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ABSTRACT  The nucleotide sequence of the recognition site
for the restriction-modification enzyme of Escherichia coli B
(SB site) has been determined. The recognition site is a 15-nu-
cleotide sequence consisting of the trimer 5TGAJ3’, followed
by an 8-nucleotide domain of variable sequence, which in turn
is followed by the tetramer 5'TGCT3'. The sequence has no 2-
fold rotational symmetry. Single base changes in the constant
nucleotide domains result in the loss of sensitivity to both re-
striction and modification. Our data are also consistent with
modification occurring by methylation of two adenine residues
per SB site: one on the adenine of the trimer 5TGA3' and the
other on the complementary strand on the adenine comple-
mentary to the first thymine of the tetramer 5TGCT3'. All nine
independently isolated spontaneous mutants at the SB, site of
bacteriophage f1 are caused by a G-to-T transversion. Mutations
at the SB; site are caused by various single base changes.

Bacteriophage f1, a small, filamentous, single-stranded DNA
bacteriophage, is susceptible to host-controlled restriction and
modification by Escherichia coli B (1). There are two genetic
sites on the f1 phage genome that confer susceptibility to re-
striction by the B host (2). The sites have been mapped on the
f1 genome (3, 4) and are called SB; and SB,. Protection from
restriction is afforded either by mutation of the SB sites (2) or
by modification of the DNA through methylation of adenine
residues (5, 6) that are presumably within the DNA sequence
defining the SB sites (7). Two methyl groups are added for each
SB site (5, 6), one on either strand (8).

The endo R-EcoB enzyme can function as either a restriction
nuclease or a modification methylase (8-10), depending upon
the nature of the SB site. In vitro, unmodified, wild-type (SB;*,
SB;*) f1 replicative form DNA (RF), in the presence of Mg2*,
ATP, and S-adenosylmethionine, is rapidly broken once to yield
full-length linear molecules (RFIII) by the action of this en-
zyme. This cleavage does not occur at the SB site (11); rather,
there are many potential cleavage sites. Methylation will occur
very slowly at unmodified sites in the presence of Mg2* and
S-adenosylmethionine. However, a DNA duplex in which one
strand has a modified SB site and the other an unmodified SB
site is not restricted (12, 13) but is rapidly methylated (10).
When such DNA duplex molecules are used for transfection,
they are not restricted (14).

The endo R-EcoB and K enzymes appear to be fundamen-
tally different from the restriction endonucleases that have been
isolated from a wide range of bacteria (for review see ref. 15).
These two enzymes have complex cofactor requirements, are
active DNA-dependent ATPases, and show modification ac-
tivity. Moreover, their sites of cleavage are highly nonspecific.
These properties are not found in the class II restriction en-
zymes, which have unique cleavage sites and less elaborate
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cofactor requirements. The recognition sites of most class II
enzymes have 2-fold axes of symmetry and cleavage occurs at
the recognition site or at some defined distance near it.

We have determined the nature of the endo R-EcoB recog-
nition site (SB) through DNA sequence analysis of SB° mutants
of phage f1. The recognition site is a 15-nucleotide sequence
consisting of the trimer 5'TGA3’, followed by an 8-nucleotide
domain of variable sequence, which in turn is followed by the
tetramer 5’TGCT3'.

MATERIALS AND METHODS

The bacterial strains have been described (3, 4). Bacteriophage
f1 and its mutants were isolated in this laboratory. Some of the
mutants have been described (3, 4). R119, R120, R121, and
R144 are spontaneous SB;° mutants that were independently
isolated from R86 (amber Ilgo), R21 (Il30), R21 (I1), and R17
(IVy7), respectively, by the procedure described by Boon and
Zinder (4). R132, R133, R146, and R163 are SB;°SBs° mutants
isolated similarly from R86 (IIeo), R21 (II29), wild-type f1, and
R124 (I1,24SB2°). With the exception of R146, all of the SB°
mutants used for sequence analysis in this paper were sponta-
neous revertants of the mutants described above, isolated by
plating them on the nonsuppressing host K38. These revertants
are denoted by the addition of an R to the parental phage des-
ignation, e.g., R119R.

