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ABSTRACT

Bcg| and Bcg l-like restriction endonucleases cleave
double stranded DNA specifically on both sides of their
asymmetric  recognition sequences which are
interrupted by several ambiguous base pairs. Their
heterosubunit structure, bifunctionality and stimulation

by AdoMet make them different from other classified
restriction enzymes. Here we report on anew  Bcg I-like
restriction endonuclease, Bpl/l from Bacillus pumilus
which in contrast to all other Bcg I-like enzymes,
recognizes a symmetric interrupted sequence, and
which, like Bcgl, cleaves double stranded DNA
upstream and downstream of its recognition sequence
(8/13)GAGN5CTC(13/8). Like Bcgl, Bpl | is a bifunctional
enzyme revealing both DNA cleavage and
methyltransferase activities. There are two polypeptides

in the homogeneous preparation of  Bpl/l with molecular
masses of [74 and 37 kDa. The sizes of the Bpll
subunits are close to those of  Bcgl, but the proportion
1:1in the final preparation is different from that of 2:1 in
Bcgl. Low activity observed with Mg 2* increases
>100-fold in the presence of AdoMet. Even with AdoMet
though, specific cleavage is incomplete. S-adenosyl-
homocysteine (AdoHcy) or sinefungin can replace
AdoMet in the cleavage reaction. AdoHcy activated Bpl1
yields complete cleavage of DNA.

71.6 kDa protein that resembles certain m6A-specific DNA-
MTases. TheBcgB gene encodes a 39.2 kDa protein. Neither
protein can cleave or modify DNA by itself, but together they form
a complex of composition #8 that can perform both functions.
Two subunits oBad have also been identifiedB0 and 55 kDa),
subunits a little larger than those BEY. Bad activity also
includes both endonucleolytic and DNA methylation activities
(8). Only specificity and cofactor requirements for the remaining
Bcd-like enzymeq7,9) have been determined so far.

We now describe a neBcd-like restriction endonuclease
Bpll, isolated fronBacillus pumilug®126-132, which in contrast
to all other knowrBcd-like enzymes recognizes a symmetric
interrupted nucleotide sequence and cleaves upstream and
downstream of the recognition sequence (8/13)GAGIN
C(13/8) leaving 5 nt'3extensions. Th&pll protein has been
purified to apparent homogeneity by heparin-Sepharose, blue-
Sepharose, phosphocellulose, hydroxyapatite and AH-Sepharose
column chromatography. SDS-PAGE of the purified preparation
reveals two polypeptides &pll with molecular masses of 74
(subunit) and 37 kDa (suburf) (Fig. 1A). ThusBpll like Bed
andBad contains two protein subun{,8). In aldition, the sizes
of the Bpll subunits are close to thoseBdéd. Using scanning
densitometry to characterize tBell subunit mass ratio, a ratio
of absorbencies of the two peakd&f1 was observed, a figure
which corresponds to a subunit mass ratio of 74:37, indicating
that the two proteins are present in the final preparation in the
proportion 1:1. This finding indicates that Bpll is a dimer of

Type Il restriction endonucleases, by definition, recogniz&€ompositiona3, while Beg is a trimer of composition £8 (6).
nucleotide sequences 4-8 bp in length, cleave within them,PurifiedBpll maintains an absolute requirement fora¥idor
require only M@* as a cofactor, and interact with target duplexe§leavage activity, which is stimulated by AdoMet (data not
as monomers (1,2). As the number of characterized type shown)_, and which, in parallel r_namfests methylanon activity, as
restriction endonucleases increases, evidence accumulates fgigrmined by the DNA protection assay (Fig. 1B). Only a minor
they are a non-homogenous group of enzymes. Some of thé@wmber of theBpll sites were modified. Resistance Bpll

have been demonstrated to manifest such unusual properties #aévage of modified DNA should not, however, be interpreted as
the suggestion has been made that they should be classifiecRagxperimental artefact, since plasmid DNA when added to the
new kinds of restriction endonucleases: type IIS, type I\Bpll premodifiedA DNA vyields the same restriction pattern as
Bcg-like (2—4). Of note is the fact that all enzymetobging to  that resulting from separate cleavage of the same plasrBjallby
the suggested designations are distinguished by their recogniti@iata not shown). The recognition sequence of allBog-like

of asymmetric nucleotide sequences. Specificdigg-like  enzymes contains a pair of adenines, which is located
enzymes Bcd, Bs@4l, Bad, Cjel and CjePl) recognize symmetrically relative to the centre of the double-stranded duplex
asymmetric sequences interrupted by 4—7 ambiguous bp, requinat is being cleaved (8). This pair of adenines inBhg
Mg?2* for cleavage activity, are stimulated by AdoMet, and cleaveecognition sequence is the target site for methylation (6). Thus,
DNA on both sides of their recognition sequence, therehy is reasonable to speculate that the symmetrically located
excising a short DNA fragme(6—9). The gnes coding foBcd adenines in thBpll recognition sequence possibly also constitute
have been cloned and sequenced (6).BdgA gene codes for a the methylation site of thepll enzyme.
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Figure 1. (A) Coomassie-stained 10% SDS-PAGE of purifiznd endonu- -
clease (lane 1) with size standard (laneB)Methylation oA DNA with Bpll. 102 =
Lane 1A DNA + Xhd; lane 2 DNA + Xhd incubated with 50 ENase units

of Bpll in reaction mixture with 0.1 mM AdoMet, without Mtyand afterwards

cleaved withBpll; lane 3,A DNA + Xhd + Bpll. In reaction mixtures used in 102 ] 1
the cleavage step AdoMet was replaced by AdoHcy to obtain complete ;‘;’imer e 107 e "'
cleavage of unmodified DNA (see textL)(Cleavage of various DNAs with v
Bpll. Lane 1)\ DNA-Hindlll digest as size markers; lane DNA + Bpll; lane 57 semseesseensenn ¥ GTGGTCAGACGAAGC [GAGACTGGCTC TGGAGTGG‘;AAAGCYGA
3, Ad-2 DNA +Bpll. |

