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The TraT protein specified by IncF group plasmids mediates surface exclusion and bacterial resistance to the
lethal activities of serum. In this study, an anti-TraT protein monoclonal antibody was generated which failed
to react with TraT+ bacteria but which efficiently detected solubilized TraT protein in Western blots and in an
enzyme-linked immunosorbent assay. Use of this antibody to screen clinical and nonclinical isolates of
Escherichia coli for the production of TraT protein revealed its presence in a modest proportion (38%) of
normal fecal strains, a significantly higher proportion of clinical strains (51 to 73%), and an even higher
proportion (78 to 88%) of clinical strains concomitantly producing the Kl capsule, an important virulence
factor of E. coli.

The ability of invasive gram-negative bacterial pathogens
to cause generalized infections undoubtedly results from
their elaboration of a constellation of products either that
protect the bacterium from the battery of host defenses it
encounters or that damage the host (see, for example,
reference 17). Crucial first-line host defenses against inva-
sive pathogens are the bactericidal activities of blood, espe-
cially complement, and phagocytes; invasive pathogens
must either avoid or attack these defenses or resist their
action. One type of pathogenesis factor clearly involved in
bacterial resistance to complement and phagocytosis is
capsules, but other components, such as lipopolysaccha-
rides and outer membrane proteins, are also able to fulfill
one or both of these roles (see, for example, reference 14).
One outer membrane protein exhibiting these properties

that has been studied in some detail is the TraT protein
(traTp) of Escherichia coli. This protein, which is encoded
by IncF group conjugative plasmids, mediates both resist-
ance to the complement system (18) and plasmid surface
exclusion (1). Experiments with laboratory strains of E. coli,
isogenic except for the traT character, have shown that
traTp is able to increase bacterial resistance not only to the
lethal activities of serum but also to phagocytosis by macro-
phages, and bacterial virulence, as measured by the 50%
lethal dose for a mouse infection model (Aguero, DeLuca,
Timmis, and Cabello, submitted for publication). Although
these studies have demonstrated the pathogenic potential of
the traTp under experimental conditions, they did not reveal
its prevalence among pathogenic bacteria or the extent of its
contribution to the virulence of specific invasive coliforms.
To address the first of these questions, we have produced a
monoclonal antibody to screen for the presence of traTp in
clinical isolates of E. coli. These experiments have revealed
a greater prevalence of traTp in clinical isolates of E. coli
than in isolates from healthy individuals and a particularly
high incidence in Kl capsule-producing bacteria.

MATERIALS AND METHODS
Bacterial plasmids and strains. Plasmid pKT107 (18) is a

hybrid plasmid composed of the cloning vector pACYC184
(7) linked to EcoRI fragment E-7 of plasmid R6-5, which
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contains the traT gene of this plasmid. pKT146 is a hydroxyl-
amine-generated mutant derivative of pKT107 that overpro-
duces traTp (16). Two derivatives of the laboratory strain of
E. coli K-12 C600 Rifr (4), containing either pKT107 or
pACYC184, served as reference strains for the presence or
absence of traTp. The former, and occasionally C600
Rifr(pKT146), served as sources of traTp for its purification.
Bacteria were routinely cultured in tryptic soy broth (TSB)
containing, in the case of bacteria carrying plasmids
pACYC184, pKT107, or pKT146, tetracycline at a concen-
tration of 10 pLg/ml. Strains from patients of the Mainz
University hospitals and several other hospitals in the Rhine-
Main area, who were suffering from gram-negative septice-
mia, upper-urinary-tract infections (UTI), or diarrhea in
early childhood, were isolated in the diagnostic laboratories
of the Institute of Medical Microbiology, University of
Mainz. E. coli strains from feces of healthy donors were
isolated from persons applying for positions at the Universi-
ty hospitals. E. coli strains from children with enteritis were
typed with antisera against 0 and K antigens (Behring-
Werke, Marburg, Federal Republic of Germany), and strains
with the following 0 and K patterns were selected: 026:K60,
055:K59, 078:K80, 0111:K58, 0119:K69, 0125:K70,
0127:K63, and 0128:K67. All strains were isolated by
routine culture techniques and confirmed as E. coli by their
fermentation and enzyme patterns with the commercial API
20E system.
Kl typing. E. coli strains producing the capsule antigen Kl

