Notes Bull. Korean Chem. Sd®99 Vol. 20, No. 1 109
Restriction EndonucleaseEcdoRV Mutants that Switch Metal lon Requirement
Eu Jene Joo, Wee Sung Park, Sang Kook Kim, Young Suk Bae, and Byung Jo Moon*

Department of Biochemistry, College of Natural Scierkgsigpook National University, Taegu 702-701, Korea
Received August 21, 1998

Divalent metal ions, normally Mg} are essential for both novel metal ion specificity. Several mutations were created
DNA cleavage by th&cadRV restriction endonuclease at its by changing amino acid residues in the vicinity of the scis-
recognition sequence, GATATCand also for the enzymes sile phosphodiester bond in tledRV-DNA complex by
discrimination between this particular sequence and all othesite-directed mutagenesis. Table 1 shows the results of
sequence3.In the absence of divalent metal ioE&0RV cleavage of plasmid pAT153 by mutant enzymes in the pres-
demonstrates no catalytic activity, though it can still bind toence of a variety of added metal ions. Wild type enzyme is
DNA in a nonspecific manner with no preference in its rec-most active with Mg as the cofactor than with any other
ognition sequencéThe complex oEcdRV and its cognate divalent ion including M#. Under standard conditions (10
DNA, however, has a high affinity for Mgdue to the dis- mM MgCl,, 100mM NaCl, pH 7.5), all the mutants were
tortion of the bound DNA, creating a metal-binding site much less active than wild type. Two mutant enzymes, how-
between the protein and the DNAN contrast,EcdRV ever, showed different metal ion specificity. Asp90Cys
bound to nonspecific DNA has low affinity for BfgIn this  mutant in which aspartate at position 90 was replaced by
case, the lack of distortion leaves the DNA too far awaycystein was synthesized. Initially, we attempted to have a
from the active site to allow a metal ion to be liganded bymutant that has a high activity with Znsince the thiol
both protein and DNA.Thus, the metal ion effectively cre- group is known as a very good ligand for?ZrBut the
ates the specificity dEcdRV for its recognition site by lock- mutant Asp90Cys preferred Ktrover Zri¥* as the cofactor.
ing the protein onto DNA at this sequefic@ther metal ions  The mutant enzyme showed 100 times less activity than wild
in place of M@* perturb both the activity and the specificity type at standard reaction conditions. In the presence?sf Zn
of EcARV.” In the presence of Mh EcdRV has a lower the mutant enzyme showed activity that was close to that of
reaction rate (l) at its recognition site but a higher rate at the wild type enzyme.
noncognate sites, with the result that the ratio of the DNA But it showed much lower activity with Znthan with
cleavage rate at cognate and noncognate sites alternates friig?* or Mr?*. The Mr#* activity profile of the mutant
a value of ¥1° with Mg?* to 6 with Mr#*.8 The lack of dis- enzyme showed a decrease in activity with increasing con-
crimination with Mri#* stems from both cognate and noncog- centration of MA* (data not shown). The same Mactivity
nate complexes having high affinities for this ion, but why profile has been shown with the reported lle91Leu mdtant.
the noncognate complex should have so much higher almterestingly, the mutant enzyme showed higher sequence
affinity for Mn2?* than for M@" is yet to be explained. The specificity than wild type enzyme. Plasmid pAT153 con-
switch from Mg@* to Mr?* also perturbs both the mechanism tains, in addition to onEcdRV recognition site, 12 noncog-
and specificity of other restriction enzymes such as Tagl.nate sites that can be cleaved BgoRV under star
The EcdRV endonuclease is thought to require two metalconditions with high concentration of the enzyth&he
ions per active site in order to catalyze phosphodiestewild typeEcdRV cuts noncognate sites at high concentration
hydrolysis. One Mg (or Mr?*) is located between Asp90 of enzyme or under star conditions, but Asp90Cys mutant
and Asp74 and the second ion between Asp74 and Glu45. enzyme did not cut noncognate sites even at high concentra-
has also been shown that an 1le91 to Leu mutation switches
metal ion specificty from My to Mr?+.12 Table 1 Realtive DNA Cleavage Activities of MutaricoRV

