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ABSTRACT

The gene encoding the DNA methyltransferase M.CviRl
from Chlorella virus XZ-6E was cloned and expressed
in Escherichia coil. M.CviRl methylates adenine in
TGCA sequences. DNA containing the M.CviRI gene
was sequenced and a single open reading frame of
1137 bp was identified which could code for a
polypeptide of 379 amino acids with a predicted
molecular weight of 42,814. Comparison of the M.CviRI
predicted amino acid sequence with another Chlorella
virus and 14 bacterial adenine methyltransferases
revealed extensive similarity to the other Chlorella virus
enzyme.

INTRODUCTION

Thirty seven large (150 to 190 nm in diameter), polyhedral,
dsDNA-containing ( > 300 kb in size), plaque forming viruses
which infect the unicellular, eukaryotic Chlorella-like green alga
strain NC64A have been isolated and partially characterized
(1-3). These viruses were placed into 16 classes on the basis
of plaque size, reaction with antibody and the nature and
abundance of methylated bases in their genomic DNAs (2; Van
Etten unpublished data). Each viral DNA contains
5-methylcytosine (5mC); 5mC varies from 0.1% to 47.5% of
the total cytosine. In addition, 25 of the 37 viral DNAs also
contain N6-methyladenine (6mA); 6mA varies from 1.45% to
37% of the total adenine. The finding that methylation was

sequence specific led to the discovery that at least some of these
viruses direct the synthesis ofDNA methyltransferases and DNA
site-specific (restriction) endonucleases during infection (4-11).

Cells infected with the virus XZ-6E (21.2% 5mC and 15.2%
6mA) contain two site-specific endonucleases, named CviRI and
CviRII (Traylor, Xia, Zhang, Roy, and Van Etten, manuscript
in preparation). CviRI is the first restriction endonuclease to
recognize the sequence TGCA; the enzyme cleaves between G
and C and does not cleave TGCmA sequences. CviRII
recognizes the sequence GTAC. The enzyme cleaves between
the G and T and does not cleave GTmAC sequences. Since
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XZ-6E DNA is resistant to both CviRI and CviRII, presumably
XZ-6E induces the synthesis of at least two cognate
methyltransferases, M.CviRI and M.CviRII, which methylate
adenine in TGCA and GTAC sequences respectively, or a subset
of these sequences.
We are trying to isolate and characterize the genes of some

of these Chlorella virus encoded DNA methyltransferases and
site-specific endonucleases in order to understand their biological
significance and to compare them to prokaryotic enzymes. This
report describes the successful cloning, characterization, and
expression in Escherichia coli of the M. CviRI gene from virus
XZ-6E.

MATERIALS AND METHODS
Viruses, vectors and host strains
The growth of the host alga, Chlorella NC64A, on MBBM
medium and the production and purification of XZ-6E and the
other viruses have been described (1-3, 12).

E. coli strain JH132 [McrA-, McrB-, Mrr-] and RR1
[McrA+, McrB -, Mrr-] served as hosts for plasmids pBR322,
pUC18, pUC 19, and recombinant plasmids (13, 14). E. coli XL-1
Blue (Stratagene) was used for pBluescript KS(-) (Stratagene)
cloning and the generation of single stranded DNA for dideoxy
sequencing.

Cloning strategy
Virus XZ-6E DNA was isolated as described previously (15).
Libraries of EcoRI partial digestion products of XZ-6E DNA
were prepared in plasmid pBR322 and transformed into E. coli
strain JH132 by standard procedures (16). Potential clones
containing the M. CviRI and M.CviRII genes were selected from
the XZ-6E DNA library as suggested by Mann et al. (17). The
restriction endonuclease PstI (CTGCAG) is inhibited by 6rnA
in the TGCA portion of its recognition sequence (18). Since
M. CviRI methylates adenine in TGCA sequences, recombinant
plasmids containing a M.CviRI gene which is expressed in E.

coli should be resistant to PstI. Likewise, clones containing
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M.CviRII were screened by treating the, library with RsaI; RsaI
cleaves GTAC but not GTmAC sequences (19). Resistant
plasmids were selected by treating the XZ-6E plasmid library
with either PstI or RsaI before transforming E. coli.

Enzymes and DNA methyltransferase assays
Methyltransferase activity was assayed either by measuring
transfer of methyl-3H from S-adenosyl[methyl-3H] methionine
to DNA or by its ability to protect substrate DNAs from digestion
with appropriate restriction endonucleases (4). Restriction
endonucleases and DNA methyltransferases were purchased from
New England Biolabs or Bethesda Research Laboratories and
used according to supplier's recommendations.

