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Abstract—Anti-restriction proteins ArdA and Ocr are specific inhibitors of type I restriction—modification enzymes. The
Incll transmissible plasmid Collb-P9 ardA and bacteriophage T7 0.3(ocr) genes were cloned in pUCI18 vector. Both ArdA
(Collb-P9) and Ocr (T7) proteins inhibit both restriction and modification activities of the type I restriction—modification
enzyme (EcoKl) in Escherichia coli K12 cells. Collb-P9 ardA, T7 0.3(ocr), and the Photorhabdus luminescens luxCDABE
genes were cloned in pZ-series vectors with the Py, promoter, which is tightly repressible by the TetR repressor.
Controlling the expression of the /ux-genes encoding bacterial luciferase demonstrates that the Py, promoter can be reg-
ulated over an up to 5000-fold range by supplying anhydrotetracycline to the E. coli MG1655Z1 tefR™ cells. Effectiveness of
the anti-restriction activity of the ArdA and Ocr proteins depended on the intracellular concentration. It is shown that the
dissociation constants K, for ArdA and Ocr proteins with EcoKI enzyme differ 1700-fold: K, (Ocr) = 107'°M, K, (ArdA) =

1.7:107" M.
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The ard (alleviation of restriction of DNA) genes are
responsible for synthesis of small (140-180 amino acid
residues) acidic proteins (the net charge of a molecule is
from —10 to —30), which are specific inhibitors of type I
restriction endonucleases [1-3]. The ard genes are local-
ized in a leading area of conjugative plasmids and are
among the first enter into the recipient cell upon conjuga-
tive DNA transfer [4, 5]. The ard genes play an important
role in DNA transfer between bacterial cells of different
species and genera: they assist plasmids to overcome
restriction barriers. The bacteriophage T7 genome con-
tains the gene 0.3(ocr) encoding the anti-restriction pro-
tein Ocr, which is not homologous to the Ard family pro-
teins. It is significantly shorter (116 amino acid residues),
but, like the Ard proteins, has a large negative charge [6].

Anti-restriction proteins belong to the DNA mimic
protein family (protein mimicry of DNA), whose spatial
structure imitates the B-structure of double-stranded
DNA [7, 8]. This protein mimicry allows an anti-restric-
tion protein to compete with DNA for the binding site of
a restriction—modification enzyme and thus to inhibit
DNA degradation (restriction) and methylation (modifi-

* To whom correspondence should be addressed.

cation). From the position of classic enzymatic catalysis,
the anti-restriction mechanism is an example of compet-
itive inhibition by an inhibitor molecule due to a structur-
al likeness with the natural substrate.

The ArdA and Ocr proteins are similar in their func-
tional activity, because they specifically inhibit only
enzymes of ATP-dependent restriction—modification
system type I. However, since the life cycles of conjugative
plasmids (symbiosis with bacterial cell) and bacterio-
phages (infection and lysis of bacteria) are significantly
different, it is of interest to compare the inhibitory activ-
ities of these proteins.

To perform this task, we have cloned the ardA and
0.3(ocr) genes under the strictly controlled promoter and
measured the anti-restriction activities of their products
depending on the protein inhibitor concentration in the
bacterial cell.

MATERIALS AND METHODS

Bacterial strains, bacteriophages, and plasmids. The
Escherichia coli K12 MG1655 Z1 strain used in this work
contains in its chromosome the gene encoding TetR, a
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protein repressor of P, promoter. This strain was pre-
pared by transduction using phage P1; the strain E. coli
DH5aZ1 tetR, in which in the genome the gene zerR is
tightly (90% co-transduction) linked with a gene deter-
mining the resistance of the bacterium to spectinomycin,
was used as a donor.

The following E. coli K-12 strains were also used in
the study: JIM109 recAl endAl gyrA96 thi supE44 relAl
hsdR17 Alac-proAB) [F'traD36 proAB laclZ AM15];
TG-1 thi relA supE44 hsdR17 hsdM Alac-proAB)
[F'traD36 proAB laclZ AM15]; AB1157 F— thr-1, leu-6,
proA2, his-4, thi-1, argE3, lacY1, galK2, aral4, xyl-5,
mtl-1, tsx-33, rpsL31, supE44, r* m™; as well as E. coli C,
r,m, (prototroph). All the strains were obtained from the
collection of the State Research Institute of Genetics.