Isolation of endo R-EcoB has been described (16). The re-
striction endonucleases endo R-Hindll, endo R-Hae II, and
endo R-Hae III were prepared as described (7). Endo R-Hpa
was prepared by the procedure of Sharp et al. (17). Endo R-Hha
I and endo R-Alu I were purchased from New England Biolabs.
Preparation of covalently closed, circular, double-stranded
DNA (RFI) of f1 phage has been described (7, 18). Marker
rescue experiments were carried out as described (7, 19). In
vitro methylation of DNA by endo R-EcoB has been described
(10, 20). DNA sequence analysis was performed by the base-
specific modification method of Maxam and Gilbert (21).

RESULTS

Analyses of genetic recombination in phage f1 have shown close
linkage of the SB; site to genes V and VII and of the SBg site to
the amber mutant site of R124 in gene II (3, 22). Our previous
studies on the physical mapping of phage f1 have located the
SB, and SB; sites on the restriction fragments Hae III-B1 (about
1500 base pairs) and Hae III-B2 (about 220 base pairs), re-
spectively (ref. 7; see Fig, 1). Furthermore, the SB; site has been
mapped to the larger of the two fragments produced by endo
R-Eco RII cleavage of f1 RFI (23). To map the SB, site more
precisely to a restriction fragment small enough for DNA se-
quence analysis, we tested fragments of f1 RFI produced by

Abbreviation: RF, replicative form DNA.
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FIG. 1. Physical and genetic map of bacteriophage f1. The outer
circle shows the location of Hae III fragments (letters on the outside),
the middle circle the Hpa II fragments (letters on the outside) and
the Hha I fragments (letters on the inside). The single cleavage site
of endo R-HindII is denoted by an arrow marked HindII; the two endo
R-EcoRII sites are denoted by dotted arrows on the outer circle (7,
23-25). The inner circle represents the genetic map (3), with the two
SB sites indicated by arrows marked SB. Genes are indicated by
Roman numerals. IG refers to the intergenic space between genes IV
and IT (23, 26).

endo R-Hha 1 for their ability to rescue markers upon trans-
fection. The physical map of f1 (Fig. 1) suggested that the SB,
site should be located on fragment Hha-B, Hha-M, or Hha-O.

The Hha fragments produced from nonamber RFI were
isolated and hybridized to single-stranded viral DNA of various
amber mutants and used to transfect Su~ cells. The results,
shown in Table 1, indicate that the Hha-M fragment covers the
V 13 amber mutation site of gene V, which is carried by mutant
strain R13, and that the Hha-B fragment covers the IIg5 amber
mutation site of gene II, which is carried by mutant strain R132.
Furthermore, the results show that the SB; genotype of the
nonamber progeny phage produced as a result of marker rescue
by the Hha-M fragment is identical to that of the RFI from
which Hha-M was prepared, while the SB; genotype of the
progeny phage produced by the Hha-B fragment is identical
to that of the single-stranded viral DNA. These results indicate
that the SB, site is located on the fragment Hha-M, which is
about 130 base pairs long.

None of the amber mutants we tested was rescued by the
fragment Hha-O. However, the following experiment (data
not shown) indicated that the SB, site is found only on Hha-M
and not on Hha-O or Hha-N. Single-stranded viral DNA of
R140R (SB;*SB2°, nonamber) was subjected to denaturation
and subsequent renaturation in the presence or absence of a
3-fold molar excess of fragments Hha-M, Hha-N, or Hha-O,
which were prepared from RFI of R132R(SB,°SB;°, nonamber).
The DNA samples were used to transfect CaCly-treated bacteria
K336B (rg*, mp*), and plated for infective centers. All the
samples gave approximately equal numbers of plaques except
the sample that was hybridized to the Hha-M fragment, which
produced about 5 times as many plaques. Five individual
plaques from each plate were picked and plated on K38 (r,*,
my*) [f] is resistant to K-restriction (1)), and the individual
plaques that were produced on K38 were tested for SB markers.
All of the five tested progeny that were derived from DNA
hybridized to Hha-M were SB;° SB2°. All of the other progeny
phage were SB = 1, as is R140R, confirming the conclusion that
the SB; site is located on the Hha-M fragment.

