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towards understanding of the structure, function, orga-
The complete nucleotide sequence (1,851 bp) was de- nization and evolution of a gene/genome, sequence of

termined for the Xanthomonas campestris pv. vesicato- pXV64 was determined in this study. Sequence analy-
ria plasmid pXV64. Sequence analysis revealed an in- sis revealed an IG and two open reading frames. ORF1
tergenic region (IG) of 355 bp and two oppositely run- was shown to possess Rep protein function, which wasning open reading frames, ORF1 and ORF2, encoding able to support replication of the pXV64 ori-containingpolypeptides of 39 and 16 kDa, respectively. While the

sequence in trans.function of ORF2 is not known, ORF1 is suggested to
be the gene encoding Rep protein based on (i) similar-

MATERIALS AND METHODSity in amino acid sequence to that of the gene II protein
(gIIP) of filamentous phage I2-2, (ii) presence of a se-

Strains and culture conditions. X. campestris pv. vesicatoria 64quence in the ori-containing region which is similar
is the strain harboring pXV64 (10). X. campestris. pv. campestris 17to the sequence around the Rep nicking site in some
(also called Xc17) (13) was used as the host for maintaining pXV64

rolling circle-replicating replicons, and (iii) ability to derivatives. E. coli DH5a (14) was the host for DNA cloning. Cultures
support replication in trans of the region containing of E. coli and X. campestris were grown at 37 7C and 28 7C, respec-
pXV64 ori (392 bp) which is located within the region tively, in Luria broth (LB) or on L agar plates and were maintained

and stored according to standard protocols (15). LB and L agar wereincluding IG and a short stretch in the N-terminus of
supplemented with the following antibiotics as required: ampicillinORF2. q 1997 Academic Press
(50 mg/ml), kanamycin (50 mg/ml), or tetracycline (15 mg/ml).

Plasmids. Plasmid p64PK was a derivative of pXV64 carrying a
kanamycin resistance cartridge ligated into the unique PstI site (10).
p64PK-1 was derived from p64PK by deleting a 319-bp fragment (bpXanthomonas campestris is an important species of 1,254 to1,572). To express the proteins encoded by ORF1 and ORF2,

gram-negative plant pathogenic bacteria consisting of pXV64 was cloned into pGEX-3X (16) to form pGEX-F. The construc-
tion was of two stages. Firstly, pXV64 was linearized with SalI andmore than 123 pathovars (1). Several of the pathovars
cloned into the SalI site of pUK21 (17), generating pUK21-I. Thehave been shown to possess single or multiple plasmids
SalI site of pUK21 is located in the middle of the multiple cloning(2-10). However, detailed studies on these plasmids are
sites (MCS); therefore, the SalI-linearized pXV64 has the sites XbaI-

limited and none of their complete nucleotide se- EcoRV-BamHI-SalI running continuously at the upstream and SalI-
quences has been determined. PstI-EcoRI-SmaI-StuI at the downstream, relative to the direction

of ORF1. Then, the 1.85-kb BamHI-EcoRI fragment from pUK21-IpXV64 (10) is a very small cryptic plasmid isolated
was cloned into compatible sites of pGEX-3X (16), resulting in plas-from X. campestris pv. vesicatoria, the pathogen for
mid pGEX-F which carried ORF1 in the same direction as tac pro-foliage and fruit spot disease in peppers and tomatoes moter. pCPP33 (obtained from H.-C. Huang) is a broad-host-range,

(11). This plasmid was shown to be compatible with IncQ plasmid (7.5 kb, Tcr) with MCS, EcoRI-SacI-XbaI-BamHI-PstI-
the broad-host range IncP vector pLAFR1 (12), and EcoRI-HindIII-XhoI-KpnI-SphI-HindIII, being placed between lac

promoter and lacZ* allowing blue//white screening. For the comple-stably maintained at high copy numbers in several
mentation test, a 1.3-kb XbaI-PstI fragment containing ORF1 fromstrains representing different pathovars of X. camp-
pUK21-I was ligated into the MCS of pCPP33 to form pCPP-1. Theestris (10). insert of pCPP-1 thus carried at its upstream a short XbaI-SalI

Since nucleotide sequence analysis is the first step fragment from the pUK21 MCS, followed by the 1.26 kb SalI-PstI
fragment from pXV64 (Fig. 1). In addition, the orientation of ORF1
was the same as that of the lac promoter in the vector. pOK (1.56
kb) was the pXV64 ori-containing plasmid constructed by two steps.1 To whom correspondence should be addressed. Fax: 886-4-287-

