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Abstract We earlier reported the identification of bft-k, -3,
anc: a third ORF from an enterotoxigenic strain of Bacteroides
fraui'is 419, which was isolated from the blood of a Korean
patieat suffering from systemic infections. In the present
staly, the deleted fragments of the -3 and the bfi-k genes
frym B. fragilis 419 were cloned into suicide vector pJST55
ari: used to create a mutant with chromosomal disruption of
the ¢-3 and bfi-k genes. Structures of the selected mutants,
D> [F-2 and DBT-4, were found to be intermediate forms that
intzgrated the suicide vector into the chromosome. f-3
dicupted DMP-2 and Bft-k disrupted DBT-4 did not react
wi‘h pelyclonal antibodies against T-3 or BFT-K, and had no
biclegical activity in HT29/C, cells.
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B¢ cteroides fragilis, a Gram-negative nonsporulating
anaerooe, is most frequently isolated from infectious
pricesses in humans and is a common component of the
normal flora of the colon [4]. Some of these strains have

2or implicared as causes of watery diarrheal disease
in livestock and humans, and are termed enterotoxigenic
B cteroides fragilis (ETBF) [15]. These strains are reported
to stimulate fluid accumulation in lamb ligated ileal loops
(1._IL), and this secretory response has been attributed to a
27 kDa enterotoxin protein, which alters the morphology
of Fuman intestinal epithelial cells in vitro, especially
HT29/C, celis [13].

Previously, we found a new isoform of BFT, termed
E-T-K, which was more closely related to BFT-2 than
E-T-1 [7]. The gene for BFT-K protein was cloned and
saquenced from B. fragilis 419, which was isolated from
th: slood of a patient suffering from systemic infections
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[3]. In recent years, the virulent genes of pathogenic
bacteria are often shown to be clustered within definable
genetic elements termed pathogenicity islands [5]. The
enterotoxin pathogenicity islet of B. fragilis 419 was
cloned and sequenced, and found to be 6,045 bp in length
and to contain 12-bp direct repeats near its end. Besides
BFT-K, two ORFs have been identified in this pathogenicity
islet; T-3 and a third ORF [16]. The -3 gene and a third
ORF encode a 396-amino acid protein of a putative
metalloprotease and a 59-amino acid protein, respectively.

Among the proteins encoded by the genes in the BFT
pathogenicity islet, the T-3 protein appeared to be more
conserved than the other gene products in the islet [10].
This suggests that T-3 protein plays a more important role
in the pathogenicity of ETBF than BFT. However, little is
known of how the T-3 protein contributes to ETBF
pathogenesis. The present study was undertaken to analyze
the functional role of #-3 and bft-k using a gene knockout
system [8].

Bacterial Strains, Plasmids, and Culture Condition

B. fragilis 419 and 661 were grown anaerobically on BHIS
medium [3.7 g of brain heart infusion (BHI) base (Difco
Laboratories, Detroit, MI, U.S.A.) per liter supplemented
with 0.1 mg of vitamin K, 0.5 mg of hemin, and 50 mg of
L-cysteine (all from Sigma, St. Louis, MO, U.S.A))], and
E. coli strains were grown on Luria-Bertani (LB) medium
(Difco) at 37°C. The enterotoxigenic strain of B. fragilis
661, isolated from the blood of a Korean patient who
suffered from systemic infections, was used as the recipient
strain. B. fragilis 661 is inherently sensitive to clindamycin
and resistant to ciprofloxacin, and therefore 100 ug of
ciprofloxacin per ml was added to BHIS agar plates in
mating experiments for selection purposes. E. coli DH50
was used as a host for plasmid maintenance and E. coli
HB101 was used as a donor strain for transformation.
RK231, a broad-host-range mobilizing IncP plasmid, was
obtained from M. Malamy (Tufts University, Boston, MA,
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Table 1. Strains & plasmids used in this study.

