
 

 

 

85

Chapter 4 
 

Functional characterisation of EcoR124INT system 

 

4.1 Introduction 

 

The DNA binding site of S3/M has already been investigated by electrophoretic 

mobility shift assays (EMSA) (Smith et al., 1998), and although the complex was 

found to bind to both the wild-type recognition sequence GAAN6RTCG and the 

symmetrical sequence GAAN7TTC, a 30-fold higher binding affinity for the 

symmetrical sequence was found.  In order to investigate the methyltransferase 

and endonuclease activity in vitro, methylation of the symmetrical sequence by 

S3/M and recognition of the symmetrical sequence by S3/M/R prior to DNA 

cleavage was investigated. 

 

As discussed in chapter 3, sufficient quantities of pure subunits of S3, M and R 

were produced to allow the functional characterisation of the complexes S3/M 

and S3/M/R in vitro.  

 

Throughout this chapter, molar concentrations given are using a molar extinction 

coefficient for a hypothetical heterodimer of S3/M, and this concentration was 

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

 

4.1.1 Sample Preparation 

The S3/M complex was formed by mixing equimolar ratios of S3 and M and 

incubating at 4°C for 30 minutes.  The complex was then applied to a HiTrap 

heparin column (following dilution or dialysis to reduce the NaCl concentration), 

allowing elution at approximately 400 mM NaCl.  No further purification was 

needed after this stage, apart from dialysis or dilution to decrease the 

concentration of NaCl.  The endonuclease was formed by the addition of R to a 

preformed complex of S3/M at a 2:1 molar ratio, and incubated at 37°C.  The 
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ENase complex was then incubated at 37°C for 10 minutes prior to the addition 

of a DNA substrate and ATP to initiate the reactions (see section 4.3). 

 

4.2 Methylation Activity of EcoR124INT MTase 

 
4.2.1 Introduction 

A methylation assay was developed in order to investigate S3/M 

methyltransferase activity.  Initially, the incorporation of tritiated methyl groups 

donated from the cofactor 3H-SAM (S-adenosylmethionine) was used.  However, 

although this method indicated that methylation occurred, the results obtained 

were not reproducible (data not shown).  Therefore, a methylation protection 

assay was developed.  This assay monitors the amount of protection that 

methylation provides against cleavage by the Type II restriction endonuclease, 

EcoRI. The N7 spacer within the S3/M recognition sequence can be manipulated 

to contain a TTC sequence next to the 5’-GAA section of the S3/M recognition 

site, therefore forming an EcoRI recognition site (GAATTC).  EcoRI will now 

recognise the DNA sequence and probe the second adenine for N6 methylation 

by S3/M.  

 

The assay first required the production of a plasmid, pUC119/EcoR124INT, 

which was linearised following cleavage at position 1572 using XmnI (see figure 

4.1).  The DNA substrate was incidentally found to contain an additional 

recognition site for EcoR124INT (at position 2740, see figure 4.1).  However the 

methylation status of this site is not monitored in these experiments. 

 

4.2.2 Cloning of pUC119/ EcoR124INT  

To examine the activity of S3/M, a 30 bp DNA duplex containing the recognition 

sequence GAATTCN4TTC (figure 4.1) was blunt end-ligated into the SmaI site 

of the plasmid pUC119 EcoRI-, which lacks any EcoRI sites (personal 

communication, C. Dutta).  This duplex thus contains the recognition sequence 

for both S3/M and EcoRI. This formed the plasmid pUC119/ EcoR124INT (figure 

4.1). The orientation, correct number of inserts (i.e. one) and the lack of 

mutations were confirmed by DNA sequencing around the inserted sequence (see 

appendix II).   
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Figure 4.1: A diagrammatic representation of the ligation of S3-30 DNA 
duplex into pUC119EcoRI- to form pUC119/EcoR124INT.  The 30 bp duplex 
containing the S3/M recognition site with an overlapping site for EcoRI was blunt 
end-ligated into pUC119 EcoRI-, which had been linearised with SmaI.  In blue, the 
EcoRI restriction site introduced into pUC119 EcoRI- (lacking any EcoRI site), and 
boxed in red, the recognition site for S3/M.  The green arrow represents ori (origin of 
replication).  In bold, the specific bases which are recognised by S3/M.  The XmnI site 
used is also shown. 
 

