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1. SUMMARY

The uropathogenic Escherichia coli wild-type
strain 536 produces S-fimbriae, P-related fimbriae
and ‘type I fimbriae. Using immuno-colony dot
and ELISA techniques, variants were detected
showing an increased degree of S-fimbrial produc-
tion. It was demonstrated by immunofluorescence
microscopy that in normal (wild-type) and hyper-
S-fimbriated E. coli populations non-fimbriated
cells also exist, and that the percentage of S-
fimbriated and non-fimbriated bacteria was
roughly identical in either population. Hyper-S-
fimbriated variants could be stably maintained.
The transition from wild-type to hyper-S-fimbria-
tion, which occurs spontaneously, is markedly
higher than vice versa. Southern blot analysis of
the S fimbrial adhesin (sfa) determinants of nor-
mal and hyper-fimbriated strains revealed no
marked difference in the gene structure.

Correspondgnce to: J. Hacker; institut fir Genetik und Mikro-
biologie, Universitit -Wiirzburg, Rontgenring 11, W-8700
Wiirzburg, FR.G.

2. INTRODUCTION

Fimbrial adhesins enable pathogenic. bacteria
to colonize eukaryotic tissue surfaces [1]. Extrain-
testinal Escherichia coli isolates causing urinary
tract infections (UTT), new born meningitis (NBM)
or cases of sepsis are able to produce several types
of fimbrial adhesins which can be distinguished by
their different receptor specificities. S fimbrial ad-
hesins (Sfa) produced by NBMand, to a minor
extent by UTI strains are able to bind to terminal
sialyl-8 [2,3] lactose sequences of glycoproteins
[2]. The S fimbrial adhesin complex consists of
four proteins. One of these, SfaA, represents the
major subunit of the fimbrial structure (16.5 kDa).
SfaS, a minor subunit protein of 14 kDa repre-
sents the sialic acid binding molecule [3]. The
S-fimbrial determinants are not expressed con-
stitutively, but rather are influenced by several
factors including growth rate, temperature and
composition of cultivation media [4]. In addition a
spontaneous ON and OFF switching of S-fimbria-
tion has been described [5]. Here we. report on the
occurrence of three ‘different phases of S fimbrial
expression in an E. coli wild-type isolate: ‘Nor-
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mal’ fimbriated, non-fimbriated and hyper-fimbri-'

ated bacteria.

3. MATERIALS AND METHODS

3.1. Bacterial strains ‘and-plasmids -
E. coli strain 536 (06 : K15
a patient suffermg from a urmary tract’ mfection,

was obtainted from the Institute- fiir Hygiene' und .
Mkroblologle, _Wulzburg [6] The varjant. stram 5

rde51gnated 536-53 exhibiting a. hyper-S fimbriated:

phenotype was isolated from a single. . colony

strongly redcting with antx-SfaA antibodies in an
immuno-colony-dot assay. E. coli strain 536- 17Bl

is a TnphoA mutant (sfa::Tn phoA) dlsplaymg a

Sfa™ phenotype ‘(vef. 7; Hacker et al. in prepara-
tion). The E. coli K-12 strain- HB101 was. used in
control expenments For generatton of ‘the sfa—

specific-DNA probe, plasmid pANN801-13 (ApR)-

was used [8]. The recombinant DNA was- main-
tained in-E. coli:HB101. under antlblOtlc pressure
(amplcﬂlm conc: 50 p.g/ml)

3.2, Medza and reagents

Bacteria were grown in Luria Bertani (LB)
broth. For detection ‘of flmbnae bacteria ‘were
cultivated on solid media: FETC (fluorescineriso-
thiocyanate)-conj jgated goat-antl-rabblt IgG anti-

chemlcels w%ere a glft from Slgma E. R G

3.3 Antzbody preparatzon

e. spec1f1c1ty of antl-SfaA
i estem blot: ana]ysxs usmg

[31);:isolated: from ,
prev10usly 11].

0.8, 150: Bl ‘of -this- suspenswn were uSsex

* were . determined at 490 nm using ‘a “rmcrotlter
plate reader (Flow F.R.G.).

3.7 DNA techmques and Southem hybnd;zauon

3.4 Immuno colony dot assay R :
Bacterial ‘colonies were: rephca plated on: mtro—_
cellulose filters' and grown overmght on LB
medium. Immuno-colony-dot procedu was'i_then
carried out as described by van Die ¢t al l()].‘ :

3.8 Whole-cell ELISA

. Whole cell ELISA was performed as descnbed '_
Bacterla were harvested after
growth on solid media- and ODgg Was adJ.us‘

3 6. Immunoﬂuorescence mzcroscopy
Bacteria were harvested from LB plates and
washed .in TBS»(SO mM Tns-HCl pH 7'5/0 9%

dropped onto a glass shde and’ mcub ed ‘for 10
min -at’ room temperature (RT). Then 25.pu1 of a
0.5% glutaraldehyde solution (v/v it H ) were
added. After a further incubation of 10 min at’ RT,

the glass slide was washed three, times. in .TBS.
Then 50 el of. a TB y

scope (.'I.eltz Dialux 20)

eluted from ag
2p_labelled by nick translauon [12].



