Chapter 4

Functional characterisation of ECOR124yr system

4.1 Introduction

The DNA binding site of S3/M has already been itigased by electrophoretic
mobility shift assays (EMSA) (Smitht al, 1998), and although the complex was
found to bind to both the wild-type recognition segce GAANRTCG and the
symmetrical sequence GAANTC, a 30-fold higher binding affinity for the
symmetrical sequence was found. In order to ingat the methyltransferase
and endonuclease activily vitro, methylation of the symmetrical sequence by
S3/M and recognition of the symmetrical sequenceSBYM/R prior to DNA

cleavage was investigated.

As discussed in chapter 3, sufficient quantitiepafe subunits of S3, M and R
were produced to allow the functional characteiosabf the complexes S3/M
and S3/M/Rin vitro.

Throughout this chapter, molar concentrations gaenusing a molar extinction

coefficient for a hypothetical heterodimer of S3/&hd this concentration was

then used when forming a complex with the R subatngt 1:1 or 1:2 molar ratio.

4.1.1 Sample Preparation

The S3/M complex was formed by mixing equimolaiasitof S3 and M and
incubating at 4C for 30 minutes. The complex was then appliea tdiTrap
heparin column (following dilution or dialysis teduce the NaCl concentration),
allowing elution at approximately 400 mM NaCl. Nather purification was
needed after this stage, apart from dialysis owutidih to decrease the
concentration of NaCl. The endonuclease was forbyethe addition of R to a

preformed complex of S3/M at a 2:1 molar ratio, amcubated at L. The

85



ENase complex was then incubated &C%r 10 minutes prior to the addition
of a DNA substrate and ATP to initiate the readi¢see section 4.3).

4.2  Methylation Activity of ECOR124Iyr MTase

4.2.1 Introduction

A methylation assay was developed in order to ingae S3/M
methyltransferase activity. Initially, the incorption of tritiated methyl groups
donated from the cofactdH-SAM (S-adenosylmethionine) was used. However,
although this method indicated that methylationuoeed, the results obtained
were not reproducible (data not shown). Therefaranethylation protection
assay was developed. This assay monitors the anmmfuprotection that
methylation provides against cleavage by the Typedtriction endonuclease,
EcoRI. The N spacer within the S3/M recognition sequence camaeipulated
to contain a TTC sequence next to the 5’-GAA sectibthe S3/M recognition
site, therefore forming an EcoRI recognition sAATTC). EcoRI will now
recognise the DNA sequence and probe the secominadir N methylation
by S3/M.

The assay first required the production of a plasnpUC119/EcoR124#,
which was linearised following cleavage at positidg¥2 using Xmnl (see figure
4.1). The DNA substrate was incidentally found dontain an additional
recognition site for ECOR124# (at position 2740, see figure 4.1). However the

methylation status of this site is not monitoredhiese experiments.

4.2.2 _Cloning of pUC119/ EcoR124l

To examine the activity of S3/M, a 30 bp DNA dupt®ataining the recognition
sequence GAATTCINTC (figure 4.1) was blunt end-ligated into the $reite
of the plasmid pUC119 EcoRI-, which lacks any Ecoftles (personal

communication, C. Dutta). This duplex thus cordgdime recognition sequence
for both S3/M and EcoRI. This formed the plasmiddd19/ EcoR124r (figure
4.1). The orientation, correct number of inseite. (one) and the lack of
mutations were confirmed by DNA sequencing arouradinserted sequence (see

appendix II).
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S3/M
A
r N
EcoRl
I_H

CCGTGCAGATTCGAGGTC |ACGGATCCGG
GGCACGTCTTAACTCRAG |[TGCCTAGGCC

30 mer duplex (S3-30)

