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The optimization of PCR reaction components and cycling conditions for novel
recombinant TsK1 polymerase originating from Themmus scotoductus K1 strain has been
performed. It was shown that Mg*" in final concentration of 3 mM was suitable for efficient PCR
using TsK1, and higher concentrations inhibited the reaction. Addition of glycerol as enhancer was
essential for PCR. Enzyme exhibited amplification activity in both mono- and multiplex PCR, and
might become a promising tool for different molecular biological applications as well as in
diagnostics.

DNA-polymerase — polymerase chain reaction — Thermus

Ppwlywlwgytbl £ nEYyndphlwlnn TsK1 wnihdGpwgh Yhpwndwdp MSN wdw hdhlywgdwl
wuwjdwlubph pwpbiudned: 8nyg £ wpdb, np wpynibwgbn wduyhdhlughwih hpwlwlwgdwl
hwdwp pwdwpwp £ Mg®*  hnllbph 3 JU YnugGlinpwghwl, pun npnud, wybih pwpép Ynugbln-
pwghwlubpp dlpnud Bu MEN-L: Nbwyghwh hpwiwlwgdwl hwdwp wwpuownhp £ glhgbpnih
wybjwgnudp npwtu Yuwyntuwgneghs: dGpdBuinp gnigwptpnid £ wpnyniiwybn wdwhdhywghwih
hlwpwynpnLeintt hugwbu Uhwyh, wjbwbu £ dngunhwiGeuy MEN nbwlghwlbnnud W Jwpnn E
hununnudUwihg gnpdhe hwunhwlw wwpwplnge dniGynuwihl gEubnhyulwl Yhpwnnegnldulbpnod
hUswbu hEnnwgnunwluwl, wjuwbu E* whuiwnnpnzdwl ninpunutpned:

AAG-uympdEniug — wmhdbnwgquahl pnpugeolpeols nEultighus — Thermus

Brinma nposeniena onrinvimzanis komoHeHTOB TP peaktiim u ycnopwii aMimauUKail ¢
MprMeHeHHeM HoBOH pekomMOnHaATHOH mommmMepasbl TsK 1, nponcxoasameit ot mramma Thermus
seotoductus K1. Dpdexrupreri ITIP ocymmecTeaseTed npy Hammami Mg B xoHewHoH KoHTIEHT-
pamm 3 MM, a BEICOKHe KOHIEHTPAIMH MOAABIIOT pPeakipmo. Takike fobapieHMe INMHIepona B
KauecTBe YCHIHTENs kpaitde neoOxopmmo s [T1IP. depmeHT TposBIsSeT BHICOKYIO 3 herTHR-
HOCThH aMILTH(UKAIIME KaK B MOHO-, TaK M B MyIbTHIUIeKCHOH [ILIP u MoxeT craTh MHOTOOOE-
IIAIOIIHM HHCTPYMEHTOM JUISL PasiMIHBI MOJICKYILIPHO-OHONOIHISCKIX IPHMEHEHHH B Py THH-
HBIX FCCIEA0BAHMAY, a TAIOKe B THATHOCTHKE.

HHK-nonunepasza — nomunmepasuas yenuaa peaxyus — Thermus

DNA polymerases "mined" from various organisms are widely used for in vitro
DNA mampulation (e.g. DNA cloning, sequencing, labeling, mutagenesis, etc.) [7]. A
variety of thermostable DNA polymerases have been isolated and identified from
prokaryotic organmisms. Detailed information about individual properties of these enzymes
and their related applications have been recently reviewed [15, 16]. Each thermostable
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DNA polymerase has different characteristics (e.g., thermostability, processivity,
fidelity, specificity, resistance to contaminants and inhibitors) [5, 9]. The different
properties of DNA polymerases may lead to the development of unique reagents, thus
searching for novel DNA polymerase has been one of the major focuses in this research
field. And protein engineering techniques to create artificial DNA polymerases have
been successfully developing powerful DNA polymerases, suitable for specific purposes
[6, 7, 15, 16]. However, all applications of novel polymerases depend upon an optimized
PCR. Several variables, including MgCl, concentration, enhancing additives and other
parameters can be extremely important, as every element of PCR can affect the outcome
[8]. A variety of additives and enhancing agents can be included in PCR amplifications
to increase yield, specificity and consistency (e.g. dimethyl sulfoxide (DMSO), N,N,N-
trimethylglycine (betaine), formamide, glycerol, nonionic detergents, bovine serum
albumin, polyethylene glycol, tetramethylammonium chloride spermidine, gelatin,
tween-20, nonidet P40 (NP40) and Triton-X100) [3, 14]. These additives have beneficial
effects on some PCR amplifications; however, it is not possible to predict which agents
might be useful for a particular target [3].