were identified by halo formation on nutrient agar plates (20)
containing an anti-meningococcus B polysaccharide antise-
rum, kindly provided by J. B. Robbins, Bethesda, Md. Kl
capsule-specific bacteriophages (11) kindly provided by B.
Rowe, London, were used for confirmation of the KI
character and to select K- mutant derivatives of K1+
strains. The antiserum and phages gave identical results with
all strains tested, except for K92 strains, with which the
antiserum reacted positively and the bacteriophages reacted
negatively.

Isolation of traTp and raising of monoclonal antibodies.
Whole-membrane preparations from bacteria of E. coli C600
Rifr(pKT107) or C600 Rifr(pKT146) were obtained and
extracted with 2% Triton X-100, as described by Manning et
al. (15). The Triton X-100-insoluble material was subse-
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FIG. 1. Partial purification of traTp for immunization. Protein preparations were subjected to SDS-PAGE, and proteins were subsequently

revealed by staining of gels with Coomassie blue. (A) Lanes: 1, traTp preparation used for immunization; 2, starting material, a Triton X-100-
insoluble outer membrane protein preparation obtained from C600 Rif(pKT107) bacteria; 3, a similar preparation of C600 Rif'(pACYC184)
bacteria, which served as a traT- control. (B) Five pools from the first Sephacryl S-200 column (lanes: P1, fractions 155 to 159; P2, fractions
160 to 166; P3, fractions 167 to 176; P4, fractions 177 to 179; P5, fractions 180 to 185) were each concentrated to 500 ,ul and analyzed by SDS-
PAGE. As can be seen, pools P1 and P2 contained ca. 50% of the traTp and were depleted of most of the OmpA protein and some low-molecu-
lar-weight proteins. These two pools were combined and used for a second Sephacryl S-200 run in the presence of 1% 2-mercaptoethanol
(panel C). (C) Pool 1 (PI, fractions 165 to 170) and pool 2 (Pll, fractions 171 to 180) after rechromatography of traTp in the presence of 2-mer-
capthoethanol. The first lane (MP) corresponds to a preparation of Triton X-100-insoluble outer membrane proteins, comparable to lane 2 in
panel A. As can be seen, the second Sephacryl run resulted in a nearly complete separation of traTp from all low-molecular-weight and most
high-molecular-weight contaminants, with the exception of one major outer membrane protein with an M, of 3.7 x 104. Preparative PAGE of
pool 1 yielded the material shown in lane 1 in panel A, that was used for immunization.

quently solubilized by incubation for 2 h at 37°C in 0.125 M
Tris-hydrochloride (pH 6.8)-2% sodium dodecyl sulfate
(SDS) and fractionated by gel filtration chromatography on a
Sephacryl S-200 column (95 by 2.5 cm) equilibrated in Tris-
glycine buffer (0.025 M Tris, 0.192 M glycine, pH 8.3)
containing 1% SDS. The initial 90 ml of eluate was discarded
after which 1-ml fractions were collected (about 150), and a
portion of every fifth fraction was analyzed by electrophore-
sis on a 12 to 15% polyacrylamide-SDS gradient slab gel.
Fractions containing traTp (Fig. 1B) were pooled and con-
centrated to 1 ml in a collodion bag and applied to a second
Sephacryl S-200 column. The second Sephacryl run differed
from the first only in that the sample and elution buffer
contained 1% 2-mercaptoethanol. The eluted fractions were
again analyzed by SDS-polyacrylamide gel electrophoresis
(PAGE) and traTp-containing fractions 165 to 170 were
pooled (Fig. 1C, lane PI) for further purification by prepara-
tive SDS-polyacrylamide gradient slab gel electrophoresis
under the same conditions as those used for analytical runs.
After electrophoresis, two marginal strips of the gel were cut
off and stained, and the rest was frozen. The region of the gel
containing the traTp band was then excised, homogenized,
and extracted with four 10-ml volumes of buffer (0.05 M Tris
acetate [pH 7.8], 0.01 M mercaptoethanol, 1% SDS) at 4°C
over a period of 8 h (23). Urea was then added to a final
concentration of 6 M, and the sample was concentrated to
500 [lI in a collodion bag. Insoluble material was removed by
centrifugation, and the supernatant fluid was finally dialyzed
against 0.125 M Tris-hydrochloride, pH 6.8. The purity of
the traTp obtained by this procedure is shown in Fig. 1A,
lane 1. Note that this procedure gives relatively pure traTp in
low yields; it is thus suitable for the rapid isolation of traTp