Smal 272

PUC119/EcoR124y
(3l62bpy

2" S3/M site

2740 1572

Ampicillin resistance

Figure 4.1: A diagrammatic representation of the Igation of S3-30 DNA
duplex into pUC119EcoRI to form pUC119/EcoR124)r. The 30 bp duplex
containing the S3/M recognition site with an ovppag site for EcoRI was blunt
end-ligated into pUC119 EcoRI-, which had beendnsed with Smal. In blue, the
EcoRI restriction site introduced into pUC119 EcoRacking any EcoRI site), and
boxed in red, the recognition site for S3/M. Theen arrow represents ori (origin of
replication). In bold, the specific bases whicé srcognised by S3/M. The Xmnl site
used is also shown.
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4.2.3 Cofactor requirements of S3/M and effect aCN
Following methylation by S3/M, the DNA was digestetth EcoRI. Where

there was no methylation, or at the start of theeticourses, two fragments of
1293 bp and 1834 bp in length were produced froen3tt27 bp linearised DNA

starting substrate.

The effect of NaCl was investigated, since it haerbshown to affect DNA-
protein interactions (Stanforet al, 2000; Recorcet al, 1978). Time-course
reactions were carried out in 0, 10 and 100 mM N@iGures 4.4 to 4.5). In all
cases, 100 nM S3/M was incubated with 2.5 nM liisegr pUC119/
EcoR124y, before being challenged with four units of EcoBs. pL aliquots
were taken every 5 minutes. Table 4.1 lists thapmnents of the buffers used

in the methylation protection assays.

It was found that the presence of Mg@as required for activity of EcoRl
(figure 4.2, lanes 7 and 8). Therefore, 10 mM Mg®hs added to the
methylation mix following heat inactivation at 8Q %rior to challenging with
EcoRl.

The results suggest the NaCl concentration has, liftany, effect on the rate of
methylation (figures 4.4 and 4.5). Time coursesvhich S3/M was incubated
with 10 mM NaCl in the presence and absence of M MgCl, showed no
noticeable difference in the degree of methylafigures 4.4B and 4.5B). This
suggests M ions are not required for methylation by S3/M.
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Lane |1 2 3 4 5 6 7 8
S3IM | + - + - + - + -
MgCl, | 10 10 | 10 10 10 10 O 0

NaCl | 0 0 10 10 100| 100100| 100

linear DNA (3127bp)
digested 1834 bp
digested 1293 bp

Figure 4.2: Methylation protection assays.Reactions with and without S3/M
were incubated overnight with pUC119/EcoR}4defore being challenged with
EcoRI for 60 minutes and run on a 1% agarose get. Mkb marker (Amersham
Biosciences); lanes 1 and 2 = with and without S3/&&pectively (no NacCl);
lanes 3 and 4 = with 10 mM NacCl; lanes 5 and 6 thwiD0 mM NaCl; lanes 7
and 8 = with 100 mM NacCl (no Mggl In all cases, the buffer contained 50 mM
tris-HCI pH 8.0, 200 nM SAM, 1 mM DTT and 10 mM M&(except for lanes
7 and 8). The required buffer was added prior eatdition of DNA and mixed
with S3/M. Concentrations given in the table abave in mM. The size of the
two digested fragments and the starting size of lilnear DNA-substrate are
shown by the side of the gel.
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Figure 4.3:  Methylation protection time-courses. S3/M was incubated with

pUC119/EcoR1244 before being challenged with EcoRI and run on a 1%
agarose gel. In blue, without NaCl (buffer 1; fet gee figure 4.4A); in red, with
10 mM NaCl (buffer 2; for gel see figure 4.4B);yallow, with 100 mM NaCl

(buffer 3; for gel see figure 4.5A) in green, lagkimagnesium, but with 10 mM
NacCl (buffer 4; for gel see figure 4.5B).

