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A new oxytetracycline (OTC) resistance (Otc") determinant, Tet 34, was cloned from chromosomal DNA of
Vibrio sp. no. 6 isolated from intestinal contents of cultured yellowtail (Seriola quinqueradiata). The transfor-
mant, containing cloned Tet 34, could grow in broth containing 25 pg of drug per ml with 10 mM MgCl,. Tet
34 encoded an open reading frame (ORF) 154 amino acids long. The amino acid sequence of the ORF was
homologous to sequences of several bacterial xanthine-guanine phosphoribosyltransferases (XPRTs), which
act in purine nucleotide salvage synthesis. Mg>* binding site residues and the active site were highly conserved
in XPRT and the ORF of Tet 34. The results suggest that Tet 34 encodes a new Mg>*-dependent Otc"

mechanism.

Oxytetracycline (OTC) has widely been used in aquaculture,
and there are many reports on the occurrence of OTC-resis-
tant (Otc") fish-pathogenic bacteria (3, 5, 9, 16, 17). The Otc”
bacteria were found not only among the pathogenic bacteria,
but also in aquacultural environments (7, 13, 16). In our pre-
vious study, a high prevalence of Otc’ bacteria appeared in
intestinal contents and rearing water of yellowtail (Seriola
quinqueradiata) (14). The frequency of Otc' reached 56 to 91%
of the total viable bacteria. Several Tet determinants (Tet A to
G) were reported from fish-pathogenic bacteria or the marine
environment (1, 2, 5, 16). As a first step toward a better un-
derstanding of the dynamics of the Otc” determinant in aquatic
environments, we cloned the Otc" determinant from Vibrio sp.
isolated from intestinal contents of cultured yellowtail.

Otc" strains of Vibrio spp. were isolated from cultured yel-
lowtail obtained during 1999 in Japan (14). We isolated 288
Otc" isolates from intestinal contents and seawater at that time.
We checked the Otc" strains used for cloning. These strains
were not PCR positive for one of the known tet genes, tet(G)
(3). Only a small number of fet genes among marine bacteria
have been reported, which reminds us to be able to find un-
known factors. We had performed cloning with 10 strains of
them and got a new determinant successfully from Vibrio sp.
no. 6. The MIC of OTC for this strain was 500 pg/ml.

Since it is known that the efflux system of tetracycline resis-
tance is sometimes dependent on various divalent cations, we
assessed whether Vibrio sp. no. 6 requires MgCl, for the Otc'.
Cell growth was determined in broth containing 100 wg of
OTC per ml with or without MgCl, at concentrations of 10, 1,
and 0.1 mM at 25°C. The broth used contained 5 g of polypep-
tone (Wako, Osaka, Japan); 1 g each of yeast extract (Difco,
Detroit, Mich.), proteose peptone (Difco), beef extract
(Wako); and 20 g of NaCl per liter of distilled water. Growth
of Vibrio sp. no. 6 was sensitive to OTC when MgCl, was
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absent, whereas addition of MgCl, allowed growth in a dose-
dependent manner in the presence of OTC (data not shown).
In the presence of 10 mM MgCl, the growth of Vibrio sp. no.
6 was almost the same as the growth in broth without OTC.
This indicates that the Otc" of Vibrio sp. no. 6 is dependent on
MgCl,.

