
To study the effect of bulkiness of the substituent on incorporation by DNA polymerases, 

a series of six 2-modified dATP derivatives bearing Cl, NH2, CH3, vinyl, ethynyl and 

phenyl (dRATPs) was designed and synthesized. Since dClATP and dNH2ATP were 

known,4,5 synthesis of the rest of the series involved cross-coupling reactions of key 2-

iodo-2’-deoxyadenosine dIA and subsequent triphosphorylation. 
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Enzymatic synthesis of functionalized DNA, using base-modified 2’-deoxyribonucleoside triphosphates (dNTPs), is a 

widely used tool with potential applications in chemical biology, bioanalysis or diagnostics.1 The modification is usually 

attached to the position 5 of pyrimidines or position 7 of 7-deazapurines. This ensures that the modification is pointing out 

into the major groove of DNA, not destabilizing the duplex. Moreover, corresponding dNTPs are likely good substrates for 

DNA polymerases and therefore can be used for enzymatic synthesis of modified oligonucleotides (ONs).2 The only minor-

groove base-modified nucleotides, that were reported as good substrates for DNA polymerases, were 2-chloroadenine and 

2,6-diaminopurine dNTPs.3,4 Therefore we envisaged that a small substituent at position 2 of purine heterocycle may not 

fully disturb the key Watson-Crick H-bonding, nor the important minor groove interactions necessary for chain extension by 

DNA polymerase.5 Herein we report the first example of enzymatic synthesis of minor-groove base-modified DNA.6 

Incorporation of dRATPs into DNA by PEX  

with KOD XL DNA polymerase 

Prepared dRATPs were then tested 

as substrates for DNA polymerases 

in primer extension (PEX). Products 

of PEX with KOD XL DNA 

polymerase with either one 

modification (DNA1RAs, Figure 1a) 

or  four modifications (DNA4RAs, 

Figure 1b), were analyzed by 

denaturing polyacrylamide gel 

electrophoresis (PAGE). All tested 

dRATPs were good substrates for 

KOD XL DNA polymerase, with 

the exception of dPhATP, which is 

not a substrate for DNA polymerase, 

since almost no extension was 

observed. A simple kinetic analysis 

(Figure 1c) compared the rates of 

incorporation of the modified 

dRATPs with natural dATP. The 

rates of incorporation of smaller 

dClATP, dNH2ATP and dMeATP  

was comparable to the natural dATP, 

whereas bigger dVATP and dEATP 

took approximately 2 min to reach 

completion. 

DNA Tm / °C ΔTm / °C DNA Tm / °C ΔTm / °C 

DNA1A 72.2 – DNA4A 79.4 – 

DNA1ClA 69.6 – 2.6 DNA4ClA 71.0 – 2.1 

DNA1NH2A 72.5 + 0.3 DNA4NH2A 81.4 + 0.5 

DNA1MeA 70.5 – 1.7 DNA4MeA 72.3 – 1.8 

DNA1VA 66.6 – 5.6 DNA4VA 72.6 – 1.7 

DNA1EA 66.1 – 6.1 DNA4EA 71.1 – 2.1 

DNA1Cy3A 69.0 – 3.2 

Denaturating temperatures of minor-groove modified DNA 

Denaturing temperatures of all 

PEX products show that, with 

the exception of 2,6-

diaminopurine, that stabilizes 

the DNA thanks to additional 

H-bond with T, all the other 

modifications destabilized the 

duplexes. 

Post-synthetic modification of DNA minor groove with 

fluorescent labels utilizing click chemistry 

DNAs modified in the minor groove with one or four vinyl groups (DNA1VA and 

DNA4VA) or with one or four ethynyl groups (DNA1EA and DNA4EA) were subjected to 

post-synthetic modification using click chemistry. Vinyl group underwent thiol-ene 

reaction, whereas ethynyl group was envisaged for CuAAC reaction. Thiol-ene reactions 

of vinyl modified DNA with fluorescent coumarinemethyl thiol CM-SH for 3 days at 37 

°C gave ca. 60% conversions (based on PAGE analysis, Figure 2d), providing blue-

fluorescent conjugates (Figure 2a, 2c). CuAAC reaction of ethynyl modified DNA with 

Cy3-N3 proceeded smoothly (Figure 2f) giving red-fluorescent products (Figure 2b, 2e). 

Figure 1: PAGE analysis of PEX products 

Table 1: Denaturing temperatures of modified DNA duplexes 

Figure 2: Analysis of post-synthetic labeling of minor-groove modified DNA by fluorescent labels using 

click chemistry 

Scheme 1: Synthesis of 2-modified dATP derivatives and their use in enzymatic synthesis of minor-groove 

modified DNA 
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Conclusion 
In conclusion, we found out that dATP derivatives modified with a small substituent at position 2 

(Cl, NH2, CH3, vinyl and ethynyl) are all substrates for DNA polymerases and were used for 

enzymatic synthesis of minor groove modified DNA, while dPhATP was already too bulky to be 

incorporated. Vinyl and ethynyl minor-groove modified DNA can be post-synthetically modified by 

thiol-ene or CuAAC reactions, which was shown by fluorescent labelling. Recently, a new study 

showed that N2-substituted 2’-deoxyguanosine triphosphates act as selective substrates for Human 

DNA polymerase κ.7 