Components of the buffer
Buffer Tris-HCI pH 8.0 DTT SAM NaCl MgCl ,
1 50 mM 1mM 200 nM - 10 mM
2 50 mM 1mM 200 nM 10 mM 10 mM
3 50 mM 1mM 200 nM 100 mM 10 mM
4 50 mM 1mM 200 nM 10 mM -

Table 4.1: Buffer components used in the methylatioprotection assays.
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(A)
M 123 4 5 6 7 8910 121314 15

linear DNA
(3127bp)

digested
(1834 bp)

digested
(1293 bp)

(B)
M1 2 34 567 8 9 10 12 13 14 15

linear DNA
= 32 1 £ I &I r * (3127bp)
" digested
- - (1834 bp)

-
digested

(1293 bp)

Figure 4.4:  Methylation protection assay time-cours in (A) the absence of
NaCl (buffer 1) and (B) the presence of 10 mM NaQ(buffer 2). M = 1 kb
marker (Amersham Biosciences); lane 1 = supercqie€119/EcoR124r;
lane 2 = linearised pUC119/EcoR1g#llane 3 = linearised DNA followed by
digestion with EcoRl; lane 4 = heat killed S3/M uibated with linearised DNA
followed by digestion with EcoRI; lane 5 = lineais DNA challenged with
EcoRI after incubation with heat killed S3/M; laBe= methylated linear DNA,;
lanes 7-18/21 = time course with aliquots takenrgvE) mins followed by
digestion with EcoRI. The size of the two digesteyments and the starting
size of the linear DNA-substrate are shown by ttie sf the gel.
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(A)
M 1 2 3 45 67 8 1112 13 1415

linear DNA
(3127bp)

digested
(1834 bp)

digested
(1293 bp)

(B)

M 1 23 4 56 7 8 80 1112 13 14 15

linear DNA
(3127bp)

digested
(1834 bp)

digested
(1293 bp)

Figure 4.5: Methylation protection assay time-cours in the presence of
(A) 100 mM NaCl (buffer 3) and (B) in the absencefamagnesium chloride
(buffer 4). In both cases, M = 1 kb marker (Amersham Biosmsji lane 1 =
supercoiled pUC119/EcoR124| lane 2 = linearised pUC119/EcoR1g4llane

3 = linearised DNA followed by digestion with EcqRane 4 = linearised DNA
challenged with EcoRI after incubation with hedted S3/M; lane 5 =
methylaed linear DNA; lanes 6-19/27 = time course with ajuots taken
every 10 mins followed by digestion with EcoRI. The size oéttwo digested
fragments and the starting size of the linear DNiBstrate are shown by the side
of the gel.
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4.3 Restriction endonuclease activity of S3/M/R

4.3.1 Introduction

The restriction endonuclease activity of S3/M/R wasstigated. This involved
the development of an assay to determine whethi#/B3possessed restriction
endonuclease activity. Following purification dfet individual subunits a
complex of S3/M/R was formed at a 1:1:1 ratio byuipation at 37°C.

Formation of the complex S3/M/R was suggested bihede subunits eluting as

a single peak from a HiTrap heparin column (seé@e8.7).

4.3.2 Development of assay

Bovine serum albumin (BSA) was observed to prewat activity of EcoRl
without having a detrimental effect on the activiyS3/M/R (data not shown).
Indeed, prevention of star activity by the addit@ihBSA had previously been
reported for Type Il restriction endonucleases i@Rglet al, 1975; Modrichet
al., 1982). In order for the assay to be monitoreer @/suitable period of time,

it was necessary to use a twenty-fold excess optmxwith respect to DNA.

4.3.3 Cofactor requirements of S3/M/R

The wild-type restriction endonuclease requires, tpossibly three, cofactors:
ATP, MgChk, and possibly SAM (Janscak al, 1996). The requirement of these

cofactors was investigated for the engineered emtdease S3/M/R.

