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Abstract: Mau DNA polymerase is a family A DNA polymerase isolated from Massilia aurea. In this
study, a recombinant plasmid, Hisg-tagged Mau-pET28¢c, was constructed. His-tagged Mau was
expressed in Escherichia coli Rosseta 2 (DE3) competent cells and, after optimization of purification
conditions, was successfully isolated via a two-step purification system by Ni?*-chelating affinity
chromatography followed by heparin affinity chromatography. The biochemical properties of Mau
DNA polymerase were investigated next. This polymerase showed maximal polymerase activity at
30 °C, pH 8.4-8.8, 2-10 mM MgCl,, and 10-40 mM KCI. Kinetic parameters of correct and incorrect
dNTP incorporation as well as DNA-binding affinity were determined too. KdNTPdrapp values were
found to be 16 uM for correct ANTP and 200-500 uM for incorrect dNTP. The kinetic parameter
keat turned out to be 0.2 s~ for correct ANTP incorporation and an order of magnitude less for
incorrect dNTP incorporation. It was demonstrated that Mau DNA polymerase has 5’ —3’ and 3' —5’
exonuclease activities associated with the main activity.
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1. Introduction

DNA polymerases are a class of enzymes responsible for DNA replication. Poly-
merases differ in size, structure, the need for auxiliary proteins, and their role in DNA
replication and repair. Their specific properties differ too, including processivity, fidelity,
and selectivity toward incorporated nucleotides [1-7]. In addition to their fundamental role
in the maintenance of genome integrity during replication and repair, DNA polymerases are
widely used for in vitro DNA manipulations, including DNA cloning, sequencing, labeling,
mutagenesis, and other purposes [8-10]. Thermostable DNA polymerases are especially
important for molecular-biological techniques related to polymerase chain reaction (PCR).
In practice, polymerases of families A and B are used in PCR [11,12]. PCR is a powerful and
sensitive method for DNA amplification and has found abundant applications in various
fields such as molecular biology, diagnostics, forensics, and food safety control [13].

There is a constant search for new enzymes for genetic technologies that may possess
improved properties as compared to the existing ones. Modification of existing poly-
merases is also widely employed [14]. Currently, the modifications intended to optimize
polymerases are mostly based on the improvement of reaction buffers, the use of PCR
enhancers, and site-directed mutagenesis of the enzymes. Mutations can lead to enzymes
with higher thermal stability and resistance to inhibitors [15-18].

At present, DNA polymerases from families A and B are actively used in PCR. The
best-known representative of family A is Taq polymerase from Thermus aquaticus, and
the best-known representative of family B is Pfu polymerase from Pyrococcus furiosus.
By genetic engineering methods, various mutants of these enzymes have been obtained
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to improve their catalytic properties [16,19,20]. Despite promising results, there are still
limitations to PCR: the product yield, the length of DNA that can be amplified, polymerase
processivity, and the fidelity of the amplification. Ultimately, the duration of PCR depends
solely on the kinetic properties of the enzyme. In practice, researchers often encounter
difficulties when trying to amplify DNA found in natural materials. The presence of
enzyme-inhibiting substances in biological samples reduces or blocks the capacity for PCR
amplification in contrast to pure nucleic-acid solutions. Furthermore, DNA can contain
sequences that form strong secondary structures that can block amplification [18]. At the
moment, there is no “universal” DNA polymerase capable of overcoming such obstacles.

Finding new thermostable DNA polymerases is a nontrivial task. At present, there is
no full understanding of the reasons for an enzyme’s thermostability; therefore, the search
for thermostable DNA polymerases is performed in thermophilic organisms whose optimal
habitat temperature is not lower than 50-60 °C. Nonetheless, organisms that live at elevated
temperatures, up to 80 °C, have polymerases that are functional at such temperatures, but
their stability significantly declines at higher temperatures. On the other hand, it can be
hypothesized that an enzyme in some microorganisms can remain stable at temperatures
higher than the optimal growth temperature of this organism.

