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1. S U M M A R Y 

The methanogenic archaebacerium Methano
coccus vannielii contains a type II restriction endo
nuclease. The enzyme was purified by a simple 
three-step procedure resulting in enzyme prepara-
tions free of contaminating unspecific nucleases. 
The restriction enzyme recognizes and cleaves the 
sequence 5 ' -CGiCG-3 ' (FnuDll and Thal iso
schizomer) and generates D N A fragments with 
blunt ends. Due to its purity and activity at mod
erate temperatures, Mvnl might be a useful alter
native to FnuDll and Thal active at 60 °C. 

2. INTRODUCTION 

^ More than 600 restriction endonucleases of 
• I » eubacterial origin are known [1,2]. Within the 
t 
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archaebacterial kingdom [3] only five restriction 
enzymes have been described so far: The nucleases 
of Thermoplasma acidophilum [4], Sulfolobus 
solfataricus [5] and Sulfolobus acidocaldarius [6], 
all are isoschizomers of known enzymes. However, 
the methanogen Methanococcus aeolicus contains 
three different activities with novel recognition 
sequences [7]. Thus, an investigation on the occur-
rence of restriction endonucleases in other 
Methanococci was undertaken. The mesophilic 
strain Mc. vannielii [8] might be an organism 
especially suitable for the development of an 
archaebacterial transformation and in vitro tran-
scription System. It can be easily grown in miner-
alic media on a large scale, forms colonies on agar 
with high plating efficiency [9], its protein cell wall 
can be lysed by detergents and its DNA-depen-
dent R N A Polymerase recognizes promoters 
specifically in vitro [10-12]. In order to study 
possible factors which might interfere with these 
experiments we analyzed extracts of Mc. vannielii 
for the presence of nucleases. In this communica-
tion, we report on the identification of a type II 
restriction endonuclease in this Methanococcus 
strain. 
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3. MATERIALS A N D METHODS 

3.1. DNAs and reagents 
AcI857Sam7 D N A , M13mpl8RF D N A , 

pBR322 DNA, pBR328 DNA, X • EcoRl/Hindlll 
fragments (DNA Mr marker III), pBR322 • Haelll 
fragments (DNA MT marker V), alkaline Phos
phatase from calf intestine (CIAP), T4 poly-
nucleotide kinase (T4 PNK), T4 D N A Polymerase 
(T4 DNAP), T4 D N A ligase (T4 D N A Zig) and 
the restriction enzymes Pstl and Sali were prod-
ucts of Boehringer Mannheim GmbH. Thal was 
obtained from BRL, FnuDll from NEBL. Al l 
enzymes were used according to the specifications 
of the suppliers. 

High specific activity [y- 3 2P]ATP (~ 3000 
Ci/mmol) was obtained from Amersham, 
DEAE-Cellulose and Heparin-Cellulose was from 
PL-Pharmacia, Agarose from F M C Corporation, 
Marine Colloids Div./Rockland, ME, and Low-
Melting Temperature Agarose, Type VII, from 
Sigma, MO. 

3.2. Strain cultivation 
Methanococcus vannielii was cultivated by using 

the technique described by Balch and Wolfe [13] 
in a medium containing 0.5 g/1 K H 2 P 0 4 ; 0.4 g/1 
MgS0 4 ; 0.4 g/1 NaCl; 0.4 g/1 NH 4 C1; 0.05 g/1 
C a C l 2 x 2 H 2 0 ; 0.01 g/1 FeS0 4 X 7H 2 ; 6 ml/1 
trace minerals [14]; 1 ml/1 0.1% resazurine; 6.5 
g/1 NaHC0 3 ; 0.5 g/1 L-cysteine; 0.5 g/1 Na 2 S X 
(7-9)H 20; pH 6.5. 1 /xM N a 2 W 0 4 was added 
after the Sterilisation of the medium. 