The Otc" determinant was cloned from chromosomal DNA,
because Vibrio sp. no. 6 seemed not to possess a plasmid (data
not shown). However, it is possible that there exists a low-copy-
number plasmid that could not be detected by agarose gel
electrophoresis and/or a megaplasmid, which might be re-
moved with the chromosome during extraction. The chromo-
somal DNA was extracted from the bacteria as follows. The
bacterial pellet was suspended in extraction solution (0.15 M
NaCl, 0.1 M EDTA, 0.5 mg of RNase A per ml, and 0.5%
sodium dodecyl sulfate [SDS]) and incubated at 65°C for 5
min. This solution was mixed with phenol saturated with 10
mM Tris-HCI (pH 8.0) plus 1 mM EDTA (TE) and centri-
fuged (17,000 X g) for 3 min. The DNA in the supernatant was
extracted two times with TE-saturated phenol-chloroform-
iso-amyl alcohol (25:24:1 [vol/vol/vol]) and with chloroform.
Precipitated DNA with ethanol was resuspended in 50 pl of
TE and stored at —20°C. After the chromosomal DNA and
vector pUC119 (TaKaRa, Kyoto, Japan) were digested by re-
striction endonucleases PstI (TaKaRa) and EcoRI (TaKaRa),
they were ligated with a DNA ligation kit, version 2 (TaKaRa).
Escherichia coli JM109 was transformed and spread on Luria-
Bertani (LB) medium containing 50 pg of ampicillin per ml, 10
pg of OTC per ml, 40 pg of 5-bromo-4-chloro-3-indolyl-B-p-
galactopyranoside (X-Gal) per ml, and 0.1 mM isopropyl-B-D-
thiogalactopyranoside (IPTG). After three passages of
candidate colonies, we obtained a viable transformant. This
transformant possessed a 919-bp inserted fragment, and the
recombinant plasmid was designated pOV. Growth of trans-
formants (pOV/JM109) with the cloned fragment was exam-
ined with or without MgCl,. The results are shown in Fig. 1.
pOV/IM109 grew in the LB broth with 25 pg of OTC per ml
(Fig. 1A), but not in the broth without MgCl, (Fig. 1B) The
same growth profiles were observed in the case of cultures



VoL. 46, 2002

A B

1 1

E o1 E 01
< <
< <
=3 o
A a

S 001 S oot

0.001 0.001

0 20 40 60 0 20 40 60
Time (h) Time (h)

FIG. 1. Growth of E. coli JM109 transformed with pOV (O, @) or
pUC119 (A, A). LB broth contained 25 pg of OTC and 50 g of
ampicillin per ml. Panel A shows results with 10 mM MgCl,, and panel
B shows results without MgCl,. Open symbols, without OTC; solid
symbols, with OTC. O.D., optical density.

containing 12.5 pg of tetracycline per ml (data not shown).
This suggests that pOV/JIM109 is also a tetracycline resistance
determinant acting in the same manner as OTC and that the
resistance ability of the transformed E. coli is dependent on
MgCl, as well as Vibrio sp. no. 6. Furthermore, we have re-
transformed pOV to different host E. coli DHS5a cells. The
transformants (pOV/DH5a) showed resistance in the presence
of 10 mM MgCl,, the same as in JM109 (data not shown). On
the other hand, the transformant pUC119/DHS5a could not
grow on the plate with OTC, regardless of the presence and
absence of MgCl,. This suggests that Tet 34 can be expressed
in both strains JIM109 and DH5a.

To confirm that the cloned fragment originated from the
chromosomal DNA of Vibrio sp. no. 6, Southern hybridization
was performed. The cloned fragment was labeled with a DIG-
Chem-Link labeling and detection set (Roche Diagnostics,
Mannheim, Germany) in accordance with the manufacturer’s
directions. Ten micrograms of DNA was digested with PstI and
EcoRI and employed for Southern transfer. After denatur-
ation and neutralization were performed, DNA was fixed with
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UV light (254 nm) by irradiation for 1 min. Fifty nanograms of
digoxigenin (DIG)-labeled DNA probe was added to the blot-
ted filter and hybridized at 65°C overnight. The membrane was
washed three times with wash solution (40 mM NaH,PO,,
0.1% SDS [pH 7.2]). The DIG-labeled DNA was reacted with
nitroblue tetrazolium chloride-9-bromo-4-chloro-3-indoyl
phosphate toluidine salt (NBT/BCIP), with the enzymatic re-
action followed by an anti-DIG antibody-conjugated alkaline
phosphatase (Roche Diagnostics). Tet 34 probes hybridized to
Vibrio sp. no. 6, but not to E. coli IM109 chromosome (data not
shown). This result confirms that Tet 34 is coded on the chro-
mosome DNA of Vibrio sp. no. 6.

