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ABSTRACT

DNAs were prepared from twenty-six bacterial species and digested with
a variety of restriction endonucleases to determine what modifications the
DNAs carry. Several general conclusions could be made: 1) First, in no
instance was the DNA of a restriction enzyme strain cleaved by its own
restriction enzyme. 2) The specificity of the DNA modification was the same
as that of its restriction counterpart; there were no cases of the DNAs being
modified against a less specific class of restriction enzymes. 3) In most (but
not all) cases, the resistance of a bacterium's DNA to its own restriction
enzyme could be generalized to include resistance to all other restriction
enzymes with the same specificity (isoschizomers). 4) DNA modified within
the central tetramer of a recognition sequence is usually protected against
cleavage by all related hexameric enzymes possessing that central tetramer.
Only three families of DNA presented in this study disobey this rule. 5)
Finally, a significant number of cases emerge where bacterial DNA carries a
modification but no corresponding restriction endonuclease activity.

INTRODUCTION

Much is still unknown about the mechanisms used by bacteria to protect

their own DNAs from the action of endogenous restriction enzymes. In all

systems that have been studied, cells produce a modification methylase in

addition to the restriction endonuclease; both enzymes recognize the same

specific DNA sequence (1-3). Restriction systems fall into three classes

based on structural and biochemical characteristics (3, 4). Type I restriction
enzymes require divalent cations, ATP and S-adenosyl methionine (AdoMet)
and cut the DNA a random distance from the recognition site. Type II restric-

tion enzymes require only divalent cations for activity and cut at fixed points

relative to (usually within) the recognition sequence. Type III restriction
enzymes require divalent cations and ATP for activity, are stimulated by (but
don't require) AdoMet, and cut DNA at fixed points relative to the recognition
sequence. The Type II enzymes have proven to be the most useful to mole-

cular biologists. Over 250 of these enzymes have been characterized that, as
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a group, possess more than 70 different recognition sequences (5). While

these Type II enzymes have become extremely useful as research tools, rela-

tively little is known of their role in the bacterium: few actually have been

shown to "restrict" the entry of foreign DNA into the cell (6, 7). In some

cases there is evidence against such a role (8).

The means by which bacteria protect their own DNA from their restric-

tion enzymes have not been fully investigated. Certainly the best charac-

terized means of protection is the specific methylation of an adenine or cyto-

sine residue within the recognition sequence by a site-specific methylase. All

known DNA methylases require AdoMet as the methyl donor;.no other cofactors

are required (3, 4, 9). Not many DNA methylases have been studied in

detail, but all of those studied methylate either adenine to N6methyladenine or

cytosine to 5-methylcytosine (10, 11). Most methylases modify a single specific

residue within the recognition sequence; recently, however, it has been

reported that a methylase from Moraxella species can methylate both cytosine

residues within its recognition sequence (12). There is a group of Type II

enzymes having asymmetric recognition sites. These include HgaI (GAGGC),

HphI (GGTGA), and Mnll (CCTC). It is not clear in these cases how methy-

lation on one strand (which is different from the sequence on the other

strand) can prevent the action of the restriction endonuclease. In these

cases, one could easily envision the existence of an auxiliary protein to

regulate activity of the restriction endonuclease. In fact, there are phage

encoded proteins known which act to inhibit the activity of specific restriction

enzymes on nonmodified phage DNAs (13, 14).

Aside from what biological role the restriction modification systems play

within the bacteria, several other questions regarding the activity and inter-

action of the restriction and modification counterparts remain. For example,

it is still not known whether all restriction enzymes are accompanied by a

specific DNA-modifying enzyme. Nor is it known whether on the bacterial

chromsome DNA modification always exists as methylation. In systems where

DNA modification methylation does exist, is it always as specific as the restric-

tion enzyme in recognition sequence? Or, for example, can a bacterium
containing a restriction enzyme specific for a six-base sequence, contain a

modification methylase that recognizes the central four bases of that sequence?
To begin to answer some of these fundamental questions, chromosomal DNAs

were prepared from several restriction enzyme producing strains of bacteria

and examined for sensitivity to cleavage by a variety of restriction enzymes.
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MATERIALS AND METHODS

Bacterial DNA preparations: All the bacterial DNAs used are found in

Table I. Acinetobacter calcoaceticus, Anabaena variabilis, Providencia stuartii

and Xanthomonas malvacearum DNAs were obtained from N.E. Biolabs; Moraxella

species DNA was a gift from D. Levy. The remainder of the bacterial DNAs

were purified by the method of Marmur (15).

