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Abstract: 

 The type IIF restriction endonuclease SgrAI is thought to undergo 

activation of cleavage activity through oligomerization of DNA bound dimers into 

multimeric High Molecular Weight Species (HMWS).  SgrAI binds to both a 

primary and secondary sequence. E301W, a mutant of SgrAI, was made to test 

whether or not the area around E301 was involved in dimer-dimer contacts within 

the HMWS by introducing a large bulky side chain that would interrupt any such 

contacts.  However, this mutation was found to increase, rather than decrease, 

the activatability of SgrAI.  In order to test whether this effect occurred at the 

DNA binding step, the binding affinities of the mutant enzyme for DNA 

sequences used in the activation assays were measured. Our determined 

binding dissociation constants for E301W with PC, 18-1 and 18-2 were 2.6 ± 1.7 

nM and 0.38 ± 0.05 nM and 12 ± 8 nM, respectively. These are within error of 

those previously determined for wildtype SgrAI;  6 ± 2 nM  and 0.6 ± 0.2 nM and 

2.6 ± 1.2 nM, respectively. Thus the mutation has not affected the binding affinity 

of SgrAI for DNA.  
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Introduction: 

 

Restriction enzymes (RE) are DNA binding proteins that cleave double-

stranded DNA at specific nucleotide sequences called restriction sites (Roberts, 

1976). Such proteins are thought to have evolved as self-defense against the 

presence of viral DNA by cutting the pathogenic DNA into fragments in a process 

called restriction (Arber & Linn, 1969).  Host DNA is protected from mistaken 

recognition by methylation modifications that impede restriction (Kobayashi, 

2001). REs are generally categorized into three groups based on their sequence 

recognition, the position of restriction relative to recognized sequence, and 

conserved structural motifs and composition common within a particular 

categorization. These are referred to as Type I, Type II, and Type III REs. Type I 

RE cut sites that are distant from their recognition sites (Yuan, 1981).  Type II 

REs cleave DNA near or at the recognition site and Type III RE recognize two 

sequences that are not palindromes.  

Because of the rich variety of REs present in nature the study of restriction 

endonucleases provide excellent models for studying DNA sequence specificity. 

The study of type II RE can be especially useful for studying structure-function 

relationships of sequence specific proteins (Pingoud & Jeltsch, 2001). Type II 

REs bind and cleave near or at the recognition sequence and do not require ATP 

hydrolysis for activity stimulation (Pingoud, et al., 2005). In general, Type II REs 

recognize a sequence palindrome 4-8 bp in length and cleave DNA in the 

presence of Mg 2 to form a 5’ end phosphate and a 3’ end hydroxyl.   
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There are different classes of type II REs. Type IIE endonucleases are 

homodimers that recognize two recognition sequences, each site with a different 

role. One acts as an allosteric regulator and the other as a restriction site. An 

example of this is NaeI and EcoRII (Hingorani-Varma & Bitinaite, 2003). Type IIT 

REs are heterodimers, each monomer having one active site. Type IIF 

endonucleases cleave two recognition sites simultaneously. Examples of type IIF 

REs include SfiI, NgoMIV, Cfr10I, and SgrAI.  All Type IIF endonucleases, except 

for SgrAI, exist as a tetramer of identical subunits where each tetramer has DNA 

binding sites. 

SgrAI, found in Streptomyces griseus, is of particular interest to our group. 

SgrAI cleaves at an 8 bp recognition site, CR CCGGYG, and exhibits faster 

cleavage of plasmid DNA when two recognition sites are present rather than just 

one. SgrAI also cleaves secondary sites, CR CCGGY (A, C, T) and CR

CCGGGG) in the presence of primary sites (Bitinaite & Schildkraut, 2002).  

Formation of a high molecular weight species larger than a tetramer appears to 

be responsible for this enhanced activity (Park, et al, 2010b). Analytical 

ultracentrifugation showed that SgrAI is a dimer in the absence of DNA, but 

forms into a higher molecular weight species in the presence of 20 bp DNA 

duplex containing the primary recognition site (Daniels, et al., 2003, Park, et al, 

2010b).  Cleavage of the secondary site is nearly 200 fold slower than that of the 

primary recognition (reference?). Furthermore, stimulation of DNA cleavage 

activity at primary sequences occurs with the addition of either uncleaved or pre-
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cleaved oligonucleotides containing the primary sequence (Park, et al, 2010b, 

Stewart & Horton, unpublished results). 