Nucleotide sequence analysis of the restriction fragments Hae
II1-B2 and Hha-M were performed by the method of Maxam
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Table 1. Localization of SB; sites on Hha fragments of f1 RFI

No. of
Restriction Viral am* No. of SB+
fragment strand phage/ sites in

(nonamber) DNA plate am* phage

SB;*SBe*Hha-B  R132 200 SB =0 (5/5)
(IIg¢SB1°SB32°)
SB;*SB;*Hha-B  None 0 —
None R132 2 SB =0(1/1)
SB,°SB;°Hha-B  R13 5 SB =2(2/2)
(V13SB1+SByt)

SB;°SBs°Hha-B None 0 —_
SB;°SB,°Hha-L R13 2 SB =2(1/1)
SB,°SB;°Hha-L None 0 —
SB,°SB;°Hha-M  R13 104 SB =1 (5/5)
SB;°SB;°Hha-M  None 0 —_
SB,°SBs°Hha-N  R13 8 SB =2 (2/2)
SB,°SB;°Hha-N  None 0 —
SB;°SBy°Hha-0  R13 9 SB =2 (2/2)
SB,°SBs°Hha-0  None 0 —
None R13 5 SB =2 (2/2)

" CaCly-treated cells of K38 (Su~ri*my*) were transfected with viral
DNA of gene IT and gene V amber mutants to which denatured Hha
I fragments were hybridized. For each DNA sample that gave am*
phage, plaques were picked and their plating efficiency (e.o.p.) on
K336B (rg*mp*) was measured. SB = 2, SB; +*SB,* (e.o0.p. = 0.001);
SB = 1, SB;°SBs* or SB;*SB;° (e.o.p. = 0.03); SB = 0, SB;°SB;°
(e.0.p. = 1).

and Gilbert (21). Fig. 2a presents the detailed restriction map
of the Hha-M fragment and schematically illustrates the ex-
periments performed to determine the sequence of this frag-
ment. The nucleotide sequence determined in this manner is
shown in Fig. 3a. The sequence begins approximately five
nucleotides to the right of the border between Hha-B and -M
and continues to the border between Hha-M and -O. This
fragment maps within gene V, the amino acid sequence of
which is known (27, 28). The nucleotide sequence shown in Fig,
3a is consistent with the known amino acid sequence. Similarly,
Fig. 2b presents the detailed restriction map and sequencing
experiments for Hae-I1I-B2, whose sequence is shown in Fig,
8b. This sequence begins approximately five nucleotides to the
right of the border between Hae III-D and -B2 and continues
to approximately five nucleotides to the left of the HindII
cleavage site. Only one reading phase is possible for the gene
II protein sequence in this region; the other possible reading
phases are blocked by in-phase termination codons.

The SB sequence within these restriction fragments was
identified by nucleotide sequence determination of spontaneous

a p: *
Hhal Alul  Hpall Hhal
5@} } } —
— Y>>
b
Haelll Hing| Alul " Hindll
4 = : * : *
o > H—————————————)

FIG. 2. Detailed physical map of the Hha-M (a) and Hae I1I-B2
(b) fragments and summary of nucleotide sequencing experiments.
The sequencing experiments performed to determine the nucleotide
sequence of each fragment is schematically illustrated by the light
lines. An asterisk () indicates the 5’-terminal label. The length of the
light lines indicates the portion of the restriction fragment whose
sequence was determined in each experiment. Lines above the bold
line denote sequences of the complementary strand (—); lines below
the bold line denote sequences of the viral strand (+).
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GTTCTGGTGTTTCTCGTCAGGGCAAGCCTTATTCA

cccC
3© AAGTGATGGGCAAGACCACAAAGAGCAGTCCCGTTCGGAATAAGT

Alul

Hpg1
"