Bacteriophages P1 and T7 were obtained from the
collection of the State Research Institute of Genetics.
Bacteriophage A, was kindly provided by Prof. R.
Devoret, France. The unmodified phages 1.0 and modi-
fied phages A.K, grown in E. coli C, (or TG-1) and E. coli
K12 AB1157, respectively, were used in the study.

The pZ series vectors with replicons ColE1 (pZE21
Kn") and pSC101 (pZS33 Cm") were used as vectors con-
taining a strictly regulated promoter: the copy numbers
were 60-70 and 8-10 per cell, respectively [9]. A DNA
fragment containing Py, as a strictly regulated promot-
er-operator area was inserted into these vectors.

The Py.0.; promoter is composed of a promoter part
P, from the phage A genome and an operator part tefO2
from the regulator area of the tetracycline resistance
operon of the transposon Tnl0 [9]. The vectors pZE21
Kn" and pZS33 Cm" also contain the Shine—Dalgarno
sequence (RBS) and a polylinker, which serves for inser-
tion of the DNA fragment carrying the studied gene.

Vectors of the pUC series were also used in the study.
Multicopy plasmids were isolated by the alkaline method
according to [10].

Media, enzymes, and chemicals. Bacteria were grown
on L-broth and L-agar. The following antibiotic concen-
trations in the media were used: ampicillin (100 pg/ml),
kanamycin (40 ug/ml), and chloramphenicol (15 pg/ml).
Cleavage and ligation were conducted using enzymes
purchased from Fermentas (Lithuania). Escherichia coli
cells were transformed using the calcium method accord-
ing to [10]. Anhydrotetracycline (Sigma, USA) was used
as inducer of gene expression in the strain FE. coli
MG1655Z1 with hybrid pZ series plasmids.

Plasmid design. The plasmid pVK6 with inserted
gene Collb-P9 ardA was used as a source of the ardA gene
[11]. Bacteriophage T7 DNA was used as a source of the
0.3(ocr) gene. Cleavage with endonucleases, ligation of
DNA fragments, electrophoresis in agarose gel, and iso-
lation of DNA fragments from the agarose gel were per-
formed as described in [10]. The following oligonu-
cleotides were used as primers for cloning of the Collb-P9
ardA gene with following amplification of PCR products:
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BamHI
ardA-Ng,, 5'-CTGGGATCCGGGAATGTCTGTTGT-
TGC-3';

Pstl
ardA-N,.,, 5'-CATTCTGCAGCGGGGGAGTAAAT-
CACCG-3'.

The following ocr-N;, and ocr-N,., oligonucleotides
were used as primers for cloning of the T7 0.3(ocr) gene:

BamHI1
ocr-Ny;,, 5'-TTATGGGATCCACTAATAACTGCAC-3';

Hind111
ocr-N,, 5'-CCGTATTGAAGCTTGGTAGTAGAC-3'".

In the second step, ardA and 0.3(ocr) were recloned
into vectors pZE21 and pZS33 under the stringent con-
trol of the Py.o.; promoter. The DNA fragments were
inserted into the vectors at the Kpnl and HindIllI sites.

The pXen7 plasmid was used as the source of lux-
genes, which are contained the Photorhabdus luminescens
ZM1 luxCDABE genes [12]. The DNA fragment carrying
these genes was inserted into vectors pZE21 and pZS33 at
the Kpnl-Hindl11 sites.

Measurements of anti-restriction and anti-modifying
activities of ArdA and Ocr proteins. The strains E. coli K-
12 AB1157 and JM109 (with hybrid plasmids based on
the pUCI8 vector) and MG1655Z1 (with hybrid plasmids
based on the pZ series vectors) were used for measure-
ments of anti-restriction and anti-modifying activities of
ArdA and Ocr proteins. The cells of AB1157 and
MG1655Z1 strains contain an active restriction—modifi-
cation type I system EcoKI (R,M,S), whereas the cells of
JM109 strain contain a methylase form M,S.

The protocol for measurements of anti-restriction
and anti-modifying activities of Ard family proteins is
described in [4, 11].

Measurement of bioluminescence intensity. Biolumi-
nescence intensity in cell suspensions was measured using
a luminometer composed of a FEU-85 photomultiplier
and B2-15 microvoltmeter. The luminescence was meas-
ured at room temperature in cells with suspension volume
of 200 pl.

