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1. Introduction

Restriction endomuclease BemH1 is a site-specific
deoxyribonuclease which cleaves the phosphodiester
bonds between the guanine residues within the
duplex DNA se¢quence S'ggf‘ggg [1]. It is well
known that restriction endonucleases recognise and
cleave relatively short synthetic duplexes containing
appropriate recognition sequence, therefore oligo-
deoxyribonucleotides called ‘linkers” are widely used
for genetic manipulations [2,3]. On the other hand,
the syntheltic oligonucleotides with defined sequences
are useful tools to study mechanisms of interaction of
the cnzymes with DNA.

The minimal lengths of substrate duplexes have
becn investipated for a number of restrictases [4] and
kinetic comparisons have been made between syn-
thetic and natural substrates |5} in the hydrolysis
reactions.

We have investigated BamnHI restriction patterns
of the self-complementary oligodeoxyribonucleo-
tides. One of them, d(5-CCAGGATCCTGG), con-
tains a full-length recognition site. The second one,
d(5-TCCAGATCTGGA), contains a part of the rec-
ognition site, 5-GATC flanked with the half-size rec-
ognition sequences 5-TCC from its 5"side and
5".GGA from its 3'-side. Cleavage of the formed oligo-
mer with BamH! shows an usual type of restriclion pat-
tern [1]. In conirast, the second one shows a restric-
tion pattern which could be explained as being cleaved
within the recognition sequence d(5"-GGA . .. TCC)
formed by the ends of two substrate molecules. At the
same time cleavage within the sequence d(5'-GATC)
does not take place. These results support a symmet-
ric binding model of a restriction nuclease with its

recognition site [6] via interaction with one half of
the recognition sequence.

2. Materials and methods

Endonuclease BamHIi from Bacillus amvioliquefa-
ciens was prepared as in [7]. Oligodeoxyribonucleo-
tides were synthesised by the phosphetriester method
[8]. Oligonucleotides were *P-labeled at the 5'-ter-
mini with polynucleotide kinase [9]. 5'-**P-Labeled
oligonucleotides (15—30 pmol/ul) were digested with
BamH1 (1-2 units/ul) at 0.5 for 4 hin 6 mM Tris—
HCI (pH 7.4), 6 mM MgCi,, 6 mM 2-mercaploethanol
and 50 mM NaCl. Reaction was stopped by the addi-
tion of EDTA and urea up to 6 mM and 7 M, respec-
tively. After digestion the samples were separated in
23% polyacrylamide gels as in [1]. Sequence analyses
of the oligodeoxytibonucleotides und BamH]1 diges-
tion products were performed asin [11].

3. Results and discussion

BamH| digestion of the oligonuclcotide, d(5'-72P-
CCAGGATCCTGG) containing a full-length radio-
active recognition sitc gives a product with an elec-
trophoretic mobility equal to that of the expected
digestion product, the tetranucleotide d(5'-*2P-
CCAG) (not shown). Cleavage of the oligonucleo-
tide, d(5'-**P-TCCAGATCTGGA) gives three 5'-*P-
labeled products of a smaller length than a starting
one (fig.1) and proceeds ~10-times slower, than the
cleavage of the normal sile. The length of the diges-
tion products were determined by pel electrophoresis
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Fig.1. Autoradiography of the gel slab conlaining oligo-
nuclectide TCCAGATCTGGA fragments after its cleavage
by Maxam-Gilbert method [11] and by BamH1 restriction
endonuclease: (1,3) BamH1-hydrolysate of the oligonucico-
tide; (2,4} starting oligunucleotide; (1,2) samples were pre-
cipitated by elhanol and dissolved in loading buffer before
electrophoeresis; (3,4) samples were loaded on the gel without
cthanol precipitation.

using length markers obtained from the starting oligo-

mer by the Maxam—Gilbert chemical method. Tt is
seen that the digestion products are oligenucleotides
containing 11, 10, and 9 residues with 3"-terminal
bases, G, G and T, respectively. Relalive amounts of
these products are 20%, 30% and 50% as revealed by
counting the radioactivity of bands after gel electro-
phoresis. The BarmHI restriction of the oligonucieo-
tide, d(5-TCCAGATCTGGA), seems to be surprising
for two reasons:

(i) There are 3 digestion products in spite of the
general idea about high specificity of the class II
restriction endonucleases action [12].

(i) None of the cleavage sites within the oligonucleo-

tide sequence are in agreement with the known
BamH]1 restriction pattern [1], i.e., the restric-
tion does not occur via recognition of the hexa-
nucleotide sequence and its subsequent cleavage
at the left side from the symmeltry centre {1].

We have conlirmed that the enzyme preparation
used in this study shows usual properties, Restric-
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tion of self-complementary oligonucleotide d(5'-
CCAGGATCCTGQ), containing the recognition site
inside the chain, gives expected products. It has been
shown also that the enzyme does not cut the oligo-
nucleotide d{(ACGGAATTCCAT) lacking the recogni-
tion sequence.

These results could be explained by the supposi-
tion that in this case the enzyme binds with the com-
posite recognition site formed by the ends of two
different duplex molecules. One can support this con-
clusion by taking into account the rigidity of the oli-
godeoxyribonucleotide duplexes.

T-4 DNA-ligase is known to link DNA duplexes
with ‘blunt’ ends [12]. Endonuclease BamHI mole-
cule seems to have a similar mechanism of interaction
with the duplexes. The enzyme probably joins the
DNA molecules together creating a complex where
two duplexes form one double helix with the same
parameters as in covalently linked polynucleotide.
Endanuclease BamrH1 molecule consists of two sub-
units, both apparently containing independent bind-
ing and hydrolytic centers [13,14]. The binding center
of each subunit seems to interact with the recognition
site d(5"-TCC) of the oligonucleotide. Two bound
oligonucleotide molecules form a double helix similar
to the non-cleaved substrate recognition site d(5'-
GGA ... TCC), then the hydrolytic center acts. The
hydrolytic step is less specific than the binding anc
since the phosphodiester bond cleavage occurs both in
canonical and in neighbouring positions. This indefi-
niteness of the cleavage position could be due to the
relative mobility of the two duplex molecules which
are not connected one to another by covalent bonds.
The ends of the oligenucleotides are kept together
due to interaction with the enzyme molecule which
must be flexible as all the proteins are, hence the
intersubunit region could be slightly deformed.

This suggestion is in a good agreement with the
symmetric binding model proposed in [6]. According
10 this model a subunit protein has a second-order
rotation symmetry axis so that each subunit interacts
with one hall of the recognition-site nucleotides.

It is of sufficient interest to check the substrate
properties of synthetic oligonucleotides which are
able to form the BamH1 recognition site cut in other
positions within the hexanucleotide sequence. It
seems to be probable that other restriction endo-
nucleases can interact with the substrates containing
similar ‘cleaved’ recognition sites. Both possibilities
are now under investigation in our laboratory.
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