S3/M 
  

EcoRI 

GAATTCGAGGTTC 
CTTAAGCTCCAAG 

CCGTGCA 
 GGCACGT�

ACGGATCCGG 
TGCCTAGGCC 
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4.2.3 Cofactor requirements of S3/M and effect of NaCl 

Following methylation by S3/M, the DNA was digested with EcoRI.  Where 

there was no methylation, or at the start of the time courses, two fragments of 

1293 bp and 1834 bp in length were produced from the 3127 bp linearised DNA 

starting substrate. 

 

The effect of NaCl was investigated, since it has been shown to affect DNA-

protein interactions (Stanford et al., 2000; Record et al., 1978).  Time-course 

reactions were carried out in 0, 10 and 100 mM NaCl (figures 4.4 to 4.5). In all 

cases, 100 nM S3/M was incubated with 2.5 nM linearised pUC119/ 

EcoR124INT, before being challenged with four units of EcoRI. 15 µL aliquots 

were taken every 5 minutes.  Table 4.1 lists the components of the buffers used 

in the methylation protection assays. 

 

It was found that the presence of MgCl2 was required for activity of EcoRI 

(figure 4.2, lanes 7 and 8).  Therefore, 10 mM MgCl2 was added to the 

methylation mix following heat inactivation at 80 ºC prior to challenging with 

EcoRI. 

 

The results suggest the NaCl concentration has little, if any, effect on the rate of 

methylation  (figures 4.4 and 4.5).  Time courses in which S3/M was incubated 

with 10 mM NaCl in the presence and absence of 10 mM MgCl2 showed no 

noticeable difference in the degree of methylation (figures 4.4B and 4.5B).  This 

suggests Mg2+ ions are not required for methylation by S3/M. 
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Lane 1 2 3 4 5 6 7 8 
S3/M + - + - + - + - 
MgCl 2 10 10 10 10 10 10 0 0 
NaCl 0 0 10 10 100 100 100 100 

Figure 4.2:  Methylation protection assays.  Reactions with and without S3/M 
were incubated overnight with pUC119/EcoR124INT before being challenged with 
EcoRI for 60 minutes and run on a 1% agarose gel. M = 1 kb marker (Amersham 
Biosciences); lanes 1 and 2 = with and without S3/M, respectively (no NaCl); 
lanes 3 and 4 = with 10 mM NaCl; lanes 5 and 6 = with 100 mM NaCl; lanes 7 
and 8 = with 100 mM NaCl (no MgCl2).  In all cases, the buffer contained 50 mM 
tris-HCl pH 8.0, 200 nM SAM, 1 mM DTT and 10 mM MgC12 (except for lanes 
7 and 8). The required buffer was added prior to the addition of DNA and mixed 
with S3/M.   Concentrations given in the table above are in mM.  The size of the 
two digested fragments and the starting size of the linear DNA-substrate are 
shown by the side of the gel. 

linear DNA (3127bp) 

digested 1834 bp 

digested 1293 bp 
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Figure 4.3: Methylation protection time-courses.  S3/M was incubated with 
pUC119/EcoR124INT before being challenged with EcoRI and run on a 1% 
agarose gel. In blue, without NaCl (buffer 1; for gel see figure 4.4A); in red, with 
10 mM NaCl (buffer 2; for gel see figure 4.4B); in yellow, with 100 mM NaCl 
(buffer 3; for gel see figure 4.5A) in green, lacking magnesium, but with 10 mM 
NaCl (buffer 4; for gel see figure 4.5B). 
 