In our previous work [21], we conducted a comparative sequence analysis of family A
DNA polymerases from the bacteria available in the Collection of Extremophilic Microor-
ganisms and Type Cultures (CEMTC, Novosibirsk, Russia). We selected 47 microorganisms,
which were collected from a medium with a high temperature (>50 °C). Prior to that, it
generated a “functional framework” containing 62 residues, which, according to the 3D
structure of the KlenTaq polymerase fragment, directly interact with DNA, dNTP, and
metal ions and, thereby, are potentially important for the polymerase activity. A pairwise
comparison of all sequences using the “functional framework” revealed that DNA poly-
merases share > 70% similarity to the functional framework of Thermus enzymes [21]. It
is noteworthy that only one of the DNA polymerases of these microorganisms has been
characterized, namely the B. licheniformis DNA polymerase [22].

Therefore, DNA polymerase from Massilia aurea, which has 79.8% similarity to the
“functional framework” of Thermus enzymes [21], was selected in the present study for
characterization of enzyme properties. M. aurea is a gram-negative, motile, rod-shaped
bacterium able to form yellow-pigmented colonies; it has been isolated from the tap
water system of Seville (Spain) and has been characterized via a polyphasic taxonomic
approach [23]. The specimen of Massilia aurea stored in the CEMTC has been isolated
from thermal water (74 °C) collected in the caldera of the Uzon volcano (Kamchatka,
Russia). In this study, the gene encoding a full-length DNA polymerase from M. aurea (Mau
DNA polymerase) was cloned and expressed in Escherichia coli. We report the purification
protocol and biochemical properties of the enzyme.

2. Materials and Methods
2.1. Bacterial Strain

An M. aurea strain was obtained from the CEMTC of the ICBFM SB RAS http://www.
niboch.nsc.ru/doku.php/emtc_collection (accessed on 5 December 2022).

2.2. Construction of a Plasmid Encoding Mau DNA Polymerase

The full-length Mau DNA polymerase gene (UniProt ID A0A422QJZ7) was ampli-
fied using genomic DNA and two primers (the N-terminal primer: P5_Mau_Ndel, 5/-
GTCCATATGACCCTGCTGCTCGTTGACGGTTCC-3/, and the C-terminal primer: P3_
Mau_BamHI, 5-GCGGATCCTCAGTGCGCCTCTTCCCAGTTCTTGCC-3'; the underlined
sequences denote the Ndel site within the N-terminal primer and the BamHI site within the
C-terminal primer). DNA amplification was carried out in a 20-microliter reaction mixture:
Pfu DNA polymerase buffer, 1.25 mM dNTP, 20 pmol of each primer (P5_Mau_Ndel and
P3_Mau_BamHI), 20 ng of Mau genomic DNA, and 1 U of Pfu DNA polymerase (SibEn-
zyme Ltd., Novosibirsk, Russia). The PCR program consisted of one initial denaturation
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step at 94 °C for 4 min, followed by 30 cycles of 98 °C for 40 s, 55 °C for 40 s, and 72 °C
for 5 min; the final extension was performed at 72 °C for 10 min. The amplified 2.7-kbp
PCR product was then digested with FauNDI (an isoschizomer of Ndel restriction enzyme,
SibEnzyme Ltd., Novosibirsk, Russia) and BamHI (SibEnzyme Ltd., Novosibirsk, Rus-
sia), purified from a 0.8% low-melting agarose gel using the Cleanup S-Cap Kit (Evrogen,
Moscow, Russia), and ligated into the pET-28c expression vector that had been digested
with the same enzymes. The ligation mixture was then used to transform E. coli strain
Emax. Clones with the correct construct were selected through restriction enzyme analysis
and sequencing.