Control DNA preparations: Adenovirus-2 DNA was purified by the
method of Pettersson and Sambrook (16); XcI857Sam7 DNA was prepared by
the method of Schrenk and Weisberg (17). pBR322 DNA was isolated from

GMll9 cells after chloramphenicol amplification of the plasmid (18).

Analysis of DNA: AccI, AccII, AvaI, AvaII, BamHI, BstNI, HincII,
HindIII, HphI, MboI, MspI, PvuI, PvuII, Sall, SmaI, XbaI and XhoI were
purchased from N.E. Biolabs. EcoRII, pI and I enzymes were obtained
from BRL. These enzymes were used with the buffers recommended by their

respective manufacturers. The remainder of the enzymes listed in Table I

were prepared in this laboratory. The buffer used in these digests contains
6 mM TRIS, pH 7.9, 6 mM MgCl2 and 6 mM Mercaptoethanol. For all digests,

4 units of enzyme were used to digest 2 pg of DNA in a 50 pl reaction mixture.

All reactions were incubated at 370C except Bcll, BstNI and TaqI, which were

done at 680C.
After 3 hr. incubations, the reactions were terminated by the addition

of 0.1 volume 0.1 M EDTA and 0.1 volume loading dye containing 50% sucrose

and 0.15% Bromphenol blue. The restriction digests were then loaded onto 1.0%
agarose slab gels (20 cm x 20 cm x 0.3 cm) containing E buffer (40 mM

TRIS-acetate, pH 7.8, 5 mM sodium acetate, 1 mM EDTA) with 0.5 pg/ml
ethidium bromide added. Electrophoresis were carried out at IOOV for 3 hrs;

the gels were then photographed under short wave UV light.

RESULTS

The results of digesting a variety of bacterial DNAs with a range of

Type II restriction endonucleases are given in Table I. In each assay, 2 pg
of the DNA being tested was incubated with an excess of the restriction

enzyme (see Materials and Methods). While the extent of digestion varied

considerably with the DNA-enzyme pair being tested, a DNA was scored as

being resistant to an enzyme only if no digestion of the substrate was detected

after electrophoresis on a 1% agarose gel. In a few cases, contaminating

nonspecific nuclease activity in the enzyme preparation led to a slight smear-

ing of the DNA during electrophoresis, but not to banding. The smearing
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was not detectable with the enzymes used under normal digest conditions, but

only becomes apparent under conditions of excess enzyme and excess incuba-
tion times necessary to these experiments. Such smearing is clearly distinct
from specific digestion (see Figure 1, slot #5).

DNAs are resistant to restriction enzymes for which they code.
In no case tested was the purified DNA of a bacterial strain that pro-

duces a restriction enzyme cleaved by that restriction enzyme (Table I).
This is true even for enzyme systems having asymmetric recognition sites
(i.e., 4jaI GACGC; HI GGTGA; and MboII GAAGA). In bacteria pro-

ducing multiple restriction enzymes the DNA was resistant to cleavage by each
of its endogenous enzymes. This observation also indicates that the DNA

preparation being tested came, in fact, from the desired bacterium and not a

contaminant. In these and other cases of resistance to cleavage, two control
experiments were performed. First, each of the DNA preparations were

shown to be cleaved by at least one restriction enzyme; second, a mixed

2 3 4 5 6 7

Figure 1: Control restriction digests of X. holcicola DNA.
X. holcicola DNA, either alone or in combination with Adenovirus-2 or pBR322
D5NAs, was treated with XhoI or XhoII endonuclease and subjected to electro-
phoresis, as described in Materials and Methods. Lanes (1), (2) and (5)
contain X. holcicola DNA; (3) contains Adenovirus-2 + X. holcicola DNAs; (4)
Adenoviiiis-27DNA7; (6) pBR322 + X. holcicola DNAs an&T (7} pRM22 DNA.
Lane (1) shows uncut X. holcicola_DN'A7724) the DNAs are treated with
XhoI; in lanes (5-7), XhoIl enzyme.
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digest was set up with the resistant DNA and a DNA known to be susceptible
(either Adenovirus-2, X or pBR322 DNA). Together, the two controls show
that the observed resistance was due neither to inhibitors in the DNA prep-
aration, nor to some general interfering modification of the DNA. An example
of a set of control digests is given in Figure 1. One implication of these
results is that although other means of controlling restriction enzyme activity
may be present within the cell, they are not used in lieu of DNA level modifi-
cation.