RESULTS AND DISCUSSION

Designing of hybrid plasmids. In the first stage, the
Collb-P9 ardA and T7 0.3(ocr) genes were cloned in
pUCI18 vector at BamHI-Pstl sites. A DNA fragment of
approximately 500 bp containing the Collb-P9 ardA gene
was produced by PCR using ardA-Ng, and ardA-N,,
primers; pVK6 plasmid was used as the template. A DNA
fragment of approximately 400 bp containing the 0.3(ocr)
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gene was produced by PCR as well, using ocr-N, and
ocr-N,., primers, T7 phage DNA being used as the tem-
plate. The resulting pSR5 and pSRS8 plasmids were con-
structed containing Collb-P9 ardA and T7 0.3(ocr)
genes, respectively, under the P, promoter.

In the second stage, the ardA and 0.3(ocr) genes were
recloned in pZE21 and pZS33 vectors under the control
of strictly regulated Pj.o.; promoter. DNA fragments
were incorporated into the vectors at Kpnl-HindlI1 sites.

Escherichia coli MG1655Z1 cells were transformed
by the constructed hybrid plasmids pZE21-ardA, pZS33-
ardA, pZE21-ocr, and pZS33-ocr. Py.o.; promoter tran-
scription was induced by a derivate of tetracycline, anhy-
drotetracycline; both substances interact with protein-
repressor TetR and inactivate its repressor activity.
However, anhydrotetracycline causes decreased cell
lethality compared to tetracycline, and, in addition, it
displays several orders of magnitude higher binding con-
stant with the protein-repressor: the effect of promoter
opening (transcription initiation and, respectively, gene
product synthesis) can be observed at anhydrotetracycline
concentrations below 0.2 ng/ml.

For quantitative estimation of the intracellular con-
centrations of anti-restriction proteins, we developed a
bioluminescence method wusing P. [uminescens
luxCDABE reporter genes encoding luciferase (/uxAB
genes) and reductase (luxCDE genes) synthesizing
tetradecanal, the substrate for the luciferase reaction.

A DNA fragment containing P. [uminescens
luxCDABE genes was incorporated into pZE21 and
pZS33 vectors under Py.o, promoter. As a result, two
hybrid plasmids pZE-lux and pZS-lux were constructed.

Measurement of anti-restriction and anti-modifica-
tion activities of ArdA and Ocr proteins by cloning of the
respective genes in pUC18 vector under Plac promoter.
Escherichia coli K-12 AB1157 r"'m™ strain with an active
system of restriction—modification type I FEcoKI
(R,M,S) was used for measurement of anti-restriction
activity of the ArdA and Ocr proteins, whose genes were
cloned in the pUCI18 vector. The results of this experi-
ment are presented in Table 1. Since the efficacy of
unmodified phage 1.0 inoculation (the phage DNA con-
tains five EcoKlI-sites) on the AB1157 strain with hybrid
plasmids pSR5 and pSRS is equal to that on the control
strain TG-1 rm~, which does not contain EcoKI
enzyme, we conclude that virtually total inhibition of
restriction (endonuclease) activity of EcoKI enzyme
takes place for the AB1157 strain containing hybrid plas-
mids both with ardA Collb-P9 and 0.3(ocr) T7 genes
(Table 1).

Escherichia coli K12 JIM109 r'm™ strain carrying the
mutated AsdR gene and EcoKI enzyme in the form of
M,S possessing methyltransferase activity was used for
the measurement of anti-modification activity of the
ArdA and Ocr proteins. The anti-modification activity
was estimated by the following method.
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Table 1. Effect of Collb-P9 ArdA and T7 Ocr proteins on
EcoKlI-restriction in Escherichia coli K12 AB1157 r'm”*
cells*

Restriction Decrease factor
Plasmid Protein coefficient (K) | (R) for EcoKI-
of phage 1.0 restriction™***
on AB1157**
pUCIS8 absent 4.0-107* 1
pSR5 ArdA 1 2500
Collb-P9
pSRS8 Ocr T7 1 2500

* Collb-P9 ardA and T7 0.3(ocr) genes were cloned in the pUCIS
vector under the Plac promoter. Mean data of five independent
experiments are given.

** Restriction coefficient (K) is equal to the ratio of the phage A titer
on AB1157 r'm™ to the titer of phage 1.0 on TG-1 1 m™.
##% The restriction decrease factor R = K'/K~ (K~ was determined on
AB1157 without plasmid, K* — on AB1157 with the plasmid).