For fermentation the organism was grown at 
37 °C in a 300 1 enamel-coated fermenter (Bioen
gineering) using a 3.5% inocolum. The fermenter 
was gassed with 6 1 H 2 and 1.5 1 C 0 2 per minute 
at 600 rpm agitation. 

3.3. Preparation of a high speed supernatant (S 100) 
2 g cells (wet weight) were suspended in 4 ml 

T M K buffer (50 mM Tris-HCl, pH 8.0/4°C; 10 
mM M g C l 2 ; 50 mM K C l ; 40% (v/v) glycerol) and 
disrupted by a French Pressure cell at 100000 
kPA. The crude extract was centrifuged for 1 h at 
38 500 rpm in a 50 Ti rotor (Beckman). 

3.4. Purification of the restriction endonuclease 
M v n / from Mc. vannielii 

The S 100 supernatant was applied to a 
DEAE-cellulose column equilibrated with T M K 
buffer. After washing with two column volumes of 
T M K buffer, protein fractions were eluted in three 
steps with two column volumes each of T M K 
buffer containing 0.2 M , 0.4 M and 0.8 M K C l . 
The combined active fractions were desalted by 
dialysis and applied to a Heparin-Cellulose col
umn. Protein was eluted with a linear sah gradient 
(0.05-0.8 M K C l in T M K buffer). The endo
nuclease activity eluting at 0.18 M K C l was di-
alysed against T M K buffer containing 50% (v/v) 
glycerol, and stored at - 20 ° C. 

3.5. Enzyme assay 
Fractions (1-2 /xl) were incubated with 1 jug 

XcI8575'am7 D N A in a 20 JU,1 reaction mixture (80 
mM Tris-HCl, pH 8.0/37 °C; 10 mM M g C l 2 ; 50 
mM K C l ; 0.1 mM EDTA; 100 /ig/ml bovine 
serum albumin) for 1 h at 37 °C. The reactions 
were terminated by adding 5 \i\ of cold stop 
Solution (7 M urea; 20% (w/v) sucrose, 60 mM 
EDTA and 0.01% (w/v) bromophenol blue). The 
complete reaction mixtures were resolved by elec-
trophoresis for 3 h at 100 V on 0.8% (w/v) agarose 
gels using 40 mM Tris-acetate (pH 8.2/25 °C), 2 
mM EDTA, and 1 /ig/ml ethidium bromide as 
electrophoresis buffer. 

3.6. Sequence analysis 
Nucleotide sequence analysis was performed 

following the chemical method of Maxam and 
Gilbert [15] as described by Brown and Smith [16]. 
The A/G-reaction was modified according to Gray 
et al. [17]. Interpretation of sequence data follows 
the rules given by Tomizawa et al. [18], McCon-
nell et al. [19] and Brown and Smith [16]. 

The indication of Mvnl cleavage sites refers to 
the first cytidine nucleotide of the tetranucleotide 
recognition sequence of the ( + )-Strand in accor-
dance with the UWGCG-computer programs of 
Devereux et al. [20]. However, if cut positions are 
cited these data are related to the actual sites of 
phosphodiester bond hydrolysis between the 
central guanosine and cytidine nucleotides (5'-
C G | C G - 3 ' ) . 



The sequence of pBR328 D N A [21] was ob
tained from VecBase data bank [22] integrated 
into the UWGCG-program package. 