in limited quantities, such as those required for immuniza-
tion purposes, etc., but is less appropriate for large-scale
purification of traTp.

Partially purified traTp (20 ,ug) was mixed with complete
Freund adjuvant (Difco Laboratories, Detroit, Mich.) and
injected intraperitoneally into 12-week-old BALB/c mice
(Zentralinstitut fur Versuchstierkunde, Hanover). Two in-
traperitoneal booster injections without complete Freund
adjuvant were given 2 and 4 weeks later. The mice were
killed 4 days after the final booster injection, immune serum
was taken by heart puncture, and spleen lymphocytes were
fused with the hybridoma line X63-Ag8.653 (12), as de-
scribed previously (6). Supernatant fluids from the clones
obtained were tested for their production of antibody against
purified traTp in an enzyme-linked immunosorbent assay
(ELISA) by means of peroxidase-labeled anti-mouse immu-
noglobulins (Dako, Munich) with ABTS [2,2'-arino-di-(3-
ethyl-benzthiazoline-6-sulfonic acid)diammonium salt] (Sig-
ma Chemical Co., Munich) as the substrate (24).
TraTp was fixed to poly-D-lysine-coated microtiter plates

(Dynatech Laboratories, Inc., Alexandria, Va.) by cross-
linking with 0.01% glutaraldehyde. Membrane proteins from
the TraT-negative strain C600 Rif(pACYC184), prepared
from Triton X-100-insoluble outer membrane protein prepa-
rations by solubilization in SDS (2%), served as a control for
specificity of antibody binding. Ascites for the bulk prepara-
tion of monoclonal antibodies were induced in Pristane-
primed BALB/c mice. Immunoglobulin class specificity was
determined in an ELISA with subclass-specific, peroxidase-
labeled antibodies (Nordic, Tilburg, The Netherlands). The
anti-OmpA protein-monoclonal antibody was raised in
BALB/c mice by immunization with whole bacteria of E. coli
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strain C600 Rifr(pKT107) and identified by its reaction with
the well-known heat modifiable OmpA protein in outer-
membrane preparations of TraTp+ and TraTp- bacteria and
its lack of reaction with preparations from ompA- bacteria
(kindly provided by U. Henning, Tubingen, Federal Repub-
lic of Germany).
SDS-PAGE and immunoblotting. Bacteria harvested from

overnight cultures in TSB were washed twice with physio-
logical saline and adjusted to a concentration of 5 x 108 cells
per ml. After centrifugation, the cell pellet was dissolved in
sample buffer (0.0625 M Tris-hydrochloride [pH 6.8], 5% 2-
mercaptoethanol, 2% SDS, 12.5% glycerol) and heated to
100°C for 5 min. SDS-gradient slab gel electrophoresis (12 to
15%) of the solubilized proteins (13) was then carried out for
4 h in a Desaphor electrophoresis apparatus (Desaga, Hei-
delberg, Federal Republic of Germany). After electrophore-
sis, gels were either stained with Coomassie blue or trans-
ferred to nitrocellulose paper (Schleicher and Schull, Inc.,
Dassel, Federal Republic of Germany) by means of a
Transblot apparatus (Bio-Rad Laboratories, Munich). Im-
munological detection of traTp bands on nitrocellulose sheets
was accomplished with either culture supernatants of hybri-
doma clones producing anti-traTp monoclonal antibodies or a
1:1,000 dilution of an ascites fluid. Bound monoclonal antibod-
ies were subsequently revealed with peroxidase-labeled anti-
mouse immunoglobulin G (IgG), using 4-chloro-1-naphthol as
the substrate for the enzyme reaction. Densitometric analysis
of the stained traTp bands on the nitrocellulose paper was
performed with a model 1650 scanning densitometer (Bio-
Rad).
ELISA for detection of traTp in clinical isolates. Bacteria

