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The isolation of a new sequence-specific endonuclease from a unicellular cyanobacterium is described. This 
enzyme specifically cleaves the nucleotide sequence GClTNAGC. 

Restriction enzyme 

1. INTRODUCTION 

A screening programme of unicellular 
cyanobacteria (grown in pure culture) for identify- 
ing sequence-specific endonucleases with novel 
recognition properties is being carried out in our 
laboratories. We encountered a strain, PCC 6906 
in the Pasteur Culture Collection, which appeared 
to contain an endonuclease showing a unique gel- 
electrophoretic banding pattern when incubated 
with bacteriophage A DNA. This strain was named 
Eucapsis species by its discoverer J. West and 
classified as Synechocystis species 6906 by authors 
in [l]. We have studied the cleaving properties of 
endonuclease EspI and report here on its 
nucleotide recognition pattern. 

2. EXPERIMENTAL PROCEDURES 

2.1. Growth of the organism 
Medium MN contained 3 parts of autoclaved sea 

water and one part of distilled water. The follow- 
ing ingredients were added per litre: 
MgS04 - 7H20, 38 mg; CaClz - 2Hz0, 18 mg; 
NaNO3, 750 mg; NazCO3, 20 mg; KzHP04. 

Abbreviations: Ad, adenovirus; FPLC, fast protein li- 

quid chromatography 

Nucleotide specificity 

3H20, 20 mg; Fe&SO&, 8 mg (complexed with 
EDTA); H3BO3, 3 mg; MnCl2.4Hz0, 2 mg; 
ZnS04.7&0, 200 pg; NazMo04.2H20, 40 pg, 
CUSO~ * 5H20, 80 pg; COSO~ * 6HzO, 50 pg; 
vitamin B12, 1OOpg. The medium was buffered 
with 30 mg/l Hepes buffer at pH 7.8 while sterile 
filtered air enriched with 5% CO2 was blown 
through the culture. Illumination by fluorescent 
light was at 1000 lux. 

2.2. Enzyme purification 
Frozen cells (10 g) were disrupted in an Eaton 

press [2] in which they are forced under hydraulic 
pressure (6000 kg/cm’) through a narrow hole. 
The broken cells were suspended in 100 ml of buf- 
fer A (10 mM Tris-HCl, pH 7.4; 2 mM mercap- 
toethanol) and subsequently sonicated (Branson 
sonifier) in a stainless-steel beaker immersed in 
melting ice for 4 I-min periods. The extract was 
centrifuged and processed as described [3]. En- 
donucleolytic activity was eluted from a 
phosphocellulose column at approximately 0.5 M 
NaCl (a 400 ml linear gradient from 0 to 0.7 NaCl 
in 20 mM potassium phosphate (pH 7.4)/2 mM 
mercaptoethanol/ 10% glycerol was applied). The 
EspI activity, being the main endonuclease in the 
enzyme peak, was rid of two contaminating minor 
nucleases (which cleave pBR322 DNA) on 
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heparin-Sepharose. To that end fractions with the 
highest endonucleolytic activity towards bacterio- 
phage h DNA were dialyzed for 4 h against buffer 
A, also containing 10% glycerol and 100 mM KC1 
(the purified enzyme is rendered inactive if the lat- 
ter is omitted). The heparin-Sepharose column 
(5 x 1.5 cm) was eluted using a 200 ml gradient of 
0.10-0.50 M KC1 in buffer A containing 10% 
glycerol. Endonuclease EspI emerged at approx- 
imately 0.35 M KC1 free from other nucleases. It 
could be concentrated on a small column of 
heparin-Sepharose or by fast protein liquid 
chromatography (Pharmacia FPLC system) using 
a Mono Q column (from which it elutes at 0.27 M 
KCl) and by ultrafiltration. The enzyme was stored 
at -8°C in an ice-salt bath. 

2.3. Determination of cleavage specificity 
This was done by nucleotide sequence analysis 

of fragments terminating at EspI cleavage sites ac- 
cording to [4] and by the wandering spot technique 
[5], similar to the way described in [6]. 