This paper describes optimization of reaction parameters and cycling conditions
for novel TsK1 polymerase which originates from Thermus scotoductus K1 strain
isolated from Karvachar geothermal spring (Nagorno-Karabakh).

Materials and methods. DNA polymerase used in this study

Pol 1 gene of T. scotoductus K1 previously was cloned and expressed in E. coli BL21
(DE3) competent cells [12, 13]. Desired protein designed as TsK1 was purified using HisTalon
gr%vity column (Clontech Laboratories, Inc.) [13], and kept in storage buffer suggested by [4] at -
20°C.

DNA template and primers

For PCR optimization pUC19 plasmid (New England BioLabs, Inc.) was used as template
to amplify 265 bp region of lacZ gene. Appropriate primers Pucl9 f (5
gcatgaaagcttgcatgcctgcaggtcgac-3) and Pucl9 r (5'-gcatgacatatgcggtgtgaaataccgcac-3') were
manually designed using Primer3 online tool (https://www.ncbi.nlm.nih.gov/tools/primer-blast/).

PCR assay

PCR reactions were performed in reaction mixtures (tab. 1) varying in buffer composition:
different amounts of MgCl, (0-4.5 mM final concentration) and enhancers (DMSO and glycerol),
as well as various amounts of template DNA (0.01-1 ng/uL final concentration). Composition of
buffer OPT (10x : 500 mM KCI, 100 mM Tris-HCI, pH 9.0, 0.1% Triton X) was designed
experimentally taking into consideration optimal pH [13] of TsK1 enzyme.

Table 1. Compositions of amplification mixes for PCR optimization

Concentration of stock : Volume per reaction, pL. Final concentration
MixA components

Buffer OPT 10x 2.5 1x
Pr F 10 uM 1.25 0.5 uM
Pr R 10 uM 1.25 0.5 uM
dNTPs 10 mM 2 0.8 mM
Glycerol (DMSO) 50% (100%) 5(1.25) 10% (5%)
MqgCl, 15 (30) (45) mM 2.5 1.5(3.0) (4.5) mM
Template 100 ng/pL. 0.25 1 ng/uL
TsK1 polymerase 1
Reaction volume 25
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MixB components
Buffer OPT 10x 25 1x
Pr F 10 uM 1.25 0.5 uM
Pr R 10 uM 1.25 0.5 uM
dNTPs 10 mM 2 0.8 mM
Glycerol (DMSO) 50% (100%) 5 (1.25) 10% (5%)
MgCl, 5 (10) (15) (30) mM 25 0.5 (1.0) (1.5) (3.0) mM
Template 100 (50) ng/uL 0.25 1 (0.5) ng/uL
TsK1 polymerase 1
Reaction volume 25

MixC components
Buffer OPT 10x 25 1x
Pr F 10 uM 1.25 0.5 uM
Pr R 10 uM 1.25 0.5 uM
dNTPs 10 mM 2 0.8 mM
Glycerol 50% - 0r5 - Orl0%
MgCl, 30 mM 2.5 3.0mM
Template 1 (5) (50) ng/uL 0.25 0.01 (0.05) (0.5) ng/uL
TsK1 polymerase 1
Reaction volume 25

The 68°C and 72°C temperatures were tested for elongation, and elongation time was
calculated based on expected amplicon length — 1kb/min. Temperature and time for annealing
were applied according to primers’ Ty, and desired product size respectively. In control reactions,
OneTaq (NEB) polymerase was used according to manufacturers’ recommendations. PCR
products were analyzed by 0.8% agarose gel electrophoresis.