were obtained and washed as described above and suspend-
ed in detergent solution (0.01 Tris-hydrochloride [pH 8.0], 5
mM EDTA, 0.1 M dithiothreitol, 2% SDS) to a concentration
of 2.5 x 1010/ml, and the cell suspension was heated to 100°C
for 5 min and incubated for 1 h at 37°C. Dilutions of
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FIG. 2. Immunoblot of proteins of traTp+ and traTp- bacteria
with the anti-traTp monoclonal antibody. On the left is the Coomas-
sie blue stained SDS-polyacrylamide gel, and on the right is an
immunoblot of the same gel. Lanes: 1, 107 solubilized bacteria of
strain C600(pKT107); 2, 107 bacteria of strain C600(pACYC184); M,
marker proteins (Bio-Rad). In addition to the marker proteins, traTp
in lane 1 and OmpA protein in lanes 1 and 2 are indicated by arrows.

solubilized bacteria in 0.01 M phosphate-buffered saline, pH
7.3, were transferred into microtiter plates (20 ,ul per well)
precoated with poly-D-lysine and were fixed with glutaralde-
hyde (0.01%). A solution of gelatin (2% in phosphate-
buffered saline) was then added to the wells, and the plates
were incubated for 20 min to minimize nonspecific binding of
antibody. TraTp was detected by addition to the wells of
Mo-414-B9 hybridoma supernatant fluid (20 pAl per well);
after 1 h, the wells were washed and developed with
peroxidase-labeled anti-mouse immunoglobulin. This proce-
dure gave a positive signal with traTp-producing bacteria at
cell concentrations as low as 2.5 x 107 bacteria per ml or 5 x
105 bacteria per well.
An alternative method involved the transfer of enriched

outer-membrane proteins (18) to a 2% solution of octyl-P-D-
glycopyranoside containing 0.1 M dithiothreitol. This meth-
od, which yielded a better presentation of traTp determi-
nants to the tested antibodies, showed a slightly higher
sensitivity than did the procedure described above.

RESULTS
Generation and characterization of an anti-traTp monoclo-

nal antibody. Immunization of BALB/c mice with living
bacteria expressing the plasmid-encoded traTp, or with
outer-membrane preparations of these bacteria, and the
subsequent production of hybridomas did not yield a single
clone producing an anti-traTp monoclonal antibody from
more than 2,000 tested, derived from three cell fusions. We
therefore purified traTp to the extent seen in Fig. 1, immu-
nized with this partially purified material, and obtained
several monoclonal antibodies specifically reacting with
traTp, as shown, for example, for monoclonal antibody Mo-
414-B9 by immunoblotting (Fig. 2) and in a traTp-specific
ELISA (Fig. 3). A second monoclonal antibody (Mo-759-G8)
induced by immunization with whole bacteria that reacted
with a major outer membrane protein (the heat modifiable
OmpA protein) present in both TraT+ and TraT- strains was
used as a control in the ELISA.
Antibody Mo-414-B9 is an IgG of subclass gamma 1,

having kappa light chains. It binds protein A weakly and
does not bind to TraT+ whole bacteria, not even to bacteria
carrying the pKT146 plasmid, which contain more than
100,000 copies of traTp per cell (16). However, the antibody
readily detected traTp in bacteria solubilized with SDS or
nonionic detergents and in isolated and solubilized outer-
membrane preparations; this indicates that the traTp anti-
genic determinant detected by monoclonal antibody Mo-414-
B9 is not accessible on living bacteria and is therefore
masked or buried within the membrane.
The sensitivity of the test systems for traTp, using a 1:103

dilution of ascites fluid of Mo-414-B9, was high enough to
detect traTp in 107 bacteria by immunoblotting (Fig. 2) and in
5 x 105 bacteria by the ELISA (Fig. 3).
Use of the monoclonal antibody to screen for the presence of