Strains Relevant characteristics Reference or source
B. fragilis

Isolates

419 Cln', Str', Gen', Cef', Cip’ This study
661 Cln’, Str', Gen', Cef, Cip’ This study
Mutant

DMP-2 B. fragilis, t-3 gene disrupted This study
DBT-4 B. fragilis, bft gene disrupted This study
E. coli

HB101 SupE44hsd S20(rB-mB-)recAl3 ara-14 proA2lacY1 galk2 rpsL20 xyl-5 mt1-1 Gibco/BRL
DH5a SupF44Alaucu 169(080lacAZM 15) hsd R17 recAl end Al gryA96this-1 relAl Gibco/BRL
Plasmid

PRK 231 RP 4 derivative Kan', Tc’

pJSTS55 Cln', Amp’ B. fragilis suicide vector [17]
pTp-P419 pCR(D 2.1 bft (1.2 kb EcoRl/ Xhol)of 419 This study
pBD1 pTp-P419 with 480 bp SSPI, Accl deletion This study
pJSTBDI1 Fragment of BamHI, Xbal from pBDI cloned into pJST55 This study
pTMP419 pCR(® 2.1 #-3(1.136 kb EcoRV/ Xhol) of 419 This study
pMPD pTMP419 with 500 bp Bg/ll, EcoRV deletion of -3 This study
pIJSTMPD Fragment of BamHI, Xbal from pMPD cloned into pJST55 This study

U.S.A)), and was used to provide mobilization functions in
triparental filter matings. The antibiotics added for plasmid
selection were ampicillin (100 pg/mi) for pTMP419 and
pTp-P419, and kanamycin (50 pg/ml) for RK231. pTOPO
(Invitrogen) and pJSTSS, obtained from C. Jeffrey Smith
(East Carolina University, Greenville, NC, U.S.A.), were
used to construct pJSTMPD and pJSTBDI. Plasmid
RK231 was used to provide mobilization in triparental
filter matings.

Construction of the -3 Mutant and the bft-k Mutant of
B. fragilis

To construct pJSTMPD, a putative -3 gene fragment of
1,136 bp was amplified by PCR and subcloned into
pTOPO (Invitrogen), creating pTMP419. An internal 0.5
kb Kpnl-Xhol fragment from pTMP419 was removed
and cloned into the suicide vector, pJSTS5, creating
pJSTMPD. In addition, a 1.2 kb bft-k gene fragment was
amplified by PCR and subcloned into the pTOPO vector,
creating pTp-P419. pTp-419 was then digested with Sspl
and Accl, yielding a 460 bp fragment, which was cloned
into suicide vector pJSTS5, creating pJSTBDI.

To obtain donor strains, subclones were obtained after
transforming E. coli HB101 with pISTMPD or pJSTBDI,
and the obtained plasmid structures were confirmed by
restriction endonuclease analysis. All donor strains were
resistant to clindamycin (cIn’) and sensitive to ciprofloxacin
(cip’). These two plasmids, pJSTMPD and pJSTBD1, were
mobilized into Bacteroides cells by a parental filter mating
procedure [6, 9]. Thus, donor and recipient were mixed in
a 1:2 volume ratio, centrifuged, and resuspended in 0.5 ml

of BHIS. Twenty ul of this mixture was then spread on
sterile nitrocellulose filters placed on the surface of a
BHIS agar plate. After overnight aerobic incubation at
37°C, transconjugants were selected using BHIS agar
containing clindamycin and ciprofloxacin. To confirm
the insertion derivatives in the 73 and bft-k genes,
chromosomal DNA was prepared [11] from each of 14
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Fig. 1. Schematics of pTMP419, pMPD, pTop-P419, and pBDI,
which carry the cloned #-3, bft-k genes from B. fragilis 419,
respectively.

Restriction endonuclease abbreviations are as follow: EV, EcoRV; H,
Hpall; El, EcoRI; B, Bglll; C, Cfol; S, Sspl; K, Kpnl; A, ACCI; N, Ndel.
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Fig. 2. Agarose gel electrophoresis of PCR product of ETBF
419 and 661 and transconjugants DMP-2 and DBT-4.

(A The detection of ¢-3 gene using primers MA and MB. (B) The
d: :c:ion of bft zene using primers BFT1 and BFTS.

i lated Cln' colonies and the #-3 and bft-k genes amplified
by using primer [primer MA (forward primer, 5-TTTTT-
G TATGCATGCATTCCAAC-3Y), MB (reverse primer, 5'-
T "CTTCTAGCAGTCGTGTGTAC-3") and BFT1 (forward
rrmer, 5-GCGGAATTCATGTTCTAATGAAGCTGAT-
3" 3FT5 (reverse primer, 5-TGGTCTCGAGATCGAGA-
T *GCCATCTGCTATTTCC-3")] respectively. As a result
¢t PCR, DMP-2, a mutant, was obtained that contained
¢ 2 bp of the partially deleted r-3 gene instead of the
1. <b PCR product containing a complete -3 gene (Fig.
2.%). A second mutant DBT-4, containing a 660 bp PCR
product of the partially deleted bft-k gene, was isolated by
PR (Fig. 2B).

