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SENTETIK NUKLEIK ASITLERIN TANISAL MIKROBIYOLOJIDE
KULLANIMI - OLIGONUKLEOTIT TASARIMI

Gegen yuzyillin ortalarinda, oligonukleotitlerin
ve ardindan fonksiyonel genlerin laboratuvarda
sentezi, kimyasal biyoloji alanindaki en onemli
gelismeler arasinda sayilimaktadir 2. Yontemin
gelistiriimeye baslandidi yillarda, polintkleotitle-
rin kimyasal yontem ile sentezi, gift sarmal DNA
yapisinin aydinlatiimasi, genetik sifrenin ¢ozilme-
si gibi temel sorulara yanit bulunmasinda Kkilit rol
oynamistir.

Gunumuzde sentetik nukleik asitler, molekuler
biyolojik arastirma, sentetik biyoloji, tani ve son
zamanlarda tedavi alanlarinda yogun sekilde kul-
laniimaktadir. Oligontkleotitlerin  polimeraz zin-
cirleme tepkimesi ve rekombinant DNA gibi diger
teknolojiler ile birlikte kullanimi ve giderek genisle-
mekte olan kullanim alanlarindan bazilan asagida
verilmistir (Sekil 1):
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DNA polimeraz

Biyolojik kaynag

Pfu Pyrococcus furiosus

Pfu + Sso7d (kimerik)

Pfu (exo-)

Psp Pyrococcus spp.

Psp (exo-)

Pwo Pyrococcus wpesei

Tag Thermus aquaticus

Taq (N-terminal delesyonlu,

Stoffel fragmani)

Tag Phe667 — Tyr

Tbr Thermus brocianus

Tfl Thermus flavus

Tli Thermococcus litoralis

Tli (exo-)

Tma Thermotoga maritima

Tth Thermus thermophilus
Kaynaklar

1.

Alexander R. Todd. In: Wikipedia [Internet]. 2022 [cited
2022 Jun 12]. Available from: https://en.wikipedia.org/w/
index.php?title=Alexander_R._Todd&oldid=1086110688.

Har Gobind Khorana. In: Wikipedia [Internet]. 2022 [cited
2022 Jun 12]. Available from: https://en.wikipedia.org/w/
index.php?title=Har_Gobind_Khorana&oldid=1087642989.

Roberts TC, Langer R, Wood MJA. Advances in oligonucle-
otide drug delivery. Nat Rev Drug Discov 2020;19(10): 673-
94.

Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA,
Charpentier E. A Programmable Dual-RNA—Guided DNA
Endonuclease in Adaptive Bacterial Immunity. Science
2012;337(6096): 816-21.

Hino M, Kataoka M, Kajimoto K, Yamamoto T, Kido JI,
Shinohara Y, et al. Efficiency of cell-free protein synthesis
based on a crude cell extract from Escherichia coli, wheat
germ, and rabbit reticulocytes. J Biotechnol 2008;133(2):
183-9.

Gibson DG, Benders GA, Andrews-Pfannkoch C, Denisova
EA, Baden-Tillson H, Zaveri J, et al. Complete chemical sy-
nthesis, assembly, and cloning of a Mycoplasma genitali-
um genome. Science 2008;319(5867): 1215-20.

Stoltenburg R, Reinemann C, Strehlitz B. SELEX—A (r)evo-
lutionary method to generate high-affinity nucleic acid li-
gands. Biomol Eng 2007;24(4): 381-403.

Li MZ, Elledge SJ. Harnessing homologous recombination
in vitro to generate recombinant DNA via SLIC. Nat Metho-
ds 2007;4(3): 251-6.

Zhang Y, Werling U, Edelmann W. SLiCE: a novel bacterial
cell extract-based DNA cloning method. Nucleic Acids Res
2012;40(8): e55.

3’ — 5’ ekzoniikleaz
(saglamali okuma)

+

+

10.

5' — 3’ ekzoniikleaz

Oliveira BB, Veigas B, Baptista PV. Isothermal Amplifica-
tion of Nucleic Acids: The Race for the Next “Gold Stan-
dard.” Front Sens [Internet]. 2021 [cited 2022 Jul 3];2. Ava-
ilable from: https://www.frontiersin.org/article/10.3389/
fsens.2021.752600

. Fakruddin M, Mannan KSB, Chowdhury A, Mazumdar RM,

Hossain MdN, Islam S, et al. Nucleic acid amplification: Al-
ternative methods of polymerase chain reaction. J Pharm
Bioallied Sci 2013;5(4): 245-52.

