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Introduction

The unique physical and chemical characteristics of DNA as
genomic materials also make them very useful for various
other applications. For example, DNA has been explored
for applications in nanoarchitectures,[1]nanorobots,[2] nano-
computing,[3] reaction encoding,[4] and nanosensing.[5] In ad-
dition, DNA can be used as therapeutic agents[6] and for the
in vitro selection of aptamers for various applications.[7] For
many applications, DNA must be equipped with specific
functionalities, such as fluorescent markers, biotin, thiols,
sugars, proteins, positively charged peptides (octaarginines),
and boronic acid for endowing different properties.[8] There-
fore, there is a critical need to develop chemistry that allows
for the ready functionalization of DNA molecules. Nucleic
acid functionalization can be conducted through various
conjugation methods, such as Staudinger ligation, N-
hydroxy ACHTUNGTRENNUNGsuccinimide (NHS) ester chemistry, and the forma-
tion of thiourea, oxime, or disulfide linkages.[9] Recent ad-
vances in cycloaddition reactions have enabled faster and
more efficient conjugation.[8a] Specifically, the labs of
Seela[10] and Carell[11] first reported the functionalization of
DNA nucleobases through the copper(I)-catalyzed azide–

alkyne cycloaddition (CuAAC) reaction, which was devel-
oped by the groups of Sharpless[12] and Meldal.[13] This pro-
tocol is highly efficient and specific, and results in almost
quantitative incorporation of different labels into the DNA.
Although these seminal reports have allowed easy DNA
modification, the CuAAC method has the issue of copper-
catalyzed cleavage of DNA.[8a] In addition, CuI poses stabili-
ty problems for some other functional groups. For example,
boronic acid was reported to be degraded during post-syn-
thetic functionalization of DNA when using the CuAAC re-
action.[14] Copper-free chemistry has thus been used recently
by different researchers, including strain-promoted azide–
alkyne cycloadditions,[15] Staudinger ligation,[16] Diels–Alder
reaction,[17] hydrazone[18] and oxime[19] formation, and native
peptide ligation.[20] Although these methods provide alterna-
tive ways for copper-free DNA labeling, they still possess
some limitations, for example, low reaction rate, the need
for other reagents/organic solvents for functionalization, and
the possibility of generating stereo/regioisomers.

In our work of preparing modified DNA, we are especial-
ly interested in building boronic acid functionalized DNA li-
braries for aptamer selection.[8b] We have successfully dem-
onstrated the synthesis and enzymatic incorporation of bor-
onic acid modified TTPs (B-TTPs) into DNA[21] (route A,
Scheme 1), and the chemical phosphoramidite synthesis of
DNA with a strained alkyne handle, which allowed introduc-
tion of the boronic acid group through copper-free click
chemistry (route B, Scheme 1).[14] Although these paved the
way for enzyme-catalyzed functionalization with a boronic
acid and the large scale synthesis of single-stranded boronic
acid modified DNA for further applications, several limita-
tions still need to be addressed, including the complex syn-
thesis of different B-TTP moieties, CuI-mediated degrada-
tion of specific boronic acid functional groups, the potential
problems during enzymatic recognition, and multiple stereo-
isomers generated due to lack of symmetry. In an attempt to
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circumvent these restrictions, and most importantly, to de-
velop a novel platform for the rapid and specific post-syn-
thesis modification of DNA that can address some limita-
tions of current methods, we are further interested in the
strategy of enzyme-catalyzed (such as the polymerase chain
reaction (PCR)) synthesis of DNA with a “general handle”
that can undergo a rapid and specific post-synthesis func-
tionalization. Specifically, we need an approach that allows
1) high enzymatic incorporation efficiency of the “general
handle” modified nucleotide, 2) fast, site-specific, and
chemo ACHTUNGTRENNUNGselective post-synthesis modification with its reactive
partner in aqueous solution, and 3) high yield of a single
stereochemically pure product. The last point is especially
important and remains a major obstacle for further applica-
tion in DNA modification, such as aptamer selection. Be-
cause even if the yield of the desired isomer is 90 % at a

single base, the synthesis of a
90-mer DNA would have the
possibility of generating multi-
ple isomers with a random dis-
tribution of regio/stereoisomers
at different positions. Herein,
we report our recent endeavor
in developing such a method
that meets the aforementioned
criteria for post-synthesis modi-
fication of DNA.