Functional Properties of -3 Mutant (DMP-2) and bft-k
Mutant (DBT-4) of B. fragilis

T confirm that mutant DMP-2 and DBT-4 were defective
i1 terms of the expressions of the T-3 and BFT-K proteins,
r2spectively, concentrated culture supernatant was subjected
t> sodium dodecyl sulfate polyacrylamide gel electrophoresis
(*DS-PAGE) and Western immunoblot analysis [1,2],
Leirg polyclonal anti-T-3 and BFT-K rabbit antibodies as a
probe. Thus, the culture supernatants of DMP-2 and DBT-
< werz concentrated by precipitation with trichloroacetic
zcic at a final concentration of 10%, resuspended in 0.1 N
NaOH, and dialyzed against 50 mM Tris-HCl (pH 7.5) at
< The fact that T-3 was produced from the mutant
'VIP-2 was confirmed by immunoblot analysis using a
plvclonal anti-T-3 mouse antibody as a probe (Fig. 3A).
e result showed that the ~17-kDa T-3 protein present
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Fig. 3. Immunoblot analysis of culture supernatants obtained
from ETBF and mutants.

(A) B. fragilis 661 (lane 1) and -3 disrupted DMP-2 (lane 2). Polyclonal
antibodies raised in rabbit, instead of the mature form of the recombinant
protein of T-3 produced in E. coli, were used. (B) B. fragilis 661 (lane 1)
and bft-k disrupted DBT-4 (lane 2). Polyclonal antibodies raised in rabbit
in response to recombinant BFT were used as the primary antibody.

in the wild-type cells was missing from the cell-free
supernatant of the mutant strain, DMP-2. The ~20-kDa
BFT-K protein did not react with the BFT-K of DBT-4, but
it did react with the concentrated culture supernatant of
wild-type B. fragilis strain 661 (Fig. 3B).

The cell-free supernatants of the strains DMP-2 and
DBT-4 were tested for biological activity in HT29/C,
cells, as previously described [12, 14]. Thus, HT29/C,
cells were grown in 5% CO, in a humidified 37°C
incubator in Dulbecco’s modified Eagles medium. For
experimental purposes, the cells were suspended 1:10
or 1:15 in 0.005% trypsin-0.053 mM EDTA, and plated
onto covered 35 mm diameter dishes. HT29/C, cells were
treated with the supernatant filtrates of DMP-2 and DBT-4
for 16 h at 37°C. BFT from ETBF 419 was used as a
positive control, and the negative control included medium
alone and crude supernatant filtrate of the nontoxigenic B.
fragilis strain 077225-2. The results showed that culture
filtrates prepared from -3 disrupted DMP-2 and bft-k
disrupted DBT-4 had no effect on HT29/C, cell morphology
and the filtrates prepared from 077225-2 also had no effect
(Fig. 4).

In summary, this is the first study of the functional
properties of the -3 gene in the B. fragilis pathogenicity
islet using a suicide plasmid-based gene deletion system. 7
3 or bft-k gene disrupted mutants were constructed by
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Fig. 4. Biological activities of the culture supernatants of
enterotoxigenic B. fragilis 661 and mutants using HT29/C, cells.
(A) B. fragilis 661. (B) Mutant DBT-4, bft disrupted. (C) Mutant DMP-2, -3
disrupted. (D) Negative control (nontoxigenic B. fragilis strain 077225-2).

using a suicide vector, and the function of the -3 and bft-k
genes in the pathogenicity islet was analyzed. The result of
PCR revealed that DMP-2 contained the complete bft-k
gene and BFT-4 contained the complete ¢-3 gene (data not
shown), but these mutants had no biological activity on
HT29/C, cells. We are now in the process of studying the
gene structure of mutants by sequencing, and the role of
the BFT-K and T-3 proteins in order to elucidate whether
t-3 and bft-k genes are harmonized in pathogenicity in vivo.
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