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Abstract

An endonuclease restriction enzyme has been purified from E. coli about 40-fold with
DNAse and RNAse recoveries of about 3%. The purification steps included precipitation
of the enzyme with ammonium sulphate, and reclaimed it through Sephadex G-100 and
DEAE-cdlulose chromatography. The purified endonuclease was able to break lambda
DNA into three bands. The enzyme has 5% of carbohydrate moiety which means it is a
glycoprotein. Lastly, the comparison with other commercial restriction endonucleases
proves that this enzyme is a restriction enzyme with enzymic activity dependent on
Mg2+
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I ntroduction

Restriction enzymes are enzymes that
cleave the sugar-phosphate backbone of
DNA strands. They carried a host-
defense function for the cdl [1]. These
enzymes recognize a specific DNA base
sequence and cleave both strands of a
double stranded DNA molecule at or
near the recognition site. All restriction
enzymes can be classified into three

classes: I, Il and Il [2]. Type Il is a
sequence-specific and commonly
known as restriction enzymes. In

contrast with nonspecific endonuclea-
SES, these enzymes generate
reproducible nucleotide fragments from
specific DNAs. They cleave double-
stranded DNA by hydrolyzing two
phosphodiester bonds (one per strand)
within defined nucleotide sequences.

Over 3330 enzymes have been
discovered since the first report by
Smith and collaborates 2]
encompassing 228 distinct specificity.

Enzymes in the Type Il restriction
enzyme family are amenable to
purification by chromatographic
procedures. lon exchangers at nearly
neutral pH are used as separation
matrices for extracts that have been
freed of cdlular nucleic acids. The
affinity chromatography speeds the
purification and protects against
denaturation during fractionation [3].
Some enzymes required divalent ions
such as Mg, while others do not need
this [4].

Restriction enzymes have been
purified and characterized in many parts
of the World two decades ago [2, 5, 6],
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but in Irag, only three attempts were
made to purify these enzymes. Putrus
[7]1 and Al-Khafagi [8] from bacteria
and Shikara [9] from fungi. The present
attempt aim to purify a restriction
endonuclease from Escherichia coli.
Materials And Methods

Purification of the enzyme

The purification of a restriction enzyme
followed the procedure described by
Smith and Wilcox [2].

E. coli were grown on McConckey
Agar plate for 18-21 hrs at 37°C. 0.5%
NaCl solution (1:10 vol.) was added
gradually to the bacterial cdls. The pH
brought to 8.0 with 0.5 M tris-base,
then 1ml of Iysozyme solution
(25mg/ml) was added with continuous
stirring for about 5 min. The mixture
stands for 1 min, then the reaction was
terminated with 50ml  of ice-cold
saturated ammonium sulphate solution
(with vigorous stirring) to form 30%
saturated fraction. The mixture was
centrifuged at 3000 x g for 10 min. The
supernatant was dialyzed against 1litre x
3 of Tris-HCI buffer, pH 8.0 for 24h and
the volume (Fraction |) was measured,
while the precipitant was discarded due
to the presence of very little DNAse and
RNAse (endonucleases) activitiesin it.
Solid ammonium sulphate was added to
Fraction | to bring the saturation from
30% to 65%, and the supernatant was
centrifuged as before, and the pdlet
resuspended in Tris-HCI buffer, pH 8.0,
then dialysis against 1litre x 3 of the
above buffer for 24h (Fraction 11), but
the supernatant decanted due to little
endonuclease activity in it.

OD at 260 and 280nm of Fraction Il
was read, and the ratio was calculated to
ensure the correct lysis step.

Fraction Il was diluted with the above
buffer to bring the solution to 43%
(NH,),SO, saturation with gradual
addition of (NH,),SO,, then centrifuge
and the pdlet resuspended in the above
buffer and dialyze (Fraction I11), while
the supernatant decanted (due to little
endonuclease activity).

955

Fraction 111 was found to has a high
DNAse and RNAse activities, so it has
been purified further by layered onto a
1.5 x 4 cm Sephadex G-100 mixed with
2:1 (w:w) glass beads (200 mesh). The
column was washed with two column
volume. A flow rate of 20ml.h" was
used and 3 ml fractions-volume were
collected. One-third of each fraction
was kept for further analysis, and the
rest were pooled together (Fraction
V).

Fraction 1V layered onto a 1.5 x 40cm
DEAE-cdlulose, pH 8.0 and washed
with the above buffer, and the enzyme
was duted with 120ml of 0-0.6M NaCl
in the above buffer. A flow rate of
30ml.h* was used and 2 ml fractions-
volume were collected.

Zinc chloride was added to Fractions
Il and Fraction 1V to precipitate the
contaminations of ribonucleases
(RNAses) from the enzyme.

Two-third of each fraction was pooled
together (Fraction V) and
rechromatographed again on 1.5 x 25
cm DEAE-cdlulose column for further
purification and desalt. A flow rate of
25ml.h™* was used and 3 ml fractions-
volume were collected. The peaked
fraction (Fraction 65) is referred to as
(Fraction VI).