 

 Components of the buffer 
Buffer Tris-HCl pH 8.0 DTT SAM NaCl MgCl 2 

1 50 mM 1 mM 200 nM - 10 mM 
2 50 mM 1 mM 200 nM 10 mM 10 mM 
3 50 mM 1 mM 200 nM 100 mM 10 mM 
4 50 mM 1 mM 200 nM 10 mM - 

 
 
Table 4.1: Buffer components used in the methylation protection assays.   
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(A)   
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(B) 
  
 M  1    2    3   4     5   6   7    8    9   10   11  12  13  14  15      

 
 

 
 
 
 
 

 
Figure 4.4: Methylation protection assay time-course in (A) the absence of 
NaCl  (buffer 1) and (B) the presence of 10 mM NaCl (buffer 2). M = 1 kb 
marker (Amersham Biosciences); lane 1 = supercoiled pUC119/EcoR124INT; 
lane 2 = linearised pUC119/EcoR124INT; lane 3 = linearised DNA followed by 
digestion with EcoRI; lane 4 = heat killed S3/M incubated with linearised DNA 
followed by digestion with EcoRI; lane 5 = linearised DNA challenged with 
EcoRI after incubation with heat killed S3/M; lane 6 = methylated linear DNA; 
lanes 7-18/21 = time course with aliquots taken every 10 mins followed by 
digestion with EcoRI.  The size of the two digested fragments and the starting 
size of the linear DNA-substrate are shown by the side of the gel. 
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Figure 4.5: Methylation protection assay time-course in the presence of 
(A) 100 mM NaCl (buffer 3) and (B) in the absence of magnesium chloride 
(buffer 4).  In both cases, M = 1 kb marker (Amersham Biosciences); lane 1 = 
supercoiled pUC119/EcoR124INT; lane 2 = linearised pUC119/EcoR124INT; lane 
3 = linearised DNA followed by digestion with EcoRI; lane 4 = linearised DNA 
challenged with EcoRI after incubation with heat-killed S3/M; lane 5 = 
methylated linear DNA; lanes 6-19/27 = time course with aliquots taken 
every 10 mins, followed by digestion with EcoRI.  The size of the two digested 
fragments and the starting size of the linear DNA-substrate are shown by the side 
of the gel. 

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

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



 

 

 

93

4.3 Restriction endonuclease activity of S3/M/R 

 

4.3.1 Introduction 

The restriction endonuclease activity of S3/M/R was investigated.  This involved 

the development of an assay to determine whether S3/M/R possessed restriction 

endonuclease activity.  Following purification of the individual subunits a 

complex of S3/M/R was formed at a 1:1:1 ratio by incubation at 37 °C.  

Formation of the complex S3/M/R was suggested by all three subunits eluting as 

a single peak from a HiTrap heparin column (see section 3.7). 

 

4.3.2 Development of assay 

 Bovine serum albumin (BSA) was observed to prevent star activity of EcoRI 

without having a detrimental effect on the activity of S3/M/R (data not shown).  

Indeed, prevention of star activity by the addition of BSA had previously been 

reported for Type II restriction endonucleases (Polisky et al., 1975; Modrich et 

al., 1982).  In order for the assay to be monitored over a suitable period of time, 

it was necessary to use a twenty-fold excess of complex with respect to DNA. 

 

4.3.3 Cofactor requirements of S3/M/R 

The wild-type restriction endonuclease requires two, possibly three, cofactors: 

ATP, MgCl2, and possibly SAM (Janscak et al., 1996). The requirement of these 

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

 