4879. Firstly, the large StuI-PstI fragment from p64PK-1 was cloned into
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ORF1 encodes a putative 39,211-Da protein con-
sisting of 352 amino acids. There is a consensus S/D
sequence (21), 5*-GAGGAAG-3*, present at 8 nt up-
stream of the initiation codon ATG (Fig. 2). No se-
quence consensus to an E. coli type promoter was found
in the region further upstream. Comparison of the de-
duced amino acid sequence of ORF1 product revealed
34.6% identity to that of the gene II product of phage
I2-2 (22), a filamentous phage of E. coli (Fig. 3). In
addition, the sizes of both proteins are similar. The
gene II proteins of filamentous phages possess a topo-
isomerase activity that initiates the phage DNA repli-
cation, via rolling circle mechanism, by nicking the ori
site in the viral strand of the double-stranded replica-

FIG. 1. The map of plasmid pXV64. Number beside a restriction tive form (23, 24). These similarities suggest that ORF1
site represents the nucleotide position counting from the unique SalI product may be the replication initiation protein, Rep,
site. Positions of ORF1 and ORF2 are indicated by arrows. Shaded

of pXV64.portion indicates the suggested 392-bp region containing ori for
ORF2 is able to encode a polypeptide of 16,182 DapXV64 replication.

consisting of 157 amino acids. There is no sequence
consensus to a promoter or S//D sequence in the up-
stream. Sequence homology was not found betweenthe multiple cloning sites of pUK21 forming pUK-OK. Secondly, the

insert was recovered by cutting pUK-OK with StuI plus EcoRV, fol- ORF2 and other sequences in the database.
lowed by self-ligation. The resulting plasmid, pOK, thus carried an The region between bp 1,176 and 1,626 has potential
insert derived from pXV64 sequence corresponding to bp 1,573 to to form 7 hairpin structures (designated A to G), among
256 and the Kmr cartridge.

which the first 6 are within the ORF2 coding region
Cloning procedures and standard techniques. Standard protocols (Fig. 2). In addition, hairpins C to G are similar to that

(15) were followed for preparation of plasmid, restriction enzyme
present in the IG of M13 and the related filamentousdigestion, ligation, transformation of E. coli, and agarose gel (0.7%)
phages containing the origins for replication of the viralelectrophoresis. Competent cells of X. campestris were prepared and

electroporated as described (18). The rapid screening method de- strand and the complementary strand and the morpho-
scribed by Weng et al. (10) was used to detect the presence of pXV64 genesis signal (25).
derivatives.

DNA sequencing. The complete nucleotide sequence of pXV64 Identification of Regions Required for Replicationwas determined on both strands by the chain termination method
using Sequenase 2.0 according to the manufacturer’s instructions

To identify the region required for autonomous repli-(United States Biochemicals).
cation, a series of p64PK derivatives were constructedExpression of the protein encoded by ORF1 in E. coli maxicell.
by Bal31 deletion starting from the unique SacI sitepGEX-F was used for maxicell expression in strain LCD44 (19). Prep-
(bp 1,260). p64PK-1 was one of the deletion clonesaration of maxicell, induction by IPTG (5 mM), and labeling the

protein with [35S]-methionine were carried out as described by which could maintain in X. campestris cells. Sequenc-
Sancar et al. (20). The protein products were subjected to SDS-poly- ing data showed that p64PK-1 had bp 1,254 to 1,572
acrylamide gel electrophoresis followed by autoradiography. (319 bp) being deleted from p64PK. This deletion

caused a removal of hairpins C, D and E which are
RESULTS AND DISCUSSION overlapping with ORF2, suggesting that these hairpin

structures are not essential and ORF2 may not takeNucleotide Sequence Analysis of pXV64 part in pXV64 replication. These results also suggest
that the ori for pXV64 replication maybe located in theThe restriction map of pXV64 has been constructed

previously (10; Fig. 1). In this study, different restric- region between bp 1,573 and ORF1.
To test whether the predicted ori region could repli-tion fragments from pXV64 were cloned into M13mp18

and mp19, and the DNA sequences of both strands were cate, plasmid pOK, carrying bp 1573 to 256 of pXV64,
was electroporated into Xc17, Xc17(pCPP33), anddetermined. Totally 1,851 bp were obtained (Fig. 2;

