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ABSTRACT

From Caryophanon latum L a site specific restriction endonuclease (Clal)
has been purified, which recognises the DNA hexanucleotide palindrome
5'-A-T¥C-G-A-T-3'. Staggered cleavage generates DNA restriction fragments
with 5'-terminal pCG extensions. A Clal map of bacteriophage A has been de-
termined, which indicates cleavage inhibition due to adenine methylation at
overlapping ClaI-GATC recognition sequences. Plasmid pBR322 is cut only once,
in the tetracycline promoter region, and can, therefore, be used as a vector
system for cloning fragments derived from Clal digestions, and in addition
for fragments generated by Taql, HpaII, and several other enzymes.

INTRODUCTION

From the large number of known restriction endonucleases (1) families
can be discerned which cleave DNA substrates at closely related, though dis-
tinct recognition sites. In those cases where DNA fragments with the same
type of terminal extensions are produced from staggered cleavages within a
group of externally divergent, but centrally identical recognition sequences,
the cloning of any fragment generated by such a family of restriction endo-
nucleases is possible with a vector designed for any single member of this
family. A versatile group of vector systems which has been missing for the
co-cloning family of DNA restriction fragments with 5'-pCG single stranded
ends is provided by cleavage of pBR322 and related derivatives with restric-

tion endonuclease Clal which is described in this article.

MATERIALS AND METHODS

Caryophanon latum L was isolated from cow dung by B. Rowenhagen and
kindly given to us. E.coli 5K, obtained from S. Glover, was used for trans-
formation, E.coli dam4 was provided by R. Eichenlaub. Bacterial alkaline
phosphatase and DNasel were purchased from Worthington, snake venom phospho-
diesterase from Sigma, T4 polynucleotide kinase from Biogenics Research Cor-

poration, and T4 DNA ligase from Miles. Plasmid DNAs were prepared following
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a cleared lysate procedure in a previous description (2), A DNAs were iso-
lated from phage preparations obtained after temperature induction of
AcI85757 or AcI857t68 lysogenic strains or prepared by lytic infection of
E.col? dam4. SV40 DNA was purchased from MRE, England, and the DNA restric-
tion fragment Advh93:TaqI-E was a gift from E. Schwarz.

Assay for Clal restriction endonuclease activity: O.1 - 0.3 pug of DNA
were incubated in a total volume of 40 - 50 ul with 5 - 10 ul of activity
containing fractions at 37°C for 60 min, either in 10 mM Tris HCl pH 8,

10 mM Mgclz, or in 6 mM Tris-HCl1 pH 7.4, 6 mM Mgclz, 50 mM NaCl, 6 mM
2-mercaptoethanol. The resulting fragment mixtures were separated by elec-
trophoresis on agarose or polyacrylamide slab gels.

Analysis of the Clal recognition sites: Two sets of DNA fragments were
used for this analysis, 2 pmoles of Clal digested pBR313 (3) DNA: 3 frag-
ments, and an equimolar mixture (1 pmole each) of Advl (4) DNA: 3 fragments,
Advimm21AB5 (5) DNA: 3 fragments, and pHL81 (6) DNA: 4 fragments. The DNA
fragment mixtures were dephosphorylated by incubation in 100 ul with 0.4
units of bacterial alkaline phophatase in 10 mM Tris HCl pH 9.3 for 1 h at
37°C, and the DNAs were deproteinised by phenol extraction, followed by
ether extraction and ethanol precipitation. 5'-terminal labelling of the
fragment mixtures was achieved using T4 polynucleotide kinase and y-[32P]-
ATP following standard procedures (7). After ethanol precipitation most of
the residual y- 32P ~-ATP and 32P—phosphate was removed through 1.5% agarose
gel electrophoresis and re-isolation (8) of the labelled fragments.