4. RESULTS A N D DISCUSSION 

4.1. Identification and characterization of the Mc. 
vannielii restriction endonuclease 

The S 100 supernatant was fractionated by 
D E A E Cellulose chromatography. Nuclease activ
ity hydrolyzing D N A unspecifically was found in 
the 0.2 M K C l eluate. However, the flow through 
contained an activity which cleaves D N A into 
defined fragments (Fig. 1). The activity of this 
enzyme fraction was found to be optimal at a 
temperature of 37 °C in the presence of 50 mM 
K C l and 10 mM M g C l 2 . The activity does not 
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Fig. 1. Digestion patterns of bacteriophage XcI857Sam7 D N A 
obtained with Mvnl (lanes 2-5, 7, 8), Thal (lane 9) and FnuB 
II (lane 10), respectively. The reaction mixtures containing 1 
jug XcI857Sam7 D N A were incubated for 1 h at 37 ° C with 
0.1, 0.3, 0.6 and 1.0 units Mvnl, respectively (various dilutions 
of the final enzyme preparation with 10 U/ j i l , lanes 2-5), with 
10, 30 units Mvnl, respectively (=160-, 480-fold excess of 
enzyme, lanes 7, 8), and for 1 h at 6 0 ° C with 1.0 unit Thal or 
1.0 unit FnuDll, respectively (lanes 9, 10). The resulting 
fragments were analyzed on a 0.8% (w/v) agarose gel by 
electrophoresis for 3 h at 100 V. Undigested DNAs used as 
control: XcI857S'am7 D N A (lane 6), and a mixture of X-
EcoRl/Hindlll and pBR322 itoIII fragments. 

require S-adenosylmethionine or ATP. This indi-
cates that this enzyme is a type II restriction 
endonuclease. It was designated Mvnl in a slight 
modification of the Standard nomenclature of 
restriction enzymes [23] to distinguish it from 
Mval from Micrococcus varians [24]. The activity 
of the final preparation was 10 units/ju,l (Fig. 1, 
lanes 2-5). 

The absence of unspecific nucleases in the Mvnl 
preparation was shown by incubation of at least 
30 units Mvnl with 4 /ig D N A for 16 h (480-fold 
excess of enzyme). Under these conditions, no 
detectable hydrolysis of the Mvnl restriction frag
ments could be detected (Fig. 1, lanes 7, 8). Liga-
tion of 1 jug X • MiwI-fragments with 1 unit T4 
DNALig for 16 h at 4°C resulted in more than 
80% ligation products. Subsequent digestion with 
Mvnl re-generated more than 90% of the original 
MiwI-fragments. 

3.2. Identification of the recognition sequence 
Bacteriophage AcI8575'am7 D N A [25] was di-

gested with Mvnl, and the resulting Mvnl frag
ments were separated by agarose gel electrophore
sis (Fig. 1, lanes 5, 7, 8). By applying Computer 
programs designed to search for recognition se-
quences on the basis of physical mapping data, the 
observed fragment pattern was found to be specific 
for the recognition sequence 5'-CGCG-3'. This 
result could be confirmed by digestion of X D N A 
with the isoschizomers Thal [1,4] and i*>zwDII 
[1,27] resulting in identical fragment pattern after 
digestion of \cI857Sam7 D N A (Fig. 1, lanes 9, 
10). 

Furthermore, Mvnl, Thal and FnuDll show 
identical cleavage specificities on Adeno-2 D N A 
(303 cleavage sites). A l l three enzymes are also 
characterized by the lack of cleavage sites on virus 
SV40 D N A (data not shown). In addition, Mvnl 
is identical to 77*al and FnuDll with respect to 
hydrolysis of 0X174RF and M13mpl8RF phage 
DNAs, as well as plasmids pBR322 and pBR328 
[1,21,22,28]. 