Results and Discussion

To start this project, we first ex-
plored the well-developed rep-
ertoire of biocompatible reac-
tions to find the appropriate re-
action partners for high reac-
tion selectivity, absence of
stereo ACHTUNGTRENNUNGisomers, and compatibili-
ty with biological systems. The
condensation of 1,2-aminothiol
with 2-cyanobenzothiazole
(CBT) was chosen.[22] This reac-
tion, known as the last step of
the biosynthesis of luciferin,[22]

has drawn much attention re-
cently, largely due to the reju-
venation work of the groups of
Rao[23] and Chin.[24] In employ-
ing this reaction for post-syn-
thesis DNA labeling, we have
the option of either incorporat-
ing a 1,2-aminothiol or CBT
into the nucleotide. We selected
the pathway of making the
CBT-modified nucleotide, since
it does not involve protection/
deprotection during the synthe-

sis. In addition, the 1,2-aminothiol provides good solubility
in aqueous solution to the click-labeling agent. Based on the
known fact that 5-position modification of deoxyuridine can
be tolerated by polymerases and reverse transcriptases[25]

and our own successful experience in developing a series of
5-position boronic acid functionalized deoxyuridines,[21c] we
prepared a CBT-modified thymidine triphosphate in eight
steps. Specifically, by starting from commercially available
1,4-benzoquinone (1), ethyl 6-hydroxybenzo[d]thiazole-2-
carboxylate (5) was synthesized by following literature pro-
cedures.[26] Propargylation, followed by ammonolysis and de-
hydration provided a modified CBT with a terminal alkyne
moiety (8). Subsequent Sonogashira reaction yielded CBT-T
9. Triphosphorylation was accomplished by the classical one-
pot three-step method[27] (Scheme 2) to afford final com-
pound CBT-TTP 10.

Scheme 1. Schematic representations of different boronic acid functionalized DNA modification strategies:
A) Enzymatic incorporation of boronic acid modified nucleotides; B) chemical incorporation of a nucleotide
modified with a reactive group, followed by Cu-free modification with their reaction partners; and C) enzy-
matic incorporation of a “general handle” modified nucleotide, followed by Cu-free post-synthesis modifica-
tion with its partner. DIFO =difluorinated cyclooctyne, DMTr =4,4-dimethoxytrityl.
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Before the incorporation study, we first studied the reac-
tion profile. CBT has been reported to react rapidly and
specifically with 1,2-aminothiol with a second-order rate
constant of 9 m

�1 s�1.[23a] We reasoned that nucleotide-modi-
fied CBT would proceed in the same fashion. To confirm
this, a kinetic study was performed for the reaction between
the precursor CBT-T (9, Scheme 2) and 1,2-aminothiol. The
second-order rate constant was determined to be 22m

�1 s�1

(see Figure S1 in the Supporting Information) under near-
physiological conditions (phosphate buffer, pH 7.4).

Next, we studied the incorporation of CBT-TTP into
DNA by an enzyme-catalyzed reaction. Specifically, primer
extension, by using CBT-TTP and the Klenow fragment,
was conducted by using a short sequence of 21-mer oligonu-
cleotide (nt) Template-1 and a 14-mer FAM-labeled primer
(Figure 1; FAM=6-carboxyfluorescein), which have been
successfully used in our previous incorporation studies of
different functionalized DNA.[21] Klenow fragment (3’–5’
exo�) was used to avoid cleavage of the template. The
primer was designed in such a way that the first incorporat-
ed base would be a T, so there are two possible scenarios in
the extension: either a fully extended product or no exten-
sion at all. The obtained DNA products were studied by
using polyacrylamide gel electrophoresis (PAGE). As shown
in Figure 1 A, negative controls without dTTP (Lane 1, Fig-
ure 1 A), without the Klenow fragment (Lane 2, Figure 1 A),
and primer plus template only (Lane 3, Figure 1 A) showed
no full length DNA sequence. Instead, annealing products

Scheme 2. Synthesis of 10 (CBT-TTP).