For the analysis of the 5'-terminal nucleotide resulting from Clal
cleavage reactions both of the 32P-labelled fragment mixtures were digested
in 160 uyl with 10 pg DNaseI in 10 mM Tris HCl1l pH 7.4, 10 mM Mgcl2 for 1 h
at 37°C, and after raising the pH to 9.0 the incubations were continued for
1 h at 37°C in the presence of 2 pg snake venom phosphodiesterase. The re-
sulting mononucleotides were separated by electrophoresis on Whatman 3 MM
paper at pH 3.5 in pyridin : acetic acid : H20 (1 : 10 : 159), identified
under 254 nm UV illumination, and upon isolation measured for their 32P-
activity by liquid scintillation counting.

For the analysis of the 5'-terminal sequences of Clal generated frag-
ments, both of the 32P—labelled fragment mixtures were digested partially,
to oligonucleotides, by incubation first with DNaseI: 1 ug per 1.2 ug of
total DNA in 60 ul for 30 min at 37°C as above, followed by additional
treatment with 20 ng of snake venom phosphodiesterase. The reactions were

stopped in one third each of the volumes after 0.5, 1, and 2 min at 37°C.
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All three aliquots in both experiments were combined, lyophilised, dissolved

in 10 pul H,O0, and separated in a two-dimensional fractionation procedure

(9), usingzelectrophoresis at pH 3.5 on cellulose acetate strips in the
first, and homochromatography on 20% DEAE cellulose thin-layer plates at
65°C in the second dimension, with a 1 : 1 diluted 3% RNA homomix V solu-
tion.

In a second approach to determine the Clal recognition site, DNA se-
quence analysis of the 5'-ends of (Clal generated fragments was used, follow-
ing the Maxam Gilbert technique (7). For this purpose the Clal generated
fragments were dephosphorylated and labelled at their 5'-ends using Y-32P -
ATP and T4 polynucleotide kinase as above. DNA sequencing was performed
using the G, A > C, C > T, and C + T reactions, the products were separated

on 20% polyacrylamide gels in 7 m urea.

RESULTS

Isolation of restriction endonuclease (Clal

Caryophanon latum 1 was grown with shaking at 37°C in 30 ml medium pre-
pared as follows: freshly collected cow dung mixed with the same volume of
distilled water was homogenized and centrifuged at 25000 g for 1 h; the su-
pernatant was added to the same volume of enriched nutrient broth (8 g nu-

trient broth (Difco), 5 g bacto peptone, 5 g NaCl, 3.5 g Na,HPO,, 1.5 g

KH2P04, 1 g glucose, 5 mg thiamine HCl per 1000 ml, adjusteg to4pH 7, and
autoclaved) . Fast growing cells show linear trichome chains (10) of about
3 x 15 p in size, which at stationary phase collapse very rapidly. Large,
log-phase cells (1-3 x 107 cell units/ml, controlled by light microscopy)
were harvested by centrifugation, resuspended in 6 ml buffer A (10 mM potas-
sium phosphate, 1 mM EDTA, O.1% 2-mercaptoethanol, pH 7.5) and sonicated at

o using a Branson sonifier at 60 watts until the OD had dropped to

50%. The homogenate was centrifuged at 45000 g for 205;§2mat 2°C, and the
supernatant was applied to a DEAE-cellulose column (2.5 x 12 cm) equilibra-
ted by buffer A. After washing with buffer A the adsorbed protein was eluted
in three 100 ml steps of 0.2, 0.5, and 1 M NaCl in buffer A. Fractions of

5 ml were collected and tested for endonuclease activity; most of this ac-
tivity was contained in part of the 0.5 M NaCl step. The enzyme preparation
was judged to be free of contaminating non specific nuclease activities,
since a 5-fold excess of the enzyme at 15 hours incubation with A-DNA still
yielded the characteristic pattern of (Clal fragmentation unchanged, and an
incubation with a 5'1?2éklabelled DNA fragment for 15 hours resulted in only
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insignificant amounts of nonprecipitable 32P-activity in several enzyme
preparations. The enzyme was stored in 10 mM potassium phosphate, pH 7.5,
100 mM KC1l, 10 mM 2-mercaptoethanol, 1 mM EDTA, 50% (v/v) glycerol at -20°%¢
with only minor loss of activity after 6 months. The total yield was about
1300 U/per 3 g of cells, wet weight (1 U of activity digests 1 pg A-DNA in
1 h at 37°C to completion) .

