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Thermophilic bacteria Bacillus caldolyticus isolated from the hot spring in Bansko, Republic of
Macedonia, were used for the isolation of DNA polymerase. Bacterial cells were disrupted by sonication
and the first step in the purification of DNA polymerase was 40% ammonium sulfate precipitation. This
was followed by chromatographic procedures on Sephadex G-50, DE-52 and CM-52 cellulose. DNA pol-
ymerase activity was analyzed at each step of purification using the incorporation of *H dATP in activat-
ed calf thymus DNA. The purity of the DNA polymerase was analyzed on SDS PAGE. Optimal condi-
tions of activity were determined for temperature, pH, dNTP and Mg** concentration. In addition, the ef-
fect of ethanol and EDTA as possible inhibitors of polymerase activity was also analyzed. The optimal
temperature of DNA polymerase was 66 °C; the optimal pH was 7.2, optimal MgCl, concentration was
2.5 mM, and the optimal substrate concentration was 2.5 x 10 ® M dNTP. The inhibitory effect of EDTA
and ethanol on DNA polymerase was above 10 mM and 10%, respectively.
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HNPOYUCTYBAIBE U OIITUMU3UPAILE HA YCJIOBUTE 3A JHK-IIOJIUMEPA3A
N30JIMPAHA O] TEPMO®UJTHATA BAKTEPUJA BACILLUS CALDOLYTICUS

Tepmodunuara 6akrepuja Bacillus caldolyticus usomupana ox Tepmamanot u3Bop Bo bawcko,
Penybnuka Maxkenonuja, 6eme kopucteHa 3a uzoianuja va JIHK-nonumepasa. bakrepuckure KIeTku ce
JU3UPaHU CO YJATPa3BYK M TPBHOT 4YeKop Bo mpouncryBamero Ha JIHK-nonmmepazara Oeme
ucranoxysame co 40% amonuym cyndar. [Toroa crenyBaa xpomatorpadceku nporeaypu va Sephadex G-
50, DE-52 u CM-52 uenyno3a. AkruBHocra Ha JIHK-nonumepasara Geriie aHaiu3upaHa BO CEKOj CTEHECH
Ha IIPOYUCTYBAaHETO CO HHKOPIOpalja Ha *H dATP Bo aktuBupana JIHK on Ttenmemku THMycC.
UYucrorata Ha JIHK-momumepasaTta Oeme aHammsupaHa co kopucreme Ha SDS PAGE. Onrtumanaute
yCIOBM 3a aKTMBHOCTAa Oea onpenenu 3a Temmeparypa, PpH, dNTP u Mg"™. JlomommurenHo Gea
aHanu3upHu edekrture Ha eraHonor u EDTA kako moxuu wmHxuburopn Ha JHK-monmmmepasnara
akTHBHOCT. OnTuMmanHata Temreparypa 3a oBaa JIHK-momumepasa e 66 °C, onrtumannata pH e 7.2,
onrtuManHata konentpanuja ua MgCl, e 2.5 mM, noxexa onrumanuara konnenrpaiuja Ha ANTP e 2.5 x
10° M. EDTA nokaxysa unaxu6utopes edext 8p3 JHK-momiMepasara Bo KoHueHTpamuja Hag 10 mM,
JI0/IeKa eTaHoJIOT BO KoHIIeHTpanuja Hax 10%.

Kayunu 360posu: Bacillus caldolyticus; JIHK-monrMepasa; mpodncTyBambe; ONTUMH3AIIM]a;
HHXUOUTOPHU
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1. INTRODUCTION

