti-
gen-antibody sggregate is formed and the supernatant liquid is clear.
MSC50L. gives no visible reaction with HSA antiserum and absorbs only
flagellar antibody from £Sll antiserum. The agglutination of H§Af
revertants of MSC50l is indistinguishable from that of MSC503. These
facts suggest that the genetic basis of the HSA differences among the
strains resides at a single locus. If this is so, aﬁd if the HSA locus
is chromosomal, it should be possible to establish the pesition of the
locus by standard crosses. With this end in view, a cross was made
between W6 (F+ HSAY) and W1177 (F-, HSA ).

The cross was made on minimal medium with selection for proto-
trophy. W6 is deficient for methioninég WLL77 is deficient fer ﬁhreo—
nine, leucine, and thiamine. A large number of'protbtrophic colonies
appearing on the cross plates were streaked on DMAj; then single colonies
from these plates were streaked on complete medium. Isolated colénies
from the complete medium were transferred to 5.0 ml quantities of Pen-
nassay broth and incubated for twenty-four hours. These broth cultures
were tested for agglutination by 1340 dilutions of HSA antiserum, and
for éuto—agglutination in identical dilutions of control serum. A%
the same time the broth cultures were verified as prototrophs by spotting
on plates of IMA and were also tested for six unselected markers involved

in the cross. Results are given in Table VII, The data of Lederberg,
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Table VII. Segregation of HSA and Other Unselected Markers Among Pro-
totrophic Recombinants Resultin§ from frosses Between W6
(F+, 715, lac*, xyl*, mal*, mtl%, 8%, HSA*) and W1177 (F-,
71¥, lac™, xyl~, mal™, mtl™, HSA‘)

A. TFrequency of Transfer of F+ Alleles

‘ HSA status of¥
Total number #% transfer of F+ alleles ofy . recombinants
examined. Vi lac xyl mal mtl S  HSA+ HsAX

Markusen 106 73 42 10 9 8 15 16 12
(1963) :
Lederberg 100 67 28 — 21 17 15  — —

et al (1951)

B. Relationship Between the Transfer of HSA+ and the Transfer of Other
Unselected F+ Alleles

HSA Total number % transfer of F+ alleles of ¢
status¥# | examined Vi lac xyl mal mt; S
+ 17 76 53 12 12 6 12
el 13 77 62v 23 15 23 l31

- 76 7L 36 8 8" 7 13

#In ‘these columns, + means strong agglutination in a 1340 dilution
of HSA antiserum, * means partial agglutination at the same dilutiom of
_antiserum.
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et al (1951) are included in part A to show that the proportion of un~

selected markers observed in the present cross is distorted somewhat
from that usually obtained in a cross between an F+, M~ strain and an
F-, T, L7, By strain. Specifically, the‘frequency7of lac transfer
is hiéher than expected, while the frequency of transfer of mal and mtl
are lower than expected, The distortion may fall within the range of
variation among different cecrosses, On the other hand, it may be due
to the complication that WL177 has acquired an additional nutritional
requirement for phenylalanine. The phenylalanine locus (or loci) have
not been well studied° One locus is knowq not to be closely linked to
TLB) (Jacob and Wollman, 1961}, The high incidence of lac* appearing
among the recombinants suggests that the new pa mutation is near lac.

Since the frequency of ¥;° (between TLB, and lac) is not notably high,

it is unlikely that pa is similarly situated.

On this basis, the frequency of EsA* prototrophs indicates that

the responsible locus for HSA is either in the vicinity of ILBy of of
the pa locus., However, before discussing this point further, another
unexpected feature of this cross needs to be considered. This was the
appearance of four recombinaht populations which were heterogeneous

for the lac marker, Recombinants obtained from K12 x K12 crosses
usually are stable. The merozygete quickly segregates and gives rise
to stable haploid clones. Exceptions have been obserfed; occasiondl
crosses produce persistent heterozygotes (Lederberg, 1949). The aetec~’

tion of segregating lac* clones in the present cross, in spite of
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standard precautions.of recombinant purification, reveals another im-
portant complication also attributable, perhaps, to the new pa marker.