Table 2. Effect of Collb-P9 ArdA and T7 Ocr proteins on
EcoKI-modification in Escherichia coli K12 JM109 rrm™

cells*

Restriction Restriction

Plasmid Protein coefficient (K) | coefficient (K)

of phage A.0;y, 9 | Of phage X.0;109

onTG-1rm- |on AB1157 r'm"
strain strain
pUCI18 absent 1 1
PSR5 ArdA 1 4.0-107*
Collb-P9

pSR8 Ocr T7 1 4.0-107*

* Escherichia coli IM109 r-m™ cells were infected by the phage A.0 and,
after a single multiplication cycle, the resulting phagolysate (marked
as A.0yn 9 in the table) was titrated on TG-1 and AB1157 strains.
Mean data of five independent experiments are given in the table.

Escherichia coli JM109 rm™ strain containing hybrid
plasmid with ardA or 0.3(ocr) gene was inoculated with
the phage A.0 (the vector deficient in these genes was used
for the control), and, after the phage was yielded in one
multiplication cycle, the phage was used for inoculation
on TG-1 rm™ strains (to estimate the phage titer) and on
AB1157 r'm" (to estimate the phage DNA modification
extent). The results of this experiment are given in Table
2. The table shows that when ardA and 0.3(ocr) are absent
from the cells of JM109 strain (control, upper row of
Table 2), the phage DNA is totally modified, and hence
the phage has equal inoculation efficacy on TG-1 and
ABI1157 strains. However, when JM109 cells bear the
plasmid with Collb-P9 ardA gene or T7 0.3(ocr) gene
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(the second and third rows of Table 2), the ArdA and Ocr
proteins inhibit the modifying activity of EcoKI enzyme;
as a result, the phage DNA is unmodified, and, hence,
the efficacy of inoculation of this phage on ABI1157 is
almost four orders of magnitude lower than on TG-1.
Hence, the modifying (methylase) activity of EcoKI
enzyme causes virtually complete inhibition in the JM 109
bacteria containing hybrid plasmids with Collb-P9 ardA
gene or T7 0.3(ocr) gene (Table 2).

Measurement of anti-restriction activity of ArdA and
QOcr proteins by cloning of corresponding genes in pZ series
vectors with strictly regulated promoter P, ;. The anti-
restriction activity in ArdA and Ocr was measured by
determining phage A.0 inoculation efficacy on
MG1655Z1 cells containing hybrid plasmid with the
ardA or 0.3(ocr) gene. Since the genome of MG1655Z1
strain contains AsdRMS genes encoding restriction—
modification type I enzyme EcoKI, the efficacy of the
phage A.0 inoculation is approximately four orders of
magnitude lower than that on the control TG-1 strain
devoid of restriction—modification type I system (Table 3,
lower row). However, when the cells of MG1655Z1 strain
contain a plasmid with cloned ardA or 0.3(ocr) gene, the
efficacy of the phage A inoculation changes depending on
the anhydrotetracycline inducer concentration and, cor-

Table 3. Anti-restriction activity of T7 Ocr protein
depending on the concentration of anhydrotetracycline
in Escherichia coli K12 MG1655Z1 r*m" cells*

Anhydrotetracycline Restriction Decrease factor
concentration, ng/ml coefficient (K) (R) for EcoKI-
of phage 1.0 on restriction®**
MGI1655Z1%**
0.0 (pZS33 vector) 5.0-107* 2000
20.0 (— «—) 1 5000
0.0 (pZE21 vector) 1 5000
0.2 (—«—) 1 5000
0.5 (—«—) 1 5000
1.0 (—«—) 1 5000
2.0 (—«—) 1 5000
5.0 (—«—) 1 5000
10.0 (— «—) 1 5000
20.0 (— «—) 1 5000
Control (the strain 2.0-107* 1
without plasmid)

* Gene 0.3(ocr) is cloned in pZS33 and pZE21 vectors under Py,
promoter. The mean data of five independent experiments are given.
** Restriction coefficient (K) is equal to the ratio of phage A.0 titer on
MG1655Z1 r'm* to the phage 1.0 titer on TG-1 rm™.
*** The restriction decrease factor R = K'/K~ (K~ was determined on
MG1655Z1 without plasmid, K* — on MG1655Z1 with the plas-
mid).
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Table 4. Anti-restriction activity of Collb-P9 ArdA pro-
tein depending on the concentration of anhydrotetracy-
cline in Escherichia coli K12 MG1655Z1 r'm™ cells*