Nucleic acid electrophoresis and hybridization
DNA was electrophoresed on agarose gels in either TAE buffer
(40 mM Tris-acetate, 6 mM EDTA) or TPE buffer (80 mM Tris-
phosphate, 8 mM EDTA) (16). Nucleic acids were stained with
0.5 jig/ml ethidium bromide and visualized by mid range
ultraviolet illumination. Standard protocols were used for
Southern transfer of DNA to nitrocellulose filters (16). For dot
blots viral DNAs were denatured and applied to nitrocellulose
membranes as described (20). Radioactive DNA probes were
prepared by nick translation using a Bethesda Research
Laboratories kit.

RESULTS
Identification and isolation of the M.CviRI gene

About 100 transformants were obtained after PstI digestion of
the partial EcoRI XZ-6E library. Plasmid DNA was isolated from
30 individual colonies and tested for resistance to PstI. One clone,
named pXZ-6E5.9, contained a 5.9 kb insert of XZ-6E DNA
and was resistant to PstI and CviRI (Fig. 1, lanes 2 and 3,
respectively). Plasmid pXZ-6E5.9 was sensitive to three other
restriction endonucleases, RsaI, TaqI, and Hinfl (Fig. 1, lanes
4, 5, and 6), whereas virus XZ-6E genomic DNA was resistant
to each of these enzymes. We conclude that pXZ-6E5.9 contains
the M.CviRI gene.

Subclones of plasmid pXZ-6E5.9 were prepared as outlined
in Fig. 2A and tested for sensitivity/resistance to PstI and CviRI.
These experiments localized the M. CviRI gene to a 2. 1 kb region
at one end of pXZ-6E5.9; this plasmid was named pXZ-6E. 14.
Two additional experiments support the site specificity of the

cloned M.CviRl gene. (i) pXZ-6E5.9 DNA was resistant to
methylation with M.PstI, but not M. TaqI (methylates adenine
in TCGA sequences) (data not shown). (ii) The multiple cloning
site of pUC 19 contains a single M. CviRI site which overlaps the
HindlIl site of pUC 19. HindLIl is inhibited by methylation of the
first adenine in its recognition sequence (18). When the 3.5 kb
HindIll fragment of pXZ-6E5.9 was cloned into the Hindlll site

DNA sequencing
After the M.CviRI gene was localized to plasmid pXZ-6E. 14,
the entire viral insert DNA was subcloned using restriction sites
within the insert DNA and the subclones were inserted in the
vector pBluescript KS(-). Single stranded DNA was generated
by adding the helper phage MCS- 113 (Stratagene) and isolated
using common techniques (21). Dideoxy sequencing of both DNA
strands using 5'-[O355]-thiotriphosphate was as previously
described (22, 23).
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Figure 1. Sensitivity of Xhol linearized pXZ-6E5.9 DNA to several restriction

endonucleases. Plasmid pXZ-6E5.9 DNA was digested with XhoI, XhoI/PstI,
.7ioI/CviRI, XhoI/RsaI, XhoIlTaqI, and XhoIlHinfl (lanes I through 6,

respectively). Numbers on the left refer to sizes (kb) of lambda StyI fragments.

Figure 2. A) The functional domain of the M.CviRI gene in plasmid pXZ-6E5.9
was localized to plasmid pXZ-6E. 14 by subcloning. Open region is the insert
DNA and the closed end regions the vector. B) Plasmid pXZ-6E. 14 was sequenced
and the M.CviRI gene is represented by the shaded, cross-hatched region. Another
ORF (slashed lines) and a possible ORF (stipled area) at the end of the clone
are shown. The direction of the transcripts is indicated by the arrows. Restriction
endonucleases are: B (BamnHI), Bg (BglII), C (ClaI), E (EcoRI), Ec (EcoRV),
H (HindIII), Hc (HincII), Hp (HpaI), P (Pstl), Pv (Pvul), and X (XhoI).
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of pUC19 to construct pXZ-6E. 10 (Fig. 2A), pXZ-6E. 10 DNA
was resistant to HindII at this site, as well as to PstI (data not
shown). We conclude that M.CviRI recognizes TGCA sequences
or a subset of this sequence.

Attempts to clone the M. CviRII gene by RsaI digestion of the
partial EcoRI XZ-6E library were unsuccessful.