Determination of the recognition site of Clal

In a first approach the recognition site was characterised by determi-
ning the 5'-terminal nucleotide and following positions of various DNA frag-
ments produced by cleavage with ClaIl, both from individual fragments, and
from fragment mixtures to show the specific and degenerate positions (if pre-
sent) within the Clal generated fragment ends.

After complete digestion with DNasel and snake venom phosphodiesterase
of the mixture of three fragments (six 5'- FzP]-labelled fragment ends)
generated by Clal cleavage from pBR313 DNA, 98.7% of the radioactivity was
found in the cytidylic acid spot, indicating that C is the 5'-terminal nu-
cleotide in all of these fragments. The products of a partial digestion with
DNasel and snake venom phosphodiesterase of the same fragment preparation
were separated two-dimensionally by electrophoresis on cellulose acetate at
pH 3.4 (first dimension) and by homochromatography on DEAE-cellulose (second
dimension). From the autoradiogram (Fig. 1) it can be concluded that all
fragments of this mixture terminate in a 5'-C-G-A-T-N-sequence. Confirming
data for both results were obtained from a second mixture with ten fragments
(twenty 5'-P2Pl—labelled fragment ends), generated by Clal cleavage of Advl
DNA : 3 fragments, \dvimm21AB5 DNA : 3 fragments, and pHL81 DNA : 4 frag-
ments. For these experiments 5°'- 32P]—labelled fragments were prepared indi-
vidually, mixed in equivalent amounts according to their specific activities,
and treated as described above (results not shown).

A second approach to determine the recognition site of Clal was based
on DNA sequencing using the Maxam-Gilbert technique (7). For this purpose
the very small Clal-generated fragment which extends to the right of the
EcoRI site in pBR313 (pBR322) DNA was chosen for individual DNA sequencing.
The 32P -labelled fragment pBR313 : Clal-B was cleaved by ECORI, yielding
two subfragments of 2.32 kb and 24 bp, respectively. The latter was used for
determining the distance of its 32P -labelled 5'-end relative to the EcoRI
generated 3'-end, and was run on a sequencing gel in between two fragments
with known DNA sequences. When the sequencing bands of equal mobility from

the two standard fragments were used as a ladder for back extrapolation down
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Figure 1. Autoradiogram of a
two-dimensional fractionation
(8 . of oligonucleotides resulting
from a partial DNaseIl/snake
venom phosphodiesterase diges-
tion of 5'- [32p]-labelled
.C’CG fragments produced by cleavage
of pBR313 DNA with Clal. Di-
.QCGA rections of electrophoresis
in the first (15%), and of
‘DCGAT homochromatography in the se-
cond (27d) dimension have been
L indicated and the position of
. Xylene Cyanol FF(B) has been
. marked. The sequences deduced
for the series of unique 5'-
terminal oligonucleotides from
. their locations in this ana-
lysis have been indicated in
the figure, degeneracy is be-
L J ginning after four positions
of unique sequence.