Anhydrotetracycline Restriction Decrease factor
concentration, ng/ml coefficient (K) (R) for EcoKI-
of phage 1.0 on restriction®**
MGI1655Z1**
0.0 2.0-107° 10
0.2 3.0-107° 15
0.5 4.0-107 20
1.0 2.0-1072 100
2.0 1.0- 107 500
5.0 2.5-107" 1250
10.0 1 5000
20.0 1 5000
Control (strain 2.0-107* 1
without plasmid)

* Collb-P9 ardA was cloned in pZE21 vector under Py, promoter.
The mean data of five independent experiments are given.
** Restriction coefficient (K) is equal to the ratio of phage A.0 titer on
MG1655Z1 r*'m™ to the phage 1.0 titer on TG-1rm™.
*## The restriction decrease factor R = K*/K~ (K~ was determined on
MG 1655Z1 without plasmid, K" — on MG1655Z1 with plasmid).

respondingly, on the amount of the synthesized anti-
restriction protein.

As a result, the following dependences of anti-
restriction activity of Ocr and ArdA proteins on the anhy-
drotetracycline concentration were obtained (Tables 3
and 4). Virtually complete inhibition of the EcoKI restric-
tion—modification system over a broad concentration
range of the inducer takes place for the Ocr T7 protein
(Table 3). About 2.5-fold decrease in the inhibition effi-
cacy was observed when only the 0.3(ocr) gene was cloned
in the low-copy vector pZS33 and in absence of anhy-
drotetracycline (Table 3, upper row).

The experimental data for Collb-P9 ArdA protein is
given in Table 4. The decrease in the inhibition efficacy of
restriction activity of EcoKI enzymes is exhibited already
at anhydrotetracycline concentration about 5 ng/ml (when
ardA gene is cloned in the multicopy vector pZE21).

Effect of anhydrotetracycline on bioluminescence of
MG1655Z1 cells containing hybrid pZ-series plasmids
with P. luminescens luxCDABE genes. We used the biolu-
minescence method for quantitative estimation of rela-
tively or very low intracellular concentrations of the syn-
thesized proteins. The bioluminescence intensity in sus-
pensions of MG1655Z1 bacterial cells containing hybrid
plasmids of pZ series with cloned /uxCDABE genes is
directly proportional to intracellular concentration of the
synthesized luciferase over a broad range (more than six
orders of magnitude). The high sensitivity of the biolumi-
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Fig. 1. Effect of anhydrotetracycline on the bioluminescence
intensity in Escherichia coli K12 MG1655Z1 cells containing the
hybrid pZE-lux plasmid. The bioluminescence intensity, / (uV), is
given on the ordinate axis; the anhydrotetracycline concentration
(in ng/ml) is given on the abscissa axis. The triangle on the ordi-
nate axis marks the bioluminescence intensity of MG1655Z1 cells
containing the low-copy pZS-lux plasmid (in the absence of
inducer).

nescence method enables evaluation of extremely low
intracellular concentrations of the enzyme. The results
obtained after /luxCDABE gene cloning in pZE21 and
pZS33 vectors with strictly regulated Py,.o.; promoter are
given in Fig. 1.

The figure shows that the intensity of biolumines-
cence in E. coli MG1655Z1 cells with hybrid plasmids con-
taining /ux-genes varies from 10 (in absence of anhydrote-
tracycline) to 50,000 (20 ng/ml and more anhydrotetracy-
cline under the condition of complete promoter opening),
i.e. approximately 5000 times. Correspondingly, the intra-
cellular amount of the luciferase enzyme increases 5000
times. The resulting calibration curve was obtained deter-
mining the amount of luciferase protein in the cell depend-
ing on the inducer concentration (in the range from 0.1 to
40 ng/ml). It is reasonable to suppose that the relative
amount of the protein varies in the same ranges as
luciferase does, when ardA and ocr genes are cloned in
pZE21 and pZS33 plasmids under the same conditions.

Determination of relative values of dissociation con-
stants for ArdA and Ocr proteins. The presented results
enabled evaluation of the relative difference in dissocia-
tion constants characterizing efficacy of interaction
between the anti-restriction ArdA and Ocr proteins and
EcoKI enzyme.