. Southern blot. In: Wikipedia [Internet]. 2022 [cited 2022 Jul

7]. Available from: https://en.wikipedia.org/w/index.php?-
title=Southern_blot&oldid=1083744321.

. Northern blot. In: Wikipedia [Internet]. 2022 [cited 2022 Jul

7]. Available from: https://en.wikipedia.org/w/index.php?-
title=Northern_blot&oldid=1089941393.

. Reynisson E, Josefsen MH, Krause M, Hoorfar J. Evalu-

ation of probe chemistries and platforms to improve the
detection limit of real-time PCR. J Microbiol Methods
2006;66(2): 206-16.

. Pifiol J, Senar MA, Symondson WOC. The choice of univer-

sal primers and the characteristics of the species mixture
determine when DNA metabarcoding can be quantitative.
Mol Ecol 2019;28(2): 407-19.

. Box GEP Science and Statistics. J Am Stat Assoc

1976;71(356): 791-9.

. Rejali NA, Ye FD, Zuiter AM, Keller CC, Wittwer CT. Nea-

rest-neighbour transition-state analysis for nucleic acid
kinetics. Nucleic Acids Res 2021;49(8): 4574-85.

. Watson JD, Crick FH. Molecular structure of nucleic

acids; a structure for deoxyribose nucleic acid. Nature
1953;171(4356): 737-8.

. Marmur J, Doty P. Determination of the base compositi-

on of deoxyribonucleic acid from its thermal denaturation
temperature. J Mol Biol 1962;5(1): 109-18.



20.

21

22.

23.

24.

26.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Sentetik Nukleik Asitlerin Tanisal Mikrobiyolojide Kullanimi - OligontkleotiT Tasarimi

Wallace RB, Shaffer J, Murphy RF, Bonner J, Hirose T,
Itakura K. Hybridization of synthetic oligodeoxyribonucle-
otides to phi chi 174 DNA: the effect of single base pair
mismatch. Nucleic Acids Res 1979;6(11): 3543-57.

Breslauer KJ, Frank R, Blocker H, Marky LA. Predicting
DNA duplex stability from the base sequence. Proc Natl
Acad Sci U S A 1986;83(11): 3746-50.

Franklin RE, Gosling RG. Molecular configuration in sodi-
um thymonucleate. Nature 1953;171(4356): 740-1.

Herskovits TT. Nonaqueous solutions of DNA: Factors de-
termining the stability of the helical configuration in soluti-
on. Arch Biochem Biophys 1962,97(3): 474-84.

Fei J, Ha T. Watching DNA breath one molecule at a time.
Proc Natl Acad Sci 2013;110(43): 17173-4.

Santalucia J. A unified view of polymer, dumbbell, and
oligonucleotide DNA nearest-neighbor thermodynamics.
Proc Natl Acad Sci 1998;95(4): 1460-5.

Whitley KD, Comstock MJ, Chemla YR. Elasticity of the
transition state for oligonucleotide hybridization. Nucleic
Acids Res 2017;45(2): 547-55.

Montrichok A, Gruner G, Zocchi G. Trapping intermediates
in the melting transition of DNA oligomers. Europhys Lett
2003;62(3):452.

Wetmur JG, Davidson N. Kinetics of renaturation of DNA. J
Mol Biol 1968;31(3): 349-70.

Chen C, Wang W, Wang Z, Wei F, Zhao XS. Influence of se-
condary structure on kinetics and reaction mechanism of
DNA hybridization. Nucleic Acids Res 2007;35(9): 2875-84.
Gao Y, Wolf LK, Georgiadis RM. Secondary structure effe-
cts on DNA hybridization kinetics: a solution versus surfa-
ce comparison. Nucleic Acids Res 2006;34(11): 3370-7.

. Ribosome. In: Wikipedia [Internet]. 2022 [cited 2022 Jul

14]. Available from: https://en.wikipedia.org/w/index.php?-
title=Ribosome&oldid=1092010277.

Schreck JS, Ouldridge TE, Romano F, Sulc P, Shaw LP, Lou-
is AA, et al. DNA hairpins destabilize duplexes primarily by
promoting melting rather than by inhibiting hybridization.
Nucleic Acids Res 2015;43(13): 6181-90.