-

to the 5'-end we concluded that the Clal end would be located at position
+26 relative to the ECORI end at position +3, which again points out a Cyto-
5! -A-T-C-G-A-T-3' alindrome in the
3'-T-A-G-C-T-A-5' P

known pBR322 (11) sequence (results not shown). Several other Clal fragments

sin located in the lower strand of a

have also been used for DNA sequencing in the same way, including those de-
rived from the Clal sites at A:37999, A:42160, and A:42800 (see Fig. 3). In
every case their 5'-ends could be determined at the location of a C residue
in @ palindromic sequence identical to the one above, DNA sequencing of an
equal mixture of all three fragments generated from pBR313 DNA by Clal clea-
vage indicated confirming results, with degeneracy starting at the fifth po-
sition, above a unique GAT sequence at positions two to four from the 5'-end.
- The two additional Clal restriction sites in pBR313 DNA at 1.& kb and 6.7
kb are not located in regions of known DNA sequence.

As is known from other type II restriction endonucleases cleavage by
Clal appears to result in fragments with 5'-phosphate bearing ends. This
conclusion was drawn from the ability to religate Clal linearised pBR322 DNA
back into circular molecules and linear concatemers, and to ligate foreign

Clal fragments as well as TaqI or HgaIl fragments into that linear vector
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DNA as observed on the corresponding gel electrophoreses and in consecutive
cloning experiments (see below). T4 DNA ligase reactions are known to depend
on 5'-phosphate ends of substrate DNA fragments (12).

All plasmid, phage and virus DNAs of known sequence (13-20) available
to us have been analysed for the presence of a Clal cleavage site(s), all
of which were then localized by detailed restriction mapping, and compared
with the known sequence of the respective regions. These include fd (2 sites),
$X174 (0), SvV40 (0), Advh93 (0), AdvO21 (0), Advl (3), ¢80 replication region
(1), 21 replication region (1), as well as A DNA (15) and several ) derivatives
as described below. Finally, all of these DNA sequences were analysed in a
computer-aided search for the presence of various degenerate versions of the
unique Clal recognition sequence. All types of degeneracies known for the re-
cognition sites of several other (1) restriction endonucleases (such as AccI,
Acyl, Aval, Haell, HgiAIl or HindlI) could be excluded in this way for ClaI.

From these data it can be concluded that the DNA recognition site for
5'-A-T¥C-G-A-T-3'
3'-T-A-G-CxT-A-5"'"'
which is cleaved by the enzyme as indicated by the arrows.

endonuclease Clal consists of the palindromic sequence

Determination of a Clal map of bacteriophage A DNA

Digestion of bacteriophage X DNA by Clal yields a final pattern of only
partial cleavage at several of its recognition sites while the majority of
fragmentation reactions is complete, see Figure 2, lanes 3 and 4. The nature
of the Clal recognition sequence suggested to us that partial resistance a-
gainst ClaI hydrolysis might result from an occasional overlap with a Sau3A
(Mbol) restriction site, i.e. might depend on the occurence of an ATCGATC or
GATCGAT sequence in A DNA at the respective positions. GATC sequences are
known to be fully or nearly fully methylated at their adenine positions in
plasmid or chromosomal DNA molecules obtained from E.coli cells (21), but
phage DNAs isolated after induction or lytic infection might only be partial-
ly methylated. Accordingly, bacteriophage A and several of its derivatives
were grown on an E.col?l dam strain and the unmethylated phage DNAs obtained
indeed yielded Clal digestion patterns with no partial fragmentation remain-
ing, such as displayed in Fig. 2, lane 2 for Ab2 DNA as an example.

In the course of our analysis of the aberrant digestion pattern of A
DNA a complete Clal map of A DNA has been obtained which is presented in
Fig. 3. This map has been based on Clal single, and on Clal double digestions
together with various other enzymes, of both A* DNA and a number of A DNA
deletion and substitution derivatives. These included Ab2 (see Fig. 2, lanes

2 and 3), Anin5, Agt-AC, Ah434, Ah8O, Aimm8O, Aimm2i, Aimm434, Aimm21b2, Advl,
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9. 1011