The dissociation constant characterizing the
inhibitor—enzyme complex formation is equal:

K, = [E][1I/[EI],

where [E] is the free enzyme concentration, [I] is
inhibitor concentration, and [EI] is the concentration of
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the enzyme—inhibitor complex. The K value is equal to
the inhibitor concentration at which the amounts of free
enzyme and inhibitor-bound enzyme are equal.

In the given case, this condition is met when the
EcoKI enzyme inhibition efficacy is two-fold decreased
in the cell. As this takes place, half of the enzyme pool is
free, and the other half is inhibited because it forms com-
plexes with the inhibitor molecules.

The dependence of anti-restriction activity of Ocr
and ArdA proteins on their intracellular concentration
(determined in arbitrary units according to the calibration
curve, Fig. 1) is presented in Fig. 2. The figure shows that
50% decrease in the EcoKI inhibition efficacy by Ocr
protein is observed when its intracellular concentration is
about 1700-fold lower than that of ArdA.

The data presented in Fig. 2 a precise determination
of the relative difference in dissociation constants for
ArdA and Ocr proteins. Additional data is necessary to
determine absolute dissociation constants. However, the
dissociation constant for Ocr protein and EcoKI enzyme
was determined in absolute units according to experi-
ments in vitro: K; = 107'°M [13]. Hence, for ArdA pro-
tein K; = 1.7-10~7 M. Taking into account that the num-
ber of protein molecules synthesized under open promot-
er is approximately 30,000-40,000 per cell, the synthesis
of 30-40 Ocr molecules is enough for complete inhibition
of intracellular restriction—modification type I enzymes
under infection by bacteriophage T7. When it is consid-
ered that a cell contains approximately 100 EcoKI mole-

10 000+
1000+
o 1004

10—:

1 10 100 1000 10 000

C, arbitrary units

Fig. 2. Anti-restriction activity of Collb-P9 ArdA and T7 Ocr pro-
teins depending on their intracellular concentration. The EcoKI-
restriction decrease factor R is given on the ordinate axis, and the
intracellular concentration of anti-restriction protein is given on
the abscissa axis (according to the calibration curve, Fig. 1, in
arbitrary units). Minimal elevation of bioluminescence intensity of
the cells over background (10 pV) observed in the variant with
pZS-lux plasmid in absence of anhydrotetracycline inducer is
taken as one unit. Circles designate T7 Ocr, squares
designate Collb-P9 ArdA, and triangles mark the points on the
curves corresponding to the dissociation constants.
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cules [14], in the light of the data obtained in our work,
we conclude that only part of EcoKI molecules directly
participates in degradation of unmodified phage A DNA
(because all the data on the ArdA- and Ocr-mediated
protection from EcoKI-induced degradation are obtained
using the non-methylated phage DNA in our experi-
ments).

The 1700-fold decrease in Ocr K, in comparison
with ArdA K| is apparently due to the necessity of rapid
and effective inactivation of cellular restriction—modifi-
cation systems, because the process of phage DNA injec-
tion into the cell takes only a few minutes, a time insuffi-
cient for synthesis of a substantial amount of protein.
Another pattern takes place upon the transfer of trans-
missive plasmid from donor cell to recipient cell. First,
plasmid DNA enters the recipient cell as single strand
(DNA replication occurs according the model of “rolling
circle replication”) resistant to cellular restrictases, and,
the second, transcription of ardA genes, is realized via
special “single-stranded” promoters providing the syn-
thesis of a sufficient amount of ArdA protein during the
conjugation transfer.

It should be noted that ArdA and Ocr proteins,
although virtually identical in their functional activity
(they inhibit exclusively restriction—modification
enzymes of type I), are not homologs. A characteristic
feature of both proteins is a high net negative charge
(from —25 to —30), providing their mimetic property of
double-stranded DNA. However, the composition and
distribution of non-polar amino acids are substantially
different. So, ArdA protein (166 a.a.) contains fifteen F,
seven W, and only one I, whereas Ocr protein (116 a.a.)
contains nine I, three F, and only one W. This suggests
that the presence and distribution of non-polar amino
acid residues determine the specificity of the anti-restric-
tion proteins and the efficacy of interaction with S-sub-
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unit of type I restriction—modification enzymes via
hydrophobic contacts.
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