A mutant restriction endonuclease that recognizes a novehzymes
DNA sequence would be more useful than one recognizing &

novel metal ion, but this is yet to be achie¥®&@ihe conver- _ R+elatlye Act2|\+/|ty : - i X
sion of a restriction enzyme to a new sequence specificity —12Y™e with M§* with M with Cu* with Zre?
vivo demands the parallel conversion of the modificationwild type 1 0.05 none  0.0001
methyltransferase to the same sequéhcé mutant detected
lle91LeuEcaRV restriction endonuclease that switches the lle91Leu 0.001 1.9 none none
cofactor requirement from Mgto Mr?* suggests the cir- detected  detected
cumvention of the need for a methyltransferase, inactivity inAsp90Cys 0.01 0.4 none  0.0001
vivo coupled to high activity under non-physiological condi- detected

tions in vitro.*? In a search for enzymes that recognize aAsp90Cys+ 0.01 0.1 ki none
novel DNA sequence or a novel metal ion, we carried oufle91Leu detected

site directed mutagenesis &coRV restriction endonu-  she activity was measured by observing of the changes in the
clease. We report here the mutant enzymes that showedncentrations of the supercoiled and open-circle DNA.
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Figure 2. Cleavage of pAT by wild typ&cdRV and Asp90Cys+
lle91lLeu mutant on pAT153 in the presence of?Mgnd Cé*.
Reactions in buffer contained 10 nM DNA with either ¥gr
Cw?*. Lane 1 is supercoiled DNA without enzyme. The DNA was
digested by wild typeEcoRV (lane 2) and Asp90Cys+lle91lLeu
Figure 1. Reactions at noncognate sites on pAT153 by wild typeMutant (lane 4) in the presence of #1gnd by wild typeEcoRV
EccRV and Asp90Cys mutant. Reactions in buffer contained 1d(/ane 3) and Asp90Cys+lle91Leu mutant (lane 5) in the presence of
nM DNA with Mn2* instead of M&". The concentrations &cdRV Cu2+,.respect|vely. The mObI|.I'[IeS of the supercoiled, open-circle,
(lane 1-5) were 0, 1, 10, 100, 1000 nM and the concentration of thand linear formg of the plasmids are marked on the left of the gel as
mutant (lane 6-8) were 10, 100, 1000 nM, respectively. The top> O: L, respectively.
bands (lane 2, 6,7,8) are initial full length linear form from super
coiled DNA. Lanes 2, 3, 4, 5 show several small fragmentsreported that metal activated nonenzymatic cleavage of
produced from initial products. DNA gives conversion of supercoiled plasmid DNA to
nicked DNAZ® In contrast to nonspecific cleavage of DNA
tion of the enzyme or under star conditions (Figure 1). Théy metal ion'° the cleavage of DNA by the double mutant is
mutant appeared very similar to lle91Leu mutant in properspecific. To test specificity of the mutant Asp90Cys+
ties of Mr?* dependency and sequence specificity under stalte91Leu, plasmid pAG DNA, which does not havedRV
conditionst? recognition site (GATATC), but does hatzedR| recogni-
Since substitution either at position Asp90 or lle91 createdion site (GAATTC), was treated with the mutant in the pres-
the mutant that switches the cofactor requirement from magence of Cé&. As shown in Figure 3, the plasmid supercoiled
nesium to manganese (Table 1), two further simultaneouBNA was cleaved to linear form DNA kycdRI restriction
mutation at position Asp and lle were created in order tendonuclease, but the supercoiled DNA was not digested by
examine whether simultaneous mutations at the two positiogither EcoRV or the Asp90Cys+lle91Leu mutant. These
has a synergetic effect or not. A double mutant Asp90Cysesults indicate that the mutant enzyme recognizes and cuts
+lle91Leu was synthesized. Under standard reaction condthe EcaRV recognition site of DNA. Considering the mode
tion, the double mutant showed about 100 times less activitgf DNA cleavage byecdRV, which is a concerted reaction
than wild type enzyme. In the presense ofMthe double on both strands of the DNA at recognition sequence, leading
mutant had higher activity than the wild type enzyme, butdirectly to a double strand break, the mutant Asp90Cys+
the mutant showed much less activity than the single mutanie91Leu may have a different mode of DNA cleavage from
lle9lleu or Asp90Cys. We did not observe a synergetic
effect of double mutation at position Asp90 and lle91. On
the contrary, interestingly the double mutant showed ven
high activity with C@*. In reference to the reported divalent
metal ion effect on acivities dEcaRrV,” wild type EcdRV
does not possess any activity in the presence &f CThe
double mutant showed another interesting property, with th
double mutant enzyme cutting only one strand of double
strand plasmid DNA. Figure 2 shows that conversion ol
supercoiled pAT (I) to nicked DNA (ll) by the double
mutant enzyme without formation of linear form DNA is
apparent in the presence of2C(Figure 2). Some mutants Figure 3. Reactions on pAG by wild typEcoRV and Asp90Cys+
that cut one strand of double strand DNA, generating operille91Leu mutant in the presence of 2CuReactions in buffer
circle DNA have been described beféteAll previous — contained 10 nM DNA with either Mg or Ci". Lane 1 is
mutants, however, generate open-circle DNA as an intermguPercoiled DNA without enzyme. The DNA was digested by