Figure 2. Restriction analysis of bacteriophage A DNA and hybrid plasmid DNAs
obtained after insertion of A DNA fragments into the pBR322 Clal site by 0.8%
(lanes 1-8) and 2% (lanes 9-11) agarose gel electrophoresis. (1) Marker lane,
composed of partially EcoRI digested AdvO21 octomer DNA (top eight fragments,
multimers of 3152 bp) and HueIIIl digested Advl DNA (bottom eight fragments:
1670, 1310, 890, 534, 460, 362, 344 and 270 bp). (2) and (3) Clal digestion
of Ab_ DNA grown on E.coli dam~ and E.coli dam®, respectively. (4) Clal clea-
vage pattern of AcI857S7 DNA grown on E.coli dam*. Submolar bands at 12.0 and
11.5 kb as well as 3.22, 2.60, 1.56 and 1.66, 0.94, 0.62, 0.54 kb are due to
partial cleavage of A DNA grown in E.coli dam* cells; trace amounts at 6.25
kb result from partial addition of the left and right terminal fragments. (5)
Clal re-cleavage of hybrid plasmid pHL76 DNA isolated from one of the tetra-
cycline sensitive colonies after A DNA : Clal shotgun cloning into pBR322 :
Clal. A DNA fragments 11 + 16 (1.11 + 0.35 kb) have been cloned. (6) Clal re
cleavage of hybrid plasmid pHL75 DNA isolated from one of the tetracycline re-
sistant colonies of the same cloning reaction. A DNA fragment 3 (4.3 kb) has
been cloned into pBR322 (4.3 kb), as concluded from its further characteriza-
tion by (7) EcoRI + Clal double digestion (4.3 + 2.15 + 2.15 kb), and (8)
EcoRI single digestion (6.5 + 2.2 kb). (9) Electrophoretic separation on a

2% agarose gel of the Taql fragments of pBR322 DNA. (10) Analysis of the iso-
lated Advh93:TaqIl-E fragment. (11) Taql cleavage of hybrid plasmid DNA ob-
tained from a clone (tetracycline sensitive) of a Advh93:TaqI-E/pBR322:Clal
ligation and transformation experiment.
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Figure 3. Clal map of bacteriophage A DNA. Clal cleavage positions are indi-
cated by vertical bars (which are hatched for the three positions of partial-
ly inhibited reaction, see text), and by numbers above the line that refer

to the standard ECORI cut in the ) origin of replication = 40000. Segments of
known A DNA sequence are indicated by fat horizontal bars. Double headed ar-
rows below the main line refer to Clal fragments of A* DNA which are cleaved
by a second enzyme at the position(s) marked on that arrow. The resulting
subfragments have been used for mapping the Clal recognition sites relative
to the cleavage positions known for the various enzymes listed on the left.
Subfragmentations on groups of two or three correlated A DNA:Clal fragments
that result from incomplete cleavage (see Fig. 2) have been drawn according-
ly, e.g. double digestion with X#0I (which has a single recognition site in

A DNA, X:34360) will convert three A DNA-Clal partial fragments of 2600, 1560,
and 620 bp into 2540, 1500, and 560 bp, respectively, and will yield a com-
mon 60 bp subfragment in stoichiometric ammounts.

Advimm21AB5, Advimm434 phage or plasmid DNAs, and also several isolated or
cloned DNA fragments that had been obtained from these phage or plasmid DNAs
(compare ref. 6). Only the fragment size measurements referring to double di-
gestions of wildtype A+ DNA or A% DNA fragments have been indicated in the
lower part of Fig. 3, they are indirectly supported by the measurements which
have been done in the other fragmentation series but are not shown here. Out
of the fifteen recognition sites in At DNA five occur in segments that have
been sequenced to date (18,22).