Specificities of the modifications.
The specificity of the DNA modification was found to parallel that of the

associated restriction enzyme. In no case was the DNA modification less
stringent: a strain producing an enzyme with a six-base specificity was
never found to be totally resistant to an enzyme having a recognition speci-
ficity of just the central four bases. Similarly, bacterial DNA from strains

producing restriction enzymes having a "relaxed core" were not resistant to
enzymes recognizing a related but less specific four-base sequence (this is
summarized in Table II).

DNAs resistant to cleavage by related restriction enzymes.
In most cases examined, a DNA that is resistant to one restriction enzyme

is also resistant to isoschizomers of that enzyme. For example, DNA from A.
calcoaceticus, which produces the AccII enzyme (recognizing CGCG), is also
resistant to cleavage by BceR and FnuDII, two isoschizomers of AccII. Similarly,
DNA from X. malvacearum, which codes for XmaI (CCCGGG) and XmaII (CTGCAG)
cannot be cleaved by SmaI, an XmaI isoschizomer, nor by PstI and SflI, two
isoschizomers of XmaII (see Table I). Furthermore, in most instances, modifica-
tion of a DNA within the central tetramer of a recognition sequence will
protect against all restriction enzymes having that central tetramer. The
protection against cleavage is also found with DNAs containing restriction
enzymes with "lrelaxed cores" when challenged by related nondegenerate
hexameric enzymes. A summary of these results are given in Table III.

DNAs sensitive to cleavage by related restriction enzymes.
In Table IV there are three families of DNAs which show distinctive

behavior -- the E. coli/E. cloacae pair, the M. species/H. parainfluenzae pair
and the S. aureus/M. bovis/E. coli group. Each of these groups contain
DNAs sensitive to digestion by some enzymes, but resistant to digestion by
isoschizomers of those enzymes. Digests of E. cloacae and E. coli; M. species
and H. parainfluenzae; M. bovis, S. aureus3A and E. coil DNAs are given in
Figures 2, 3, and 4, respectively. Figure 2 shows that E. coli and E. cloacae
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TABLE II
Sensitivity of bacterial DNAs to cleavage by related restriction enzymes

Restriction
Enzyme
Produced)NA

Core

Cutter
Sensitivity
to Cleavage

k. calcoaceticus
h. variabilis

B. amyloliquefaciens

B. caldolyticus

B. globigii

R. influenzae Rc

K. pneumoniae

P. vulgaris

P. aeruginosa
S. marcesens

X. holcicola

X. malvacearum

X. nigromaculans

X. oryzae

AccI GT(CA)(TG)AC
AvaI CPyCGPuG

BamHI GGATCC

Bdl TGATCA

Bg1II AGATCT

HincII GTPyPuAC
KpnI GGTACC

PvuI CGATCG

PvuII CAGCTG
PaeR7 CTCGAG

SmaI CCCGGG

XhoI CTCGAG

XhoII PuGATCPy

XmaI CCCGGG

XmaIII CGGCCG

XniI CGATCG

XorII CGATCG

P. vulgaris, like other Enterobacteriaceae, contains a dam methylase
homologous to M*Ecodam that modifies all the GATC sequences and
prevents cleavageWy MboI (Brooks, et al., in preparation).

DNAs act the same with the enzymes used. Both DNAs are resistant to

cleavage by EcHI and EcoRII enzymes, but are extensively cleaved by AacI

and BstNI. All four enzymes are isoschizomers recognizing the sequence

CC(A )GG.
T

Figure 3 shows digests of M. species and H. parainfluenzae DNAs. Both

DNAs are resistant to cleavage by HpaII (CCGG) and XmaI (CCCGGG) enzymes.

However, the two DNAs differ when treated with MspI, NciI or SmaI enzymes.