Monroy-Contreras R, Vaca L. Molecular beacons: power-
ful tools for imaging RNA in living cells. J Nucleic Acids
2011;2011:741723.

Zuker M. Mfold web server for nucleic acid folding and
hybridization prediction. Nucleic Acids Res 2003;31(13):
3406-15.

Markham NR, Zuker M. DINAMelt web server for
nucleic acid melting prediction. Nucleic Acids Res
2005;33(suppl_2): W577-81.

Markham NR, Zuker M. UNAFold: software for nucleic acid
folding and hybridization. Methods Mol Biol Clifton NJ
2008; 453:3-31.

Lorenz TC. Polymerase Chain Reaction: Basic Protocol
Plus Troubleshooting and Optimization Strategies. JoVE J
Vis Exp 2012;(63): €3998.

Chuang LY, Cheng YH, Yang CH. Specific primer de-
sign for the polymerase chain reaction. Biotechnol Lett
2013;35(10): 1541-9.

Marshall OJ. PerlPrimer: cross-platform, graphical primer
design for standard, bisulphite and real-time PCR. Bioinfor-
ma Oxf Engl 2004;20(15): 2471-2.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kdressaar T, Lepamets M, Kaplinski L, Raime K, Andre-
son R, Remm M. Primer3_masker: integrating masking of
template sequence with primer design software. Bioinfor-
ma Oxf Engl 2018;34(11): 1937-8.

Ye J, Coulouris G, Zaretskaya |, Cutcutache |, Rozen S,
Madden TL. Primer-BLAST: a tool to design target-specific
primers for polymerase chain reaction. BMC Bioinformati-
€s 2012;13: 134.

Brown DM. A Brief History of Oligonucleotide Synthesis, pp:
1-17.1n: Agrawal S (ed), Protocols for Oligonucleotides and
Analogs: Synthesis and Properties [Internet]. Totowa, NJ:
Humana Press; 1993 [cited 2022 Jun 2]. (Methods in Mo-
lecular Biology). Available from: https://doi.org/10.1385/0-
89603-281-7:1.

Beaucage SL, Caruthers MH. Deoxynucleoside phosphora-
midites—A new class of key intermediates for deoxypoly-
nucleotide synthesis. Tetrahedron Lett 1981;22(20):1859—
62.

Lebedev AV, Combs D, Hogrefe RI. Preactivated Carboxyl
Linker for the Rapid Conjugation of Alkylamines to Oligo-
nucleotides on Solid Support. Bioconjug Chem 2007;18(5):
1530-6.

Pitner JB, Linn CP. Synthesis and use of labelled phospho-
ramidite compositions [Internet]. US6114518A, 2000 [cited
2022 Jun 3]. Available from: https:/patents.google.com/
patent/US6114518/en

Roy S, Caruthers M. Synthesis of DNA/RNA and Their Ana-
logs via Phosphoramidite and H-Phosphonate Chemist-
ries. Molecules 2013;18(11): 14268-84.

Hao M, Qiao J, Qi H. Current and Emerging Methods for
the Synthesis of Single-Stranded DNA. Genes 2020;11(2):
E116.

Zhang Q, Lv H, Wang L, Chen M, Li F, Liang C, et al. Recent
Methods for Purification and Structure Determination of
Oligonucleotides. Int J Mol Sci 2016;17(12): E2134.

Oligonucleotide synthesis. In: Wikipedia [Internet]. 2022
[cited 2022 May 31]. Available from: https://en.wikipedia.
org/w/index.php?title=0ligonucleotide_synthesis&ol-
did=1086010402

Sieracki NA, Hwang HJ, Lee MK, Garner DK, Lu Y. A tem-
perature independent pH (TIP) buffer for biomedical biop-
hysical applications at low temperatures. Chem Commun
Camb Engl 2008;(7): 823-5.

Raper AT, Reed AJ, Suo Z. Kinetic Mechanism of DNA Pol-
ymerases: Contributions of Conformational Dynamics and
a Third Divalent Metal lon. Chem Rev 2018;118(12): 6000-
25.

Batra VK, Beard WA, Shock DD, Krahn JM, Pedersen LC,
Wilson SH. Magnesium-induced assembly of a complete
DNA polymerase catalytic complex. Struct Lond Engl 1993
2006;14(4): 757-66.