All operations are carried out at 4°C,
and DNAse and RNAse activities,
protein and carbohydrate concentrations
were determined for all fractions.
Acid-soluble M easur ements
DNAse activity determined by
measuring the amount of acid-soluble
nuclectide liberated from DNA The
incubation mixture contained 0.2mg of
native DNA, 20um MgSO,, 35um of
Tris-HCI buffer, pH 8.1 and about 1 unit
of enzymein atotal volume of 1ml.

RNAse activity determined by
measuring the amount of acid-soluble
nuclectide liberated from DNA The
incubation mixture contained 0.2mM
RNA, 20um MgSQO,, 35um of Tris-HCI
buffer, pH 8.1 and about 1 unit of
enzyme in a total volume of 1ml.
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Different amounts (5-50ul) of 0.1 ZnCl,
were added to the mixture to participate
contaminants of RNAse.

The incubation mixture (for both
DNAse and RNAsg) is at 37°C for 1hr.
0.01% bovine serum albumin solution is
added to aid in precipitating of DNA or
RNA, before 1min of stopping the
reaction with 4 ml 0.5M perchloric acid.
The mixture was kept at 4°C for 10 min
then centrifuged at 4000 x g for 10 min.
The supernatants are read at 260nm and
280nm, respectively.

One unit of DNAse can catalyzes the
rdease of lumole of acid soluble
nuclectide from native DNA in the
presence of Mg* in 1hr at 37°C under
the above conditions.

One unit of RNAse can catalyzes the
rdease of lumole of acid soluble
nucleotide from RNA in the presence of
Mg*? in 1hr at 37°C under the above
conditions.

In case of DNA-agarose gd
eectrophoresis, a unit activity is define
as the ability of one volume of
restriction enzyme to completely cut
lug of lambda DNA at 37°C for 1hr
under standard conditions
Determination M ethods
Protein contents are determined by the
methods of Lowry e a [10] using
Bovine serum albumin as a standard.

Carbohydrates contents are
determined by the method of Dubois et
al [11] using glucose as a standard.

Agarose gel dectrophoresis is used
according to the method described by
Maniatis et al [12]. SDS-polyacrylam-
ide gd dectrophoresis was used
according to the method described by
Blackshear [13].

Lambda DNA 32300 KD,
48502bp, concentration 250mg.mi™
5 A units (Iml) were obtained from
Roche Molecular Biochemicals,
Germany

The purification-fold was collected
by dividing (the specific activity of each
fraction) on (the specific activity of
fraction 1), while the percentage of yield

size
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was collected by multiplying (the total
activity of each fraction) by 100 and
then divided on (the total activity of
Fraction|) (5, 7).

Results

Tables 1 and 2 show the steps of
purification of the restriction enzyme.

E. coli were grown on McConckey
Agar for 16-18hr. Lysis of bacteria with
lysozyme results in viscous suspension
containing broken membranes, short
chains of mucopolysaccharides, and all
the intracelular components.

Lysis with lysozyme is a vey
important step, but must be terminated
after 5-6 min. If the reaction is allowed
to continue, the DNA will be
dissociated from the membranes and
form long slimy strands attached to the
stirring rod. The suspension (with no
DNA rdease) will be thixotropic gd,
somewhat like custard pudding, but not
dimy or gooey. For that reason,
ammonium sulphate up to 30% was
added to stop the reaction. Cdl
membranes, ribosomes, most of cdlular
DNA and a number of proteins become
insoluble and precipitate by
centrifugation at 3.000 x g. The
formation of air bubbles during
ammonium sulphate fractionation must
be avoided since it might cause the
denaturation of the enzyme due to
surface inactivation [14, 15].

If the decanted supernatant volume
after the addition of ammonium
sulphate (to stop the reaction) is less
than 100 ml, the lysis will be improper;
and if the 260/280 ratio for (NH,),SO,
fraction is beow 0.75, the lysis step is
improper also [15, 16].

Several trials were conducted until
the concentration of 10ul of 0.1M ZnCl,
was found to be suitable to precipitate
the contaminants of RNAse without
decreasing DNAse activity.

Since most of DNAse and RNAse
activities are found in Fraction IlI, it
was used for further purification by
applying to a Sephadex G-100-glass
beads column, and a peak of activity
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was observed between fractions 47-67
(Fig.1).

One-third of each fraction was kept
for further research, and two-third were
pooled together (Fraction 1V) and
loaded into DEAE-cdlulose column.
Two peaks of activity were observed.
The first peak was in the wash region
between fractions 7-17 contained very
little activity, while the second peak’s
fractions, which were duted between
0.1-0.2M NaCl , between 44-56 with a
simple shoulder between fractions 57-70
(Fig.2).