926

TaqI TCGA
HpaII CCGG

MspI CCGG

TaqI TCGA
IboI GATC

Sau3A GATC
MboI GATC

Sau3A GATC

MboI GATC

Sau3A GATC

TaqI TCGA
RsaI GTAC

MboI GATC

Sau3A GATC
AluI AGCT

TagI TCGA

HpaII CCGG

MspI CCGG

TagI TCGA

MboI GATC

Sau3A GATC
HpaII CCGG

MspI CCGG

HaeIII GGCC
MboI GATC
Sau3A GATC

MboI GATC

Sau3A GATC

+

+

+

+

+

+

+

+

+

+

+

+

a

+

+

+

+

+

+

+

+

+
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+
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TABLE III
Bacterial DNAs that are resistant to cleavage

by related restriction enzymes

DNA

A. calcoaceticus

Coding for

AccI GT( A)(G)ACCG T

AccIl CGCG

A. variabilis AvaI CPyCGPuG

A. luteus

H. influenzae Rc

AluI AGCT

HincII GTPyPuAC

T. aquaticus TagI TCGA

X. holcicola

Resistant to

Sall GTCGAC

BceR CGCG

FnuDII CGCG

SstII CCGCGG

SmaI CCCGGG

XmaI CCCGGG

XhoI CTCGAG

HindIII AAGCTT

PvuII CAGCTG

SstI GAGCTC

HpaI GTTAAC

Sail GTCGAC

Sail

XhoI

ClaI

XhoII PuGATCPy

GTCGAC

CTCGAG

ATCGAT

BamHI GGATCC

BglII AGATCT

M. species DNA is resistant to I (CCGG) digestion, whereas H. parainfluenzae
DNA is extensively cleaved. In contrast, M. species DNA is susceptible to

cleavage by NciI (CC(Gc)GG) and SmaI (CCCGGG); neither enzyme can cut H.

parainfluenzae DNA.

Finally, the largest group represented is the E. coli/M. bovis/S. aureus3A

series which is shown in Figure 4. In these digests E. coli DNA can be cut

by Sau3A (GATC), XhoII (PuGATCPy), BglII (AGATCT), BamHI (GGATCC),
PvuI (CGATCG) and XorII (CGATCG), but is resistant to BcH (TGATCA)
and MboI (GATC). S. aureus3A DNA behaves exactly the opposite: it is
resistant to Sau3A, XhoIl, PgLII, BamHI, PvuI and XorII, but is cleaved by
both MboI and Bcll. M. bovis DNA is somewhat.intermediate. It is resistant
to MboI and Bcll, but also BamHI, gII, PvuI and XorII; it is cleaved by
Sau3A and XhoII. What is known about the modifications of these three

927
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TABLE IV
Bacterial DNAs with differential sensitivity to

cleavage by related restriction enzymes

Group A

Enzymes

EcoRII CC(A)GG

ElICC(T)G
AacI CC( A)GG
BstNI CC( A)GG

Group B

Enzymes

HpaII CCGG

MI CCGG

Ncil CC(%C)GG
SmaI CCCGGG

XmaI CCCGGG

E. coli

CC( A)GG DNAs

E. cloacae

+ +

+ +

CCGG DNAs

M. species H. parainfluenzae

+

t

Group C

Enzymes

MboI GATC

Bcdl TGATCA

Sau3A GATC

XhoII PuGATCPy

BamHI GGATCC

BglHI AGATCT

PvuI CGATCG

XorII CGATCG

E. coli

GATC DNAs

S. aureus 3A

families will be discussed below.

DISCUSSION
From the results there are four major observations that can be made:

First, in all cases tested, the DNA itself is protected against all restric-

tion enzymes produced-by the bacterium. This protection, in all bacterial

systems thus far characterized, is in the form of adenine or cytosine methyl-

ation. From these experiments, however, it is not possible to determine what

form the modification takes. These results also do not preclude the existence

928
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Figure 2: Restriction digests of E. cloacae and E. coli DNAs.
E. cloacae and E. coli DNAs were digested by various restriction enzymes and
anaFy-zdeby geFelectrophoresis as described in Materials and Methods. Set A
digests contain E. coil DNA; Set B contain E. cloacae DNA. The various
lanes include undigested DNA (1) and DNAs cut with EcoRI (2); EclII (3);
AacI (4); and BstNI (5).

