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SITE DIRECTED MUTAGENESIS ON THE RESTRICTION ENDONUCLEASE EcCORIL
USING MIXED OLIGONUCLEOTIDES

Andreas Diisterhdft and Manfred Kréger*
Institut flr Mikrobiologie und Molekularbioclogie der
Justus-Liebig-Universitat GieBen
Frankfurter StraBe 107, D-6300 GieBen, West-~Germany

ABSTRACT The restriction endonuclease EcoRI could be modified via site
directed mutagenesis at position Arg200. Using the thiophosphate system
we introduced either Lys, Glu or Gly in a one pot procedure. Although G
recognition should be affected, Lys200 showed wildtype specificity.

Restriction enzymes are the well known basic tools in gene techno-
logy. In order to enlarge the number of available specificities, nume-
rous microorganisms have been screened throughout the world. However,
it seems that only a limited number of specificities are available from
natural sources, while certain identical specificities are repeatingly
found. Thus we started a program, to achieve new specificities via pro-
tein design.

Some basic prerequisites have to be considered for the realization
of such a program: i) Artificially obtained restriction enzymes need to
be expressed in the absence of any natural protection system; thus they
must be obtainable in the absence of methylation activity. ii) Complete
structural information must be available in order to change amino acid
residues in a controlled manner. iii) A simple and quick methodology
must be available to both create and test mutant restriction enzymes.
We present data, that we fulfilled these prerequisites on the model
enzyme EcoRI, which recognizes the GAATTC sequence and on which recent-
ly an X-ray Structure was published.1

Expression vector system. We used the E.coli ptac—lacl promoter—
repressor systemz, within a derivative of the plasmid pJF1187, which
contains the lacl gene and additionally a more effective origin of re-
plication, a defined translation start seguence, several multicloning

sites and two more operator sequences in defined distance. In contrast
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to our previous constructions, the promoter was now only active in the
presence of the inductor isopropylthicgalactoside (IPTG). No leakage
was observed, when we cloned the genes for the restriction endonucleases
EcoRI or Pstl in the absence of their cognate methylase. In some cases
we had to use E.col? cells with preformed repressor on a separate plas-
mid; see below. We present an example for our expression vector in Fig.l.

Structural information upon EcoRI. The published X~ray structure of
EOORI1 provides evidence, that only three amino acid residues contribute
to the specific recognition of the GAATTC DNA-sequence: Gluldd4, Argl45
and Arg200. The contact of these three residues is towards five diffe-
rent nucleic acid bases, due to a most astonishing bridging character of
the Glul44 and Argl45 residues. However, some of the original conclusi-
ons seem to be already reevaluated by the same authors4. The Arg200 re-
sidue is described, to be solely responsable for the recognition of Gua-
nosine within the GAATTC sequence. Since FeoRI possesses a so called
star activitys, we proposed, that in the absence of salt the contact
between Arg200 and the Guancsine is missing. aAny enzyme with such a star
activity would be a 16 times more aggressive poison to the FE,col? DNA
than the wildtype enzyme. We wanted to learn, whether our system still
provides enough protection for the cell.

Construction of mutants in position Arg200. We isolated from the
plasmid pHKS514 (see Fig.l) a BglII-PstI fragment and cloned it into the
single strand phage M13. As given in Figure 2 we used a mixture of oli-
gonucleotides with twelve identical nucleotides each flanking the varia-
tions at two directly adjacent central positions. Preparation was per-
formed on an Applied Biosystems A370 synthesizer with the mixed oligo-
nucleotide option. Using a mixture of four oligonucleotides we were able
to find simultaneously in a single mutagenesis procedure using the a-
thiophosphate method6 both single exchange mutants within twelve phages.
The double exchange mutant and the revertant were obtained, when the ex-
periment was repeated on the basis of the Lys mutant, again within only
twelve phages analyzed. In a second step, the mutated fragments were re-
implantated into pHK514, yielding the plasmids named in Fig.2,

Properties of the mutated EcoRl restriction enzymes. We constructed
for each mutant two plasmids, either with or without the cognate methy-
lase, As control the unmedified and the revertant enzyme were tested

identically. The cells were killed almost immediately after induction
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PHK514

. 5-
S CCATATAATTT T ATCTAGCTGAT

# Bglit c Pstl #

433 AGATCTCAT.....ATTTCTGGTATATTAAATAGGTTAGATCGACTAACTGCAG 619
ArgSerHis AsnSerGlylleLeudsnirglleudspArgleulhrila
AAG GGG GAG
changes TTC CCC CTC
leading to pHK526: |{Lys pHK533: |Gly pHK534: |Glu
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FIGURE 1. Partial map of the typical expression vector pHK514 containing
three lgc-operator sequences (B). The methylase (Met) is desactivated
by truncation. The position of the mutated Arg200 is indicated above the
reimplantated Bglii-PstI fragment drawn in a bold line. E = EcoRI, B =
BamHI, H = HindII1I, Bg = BgllI, P = PstI.

FIGURE 2. Position and sequence of the mixed oligonucleotide used for si-
multaneous introduction of three mutations at the Arginine 200. The given
numbers refer to the ATG startcodon of EcoRI gene.

with IPTG, when the wildtype enzyme, the revertant or the Lys200 mutant
were present in the correct orientation. The Gly200 and the Glu200 vari-
ants were, however, inactive even after induction.

One might have expected, that the acidic Glu200 residue leads to a
severe change within the surface of the recognition pocket. One may also
attribute a change in the overall structure of the enzyme, when the Gly
residue is introduced. Thus it is comprehensible, that the enzyme lost
all activity by introduction of these two modifications. However, intro-
duction of the lysine instead of arginine is a minimal change, since
the positive charge is still retained and the surrounding of the o - car-
bon is not changed directly. Thus we were pleased to find us unable, to
introduce the Lys200 mutant into normal HB10l E.coli cells. Only, when

we used an HB10l1 strain containing already another plasmid for high le-

vel expression of lacI repressor - pHK278 with tetracycline resistance



09: 07 27 January 2011

Downl oaded At:

740 DUSTERHOFT AND KROGER

gene - we could clone the Lys200 mutant pHK526. Comparing the kinetics
of the decrease in surviving cell number, we observed a more effective
killing rate compared to the wildtype. However, the unmodified methyla-
se gave full protection to both the Lys200 mutant and the wildtype en-
zyme., One may interpretate this result in the way, that we did not yet
change the specificity, but the kinetic parameters of the enzyme.

In contrast to the observed increased activity in our in VZV0 ex-—
periments, the purified Lys200 mutant rather showed a thousandfold de-
creased activity, compared to the wildtype; leading to a clearly obser-
vable nicking activity at the GAATTC sequence. These data are obtained
in cooperation with Dr. A. Pingoud (Hannover; to be published elsewhe-
re), and can not be attributed to any uncontrolled change in the primary
structure of the enzyme, since the Lys200 mutant is resequenced comple-
tely in Hannover.

Further studies will be performed, regarding the influence of phy-
siological rather than optimal salt conditions, and must await a refi-

ned X-ray structure.
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