34

139

3 CI}FCAGTCTGCTTCG CTCTGACCGAG ACCTCAC(%TTTCGCT
Bpll recognition sequence is in the frame.
Optimal enzyme activity is observed in 33 mM Tris—HCI buffer * : labeled strand
(pH 7.9), containing 10 mM magnesium acetate, 66 mM potassit 4 : C‘jf'n‘;ig:ﬁ%“
acetate at 37C, with 0.05 mM AdoMet. Even at optimal AdoMet S femplate strand
concentration though, which increases purifiBgll activity woomeep ¢ Bpll digest - Vent pol. extending
>100-fold, complete cleavage of DNA is not achie@sP4 also —> : Klenowextending - Bpll digest

cleaves DNA incompletely (7), though incomplete cleavage is n..
a  characteristic .Shared with OtheBCg_“.ke restr!ct!on Figure 2. Determination of the cleavage siteByll. A DNA and a synthetic
endonucleases. Like all characterizégcg-like restriction  primer (40 920-40 940, cw strand) was used in the sequencing reaction based
endonucleases activity does not require ATP. on the dideoxynucleotide chain termination reaction, througBphesite. An

AdoHcy and sinefungin can replace AdoMet as a cleavagedditional extension reaction was carried out in the presence of four
cofactor in Bpll digestion (optimal concentrations: 0.2 mM ‘Eeoxy”f’c'ec’“des andi{3%P]dATP containing the samieDNA and primer.

. . . ane 1:A DNA — Bpll digest was extended with Vent polymerase in the

AdoHcy an_d 0.2 mM S_mefungm)- Of note is the fact thatpresence ofd-33P]dATP. It should terminate the reaction leaving blunt ends at
AdoHcy-activated Bpll yields complete cleavage of DNA, the points wher@pll cleaved DNA. This result shows cleavage points on the
indicating that binding of the cofactor rather than methyl groupsomplementary strand. Lane 2: the labeled DNA was digeste@pllttBoth
transfer is essential for cleavage. Incomplete cleavage in tH@obes were mixed with sequencing dye and loaded on an 8% denatured
presence of AdoMet therefore may be attributed to the®vacylamide gelalong with standard GATC ladders.
concomitant methylation of some target nucleotides. AdoHcy can
replace AdoMet in the activation Bad (8) but has no effect at
low concentrations or inhibiBcd activity at high concentrations which was performed through tBell site, located at the position
(5). The effect of sinefungin has been characterized only in th 035. The cleavage siteRybll was determined by comparison
case oBcd, where it was shown to reliably replace AdoMet. All of dideoxy sequencing ladders with polymerized extension
the data described above therefore indicate some diversity in theducts, cleaved witBpll. Two DNA bands were observed
effects of cofactors on the activitiesBéd-like enzymes. following digestion witBpll (Fig. 2, lane 2): a 107 base fragment

Of the DNA substrates useN, (pBR322, pUC18, M13mp18 containing the primer and terminating eight bases before the
and@X174) onlyA phage DNA was cleaved Bpll at only one recognition sequence; and a second 139 base fragment which
site, yielding two fragments &f7500 and 41 000 bp (Fig. 1C). included a 32 base fragment together with the recognition
Double digestion oh DNA with Bpll and Ehd, Xhd, Nhd,  sequence and corresponded to the partial digestion product. The
Eco47Ill and Ecadll localized theBpll recognition site to a results obtained indicate that the secBptl DNA cut occurred
position around 41 000. Using data on frequencies of occurrent® bases away from the recognition sequence. To determine cut
of palindrome sequences in the DNA substrates (B@dwe  points on the complementary strahd)NA digested wittBpll
identified only one sequence that was consistent with owras used as the template in the extending reaction using Vent
observations, 'SGAGNsCTC-3. The numbers of cleavage sites polymerase, and the same primer. The reaction terminates such as
and lengths of DNA fragments resulting from treatment of Ad-20 leave blunt ends at the point whégll cleaves DNA. Two
DNA with Bpll are consistent with the predicted recognitionDNA bands, a 102 base fragment and a 134 base fragment,
sequence (Fig. 1C). resulted, revealing th&8pll cleaves DNA 13 bases upstream and

A phage DNA was used as a template to charact®pbe  eight bases downstream of the recognition sequence (Fig. 2).
point of cleavage. The 20mer oligodeoxyribonucleotide compleSimilar experiments to those described above were carried out
mentary to\ DNA at the position 40 920-40 940,detttgtggtaa-  using a ccw-strand primer-§cttttgctccattagccag complemen-
taggccag (cw strand) was used for forward sequencing (113ry atthe position 41 150-41 130, which yielded the same results
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