Because of the differences observed in the digestion of A-dam* versus

A-dam~ DNAs we conclude that Clal hydrolysis is inhibited at A-methylated
recognition sequences. While the final relative yields of the respective
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A+dam* DNA fragments did not change in several experiments when using the
same phage DNA preparation, some variability in the Clar cleavage yield was
observed among different such phage DNA preparations. It appears that the
different extent of methylation at these phage DNA GATC sites may be reflec-
ted in the partial inability of Clal cleavage, but no effort has been made
for an independent determination of that specific level of methylation. Out
of the three sites on A DNA with inefficient Clal digestion (see Fig. 3)

two are next to each other in the right arm and are cleaved with similar re-
lative yields of 60 to 70% each, while a third one is located in the left
arm and is hydrolysed only at 10 to 20% fractional yields. It is not known
whether this difference results from a GATCGATC sequence occurring at A:16000
or from regional variations in the GATC methylation reaction under limiting
conditions.

Clal linearised pBR322 DNA as a vector system

In pBR322 the single Clal recognition site at position 23-28 is immedi-
ately to the left of the HIndIII site located at position 29-34. This sugges-
ted that pBR322 might be a suitable vector for Clal generated restriction
fragments, and that insertion of fragments into this site should result in
tetracycline sensitivity, as is generally observed on cloning HindIII frag-
ments into pBR322. This expectation was indeed fulfilled when a mixture of
A DNA fragments obtained after Clal digestion was ligated to Clal linearised
PBR322 DNA, which then was used for transformation of E.coli 5K. Most of the
resulting ampicillin (100 ug/ml) resistant, tetracycline (20 ug/ml) sensitive
clones contained a single A:Clal fragment integrated into the vector, while
some of them carried two such fragments (see Fig. 2, lane 5).

Among a similar number of ampicillin and tetracycline (50 pg/ml) resis-
tant colonies analysed, several carried the A DNA fragment of 4.3 kb inte-
grated which is known to cover the ApR promoter at A:38855 (A:37799-42160,
see Fig. 3). Part of the corresponding hybrid plasmid restriction analysis
is shown in Fig. 2, lanes 6-8. In further digestions with HZndIII (4.8 + 3.8
kb), PstI (7.8 + 0.8 kb), and BglII + BamHI (5.1 + 2.9 + 0.65 + 0.06 kb) the
insert was determined to be oriented left to right, i.e. with ApR able to
transcribe into the tetracycline region. Tetracycline resistant colonies
have also been obtained upon cloning promoter fragments with Aplit' ¢80plit’
or ¢80pL in direct orientation relative to the tetracycline genes, while in-
vertedly oriented fragment inserts resulted in tetracycline sensitive clones
(to be published in more detail elsewhere).

Two exceptional pBR322:Clal clones have been obtained with inserts
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known not to carry a promoter signal, but nevertheless turned out to be
tetracycline resistant (with limiting concentrations of 50 ug/ml and 20 ug/
ml, respectively). Upon comparison of the two DNA sequences resulting across
the Clai-HIndIII junction in these two fusion reactions with published pro-
moter consensus sequences (23,24) it became evident that in both experiments
promoter-similar sequences had been reconstituted. Since the Clal recogni-
tion sequence is located at positions -22 to -17 of the tetracycline promo-
ter signal an exchange of the upstream -35 region for a similar sequence in-
serted by cloning may yield a result comparable to integration of a complete
promoter site. In general therefore, insertion of a DNA fragment into the
Clal site of pBR322 will usually, but not in either of the two cases men-
tioned, lead to inactivation of the tetR phenotype. Equivalent results have
been described for the integration of fragments into the adjacent HZndiII
site in pBR322 (25,26).