CTGAATGAGCAGCTTTGTTACGTTGATTTGGGTAATGAATATCCG
GACTTACTCGTCGAAACAATGCAACTAAACCCATTACTTATAGGC

GTGCTTGTCAAGATTACTCTTGATGAAGGTCAGCCAGCCTATGCG 3
CACGAACAGTTCTAATGAGAACTACTTCCAGTCGGTCGGATACGC 5'©

Hinf1

@ TCTCACCCGTTTGAATCTTTACCTACACATTACTCAGGCATTGCA
© AGAGTGGGCAAACTTAGAAATGGATGTGTAATGAGTCCGTAACGT

TTTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGTTGAA

AAATTTTATATACTCCCAAGATTTTTAAAAATAGGAACGCAACTT

Alul

GGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATTGCTTAAT
CCATGTTGGCTAAATCGAAATACGAGACTCCGAAATAACGAATTA

TTTGCTAATTCTTTGCCTTGCCTGTATGATTTATTGG 3

AAACGATTAAGAAACGGAACGGACATACTAAATAACC 50

SB mutants that had been isolated in this laboratory. The se-
quence of the entire Hha-M fragment for an SB;° mutant
(R132R) was determined (data not shown) and, with the ex-
ception of a single G—T transversion, the sequence of R132R
Hha-M is identical to the wild-type (SB;*) sequence (Table 2).
Therefore, this G—T base change must represent the SB,°
mutation in R132R. Seven other independently isolated SB;°
mutants, as well as phage M13, which is closely related to phage
f1 but lacks the SB,* site, were analyzed for their base se-
quences in this region. All of these SB;° phages showed the
identical mutation, the G—T transversion, at the same location
(Table 2). The SB; site was determined by sequence analysis
of the Hae I11-B2 fragment from SBo° mutants. Fig. 4 shows

Table 2. Nucleotide sequence changes for SB — SB°

mutants of f1
SB Sequence of

Phage mutation viral strand Mutation

f1 sBy [TGAJATATCCGG[TGCT -
R132R sB/ [TGAATATCCGGITCT] G—>T
R133R s [GAATATCCGG[IICT] G—>T
R163R sB? [TGAATATCCGGITICT G—>T
R146 sB? [[GAATATCCGG[TTCT] G—>T
R120R sB? [FGAATATCCGGTCT] G6—>T
R121 R sBP [[GAATATCCGG[TICT] G—>T
R 144R SB? [TGAJATATCCGG[TICT] G—>T
R19R sBp [GAJATATCCGG[TICT] G—>T

Mi3 sB? [GAATATCCGGITCT] G—>T

f1 S8, [GAeccTTTAT[IGCT] -
R132R S8y [fCAGGCTTTATIGCT] G6—>C
R133R sBp [CGAlGGCTTTATIGCT] T—>C
R146 S8y [TGAGGCTTTAT[TACT] G—>A
R163R sy FTATeCTTTATTGCT G->T,6->T

For each phage shown, the nucleotide sequence of a restriction
fragment containing the SB site was determined. The constant do-
mains are indicated by the boxed-in sequences. Mutations are indi-
cated by boldface type. Although the T at the seventh position of the
sequence shown appears to be conserved, it is not present in the SB
site of $X174 (see Fig. 6 and ref. 29).

F1G. 3. Nucleotide sequences within the Hha-M
(a) and Hae III-B2 (b) restriction fragments. The
TT sequences were derived from the experiments
schematically illustrated in Fig. 2. For some regions
of the sequence, independent sequencing experi-
ments were performed on both strands, while in
other regions multiple sequencing experiments were
performed on only one strand. The sequences of
both strands are shown for convenience. +, The viral
strand; -, the complementary strand.

two examples of nucleotide sequences in the relevant region
of SB° mutants compared to the SBy* (wild type). Similar
analyses were done for two other independently isolated SBo°
mutants. The results of the base sequence analyses of the SB;°
and SB,° mutants are summarized in Table 2. ,

Comparison of the nucleotide sequence of the two regions
in which the SB;° and SB.° mutations were identified indicates
the presence of a base sequence common to the SB;* and SBy+
regions: TGA and TGCT, which are separated from each other
by eight bases that are apparently nonspecific. Moreover, the
results (Table 2) indicate that base substitution in either the
TGA or the TGCT domain leads to the SB? mutation. All of the
14 independently isolated SB mutants tested have a base sub-
stitution within either the TGA domain or the TGCT domain:
These observations strongly suggest that these two domains
separated by eight bases constitute an SB site.

As shown in Table 2, the mutant R163R has two bases that
differ from the wild type. R163R is a spontaneous revertant of
a derivative of the amber mutant R124. R124 was isolated in
this laboratory by selecting for an SB® mutant using bacterial
strains that harbor an amber suppressor; it was found to be an
SB2° mutant and at the same time a gene II amber mutant.
Genetic recombination analyses have shown that the SBy°
mutation and the II,,,, mutation are tightly linked (22). The base
sequence of R163R (Table 2), when combined with the reading
frame of the gene II protein described above, strongly suggests
that R124 became SB2° and I1,,, by a single mutation, G—T,
in the TGA domain. This gives rise to the amber triplet TAG.
Reversion (R163R) of this amber mutation remained SBs°
through a second G—T mutation outside of the constant do-
main of the SB site, giving rise to the triplet TAT, which codes
for tyrosine. R124 is efficiently suppressed by Sulll, which
substitutes tyrosine for the amber codon UAG. Thus, only the
transversion that is within TGA domain of R163R is apparently
related to the SB2° mutation.