Figure 3: Restriction digests of M. species and H. parainfluenzae DNAs.
M.species and H. arainfluenzae DNA7s were digeste&T by a series of restric-
onenzymes and7 subjected to e ectrophoresis as described in Materials and

Methods. Set A digests contain M. species DNA; Set B digests contain H.
paarainflenzae DNA. The various lanes include undigested DNA (1) and

DNs tre-atewith 14~ (2); HpaIl (3); Xmal (4); Sinal (5) and NciI (6).
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23 4 6 79 234567 9 23456 7 9

Figure 4: Restriction digests of E. coli, S. aureus3A and M. bovis
DNAs.

These three DNAs were digested with the restriction endonucleases enumer-
ated below and the digests analyzed by gel electrophoresis, as described in
Materials and Methods. Set A digests contain E. coli DNA; Set B contains S.
aureus 3A DNA and Set C, M. bovis DNA. Thie various lanes contain uncut
DNA (1) and DNAs cut by MboFI(2), Sau3A (3); XhoII (4); Bcll (5); BamHI
(6); BglII (7); PvuI (8); XorII (9). lIn Set C lane (10) confims DNA cut by
LI.

of specific regulatory proteins for the restriction enzymes as have been found
to occur in phage systems (13, 14); however, such proteins would work in
addition to DNA modifications.

Second, in no case tested was the DNA modification less specific than its
restriction counterpart. For example, there were no cases found where the
DNA from an organism making a restriction enzyme specific for a hexameric
sequence was protected against a restriction enzyme specific for the central
tetrameric sequence (see Table II). In the Type II systems that have been

characterized the restriction endonuclease and modification methylase are
coded for by separate genes (22, 23, 24); therefore, there must be strong
selection pressure to keep the specificities identical. It is possible that excess
methylation may be detrimental to the bacterium.

Third, in most cases, a DNA protected against a certain restriction
enzyme was protected against all isoschizomers of that restriction enzyme.

Finally, in most instances, DNA modified within the central tetramer of a

recognition sequence is protected against cleavage by all related hexameric

enzymes having that central tetrameric core (Table III). From these data it
is not possible to say whether the protection is due to the modification methy-
lases in each system working on the same residue within the recognition
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sequence, or whether most restriction enzymes are sensitive to modifications

anywhere within the recognition sequence. The information that is presently

available about modification methylases supports both possibilities. For example,
HpaI enzyme cannot cut H. influenzae Rc DNA because both are modified at

the same position within the sequence (see Table I). However, there are

other examples where methylation at a site other than the cognate methylation
site can prevent cleavage. M-HindIII prevents HindIII cleavage by methylation
of the external adenine in the sequence AAGCTT; however, HindIII enzyme

cannot cut A. luteus DNA, whose modification methylation must be within the

tetramer AGCT. There are two other examples where two different sites of

modification within a recognition sequence can block cleavage. M. I methy-
lates the A residue in the sequence TCGA to protect against TI cleavage

(25). T. aquaticus DNA is resistant to cleavage by SalI (GTCGAC) and XhoI

(CTCGAG); it is known from work with eukaryotic DNAs that SalI and XhoI

also cannot cleave DNAs modified at the internal cytosine residue of that core

sequence (26). Therefore, for these enzymes at least, methylation at two

different positions and on two different bases within the recognition sequence
can prevent cleavage (it is not yet known for either SalI or XhoI what the

cognate methylation site is).

Apparently methylation anywhere within the central tetramer tends to
block restriction endonuclease activity, but there are exceptions. Of course,
the most exceptional case is that of DpnI; it can only cut DNA containing

methyladenine within its recognition sequence (27). It is the only known

restriction enzyme that requires a methylated base for activity. In the case of
the EcoRII isoschizomers tested, EcIII and EcoRII are unable to cleave DNA
modified to CmC( A)GG; however, this DNA is extensively cleaved by AacI and

BstNI, two other isoschizomers. It has previously been reported that BstNI,
unlike its known isoschizomers, can cleave DNA substrates having both cytosine
residues on one strand methylated (28). Therefore, there may be three qualita-
tively different types of restriction systems that recognize the sequence CC( A)GG.