3.3. Identification of the cleavage positions 
The cutting sites within both Strand of the 

Mvnl recognition sequence 5 / -CGCG-3' at Posi
tion 946 were determined by the chemical method 
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including trimming with T4 DNAP as described 
by brown and Smith [16]. pBR328 [21,22] was 
linearized with Sali at position 651, and termi-
nally labeled at the 5'-ends with T4 PNK and 
[y- 3 2P]ATP. Monolabeled sub-fragments were 
generated by a second digestion with Pstl at 
position 2524. The resulting fragments, 3034 bp 
and 1873 bp in size, were separated by electro-
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Fig. 2. Determination of the cleavage position of Mvnl on 
both Strands of pBR328 D N A at position 946. The lengths of 
the 5'-labeled pBR328-AfowI/Sa/I-fragments with (B) and 
without (A) T4 DNAP treatment (lanes 1, 6) were determined 
by comparing their migration distances with the positions of 
the various bands of the 5 '-sequencing ladder of the 5 '-labeled 
( + )-strand of the pBR328 Pstl/Sali fragment between posi
tions 2524 and 651 (lanes 2-5). Position 1 of pBR328 D N A is 
defined as the first T of the sequence 5'-TTCTCATGTT-3' 
within the ( + )-strand as described by Pfeiffer et al. [22]. 
Labeling of the protruding 5'-end of the ( + )-strand of the 
pBR328-&z/I fragment, dephosphorylated with 0.04 units 
CIAP per pmol 5'-termini (32), was performed with 2 units of 
T4 PNK and 10 pmol [y- 3 2P]ATP ( ~ 3000 Ci/mmol) per /ig 
D N A according to [33]. All labeled fragments were purified 
under native conditions by electrophoresis in 1% (w/v) low 
melting temperature agarose gels. The sequencing procedure 
followed the protocol of the chemical method described by 
maxam and Gilbert [15,33]. Electrophoresis under denaturing 
conditions was performed in 8% (w/v) Polyacrylamide gels 
containing 8 M urea. 

phoresis on a 1% (w/v) low melting agarose gel. 
The smaller 1873 bp fragment containing a clea
vage site for Mvnl at position 946, was extracted, 
and four aliquots were treated according to the 
Maxam and Gilbert chemical sequencing reactions 
[15]. Further aliquots of the above fragments were 
cleaved with Mvnl alone (A), or with Mvnl fol
lowed by treatment with T4 D N A P (B) as de
scribed in [16]. The resulting fragments were 
analyzed on an 8% (w/v) sequencing gel contain
ing 8 M urea (Fig. 2). The 5'-labeled 296 bp 
pBR328 • Mynl/Sall fragment (A) appears 
alongside the band of the 5 '-sequence ladder which 
represents the internal C-residue of the Mvnl re-
cognition sequence 5'-CGCG-3' (Fig. 2). How-
ever, the chemically derived D N A chain has lost 
its 3'-terminal C-residue as a consequence of 
chemical cleavage. Therefore, this D N A chain ac-
tually end with its 5 '-neighbouring G-residue at 
position 947. This shows that Mvnl cleaves be
tween the internal G-residue at position 947 and 
the C-residue at position 948, thus creating blunt 
ends. 

The pBR328 • Mvnl/Sali fragment (B) treated 
with T4 DNAP migrated alongside the same band 
of the 5'-sequence ladder, representing the inter
nal C residue of the Mvnl recognition sequence 
5'-CGCG-3' as was observed with the pBR328 • 
Mvnl/Sali fragment (A) (Fig. 2). This confirms 
that Mvn 1 produces blunt ends by hydrolyzing the 
phosphodiester bond between the G'-residue at 
position 947 and the C'-residue at position 948. In 
case of protruding ends, the pBR328 • Mvnl/Sali 
fragment would either be extended (5'-protruding 
ends) or degraded (3'-protruding ends) by at least 
one nucleotide after action of T4 DNAP. 

The sequencing data indicate that Mvnl cuts its 
recognition sequence in both Strand between the 
G- and C-nucleotides at positions 947 and 948 
producing blunt ends as follows: 

i 
5'-CG CG-3' 
3'-GC GC-5'. 

T 
Although Mvn 1 shares the recognition sequence 

with two already described restriction enzymes, it 
might be a useful tool for experiments in molecu-



lar biology. It can be purified by a rapid and 
simple procedure in high purity and shows - in 
contrast to Thal from a thermophilic archaebac-
terium - its optimal activity at Standard incuba-
tion temperature. 

The occurrence of high levels of restriction 
endonucleases in Methanococci suggests a possible 
role of these nucleases in protecting the cells from 
bacteriophage infections. Bacteriophages indeed 
have been found in Halobacteria [29], S°-depen-
dent arachaebacteria [29], representatives of the 
order Methanobacteriales [30,31], and might be 
also present in the genus Methanococcus. 
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