We have previously shown that when DNA is modified in
vitro with endo R-EcoB and is subsequently cleaved ' with
site-specific endonucleases the methyl groups incorporated
upon modification are found only in the DNA fragments that
contain the SB* site (7). Those results suggested that methyl-
ation occurs at the SB site. If this is so, since only one adenine
residue on each strand is methylated per SB site, we would ex-
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pect that the A in the TGA domain would be methylated on the
(+) strand and that an A complementary to one of the Ts of
TGCT domain would be methylated on the (=) strand. The
nucleotide sequence of the SB; site shown above (Table 2) in-
dicates the presence of an endo R-Hpa II cleavage site (CCGG)
between the TGA and TGCT domains. Thus, in vitro modifi-
cation of SB,* site with endo R-EcoB followed by endo R-Hpa
11 cleavage should generate fragments each containing a single
methyl group. The result shown in Fig. 5 indicates that this is
the case. Wild-type RFI, modified in vitro with S[*H]adeno-
sylmethionine and endo R-EcoB, was then cleaved with endo
R-Hpa and analyzed by polyacrylamide gel electrophoresis.
Fluorography (Fig. 5) and scintillation counting of the gel bands
(data not shown) indicated that while the two methyl groups
of the SB; site were found in fragment Hpa-E2, the methyl
groups at the SB; site were found on two fragments, Hpa-D and
Hpa-K (see Fig. 1). When endo R-Hha I was used instead of
endo R-Hpa, the methyl groups were detected only in Hha-M
(SB;) and Hha-A (SBy) fragments. We conclude that modifi-
cation occurs on both sides of the variable domain that separates
the two constant domains of the SB site.

DISCUSSION

Fig. 6 summarizes our sequence data for the SB sites of bac-
teriophage f1. It also includes the base sequence of the SB* site
of the ¢X174 SB1 mutant (35), which is described in an ac-
companying paper by Lautenberger et al. (29). The constant
domains, namely, TGA and TGCT, separated by eight unspe-
cified nucleotides are common to the three sequences. Se-
quencing studies demonstrate that mutations of SB* to SB° are
reflected in nucleotide substitution in the constant domain of
the recognition sequence. We conclude that this sequence
represents the SB site, namely, the genetic site which confers
upon DNA the susceptibility to host-specific restriction and
modification by E. coli B.

In all the three cases shown in Figure 6 the sequence 5TGA
... TGCT$'’ (and not its complement) is found on the viral (+)
strand. The sequences are found in protein-coding regions of
the DNA and are all in the same translational reading frame.

Proc. Natl. Acad. Sci. USA 75 (1978) 2269

F1G. 4. DNA sequencing gels showing base substitution
in SB2° mutants. Reaction conditions are those described
by Maxam and Gilbert (21). G and A were methylated with
dimethylsulfate for 25 and 30 min, respectively, at 20°.
Bases modified at G were cleaved in 1 M piperidine at 90°
for 30 min. Methylated adenosines were released by
treatment with 0.1 M HCI at 0° for 120 min and the
polynucleotides were cleaved by heating at 30° for 30 min
in 0.1 M NaOH. T and C in H;0 and 2.5 M NaCl, respec-
tively, were treated with 18 M hydrazine for 25 and 30 min,
respectively, at 20°. Polynucleotides were cleaved by
heating in 1.0 M piperidine for 1 hr at 90°. The cleavage
products were fractionated on a 30 X 40 X 0.15 cm slab gel
of 20% polyacrylamide/7 M urea. Electrophoresis was at 25
V/cm for 12 hr. (a) Cleavage products of SBo*; (b) cleavage
products of R133R, SB;°; (c) cleavage products of R146,
SBy°. X, The T-to-C transition of R133R; O, the G-to-A
transition of R146.

In the SB; site, all nine spontaneous, independently isolated
mutants whose sequences have been determined show the same
mutation, a G to T transversion (Table 2). This mutation to SB;°
occurs in the third position of the codon GTG, giving rise to the
synonymous codon GTT. Although several other synonymous
mutations are possible in this region, they have not been ob-
served. This suggests that the G to T transversion seen at this
location is a highly favored event which occurs as the result of
some unknown mechanism. The SBy site is contained within
gene I1, for which a potential amino acid sequence is shown in
Fig. 6. Mutations to SB2° occur in either of the two constant
domains, giving rise to both synonymous mutations and amino
acid substitutions. With the data described by Lautenberger
et al. (29), it can be seen that mutations to SB° have been de-
tected in all positions of the constant domain of the SB recog-
nition sequence with the exception of the adenine of the con-
served triplet TGA and the first thymine of the tetramer

TGCT.