DNA polymerases are ubiquitous enzymes
present in all prokaryotic and eukaryotic cells [1].
They have a crucial role in DNA replication, repair
and recombination processes [2, 3]. Two unclear
phenomena in biology, cell proliferation and the
impossibility of nerve cell division, are closely
related to DNA polymerase activity [4]. Interest in
thermophilic bacteria has been focused on the dis-
covery of new strains, which can be used as a
source for the production of thermostable enzymes
[1]. The wide use of polymerase chain reaction
(PCR) has resulted in intensive investigations of
thermostable DNA polymerases [5]. The main fea-
ture of the DNA polymerases that makes them
suitable for PCR purposes is their resistance to de-
naturation after exposure to the melting tempera-
ture step of approximately 95 °C. Several thermo-
stable DNA polymerases have been isolated from
Thermus aquaticus, Bacillus stearothermophilus,
Sulfolobus acidocaldarius, Pyrococcus furiosus,
and Thermotoga litoralis [6-10] using mostly
chromatographic procedures. Currently in PCR,
the most frequently used polymerases are Tag
DNA polymerase, Vent DNA polymerase and Pfu
DNA polymerase. It is well known that the poly-
merase chain reaction (PCR) is susceptible to in-
hibitors and there are methods described for as-
sessing inhibition using spiked alien molecules of
various types [11]. The presence of inhibitors has
the potential to increase error, reduce assay resolu-
tion, and produce false results in both quantitative
and qualitative PCR assays [12]. The thermophilic
bacteria Bacillus caldolyticus, was discovered in a
hot spring in Bansko, Republic of Macedonia [13].
The aim of this study was to isolate thermophilic
bacteria from hot springs at Bansko, to purify the
DNA polymerase from such a strain, to optimize
the conditions for its activity and to estimate the
inhibitory effect of some compounds used in PCR.

2. EXPERIMENTAL SECTION

The samples for isolating of thermophilic
bacterial strain were taken from the hot spring at
Bansko, Republic of Macedonia, where the water
temperature is 72 °C. The characterized bacterial
strain [13] was cultivated in Luria-Bertani (LB) and
bacterial biomass was obtained by continuous cul-
tivation with a flow rate of 0.2 V/h in a New
Brunswick™ BioFlo®115 System fermenter with a
working volume of 0.350 liters, using special ther-
mal devices at the maximum available temperature

of 66 °C. The 1g bacterial cells were re-suspended
in a 2 ml basic buffer (25 mM TRIS buffer, pH 8.3,
1 mM EDTA and 5% glycerol). Cell lysis was
achieved by sonication using a MICROSON XL
homogenizer (Pere IV 160, Barcelona, 08005
Spain). DNA polymerase activity was determined
via incorporation of *H dATP in activated calf
thymus DNA [14]. The incubation mixture con-
tained: 5 ul 10 x PCR buffer (100 mM Trizma-HCI
pH 8.3 at 25 °C; 500 mM KCI); 5 ul 25 mM
MgCly; 5 pl 2.5 mM dNTP (dATP, dTTP, dGTP,
dCTP); 2 ul activated calf thymus DNA with a
concentration of 2 pg/ul; 0.2 pl *H dATP with a
radioactivity of 0.2 uCi; 5 ul bacterial lysate and
deionized H,O up to final volume of 50 ul. The
reaction mixture was incubated at a previously de-
termined optimal bacterial temperature (66 °C) for
30 minutes in a thermal cycler; DNA polymeriza-
tion was stopped by chilling at —20 °C. The amount
of reaction mixture was divided into two aliquots
of 20 ul and loaded on two pieces of filter paper
(Whatman-3 1x1 cm). The first one was used as a
control for the total amount of radioactivity, while
the second was washed with 10% trichloroacetic
acid which contained 0.1 M Na pyrophosphate for
1 h, 5% trichloroacetic acid for 15 min, a mixture
of ether and ethanol in ratio 1:1 for 30 min and
ether for 15 min. After washing, the filters were
dried and immersed in 2.5 ml of scintillation mix-
ture which was prepared using 1 liter Triton X-100,
1 liter toluene, 8 g 2.5 diphenyloxazole (PPO) and
0.4 g 1.4 bis[5-phenyl-2-oxazolybenzene] (POPOP).
The radioactivity was measured on a liquid scintil-
lation B-counter. The unwashed filter was used as a
total radioactivity (total amount of *H dATP) while
the washed filter was used as the amount of incor-
porated *H dATP. As a positive control, 1 U of Taq
DNA polymerase supplied from PROMEGA (Ma-
dison, WI, USA) was used, and a reaction mixture
without enzyme was used as a negative control.
One unit of DNA polymerase is defined as the
amount of enzyme catalyzing the incorporation of
1 nmol of ®H dATP in acid-insoluble product for
30 min at an optimal bacterial temperature of 66
°C. Purification of DNA polymerase was done
using a few phases. The bacterial lysate obtained
by sonication was centrifuged at 12,950 g for 30
min at 4 °C and the precipitate of cell debris was
discarded. In the supernatant, protein precipitation
was performed using 30 to 60% saturation with
ammonia sulfate. The precipitate with the enzyme
activity was re-suspended in the buffer which con-
tained 25 mM TRIS-HCI pH 8.5, 1 mM EDTA and
5% glycerol (basic buffer) and dialyzed in the