Twenty-eight per cent of the prototrophic recombinants were
agglutinated by a- 1:40 dilution of HSA antiseruﬁ; however, they did
not react uniformly as was expected. Seventeen cultures gave a strong
reaction like that of MSC503. The remaining thirteen were definitély
agglutinated, but in these the supernatant liquid was not clear. No
cultures agglutinated in control serum. ‘The partial agglﬁtination
could be explained if some recombinants had received only a portion of
an HSA complex, but this explanation 1is incompatible with our observa-
tions on the §§A%éﬂ§éf matations and with the uniformity of thetﬂggf
character of strains having very diverse genetic backgrounds (see
Table IV); Another explanation is that the clones with which some of
the broth cultures were inoculated were heterogeneous for E§A, This
possibility is strengthened by the presence of clones described above
whiéh were mixed for lac.

Existence of a neﬁ selected marker plus the occurrence of seg-
regating diploids éonfuses attempts to interpret the data with regard
to location of the HSA gene. One important statement can be made with
confidences If the HSA difference bétween W6 and WLL77 is due to a’
single locus, that locus does not lie in the segmen£ of the Jacob-
Wollman circular linkage map extending from By . to l§g4(89e Figure 1).
Transfer of the linked block of genes, §1+, 1?, Lf is obligatory in

this cross. Any selected markers lying between B and L, or closeiy‘to




nist his

Figure 1. Genomes of W6 and W1LTT Baséd on the Iinkage Map of Jacob and Wollman (1961).

Syubols used correspond to synthesis of threonine (T), thismine (B;), leucine (L),
tryptophan -(try), histidine (his), methionine (Mg s sensitivity or resistance to strep-
tomycin (8), sensitivity or resistamce to T5 (Vy
(xy1l), mannitol (mtl), lactose (lac).

3 fermenmtation of maltose (mal), xylose

LE

1

[




[} L 11 1

38
the right, will appear in the prototrophic recomSinants in ﬁigh fre-
quency. The genes,‘ElS and ngf, known to lie’ciosely to the right of
L and in that order, illustrate this. Even if both those recombinants
giving a strong reaction with HSA antiserum and these giving only a
partial reaection are scored as instances of passages of the F+ HSA
allele, the percentage transfer pf that allele (28) does not equal thé
percentage transfer of lact (42). Furthermore, the only possible com—
plication of the new F- selective marker, pa’, (r;gardless of.its loca~
tion) would be to have increased the frequency of ﬁransfer of“ﬂgéfu
This negative statement concerning the location of HSA is impértant,
since the locus determining the somewhat similar fimbrial antigen has
been located in the T L;Bl region (Maccacaro, et al, 1959).

Beyond this, only tentative statements can be made. Single
colony isolates of WLL77 alone ﬁave all proved to be.§§gf, but such
tests have beep limited. Furthermore, no such examination was made of
. the same culture usea in the cross. It is conceivable, therqfore,
that the crossed cqlture was a “jackﬁot"'population containing a large
mmber of'ﬂggf mutants, If so, the cross provides no evidence that
the gene is even transferred by con,quation°

However, on the precedihg hyﬁgthesis, the distributioﬁ of gggf
éells should occur among the recombinants randomly with respect to
other unselected markers. As shown in Table VII, there is a suggestion
that this is not so, that, in fact, an interaction with lac exists.

