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Abstract

Xp10 is a virulent phage of Xanthomonas campestris pv. oryzae. The phage has an
icosahedral head with a diameter of 56.7:0.2 nm and a tail with the length of 107.0
+0.2nm. The coat was composed of eight proteins with the molecular weight of
258,000, 150,000, 147,000, 128,000, 90,000, 46,000, 43,800 and 24,200 daltons respectively.
The Xpl0 genome is linear double stranded DNA with cohesive ends and 46.4 kilobase
pairs in size. No nick was found in the DNA molecules. The G-C content of Xpl0
DNA was 58.126. The restriction enzyme cleavage patterns of nine endonucleases,
Bam HI, Eco R1, Hind 111, Kpn 1, Sal 1, Sma 1, Sst II, Xba 1 and Xho 1 were studied
by agarose gel electrophoresis. The physical map of five enzymes, including Bam HI,
Sma 1, Sst 11, Xba 1 and Xho 1, was constructed.
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Introduction

The phage Xpl0 was isolated from phage infected culture of Xanthomonas
campestris pv. oryzae, a pathogenic bacterium of rice blight. The general properties
of this phage have been reported (Kuo et al., 1967). After infection with Xpl0, the
host RNA polymerase was inhibited and a new rifampicin-resistant RNA polymerase
was produced (Liao, 1985). Similar phenomena have been described in other phages
such as T7, T3, gh-1 and sp-6 (Chamberlin, 1974; Brunokvskis, 1979; Chakraborty,
et al., 1973; Towle et al., 1975; Jolly, 1979; Butter and Chamberlin, 1980). The mor-
phology and the genome size of T7, T3, gh-1 and sp-6 are almost identical. Mor-
phologically, Xpl0 is biger than T7, T3, gh-1 and sp-6, and also has a longer tail.
Recently, a phage coded RNA polymerase was isolated from Xpl0 infected cells
(Liao, 1985). The molecular size of this new RNA polymerase is also 08,000 daltons,
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which is almost identical with these of T7, T3, gh-1 and sp-6. It seems that the
system for the control of gene transcription in Xpl0 infected cells is very unique.
The structure of Xpl0 genome was studied in this report for the purpose of further
achievement on understanding of phage gene expression. Our study here includes
the analysis of phage Xpl0 coat proteins, the conformation, the Tm value, the G-C
content, and the physical map of Xpl0 genome.

Materials and Methods

Bacteria, Phage and Media

Xanthomonas campestris pv. oryzae and its phage Xpl0 were reserved in our
laboratory. Potato-sucrose (PS) medium used for the growth of the bacterium and
the phage was described by Yang and Kuo (1984).

Growth and Purificatian of Xp10

For preparation of a large quantity of Xpl0 phage, host bacteria were grown
in PS medium with shaking at 28°C. Overnight culture at a density of 5x10° cells/
ml was infected with Xpl0 at a multiplicity of 10. After 8 h incubation, cells were
lvsed by the phage. The cell debris was removed by centrifugation. Twenty mM
of calcium chloride was added to the supernatant and the mixture was incubated
at 4°C for 1h. The precipitate was removed by centrifugation, then polyethylene
glycol 6,000 at final concentration of 62 was added to supernantant at 4°C. After
2h incubation, the precipitate containing phage particles was harvested by centri-
fugation at 90,000 g for 1h. The phage pellet was dissolved in Tris-Ca solution (10
mM Tris-HCl, pH 8.0, 20 mM CaCly). The undissolved materials were removed by
centrifugation at 20,000 g for 30 min.

Phages were further purified by CsCl gradient centrifugation. CsCl was added
into the supernantant at final concentration of 0.786 g/ml and subjected to centri-
fugation at 102,000 g at 15°C for 44 h. A clear phage band located at about the mid-
dle of the centrifuge tube was harvested. The phage suspension was dialyzed 3
times against Tris-Ca sclution to remove CsCl and stored in refrigerator.