traTp in clinical isolates. By means of the monoclonal
antibody and the immunoblot system, we examined about
400 clinical isolates of E. coli for the presence of traTp. As
can be seen in Table 1, although traTp was found in 38% of
nonclinical (fecal) isolates of E. coli, it was found in a
significantly higher proportion of clinical isolates of E. coli,
namely in 56% of sepsis strains and in 51% of invasive
urinary-tract strains. Moreover, of 22 E. coli isolates from
children with infantile diarrhea, typed with regard to 0 and
K antigens and classified as enteropathogenic, 16 (i.e., 73%)
were traTp-positive. The traTp was found in an even greater
proportion (66 to 88%) of E. coli strains that produced the Kl
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FIG. 3. ELISA for detection of traTp. The abscissa shows the

absolute number of solubilized bacteria, either C600(pACYC184) or
C600(pKT146), used for coating of the microtiter wells, whereas the
ordinate shows the absorbance at 414 nm produced by the peroxi-
dase reaction. (A) ELISA reaction with monoclonal antibody Mo-
759-G8 that binds to a major outer membrane protein (OmpAp)
present in both strains. (B) ELISA reaction with the anti-traTp
monoclonal antibody Mo-414-B9.

capsule, a well-known pathogenesis factor (Table 2; see also
Fig. 4). Again, traTp was found in a significantly higher
proportion of K1+ clinical isolates, namely in 88% of sepsis
isolates and in 78% of UTI isolates, than in K1+ fecal strains
(66%). From 15 additional K1+ isolates of UTI origin, 11
(73%) were traTp positive.
Comparison of the intensity of traTp bands, as determined

from densitometer tracings of immunoblot filters of the
reference strain C600 Rif(pKT107), which contains ca.
20,000 copies of traTp per cell (18), with those of the clinical
isolates gave a rough estimate of 5,000 to 10,000 copies of
traTp per cell in most of the latter traTp-positive isolates
(e.g., Fig. SA). This probably reflects the fact that traT+
plasmids in E. coli are low-copy-number replicons, whereas
the pKT107 plasmid is multicopy (M. A. Montenegro, D.
Bitter-Suermann, M. E. Aguero, F. C. Cabello, and K. N.
Timmis, manuscript in preparation).

It should be noted that, whereas only a single traTp band

TABLE 1. Incidence of traTp in E. coli isolates as detected by
immunoblot analysisa

Total no. trT
Type of sample of isolates % traTp

tested positive

Sepsisb 153 56
UTIC 100 51
Fecald 100 38

a Statistical analysis of traTp positivity by the chi-square test showed a
significant increase of traTp in the clinical isolates (x2: P < 0.01).

b From a total of 254 positive blood cultures containing gram-negative
pathogens (mostly Enterobacteriaceae).

c Isolates from upper UTI with significant bacteriuria (105 E. coli per ml of
urine).

d Isolates from feces of normal, healthy persons.

of Mr 2.8 x 104 was revealed by the immunoblot technique
when TSB-grown cells of the K-12 laboratory strain or of
clinical isolates of E. coli were analyzed, a double band was
reproducibly observed when colonies from blood agar plates
containing 5% sheep erythrocytes were analyzed (Fig. 5B).
Although this double-band pattern needs to be characterized
further, it is highly reminiscent of that seen with protein
preparations containing traTp precursor (9). The second
traTp band, which had an Mr 103 greater than that of the
usual traTp species, was presumably produced in response
to bacterial growth on rich medium.