DNA sequence analysis of the M.CviRI gene
The entire viral insert DNA in plasmid pXZ-6E. 14 was subcloned
and sequenced (Fig. 3). Two open reading frames (ORF) of 243
(ORF-A) and 1137 bases were identified. These two ORFs could
code for polypeptides of 81 (predicted molecular weight of 9,504)
and 379 (predicted molecular weight of 42,814) amino acids
respectively. We believe the larger ORF is the M. CviRI gene
because the amino acid sequence is similar to other adenine
methyltransferases (see below).
We assume that the ATG codon designated coordinate 1 is the

start codon for the M.CviRI gene because an ochre (TAA) codon
is present two codons prior to ATG. M.CviRI was also expressed
when pXZ-6E. 14 was cloned in the opposite orientation with
respect to the lac promoter in pBluescript KS (data not shown).
This suggests that the M. CviRI gene carries a promoter which
can be utilized by E. coli RNA polymerase. A putative promoter

GAATTCTACTTATATACCATATCATTTTCCATAACAAATTGAAAGTCGAATGATTTACCACGTCCTCCGATTTGTTCT
ACGCTCTTCAATTTTGTAATATCAATGACATTTGAAATACTTTCTAACAGTCTCTGTTGAACACTTGTATTTTCGTTA
ATATCACGATTATTTAGTGTATCAACTATAATTTTTCTCGCTGCTTATTGTTAATATCGTTGTCTCCGCGAATACCTG

* L K E R Q K N N I D N D G R I G
TTACGAAAATATCATCAGGATTATCCCGTTCCTTTTCAGCAAGTTTTTCCGCCTTTACTCGTTCCTTTTCAGCAAGTT
T V F I D D P N D R E K E A L E E A K V RE KR
TTTCCGCCTTTACTCGTTCCTTTTCAGCAAGTTTTTCCGCCTTTACTCGTTCCTTTTCGATTTTGCTAACCTTTTTCA
K K A K V R t K E aL KT A K V R E X E I K S V K K
TTTTCATAAGATTGATTATGTTTATAATATTCAGCATATTTATGTTCTGTTCACATATTAATATATATAAATAAAATG
M K M L N I I N I I N L MN ORF A
ACACAAAAATGACACA MAATGACA ATG TAGAATTTACACTTGTA,C AGACACGTGT
ACACAATATCATATCAACATACGAAACAACTTAAATTAAAAAAAATGATTGATTTTATAAATT