Purification of Xp10 DNA

Phage DNA purification followed the procedure described by Jackson (1982).
The purified phage was dialyzed 2 times against formamide solution (200 mM Tris-
HCI pH 85, 20 mM EDTA-Na;, 50% formamide) for 12h, one time aganist TE buffer
(10 mM Tris-HC! pH 8.0, 1 mM EDTA-Na;) containing 2 M NaCl, and followed by
TE buffer containing 1 M NaCl. Finally, the Xpl0 DNA was dialyzed 2 times
against TE buffer.
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Determination of the Melting Temperature of Xpl0 DNA

The measurement of DNA melting temperature was performed as described by
Dove and Davidson (1962). Xpl0 DNA was dissolved with SSC buffer (150 mM NaCl,
15 mM sodium citrate, pH7.0). DNA at a concentration of approximately 20 ag/ml
was added in UV spectrophotometer chamber the temperature in which was raised
constantly by electronic heater.

Enzyme Digestion of Xpl0 DNA

For all enzyme reactions, 20 #l of reaction mixture containing 1pg of Xpl0
DNA and 1 unit of enzyme were incubated at 37°C for 1h. The reaction buffer of
S1 nuclease was 30 mM NaAc, pH 4.6, 50 mM NaCl and 1 mM ZnSO,. For exonu-
clease 111, the reaction buffer was 5 mM Tris-HCI pH 8.0, 10 mM 2-mercaptoethanol
and 5 mM MgCls. The reaction buffers of the restriction endonucleases were pre-
pared by following the instruction provided by Bethesda Research Laboratories
Inc. (Maryland, USA). To determine the sizes of DNA fragments, DNA digests
were fractionated by agarose gel electrophoresis. Lambda DNA digested with Eco
R1 and Hind II1 reectively and ¢#X174 DNA digested with Hae 111 were used as

size markers.

Determination of Xp10 Protein Coat

Twenty #1 of Xpl0 phage was mixed with 20 pl of dissociation solution (125
mM Tris-HCl, pH 65, 29 SDS, 5% 2-ME, 50% sucrose). The mixture was boiled for
3 min to denature proteins. Samples were applied onto 75% SDS-polyacrylamide
gel, and then run at 100 volts for 5h (Hames, 1981). Protein bands were visualized
by silver staining procedures as described by Merril ef al. (1981). Standard proteins
used for molecular weight determination were myosin, a-galactosidase, phosphory-
lase B, bovine serum albumin, ovalbumin (BRL), B-chymotrypsinogen, a-lactoglo-
bulin, lysozyme and cytochrome C (Bio-Rad).

Results

The Phage Particle and Its Protein Cout

Electron microscopic observation of purified phages showed that phage particles
had an isometric, icosahedral head with 56.74:0.2 nm diameter. The tail was 107.0-
02nm in length. There was no basal plate on the distal end of tail (Fig.1). The
number and the size of coat proteins were analysed with SDS-polyacrylamide gel
electrophoresis. Eight protein bands were detected. The molecular weights were
258,000, 150,000, 147,000, 128,000, 90,000, 46,000, 43,800 and 24,200 daltons, respectively
(Fig. 2). Among these proteins the protein which had molecular weight of 258,000

was unusually large.
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Melting Temperature of Xp10 DNA

The melting temperature, Tm, was linearly related to the average DNA base
composition. Data obtained from the AOD/AT against temperature plotting revealed
that the Tm of Xp10 DNA was 92.5°C. The Tm value could be converted to G-C content
under standard conditions by the equation: Tm=16.6 log [Na+] -+ 0.41 (G-C%)-+ 815
(Davis, 1980). Calculation based on this formula, the G-C content of Xpl0 DNA
was 58.1%.