In this assay, supercoiled pUC119/EcoRI- containing two recognition sites for 

S3/M/R was used.  Since the two sites are separated by only 125 bases, cutting at 

one or both sites will not be distinguished, and a linear fragment of ca. 3000 bp 

will be the product.  In both assays, shown in figure 4.6, S3/M/R was first 

formed by the addition of a 400 nM final concentration R to a 200 nM final 

concentration of S3/M (which had previously been incubated at 37 ºC for 10 

minutes in a buffer containing 10 mM tris-HCl pH 8.0, 1 mM DTT).  This 

represents a 1:2 molar ratio of (S3/M)2 to R and a 20:1 ratio of methyltransferase 

to DNA.   
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The reactions were started by the addition of 2 mM ATP.  The assays were 

carried out in the absence and presence of 10 mM MgCl2 (figures 4.6 A and B 

respectively), with and without SAM, and incubated for 1 hour at 37 ºC.  In the 

absence of Mg2+ ions (figure 4.6A), no cleavage took place.  ATP and 

magnesium ions were found to be absolutely required for cleavage of both 

supercoiled and linear DNA, whilst SAM was not required. 

 

4.3.4 Number of recognition sites 

4.3.4.1 Introduction 

The necessity for linear DNA to contain two recognition sites has been illustrated 

for the wild-type enzyme EcoR124I, where the recognition sites can be in 

repeated or inverted orientation (Szczelkun et al., 1997).  It is not only Type I R-

M systems that may require two sites for activity.  Type II enzymes such as SfiI 

and BcgI require two recognition sites, which either help cooperatively or act as 

an allosteric effector (Halford et al., 1999; Bath et al., 2002).  In this section, 

cleavage of linear and circular DNA containing two recognition sites was 

investigated to determine which DNA substrate S3/M/R cleaves more readily.   

 

4.3.4.2 Construction of DNA substrates 

A number of DNA substrates were formed from the commercially available 

plasmid pTYB1 and the pUC119 EcoRI- (constructed by J. Patel) to create linear 

and circular DNA plasmids with one, two or three EcoR124INT sites (table 4.2). 

 

4.3.4.3 Results 

S3/M/R was incubated in the presence of linear or supercoiled DNA containing 

two or three recognition sites.  The results suggest that S3/M/R has the ability to 

cleave both two-site circular and linear DNA substrates (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 produced a smear (figure 4.7).  

When compared with two-site supercoiled DNA, the amount of cutting appeared 
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to be less due to a large quantity of starting linear DNA substrate remaining after 

the same 60-minute incubation period. 

 

When the two-site linear cleavage reaction is scanned by densitometry (figure 

4.8B), the linear DNA starting substrate of length 3127 bp is cleaved, resulting in 

a smear with an approximate size of 1 to 2 kbp.   This smear could be explained 

by the following analysis.  If S3/M/R cleaves approximately centrally between 

the two sites then two fragments of 1.7 Kbp and 1.4 Kbp ± 100 bp would be 

produced. 

 

4.3.4.5 Cleavage of two-site supercoiled DNA 

Incubation with two-site supercoiled DNA resulted in a discrete linear band and a 

further smear, as shown in figure 4.6 and detailed in table 4.3.  The discrete 

linear band would be observed if S3/M/R is cutting each DNA substrate, even if 

the cleavage is random for each DNA substrate it encounters, since each 

singularly cut supercoiled DNA substrate would migrate by the same distance on 

an agarose gel.  When the two-site supercoiled cleavage reaction is scanned by 

densitometry (figure 4.8A), a linear DNA cleavage product of approximate 

length 3 kbp is seen.  However, as stated above, this does not necessarily mean 

cleavage occurs at the same site, because a single cleavage event occurring 

randomly on different substrates would all produce linear DNA.  Due to an 

excess of S3/M/R to DNA, the data could not be fitted to a classical Michaelis-

Menten model.     