2.3. Purification of Mau DNA Polymerase

E. coli strain Rosseta 2 (DE3) was transformed with pET28c-Mau and grown overnight
at 37 °C in 15 mL of LB Broth containing 50 mg/mL kanamycin as a starter culture.
The starter was added to 1 L of LB Broth containing 50 mg/mL kanamycin, and the
cells were grown with shaking at 37 °C to an optical density at 600 nm (ODggg) of
0.6-0.8. Overexpression of the Mau DNA polymerase gene was induced by the addi-
tion of isopropyl-B-D-thiogalactopyranoside (IPTG) to a final concentration of 0.2 mM,
followed by an additional 3 h of growth at 20 °C. The cells were harvested by centrifugation
at 4000x g for 20 min at 4 °C and resuspended in 20 mM HEPES-KOH buffer (pH 7.8)
containing 40 mM NaCl. The cells were disrupted by means of a French press, and cellular
debris was removed by centrifugation at 40,000 x g for 40 min at 4 °C. To the resulting su-
pernatant, a solution of NaCl and imidazole was added at concentrations of 500 and 20 mM,
respectively. This solution was mixed with 1 mL of the Ni Sepharose™ High Performance
resin (Amersham Biosciences, Uppsala, Sweden) and stirred for 1 h at 4 °C. The enzyme
was eluted with 5 mL of a buffer consisting of 20 mM HEPES-NaOH pH 7.8, 500 mM NacCl,
and 600 mM imidazole. The obtained enzyme-containing fraction was diluted to a final
NaCl concentration of 40 mM and applied to a HiTrap-Heparin™ column (Amersham
Biosciences, Uppsala, Sweden) at a flow rate of 0.4 mL/min. The chromatography was per-
formed in a buffer composed of 20 mM HEPES-NaOH pH 7.8 and a linear 40 — 1000 mM
gradient of NaCl; the OD»gg of the solution was recorded. The purity of the Mau protein
was determined by gel electrophoresis. Fractions containing the Mau DNA polymerase
were collected, and a glycerol solution was added to attain a 50% final concentration of
glycerol. The enzyme was stored at —20 °C. The enzyme concentration was calculated
from the OD,g of the protein and a molar extinction coefficient of 85970 M Lem L.

2.4. DNA Substrates

DNA substrates S-I, S-1I, and S-III were utilized for polymerase and exonuclease
activity assays (Table 1). For the polymerase activity assay, substrates S-I and S-II were used.
For 3'—5' and 5'—3’ exonuclease activity assays, substrates S-I and S-III were employed,
respectively. A 44-mer DNA template was annealed to a corresponding primer as described
previously [24].

Table 1. Oligodeoxyribonucleotides and DNA duplexes that are used as substrates.

Short Name Sequence
57 FAM-" CGGCCCCCAGATGAGTCGAGCAGCY
¥ GCCGGGGGTCTACTCAGCTCGTCGATAGTTCCGTTTTACAGAGG”
ST FAM-® CGGCCCCCAGATGAGTCGAGCAGC?® TCAAGGCAAAATGTCTCCY
¥ GCCGGGGGTCTACTCAGCTCGTCGATAGTTCCGTTTTACAGAGG®
ST ¥ CGGCCCCCAGATGAGTCGAGCAGC? Y TCAAGGCAAAATGTCTCCY -FAM

¥ GCCGGGGGTCTACTCAGCTCGTCGATAGTTCCGTTTTACAGAGGY

Template-trap

5 CGGCCCCCAGATGAGTCGAGCAGCTATCAAGGCAAAATGTCTCCY
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2.5. A DNA Polymerase Activity Assay

Pre-steady-state burst and single-turnover experiments were conducted to examine
the transient kinetics of the incorporation of a correct/incorrect nucleotide into a primer-
template duplex. To obtain kinetic curves for the accumulation of polymerization products,
equal volumes of 50 nM substrate S-I, ANTP (correct ddTTP at 5-80 uM, incorrect ANTP
at 300-1500 uM), and 100 nM Mau DNA polymerase in a buffer (50 mM Tris-HCI pH
8.8, 2 mM MgCl,, and 20 mM KCI) were rapidly mixed at 30 °C. Aliquots of 10 uL were
taken from the reaction mixture at different time points. The enzymatic reaction was
quenched with an equal volume of stop buffer (95% formamide, 10 mM EDTA, 10 mM
NaOH, 2 pM competitor oligodeoxynucleotide Template-trap, and 0.05% of the xylene
cyanol indicator dye). Primer-template duplexes were denatured by heating at 100 °C for
10 min, followed by cooling on ice. A competitor, which had the same sequence as that of
the fully extended primer but lacked the fluorophore, prevented substantial rehybridization
of the fluorescent products to the template. Separation of the products by electrophoresis
was carried out in a 15% polyacrylamide gel under denaturing conditions (7 M urea) in
vertical Protean II xi and Mini-PROTEAN units (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) at a voltage of 200-300 V and 50 °C. The gel was visualized by means of an E-Box
CX.5 TS gel documentation system (Vilber Lourman, Collégien, France). The degree of
substrate transformation was determined in the Gel-Pro Analyzer 4.0 software (Media
Cybernetics, Rockville, MD, USA). The degree of transformation was computed as the ratio
of the sum of peak areas of cleavage products to the sum of peak areas of the products
and of a starting oligodeoxyribonucleotide. The expected error in the determination of the
degree of transformation, as a rule, did not exceed 20%.