 SgrAI shares certain similarities with NgoMIV (Figure 1). Both are Type IIF 

REs with structural homology and cleave two sites in a concerted manner 

(Deibert, et al., 2000). Despite this, SgrAI activity expands its cleavage specificity 

under particular conditions.  

     NgoMIV and SgrAI have similar DNA contacts at the core CCGG sequence 

(Dunten, et al., 2008).  However, NgoMIV cleaves a 6 bp long DNA sequence (G

CCGGC) in comparison to SgrAI, which cleaves an 8 bp DNA sequence (CR

CCGGYG).  Structurally, NgoMIV is active as a tetramer bound to two duplexes 

of DNA, while the unusual DNA cleavage properties of SgrAI are thought to be 

mediated by oligomerization of SgrAI into a species much larger than a tetramer 

(Park, et al., 2010a).  Several x-ray crystallographic structures solved of SgrAI 

include that of the SgrAI dimer bound to primary site (Dunten, et al., 2008), and 

of two DNA bound SgrAI dimers interacting in a head-to-head orientation (Park, 

et al., 2010b).  This orientation is different than the tail-to-tail interaction of the 

NgoMIV dimers in the NgoMIV tetramer (Figure 2).  In order to form the run-on 

oligomers predicted from the biochemical data, SgrAI must oligomerize in either 

a head-to-tail orientation, or possess two interfaces of both head-to-head and 

tail-to-tail.  The tail-to-tail interaction interface crystal structure has not been 

solved.  

A mutation of SgrAI, E301W, was predicted to disrupt the tail-to-tail 

interface of SgrAI if it occurs as it does in the structure of NgoMIV (Figure 2B).  
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Since formation of the HMWS is thought to activate SgrAI, disruption of an 

interaction interface is predicted to diminish activatability of DNA cleavage by 

SgrAI.  However, DNA cleavage rate analysis revealed that of the mutant 

enzyme exhibited enhanced activatability, rather than diminished (Nichols & 

Horton, unpublished data). These assays are performed under single turnover 

conditions with a radiolabeled primary site DNA incapable of activating DNA 

cleavage by SgrAI (18-1), and the rate constant for cleavage of this DNA 

measured in the presence of varying concentrations of primary site DNA capable 

of activation (PCnoP).  The DNA cleavage rate of E301W SgrAI was 

approximately twice that of wild type at the same concentrations of activating 

DNA.  This suggests that the mutation of a glutamic acid to a tryptophan at 

residue 301 may stabilize a conformation of SgrAI with activated DNA cleavage 

properties, possibly by stabilizing HMWS formation.  The interaction interface 

may therefore be near E301, but not directly on E301.  Alternatively, the mutation 

to tryptophan may stabilize the activated conformation of SgrAI through some 

other means such as by monomer-monomer interactions, or finally the mutation 

may have merely increased the affinity of SgrAI for the activating DNA leading to 

the observed increase in activatability.  Therefore, to discriminate among these 

possibilities, the binding affinities of the mutant enzyme to DNA was measured.  

The current project involves the characterization of sequence affinity of E301W 

with the primary and secondary recognition sequences of SgrAI.  
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eluted with a gradient and 20 mM potassium phosphate buffer (pH 7.0), 1 M 