In this assay, supercoiled pUC119/Eco€dntaining two recognition sites for
S3/M/R was used. Since the two sites are sepagtedly 125 bases, cutting at
one or both sites will not be distinguished, andhaar fragment of ca. 3000 bp
will be the product. In both assays, shown in ffig4.6, S3/M/R was first
formed by the addition of a 400 nM final concentmatR to a 200 nM final
concentration of S3/M (which had previously beeaulmated at 37 °C for 10
minutes in a buffer containing 10 mM tris-HCI pHO8.1 mM DTT). This
represents a 1:2 molar ratio of (S3/M) R and a 20:1 ratio of methyltransferase
to DNA.
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The reactions were started by the addition of 2 MIWMP. The assays were
carried out in the absence and presence of 10 mi@IMdgures 4.6 A and B
respectively), with and without SAM, and incubafed 1 hour at 37 °C. In the
absence of Mg ions (figure 4.6A), no cleavage took place. ATRda
magnesium ions were found to be absolutely requfoedcleavage of both

supercoiled and linear DNA, whilst SAM was not riggd.

4.3.4 Number of recognition sites
4.3.4.1 Introduction

The necessity for linear DNA to contain two recagmi sites has been illustrated
for the wild-type enzyme EcoR124l, where the redogm sites can be in
repeated or inverted orientation (Szczelletiral.,1997). It is not only Type | R-
M systems that may require two sites for activifiyype Il enzymes such as Sfil
and Bcgl require two recognition sites, which eithelp cooperatively or act as
an allosteric effector (Halforét al, 1999; Bathet al, 2002). In this section,
cleavage of linear and circular DNA containing twecognition sites was

investigated to determine which DNA substrate SR Mleaves more readily.

4.3.4.2 Construction of DNA substrates

A number of DNA substrates were formed from the owmrtially available
plasmid pTYB1 and the pUC119 EcoRI- (constructed blyatel) to create linear
and circular DNA plasmids with one, two or thre@mR& 24| sites (table 4.2).

4.3.4.3 Results

S3/M/R was incubated in the presence of linearupercoiled DNA containing
two or three recognition sites. The results sugthes S3/M/R has the ability to
cleave both two-site circular and linear DNA suatgs (figures 4.6 and 4.7).

Table 4.3 shows a summary of the results obtained.
4.3.4.4 Cleavage of two-site linear DNA

Incubation of S3/M/R with a two-site linear DNA placed a smear (figure 4.7).

When compared with two-site supercoiled DNA, theoant of cutting appeared
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to be less due to a large quantity of startingdim@NA substrate remaining after

the same 60-minute incubation period.

When the two-site linear cleavage reaction is sednny densitometry (figure
4.8B), the linear DNA starting substrate of lengfl27 bp is cleaved, resulting in
a smear with an approximate size of 1 to 2 kbphis 8mear could be explained
by the following analysis. If S3/M/R cleaves appnoately centrally between
the two sites then two fragments of 1.7 Kbp andKb$¢ + 100 bp would be

produced.

4.3.4.5 Cleavage of two-site supercoiled DNA

Incubation with two-site supercoiled DNA resulteda discrete linear band and a
further smear, as shown in figure 4.6 and detaitetable 4.3. The discrete
linear band would be observed if S3/M/R is cut@agh DNA substrate, even if
the cleavage is random for each DNA substrate toenters, since each
singularly cut supercoiled DNA substrate would ratgrby the same distance on
an agarose gel. When the two-site supercoiled/atgareaction is scanned by
densitometry (figure 4.8A), a linear DNA cleavagedquct of approximate
length 3 kbp is seen. However, as stated aboiedtes not necessarily mean
cleavage occurs at the same site, because a sileglgage event occurring
randomly on different substrates would all prodlioear DNA. Due to an
excess of S3/M/R to DNA, the data could not beditto a classical Michaelis-

Menten model.