 

4.3.4.6 Cleavage of three-site supercoiled DNA 

It also appears that the greater the number of recognition sites, the more 

extensive the cleavage pattern obtained is.  With the same concentration of DNA 

and protein used for restriction assays performed on two site linear and 

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

recognition sites, more extensive smearing is observed (figure 4.9). 
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(A)                          (B) 
M    1      2    3      4     5                                 M     1     2      3      4    5  

pUC119 
EcoRI-

1168 
1293 

Figure 4.6:  The effect of SAM and magnesium chloride 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 2 = linearised DNA; lane 3 = 
T equals 0 mins; lane 4 = without SAM and lane 5 = with SAM after 1 hour 
incubation with S3/M/R at 37 °C.  B) Lanes are the same as (A), except the 
buffer contained 10 mM MgCl2. L = linear DNA (cleavage product) and SC = 
supercoiled DNA (starting substrate). A concentration of 200 nM S3/M and 
400 nM R was used, i.e. a 1:2 molar ratio of S3/M to R, incubated with 10 nM 
DNA (therefore a 20:1 ratio of methyltransferase to DNA). 
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Starting DNA 
substrate 

Type II 
enzyme  

Topology  Diagram of final DNA substrate 

pUC119/EcoR124INT XmnI L  
 
 

 

pUC119/EcoR124INT 

 
EcoRI L  

 
 

 

pUC119 EcoRI – XmnI L  
 
 
 

pUC119 EcoRI - XmnI L  
 
 
 

pTYB1 
 
 
 

TfiI  L 
 

pUC119 EcoRI - - SC  

 

pTYB1 
 
 
 
 
 
 

- SC  
 
 

 
 
Table 4.2:  Construction of DNA substrates for S3/M/R ENase assays.  The 
starting DNA substrates listed in column one were linearised, if necessary, with a 
Type II restriction endonuclease to create the linear DNA substrate. The 
diagrams show the starting position of the recognition site(s) represented by red 
arrow(s) and the length of DNA is shown in bp. 
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DNA substrate Topology  No. of 

recognition 
sites 

Additional 
buffer 

components 

Cleavage 
result 

pUC119/EcoRI/S330 L 2 ATP and 
MgCl2 

Some linear 
DNA 

remaining 
and a smear 

pUC119 EcoRI - SC 2 ATP Discrete 
linear DNA 
band and a 

smear 
pUC119/EcoRI/S330 SC 3 ATP and 

MgCl2 
Discrete 

linear DNA 
band and 
greater 
smear 

 
 
Table 4.3:  A summary of the S3/M/R ENase assays using one- and two-site 
linear or supercoiled DNA substrates.  L represents linear DNA and SC 
represents supercoiled DNA.  In all cases, the concentrations of ATP and MgCl2 
were 2 mM and 10 mM, respectively.  In addition, all buffers contained 10 mM 
Tris-HCl pH 8.0, 10 mM NaCl and 1 mM DTT. 
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      M         1         2          3            4          5         6         7          8          9    

 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 4.7: S3/M/R incubated with linear DNA containing two S3/M/R 
sites in a buffer containing 2 mM ATP and 10 mM MgCl2. Lane M = 1 kbp 
DNA ladder. Lane 1 = linear DNA; lane 2 = linearised DNA incubated with heat 
killed S3/M/R; lane 3 = T equals 0 mins and lanes 4-9 = aliquots taken every 10 
minutes after incubation at 37 °C. A concentration of 200 nM S3/M and 400 nM 
R was used, i.e. a 1:2 molar ratio of S3/M to R, incubated with 10 nM DNA 
(therefore a 20:1 ratio of methyltransferase to DNA). In this case, the buffer 
contained no SAM.   Above the gel is a diagram used to represent the linearised 
DNA substrate, with the reaction product and starting linear DNA substrate 
labelled by the side of the gel. 
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Figure 4.8: Densitometry scans to show cleavage of plasmid DNA by 
S3/M/R.  (A) S3/M/R incubated with circular DNA containing two S3/M/R sites.  
In tan, a 1 kbp DNA ladder (Amersham Biosciences); in blue, the circular DNA 
substrate, and in red, linear cleavage product and additional smear after 60 mins 
incubation at 37 °C. (B) S3/M/R incubated with linear DNA containing two 
S3/M/R sites.  In tan, a 1 kbp DNA ladder, in blue, the linear DNA substrate, and 
in red, the original linear DNA with cleavage product after 60 mins incubation at 
37 °C.  The buffer in both cases contained 2 mM ATP and 10 mM MgCl2.  The 
size of the peaks (kbp) corresponding to the marker are shown.  The DNA 
substrates used in both cases are shown as insets. 
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Figure 4.10, shows a diagrammatic representation of the cleavage pathway of a 