GenBank accession No. U78513). Computer search us- Xc17(pCPP-1) for the maintenance test. Transformants
resistant to tetracycline and kanamycin were obtaineding PC/GENE program revealed two possible open

reading frames, ORF1 (bp 114 to 1,172) and ORF2 (bp only in experiments using Xc17(pCPP-1) as the host
but not in the other hosts. These results indicate that1,609 to 1,136), running oppositely with an overlapping

of 37 nucleotides at their C-termini. Lying between the region between bp1,573 to the StuI site contains
the ori for pXV64 replication that can only replicatethese two ORFs is an intergenic region (IG) of 355 nu-

cleotides (bp 1,610 to 113) that contains no predictable in the presence of the cloned ORF1. Since the DNA
fragment between bp 114 to 256 is overlapped with theopen reading frame.
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FIG. 2. (A) The complete nucleotide sequence of pXV64 and the deduced amino acid sequences for ORF1 and ORF2. The seven potential
hairpin structures between bp 1,176 and 1,626, designated alphabetically from A to G, are indicated by arrows. (B) Schematic representation of
the hairpin structures. Sites for restriction enzymes PstI, SacI, and MaeI are indicated. The predicted Rep nicking site is pointed out by an arrow.
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FIG. 3. Comparison of the deduced amino acid sequence of pXV64 ORF 1 (upper lines) with that of the filamentous phage I2–2 gene
II protein (lower lines). Dots indicate a conservative substitution. Dashes are introduced for better alignments.

N-terminus of ORF1, this region may not be required 2). Viewing together the homology in amino acid se-
quence of the predicted ORF1 product to that of thefor plasmid replication. If this prediction is correct, the

ori can be narrowed down to be within the 392-bp re- I2-2 gIIP, and the similarity in DNA sequence in the
putative nicking site to those occurring in the rollinggion between bp 1,573 and 113, including hairpins F

and G. In addition, ORF1 was thus demonstrated to circle replicating replicons, it is predicted that pXV64
may replicate by RCM. Should this prediction be true,possess Rep protein functions by these in trans tests.

A conserved sequence, TGATT(A)A, is present pXV64 deserves further study in depth, because only
a few plasmids of gram-negative bacteria have beenaround the nicking site within the ori regions of the

plus-strand replication of some phages and plasmids known thus far to use RCM for replication (27-29).
replicating by rolling circle mechanism (RCM); cleav-

Maxicell Expression of ORF1age at 5*-G f AT in this sequence by Rep proteins initi-
ates replication (26). A similar sequence, 5*-TGATAC- To express the product encoded by ORF1, plasmid

pGEX-F which carried the ORF1 under control of the3*, was found in hairpin F at bp 1,597 of pXV64 (Fig.
tac promoter was used for maxicell expression in E.
coli LCD44. A unique protein band with MW of 42
kDa was visualized in the autoradiogram after SDS-
polyacrylamide gel electrophoresis (Fig. 4). The molec-
ular size of this protein is similar to the value pre-
dicted for ORF1.

Some Implications in Evolution of pXV64

The G/C contents of ORF1 and ORF2 are 51.8 and
65%, respectively. It is noteworthy that one of the val-
ues is similar to that of the X. c. pv. vesicatoria chro-
mosome (63.5%; 30), whereas the other is not. Devia-
tion in G/C content implies that the region encom-
passing ORF1 may have originated from a source
outside X. campestris. Thus, pXV64 appears to have
evolved by fusion of a fragment of indigenous DNA
containing the ori with an acquired sequence encoding
the Rep protein.

ACKNOWLEDGMENTS
FIG. 4. Expression of a 42-kDa product encoded by ORF1 in E.

coli maxicell. The cells of LCD44(pGEX-3X) (left) and LCD44(pGEX- This study was supported by Grant NSC-84-2311-B-005-032 from
the National Science Council, Republic of China. We thank Dr. H.-C.F) (right) were induced with 5 mM IPTG.