4. RESULTS

4.1. Isolation of a hyper-S-fimbriated variant of the
E. coli wild type strain 536

The E. coli wild-type strain 536 expresses three
types of fimbriae, S-fimbriae, P-related fimbriae
and Type 1 fimbriae [14]. Antibodies were raised
against the major S fimbrial subunit protein SfaA
(16.5 kDa) of the wild type strain 536. Using
immuno-colony-dot analysis, approximately one
out of 100 colonies of the wild-type strain ex-
hibited a stronger reaction with anti-SfaA anti-
bodies (Fig. 1), indicating an overproduction ;of
S-fimbriae. One of these variants, designated 536—
53 was further characterized. Immuno-colony-dot
analysis of the 536-53 strain revealed that :all
colonies reacted very strongly, and no colony simi-
lar to the normal fimbriated wild-type could ibe
observed (data not shown).

4.2. Quantification of the expression of S-fimbriae
To compare the S-fimbriae production of the
wild type strain 536 with the variant 536-53 more
precisely, a whole cell ELISA using anti-SfaA
antibodies was performed. Fig. 2 clearly demon-
strates a significant increase of adsorption in
variant 536-53 compared with that of the wild
type strain, confirming the overproduction of S-
fimbriae in the variant strain. In control experi-
ments an S fimbrial negative mutant 536-17B1
(sfa::Tn phoA) still expressing P-related flmbnae
and Type 1 fimbriae (data not shown) and the E.
coli K12 strain HB101 were used, which did hot

show a significant reaction with the anu-SfaA<

specific antibodies.

4.3. Analysis of fimbriation of smgle bacterial cells
by immunofluorescence microscopy’
For further analysis, the wild-type stram 536

and the variant 536-53 were examined via im-‘
munofluorescence microscopy using the ann-S‘faA :

antibodies. In Fig. 3 it can be seen that in eulher

population, bacterial cells reacting with the anti-.

bodies and non-reactmg cells co-exist, mdlcaqmg
the presence of S-fimbriated and non-S- fimbriated
cells. In both strains, 536 wild-type and 536-53,
approximately 60-70%. of the cells displayed S-
fimbriation. Therefore we concluded that hyper-
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Fig. 1. Immuno-colony-dot analysis of strain’ E. coli 536, using

anti-SfaA antbodies. One. of the- strongervreacung colonies

(arrow) of the wﬂd-type populatxon was isolated and desig-
nated 536-53, exhibiting a hyper-S-fxmbnated phenotype

A 490 nm
2,0 —

536 536-53. "536:17B1  HB101

Fig. 2. Whole-cell ELISA of E. coli strains 536, 536-53, 536-
17B1 and HB101 using anti-SfaA antibodies. The values repre-
sent absorption at 490 nm ( 449). Standard deviation is given.
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5. DISCUSSION

In this report we descnbe thc variation: of S-'

the geno° és af the wtld-type and hyper-S-: £ :' _b
variant iddiinca
S I order to analyse:t! the'gene structur

102 Premse calculanon of a revetsw
level has not been camed out, b

w1thm t/e sfa-gene structure when normal S-
fimbriated .cells become hyper—S-flmbnated

a.

Fig. 3. Immunoﬂuorescence nucroscopy of
shown wnhout {above) and with flyores s
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kb

<0.7

Fig. 4. Southern blot analysis of PstI-Sphl cleaved genomic

DNA of the wild-type strain 536 (lane 1) and the hyper-S-

fimbriated variant 536-53 (lane 2), using the 9.0-kb EcoRV

fragment from pANN801-13 as DNA-probe. DNA sizes of
internal sfa-specific fragments are indicated.

yond major rearrangements might be responsible
for the altered phenotype.

Genetic mechanisms for the ON-OFF switch-
ing of the expression of a certain phenotype have
been described by several authors. Ou and co-
workers report on the variation of the Vi capsular
antigen of Citrobacter freundii, which is regulated
by an insertion-excission of an IS 1-like DNA
element [16]. In an analogous way the exopolysac-
charide (EPS) production of the marine bacterium
Pseudomonas atlantica is switched ON-OFF by an
insertion element [17]. Another mode of control is
responsible for the phase variation of Type 1
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fimbriae in E. coli. The inversion. of a DNA
element leads to either the ON or OFF . state
[18,19]. Phase variation has beén further reported
for P-fimbriated as well as for S-flmbnated patho-
genic E. coli strains, where in contrast to the
above mentioned examples, the underlying control
mechanisms have not been elucidated [5,20].- Also
hyper-fimbriation has been described for Type 1
fimbriae in E. coli K-12 [21] Van der Woude and
co-workers reported on a mode of _controlling
987P-fimbriae expression in enterotoxigenic E. coli
where the number of fimbriae per. bacterial cell is
regulated [22]. As one can see, different levels of
expression of -a certam phenotype are_commonly
found in pathogenic as well as on non-pathogenic
bacteria. In the case of pathogenic bacteria; the
advantages of altering the level of "expression of
certain virulence traits are obvious. Adaptation to
changing environmental conditions in the course
of an infection might be mediated by OFF-ON-
HYP switching a certain phenotype.
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