three-site supercoiled DNA substrate.  This suggests that the on/off rate of DNA 

binding is relatively high, such that the S3/M/R endonuclease can bind one site, 

cleave the DNA and then either cleave the DNA again on the same substrate or 

bind to another site on another DNA substrate which has been cleaved, to 

undergo further cleavage.  It should be noted that there is also a smear above and 

greater in size than that of the discrete linear band.  Since the assay was carried 

out on a non-denaturing gel, i.e. in a similar way to an EMSA experiment, it may 

be that there are non-specific DNA-protein interactions retarding the migration of 

the DNA.  The experiment has been repeated with SDS, which removes this 

smear (data not shown).  These results described in sections 4.3.4.4 to 4.3.4.6, 

are therefore indicative of a pathway of DNA cleavage that can be represented as 

follows: 

 

supercoiled  linear   further cleavage of linear DNA 
     DNA  DNA 
 

4.4 Inhibition of methylation by ocr 

 

4.4.1 Introduction 

The ocr (overcome classical restriction) protein is a potent inhibitor of Type I 

MTases (Atanasiu et al., 2001). Its surface carboxyl groups are arranged to 

mimic the position of phosphate groups of B-form DNA.  For this reason, 

inhibition of methylation by ocr was investigated.  S3/M was incubated at 37°C 

with 10 mM linearised plasmid DNA containing two sites for S3/M (pUC119 

EcoRI-) in the presence and absence of ocr which, when included in the reaction, 

was added last.  After one hour, the reaction was challenged with EcoRI, to see 

whether methylation (protection from EcoRI) had been inhibited.  

 

4.4.2 Results 

At a 1:1 molar ratio of S3/M to ocr [based on concentrations of a ocr dimer and 

(S3/M)2 tetramer], a very clear inhibition by ocr was observed (figure 4.11).  At a 

S3/M to ocr molar ratio of 2:1. i.e. a 40-fold excess of ocr to DNA, greater than 

95 % inhibition of methylation is seen (figure 4.12).   

k2 
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Figure 4.9:  Cleavage of supercoiled plasmid DNA containing three 
recognition sites for S3/M/R.  R at a concentration of 400 nM was incubated 
with 200 nM S3/M at 37 ºC prior to the addition of 10 nM supercoiled DNA 
containing three sites for S3/M/R  (i.e. a 1:2 molar ratio of S3/M to R, incubated 
with 10 nM DNA therefore 20:1 molar ratio of methyltransferase to DNA).  The 
buffer contained 200 µM AdoMet, 2 mM ATP, 50 mM tris-HCl pH 8.0, 10 mM 
NaCl, 10 mM MgCl2, 1 mM DTT.  Aliquots of 15 µl were taken every 15 
minutes and heat killed at 65 ºC before loading onto a 0.8% agarose gel.  M = 1 
kbp DNA ladder (Amersham Biosciences); lane 1 = pUC119/EcoR124INT 
supercoiled DNA; lane 2 = DNA plus heat killed enzyme; lane 3 = 
pUC119/EcoR124INT linearised with XmnI; lanes 4-10 are aliquots taken from T 
= 0 min to T = 60 mins.  
 