1 ATGAAGTTATTCGAAGACAAATCCGTCGAGTTTCATAAACGGTTGAGTAAGAAGGAAAGA 60
M K L F E D K S V E F H K R L S K K E R

61 TCTGACGGAGGGGTATTTTTCACTCCGAAAGATATCAGAGATATCGTGTTTGAAGAACTT 120
S D G G V F F T P K D I R D I V F E E L

121 GGAGATTTTGAACCTACGAATATATTGGAACCAACATGTGGCACGGGTGAATTCATTTCC 180
G D F E P T N I L E P T C G T G E F I S

181 GATTGCAGAAAAGTATACAAAAACTCTCGCATCATTGGCGTAGAAATAGATCCACGTTCT 240
D C R K V Y E N S R I I G V E I D P R S

241 GCCGAACTTGCAAGGGACGGTTCGAAAAACGAAATAATTGTTCACGATTTCATGACATGG 300
A E L A R D G S K N E I I V H D F M T W

301 GATACTGATGAGAAATTCGACCTTATAATAGGAAATCCACCGTATTTCACAAGACCGACT 360
D T D E K F D L I I G N P P Y F T R P T

361 GGTTTCAAACACGACCCTTCCGTAGTCAAATGTAGATCTAACATTTGTATCGAAGTTCTT 420
G F K H D P S V V K C R S N I C I E V L

421 CACAAATGTATTACACGCCATTTGGCAGACAATGGTATGTTGGCAATGGTTCTACCGGTA 480
N K C I T R N L A D N G M L A M V L P V

481 TCTATTTTGAACAGTAAATTTTACACACCGACTATTGATCTTATCACAGATACTATGGAT 540
S I L N S K F Y T P T I D L I T D T M D

541 GTTGTATCTGCCCGCGCTATTAAAAAAAACAATTTTATGGGGACAAACGTGCGCGTAATG 600
V V S A R A I K K N N F M G T N V R V M

601 GTATTTATTATTCGTAAGCGTACTCCGGGGTTCGTTAGTAAATATACTTTCAAGACTTCT 660
V F I I R K R T P G F V S K Y T F K T S

661 CTTGGGAAGGTTCTCATAAACCCCGACGGAGAGCGTCTAGGTTCTATAGTTTCTGGTAAG 720
L G K V I I N P D G E R L G S I V S G K

721 AAAACGATCGGTTCGTTAAACGTAAATATTTCTTTCGGTGTAACGTTGGCTAGCGTCAAA 780
K T I G S L N V N I S F G V T L A S V K

781 GAATAiTTCGTTGACAAAAGTTGTTCAGGTTCGTTCCCACTTATTTGTTATAACAATATT 840
E Y F V D K S C S G S F P L I C Y N N I

841 GCTAAGAAAGGTGATCTGCTGTTTGTCAGTGACAAATACTCTAAAAAACGTTTCAACGGA 900
A X K G D L L F V S D K Y S K K R F N G

901 AGAGCTATTCTCATACCGAGGGGTTATGCTCATGGGGATTATTCATTCAATTTCATAGAT 960
R A I L I P R G Y A M G D Y S F N F I D

961 TACACTAACGATTATTTTATAATAGAAAATCACGTAATTGCAATAACCGGTGAGGATTGT 1020
Y T N D Y F I I E N H V I A I T G E D C

1021 GTATTAGATATCATAGCAAAATCGTTTGCAGACCATCGGACTCGTGAATTTTGTAGACTA 1080
V L D I I A K S F A D H R T R E F C R L

1081 TTATGTTCTTCTGGAGATATAAGCAAAGATTATGTCAAAGAAATACCGGTGTTCGGGTGA 1140
L C S S G D I S K D Y V K E I P V F G *

AATTTAAATATGCCAAACGAATTTATTAAGAACTTATGAAAAATTTACATGATAATTATAATTACGTTTTAATAATGT
CTCTGGTTAAACTTCCCATCATCAATTTCCCGGATGCTATTCTCATAGCAGGAGGTGGTGCTAAGTCGATGAGCGGTC
TCGGAGCTATACACGTTTTAAAACGAAATGGTCAACTAAAAAATTTAAAGGTCGTTGCGGGCACTTCCGCTTTAAGTA
TCGTCGCTGCCGGTGTTGCGTTGAACAAAGACCCTGTGAGTATGTGTAAAGCGTTCATTGATGAGATATACAAACCGT
CGTTTGATATATCTAATTTCGTT

Figure 3. DNA sequence of the M.CviRI gene and its flanking regions. The
predicted amino acid sequence of M.CviRI is indicated. The amino acid sequence
asn-pro-pro-tyr which is present in many adenine methyltransferases is double
underlined. Sequences bearing homology to E. coli consensus promoter sequences
in the 5' flanking region are indicated by the wavy line. A second small ORF
(designated ORF-A) and its predicted amino acids are also indicated. A 33 base
direct repeat is present three times in ORF-A and the predicted amino acids are
underlined.

sequence (ATGACA ...15 nucleotides...TACACT) beginning 100
bp upstream from the ATG start codon, corresponds to the E.
coli promoter consensus sequence, with only one base deviation
in the -35 region and two deviations in the -10 region of the
RNA polymerase binding sites. Whether this is the functional
promoter of the M.CviRI gene in virus infected Chlorella or
merely a cryptic promoter fortuitously utilized by E. coli RNA
polymerase is not known. Transcriptional and sequence studies
on ORFs of the prototype Chlorella virus PBCV-l indicate that
regions upstream from the ATG translational start site are AT
rich (24). The region upstream from the M.CviRI gene is also
AT rich; regions -100 and -50 bases from the ATG start site
contain 74% AT and 85% AT, respectively. Finally four direct
repeats of the 11 base sequence ACAAAAATGAC occur in
tandem 139 to 95 bases upstream of the ATG start codon.
The other ORF (ORF-A) in pXZ-6E. 14 is transcribed in the

opposite direction from the M. CviRI gene and begins 215 bases
upstream of the M.CviRI gene. This ORF contains three direct
repeats of 33 bases. Translation of these sequences could produce
a protein containing three repeats of the amino acid sequence
glu-lys-glu-arg-val-lys-ala-glu-lys-leu-ala. The significance of this
repeat unit, if any, is unknown. Comparison of the predicted
amino acid sequence of ORF-A to proteins in GenBank did not
reveal any obvious similarities.