NaCl, 0.1 mM EDTA, 10 mM 2-mercaptoethanol, 5% glycerol. Factions were 

collected and an SDS- PAGE gel was run to indicate what fraction contained the 

endonuclease.  It is important to note, that a SDS-PAGE gel was run after each 

step in the purification process. The pooled fractions containing SgrAI protein 

were dialyzed against 40 mM potassium phosphate buffer (pH 6.9), 0.1 mM 

EDTA, 10 mM 2-mercaptoethanol, 5% glycerol, loaded onto an SP Sepharose 

FF column, and eluted with 40 mM potassium phosphate buffer (pH 6.9), 1 M 

NaCl, 0.1 mM EDTA, and 5% glycerol. The pooled fractions containing SgrAI 

protein were dialyzed in 10 mM Tris–HCl (pH 8.0), 0.1 mM EDTA, 10 mM 2-

mercaptoethanol, 5% glycerol and were loaded onto a QFF column, and eluted 

with 10 mM Tris–HCl (pH 8.0), 1 M NaCl, 0.1 mM EDTA, 10 mM 2-

mercaptoethanol, 5% glycerol. The pooled fractions containing SgrAI protein 

were loaded directly onto a Heparin FF column, and the column was washed with 

10 mM Tris–HCl (pH 8.1), 0.1 mM EDTA, 10 mM 2-mercaptoethanol, 5% 

glycerol. SgrAI was eluted with 10 mM Tris–HCl (pH 8.0), 1 M NaCl, 0.1 mM  

EDTA, 10 mM 2-mercaptoethanol, 5% glycerol. 

Fluorescence Polarization Analysis: 

      Fluorescence anisotropy measurements were made using an ISS PC1 

Spectrofluoremeter in L-format configuration.  Binding reactions were performed 

in SgrAI binding buffer (20 mM Tris-Acetate(OAc) pH 8, 10 mM Ca(OAc)2, 1 mM 

DTT and 50 mM KOAc) at 4◦C with 1 nM target Hex-DNA or Flo-DNA. 

Fluorescence anisotropy of 1 nM Hex/Flo-DNA was measured over a range of 1-
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500 nM added E301W SgrAI protein, and each measurement was averaged over 

200 s. For Hex a 520 nm excitation wavelength was used (1 mm slit width), and 

emission passed through a cutoff filter (Thermo Oriel 59510). For Flo-DNA an 

excitation wavelength of 492 nm was used. The data were then fit using the 

following equation to obtain a KD: 

A+[DNA]/([A]*[DNA]) 

  Experiments indicating a KD below 1 nM were analyzed via competitive 

binding. Fluorescence anisotropy of 1 nM Flo-18-2 with 10nM E301W SgrAI 

(resulting in 65% saturation of the protein based off previous experiments) was 

measured over a range of 1-250 nM unlabeled 18-1 and PC DNA. An excitation 

wavelength of 492 nm (1 mm slit width) was used and emission passed through 

a cutoff filter (Thermo Oriel 59510).  

  A conversion factor was determined to convert the signal into the percent 

of Flo-18-2 that bound.  The value of polarization when there is no protein was 

designated baseline, and subsequently subtracted from the polarization at any 

given set of conditions. This is proportional to the percent of Flo-18-2 bound by 

E301W SgrAI.  At 10 nM E301W SgrAI, and 0 nM 18-1, the amount of Flo-18-2 

that should be bound is 0.61 nM, derived from the Kd equation with Kd= 6 nM for 

Flo-18-2.  The proportionality constant for each trial is calculated from the 

following equation 0.61=C*(Saturated Signal-Baseline). From this information the 

concentration of free unlabeled DNA, E301W and E301 bound to unlabeled can 

be used to calculate KD using the following equation. KD = 

[DNA]*[E301W]/[E301W-DNA] 
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The KD values reported in this paper are based on the average of three separate 

binding experiments performed under identical conditions. Binding energy was 

calculated according to ∆G =-RTln(KD).
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Results: 

 

Affinity of E301W SgrAI for Pre-Cleaved DNA  

     FPA competitive binding measurements of E301W SgrAI with pre-cleaved 

DNA (PC no P) revealed a KD of 2.6 ± 1.7 nM (Fig. 3). These assays were 

performed at 4° C.  Sequence PCnoP contains the primary sequence already 

cleaved at the SgrAI recognition site and is missing a phosphate at the 5’ end. 

 
Affinity of E301W SgrAI for Primary Sequence (18-1)  

     FPA competitive binding measurements of E301W SgrAI with the primary 

recognition sequence (18-1) were performed identically to those on PCnoP and 

E301W SgrAI (Fig. 3). The KD was determined to be 0.37 ± 0.05 nM.  Sequence 

18-1 contained the uncleaved primary restriction site. 