3. RESULTS AND DISCUSSION 

The purified enzyme degraded bacteriophage h 
DNA into 7 fragments which gave a unique ban- 
ding pattern in agarose gel electrophoresis (fig.3). 
The recognition sequence for endonuclease EspI 
was shown to be GCITNAGC. This conclusion 
was arrived at by cleaving SV40 DNA and a 
number of cloned adenovirus DNA fragments of 
known sequence with EspI, determining the ter- 
minal sequences (e.g., fig.1) and comparing these 
(table 1). The adenovirus sequences all had the se- 
quence GCTFAGC in common. However, the 
results with simian virus (SV)40 DNA make clear 
that the symbol N in the recognition site indeed 
must stand for any nucleotide and not only for the 
G/C pair. SV40 DNA was found to be cleaved 
once by EspI. According to its published sequence 
[lo], this DNA contains the sequence GCTGAGC 
at positions 1710-1716. Fig.2 shows that the EspI 
cleavage site coincides with this sequence. From 
the inferred recognition site the number and size of 
the fragments generated by EspI in bacteriophage 
X DNA can be predicted. The results presented in 
fig.3 completely confirm this prediction. The 
cleavage sites (which are all of the N = G/C type) 
at coordinates 10,298; 10,683; 11,662; 16,519; 
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Fig.1. Nucleotide sequence of simian adenovirus 7P 
DNA flanking the cleavage site for endonuclease EspI at 
nucleotide 1674. The sequence from nucleotide 
1673-1690 reads: GCJTCAGCCGGCTGGTTAG [S]. 
The site of cleavage is as indicated by the arrow (not 
shown; but see fig.2). The two electrophoretic runs 
shown cover well over 100 nucleotides. Base-specific 
cleavages are as indicated at the top of the 5 lanes of 

each run. 

20,745; and 39,451 [l l] are fully in line with those 
observations. Although in all cases studied, except 
one, the recognition sequence of EspI turned out 
to be GClTgAGC, we have concluded that the se- 
quence is GCJTNAGC because the single cleavage 
site for EspI in SV40 DNA is GClT$AGC [lo]. 
One might argue that the SV40 used in our ex- 
periments could have a point mutation at 
nucleotide 1713, but fig.2 shows that it is A and 
thus invalidates that assumption. The EspI en- 
donuclease described here uniquely recognizes the 
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Table 1 

Nucleotide sequences containing cleavage sites for endonuclease 
EspI 

DNA species Sequences determined Reference 

Human Ad5 7637 
I 

GGGGAGCTGAGCCCGTG 7 

Human Ad5 9739 
I 

GGTAGGCTGAGCACCGT 7 

Simian Ad SA7P 1674 
I 

ACTCCGCTCAGCCGGCT 8 

Human Ad12 3725 
I 

TAACTGCTCAGCTGGAA 9 

sv40 1711 
I 

TAAAAGCTTAGCAGCTG 10 

December 1984 

nucleotide sequence GCLTNAGC, thus furnishing 
a new tool to the molecular biologist. This site con- 
stitutes an extended DdeI site and in that respect 
resembles the recognition sequence of MstII [12] 
and an isoschizomer of it, AocI (from a poorly 
described strain of Anabaena oscillarioides, un- 
published), CCITNAGG. 
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Fig.2. Nucleotide sequence analysis of the lower strand 
of simian virus (SV)40 DNA at its unique EspI cleavage 
site. A 203-bp EspI-HaeIII fragment 5’-labeled at the 
EspI site was degraded with pancreatic DNase and snake 
venom exonuclease. The resulting oligonucleotides were 
fractionated according to [5]. Spot 1 = pT (confirmed by 
paper electrophoresis); spot 8 = pT-A-A-G-C-T-T-T. 
This sequence coincides with positions 1714-1707 of 
SV40 DNA [lo]. I = direction of electrophoresis; II = 
homochromatography; B = blue marker (xylene cyan01 

FF). 
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Fig.3. Agarose gel electrophoretic pattern of EspI digest 
of bacteriophage h DNA. A. Determination of the size 
of the smallest two fragments of 979 and 385 bp (lane 2) 
on a 1.5% gel. A calibration digest of plasmid PAT 153 
(a derivative of pBR322) by endonuclease HinfI is shown 
in lane 1. Lane 3 of the same gel shows the 5 remaining 
larger fragments which can be resolved on a 0.7% gel as 
shown in B, duplicate lanes. The size of those 5 
fragments is given as number of base pairs. The two 

small fragments have run off this gel. 
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