The Form of Xp10 DNA

Exonuclease III catalyses the stepwise 3/-5/ removal of 5’-mononucleotides from
double stranded DNA. DNA. in linear form can be digested by this enzyme, while
the circular form can not. Xpl0 DNA was digested by exonuclease III. Aliquots
of incubate were withdrawn at different time intervals and analysed by agarose
gel electrophoresis. The result is shown in Fig. 3. Xpl0 DNA showed a typical
pattern for a linear form. The size of Xpl0 DNA was gradually decreased with
the incubation time.

To confirm the linearity of phage genome, Xpl0 DNA was digested with two
endonucleases. In theory, for a circular DNA the number of DNA fragments from
double digestion equals to the total number of DNA fragments generated by two
single digestion. For a linear DNA, however, the number of DNA fragments from
double digestion should be one band less than that of single digestion (Maniatis et
al., 1982). When Xpl0 DNA was doublely digested with Sma 1 and Xba 1, nine
fragments were obtained. When Xpl0 DNA was digested with Sma 1 and Xba 1
respectively, the total number of two digestion were ten (Fig. 5). Again, the con-
formation of Xpl0 DNA was proved to be linear.

To prove the absence of any nick in Xpl0 DNA, the Xpl0 DNA was digested
with S1 nuclease which cleaves the nick on double stranded DNA (Goding & Rus-
sell, 1982). The S1 nuclease digests of Xpl0 DNA were taken at different time
intervals and analysed. There was no difference between Xpl0 DNA and Sl nuclease
treated Xpl0 DNA (data not shown).

Endonucleases Cleavage Patterns of Xp10 DNA

The Xpl0 DNA was digested with nine restriction endonucleases. They were
Bam HI, Eco R1, Hind 111, Kpn 1, Sal 1, Sma 1, Sst 11, Xba 1 and Xho 1. The
cleavage patterns are shown in Fig. 4. Eight fragments from Bam HI, ten from
Eco RI, ten from Hind 111, eleven from Sal 1, three from Sal 1, three from Sma 1,
ten from Sst 11, seven from Xba 1 and six from Xko 1 were obtained. The sizes of
DNA fragments were determined by the size against mobility plotting method as
described by Southern (1979). The genome size is about 464 kilobase pairs.
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Physical Map of Xp10 Genome

The order of restriction fragments produced by endonuclease was deduced from
(1) the identification of terminal fragments, (2) the identification of neighboring
fragments by partial digestion and (3) the overlapping fragments obtained by
double digestion.

To identify terminal fragments of Xpl0 genome, the native DNA was treated
with T4 DNA ligase, and then subjected to restriction enzyme digestion. Two
terminal fragments resulted from the linear DNA digests would disappear in the
ligated DNA digests and a new fragment equal to the total size of the two terminal
fragments would be found on 052 agarose gel (unpublished data). In Fig. 5, lane
5 was the native linear Xpl0 DNA digested with Xba I, 6 bands were observed
and designated as Xba-A, Xba-B etc. Lane 4 is the digestion pattern of ligated Xpl0
DNA from which Xba-C and Xba-E were missing and a new band comigrated with
Xba-A was found. Therefore, the Xba-C and the Xba-E were the terminal frag-
ments. Using the same method, the terminal fragments of other restriction enzymes
could be determined. They were F and B fragments for Xko 1, A and B fragments
for Sma 1, A and D fragments for Bam HI, and D and B fragments for Ss¢ 1.
The other of restriction enzyme could be tentatively determined as CDABFGE for
Xba1l, FDCEAB for Xho 1, BCA for Smal and DCBFA’GEA for Bam HI by partial
digestion patterns of various endonucleases (Table 2). These orders were further
confirmed by double digestion (Table 3, Fig. 6).

Tahble 1. Fragment sizes of Xp10 DNA digests

The fragment sizes are presented in kilobase pairs {kbp}. Data in I were obtained from restric-
tion pattern analysis, while II were deduced from calculation according to the equation: {fragment
size from I/sum of fragments in I} x average genome size.