4.3.4.6 Cleavage of three-site supercoiled DNA

It also appears that the greater the number ofgreton sites, the more

extensive the cleavage pattern obtained is. Vidighsame concentration of DNA
and protein used for restriction assays performedtwo site linear and

supercoiled DNA, when S3/M/R is incubated with alez DNA containing three

recognition sites, more extensive smearing is oesk(figure 4.9).
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EcoR- EcoR-
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1293 1293
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Figure 4.6: The effect of SAM and magnesium chlodie on the cleavage of
two-site supercoiled plasmid DNA by S3/M/R. A) Lane M = 1 kbp DNA
ladder; lane 1 = supercoiled plasmid-DNA; lane Ihearised DNA; lane 3 =
T equals 0 mins; lane 4 = without SAM and lane with SAM after 1 hour
incubation with S3/M/R at 37 °C. B) Lanes are #aane as (A), except the
buffer contained 10 mM Mg@lL = linear DNA (cleavage product) and SC =
supercoiled DNA (starting substrate). A concentratof 200 nM S3/M and
400 nM R was usedle. a 1:2 molar ratio of S3/M to R, incubated withrild
DNA (therefore a 20:1 ratio of methyltransferas®tdA).
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Starting DNA Type Il | Topology | Diagram of final DNA substrate
substrate enzyme
pUC119/EcoR124}r | Xmnl L
+«—3177 b%
666
pUC119/EcoR124\r | EcoR L
+«——3127 b%
666
pUC119 EcoRI™ Xmnl L
+«—3127 b?—>
1168 129
pUC119 EcoRI’ Xmnl L
<«— 3127 b—»
I D> |
pTYB1 Til L
< 7477 bp >
I | 3
198:
pUC119 EcoRI’ - SC
1168
1293
pTYB1 - SC
1983bp

Table 4.2: Construction of DNA substrates for S3/VR ENase assays.The
starting DNA substrates listed in column one waredrised, if necessary, with a
Type |l restriction endonuclease to create thealin®NA substrate. The
diagrams show the starting position of the recagmisite(s) represented by red
arrow(s) and the length of DNA is shown in bp.
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DNA substrate Topology No. of Additional Cleavage
recognition buffer result
sites components
pUC119/EcoRI/S330 L 2 ATP and | Some linear
MgCl, DNA
remaining
and a smea
pUC119 EcoRI SC 2 ATP Discrete
linear DNA
band and a
smear
pUC119/EcoRI/S330 SC 3 ATP and Discrete
MgCl, linear DNA
band and
greater
smear

Table 4.3: A summary of the S3/M/R ENase assaysing one- and two-site
linear or supercoiled DNA substrates. L represents linear DNA and SC
represents supercoiled DNA. In all cases, the eamations of ATP and Mggl
were 2 mM and 10 mM, respectively. In addition,balffers contained 10 mM
Tris-HCI pH 8.0, 10 mM NaCl and 1 mM DTT.
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pUC119/EcoRI/S-30
(3127 bp)

