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Cfrl0 1, a site-specific endonuclease from Citrobacter freundii strain RFL10, was isolated. It recognizes

and cleaves the family of related sequences: 5'Pu!CCGGPy to generate DNA fragments with 5’

tetranucleotide extensions. Cfr10 I may be useful in molecular cloning experiments, especially in
conjunction with other enzymes which generate the same terminal extensions.

Citrobacter freundii

1. INTRODUCTION

Thirty strains of Citrobacter freundii were
screened, and of these 16 were found to produce
restriction endonucleases [1,2]. Both isoschizomers
and enzymes recognizing new nucleotide sequences
were found when studying the substrate specificity
of some of these enzymes.

The characterization of a new site-specific endo-
nuclease Cfr10 I recognizing a hexanucleotide se-
quence 5'PulCCGGPy and cleaving, as indicated
by the arrow, is reported.

2. MATERIALS AND METHODS

Citrobacter freundii strain RFL10 was cultivated
as in [2]). Restriction enzymes EcoRI and Mspl
were isolated in our laboratory. DNA of phages
Acl1857 s7, $X174, fd and plasmid pBR322 were a
kind gift of K. Sasnauskas. DNA of PCS7 plasmid
(modified pBR322) was provided by G.V. Shpa-
kovsky. DNA polymerase I (Klenow fragment)
was obtained from Boehringer (Mannheim),
[a-**P]dATP >2000 Ci/um from Amersham
(Bucks), dTTP from Calbiochem, Sephadex G-50
from Pharmacia Fine Chemicals, agarose from Bio
Rad. All other reagents were analytical grade com-
mercial products.

site-specific endonuclease

molecular cloning

2.1. Isolation of Cfri0 I

Cfr10 1 was partially purified until essentially
free of contaminating nuclease activities by
chromatography on phosphocellulose P11 (What-
man) and heparin-Sepharose (Pharmacia Fine
Chemicals). Full details of the purification of
Cfr10 1 will be presented elsewhere. In two
separate preparations the yield of Cfr10 I was 250
units/g of wet packed cells. The enzyme prepara-
tion containing 50% glycerol is stable for at least
6 months when stored at —20°C.

2.2, Enzymatic reactions

Endonuclease activity was assayed by adding
1-10 xl enzyme solution to 40 xl reaction mixture:
20 mM Tris—HCI (pH 8.5), 75 mM NaCl, 3 mM
MgSO4, 5 mM 2-mercaptoethanol, 0.02% Triton
X-100, 2 xg DNA. Incubations were routinely per-
formed at 37°C for 1 h and terminated by adding
20 41 of a solution of 60% sucrose, 60 mM EDTA
and 0.025% bromphenol blue. Restriction
fragments were separated by electrophoresis in 1%
agarose as in [3].

2.3. Determination of enzyme specificity

Cfr101 recognition sequence was deduced on the
basis of the tables given in [4] and the results of
restriction enzyme digests of some DNAs with
known sequence.
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Fig.1. Independently determined DNA sequence of

PCS7 plasmid. A continuous line indicates cleavage sites

of EcoRI and Mspl and a dashed line indicates cleavage

site of Cfr10 1. See fig.2 for the determination of the
Cfr10 1 cleavage site.

PCS7 plasmid was used to determine the
cleavage site. Cleavage of DNA by EcoRI was car-
ried out in buffer solution (20 mM Tris—HCI, pH
7.8, 10 mM MgCl;, 50 mM NaCl, 2 mM DTT) at
37°C. Protruding DNA ends were repaired using
DNA polymerase I, an equimolar quantity of
[«-**P]dATP and a 5-fold quantity of dTTP. In-
cubations were performed for 15 min at 20°C. The
DNA was freed from precursors by gel filtration
and cleaved with Cfr10 I and Mspl. Resulting
EcoRI-Cfr10 I and EcoRI-Mspl fragments were
subjected to electrophoresis in 20% polyacryl-
amide gel (acrylamide:methylene-bisacrylamide
30:1, 50 mM, Tris—borate, pH 8.3, 1 mM EDTA,
7 M urea). EcoRI-Mspl and EcoRI-Cfr10 1
fragments were extracted and sequenced after
base-specific chemical DNA cleavage [5].

3. RESULTS AND DISCUSSION

Digestion of various DNAs of known nucleotide
sequence with Cfr10 I yielded not less than 6
fragments in pBR322 and no fragments in ¢X174
and fd. Comparison of these data with the tables
given in [4] allowed us to predict that Cfr10 I
recognizes the nucleotide sequence 5'PuCCGGPy.

To confirm the recognition site structure of
Cfr10 I and determine its cleavage point we used
PCS7 plasmid. The Cfr10 I site GCCGGT in this
plasmid is located near the EcoRI site (fig.1).
EcoRI-Cfr10 I and EcoRI-Mspl fragments of
PCS7 plasmid 3?P-labeled at 3’-ends and isolated
as described in section 2 were analyzed by the
Maxam-Gilbert method (fig.2). As can be seen, the
EcoRI-Cfr10 I fragment is longer at its 5'-end by
one C residue as compared to the EcoRI-Mspl
fragment. It can be concluded that Cfri0 I cleaves
the 5'PulCCGGPy sequence between Pu and C
residues. This means that Cfr10 I fragments
possess a 5’-tetranucleotide extension. As ex-
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Fig.2. Autoradiograph of sequencing gel. Determination
of the Cfrl0 1 cleavage site by sequencing of
EcoRI-Cfr10 1 and EcoRI-Mspl fragments.

pected, Cfr10 I can be easily ligated with T4 DNA
ligase (not shown).

As far as we know no other specific endodeox-
yribonuclease has been described with the specifici-
ty of Cfr10 I and this constitutes a new addition to
the collection of restriction enzymes. Cfr10 I con-
tains cohesive termini identical to those of Xmal
fragments [6]. Therefore, it should be possible to
form recombinants in vitro between Xmal vectors
and Cfr10 I fragments, which contain a hybrid
junction resistant to both Xmal and Cfr10 1. It
should be noted that the central tetranucleotide
(CCGG) of the Cfr10 I recognition sequence is
identical to the recognition sequence of Mspl.
Cfr10 1 should cleave DNA at all Nael (GCCGGC)
sites.
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