Figure 1. A) Primer extension with CBT-TTP catalyzed by the Klenow
fragment (3’–5’ exo�), 20% PAGE analysis: 1) no dTTP, 2) no enzyme,
3) Template-1 + primer, 4) primer only, 5) dNTPs, 6) the same as Lane 5
except with CBT-TTP instead of dTTP; B) Post-synthesis labeling by
using “click” reagent Cys-BA, 20 % PAGE analysis: 1) dNTPs-DNA21,
2) CBT-DNA21, 3) dNTPs-DNA21 + Cys-BA, 4) CBT-DNA21 + Cys-BA,
5) Cys-BA “click”-labeled CBT-DNA21 treated with H2O2; C,D,E,F)
MALDI spectra of DNA products corresponding to gel lanes B2, B3, B4,
and B5, respectively.
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were observed. Negative control with primer only (Lane 4,
Figure 1 A) did not show annealing product due to the ab-
sence of template. On the other hand, primer extension
product with CBT-TTP (Lane 6, Figure 1 A) in place of
dTTP gave a similar full-length DNA band to that of the
positive control with Klenow fragment and natural dNTPs
only (Lane 5, Figure 1 A). Such results indicated that synthe-
sized CBT-TTP could be recognized as similar to dTTP by
the Klenow fragment, and incorporated into DNA. After
demonstrating the successful incorporation of CBT-TTP, we
further explored the feasibility of post-synthesis modifica-
tion of DNA. Since it is a long-term interest in our group to
develop boronic acid functionalized DNA for further appli-
cations, a 1,2-aminothiol conjugated boronic acid (Cys-BA)
probe was synthesized as an example for post-synthesis
modification (Figure 1, see Scheme S1 in the Supporting In-
formation for the synthetic route). The same 21-nt template
and 14-nt primer without the FAM label were used. As
shown from Figure 1 B, fully extended product was observed
by using both dNTPs (Lane 1, Figure 1 B) and CBT-TTP
(Lane 2, Figure 1 B). However, after being treated with Cys-
BA (1 mm, final concentration (50 equiv) for 30 min, supple-
mented with tris(2-carboxyethyl)phosphine (TCEP, 1 mm

final concentration)) with the primer extension product,
only CBT-DNA21 (CBT incorporated DNA product, 21-nt)
showed the post-synthesis product as expected (Lane 4, Fig-
ure 1 B). The reduced mobility of Cys-BA “click”-labeled
CBT-DNA21 indicated the reaction, which is presumably due
to the interaction between boronic acid and polyacrylamide
matrix.[14,21b] The result was further supported by the band
with different mobility after treating the Cys-BA “click”-la-
beled CBT-DNA21 with H2O2 (1 mm final concentration, 1 h;
Lane 5, Figure 1 B), which is due to the well-known oxida-
tion reaction of converting the phenyl boronic acid function-
al group into a phenol group.[28] As a control, the mobility
for the dNTPs-DNA21 (extended DNA product by using
dNTPs, 21-nt) band did not change after treatment with
Cys-BA (Lane 3, Figure 1 B), which indicated no reactions,
as expected.

Understandably, mobility studies alone would not be
enough to prove the post-synthesis modifications. MALDI-
MS was used to further examine the DNA products. Specifi-
cally, dNTP-DNA21 treated with Cys-BA (Lane 3, Fig-
ure 1 B) had the same peak with a m/z of 6518 (Figure 1 D,
calcd: 6519 [M+H]+) as the original DNA product. Such re-
sults indicate that Cys-BA does not interfere/react with
dNTP-DNA21, as expected. In contrast, full extension of the
primer by using CBT-TTP instead of dTTP yielded a CBT-
DNA21 (Lane 2, Figure 1 B) with a m/z of 6716 (Figure 1 C,
calcd: 6717 [M+H]+) in MALDI-MS. When treated with
Cys-BA, CBT-DNA21 was converted to a “click”-labeled
product (Lane 4, Figure 1 B) with a m/z of 6917 (Figure 1 E,
calcd: 6917 [M�2 H2O+H]+), corresponding to the Cys-BA
“click”-labeled CBT-DNA21 product. After treating the
“click” product (Lane 4, Figure 1 B) with H2O2, a product
(Lane 5, Figure 1 B) with a m/z of 6929 (Figure 1 F, calcd:
6927 [M+H]+), corresponding to the boronic acid oxidation

product, was observed, as expected.[14,21b] Such results con-
firmed the intended click modifications. In addition, the
effect of a CBT and boronic acid moiety on the thermosta-
bility of a DNA duplex was investigated through thermode-
naturation. The results (see Figure S8 in the Supporting In-
formation) suggest that the incorporation of one CBT or
boronic acid moiety in a 21 bp DNA duplex only slightly de-
creased its stability (Tm decreased from 73.00 8C to 70.96
and 70.24 8C, respectively).