Bam HI Sma 1 Sst 11 Xba 1 Xho 1
Fragment ———— -

1 It I It I It I I I I
A 9.09 9.10 29.40 28.80 8.38 8.38 13.43 13.60 20.93 20.40
A 9.09 9.10
B 8.18 8.45 12.55 12.55 7.59 7.65 9.35 9.35 11.22 11.22
Cc 6.72 6.93 4.96 5.07 7.25 7.25 7.71 7.61 7.03 7.17
D 4.96 4.96 6.40 6.44 6.97 7.25 3.96 3.92
E 3.69 3.87 6.29 6.27 6.06 6.06 1.90 1.98
F 2.75 2.96 6.02 6.00 2.47 2.40 1.67 1.69
G 1.09 1.07 2.16 2.23 — 0.16
H 1.36 1.35
I 0.46 0.45
J 0.38 0.38

Sum 45.57 46.44 46.91 - 46.42 46.29 46.40 45.99 46.43 46.17 46.38
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Table 2. Fragment sizes of partial digests of Xp10 DNA

Bam HI Sma 1 Sst 11 Xba 1 Xho 1
Size Fragments Size I:éggt Size Fragraent Size Fragment Size Fragment
25.50 A-+A'+E+F+G 34.72 A+C 17.70 B+C+G 27.80 A+C+D 31.40 A+B
23.08 A+A'+E+G, 29.40 A 14.40 A+F 2476 A+B-+F 20.40 A

B+C+D+F 17.21 B+C 12.70 D+E 22.67 A+B 13.90 A+B+C+D
19.30 A+B+F, B+C+D 12.26 B 10.30 A+G 20.88 A-+D 12.51 C+D+E

14.90 B+C, A+E+G 4.86 C 9.69 C+G 19.50 B+E+F 11.22 B
12.75 A'+E 8.38 . A 17.87 C+D 9.16 C+E
11.46 C+D, B+F 7.59 B 13.43 A 7.08 C
10.06 A+G 7.25 C 11.91 B+F 5.51 D+F
9.09 A, A 6.40 D 9.35 B 3.77 D
8.50 B 6.24 E 8.72 E«+F 1.86 E
6.73 C 6.02 F 7.71 C 1.65 F
4.95 D, E+G 2.16 G 6.97 D
3.69 E 1.36 H 6.21 E-+G*
2.67 F 0.45 I 6.06 E
1.09 G 0.38 J 2.64 F+G*

2.47 F

* The G fragment was confirmed by comparing the patterns of complete digestions and
double digestions.

Table 3. Sizes of Xp10 DNA fragments obtained from double digestions in kbp

The figures in the parentheses give the number of fragments with.the same size.

Fragment Bam H1/ Bam B1/ Bam H1/ BamHl/ Smal/ Sma I/ Smal/ Sstll/ Sstll/ Xbal/
g Smal SstIl Xball Xhol Sstll Xbal Xhol Xbal Xhol Xhol

1 9.09(2) 7.63 6.03 9.09(2) 8.41 11.15 17.20 8.06 8.41 13.31
2 7.03 6.01 5.66 6.35 7.65 9.35 11.48 6.80 7.65 6.99
3 5.19 5.52(2) 5.13 b5.76 7.21 7.66 6.89 6.47 6.27 6.03
4 5.01 4.87 4.84 3.30 6.44 6.10 3.92 6.14 5.80 5.13
5 3.94 3.78 4.33  2.95 6.01 4.90 2.96 5.72 4.18 3.90
6 2,96 2.84 3.82  2.10 3.30 2.90 2.04 5.07 3.88 2.56
7 2.85 2.48 3.76  1.98 2.83 2.61 1.70 2.23 3.03 2.39
8 1.09 2.22 2.89 1.84 2.23 2.24 1.67 2.23 © 2.00
9 1.43 2.66 1.69 1.36 1.42 1.72 1.92
10 1.35 2.56  1.07 0.45 1.17 1.43 1.73
11 1.07 2.39  0.74 0.38 0.54 0.78

12 0.67 1.07  0.66 0.48 0.45

13 0.46 0.38 0.38

14 0.38

Sum  46.24 46.21 45,13 46.62 46.32  46.91 46.09  46.14 46.21 . 45.96
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Fig. 1. Electron micrograph of Xpl0.