. . caRl (lane 2) andcaRrV (lane 3) in the presence of ktgand by
diate by cutting one strand of double strand DNA and therASngCys +lle9lleu mutant (lane 4) in the presence GF,Cu

cutting the other strand by stepwise reactions to give a lineggspectively. The mobilities of the supercoiled, and linear forms of
form DNA. This is the first enzyme to cut one strand of dou-the plasmids are marked on the left of the gel as S and L,

ble strand DNA generating an open-circle DNA. It has beemespectively.
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wild type enzyme.
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Buffer B is 50 mM Tris-HCI, 100 mM NacCl, 10 mBtmer-

In conclusion, mutants that recognize other metal ionsaptoethanol, 10Qg/mL bovine serum albumin, 10%(v/v)
have been made by a site directed mutagenesis. MutabiMSO, pH 8.5. During each reaction, the changes in the

Asp90Cys switches the cofactor requirement frontMg

concentrations of the supercoiled, open-circle, and linear

Mn2+ and double mutant Asp90Cys+lle91Leu requires Cu forms of the DNA were measured as described previ-
as the cofactor. Double mutant Asp90Cys+lle91Leu cutouslyl®20

site-specifically only one strand of double strand DNA. Yet Acknowledgment This work was supported by a grant
we do not know the mechanism of DNA cleavage by thdrom Korea Science and Engineering Foundation through
double mutant and switches in cofactor requirement of th&enter for Biofunctional Molecules.

mutants. They may be usefully applied to elucidate the
mechanism of natural endonucleases and in the development
of artificial restriction enzyme. An attempt to apply

Asp90Cys+lle9lLeu mutant to generate single strand plas-;

mid DNA chemically is in progress.

2.

Experimental Section

Mutagenesis Site-directed mutagenesis was performed

by the modification of the Amersham mutagenesis system3-

(codeRPN1523), which is based on the phosphorothioate
method of Eckstein and his co-work&f§ he single strand
template pRV18 was used. pRV18 is a derivative of pBlue-
script (Stratagene) carrying tledRV gene with a 30 base
pair stuffer fragment to inactivate the géh@ositive clones

were screened by restriction enzyme analysis and verified by

seguencing the entire gene.

Enzyme Overproduction and Purification. The deriva- 8.

tive of pRV18 coding for the lle91Leu mutantifdRV was

used to transform E.coli CSH50 carrying pMetB. The trans- 9.

formant was grown in L-broth at & to an O3y of 0.4.

An equal volume of L-broth at 58C was added and the 10.

growth continued for 4 h at 2. The cell was harvested by
centrifugation and stored at -2CQ. The cells were resus-
pended and disrupted by sonication, and the miedRvV

enzyme was purified by chromatography, first on phospho-

cellulose and then on Blue-Sepharose, as described prewvis.

ously with wild type enzymé&. The purifications were

monitored by polyacrylamide gel electrophoresis in the presi3.

ence of sodium dodecyl sulfate; the gels were developed

with Coomasive Brilliant Blue-R-250. Bradford method was 14.

used to determine protein concentrations after the method

calibrated by amino acid analysis. Concentrations of botH>:
6.

wild type and mutanEcaRV enzymes are given in terms of 1
protein dimers of M57000.

DNA Cleavage.The substrate was the monomeric forms 17
of pAT153;}8 purified from transformants d&. coli HB101

which were grown in M9 minimal salts with ImCi/l[methyl- 1g.

8H]thymidinel® The reactions with enzyme were carried out

at 25°C in buffer A(standard reaction condition) or in buffer 19.

B, with either MgC4 or MnClL, at the concentrations speci-
fied. Buffer A is 50 mM Tris-HCI, 100 mM NaCl, 10 mp}
mercaptoethanol, 1Q@y/mL bovine serum albumin, pH 7.5.

20.
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