For finding optimal conditions for polymerase activity, 50 nM substrate S-I, 400 pM
dNTP, and 100 nM enzyme were used in various reactions, and the reaction time was 10 s.
To find the optimal MgCl, concentration, a buffer (50 mM Tris-HCI pH 8.8, 20 mM KCl)
was utilized in which the Mg?* concentration was varied from 0 to 10 mM. To determine
the optimal KCl concentration, a buffer (50 mM Tris-HCI pH 8.8, 2 mM MgCl,) was used
in which the KCI concentration varied from 0 to 300 mM. To find the optimal pH of the
reaction, a buffer was employed in which the pH varied from 7.6 to 9.0 (Tris-HCl) and from
9.2 t0 10.6 (Gly-NaOH). To determine the optimal temperature for the enzymatic activity, a
buffer consisting of 50 mM Tris-HCI (pH 8.8), 20 mM KCl, and 2 mM MgCl, was employed.

2.6. An Exonuclease Activity Assay

The 3'—5’ exonuclease activity assay was carried out using S-I in a 60 pL reaction
mixture containing 50 mM Tris-HCI (pH 8.8), 2 mM MgCl,, and 20 mM KCl at 30 °C for
60 min in the absence of dNTPs. The 5'—3’ exonuclease activity assay was performed
by means of S-IIl in a 60 pL reaction mixture containing 50 mM Tris-HCl (pH 8.8), 2 mM
MgCl,, and 20 mM KCl at 30 °C for 60 min in the presence of dNTPs. The kinetic curves of
exonuclease activities were built similarly to those of polymerase activities.

2.7. Thermal Stability Analysis

The thermal stability of the polymerases was tested by heating samples in QuantStudio
5 (Applied Biosystems, Life Technologies, Carlsbad, CA, USA) in the presence of ProteOr-
ange Protein Gel Stain (Lumiprobe RUS Ltd., Moscow, Russia) and measuring any increase
in fluorescence. Thermal melting experiments were conducted in a 20-microliter reaction
mixture composed of 10 mM Nap;HPOy, 1.8 mM NaH,PO, (pH 7.5), 5x ProteOrange
(by the addition of a 5000 stock solution in dimethyl sulfoxide), and 6.4 uM Mau DNA
polymerase. Excitation and emission took place at 470 and 555 nm, respectively. The
temperature was increased from 25 to 90 °C at a rate of 0.015 °C/s. Data analysis was
carried out in QuantStudio™ Designé&Analysis software v1.5.2, and the melting profiles
are presented.
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2.8. Data Analysis

Pre-steady-state kinetic data were analyzed via nonlinear regression. Equations were
generated with OriginLab 15.0 software (OriginLab Corp., Northampton, MA, USA). Data
points obtained during the burst experiment were fitted to the burst equation [25]:

[P] = A x (1 — e Rabs Xt f t) )

where A is the amplitude of the burst, which reflects the actual concentration of the active
form of the enzyme; ks is the observed first-order rate constant for ANTP incorporation;
and ks is the observed steady-state rate constant [25,26].

Data from single-turnover experiments were fitted to a single-exponential equa-
tion that measures the rate of ANTP incorporation (kyps) per given dNTP concentration
([dNTP]). These results could then be used to determine Ky, the dissociation constant for
binding of ANTP to the [enzymeeprimer/template] binary complex, and k|, the maxi-
mum rate of chemical catalysis. This was performed by fitting the data to the following
quadratic equation:

keat X [dNTP]

kobs = ZdNTP ()
K d,app + [dNTP]

From Equation (2), the following kinetic constants were calculated: kc,t, the maximum

rate of ANTP incorporation, and KdNTPdlapp, the equilibrium dissociation constant for the
interaction of ANTP with the EéDNA complex [26,27].

2.9. The Estimation of DNA-Binding Affinity

Reactions for determining the DNA (S-I) concentration dependence of the Mau DNA
polymerase activity were carried out via the following procedure: Mau DNA polymerase
(100 nM) was preincubated with various concentrations of S-I (10 nM 5'-FAM-labeled S-1
and 0-2000 nM cold S-I). Polymerization was initiated by the addition of 400 uM dNTP
and allowed to proceed at 30 °C for 10 s. The extent of product formation was measured
and fitted to the following quadratic equation:

KENA 1 Eq + So—\/(KliDI\TAJrEo+ S0)" ~4x Eo x So
2

[E-S] = ®)
where Ej and Sy are initial enzyme and S-I concentrations, and KPNA represents the
equilibrium dissociation constant for the binding of the enzyme to S-I [26].