The phage was stained with 1% uranyl acetate.

300,000 x.

Fig. 3. Exonuclease III digestion patterns of
Xp10 DNA, :
Xpl0 DNA was treated with exenu-
clease III for different time intervals
and analyzed by agarose gel electro-
phoresis. DNA in lanes are (1) ¢’
(2) 10’ (3) 20" (4) 45’ and (5) 60
digestion.

ENE s

Fig. 2. Phage Xpl0 coat proteins.
Electrophoresis was run at
100 volts. Protein bands
were visualized by silver
staining.

123 45678910M

Fig. 4. Digestion patterns of Xpl0 DNA,

Xpl0 DNA was digested by 5-fold
excess amount of endonucleases and
then fractionated by electrophoresis
in 124 agarose gel at 50 volts for 12
h. Lanes contain Xpl0 DNA (1) un-
digested DNA, (2) Xko 1, (3) Xba 1,
(4) Sst 11, (5) Sma 1, (6) Sal I, (7)
Kpn 1, (8) Hind III, (9) Eco RI and
(10) Bam HI digested. Lane (11)
contains lambda DNA digested with
Hind 111
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Fig. 5.

Fig. 7.

1234567 89 101112

Digestion patterns of ligated and
native Xpl0 DNA.

Xp10 DNA was ligated with T4 ligase
then digested with different endo-
nuclease. Lanes contain DNA Hind
I11/lambda DNA (1, 12), ligated Xpl0
digested Xho 1 (2), native Xpl0 DNA
digested with Xho 1 (3), ligated Xp10
DNA digested with Xba I (4), native
Xpl0 DNA digested with Xba 1 (5),
ligated Xpl0 DNA digested with Ss¢
II (6), native Xp10 DNA digested
with Sst II (7), ligated Xpl0 DNA
digested with Sma I (8), native Xp10
DNA digested with Sma 1 (9), ligated
Xpl0 DNA digested with Bam HI
(10), native Xpl0 DNA digested with
Bam HI (11).

123456789101

Fig. 6. Restriction patterns of Xpl0 DNA

double digests.

Xp10 DNA was consequently digested
with two endonucleases. Prior to the
second enzyme digestion, the first
enzyme was removed by phenol
extraction. Lane 1 is lambda DNA
digested by Eco RI (1), Lanes 2-11
are Xpl0 DNA digested by Xho 1/
Xba 1 (2), Xho 1/Sst II (3), Xba 1/
Sst 11 (4), Xho 1/Sma 1 (5), Xba 1/
Sma 1 (6), Sst I1/Sma 1 (7), Xho 1/
Bam HI (8), Xba 1/Bam HI (9), Sst
11/Bam HI (10), Sma 1/Bam HI (11),
respectively.
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The physical maps of Xpl0 DNA,

The maps were derived from partial and double digestiqn patterns. The upper line
shows the complete map for all restriction sites indicated in the individual maps. The

lowest line shows the percentage of total genome.
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In order to determine the left terminus of restriction fragments, the double
digestion patterns of each pair of enzymes were compared with the overlapping
fragments. Using this approach, the physical maps of Xba 1, Xho 1, Bam HI and
Sma 1 were constructed.