DISCUSSION
The results reported here reveal the production of the

traTp in a significantly higher proportion of clinical isolates
of E. coli (51 to 56%) than in normal fecal isolates (38%).
Even more remarkable was the high degree of association
between production of traTp and elaboration of the Kl
capsule (66 to 88%), a known virulence determinant of many
pathogenic strains of E. coli (2, 20), and between production
of traTp and enteropathogenicity (73%). Southern blot anal-
ysis of representatives of the groups of strains in Table 1,
with a traT gene-specific DNA fragment, has shown that
traTp is in all cases coded by plasmids, largely IncF group
plasmids (Montenegro, Bitter-Suermann, Aguero, Cabello,
and Timmis, in preparation). This suggests that traTp, or
another factor encoded by traT' plasmids, contributes to the
virulence of a high proportion of pathogenic strains of E.
coli. A similar association of the carriage of ColV plasmids
(IncF group) by Kl-positive clinical strains of E. coli has
also been reported (3). Although traTp has been shown to
mediate bacterial resistance to complement and phagocyto-
sis in laboratory strains of E. coli, its role if any in the
pathogenicity of clinical isolates is likely to be dependent
upon other factors, such as capsular polysaccharides, lipo-

TABLE 2. Incidence of traTp in Kl- and nonKl-producing E.
coli isolates as detected by immunoblot analysis'

No. (%) of K1+ isolates No. (%) of Kl- isolates
Type of sample TraTp TraTp TraTp TraTp

positive negative positive negative

Fecal 8 (66%) 4 (34%) 30 (34%) 58 (66%)
UTI 11(78%) 3 (22%) 41(48%) 45 (52%)
Sepsis 15 (88%) 2 (12%) 71 (52%) 65 (48%)

a x2 (Omnibus Test by Le Roy): P < 0,005 E. coli isolates previously tested
(Table 1) were further subdivided into Kl-positive (K1+) and Kl-negative
(K1-) strains and analyzed for traTp. Absolute numbers of each type of
isolate are given.
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polysaccharides, and plasmid-encoded proteins other than
traTp (2, 5, 10, 18, 21).
To determine whether traTp plays a role in pathogenesis,

it will be necessary to construct traT- deletion derivates of
several traT' pathogenic strains of E. coli and to compare
the virulence of the traTp+-traTp- pairs (that are isogenic
for all other characters) in a suitable animal model. If these
experiments demonstrate that traTp contributes to bacterial
virulence, the traTp monoclonal antibody will clearly consti-
tute a useful reagent for epidemiological studies. Alterna-
tively, even though traTp itself may not directly contribute
to the virulence of clinical isolates, its easy detection by the
methods described above makes it a useful marker for F-like
plasmids which may code for other factors of pathogenicity
and antibiotic resistance in E. coli. The two methods used
here to detect traTp each have a specific advantage. The
ELISA is more rapid and more sensitive and detected traTp
in all isolates that were shown by immunoblotting to be
traTp+. The immunoblotting procedure not only detects the
production of traTp but also identifies it as a specific-
molecular-weight species of protein. In an initial study like
the one described here, or in an analysis of traTp in non-E.
coli isolates, the additional information provided by the
immunoblotting procedure is important. Indeed, recent ex-
periments have revealed the production in isolates of certain
non-E. coli members of the family Enterobacteriaceae of an
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FIG. 5. Quantitation of traTp in clinical isolates and effect of
growth medium on traTp species produced. (A) Amount of traTp
produced by a UTI strain of E. coli. Tracks 1 to 4: 2.5 x 106, 5 x 10',
1 X 107, and 2 x 107 TSB-grown bacteria of strain C600
Rif'(pKT107), which contains 2 x 104 traTp copies per cell (18);
track 5, 1 x 107 TSB-grown bacteria of a UTI isolate. The intensity
of traTp in track 5, as calculated from the peak area of the
densitometrically analyzed immunoblot bands, is the same as that in
track 2; this particular UTI strain therefore contains 1 x 104 traTp
copies per cell. (B) Demonstration of double bands of traTp extract-
ed from blood agar-grown bacteria. Track 1, TSB-grown bacteria of
a UTI strain; track 2, bacteria of a TSB-grown sepsis strain; tracks 3
and 4, blood agar plate-grown bacteria of the same strains shown in
tracks 1 and 2 but grown on blood; track 5, 107 TSB-grown bacteria
of C600 rif(pKT107).
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FIG. 4. Immunoblot of solubilized E. coli sepsis strains. 107
bacteria of K1+ strains 61K1, 2338K1, and 3717K1 and a K1--
derivative of 61K1 were solubilized and applied to the gel. A 1:20
dilution of a membrane preparation of C600(pKT107) was used as a

reference. As can be seen, 61K1, 61K- and 2338K1 were traTp
positive, whereas strain 3717K1 was traTp negative. The differences
in the protein patterns of the different strains reflect stable differ-
ences in the compositions of their outer membrane proteins. (A)
Immunoblot; (B) SDS-PAGE stained with Coomassie blue.