666 27

<«— linear

smea

Figure 4.7:  S3/M/R incubated with linear DNA contaning two S3/M/R
sites in a buffer containing 2 mM ATP and 10 mM MgQ,. Lane M = 1 kbp
DNA ladder. Lane 1 = linear DNA; lane 2 = lineadsBNA incubated with heat
killed S3/M/R; lane 3 = T equals 0 mins and lanés=Z aliquots taken every 10
minutes after incubation at 37 °C. A concentratd200 nM S3/M and 400 nM
R was usedi.e. a 1:2 molar ratio of S3/M to R, incubated with A0 DNA
(therefore a 20:1 ratio of methyltransferase to DNW this case, the buffer
contained no SAM. Above the gel is a diagram use@present the linearised
DNA substrate, with the reaction product and gstgrtiinear DNA substrate
labelled by the side of the gel.
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Figure 4.8: Densitometry scans to show cleavage glasmid DNA by
S3/M/R. (A) S3/M/R incubated with circular DNA containitgo S3/M/R sites.
In tan, a 1 kbp DNA ladder (Amersham Bioscienc@s)hlue, the circular DNA
substrate, and in red, linear cleavage productaaiaitional smear after 60 mins
incubation at 37 °C. (B) S3/M/R incubated with BmeDNA containing two
S3/M/R sites. In tan, a 1 kbp DNA ladder, in bltres linear DNA substrate, and
in red, the original linear DNA with cleavage pretlafter 60 mins incubation at
37 °C. The buffer in both cases contained 2 mM Af@ 10 mM MgCJ. The
size of the peaks (kbp) corresponding to the maeter shown. The DNA
substrates used in both cases are shown as insets.
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Figure 4.10, shows a diagrammatic representatiahefcleavage pathway of a
three-site supercoiled DNA substrate. This suggestt the on/off rate of DNA
binding is relatively high, such that the S3/M/Rlenuclease can bind one site,
cleave the DNA and then either cleave the DNA agairthe same substrate or
bind to another site on another DNA substrate wiiels been cleaved, to
undergo further cleavage. It should be notedttiexe is also a smear above and
greater in size than that of the discrete lineardbaSince the assay was carried
out on a non-denaturing gek. in a similar way to an EMSA experiment, it may
be that there are non-specific DNA-protein inteiat retarding the migration of
the DNA. The experiment has been repeated with,Sffich removes this
smear (data not shown). These results describeédtions 4.3.4.4 to 4.3.4.6,
are therefore indicative of a pathway of DNA clegevdhat can be represented as

follows:

Kk k
supercoiled _1, Iinea_r_z, further cleavage of linearAMN
DNA DNA

4.4 Inhibition of methylation by ocr

4.4.1 Introduction

The ocr (overcome classical restriction) proteiraipotent inhibitor of Type |
MTases (Atanasiet al, 2001). Its surface carboxyl groups are arrangped
mimic the position of phosphate groups of B-form AN For this reason,
inhibition of methylation by ocr was investigate®3/M was incubated at 37°C
with 10 mM linearised plasmid DNA containing twdes for S3/M (pUC119
EcoRI) in the presence and absence of ocr which, whadnded in the reaction,
was added last. After one hour, the reaction wedlenged with EcoRl, to see

whether methylation (protection from EcoRlI) hadéeibited.

4.4.2 Results

At a 1:1 molar ratio of S3/M to ocr [based on canications of a ocr dimer and
(S3/M), tetramer], a very clear inhibition by ocr was atved (figure 4.11). Ata
S3/M to ocr molar ratio of 2:1.e. a 40-fold excess of ocr to DNA, greater than

95 % inhibition of methylation is seen (figure 412
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discrete
linear
band and
smear

Figure 4.9: Cleavage of supercoiled plasmid DNA otaining three
recognition sites for S3/M/R. R at a concentration of 400 nM was incubated
with 200 nM S3/M at 37 °C prior to the addition ® nM supercoiled DNA
containing three sites for S3/M/R.¢€ a 1:2 molar ratio of S3/M to R, incubated
with 10 nM DNA therefore 20:1 molar ratio of mettrghsferase to DNA). The
buffer contained 200 uM AdoMet, 2 mM ATP, 50 mMstiHCIl pH 8.0, 10 mM
NaCl, 10 mM MgC4, 1 mM DTT. Aliquots of 15 ul were taken every 15
minutes and heat killed at 65 °C before loadingp@n0.8% agarose gel. M =1
kbp DNA ladder (Amersham Biosciences); lane 1 = pUDEcoOR124|r
supercoiled DNA; lane 2 = DNA plus heat killed emm; lane 3 =
pUC119/EcoR124 linearised with Xmnl; lanes 4-10 are aliquots tak®m T
=0 minto T =60 mins.