Maced. J. Chem. Chem. Eng. 36 (1), 35-40 (2017)



Purification and optimization of conditions for DNA polymerase isolated from thermophile bacteria Bacillus caldolyticus 37

same buffer in order to eliminate residues of am-
monium sulfate and other small molecules. The
dialysis was performed using a nitrocellulose
membrane with 12 kD cutoff in dialysate/buffer
ratio 1/100 at 4 °C. The dialysate obtained was fil-
tered through an LKB column (100 x 3 cm) using
Sephadex G-50. Determination of proteins was
performed spectrophotometrically at 280 nm. The
fraction with DNA polymerase activity was lyophi-
lized, dialyzed in the basic buffer and loaded onto
the LKB column (30 x 1.5 cm) with anion ex-
change resin DE-52 cellulose equilibrated with the
basic buffer at pH 8.5. The fractions were collected
and the fraction with the DNA polymerase activity
was lyophilized and dialyzed in the basic buffer.
The new dialysate was loaded on the LKB column
(20 x 1 cm) with the cation exchange resin CM-52
cellulose. The fraction with DNA polymerase ac-
tivity was dialyzed in a buffer containing: 0.005 M
TRIS, 0.05 M KCI, 0.1 mM EDTA, 1 mM dithio-
thretiol (DTT), 0.5 mM phenyl methyl sulfonyl
fluoride (PMSF) and 50% glycerol (storage buffer)
and stored at —20 °C. The purity of an enzyme ex-
tract was checked using SDS-PAGE. Optimal
conditions for DNA polymerase were determined
using the same assay for DNA polymerase activity
by incorporation of *H dATP in activated calf thy-
mus DNA in different conditions. The incubation
mixture contained basic buffer, MgCl, in different
concentrations, dNTPs at different concentrations,
4 ng activated calf thymus DNA, 0.2 uCi*H dATP
and 5 pl bacterial lysate adjusted to 1 U/ul in a
final volume of 50 ul. The reaction mixture was
incubated at the different temperatures for 30 min.
in a thermal cycler. Polymerization of DNA was
stopped by chilling at —20 °C and the polymerase
activity was determined by a previously described
procedure. The optimal concentration of substrate
was evaluated by changing the concentration of
dNTPs, as substrate molecules, from 0.05 mM to
0.5 mM in 0.05 mM increments. The pH optimum
of the polymerase activity was determined by per-
forming the reaction between pH 6 and 9 in 0.3 pH
unit increments. The temperature optimum was
estimated by changing the temperatures between
60 °C and 90 °C in 3 °C increments. The Mg"* was
analyzed as a common DNA polymerase activator
by evaluating polymerase activity at different
MgClI, concentrations between 0 and 10 mM. The
inhibitory effects of EDTA and ethanol on the pol-
ymerase activity were analyzed between 0 and 25
mM of EDTA in 2.5 mM increments and between
0 and 20% of ethanol in 2% increments.
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3. RESULTS AND DISCUSSION

In one liter of Luria-Bertani medium, 14.4 ¢
bacterial biomass was obtained by continuous cul-
tivation. The lysis of 5 g of bacterial cells was
achieved using a sonicator for 5 min at 10 W. The
best ratio between the protein content and enzyme
activity was gained with 40% ammonia sulfate.
The precipitate was dialyzed in basic buffer and
the purification procedure continued with gel filtra-
tion on Sephadex G-50. The fractions were sepa-
rated with isocratic elution using the basic buffer
containing additionally 0.05 M NaCl and collected
with a flow rate of 30 mi/h. (Graph 1a).
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Graph 1. Purification of DNA polymerase from Bacillus
caldolyticus. a) Gel filtration on Sephadex G-50.

b) Anion exchange chromatography on DE-52 cellulose.

c) Cation exchange chromatography on CM-52 cellulose.
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The third phase in the purification of DNA
polymerase was performed using anion exchange
chromatography on DE-52 cellulose. The elution
of the proteins was done using double gradient of O
to 1M NaCl molarity and 8.5 to 7.5 pH gradients
with a flow rate of 15 ml/h (Graph 1b). The final
step in the purification of DNA polymerase from
Bacillus caldolyticus was cation exchange chroma-
tography on CM-52 cellulose with a pH gradient
from 7 to 8 using the basic buffer with a flow rate
of 10 ml/h (Graph 1c).