anti-traTp antibody-reacting species having a molecular
weight higher than that of traTp itself (M. Jurs, H. Peters,
K. N. Timmis, and D. Bitter-Suermann, manuscript in prep-
aration).
The reason that we were not able to induce monoclonal

antibodies against traTp, when we used whole bacteria or
intact outer membranes for immunization, remains unclear
considering that traTp is reported to be a major outer-
membrane protein which is exposed on the cell surface (15,
22). The anti-traTp monoclonal antibody Mo-414-B9 and two
other monoclonal antibodies with a similar reaction pattern,
which were induced by immunization with partially purified
traTp, efficiently detect solubilized traTp but not native
traTp on whole cells. Therefore, the antibody most probably
detects an antigenic determinant hidden within the mem-
brane, which is unfolded or unmasked by treatment of cells
with detergents. If further attempts fail to produce an anti-
traTp antibody that reacts with whole cells, the possibilities
must be considered that exposed domains of traTp, which
may be identified from the available nucleotide sequence
(19), are weakly immunogenic or that traTp is not as exposed
on the cell surface as has been suggested by previous
experiments involving the radiolabeling of traTp on whole
cells by lactoperoxidase coupling of 1251 (15, 22) and by the
surface exclusion phenomenon (1, 15).

ACKNOWLEDGMENTS
We thank J. B. Robbins for generous gifts of anti-meningococcus

B antiserum.

INFECT. IMMUN.

1

AM&N.Ma

VW

f!!
II---:



MONOCLONAL ANTIBODIES TO TraT PROTEIN 313

This study was supported by grant 01ZR0420 from the Bundes-
ministerium fur Forschung und Technologie, Bonn.

LITERATURE CITED

1. Achtman, M., N. Kennedy, and R. Skurray. 1977. Cell-cell
interactions in conjugating Escherichia coli: role of traT protein
in surface exclusion. Proc. Natl. Acad. Sci. U.S.A. 74:5104-
5108.

2. Aguero, M. E., and F. C. Cabello. 1983. Relative contribution of
ColV plasmid and Kl antigen to the pathogenicity of Escherich-
ia coli. Infect. Immun. 40:359-368.

3. Aguero, M. E., H. Harrison, and F. C. Cabello. 1983. Increased
frequency of CoIV plasmids and mannose-resistant hemaggluti-
nating activity in an Escherichia coli Kl population. J. Clin.
Microbiol. 18:1413-1416.

4. Bagdasarian, M., R. Lurz, B. Ruckert, F. C. H. Franklin, M. M.
Bagdasarian, J. Frey, and K. N. Timmis. 1981. Specific-pirpose
plasmid cloning vectors. II. Broad host range, high copy num-
ber RSF1010-derived vectors, and a host-vector system for gene
cloning in Pseudomonas. Gene 16:237-247.

5. Binns, M. M., J. Mayden, and R. P. Levine. 1982. Further
characterization of complement resistance conferred on Esche-
richia coli by the plasmid genes traT of R100 and iss of ColV,I-
K94. Infect. Immun. 35:654-659.

6. Burger, R., U. Deubel, U. Hadding, and D. Bitter-Suermann.
1982. Identification of functionally relevant determinants on the
complement- component C3 with monoclonal antibodies. J.
Immunol. 129:2042-2050.

7. Chang, A. C. Y., and S. N. Cohen. 1978. Construction and
characterization of amplifiable multicopy DNA cloning vehicles
derived from the P1SA cryptic miniplasmid. J. Bacteriol.
134:1141-1156.