A
S3/M/R S3M/R

MR A
ATP, MgCh ATP, MgCl,

Figure 4.10: Representation of the cleavage of the-site supercoiled DNA.
This shows the supercoiled DNA being linearisedlpveed by further cleavage
to produce smaller fragments, observed as a srsearfigure 4.9).
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(A)
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Figure 4.11: (A) Inhibition of methylation by ocr. M = 1 kbp DNA Ladder
(NEB); lane 1 = pUC119 EcoRfplasmid; lane 2 = linearised DNA; lanes 3-10
are without ocr. Lanes 11-18 = S3/M:ocr at a 1dlanratio. In both cases,
aliguots were taken every 10 minutes and challemgddEcoRI. (B) Enzyme
progression curves for the time courses shown in JA Shaded circles, %
methylation by S3/M; open circles, % methylation®8/M in the presence of
ocr at a 1:1 molar ratio. ocr was provided by DiSAkhodub.
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Figure 4.12: (A) Inhibition of methylation by ocr. M = 1 kbp DNA Ladde
(NEB); lane 1 = pUC119 EcoR1- linearised plasmidA)Nane 2 = linearised
DNA plus S3/M; lane 3 = linearised plasmid plus thkiled S3/M; lane 4 =
linearised DNA plus ocr; lanes 5-11 = S3/M withoagt; lanes 12-19 = 1:1 molar
ratio of S3/M to ocr; lanes 20-27 = 1:2 molar ratfoS3/M to ocr. In all cases,
aliquots were taken every 10 minutes and challengitidl 4 units EcoRI.(B)
Enzyme progression curve for the time courses showm (A). Blue = %
methylation by S3/M without ocr; red = % methylatiby S3/M in the presence
of ocr at 1:1 molar ratio; green, at a 1:2 molaroraf S3/M to ocr. ocr was

provided by Dr A. Sukhodub.
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With increasing ratios of ocr to S3/M, a decreas¢he amount of methylation
occurs, due to the inhibition of S3/M. Therefanppn challenging with EcoRl,
any unmethylated, hence unprotected, DNA (3127 dplisceptible to digestion,
resulting in two DNA fragments (1834 bp and 12%98.bHowever, when the
DNA is fully methylated and thus protected from eiion by EcoRI, the two

cleavage products are not observed.

It is not possible to determine the stoichiometdy c@r to S3/M using a
Michaelis-Menten fit because of the ten-fold exceds methyltransferase
required due to the slow rate of methylation, amel twenty-fold to forty-fold

excess of ocr over DNA.

4.5 Discussion

The aim of the work in this chapter was to deteemivhether the S3/M and
S3/M/R complexes possessvitro MTase and ENase. ocr was also tested for its
ability to inhibit methylation by S3/M, as has piaysly been shown for other
Type | R-M systems (Markt al, 1981; Bandyopadhyagt al, 1985).

Abadjievaet al. (1994) cloned a number of deletion mutants ofa®, of which,
Sps (1-232) and S0 (1-245), were then sub-cloned into pJS4M, reptadire
wild-type S gene to co-express both subunits amah fine mutant MTases or
mutant ENases by the addition of the R subunitvals found that thepgsMTase
and ENase lacked any functianvivo, but the $, MTase (which has identical
specificity to S3/M) had both a modification andstrection phenotype
(Abadjievaet al, 1994; Abadjievat al, 2003). An additional $(1-194) MTase
lacked any MTase activity. Therefore it was dedudbat the minimum
requirement for MTase complex formation are amic@s 194 to 232, with
amino acids 232-245 being necessary for ATPasegitgctHowever, the results
presented in this chapter contradict these easheervations, although it should
be noted that the experiments presented here veefermedin vitro as opposed

toin vivo.
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S3 is composed of amino acids 1-215 of the intasut&init. Therefore according
to Abadjievaet al. (1994, 2003), neither S3/M nor S3/M/R should pessany

activity. However, since S3 is known to form a @ex with the M subunit, we
now know that for binding to M the amino acids 184 215, and not 194-232
of S is required. Furthermore, it is now knowntt88/M is able to methylate its
symmetrical recognition sequenae vitro, and S3/M/R has ENase activity

vitro. Therefore, we can conclude that no additionglore of S is required for

MTase or ENase activity.