 
Affinity of E301W SgrAI for Secondary Sequence (18-2) 

     FPA competitive binding measurements of E301W SgrAI with the secondary 

recognition sequence without any fluorophore (18-2) were performed identically 

to those on PCnoP, 18-1 and E301W SgrAI. The KD was determined to be 12 ± 8 

nM (Fig. 3).  Sequence 18-2 contained the uncleaved secondary restriction site. 
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Discussion: 

The binding coefficient for the uncut primary recognition sequence 18-1 

and E301W SgrAI did not vary significantly as compared to wildtype SgrAI. The 

KD was determined to be 0.38±0.05 nM for E301W compared to 0.6±0.2 nM 

reported for wildtype SgrAI. Thus, mutation at position 301 does not appear to 

perturb sequence affinity of 18-1. Therefore the increase in activatability of SgrAI 

by the E301W mutation does not appear to occur through increased binding 

affinity to 18-1.  

Due to the high standard deviation in our measurements of the binding 

affinity of E301W SgrAI to 18-2 we cannot distinguish between it and that for the 

wild type enzyme. The determined KD for E301W SgrAI, 12±8 nM, was more than 

several times weaker in magnitude that wildtype with a KD of 2.6±1.2 nM. Further 

measurement will be necessary to ascertain whether or not there is truly an effect 

on binding of secondary site DNA.  In addition, the DNA cleavage measurements 

are yet to be performed with E301W SgrAI and secondary site DNA, but in any 

event, it does appear that affinity to this sequence is not drastically affected.  

Disparity in binding between E301W and wildtype SgrAI was also 

exhibited with pre-cleaved sequence containing the primary restriction site, PC.  

The determined KD, 2.6±1.7 nM, is threefold tighter than the KD of PC with 

wildtype SgrAI, 6±2 nM.  These values are within error of each other.  Thus the 

binding affinity of SgrAI for PC DNA do not appear to be severly affect either.  

Therefore the increase in activatability of SgrAI by the mutation E301W is not 

due to enhanced binding affinity to PC DNA. 
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     More trials need to be undertaken to confirm the data presented here. 

Regardless of confirmation, further exploration will include structural analysis of 

the conformational change resulting from the mutation of glutamic acid at position 

301 to tryptophan. Structural determination of E301W binding to 18-1, 18-2, and 

PC sequences via x-ray crystallographic techniques may reveal much regarding 

the change in binding evidenced in this report. 
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Figure Legends: 

 

Figure 1:  A. The NgoMIV dimer bound to DNA (Deibert, et al., 2000), B. SgrAI 

dimer bound to DNA (Dunten, et al., 2008).  The segments in red are the regions 

that do not align.  

 

Figure 2.  A.  SgrAI dimer bound to uncleaved primary site DNA (Dunten, et al., 

2008), B.  SgrAI dimers bound to primary site DNA in a head-to-head 

configuration (Park, et al., 2010b), C.  An NgoMV tetramer bound to two double-

strands of DNA (Deibert, et al., 2000). 

 

Figure 3. Determined KDs for E301W SgrAI and sequences 18-1, 18-2, and 

PCnoP using fluorescence polarization anisotropy. Assay was performed in 

SgrAI buffer (20 mM Tris-Acetate(OAc) pH 8, 10 mM Ca(OAc)2, 1 mM DTT and 

50 mM KOAc) at 4◦C. 

 

Table 1. Determined KDs for E301W and sequences 18-1, 18-2, and PCnoP and 

their corresponding binding energies with error. Assay was performed in SgrAI 

buffer (20 mM Tris-Acetate(OAc) pH 8, 10 mM Ca(OAc)2, 1 mM DTT and 50 mM 

KOAc) at 4◦C. Binding energy was calculated according to ∆G =-RTln(K).
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Tables: 

Sequence KD Std. Dev. ∆G (KJ) 
Std. Dev. 
(KJ) 

18-1 0.37 0.05 -2.2 -6.8

18-2 12 8 -5.8 4.8

PC 2.6 1.7 -2.2 1.3
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