8. Ferrazza, D., and S. B. Levy. 1980. Biochemical and inimuno-
logical characterization of an R plasmid-encoded protein with
properties resembling those of major cellular outer membrane
proteins. J. Bacteriol. 144:149-158.

9. Ferrazza, D., and S. B. Levy. 1980. Biosynthesis of a plasmid-
encoded outer mnembrane surface exclusion protein involves
processing from a precursor polypeptide. J. Biol. Chem.
255:8955-8958.

10. Gemski, P., A. S. Cross, and J. C. Sadoff. 1980. Kl antigen-
associated resistance to the bacterial activity of serum. FEMS
Microbiol. Lett. 9:193-197.

11. Gross, R. J., T. Cheasty, and B. Rowe. 1977. Isolation of
bacteriophages specific for the Kl polysaccharide antigen of
Escherichia coli. J. Clin. Microbiol. 6:548-550.

12. Kearney, J. F., A. Radbruch, B. Liesegang, and K. Rajewsky.
1979. A new mouse myeloma cell line that has lost immunoglob-

ulin expression but permits the construction of antibody-secret-
ing hybrid cell lines. J. Immunol. 123:1548-1550.

13. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

14. Makela, P. H., D. J. Bradley, H. Brandis, M. M. Frank, H.
Hahn, W. Henkel, K. Jann, S. A. Morse, J. B. Robbins, D. L.
Rosenstreich, H. Smith, K. Timmis, A. Tomasz, M. J. Turner,
and D. C. Wiley. 1980. Evasion of host defences, p. 175-198. In
H. Smith, J. J. Skehel, and M. J. Turner (ed.), The molecular
basis of microbial pathogenicity. Verlag Chemie, Weinheim,
Federal Republic of Germany.

15. Manning, P. A., L. Beutin, and M. Achtman. 1980. Outer
membrane of Escherichia coli: properties of the F sex factor
traT protein which is involved in surface exclusion. J. Bacteriol.
142:285-294.

16. Manning, P. A., J. K. Timmis, A. Moll, and K. N. Timmis. 1982.
Mutants that overproduce traTp, a plasmid-specified major
outer membrane protein of Escherichia coli. Mol. Gen. Genet.
187:426-431.

17. Mims, C. A. 1982. The pathogenesis of infectious disease, 2nd
ed. Academic Press, Inc., London.

18. Moll, A., P. A. Manning, and K. N. Timmis. 1980. Plasmid-
determined resistance to serum bactericidal activity: a major
outer membrane protein, the traT gene product, is responsible
for plasmid-specified serum resistance ih Escherichia coli. In-
fect. Immun. 28:359-367.

19. Ogata, R. T., C. Winters, and R. P. Levine. 1982. Nucleotide
sequence analysis of the complement resistance gene from
plasmid R100. J. Bacteriol. 151:819-827.

20. Robbins, J. B., G. H. McCracken, E. C. Gotschlich, F. Orskov,
I. Orskov, and L. A. Hansen. 1974. Escherichia coli K-1
capsular polysaccharide associated with neonatal meningitis. N.
Engl. J. Med. 290:1216-1221.

21. Taylor, P. W., and M. K. Robinson. 1980. Determinants that
increase the serum resistance of Escherichia coli. Infect. Im-
mun. 29:278-280.

22. Timmis, K. N., P. A. Manning, C. Echarti, J. K. Timmis, and A.
Moll. 1981. Serum resistance in E. coli, p. 133-144. In S. B.
Levy, R. C. Clowes, and E. L. Koenig (ed.), Molecular biology,
pathogenicity and ecology of bacterial plasmids. Plenum Pub-
lishing Corp., New York.

23. Weber, K., and D. J. Kuter. 1971. Reversible denaturation of
enzymes by sodium dodecyl sulfate. J. Biol. Chem. 246:4504-
4509.

24. Zimmer, B., H. P. Hartung, G. Scharfenberger, D. Bitter-
Suermann, and U. Hadding. 1982. Quantitative studies of the
secretion of complement component C3 by resident, elicited and
activated macrophages. Comparison with C2, C4, and lysosom-
al enzyme release. Eur. J. Immunol. 12:426-430.

VOtL. 46, 1984