After successful incorporation of one CBT moiety into
DNA by using the Klenow fragment catalyzed primer exten-
sion reaction, we further explored the feasibility of incorpo-
rating multiple CBT moieties. Thus, 21-nt Template-2 and
Template-3 were designed to incorporate two and three
CBT-TTP, respectively. To our surprise, the primer extension
reaction catalyzed by the Klenow fragment was unsuccess-
ful, as indicated by the presence of multiple incomplete
bands, even at elevated temperature or with a longer reac-
tion time (results not shown). Knowing family B polymeras-
es are relatively more tolerant to modified TTP,[29] a family
B polymerase (KOD XL) from Thermococcus kodakaraen-
sis, which is a mixture of the natural form and an exo�

mutant, was thus chosen for the reaction. As shown in Fig-
ure 2 A, the electrophoretic mobility of modified DNA21

(Lanes 2, 3, and 4) was further decreased with the incorpo-
ration of the CBT moiety at one or more positions. This
clearly indicated the successful incorporation of multiple
CBT-TTP units into DNA through enzyme-catalyzed reac-
tions. This was further confirmed by MALDI analysis of the
incorporated product by using Templates-2 and -3 (calcd for
Template-2: 6929 [M+H]+; found: 6930; calcd for Template-
3: 7135 [M+H]+; found: 7136, see Figures S6 and S7 in the
Supporting Information). The extension product formed by
using Template-3 was further used for post-synthesis modifi-
cation by Cys-BA. As is shown in Figure 2 B, the incorporat-
ed product (Lane 2) could be successfully labeled by Cys-
BA, showing a slower-moving band (Lane 3), which is con-
sistent with the phenomena observed when using the tem-
plate with incorporation of one CBT moiety.

Figure 2. A) Primer extension with CBT-TTP catalyzed by KOD XL
DNA polymerase, 20% PAGE analysis: 1) Template-1 with dTTP,
2) Template-1 with CBT-TTP, 3) Template-2 with CBT-TTP, 4) Template-
3 with CBT-TTP; B) Post-synthesis labeling by using extension product
of Template-3 and “click” reagent Cys-BA, 20 % PAGE analysis:
1) dNTPs-DNA21, 2) CBT-DNA21, 3) CBT-DNA21 + Cys-BA.
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Encouraged by the successful incorporation of CBT-TTP
into short DNA sequences, we further investigated the PCR
amplification of a longer 90-mer DNA strand.[8b] We first
studied the incorporation by using three commercially avail-
able polymerases, including a family A polymerase from
Thermus aquaticus (Taq) and family B polymerases from
Thermococcus litoralis (Deep VentRexo�) and Thermococcus
kodakaraensis (KOD XL), which was used for primer exten-
sion experiments. As can be seen from the results summar-
ized in Figure 3 A, incorporation of CBT-TTP was inefficient

when using Taq (Lane 2, Figure 3 A) and Deep Vent
(Lane 6, Figure 3 A). On the other hand, efficient incorpora-
tion was obtained by using KOD XL polymerase, similar to
the primer extension experiments for multiple CBT moiety
incorporation. Further studies were then conducted by using
KOD XL as the polymerase. As a negative control, no DNA
product (Lane 1, Figure 3 B) was observed without using
dTTP or CBT-TTP. When the appropriate nucleotides are
used, dNTPs-DNA90 (DNA product using dNTPs, 90-nt,

Lane 2, Figure 3 B) and CBT-DNA90 (CBT incorporated
DNA product, 90-nt, Lane 3, Figure 3 B) were obtained.
This also indicated that CBT-moiety-containing DNA chains
could be used as templates for amplification. dNTPs-DNA90

(Lane 2) showed different mobility from that of CBT-
DNA90 (Lane 3), presumably because of the added molecu-
lar weight of the latter.

After post-synthesis modification with Cys-BA (1 mm

final concentration for 30 min, supplemented with 1 mm

TCEP), a new band with further reduced mobility was ob-
served for the CBT-DNA90 product (Lane 4, Figure 3 B). As
a control, the same band with the same mobility was ob-
served after the subjection of dNTPs-DNA90 to the same
treatment with Cys-BA (Lane 5, Figure 3 B). Such results
demonstrated the feasibility of post-synthesis click-modifica-
tion with a longer 90-mer DNA with multiple CBT moieties.