XZ-6E DNA contains a single M.CviRI gene which is unique
to this virus
The M. CviRI gene has a single PvuI site 724 bp from the ATG
start site and no internal BamHI or StyI sites (Fig. 2B). When
Southern transfers of XZ-6E DNA digested with these enzymes
were hybridized with the pXZ-6E. 14 EcoRV 927 bp fragment,
two PvuI fragments (Fig. 4, lane 1) and single BamHI (Fig. 4,
lane 2) and StyI (Fig. 4, lane 4) fragments were identified as
expected. Additionally, two fragments were present in double
digests with PvuI plus one of the other two restriction

2 3 4 5

34

2.

_.

Figure 4. Hybridization of the pXZ-6E. 14 EcoRV 927 bp restriction fragment
to virus XZ-6E DNA. XZ-6E DNA was digested with PvuI, BamHI, PvuI/BamHI,
StyI, PvuI/StyI (lanes 1 through 5, repectively). Numbers on the left refer to sizes
(kb) of lambda StyI fragments.
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endonucleases (Fig. 4, lanes 3 and 5). Thus viral XZ-6E contains
a single copy of the M. CviRl gene.

Plasmid pXZ-6E. 14 did not hybridize to dot blots of any of
the other 36 Chlorella viral DNAs or to the host Chlorella DNA
(data not shown). Thus the M. CviRI gene appears to be rare in
the Chlorella viruses and the host alga does not contain the gene.

Comparison of M.CviRI to other DNA methyltransferases
The predicted amino acid sequence of M. CviRI was compared
to the Chlorella virus cytosine methyltransferase M. CviJI (11)
and to 15 adenine methyltransferases using ALIGN standard
deviation scores (Table 1). There was no similarity between
M. CviRI and M. CviJI. In contrast, M. CviRI shared similarities
with the adenine methyltransferases. Most adenine
methyltransferases, including M. CviRI, contain the sequence
(asp/asn)-pro-pro-(tyr/phe) referred to as region IV by Hattman
et al., (25). The closest pairing was between M. CviRI and
another Chlorella virus encoded adenine methyltransferase
M.CviBIH, followed by the bacterial enzyme M.TaqI. M.CviBLl
and M. TaqI are isoschizomers whose recognition sequence
(TCGA) differs from M.CviRI in the central base pairs. M.PstI,
whose recognition sequence (CTGCAG) contains the subset
TGCA, pairs more distantly to M.CviRI. When M.CviRI and
M.CviBII amino acid sequences were aligned, 142 of 347 amino
acid residues matched (40% identity) (Fig. 5).

Table 1. Comparison of the M.CviRI amino acid sequence to fifteen adenine
methyltransferases.

Comparison
to Recognition

Gene M.CviRIa Sequence References

E. coli Dam -0.27 GmATC 30
M.DpnII 1.06 GmATC 31
T4 dam 0.19 GmATC 25, 32

M.EcoRV 0.68 GmATATC 33
M.FokIB -1.13 GmATCC 34
M.HinJI 0.53 GmANTC 35
DpnA 2.69 GmANTC 36
M.RsrI -0.28 GAmATTC 37, 38

M.PstI 1.19 CTGCmAG 39
M.PaeR7 2.83 CTCGmAG 40
M. TaqI 9.50 TCGmA 26
M.CviBIII 26.39 TCGmA 10
M.EcoRI 0.89 GAmATTC 41, 42

HsdM 0.65 AmACN6GTGC 43
M.FokLA 0.72 GGmATG 34

aThe comparison was conducted using the NBRF.ALIGN (44) computer
program. ALIGN standard deviation scores from available fully sequenced
N6-adenine methyltransferases were determined using a gap penalty of 6 and 100
random runs.

_D 10 15 20 25 30 35 40 45 50 55 60
. , . . * *

M.CviBIII M N V E Q Y T Q V T T D F E K T L T K E K K S K Q G I F F T P K T V R E R L F G F T E H F Q N T P G F S I L E P S C G T
M.CviRI M K L - - F E D K S V E F H K R L S K K E R S DG G V F F T P K D I R D I V F E E L G D FE P T - - - N I LE P T C G T
Common M F K L K S G F F T P K R F F T I L EP C GT

M. CviBIII
M.CviRI
Comnon

61 65 70 75 80 85 90 95 100 105 110 115 120
1 1. * . .