Norberg J, Nilsson L. Solvent Influence on Base Stacking.
Biophys J 1998;74(1): 394-402.

Wong KL, Liu J. Factors and methods to modulate DNA
hybridization kinetics. Biotechnol J 2021;16(11): 2000338.

Wang X, Lim HJ, Son A. Characterization of denaturation
and renaturation of DNA for DNA hybridization. Environ
Health Toxicol 2014;29: €2014007.

Kramer MF, Coen DM. Enzymatic Amplification of DNA by
PCR: Standard Procedures and Optimization. Curr Protoc
Cytom 2006;37(1): A.3K.1-A.3K.15.

@7




57.
58.

59.
60.

61.

62.

63.
64.

65.

)

Molekuler Mikrobiyoloji Tani ve Epidemiyoloji

Eckert KA, Kunkel TA. DNA polymerase fidelity and the pol-
ymerase chain reaction. PCR Methods Appl 1991;1(1): 17-
24,

Chien A, Edgar DB, Trela JM. Deoxyribonucleic acid poly-
merase from the extreme thermophile Thermus aquati-
cus. J Bacteriol 1976;127(3): 1550-7.

Kogan SC, Doherty M, Gitschier J. An improved method
for prenatal diagnosis of genetic diseases by analysis of
amplified DNA sequences. Application to hemophilia A. N
Engl J Med 1987;317(16): 985-90.

Pavlov AR, Pavlova NV, Kozyavkin SA, Slesarev Al. Recent
developments in the optimization of thermostable DNA
polymerases for efficient applications. Trends Biotechnol
2004;22(5): 253-60.

Thermoelectric effect. In: Wikipedia [Internet]. 2022 [cited
2022 Jul 16]. Available from: https://en.wikipedia.org/w/in-
dex.php?title=Thermoelectric_effect&oldid=1089118304

Roux KH. Optimization and troubleshooting in PCR. Cold
Spring Harb Protoc 2009;2009(4): pdb.ip66.

Feliciello I, Chinali G. A modified alkaline lysis method for
the preparation of highly purified plasmid DNA from Esc-
herichia coli. Anal Biochem 1993;212(2): 394-401.

Dey P, Bhattacherjee A. Role of Macromolecular Crowding
on the Intracellular Diffusion of DNA Binding Proteins. Sci
Rep 2018;8(1): 844.

Bowater RP, Cobb AM, Pivonkova H, Havran L, Fojta M.
Biophysical and electrochemical studies of protein—nuc-
leic acid interactions. Monatshefte Fir Chem - Chem Mon
2015;146(5): 723-39.

66.

67.

68.

69.

70.

71.

72.

Miller BR, Beese LS, Parish CA, Wu EY. The Closing Mec-
hanism of DNA Polymerase | at Atomic Resolution. Struct
Lond Engl 1993 2015;23(9): 1609-20.

Rychlik W, Spencer WJ, Rhoads RE. Optimization of the an-
nealing temperature for DNA amplification in vitro. Nucleic
Acids Res 1990;18(21): 6409-12.

Turvey MW, Gabriel KN, Lee W, Taulbee JJ, Kim JK, Chen S,
et al. Single-molecule Tag DNA polymerase dynamics. Sci
Adv 2022;8(10): eabl3522.

Khare V, Eckert KA. The proofreading 3'—5' exonuclease
activity of DNA polymerases: a kinetic barrier to trans-
lesion DNA synthesis. Mutat Res Mol Mech Mutagen
2002;510(1): 45-54.

Jin YH, Garg P, Stith CMW, Al-Refai H, Sterling JF, Murray
LJW, et al. The Multiple Biological Roles of the 3'=5"' Exo-
nuclease of Saccharomyces cerevisiae DNA Polymerase 6
Require Switching between the Polymerase and Exonucle-
ase Domains. Mol Cell Biol 2005;25(1): 461-71.

Evans GW, Craggs T, Kapanidis AN. The Rate-limiting
Step of DNA Synthesis by DNA Polymerase Occurs in the
Fingers-closed Conformation. J Mol Biol 2022;434(2):
167410.

Spibida M, Krawczyk B, Olszewski M, Kur J. Modified
DNA polymerases for PCR troubleshooting. J Appl Genet
2017;58(1): 133-42.