The data on HSA' recémbinants albne is insufficient to warrant confi-
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dence in this interaction. If the frequency of lggf among both strongly
agglutinating and partially agglutinating recembinants is compared to
the fregquency of-lgg+ among the‘ﬂ§éf recombinants, however,_the inter-
action is significanﬁ at the 5 per cent level CXZ’;’S)o

If this interaction is real, it shows not only that HSA' is
transferred; but also that, if the HSA locus is chromosemal, it lies
somewhere to the right of lac: If the new pa~ gene is responsible for
the excess of.lggf'amoné all recombinants, it also would appear to lie
to the right of lac, apparently beyond E§A; ‘Bat S is not closely linked

to pa, pa is not closely linked %o HSA, nor is HSA closely linked to

la8c. Tentative positioning, therefore, would place pa near hisl, HSA

near try? (see Figure 1).

lRefers to the marker for histidine.

2Refers to the marker for tryptophan.




DISTUSSION

The role of HSA in the cell is difficult to ascertain. Its
physical properties do not permit assigning it to any of the categories
of the classical and well-studied O, K; and H antigens of ‘B. coli. The
somatic or O antigen is heat stable. Its antigenicity is not destroyed
by heating to 100 € for two hours. The agglutinating reaction is slow
-and the aggregate produced is gramular and firm. The H or flageliar
antigen forms a loose, floecular aggregate but the.éntigen‘is heat
labile (Kauffman, 1951). Its antigenicity, according to Mackie and
MoCartney (Cruickshank, 1960) is destroyed by heating to 60 C for about
twenty minutes,

The X antigens are a group of envelope or capsular antigens which
are responsible for the O-inagglutinability of living bacteria. The
L‘antigen of this group.is destroyea by heating to L00 € for an hour.‘
The capsular A antigen’is thermostable but is aggiutinated only by
lqw (1:10 or less) dilutions of antiserum.’ The B antigen occupies an
intermediatg position in this group. Its agglutinating antigen is
heat labile but its antibody-binding capacity resists heating to lOO‘C
for two and one-half hours. The M’(mucus)’antigen alseo is agglutinated
only by low dilutions of antisergmw Its agglutinability is déstroyed
by heating to 100 T for two and oné;half hoﬁrs (Kauffman, 195L). .

: grskov gnd Prskov (1960) dés@ribe the £* antigen as being destroyed
by heating to 100 € for an hour. The agglutipating regg@ion is slow and

both the appearance of the aggregate formed and the strength of the

L}
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agglutination are variable depending upén environmental factors. No
attempt was made, during the course of the present investigation, to
demonstrate a K12 antigen comparable to f*. TFalkow and Baron (1962)
report agglutination of K12 F+ and Hfr strains by f* antiserum but no
data are given concerning the source of the antiserum.

Many of the Enterobacteriaceae péssess fimbriae (pili). Agglut-

ination of fimbriated culbures by antiserum is similar to flagellar

agglutination and is a common.source of confusion (Cruickshank, 1960).

The fimbrial antigens are more heat stable than are flagella but are
destroyed by heating te 100 £ fof an hour {Gillies and Duguid, 1958).
Investigations into the genetiec basis of surface anﬁigens of |
those bacteriai strains which lend themselves to‘sﬁandard recombina~
tion studies have been very limited. Liqked transfer of genes for
flagellar structure, function, énd antigenic specificity in crosses

between E. coli K12 mot* and E. coli B mot™ has been reported by Furness

and Rowley (1955). Results from such crosses revealed a locus for the
motility gene near a tyrosine marker (Furness, 1958). Phage-mediated
transfer of motility between K12 and B strains (Markusen, 1960) also
indicates that.iﬁ these strains, all attributes of metility may be con-
trolled by a single gene or by éldéély Llinked genes; In a eross employ-
ing anomher‘non—flagellated strainﬂand usipg a K12 strain as the motile
donor, Prskov and Prskov (1962) report the transfer of a fla gene to be
independent of genes for éntigenic specificity., They placé the site