3. Results
3.1. Expression and Purification of Mau DNA Polymerase

The Mau DNA polymerase gene was amplified by PCR and inserted at the Ndel
and BamHI sites of vector pET-28¢ to facilitate enzyme overexpression and purification.
E. coli Rosseta 2 (DE3) cells harboring pET-28c-Mau were obtained, harvested, and then
homogenized by means of a French Press. Purification of the Mau DNA polymerase was
performed through a combination of a HisTrapTM HP Nij2* affinity column (GE Healthcare,
Chalfont Saint Giles, UK) and a HiTrapTM Heparin HP column (GE Healthcare, UK). The
purification of the enzyme was monitored by SDS-PAGE, which revealed a 100-kDa major
protein band consistent with the 102.7-kDa molecular mass calculated from the 941 amino
acid sequence.

3.2. Characterization of Mau DNA Polymerase

This enzyme’s polymerase activity manifested pH dependence in the pH range of
7.6-10.6. The following buffers were used: 50 mM Tris-HCl (pH 7.6-9.0) and 50 mM
glycine-NaOH (pH 9.2-10.6). The enzymatic activity was highest at pH 8.4-8.8 (Figure 1a).
The dependence of Mau DNA polymerase activity on temperature was investigated in
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the range of 20-55 °C. In these experiments, the optimal temperature for the Mau DNA
polymerase was found to be 30 °C (Figure 1b). The DNA polymerase proved to be highly
dependent on KCl, with maximal activity at 10-40 mM (Figure 1c). The optimal MgCl,
concentration for Mau DNA polymerase activity was in the range of 2-10 mM, and there
was no detectable activity in the absence of MgCl, (Figure 1d).

Relative activity (%)

100
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20 4

100 :
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J\ z \
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I g 40
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% 0 ]‘[ T T T T T
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Figure 1. Characterization of Mau DNA polymerase. (a) The effect of pH on its polymerase activity;
(b) The influence of temperature on polymerase activity; (c) The impact of KCl on the polymerase
activity; (d) The effect of MgCl, on the polymerase activity.

3.3. Thermal Stability of Mau DNA Polymerase

The stability of Mau DNA polymerase was investigated by differential scanning
fluorimetry (DSF). The protein was subjected to a steady increase in temperature in the
presence of a dye (ProteOrange Protein Gel Stain). This method is based on the ability of
certain fluorescent dyes to bind to a protein’s hydrophobic regions. As thermally induced
unfolding takes place, the dye can bind to exposed hydrophobic regions, resulting in
an increase in fluorescence. The fluorescent signal can be measured on a real-time PCR
machine. DSF has helped to successfully measure the thermal stability of family B, Bst,
and other DNA polymerases [28,29]. The first-derivative curve of the melting profile is
presented in Figure 2. Mau DNA polymerase showed a melting transition with a Ty, of
48.5°C.
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=
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Figure 2. The first derivative of the DSF profile of Mau DNA polymerase is depicted, with dF/dT
indicating the change in fluorescence (relative units). Each experiment was conducted in triplicate; a
typical curve is presented.

3.4. Kinetic Analysis of Mau DNA Polymerase Activity

The maximum rate of ANTP incorporation (kcat) and dNTP-binding affinity (KdNTPdrapp)
can be determined by analyzing the dependence of the reaction rate (ky},s) on dNTP concen-
tration. At first, the rate of product formation corresponding to correct dTTP incorporation
was determined. ddTTP was used to prevent the contribution of possible subsequent
incorporations (after the first polymerization event) of dTTP as an incorrect nucleotide.
The reaction condition used likely enabled both a single round and multiple rounds of
ddTTP incorporation. The obtained kinetic curves at different concentrations of ddTTP
(5-80 uM) were approximated by means of Equation (1), corresponding to a single-turnover
burst reaction.