The gel filtration was not as effective be-
cause a low amount of proteins without polymer-
ase activity (after 60" fractions) were eliminated
from further purification procedures. The most im-
portant phase in the purification of DNA polymer-
ase from Bacillus caldolyticus was anion exchange
chromatography on DE-52 cellulose. During this
step, a small protein fraction with polymerase ac-
tivity appears in around the 100" fraction, which
was used for the last step of purification, where
column chromatography was performed using CM-
52 cellulose. In this phase, the peak with polymer-
ase activity appeared in the first 5 fractions.

The determination of the molecular weight
and the purity of isolated DNA polymerase were
performed by SDS-PAGE. The electropherogram
in Figure 1 showed that the molecular weight of
DNA polymerase was close to the molecular
weight of bovine serum albumin (67 kDa).

4— BSA (67 kD)

\ Bcal DNA polymerase

Figure 1. Analysis of the purity and the molecular weight of
Bcal DNA polymerase with SDS-PAGE. 1) Bacterial lysate;
2) fraction with DNA polymerase activity obtained with 40%
ammonium sulfate precipitation, 3) fraction with DNA poly-
merase activity obtained after gel filtration, 4) fraction with
DNA polymerase activity obtained after anion exchange
chromatography, 5) fraction of DNA polymerase after cation
exchange chromatography, 6) Bovine serum albumin (67 kD).
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Graph 2. DNA polymerase activity from
Bacillus caldolyticus at different conditions.
a) pH; b) temperature; ¢) substrate concentrations.

The purified enzyme extract was further
analyzed in order to determine the optimal condi-
tions for its activity.

The influence of pH and temperature on the
incorporation of dNTPs into the nascent DNA was
tested. Results showed that the pH optimum for
this polymerase is 7.2 (Graph 2a), while the opti-
mal temperature was 66 °C (Graph 2b). The opti-
mal concentration of dNTPs as substrate molecules
were found to be 50 uM (Graph 2c).

The thermal stability of DNA polymerase is
the most important feature to be used in PCR reac-
tions and this DNA polymerase along with its ex-
tensive and elevated activity between 60 °C and 70
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°C makes it a good contender for biotechnological
use, but not for PCR. The optimal temperature for
B. stearothermophilus DNA polymerase was 60—
65 °C, whereas the enzymes from B. caldotenax and
B. caldovelox showed the highest incorporation rate
at 65-70 °C. The activities were reduced signifi-
cantly at higher temperatures and the enzymes were
inactivated at 80 °C (B. stearothermophilus) and 85
°C (B. caldotenax and B. caldovelox). The enzymes
from other Bacillus species showed an optimal con-
centration of ANTP of 85 = 10 uM, and from Ther-
mus thermophilus of 115 uM [16].

Magnesium was tested as an activator for
DNA polymerases. The optimal concentration of

100 -
80 +
60 +
40 +
20 +

% DNA polymerase activity

Mg"™ as an activator of this DNA polymerase in
the form of MgCl, was 2.5 mM (Graph 3a). The
activity of DNA polymerases isolated from other
species of genus Bacillus steadily increased from
5-30 mM Mg** [16].

EDTA is a required component in all buffers
and solutions during the isolation process of the
protein with DNA polymerase activity, while etha-
nol is the final compound used during the isolation
of DNA. Due to their undesired effects, EDTA and
ethanol were tested as inhibitors of DNA polymer-
ase activity. A concentration of 10 mM EDTA and
10% ethanol completely inhibited the DNA poly-
merase activity (Graph 3b and c).
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Graph 3. DNA polymerase activity from Bacillus caldolyticus at different concentrations of:
a) Mg as an activator, b) EDTA as an inhibitor; c) ethanol as an inhibitor (100% activity equals to 5 Units/30 min.).

Critical concentrations of alcohols generally
increased with the thermoresistance of the poly-
merases and decreased their activity. Comparison
of various PCR conditions indicates that ethanol
has specific mode of action by partial destabiliza-
tion of the polymerase [15]. Lower concentrations
of EDTA produced varying degrees of inhibition
[12].
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