Multiplex PCR

Human genomic DNA was used as template to amplify exons 3, 47, 50 and 52 (tab. 2) of
human dystrophin gene using primer pairs suggested by [1] in optimized reaction mixture, with
modifications. Cycling conditions for multiplex PCR were: 94°C 5 min, [94°C/30 sec, 65°C/4 min]
x 25, 65°C/7 min. PCR products were analyzed on 3% agarose gel.

Table 2. Primers used in multiplex PCR according to [1]

Pro-
Forward primer (5'-3") Reverse primer (5’-3') duct

Exon ;
size
(bp)
3 TCATCCATCATCTTCGGCAGATTAA CAGGCGGTAGAGTATGCCAAATGAAAATCA : 410
47 : CGTTGTTGCATTTGTCTGTTTCAGTTAC GTCTAACCTTTATCCACTGGAGATTTG 181
50 i CACCAAATGGATTAAGATGTTCATGAAT TCTCTCTCACCCAGTCATCACTTCATAG 271
52 i AATGCAGGATTTGGAACAGAGGCGTCC TTCGATCCGTAATGATTGTTCTAGCCTC 113

Results and Discussion. Initial experiments of PCR optimization were
performed in commercial OneTaq Standard reaction buffer (NEB) (20 mM Tris-HCI
pH 8.9, 1.8 mM MgCl,, 22 mM NH,CI, 22 mM KCI, 0.06% IGEPAL CA-630, 0.05%
Tween 20) used in 25 pL reaction, containing dNTPs (0.2 mM), reverse and forward
primers (2 uM each) TsK1 polymerase, without additional enhancers and MgCl.,.
Cycling conditions were: 94°C/1min, [94°C/30 sec, 60°C /30 sec, 68 (72)°C/30 sec]
x30, 68(72)°C/3 min. The same experiments were performed by increasing or decreasing
annealing and extension temperatures as cycling parameters are dependent upon the
sequence and length of the template DNA, the sequence and percent complementarity of
the primers, and the ramp times of the thermal cycler [8]. The reactions resulted with
none or non-specific amplicons using TsK1 (data are not shown), suggesting importance
of appropriate composition of reaction components.
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Enhancers were used to increase yield and specificity of PCR. Nonionic
detergents (Triton X-100, Tween 20, or Nonidet P-40) neutralize charges of ionic
detergents often used in template preparation, and should be used in the basic reaction
mixture, rather than as optional enhancers at reaction concentrations of 0.1 to 1% in
order to increase amplicon production. [8,10]. TsK1 polymerase shows its highest
activity at pH 9.0 [13], thus, Mg?* free buffer OPT (10 mM Tris-HCI, pH 9.0, 50 mM
KCI, 0.1% Triton X) was designed and used as basic reaction buffer in later experiments.

d C

DMSO
pMmso Glycerol Gl | M 1 2 34,567 89101 M

-

Extention Extention
T=72°C

Fig. 1. a) Image of 265 bp amplicons using DMSO or glycerol as enhancers with different
concentrations of MgCl,: lines 1-4 — concentrations of MgCl, in reaction 3.0 mM, 1.5 mM,
4.5 mM, no MgCl,, b) Image of amplicons with 25 ng (top) and 12.5 ng (bottom) of template,
using DMSO or glycerol as enhancers with different concentrations of MgCl,. lines 1-4 —
concentrations of MgCl, in reaction 1.0, 1.5, 3.0, 0.5 mM respectively, c) Image of amplicons
at 68°C and 72°C of extension temperature, using glycerol as enhancer with 3 mM MgCl,, and
different amounts of template: lines 1 and 5 — 0.25 ng template, lines 2 and 6 — 1.25 ng template,
lines 3 and 7 — 12.5 ng template, 4 and 8-negative controls, line 9 — glycerol is absent, line 10 —
amplicons with OneTaq enzyme (positive control), line 11 — negative control of PCR using
OneTag, M-molecular size marker (sizes are shown in bp)