One of the most perplexing aspects of our results concerns the cleavage
of M. species and H. parainfluenzae DNAs, and is summarized in Table V. It

has previously been shown that H. parainfluenzae DNA is methylated at the

internal cytosine of the HpaII sequence CmCGG (29). This modification prevents
cleavage by HpaII, and also by NciI, SmaI and XmaI. However, this DNA is

susceptible to cleavage by MspI. It has also been shown by others that MpI
is unable to cleave DNA in which the outer cytosine residue (CMCGG) is methy-
lated (30). However, the Mp methylase does not merely modify this outer

cytosine residue, but in fact is able to methylate both cytosine residues within
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TABLE V

Cleavage of M. species and H. parainfluenzae DNAs

Enzyme M. species DNA H. parainfluenzae DNA

MspI CCGG resistant cleaved

ipaII CCGG resistant resistant

NciI CC(C)GG cleaved resistantG
SmaI CCCGGG cleaved resistant

XmaI CCCGGG resistant resistant

this sequence. A natural inference from this observation would be that M.

species DNA carries modifications of both cytosines within this sequence. This

would account for the fact that HpaII and XmaI are unable to cleave M. species

DNA since both enzymes are known to be inhibited by methylation at the

internal cytosine residue. However, it does not account for the observation

that both NciI and SmaI are able to cleave M. species DNA since, from our

results with H. parainfluenzae DNA, we find that both of these enzymes are

unable to cleave when the internal cytosine residue is methylated. Since XmaI

is also unable to cleave H. parainfluenzae DNA, and recognizes the same

sequence as SmaI, it is hard to rationalize the differential cleavage potential of

these two enzymes on M. species DNA. One possible interpretation is that in

the case of NciI and SmaI the double modification somehow negates the effect

of a single modification at the internal cytosine residue. Clearly, further

studies are required to firmly establish the cause of this apparent paradox.

In particular, it will be important to establish whether all of the CCGG sequences

in M. species DNA are fully modified at both cytosines, and perhaps also to

establish whether modification other than methylation plays a role in the protec-

tion of M. species DNA.

Another interesting aspect of this series of digests is the differential

cleavage activity of SmaI and XmaI enzymes, two isoschizomers recognizing the

sequence CCCGGG: SmaI can cut M. species DNA while XmaI enzyme cannot.

This difference could prove useful when it is better characterized how the

enzymes interact with methylated substrates.

Among the family of enzymes recognizing sequences containing the central

tetranucleotide GATC, it is apparent that two different kinds of modification

exist. As summarized in Table VI, the enzymes MboI and BclI are inhibited

by A-methylation, while the remaining members of this family are inhibited by

C-methylation. It has been shown directly that MboI is blocked by dam methy-

lation (GMATC) (5), while for BamHI, the analysis of methylated sequences in
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TABLE VI

Modifications preventing cleavage by the GATC family of enzymes

GmATC GATmC

MboI (GATC) Sau3A (GATC)
BclI (TGATCA) BamHI (GGATCC)
I-II (AGATCT)

PvuI (CGATCG)
XorII (CGATCG)
XhoII (PuGATCPy)

B. amyloliquefaciens DNA reveals that 5-methylcytosine is present in the

sequence GGATCmC (19). By inference from our results, the other members of

this family can be ordered according to their ability to cleave one another's

DNAs. The only unexpected results concern the cleavage of M. bovis DNA.

Although this DNA is resistant to both MboI and BclI, and can be cut by

Sau3A and XhoII, it is resistant to cleavage by BamHI, BgII, PvuI and XorII.

Clearly, adenine modification alone cannot be the reason for this, since these

enzymes will cleave DNA, carrying only dam-like methylation. We suspect that

our results are a consequence of additional modifications which may be quite

extensive in M. bovis DNA. For instance, this DNA is resistant to cleavage by

several unrelated restriction enzymes like SmaI (CCCGGG) and SacII (CCGCGG),
and is only poorly cleaved by HaeIII (GGCC), HpaII (CCGG) and FnuDII

(CGCG). A similar situation occurs with DNA from the closely-related species

Neisseria gonorrhoea, which is resistant to cleavage by BamHI and SacII, and

is poorly cleaved by many other enzymes (31). It should be mentioned here

that in most of the bacteria that have been rigorously studied, more methylases

and/or modified bases than can be accounted for by known restriction modification

systems have been found (e.g. E. coli (32), H. influenzae (33),

B. amyloliquefaciens (19), B. brevis (19) and B. subtilis (34) ).
In summary, this detailed analysis of bacterial DNA modifications has

proven useful in two ways. First, the analysis has shown many general rules

as to how DNAs are modified against the action of restriction enzymes. Second,

the analysis has revealed several interesting examples of restriction enzymes or

modified DNAs that do not follow the rules and are therefore worthy of further

investigation.
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