Tet 34 was sequenced by using an ABI PRISM BigDye
Terminator cycle sequencing FS Ready Reaction kit (PE Bio-
systems, Tokyo, Japan) with an ABI PRISM 310 DNA se-
quencer (PE Biosystems, Tokyo, Japan) in the Center for
Gene Research, Ehime University. An open reading frame
(ORF) of 465 bp (154 amino acids) was found on this frag-
ment, which existed between 306 and 770 bp. Sequence anal-
ysis was performed with the homology search program
FASTA. However, the DNA sequence of the determinant did
not show homology with any Tet determinants, as described
above. This determinant was named Tet 34 according to the
recommendation proposed in reference 11. The deduced
amino acid sequence of the ORF showed 79.8% homology
with xanthine-guanine phosphoribosyltransferase (XPRT) of
Vibrio cholerae (8) and 68 and 66% homology with XPRTs of
E. coli (15) and Salmonella enterica serovar Typhimurium (12),
respectively. The alignment with the known XPRTs is shown in
Fig. 2.

From our studies, we propose another mechanism to explain
Otc™ by Tet 34. XPRT is an enzyme that acts in purine nucle-
otide salvage synthesis. This enzyme catalyzes the transfer of
the phosphoribosyl moiety from 5-phospho-a-p-ribosyl-1-pyro-
phosphate (PRib-PP) to the 6-oxo-guanine and -xanthine (20).

Pro-25 Trp-29 Arg-37 Arg-53

Vibrio sp. No.6 Tet 34 MSKKFIITWDAMONYCRQLAEKQMPAEQ-WKGIWAVSRGGLVPGAILARELGIRHVDTIC
V. cholerae XPRT MSKRKFVITWDNMOQHYCRELAQROMPAEQ-WKGILGVSRGGLVPAAILARELGIRYVDTVC
E. coli XPRT MSERKYIVTWDMLOIHARKLASRLMPSEQ-WRGIIAVSRGGLVPGALLARELGIRHVDTVC
S. typhimurium XPRT MSEKYVVTWDMLOIHARKLASRLMPSEQ-WKGIIAVSRGGLVPGALLARELGIRHVDTVC
H. influenzae XPRT ) MSEKYVVTWDMFOMHARRLSERLLPASQ-WKGIIAVSRGGLFPAAVLARELGLRHIETVC
Buchnera sp. XPRT2  =——— e MLQIHTRRLANRLVKKIHSWNGIIAVSRGGLVPSALLARELGLRCVDTVC

* * ok kokk kel ok sk skekskokoksk sk * %

Asp-89

Vibrio sp. No.6 Tet 34 ISSYDHDHQRD-MTVLKAPEG~-DGEGY[LIVEDLVDSGDTARKLREMYPKAKLIAVCAKPS
V. choleae XPRT ISSYDHDHQRD-MTVLKAPEH—DGEGFLIIDDLVDSGDTARKIREMYPKAKFVTVCAKPA
E. coli XPRT ISSYDHDNQRE~LRVLKRAEG--DGEGFIVIDDLVDTGGTAVAIREMYPKAHFVTIFARKPA
S. typhimurium XPRT ISSYDHDNQRE~LKVLKRAEG~-DGEGFIIVIDDLVDTGGTAVAIREMYPKAHFVTIFAKPA
H. influenzae XPRT IASYHDHNNQGELQVLHAAQVPNGGEGFIVVDDLVDTGNTIARATROMYPNAKFVTVFAKPA

Buchnera sp. XPRT ~ IESYNYDCLKENRKIIKKAFG--NGEKIIVIDDLVDTGGTAKI IRKLYPKACFVTIFAKPM
= * g% sk ok kk k okok ® ok % ook