The thermostable DNA polymerases require the presence of magnesium to act as
a cofactor during the reaction process [2, 8, 10]. Optimum MgCl, concentration can vary
even for different primers from the same region of a given template [8]. In general, the
PCR product yield will increase with the addition of greater concentrations of Mg®".
However, increased concentrations of Mg?* will also decrease the specificity and fidelity
of the DNA polymerase. Too much Mg®* may prevent complete denaturation of the
DNA template by stabilizing the duplex strand and also can stabilize spurious annealing
of primers to incorrect template sites and decrease specificity resulting in undesired PCR
products. When there is not enough Mg?*, the reaction will not proceed, resulting in no
PCR product [2, 10]. Therefore, to achieve maximal PCR yield the concentration needs
to be optimized. Various concentrations of MgCl, (0, 0.5, 1.0, 1.5, 3.0, 4.5 mM) were
tested with combination of glycerol or DMSO at 10% and 5%, respectively (see Mix A
and Mix B in Table 1) under cycling conditions: 94°C/1min, [94°C/30 sec, 60°C /20 sec,
68°C /20 sec] x 30 cycles, 68°C /3 min. Adding glycerol as enhancer in PCR mixture
dramatically increased the yield (evaluated as intensity of bands on agarose gel images)
of PCR with combination of MgCl, at 3 mM, and intensity of band is higher when using
less amount of template DNA (fig.1b, line 3). By contrast, no amplification was occurred
when adding DMSO instead of glycerol (fig.1. a,b). Glycerol is known to induce
improvement of PCR, possibly explained by (i) enhancing hydrophobic interactions
between protein domains, (ii) lowering the strand separation temperature, (iii) raising the
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thermal transition temperature of proteins and (iv) enhancing association between
enzyme and template [11, 14].

After determination of optimal MgCl, concentration and reaction components, the
amplification efficiency of TsK1 depending on template amount (see MixC in tab. 2) and
extension temperature were tested under cycling conditions: 94°C/1 min, [94°C/30 sec,
60°C /20 sec, 68 (72)°C /20 sec] x30, 68 (72)°C /3 min. TsK1 shows ability to amplify
DNA both at 68 and 72°C. 1.25 ng of plasmid DNA is optimal for efficient amplification at
extension temperature of 68°C (fig. 1c, line 2), and at 72°C of extension, intensity of
amplicon bands increased along amount of used template (fig. 1c, lines 5-7). Interestingly,
no amplification occurred in reaction mixture without adding glycerol (fig. 1c, line 9),
suggesting importance of this agent for successful PCR using TsK1.

After optimization of optimal reaction conditions for TsK1, enzyme was tested for
ability of amplification in multiplex PCR. Human genomic DNA was used as a template to
amplify some exons of human dystrophin gene.

Fig. 2. Amplicons of multiplex PCR using TsK1. M-molecular mass marker
GeneRuler 1kb Plus (NEB)

Deletions of various exons in human dystrophin gene are associated with
Duchenne and Becker muscular dystrophies (DMD and BMD) and protocols for
multiplex PCR assays allowing detection of different exons in single reaction were
described [1] and are currently in use in diagnostics worldwide, including Armenia.
Randomly chosen 4 primer pairs were used in equimolar concentrations for
amplification of certain exons of human dystrophin gene in optimized basic reaction
mixture containing 3 mM MgCl,. Amplicons shown on fig. 2 prove the ability of TsK1
of multiplex PCR, suggesting that further investigations and improvement of TsK1 may
make it very useful in molecular diagnostics as well.

The optimal conditions for PCR using TsK1 polymerase were determined. TsK1
polymerase exhibits PCR efficiency in both mono- and multiplex PCR, and further
investigations to improve its activity and optimization may lead to make it promising
tool for different molecular biological applications in routine research as well as in
diagnostics.

76




OPTIMIZATION OF PCR CONDITIONS BY RECOMBINANT DNA POLYMERASE | ORIGINATING FROM THERMUS SCOTODUCTUS...

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Beggs A.H. Multiplex PCR for identifying dystrophin gene deletions. Current Protocols
in Human Genetics, 10, 9.3.1-9.3.19, 1996. DOI: 10.1002/0471142905.hg0903s10.
Dhatterwal P., Mehrotra S., Mehrotra R. Optimization of PCR conditions for amplifying
an AT- rich amino acid transporter promoter sequence with high number of tandem
repeats from Arabidopsis thaliana. BMC Res Notes, 10, 638, 2017, DOI
10.1186/s13104-017-2982-1.