GE I I S E CV ER FPL A SIKGV ELD - - - NDMST I C S KKY A EYNVDIVNEDFLLWKG G -K F D F I
GE F I S DCRKV YKNSR I I GV E I DP R SAEL ARDG SKN - - - - - - E I I VHD FNTWDTDEK F DL I
G E I S C I G V E D S K I D F W K F D I

121 125 130 135 140 145 150 155 160 165 170 175 180

M.CviBIII V G N P P Y V V R P S G Y K N D N R I A K G R S N L Y V E F L Y K C I T E H L K E D G I L A F I I P S T I G N S S F Y E
M.CviRI I G N P P Y F T R P T G F K H D P S V V K C R S N I C I E V L H K C I T R H L A D N G L A M V L P V S I L N S K F Y T
Comnon G N P P Y R P G K D K R S N E L K C IT H L G L A P I NS F Y

181 185 190 195 200 205 210 215 220 225 230 235 240
. * . . . *

M.CviBIII P I R K L I I - T L D I L S F E I L D K H D F C D T N T R L G S I V I - K N S P G - T G I Y T Y R D Y I C D K D I P H H
M.CviI PTIDLITDTNDVV SARAIKKNNFNGTNVRVNVFIIRKRTPGFVSKYTFKTSL -GEKVIINP
Comnon P LI T D S K F T N R I K PG K Y T K I

241 245 250 255 260 265 270 275 280 285 290 295 300
* . * * .

M.CviBIII - - - - - - - - - - G N S Y I G S L D L K F K T G F A W A N V N K F F T D K S - - - E I P F F T S S N I K L N E I H
M.CviRI D G E R L G S I V S G K K T I G S L N V N I S F G V T L A S V K E Y F V D K S C S G S F P L I C Y N - - - - - - - - - N
Caomon G IG S L G A V F D K S P

301 305 310 315 320 325 330 335 340 345 350 355 360

M.CviBIII I G D K - - M K Y L T Q D T T K F - - - - F T G K A L L I K T A S A G K R G - - - G R F E F G F S L Y E N D K W A V D N
M.CviRI I a K K G D L L F V S D - - - K Y S K K R F N G R A I L I P - - - - - - R G Y A H G D Y S F N F I D Y T N D Y F I I E N
Cannon I K K F G A L I R G G F F Y N D N

361 365 370 375 380 385 390 395 400 405
* * . . . . .

410

M.CviBIII D I I V I Q G P D T V L S I V Q D V L M K D V T N E F I N I L V N N G H I S MK L L K S I P L F -

M.CviRI H V I A I T G E D C V L D I I A K S F A D H R T R E F C R L L C S S G D I S K D Y VK E I P V F G
Ccanon I I G D V L I T E F L G I S K I P F

Figure 5. Maximal alignment between the amino acid sequences for M.CviBIII and M.CviRI using the NBRF computer program ALIGN (44).
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DISCUSSION

The gene encoding the adenine methyltransferase, M.CviRI, from
Chlorella virus XZ-6E has been cloned and expressed in E. coli.
M. CviRI is one component of at least two separate restriction-
modification systems induced by XZ-6E infection of Chlorella
NC64A. The virus infected cells contain at least two site-specific
endonucleases, CviRI (recognition site TG/CA) and CviRII
(recognition site G/TAC) (Traylor, Xia, Zhang, Roy, and Van
Etten, manuscript in preparation). Since virus XZ-6E DNA
contains 21.2% 5mC and 15.2% 6mA, the virus obviously codes
additional DNA methyltransferases besides M. CviRI and
presumably M. CviRII.
The predicted amino acid sequence of M. CviRI had no

similarity to the previously described Chlorella virus cytosine
methyltransferase M. CviJI (11). This is not surprising since the
lack of similarity between bacterial adenine and cytosine
methyltransferases has been noted previously (e.g. 26, 27, but
see 28, 29 for some evidence of common motifs). In contrast,
the predicted amino acid sequence of M. CviRI resembles adenine
methyltransferases; M.CviRI contains the sequence (asp/asn)-pro-
pro-(tyr/phe) which is present in all adenine methyltransferases.
M. CviRI was most similar to the Chlorella virus adenine
methyltransferase M. CviBlII (10); 40% of the amino acids were
identical. The recognition sequence of M. CviRI and M. CviRII
differ only in their central base pairs. Because of their high degree
of similarity, the construction of M. CviRI-M. CviBIII fusion
proteins, if successful, could help to reveal domains important
for site-specificity in adenine methyltransferase-DNA interactions.
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