Vibrio sp. No.6 Tet 34 GATLLDDYVVDIAQDTWIEQPWDTTVQFVEPINRKQK~~

V. cholerag XPRT GKDLVDEYVVDIPQDTWIEQPWDMVLSYVEPVNRKQK—

E. coli XPRT GRPLVDDYVVDIPQDTWIEQPWDMGVVEFVPPISGR=—w~

S. typhimurium XPRT GRPLVDDYVIDIPONTWIEQPWDMGVVFVPPISGR————

H. influenzae XPRT GAELVDDYVIDIPONTWIEQPWDLGLTFVPPLSRK—==—

Buchnera sp. XPRT GRSLVDNYIIDIPOQNVWIEQPWDMSISYIPPLIQNYKIK

= k0 ok ok ok kk ok sskokokokokk *

FIG. 2. Alignment of the amino acid sequence of the ORF on Tet 34 with five XPRTs obtained from the database. The PRib-PP motif is boxed,

and the conserved amino acid residues related to activity of XRPT are in boldface. Asterisks denote the consensus amino acid residues. See
references 6 (noted by no. 1) and 19 (noted by no. 2) for review.
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GMP and XMP are formed by this reaction, and then these
nucleotides are converted to triphosphate forms. The fact that
Tet 34 has homology to XPRT suggests it has a similar func-
tion. It is known that the Mg®* ion interacts with the Asp-89 in
the PRib-PP binding site motif of XRPT (20). Asp-89 was
found conserved in the ORF on Tet 34 (Fig. 2). The fact that
Vibrio sp. no. 6 requires MgCl, for Otc" might relate to the
Mg?*-binding property of the PRib-PP-like protein coded in
Tet 34. The PRib-PP binding site motif in Tet 34 consists of the
residues 85-IVEDLVDSG-96 (Fig. 2). In Tet 34, the region of
the motif revealed high similarity to the PRib-PP binding site
of the previously reported phosphoribosyltransferase (PRT)
(20). XRPT comprises three subunits (A, B, and C). The active
residues Pro-25, Ser-26, Trp-29, and Arg-53 are present in
subunit A; Arg-37 and Asp-89 are present in subunit B; and
Arg-152 is present in subunit C (20). The Pro-25, Trp-29,
Arg-37, Arg-53, and Asp-89 residues were highly conserved in
the sequence of the Tet 34 determinant. The PRib-PP binding
site sequence forms part of the active site, and its relative
position is completely conserved among several PRT struc-
tures by structural analysis (20). These findings suggest that the
Tet 34 determinant possesses a similar function to PRTs, in-
cluding XRPT.

Tetracycline inhibits bacterial growth by inhibiting protein
synthesis in ribosomes (4, 18). The inhibition of protein syn-
thesis is caused by disruption of codon-anticodon interactions.
Elongation factor Tu (EF-Tu) (10) is a protein that plays a
crucial role in the polypeptide elongation step of protein bio-
synthesis. This factor is required for the correct binding of the
aminoacyl-tRNA to the ribosomal acceptor site and is a key
factor in maintaining translational fidelity. During protein syn-
thesis, the EF-Tu'GTP complex binds strongly to aminoacyl-
tRNA, thereby preventing spontaneous hydrolysis of the
aminoacyl-tRNA ester bond. When the EF-Tu - GTP - tRNA
complex interacts with the ribosome, the GTP is hydrolyzed,
and then EF-Tu-GDP is released from the ribosome (10). The
GDP is thereafter recycled to the GTP (10). The similarity of
protein sequence between Tet 34 and XPRT, which catalyzes
formation of GMP, XMP, and IMP from guanine, xanthine,
and hypoxanthine, respectively, suggests that the Tet 34 prod-
uct supplies the purine nucleotides needed for the translational
step described above. Consequently, an excess supply of GTP
may have some effect on accelerating the binding of aminoacyl-
tRNA and EF-Tu-GTP, which attenuates inhibition by OTC.

In conclusion, we cloned a new Tet determinant and deter-
mined that the possible function of the determinant is activa-
tion of Mg>*-dependent purine nucleotide synthesis, which
finally protects protein synthesis.

Nucleotide sequence accession number. The sequence of the
Tet 34 determinant has been submitted to the DDBJ database
under accession no. AB061440.
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