Frackman S., Kobs G., Simpson D., Storts D. Betaine and DMSO: Enhancing Agents for
PCR. Promega Notes, 65, p. 27, 1998.

Gibbs M.D., Reeves R.A., Mandelman D., Mi Q., Lee J., Bergquist P.L. Molecular
diversity and catalytic activity of Thermus DNA polymerases. Extremophiles.
13(5):817-2, 2009, DOI: 10.1007/s00792-009-0269-8.

Hubscher U., Spadari S., Villani G., Maga G. DNA Polymerases: Discovery,
Characterization and Functions in Cellular DNA Transactions. Singapore: World
Scientific Publishing Co. Pte. Ltd. 2010.

Ishino S., Ishino Y. DNA polymerases as useful reagents for biotechnology the history of
developmental research in the field. Frontiers in Microbiology, Evol. Gen. Microbiol.
5(465), 1-8, 2014, DOI:10.3389/fmich.2014.00465.

Killelea T., Ralec C., Bossé A., Henneke G. PCR performance of a thermostable
heterodimeric archaeal DNA polymerase. Frontiers in Microbiology, 195, 5, 1-11, 2014,
DOI: 10.3389/fmich. 2014.00195.

Kramer M.F., Coen D.M. Enzymatic Amplification of DNA by PCR: Standard
Procedures and Optimization. Curr. Protocols Mol. Biol. 56, 15.1.1-15.1.14, 2001
https://DOI.0rg/10.1002/0471142727.mb1501s56.

Langhorst B.W., Jack W.E., Reha-Krantz L., Nichols N.M. Pol base: a repository of
biochemical, genetic and structural information about DNA polymerases. Nucl. Acids
Res. 40, D 381-387, 2012, DOI:10.1093/nar/ gkr847.

Lorenz T.C. Polymerase chain reaction: basic protocol plus troubleshooting and
optimization strategies. J. Vis. Exp., 63, €3998, 2012, DOI:10.3791/3998.

Nagai M., Yoshida A., Sato N. Additive effect of bovine serum albumin, dithiothreitol,
and glycerol on PCR. Biochem. Mol. Biol. Intern. 44, 157-163, 1998.

Saghatelyan A., Panosyan H., Trchounian A., Birkeland N.K. Amplification and cloning
of DNA polymerase 1 (poll) of Thermus scotoductus K1 isolated from an Armenian
goethermal spring. FEBS J. 283: P-MIS-003, 2016, DOI: 10.1111/febs.13808.
Saghatelyan A., Panosyan H., Trchounian A., Birkeland N.K. Purification and
characterization of recombinant DNA polymerase | from Thermus scotoductus K1.
“Microbes an their Viruses: Ecology, Diversity, Applications’’, Book of Abstracts, 43,
2019.

Sairkar P., Chouhan Sh., BatavN., Sharma R. Optimization of DNA isolation process
and enhancement of RAPD PCR for low quality genomic DNA of Terminalia arjuna. J.
Gen. Engineer. Biotechnol. 11, 17-24, 2013.

Spibida M., Krawczyk B., Olszewski M. & Kur J. Modified DNA polymerases for PCR
troubleshooting. J. Appl. Genetics., 58, 133-142, 2017, DOI: 10.1007/s13353-016-0371-4.
Terpe K. Overview of thermostable DNA polymerases for classical PCR applications:
from molecular and biochemical fundamentals to commercial systems. Appl. Microbiol.
Biotechnol., 97, 10243-10254, 2013, DOI: 10.1007/s00253-013- 5290-2.

Received on 18.01.2020

77


https://doi.org/10.1002/0471142905.hg0903s10
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibbs%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=19597696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reeves%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19597696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mandelman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19597696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mi%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=19597696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19597696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergquist%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=19597696
https://www.ncbi.nlm.nih.gov/pubmed/19597696
https://doi.org/10.1002/0471142727.mb1501s56