 

 
 
Figure 4.10:  Representation of the cleavage of three-site supercoiled DNA. 
This shows the supercoiled DNA being linearised, followed by further cleavage 
to produce smaller fragments, observed as a smear (see figure 4.9). 
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Figure 4.11: (A) Inhibition of methylation by ocr.  M = 1 kbp DNA Ladder 
(NEB); lane 1 = pUC119 EcoR1- plasmid; lane 2 = linearised DNA; lanes 3-10 
are without ocr.  Lanes 11-18 = S3/M:ocr at a 1:1 molar ratio.  In both cases, 
aliquots were taken every 10 minutes and challenged with EcoRI.  (B) Enzyme 
progression curves for the time courses shown in (A).  Shaded circles, % 
methylation by S3/M; open circles, % methylation by S3/M in the presence of 
ocr at a 1:1 molar ratio.  ocr was provided by Dr A. Sukhodub. 
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Figure 4.12:  (A) Inhibition of methylation by ocr.  M = 1 kbp DNA Ladder 
(NEB); lane 1 = pUC119 EcoR1- linearised plasmid DNA; lane 2 = linearised 
DNA plus S3/M; lane 3 = linearised plasmid plus heat killed S3/M; lane 4 = 
linearised DNA plus ocr; lanes 5-11 = S3/M without ocr; lanes 12-19 = 1:1 molar 
ratio of S3/M to ocr; lanes 20-27 = 1:2 molar ratio of S3/M to ocr.  In all cases, 
aliquots were taken every 10 minutes and challenged with 4 units EcoRI. (B) 
Enzyme progression curve for the time courses shown in (A). Blue = % 
methylation by S3/M without ocr; red = % methylation by S3/M in the presence 
of ocr at 1:1 molar ratio; green, at a 1:2 molar ratio of S3/M to ocr. ocr was 
provided by Dr A. Sukhodub. 
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With increasing ratios of ocr to S3/M, a decrease in the amount of methylation 

occurs, due to the inhibition of S3/M.  Therefore, upon challenging with EcoRI, 

any unmethylated, hence unprotected, DNA (3127 bp) is susceptible to digestion, 

resulting in two DNA fragments  (1834 bp and 1293 bp).  However, when the 

DNA is fully methylated and thus protected from digestion by EcoRI, the two 

cleavage products are not observed. 

 

It is not possible to determine the stoichiometry of ocr to S3/M using a 

Michaelis-Menten fit because of the ten-fold excess of methyltransferase 

required due to the slow rate of methylation, and the twenty-fold to forty-fold 

excess of ocr over DNA. 

 

4.5 Discussion  

 

The aim of the work in this chapter was to determine whether the S3/M and 

S3/M/R complexes possess in vitro MTase and ENase. ocr was also tested for its 

ability to inhibit methylation by S3/M, as has previously been shown for other 

Type I R-M systems (Mark et al., 1981; Bandyopadhyay et al., 1985). 

 

Abadjieva et al. (1994) cloned a number of deletion mutants of S, two of which, 

SD3 (1-232) and SD50 (1-245), were then sub-cloned into pJS4M, replacing the 

wild-type S gene to co-express both subunits and form the mutant MTases or 

mutant ENases by the addition of the R subunit.  It was found that the SD3 MTase 

and ENase lacked any function in vivo, but the SD50 MTase (which has identical 

specificity to S3/M) had both a modification and restriction phenotype 

(Abadjieva et al., 1994; Abadjieva et al., 2003). An additional SD2(1-194) MTase 

lacked any MTase activity.  Therefore it was deduced that the minimum 

requirement for MTase complex formation are amino acids 194 to 232, with 

amino acids 232-245 being necessary for ATPase activity. However, the results 

presented in this chapter contradict these earlier observations, although it should 

be noted that the experiments presented here were performed in vitro as opposed 

to in vivo. 
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S3 is composed of amino acids 1-215 of the intact S subunit. Therefore according 

to Abadjieva et al. (1994, 2003), neither S3/M nor S3/M/R should possess any 

activity.  However, since S3 is known to form a complex with the M subunit, we 

now know that for binding to M the amino acids 194 and 215, and not 194-232 

of S is required.  Furthermore, it is now known that S3/M is able to methylate its 

symmetrical recognition sequence in vitro, and S3/M/R has ENase activity in 

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

MTase or ENase activity. 

