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Competitive primer extension of base-modified dNTPs In the
presence of natural dNTPs.

Introduction

Competitive incorporations of some 7-substituted-7-deazaadenine and 5-substituted cytosine 2’-deoxynucleosides in the presence of natural NB
dNTPs were previously studied in our group. Results showed that most 7-aryl-7-deaza dARTP are better substrates for most polymerases 0'-'F."-0-é"-0-'ﬁ"-01§i7
than natural dATP.t We have now extended this work to a comprehensive study of competitive PEX and PCR, including different dNRTPs of

all four bases in different ratios with the natural dNTPs. This systematic study showed that most modified dNRTPs containing n-electron 1:1
modifications are excellent substrates and are generally better incorporated into DNA than natural dNTPs.?2 As kinetic studies and Bgase-modified
semiempirical calculations confirmed, the affinity of the modified dNRTPs bearing the w-electron modifications for the active site of the T » NB
polymerase complex with the primer and template i1s enhanced because of increased n-stacking, explaining, thus, their preferential o--f%—o—ﬁ*—o—é—o@
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incorporation by DNA polymerases with respect to their natural counterparts.?

Principle of competitive incorporations

An approach based on cleavage

by restriction endonucleases 4
(REs) was employed to test the ‘|
competitive  incorporation  of
modified dNTPs toward natural
dNTPs.

Some REs are very sensitive to
base modifications In their
recognition sequence.3

Therefore, PEX can be performed
using a 1:1 mixture of modified
and natural dNTPs, followed by
cleavage by the appropriate RE
and finally PAGE analysis.
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Competitions using Bst DNA polymerase

Generally, 7-substituted-7-deazapurine dNTPs were
found to be better substrates than 5-modified dUTP
and dCTP for Bst DNA polymerase. Interestingly,
most of the 7-modified 7-deaza dGTPs and dATPs,
were accepted by DNA polymerases better than
natural dGTP and dATP respectively. The Bst large
fragment DNA polymerase showed the highest affinity
for 7-phenyl-7-deaza purine triphosphates. In general,
despite their size, the phenyl bearing dNTPs were
found to be better substrates than the smaller ethynyl
and vinyl derivatives.?
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a) Competition is defined as the % of functionalized DNA prepared in PEX with mix of
dNXTP:dNTP in 1:1 ratio.
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Kinetics of single incorporation

Ky Koot Ratio?
dGTP 53 138 1 1 2 3 4 5 6 7 8
dGPPTP 4.1 137 1.4 Product (16 nt)

TTP 3.2 0.6 1

dUPPTP 7.9 93 06 Prim (150t) s o o o - - -

dATP 8.7 3.0 1 dGPPTP uM: 0 0.1 0316 1 3.16 10 31.6 100

dAPPTP 5.6 13.5 2.5 CTACCCRECETACCEN R
3-GTA TA 5

dCTP 6.7 6.1 1 5-CATGGGCGGCATGGG s e s O

dCViTP 141 154 1.2 \/o o &

dCP"TP 6 7.5 1.4 g dNRTP  OH

a) Ratio is the discrimination rate and is defined as (K.,«/ Ky modi/ (Keat! Km)natural

While no significant differences were found in the k_, values of the modified with respect to
the ones of non-modified dNTPs, 7-phenyl-substituted 7-deazapurine nucleotides (dGP"TP and
dAP"TP) showed the highest discrimination rate (Ratio, in the table). These results indicate the
higher affinity of 7-phenyl-substituted 7-deazapurine for the active site of the complex of
polymerase with primer and template and are in perfect agreements withthose found in the

competition experiments.

Molecular Modelling

Scores of the Natural dNTPs and dNP"TPs

dNTP Score Relative score

dGTP —108.5
dGPhTP —129.0 -20.5

dUTP ~72.4 ,

TTP —705 Ar Gé@GPhTPC t; n—7 interaction
dUPITP —61.8 105 (to UTP), 19 ation~r Inferactio

8.7 (to TTP) 10

dATP -86.9 .
dAPPTP —97.4 —10.5 N mG-Ph
dCTP —68.4 "
dCPhTP —70.2 1.8 0-

Arg629 Phe710 Tyr714

The 7-phenyl-7-deazapurine nucleotides had larger affinity than the native dGTP or dATP. The
score of dCP"TP was only slightly more negative than that of dCTP whereas the modified
dUPPTP was computed to have a lower affinity than the natural TTP. The virtual glycine scan
showed that the increase in the binding is largely due to the cation—nx interaction of Arg629

with the phenyl group of dGP"TP.?

Conclusion

Our systematic study revealed that most dNRTPs were good to excellent substrates for Bst
polymerase. 7-Deazapurine dNTPs bearing m-electron-containing substituents (ethynyl and
phenyl, as well as 7-vinyl-7-deazaadenine) are generally even better substrates of Bst
polymerase than natural dATP or dGTP, respectively. Similar results have been recently found
also for other 7-akyne- or 7-alkene-modified 7-deazaadenines as substrates of KlenTag DNA
polymerase.® 5-Substituted dCRTPs are comparable to dCTP, whereas the 5-substituted dURTPs
are generally worse substrates than TTP. The measured Kinetic parameters follow the same trend
and confirm that 7-phenyl-7-deazapurine dNTPs have higher affinity to the active site of the
polymerase than their natural counterparts.

References:

P. Kielkowski, J. Fanfrlik, M. Hocek, Angew. Chem. Int. Ed., 2014, 53, 7552-7555.

H. Cahova, A. Panattoni, P. Kielkowski, J. Fanfrlik and M. Hocek; ACS Chem. Biol. 2016, 11, 3165-3171.
H. Macickova-Cahova, M. Hocek, Nucleic Acids Res. 2009, 37, 7612—-7622.

H. Macickova-Cahova, R. Pohl, and M. Hocek, ChemBioChem, 2011, 12, 431-438.

M. Mackova, S. Bohacova, P. Perlikova, L. Postova Slavétinska and M. Hocek, ChemBioChem. 2015, 16,
2225-2232.

[6] A. Hottin, K. Betz, K. Diederichs, and A. Marx, Chem. Eur. J. 2017, 23, 2109-2118.

U W N e

This work was supported by the Academy of Sciences of the Czech Republic (RVO: 61388963 and Praemium Academiae), the Czech Science Foundation (14-04289S), by Marie Sklodowska-Curie
Innovative Training Network (ITN) Click Gene (H2020-MSCA-1TN-2014-642023), and by Gilead Sciences, Inc. (Foster City, CA, U.S.A.).