The $s mutant contains the amino acids residues 1-23hefwild-type HsdS
subunit, and is insoluble without the M subunitisTalso differs from S3, which
is soluble in solution as a dimer (see section3533. Therefore, amino acid
residues 216-232, which are present i3 Sibunit but not in S3, may be the
cause of its insolubility. The formation of the &¢-active S3/M/R complex
also shows that amino acids within S3 are sufficfen subunit assembly of the
ENase by direct or indirect interactions with thes&bunit, which also differs

from earlier published work (Weiseroeaal, 1998).

Completion of the ENase assays is required to oonfvhether there is a
cleavage preference for either linear or superddd&A containing one or two
recognition sites, or what the differences in thie of cleavage are. Varying the
concentrations of Mg ions and SAM to determine their effect could also

investigated.

It has previously been reported that the EcoR124cd&nplex has restriction
endonuclease activitin vitro, but only at protein to DNA ratios of above 4:1,
whereas the Rcomplex reaches saturation at a 1:1 ratio of prote DNA
(Weiserovaet al, 2000). In these experiments, it is difficultdonclude what
the stoichiometry of S3/M/R is.
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However, sedimentation equilibrium (SE) experimecdsried out (chapter 5)
concluded that atrM concentrations (which are above those used isethe
experiments to confirm restriction endonucleaseviag), only a R complex
with stoichiometry (S3/M)R; was able to form and that there was no evidence

for the formation of the Rcomplex (see section 5.3.3.6).

However, it is possible that an,Romplex forms in the presence of DNA.
Sedimentation velocity (SV) experiments could bedu® confirm this theory. It
has been reported, however, that in the absensaltpthe formation of the wild-
type R complex is very slow, taking up to 24 hours to wclanscalet al,
1998b). Therefore, the incubations times used tm fine S3/M/R complex.€.
10 mins at 37°C) may be insufficient to allow tbenfiation of (S3/M)R..

Both EcoR124l, and now EcoR124] show similar properties to Type Il
enzymes in absolutely requiring ATP and magnesions ifor endonuclease
activity. Type Ill enzymes have been shown to retBAM and magnesium
ions for cleavage, unlike all other Type | and Tyipe enzymes (Jurenaite-

Urbanavicienest al, 2001).

The experiments carried out here could not be tsabtbtermine the number of
dimers of ocr binding to the MTase. However experts have been carried out
with the Type IA enzyme M.EcoKI (Atanaset al. 2002). It was found that
EcoKIl interacts with ocr with a stoichiometry ofeoncr dimer per MTase with
stoichiometry MS,. The same ratio is proposed for the interactiatin \the
partially assembled or dissociated formSyl However, closer inspection of the
published data obtained by measurement of the eheangyptophan anisotropy
upon titration of ocr seems to suggest that bothaksembled trimer and the
M:S; complex require two dimers of ocr, and not onefolee saturation is
reached. A stoichiometry of two ocr dimers boundtth R.EcoKl and the R
subunit alone was also found. It should be nttatiwhen a section of B-DNA
is superimposed onto an ocr dimer (8.5 nm), thgtleof DNA required is 24
bp, or two to three turns, since B-DNA extendsr8rtevery 10 bp (Walkinshaw
et al, 2002). This is the approximate length for the ADMecognition site of
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Type | enzymes. Therefore, two ocr dimers woult e able to fit within the

recognition site.

Sedimentation equilibrium (SE) and sedimentatiotosity (SV) experiments
could be performed to confirm the stoichiometryoof with the MTase S3/M. A
similar decrease in the frictional ratio (as seeth \83/M and DNA) would be

indicative of a similar conformational change ocing in the presence of ocr.

The results discussed in this chapter provide @uréavidence that ocr causes
inhibition of Type | enzymes generally, and nott jicg EcoKl (Walkinshawet
al., 2002). The DNA binding site within the S suburstthe main common

feature with other Type | methyltransferases.
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