One-third of each fraction from the
second peak was kept for further
experiments, and two-third were pooled
together (Fraction V) and dialyzed for
5 h with two changes against 1 liter of
TrisHCl  buffer, pH 80 and
rechromatographed on DEAE-cdlulose
column. Two peaks were observed also,
a peak between 10-30 fractions with
very little activity, and the other peak
eduted between 0.09-0.18M between
fractions 60-70. (Fig.3).

Fraction 65 (from rechromatographed
DEAE-cdlulose column) has the
highest DNAse and RNAse activities,
for that reason it is referred to as
(Fraction VI). Fraction VI is treated
with lambda DNA which was
completely cut to three bands (Fig. 4).
This means that the purified enzyme is
an endonuclease and a restriction
enzyme[16, 17].

An enzymic activity is dependent on
the presence of Mg™? The purified
endonuclease was optimally active at
20uM Mg". The activity was reduced to
about 80% in the absence of Mg".

The presence of EDTA and glyceral
interfered with lambda DNA digestion
pattern by the enzyme, so even they
were recommended as stable materials,
they were not usein this research (18).
Discussion
A restriction enzyme has been purified
from E. coli about 40-fold with DNAse
and RNAse recoveries of 2.95% and
2.77% respectively. It contained 0.5%

957

of carbohydrate moiety, which means
the enzyme is a glycoprotein. The
optimal pH is 8.0-8.2, and is stable for
2h at room temperature, 48h at 4C and
more than one month at —4C. The
addition of magnesium ion will increase
its activity more than 80-fold.

The adsorption of the second peak to
DEAE-cdlulose column might suggest
the presence of one form of the enzyme
with low isoelectric point. The first peak
suggests the presence of a form of the
enzyme with a high isodectric point .

In  comparison with the three
restriction endonucleases purified at
Irag, Putrus [7] has 40-fold purification
with recovery of 50%, Al-Khafagi [8]
has 188-fold purification with recovery
of 20% and Shikara [9] has 419-fold
purification with a recovery of 40.6%.
The purified fraction (Fraction VI) was
able to break lambda DNA into three
bands, so this enzyme is a restriction
enzyme. Each band was cut and run in
SDS-polyacrylamide gd. No clear band
can be shown, but when each lane of the
gd dliced into small parts, and each of
them were duted with buffer. Each
band shows a single pesk of
endonuclease activity.

A limited comparison with two other
standard enzymes (EcoR1 and Aatll)
has been satisfactory since all restrict
lambda DNA (Fig. 4).

The breakage of lambda DNA into
three bands (as far as one can see from
the gd) is a characteristic shared with
more than 30 restriction enzymes (2, 4,
19, 20), so more research must be done
in the future to identify the
characteristic of this enzyme.

Most restriction enzymes reported in
the purified form are composed of two
equal subunits with molecular weights
of 20000-25000 or single polypeptides
with molecular weights of 30000-
35000. Both previous researchers
claimed that ther purified enzymes
consist of a single polypeptide chain
with very little proof (4, 7, 19). The
presence of a single polypeptide band in
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SDS-polyacrylamide gd needs not to
prove that this band is connected with a
restriction enzyme activity. It is very
possible that a very faint band (or
bands) can not be seen by naked eyesis
responsible for activity. From our
results with SDS-polyacrylmide gd
eectrophoresis, the researchers cannot
form an opinion about this until future
research is done (20). The purified
enzyme is dependent on Mg' as several
endonucleasess, most prominent of
them Hemophilus influenza purified

restriction enzyme [2].
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Table 1. Punficaton Steps of the enzyme: DMA e activity

Fraction Total Total Total | Specific | Purification | Yield
Volume | Activity | protein | Activity Yo
(xl) funits) | (ng) | (uniting)
[ 110 8126 478 17.0 1 100
II a’ 6613 210 3150 1.85 al.38
I1I T3 4540 102 44 .60 282 35,98
IV 45 42329 129 17279 10,16 2743
W 138 1254 35 218 1341 1543
WVI(Fr 65) 3 240 0.34 T05 B8 4152 295
Table 2. Purification Steps of the enzyme: EMNAze activity
Fracidon Total Total Total | Specific | Purification | Yield
Volume | Activity | protein | Activity
D) | @mits) | @ng) |(unitmg) | (Fold) <
[ 110 8126 478 17.0 | 100
I1 a’ aa13 210 3150 1.85 8138
III 75 4548 102 44 60 2.62 5598
IV 34 3135 129 243,02 14 30 38.58
W 21 1758 35 319.83 15,80 21.43
WVI(Fr 65) 3 201 0.34 501,18 3478 247
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Fig. 4: Agarose gel eectrophoresis treated with
ethidium bromide.

Lanes 1 and 2 are lambda DNA restricted (cut) by
fraction 65 from DEAE-cdlulose

Lane 3 is lambda DNA restricted (cut) by Aatll
restriction enzyme

Lane 4 is lambda DNA restricted (cut) by EcoR1

restriction enzyme
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