The rate of product formation corresponding to incorrect dNTP incorporation was
determined in the same manner. In this case, ANTP concentration was varied in the range of
300-1500 uM, and the obtained kinetic curves were approximated using a one-exponential
equation. The dependence of ks values on dNTP concentration was fitted to a hyperbolic
equation (Equation (2); Figure 3); the kinetic parameters kc,t and KdNTPdrapp are listed in

Table 2.
016
* ddTTP = aaTP JJ
014 _l 003] A dGTP i . B 11
012 l = l_,.--—dfff-_{_ | - T R
010 ) L i :
7m 0.08 ‘ // l
3 %/ I
% 006 p
/
00sd ¥
.-’&
002 |
000
T T T T T T T T T
0 0 20 0 € 50 6 70 80
ddTTP, pM
(a) (b)

Figure 3. The dependence of ks values on dNTP concentration. (a) The ks values for correct
ddTTP incorporation; (b) The ks values for incorrect dATP/dGTP/dCTP incorporation. The kpg
values were determined at different ANTP concentrations with 100 nM Mau DNA polymerase and
50 nM S-I. The ket and KdNTPdlapp values were calculated by fitting these results to Equation (2) and
are listed in Table 2.
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Table 2. The kinetic parameters kcyt and Kdmd,app, determined for Mau DNA polymerase (mean =+ SD).

keat/K dANTP
dNTP Keat (s~1) Kg,app™TF (uM) T;Md—’ai‘?‘;—u
dTTP (corr.) 0.20 £ 0.07 16+ 4 (1.0 + 0.5) x 102
dATP (incorr.) 0.034 = 0.004 200 + 100 (1.0 £ 0.5) x 10~
dCTP (incorr.) 0.030 = 0.004 500 + 100 (0.6 +0.2) x 10~
dGTP (incorr) 0.044 = 0.003 430 + 50 (1.0 +0.1) x 10~

The keat/Kg,app™NT¥ parameter denotes the efficacy of dNTP incorporation. It can be
concluded that Mau DNA polymerase can incorporate an incorrect dANTP with two orders
of magnitude lower efficiency than a correct one.

3.5. Primer-Template Binding

The affinity (K4PN?) of Mau DNA polymerase for a primer-template duplex was
estimated as described in ref. [26]. With the help of 100 nM Mau DNA polymerase and
400 uM dNTP, the product formation was assessed, corresponding to a constant reaction
time of 10 s in the presence of various concentrations of S-I (Figure 4). Mau DNA polymerase
was found to bind the primer-template duplex with a K4PN4 of 280 + 50 nM.

100

e
e !
801 A
&
g\ ™ . 4
5 60 -
“ T
w N
: . ___—siaM|
] 3
o) g }
& i | ?
20 4 Extension g
products * ™ }
- e e o ~4
0

10 100 1000
S-I concentration, nM

Figure 4. The estimation of DNA-binding affinity. The extent of product formation was measured at
different S5-I concentrations using 100 nM Mau DNA polymerase with 400 pM dNTP and fitted to
Equation (3). The inset shows gel electrophoretic analysis of primer strand extension.

3.6. Exonuclease Activity of Mau DNA Polymerase

Family A DNA polymerases are known to have 5’ —3’ exonuclease and 3’'—5" ex-
onuclease activities associated with the main activity. The 5 —3’ exonuclease activity
allows DNA polymerases to remove RNA primers; besides, DNA polymerases can use
nick-translated DNA as a template owing to this activity [30]. The 3'—5' proofreading ex-
onuclease activity is responsible for the correction of mismatched dNTPs and is ultimately
responsible for the fidelity of DNA polymerases. Some members of this family are devoid
of proofreading activity. The reason may be a loss of the active-site proofreading domain
(for example, in bacteria of the genera Rickettsia and Thermus [31]) or a deletion of several
catalytic amino acid residues (for example, in Geobacillus stearothermophilus [32]).

Template-primer duplexes S-1I and S-1II, which have a two-nucleotide gap (Table 1),
were utilized for the detection of Mau DNA polymerase’s 5 —3’ exonuclease activity. S-II
allows us to examine the primer elongation process (FAM is located at the 5" end of the
primer), whereas S-III enables us to observe the 5’ —3’ exonuclease reaction (FAM is located
at the 3/ end of the flanking oligonucleotide). Analysis of the reaction products (Figure 5a)
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indicated that during the polymerase reaction, the flanking oligonucleotide is digested,
indicating the presence of 5'—3’ exonuclease activity in Mau DNA polymerase.