Restriction endonuclease Clal generates fragments containing 5'-terminal
pCG-dinucleotide extensions, and identical single-stranded termini are also
found at the fragment ends of several other enzymes such as TaqI (27) and
Hpall (28). In order to test whether any of the fragments produced by a
different member of this family of restriction endonucleases could also be
cloned into the pBR322:Clal restriction site, a Tagl fragment obtained from
Advh93 (17) was chosen for this purpose. Advh93:TaqI-E (A:39230-39396, compri-
sing the central section of the A-CII gene) was isolated from gel electropho-
resis, and ligated in vitro to pBR322 DNA cleaved by ClaI. All of the ampi-
cillin resistant and tetracycline sensitive clones analysed contained an
extra Taql fragment in their hybrid plasmid DNAs, which corresponded to the
inserted Advh93 DNA segment (see Fig. 2, lane 11). Several other Taql and
Hpall fragments of A, ¢80 and IS5 DNA have also been cloned into the Clal
site of pBR322 or one of its derivatives, and the clones will be described

elsewhere.

DISCUSSION

The determination of the recognition sequence for endonuclease Clal
and the occurrence of a single Clal restriction site in the tetracycline pro-
moter sequence of plasmid pBR322 (adjacent to the pBR322 HZndIII site) allows
to use this vector DNA as a cloning vehicle for any DNA fragment with 5'-
PCG protruding ends. Fragments of this character are generated by Clal diges-
tion, but also by cleavage with Taqi, Hpaii, Acyi, Hgipi, SciNI, Narl and

Asull (1) or combinations thereof. Because of their usually rather high num-
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ber of cleavage sites no suitable vector system had been developed previous-
ly for any of these enzymes. The resulting rather small fragments quite often
do not carry a complete coding sequence for any gene, but are useful in the
minimization analysis of DNA regions carrying a transcription signal, and for
reconstructing synthetic chains of such signal elements. It is important in
this regard that the Clal recognition site is located in the tetracycline
promoter sequence rather than the tetracycline coding region, because tetra-
cycline resistance can now be used for monitoring the presence, orientation
and also strength and regulatory modulations of a promotor sequence located
on such a proximal fragment. The very close spacing of the single EcoRI-Clal-
HIndIII restriction sites all located in the tetracycline promoter region
further adds to the versatility of this system, because EcoRI-Taql fragments
and similar segments can also be inserted.

In the way outlined above the position and orientation of promoters
A-plit’ ¢80pR, ¢80prm, ¢80pL, and ¢80plit has been determined using several
steps of a fragment minimization procedure (R. Grosschedl and G. Hobom, un-
published results). The same system has, however, also been used for scree-
ning transcription terminator carrying segments. This was made possible by
inserting a placUVS promoter fragment to the left of the ECORI site, in
rightward direction, and several terminator signals have been determined
using this modified system (pHL200; M. Krdger and G. Hobom, submitted for
publication) . Several other modifications of the basic pBR322 system have
also been constructed. Finally, synthetically arranged chains of transcrip-
tion signals using two or more of the co-cloning 5'-pCG (e.g. promoter-atten-
uator) fragments have been achieved in the pBR322:Clal or modified system,
both in our laboratory and elsewhere (29).

Although a specific, Clal-related modification enzyme has not yet been
isolated from Caryophanon latum at least one prerequisite for a true restric-
tion enzyme has been fulfilled for Clal: the enzymatic DNA cleavage reaction
is inhibited by specific methylation of its recognition sequence. The obser-
ved inhibition of Clal cleavage at ClaI-GATC overlapping recognition sites is

'reminiscent of the similar inhibition of Taql cleavage at the very same sites
(30, and our unpublished observations). From this result it is not yet possi-
ble to conclude whether methylation at positions 1 and 6 or 2 and 5 (or both)
would be critical for inhibition of Clal cleavage. It is not yet known whe-

ther C-methylation at positions 3 and 4 will not inhibit the cleavage reac-

tion as has been observed for Taql (30). Similar to the presumptive TaqIl

modification enzyme, however, an adenine methylation reaction may be expec-
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ted for the Clal modification system present in Caryophanon latum. Inhibi-

tion of cleavage due to overlapping 'foreign' modification sites has
Ay "
also been observed for EcCORII/Asul sequences: CCTGGNCC (M. Krdger, personal

communication) and can be similarly interpreted.
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