— Hha-A
Hpa-D-
Hpa-E2—-
Hpa-KL— —Hha-M

FI1G. 5. Identification of the modification sites of the endo R-EcoB
enzyme. f1 RFI methylated in vitro with S-[3H]adenosylmethionine
by the action of the endo R-EcoB enzyme was digested with endo
R-Hpa (a mixture of Hpa I and Hpa II) (lane b) and endo R-Hha 1
(lane c). Uniformly 3H-labeled f1 RFI DNA digested with endo R-Hpa
(lane a) and endo R-Hha I (lane d) are shown in the adjacent lanes to
identify the fragments. The fragments were fractionated on a 2.4-7.5%
polyacrylamide gradient gel as described (7). Bands were visualized
by fluorography (30, 31).
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1
f1 SB-1
(Hha-M) Vol  Asp  Leu  Gly

AspN  Glu Tyr

Pro

10 20
GTTGATTTGGGT,AA[T,GAJATATCCG,G

TGCT|ITGTC,AAGATTACTCTT,GAT,GA
Vol Leu
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30 40 50

Val Lys lleu ™ Lev Asp Glu

val®

1 10 20
fisB-2 TTAGCT,TTATGC,TC[TGA|IGGCT,TTAT

(Haelll-B-2)

Leu Ala Leu Cys Ser ] Ala
o
Ser® [ Gn©
e e
Tyr‘
1 10
¢XsB-1 ACT,GAC,CAAG
Thr Asp GuN Gl Arg Asp Tyr

Leu

30 40 50
TGCT|T,AATTTTGCT,AAT,TCT,TTG,CC
Leu

Leu AspN  Phe Alo AspN  Ser Leu Pro

A.

Leu®

20 30
AACG|TGA|T,TACTTCA[TGCT|GCGT,TACCGTGAT,GTT,ATT,TC
Phe Met

40 50

Leu Arg Tyr Arg Asp Vol  lieu  Ser

FIG. 6. Comparison of the SB sites of f1 and $X174. The nucleotide sequence for the DNA regions containing the SB sites are shown along
with the amino acid sequence for the proteins coded for by these regions. The protein sequence of gene V is known and includes the SB; site.
A proposed amino acid sequence is shown for gene 11, which includes the SB; site. The ¢X-SB; site is included within the gene F protein sequence,
which is known (32-34). The sequencing data for the SB° mutant are summarized along with the amino acid changes that follow as a result of
these mutations. The sequence of the $X-SB; site is presented in an accompanying paper by Lautenberger et al. (29). 2 All nine SB;° mutants
show this same mutation (see Table 2). » R133R. ¢ R132R. 4 R163R. ¢ R146.

Van Ormondt et al. (36) have analyzed 3H-labeled oligo-
nucleotides produced by the action of pancreatic DNase from
phage fd RF that had been methylated in vitro with 3H-labeled
S-adenosylmethionine by the action of the modification
methylase of E. coli B. Their oligonucleotide data, combined
with our nucleotide sequence of the SB; and SB; sites of f1,
strongly suggest that methylation occurs on the adenine residue
in the triplet TGA and the adenine residue that is comple-
mentary to the first thymine of the tetramer TGCT. The ex-
periment in Fig. 5 is consistent with and supports this notion.

An SB site, as described here, consists of two nonequivalent
constant domains separated by an eight-base variable domain.
There is no 2-fold axis of symmetry. Since the two constant
domains are separated by eight bases and since a DNA double
helical structure has the periodicity of ten bases (37), the two
constant domains are found on the same side of the DNA du-
plex. Moreover, the two methyl groups that are introduced upon
modification onto the adenine residues described above also
face the same side of the duplex (in the major groove) at ori-
entations of approximately 70° from each other. This would
suggest that the endo R-EcoB enzyme may interact with only
one side of the DNA duplex. The enzyme would have to span
at least 50 A to cover the distance of the 15 nucleotide pairs
involved in the SB recognition site.
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