Time,min 0 1 5 102030 0 1 5 10 20 30

daad 0 1 5 10 20 30 60 Time, min
— Y —— — — «S-1

Extension
products

S-I-~ -
3'—5" exonuclease

- +SI11
products

5'—3' exonuclease
products

(a) (b)

Figure 5. The detection of Mau DNA polymerase’s 5'—3' and 3’ =5’ exonuclease activities. (a) The
presence of 5’ —3’ exonuclease activity in Mau DNA polymerase was investigated with template-
primer duplexes S-II and S-1II in the presence of dNTPs. (b) The presence of 3'—5" exonuclease
activity in Mau DNA polymerase was assayed with template-primer duplex S-I in the absence
of dNTPs.

For the detection of Mau DNA polymerase’s 3' =5’ exonuclease activity, template-
primer duplex S-I was chosen. Incubation of Mau DNA polymerase with S-1in the absence
of dNTPs led to primer degradation, pointing to the presence of 3'—5' exonuclease activity
(Figure 5b).

4. Discussion

In this study, a gene encoding a full-length DNA polymerase from M. aurea was
cloned and expressed in E. coli. Optimal conditions for the polymerase reaction of Mau
DNA polymerase were found. We present here a detailed kinetic characterization of Mau
DNA polymerase. Together, the obtained data showed that Mau DNA polymerase has
biochemical properties typical of family A DNA polymerase (Table 3). Such KdrappDNA,
was estimated at 280 nM (Table 3), which is higher than that of other DNA polymerases.
Nonetheless, it should be noted that our method of DNA-binding affinity determination
allows us to obtain only an approximate value of DNA-binding affinity owing to the depen-
dence of the product amount on reaction time (Equation (3)). Time points corresponding
mainly to a single-turnover burst reaction should be used. As one can see in Figure 4,
completed products were obtained at the lowest tested S-I concentration, showing that
single-turnover burst conditions were not the case for Mau DNA polymerase in this reaction.
Nevertheless, this experiment enabled us to estimate only the upper limit of Kd,appDNA.
KdNTPdlapp values were found to be 16 uM for correct ANTP and 200-500 uM for incorrect
dNTP and are in excellent agreement with literature data (Table 3). The kinetic parameter
keat turned out to be 0.2 s~ for correct ANTP incorporation and an order of magnitude less
for incorrect ANTP incorporation.
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Table 3. Kinetic parameters kcat, KdNTPdlapp, and Kd,appDNA of family A DNA polymerases.
DNA DNA dNTP -
Polymerase Kgapp M Kgapp s uM keat, s~1 Ref.
. 5 1-2 8.3 [33]
Pol I (E. coli) N 12-147 B [34]
- 1.1 0.37 [35]
. - 2.8-8.0 0.93-1.55 [36]
KE (E. coli) 8 23-32 2.0-2.8 [37]
- 0.014-0.042 - [38]
T4 (E. coli phage - 6-17 - [39]
T4) 70 20 - [40]
1.0-1.8 (corr.) 14-17 - [41]
Taq (T. aquaticus) (incorr.) 6-12
- 0.99 - [36]
- (corr.) 2.5 - [42]
therjr;ig (lz;:les) (incorr.) 230-280
P - 0.022 - [38]
. 3 (corr.) 1.8 3
Bsu (B. subtilis) (incorr) 180 [42]
T7 17.8 18 0.24 [43]
Pol @
(Drosophila) - 37 22 [44]
Pol n (Human) - 7.8-8.2 - [45]
(corr.) 0.2
Mau (M. aurea) <280 (corr) 16 (incorr.) this study

(incorr.) 200-500 0.03-0.044

Summarizing, finding new thermostable DNA polymerases for biotechnological ap-
plications is an important part of fundamental research. Our attention was focused on
the DNA polymerase from one of the thermal strains, which could contain thermostable
enzymes. Despite the thermal origin of the strain M. aurea, the properties of the tested
DNA polymerase do not allow it to be referred to as a thermostable enzyme. Obtained
data revealed that Mau DNA polymerase has an optimal temperature for enzyme activity
in the area of 30 °C. Therefore, this enzyme could be used in “room-temperature” ap-
plications as an analog of Klenow polymerase. Nevertheless, the appearance of another
well-characterized DNA polymerase allows for the expansion of the range of enzymes for
various applications and fundamental research.
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