By using the partial digestion pattern analysis, we had difficulty to determine
the tentative order of Sst 1I fragments, however, comparing. the double digestion
patterns of Sst 11 with Bam HI, Sma I, Xba 1 and Xho 1, the map of Sst 1I could
be obtained. The complete physical maps of Xpl0 DNA for restriction enzymes
Bam HI, Sma 1, Sst 11, Xba 1 and Xho 1 are shown in Fig. 7. The determination
of the left terminus of Xpl0 genome has been confirmed by the transcription map
of Xpl0 RNA polymerase on Xpl0 genome. The Xpl0 polymerase transcribed only
right most 70% of the late gene of Xpl0 genome (Liao, 1985).

Discussion

After X. campestris pv oryzae was infected with Xpl0, the host RNA polymerase
is used to transcribe the early phage genes, and a new phage coded RNA poly-
merase is induced to transcribe the late ohage genes. The molecular size of Xpl0
RNA polymerase is 98,000 daltons (Liao 1985). Similar phenomena have been reported
in the phages such as coliphage T7 and T3 (Chamberlin and Krishnapillai, 1974), Pseu-
domonas phage gh-1 (Towle et al., 1975) and Salmonella phage sp-6 (Butter and
Chamberlin 1982). Compared the morphology and genome size of Xpl0 with those
of T7, T3, gh-1 and sp-6 they were quite different: Morphelogically T7, T3, gh-1
and sp-6 are almost identical (Butter and Chamberlin 1982). These phages have a
isometric particles with the diameter of 63nm and a very short tails with the
length of 15 nm. The Xpl0 has a isometric particles. with the diameter of 56.7nm
and long tail with the length of 107.0 nm. In addition the genome size for T7 is
39 Kb andAXpl() is 464 Kb. Therefore Xpl0 is slightly larger than T7.

The Xpl0 coat is composed of eight proteins. One of these proteins has an
unusually large molecular weiglt, which is about 258,000 daltons. One small protein
with the molecular weight of about 24,200 daltons is composed. of about 902 of the
total amount of the whole protein coat. ;

The G-C content of Xp10 DNA is about “58.1%. It is quite high ‘as compared
with the other phages, such as lambda, T1, T3, T5, and T7 with G-C content of 51,
51, 43, 53 and 46%, respectively (Carl et al., 1962). ‘

The Xpl0 DNA was digested with restriction en&onucleases: Bam HI1, Sma 1,
Sst 11, Xba 1 and Xho I, and 8,3,10, 7 and 6 fragments were produced, respec-
tively. The digested fragments range in size from 01 to 28.8 kilobase pairs (Table
1). The physical map of Xpl0 genome is constructed from the digestion pattern.
The average molecular size of Xpl0 genome is about 46.4 kilobase pairs.
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In our experiments, the reactions of restriction enzymes on Xpl0 DNA should
be stopped at 70°C and then followed by quick cooling, otherwise, the minor bands
will be found on agarose gel analysis. After the treatment with DNA ligase, linear
form of Xpl0 DNA is converted into circular form or contactemers which is proved
by the restriction endonucleases digestion, and the minor bands described above
‘disappeared (Fig.5). The results verify that the termini of Xpl0 DNA are
cohesive ends.
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mEvEE T Xpl0 XA hsZ iyl

RAEB EAeE BEEAR* BWFTRAT

TSP T MBI E  WBTIERT

Xpl0 BKESEERFRREE (Xanthomonas campestris pv. oryzae) IR o M
W BELEL A TR B EARES 56.7-£0.2 nm > THRIEIIA 1070302 nm o HAHE ME
EBREPTER 0 4T RSB 258,000 » 150,000 5 147,000 » 128,000 » 90,000 » 46,000 » 43,800 K
24,200 o Xpl0 RIS EEERNREEIER » MRMAAAE o ZREA/NMY 464
Kb o ZFEEAF LRBIAW D RN UVERANBEIREHASY Xpl0 BBz £
PEZRB LR R SR B o LI A B IBERIEAIE » Bam HI, Sma 1,Sst 11, Xba 1§ Xho 1
Pr Xpl0 ZHREEZ ZERIRGIER Y R -