 

The SD3 mutant contains the amino acids residues 1-232 of the wild-type HsdS 

subunit, and is insoluble without the M subunit.  This also differs from S3, which 

is soluble in solution as a dimer (see section 5.3.3.3).  Therefore, amino acid 

residues 216-232, which are present in SD3 subunit but not in S3, may be the 

cause of its insolubility.  The formation of the ENase-active S3/M/R complex 

also shows that amino acids within S3 are sufficient for subunit assembly of the 

ENase by direct or indirect interactions with the R subunit, which also differs 

from earlier published work (Weiserova et al., 1998). 

 

Completion of the ENase assays is required to confirm whether there is a 

cleavage preference for either linear or supercoiled DNA containing one or two 

recognition sites, or what the differences in the rate of cleavage are.  Varying the 

concentrations of Mg2+ ions and SAM to determine their effect could also be 

investigated. 

 

It has previously been reported that the EcoR124I R2 complex has restriction 

endonuclease activity in vitro, but only at protein to DNA ratios of above 4:1, 

whereas the R1 complex reaches saturation at a 1:1 ratio of protein to DNA 

(Weiserova et al., 2000).  In these experiments, it is difficult to conclude what 

the stoichiometry of S3/M/R is.  
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However, sedimentation equilibrium (SE) experiments carried out (chapter 5) 

concluded that at mM concentrations (which are above those used in these 

experiments to confirm restriction endonuclease activity), only a R1 complex 

with stoichiometry (S3/M)2R1 was able to form and that there was no evidence 

for the formation of the R2 complex (see section 5.3.3.6). 

 

However, it is possible that an R2 complex forms in the presence of DNA.  

Sedimentation velocity (SV) experiments could be used to confirm this theory.  It 

has been reported, however, that in the absence of salt, the formation of the wild-

type R2 complex is very slow, taking up to 24 hours to occur (Janscak et al., 

1998b). Therefore, the incubations times used to form the S3/M/R complex (i.e. 

10 mins at 37ºC) may be insufficient to allow the formation of (S3/M)2R2.   

 

Both EcoR124I, and now EcoR124INT, show similar properties to Type III 

enzymes in absolutely requiring ATP and magnesium ions for endonuclease 

activity. Type III enzymes have been shown to require SAM and magnesium 

ions for cleavage, unlike all other Type I and Type IV enzymes (Jurenaite-

Urbanaviciene et al., 2001). 

 

The experiments carried out here could not be used to determine the number of 

dimers of ocr binding to the MTase.  However experiments have been carried out 

with the Type IA enzyme M.EcoKI (Atanasiu et al. 2002).  It was found that 

EcoKI interacts with ocr with a stoichiometry of one ocr dimer per MTase with 

stoichiometry M2S2.  The same ratio is proposed for the interaction with the 

partially assembled or dissociated form M1S1.  However, closer inspection of the 

published data obtained by measurement of the change in tryptophan anisotropy 

upon titration of ocr seems to suggest that both the assembled trimer and the 

M1S1 complex require two dimers of ocr, and not one, before saturation is 

reached. A stoichiometry of two ocr dimers bound to both R.EcoKI and the R 

subunit alone was also found.   It should be noted that when a section of B-DNA 

is superimposed onto an ocr dimer (8.5 nm), the length of DNA required is 24 

bp, or two to three turns, since B-DNA extends 3.4 nm every 10 bp (Walkinshaw 

et al., 2002).  This is the approximate length for the DNA recognition site of 
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Type I enzymes.  Therefore, two ocr dimers would not be able to fit within the 

recognition site.   

 

Sedimentation equilibrium (SE) and sedimentation velocity (SV) experiments 

could be performed to confirm the stoichiometry of ocr with the MTase S3/M. A 

similar decrease in the frictional ratio (as seen with S3/M and DNA) would be 

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

 

The results discussed in this chapter provide further evidence that ocr causes 

inhibition of Type I enzymes generally, and not just for EcoKI (Walkinshaw et 

al., 2002). The DNA binding site within the S subunit is the main common 

feature with other Type I methyltransferases. 

 