124

AID BBRC 6058 / 6918$$$541 01-14-97 22:44:01 bbrcg AP: BBRC



Vol. 231, No. 1, 1997 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Huang for donating plasmid pCPP33 and M. Arab and B.-Y. Yang 14. Hanahan, D. (1983) J. Mol. Biol. 166, 557–580.
for reading the manuscript 15. Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) Molecular

Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor
Laboratory Press, New York.REFERENCES

16. Smith, D. B., and Johnson, K. S. (1988) Gene 67, 31–40.
17. Vieira, J., and Messing, J. (1991) Gene 100, 189–194.1. Vauterin, L., Swings, J., Kersters, K., Gillis, M., Mew, T. W.,
18. Wang, T. W., and Tseng, Y. H. (1992) Lett. Appl. Microbiol. 14,Schroth, M. N., Palleroni, N. J., Hildebrand, D. C., Stead, D. E.,

65–68.Civerolo, E. L., Hayward, A. C., Maraite, H., Stall, R. E., Vi-
19. Li, S. J., and Cronan, J. E., Jr. (1992) J. Biol. Chem. 267, 855–daver, A. K., and Bradbury, J. F. (1990) Int. J. Syst. Bacteriol.

863.40, 312–316.
20. Sancar, A., Hack, A. M., and Rupp, W. D. (1979) J. Bacteriol.2. Lin, B.-C., Day, H.-J., Chen, S.-J., and Chien, M.-C. (1979) Bot.

137, 692–693.Bull. Acad. Sin. 20, 157–171.
21. Shine, J., and Dalgarno, L. (1974) Proc. Natl. Acad. Sci. USA3. Tetaz, T. J., and Luke, R. K. J. (1983) J. Bacteriol. 154, 1263–

71, 1342–1346.1268.
22. Stassen, A. P. M., Schoenmakers, E. F. P. M., Yu, M., Schoen-4. Stall, R. E., Loschke, D. C., and Rice, R. W. (1984) Phytopathol-

makers, J. G. G., and Konings, R. N. H. (1992) J. Mol. Evol. 34,ogy 74, 797.
141–152.5. Civerolo, E. L. (1985) Phytopathology 75, 524–528.

23. Geider, K., Baumel, I., and Meyer, T. F. (1982) J. Biol. Chem.
6. Stall, R. E., Loschke, D. C., and Jones, J. B. (1986) Phytopathol- 257, 6488–6493.

ogy 76, 240–243.
24. Model, P., and Russel, M. (1988) in The Bacteriophages (Calen-

7. Lazo, G. R., and Gabriel, D. W. (1987) Phytopathology 77, 448– dar, R., Ed.), Vol. II, pp. 375–455, Plenum Press, New York.
453.

25. Zinder, N. D., and Horiuchi, K. (1985) Microbiol. Rev. 49, 101–
8. Chen, L.-J., and Tseng, Y.-H. (1988) Plant Prot. Bull. (Taiwan, 106.

ROC) 30, 78–85. (In Chinese with English abstract)
26. Ebisu, S., Murahashi, Y., Takagi, H., Kadowaki, K., Yamaguchi,

9. Xu, G. W., and Gonzalez, C. F. (1991) Phytopathology 81, 628– K., Yamagata, H., and Udaka, S. (1995) Appl. Environ. Micro-
631. biol. 61, 3154–3157.

10. Weng, S.-F., Lin, N.-T., Fan, Y.-F., Lin, J.-W., and Tseng, Y.-H. 27. Kleanthous, H., Clayton, C. L., and Tabaqchali, S. (1991) Mol.
(1996) Bot. Bull. Acad. Sin. 37, 93–98. Microbiol. 5, 2377–2389.

11. Minsavage, G. V., Dahlbeck, D., Whalen, M. C., Kearney, B., Bo- 28. Yasukawa, H., Hase, T., Sakai, A., and Masamune, Y. (1991)
nas, U., Staskawicz, B. J., and Stall, R. E. (1990) Mol. Plant- Proc. Natl. Acad. Sci. USA 88, 10282–10286.
Microbe Interact. 3, 41–47. 29. Galli, D. M., and Leblanc, D. J. (1995) J. Bacteriol. 177, 4474–

12. Friedman, A. M., Long, S. R., Brown, S. E., Buikema, W. J., and 4480.
Ausubel, F. M. (1982) Gene 18, 289–296. 30. Bradbury, J. F. (1984) in Bergey’s Manual of Systematic Bacteri-

ology (Krieg, N. R., and Holt, J. G., Eds.), Vol. 1, pp. 199–210,13. Yang, B.-Y., and Tseng, Y.-H. (1988) Bot. Bull. Acad. Sin. 29,
93–99. Williams & Wilins, Baltimore.

125

AID BBRC 6058 / 6918$$$541 01-14-97 22:44:01 bbrcg AP: BBRC