of this gene in the his region., Transfer of a gene for O antigen was
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demonstrated as well as those for two of the K antigens. Their data
indicate that the gene for the O antigen is situated close to the his
locus as is the H gene described above. According to the @rskovs,
markers ﬁor both the A and B types of K antigen are closely linked to
ﬁhe O'locﬁs but are separable from it. The L-antigen could also be
transferred bj conjugation but its expression appeared to be controlled
by genes at no less than two loci. Results of recombination experi-
ments indicated that the potential fqr expressing the I antigen can be
' present without ex-pression° In crosses in which the donor parent |
carried the latent ability té express the L antigen and the receptor
parent carried an'L antigen of another specificity, recombinants were
obtained which had the same_spécificity as that of the donor‘parenta
The mucoid property of recombinants obtained in K12 x B crosses by
Calef and Cavalli (of ﬁrskov and @rskov, 1960) also was thoﬁght to be
controlled by a pair of complementary genes. . frskov and Prskov (1961)
describe an F+ strain which,'when converting other strains to the F+
state, also transfers the genetic determinant for the L antigen.

The fimbriate properties of E. géli_B.and of B, coli K12 have
been studied extenéively by Brinton‘(l959), Fimbriation in these
strains was found to'be correlated with colonial morphology buf not
with presence or absence of flagella nor with F status. Strain Wé77 F-
was found to be fimbriated whilg 58-161 F+ was not. Fourteen of nine-~

teen strains examined were found to have the potentiality for fimbria-

tion. These strains demonstrated a phase variation between a fimbriated .




43
and a non—fimbriated state. Reversions of the fimbriated state wére
found to occur at a frequency of about'4,x 10~4 per cell per generation.
Trosses between a fimbriated K12 strain and a permanently non-fimbriated
K12 mutant have revealed a chromosomal locus for a gene fim™ at a site
in the T L region (Maccacaro, et al, 1959). Data from these crosses
suggested that expression of the fim* gene may depsnd in part on a
cytoplasmic factor. The fimbriate property also has been transferred
by conjugation from an Hfr strain of -E. coli K12 to a non-fimbriated
Salmonella species (Brinton and Baron, 1960).

The apparent low fertility of F+ derivatives of MSC501L obtained
in the present investigation (see Table VI) deserves further study.
Such differences in fertility observed elsewhere have been attributed
to a mutant F+ factor (Llark and Ade}ﬁerg, 1962) but this explanation
seems unlikely in the present case since the source of F was identicai
for all three cultures. F+ and Hfr strains which have lost their
ability to édsorb a ﬁale—specific bacteriophage'haﬁe also been demon-
strated to show a loss in degree of fertility (Clark and Adelberg,
1962),

Thé negative correlation of high motility with presence of Eﬁg&
in strain W6 (sée section E) is precedented by reported instances in
which the replication of cytoplasmic elements has been shown to be re-
pressed in certain genetiec backgrounds. An F factor can incorporate a
marker from the bacterial chromoéome and tﬁus transfer this factor from

cell to cell at high frequency. tﬂn F lae* factor, which transfers the

Li_i
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lac gene 1s unable te replicate normally in cells which.contain,‘in
addition, a normal sex factor, Replication of F lggf is completely
inhibited in Hfr cells (Scaife and Gross, 1962). A similar influence
is evidenced in the case of a colicin factor. The genetic basis of
Lolicin I, when present in strains of E. coli K12 is able te initiate
its own trénsfer as well as the transfer of chromosomal markers in the
absence of F. The kihetics of colicin factor transfer is influenced
by the presence of F in either the ggllf donor or the coll™ recipient

(Monk, 1962).




SUMMARY

The flocculenf aéglutination produced by mény strains of E. coli
" K12 in response to antiéerum is due in part to the presence of flagellar
antigen and in part to ‘a heat stable antigen {HSA) not associated with
flagella.

Presence of HSA is not 6bviously correlated with Ftstafuso Ap-
propriate crosses show its genetic basis not to be closely linked to

the TLBl region.,

Occasional mutations from HSAT to HSA™ and the reverse have oc-

curred simultaneously with mitations of other genes not obviously re-

lated physiologically.
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