Finally, to further demonstrate the generality of this ap-
proach for post-synthesis modification of DNA. 1,2-Amino-
thiol conjugated with FITC (fluorescein isothiocyanate; Cys-
FITC; Figure 3) was used instead of Cys-BA. The same phe-
nomenon was observed as with Cys-BA. As can be seen
from the EtBr channel in Figure 3 C, which stained all DNA
products, no DNA product (negative control, Lane 1, Fig-
ure 3 C) was observed without using dTTP or CBT-TTP. On
the other hand, dNTPs-DNA90 (Lane 2, Figure 3 C) and
CBT-DNA90 (Lane 3, Figure 3 C) were observed with differ-
ent mobilities. After post-synthesis modification with Cys-
FITC (1 mm final concentration), supplemented with TCEP
(1 mm final concentration) for 30 min, a new band with fur-
ther reduced mobility was observed (Lane 5, Figure 3 C). As
a control, dNTPs-DNA90 was also treated with Cys-FITC
under the same conditions. No mobility changes were ob-
served after treatment (Lane 4, Figure 3 C), as expected.
The successful post-synthesis modification of CBT-DNA90

was further confirmed when imaging the same gel through
the FITC channel, which only detects the green fluorescein
signal. Only the band of Cys-FITC-labeled CBT-DNA90

(Lane 5, Figure 3 C) showed a FITC signal, with no observ-ACHTUNGTRENNUNGable green fluorescein signals for all the other bands, as ex-
pected.

Conclusion

A novel method for post-synthesis modification of DNA is
described thorough the design, synthesis, and successful en-
zymatic incorporation of a cyanobenzothiazole (CBT)-modi-
fied TTP. The CBT-TTP-incorporated DNA products can
undergo rapid post-synthesis modification through a bio-
compatible condensation reaction with 1,2-aminothiol-conju-
gated boronic acid (Cys-BA) or the FITC analogue (Cys-
FITC). This approach provides a novel method for the rapid
and site-specific post-synthesis modification of DNA without
the issue of regio- or stereoisomers and the formation of a
single isomer makes this approach suitable for DNA-based
aptamer selection work and other applications.

Figure 3. A) Enzyme screening for PCR incorporation, Lanes 1, 3, and 5
are using dNTPs, and lanes 2, 4, and 6 are using CBT-TTP instead of
dTTP. Lanes 1, 2: Taq polymerase; 3, 4: KOD XL polymerase; 5, 6:
Deep Vent (exo�) polymerase. B) “Click” labeling of dNTPs/CBT-DNA90

with Cys-BA: 1) no dTTP, 2) dNTPs, 3) CBT-TTP, 4) DNA product after
post-synthesis modification of CBT-DNA90 (Lane 3) with Cys-BA for
30 min, 5) DNA yielded after post-synthesis modification of dNTPs-
DNA90 (Lane 2) with Cys-BA for 30 min. C) “Click” labeling of dNTPs/
CBT-DNA90 with Cys-FITC: 1) no dTTP, 2) dNTP, 3) CBT-TTP, 4) DNA
product after post-synthesis modification of CBT-DNA90 (Lane 3) with
Cys-FITC for 30 min, 5) DNA yielded after post-synthesis modification
of dNTPs-DNA90 (Lane 2) with Cys-FITC for 30 min. The FITC channel
only detects DNA products with green fluorescence, whereas the EtBr
channel detects all DNA products. (15 % PAGE; see the Supporting In-
formation for the detailed protocols).
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Experimental Section

General procedure for Klenow fragment catalyzed primer extension by
using dTTP or CBT-TTP : The reaction mixtures of a final volume of
50 mL contained 21-nt template (5’-GGTTCCACCAGCAACCCGCTA-3’
(20 mm)), 14-nt primer or 5’-FAM 14-nt primer (5’-(FAM)-
TAGCGGGTTGCTGG-3’ (20 mm)), Tris-HCl (10 mm), NaCl (50 mm),
MgCl2 (10 mm), dithiothreitol (1 mm) at pH 7.9, Klenow fragment
(0.5 Uml

�1), and dATP, dCTP, dGTP, dTTP, or CBT-TTP (200 mm). Reac-
tions were performed by incubating the prepared solutions at 25 8C for
30 min. The primer-extension products were analyzed by 20% PAGE.

General procedure for KOD-XL-catalyzed primer extension by using
dTTP or CBT-TTP : The reaction mixture of a final volume of 50 mL con-
tained 21-nt template (Template-2: 5’-TCAGTCACCAGCAACCCGC-
TA-3’, Template-3: 5’-CACGACACCAGCAACCCGCTA-3’ (20 mm)),
14-nt primer (5’-TAGCGGGTTGCTGG-3’ (20 mm)), Tris-HCl (10 mm),
NaCl (50 mm), MgCl2 (10 mm), dithiothreitol (1 mm) at pH 7.9, KOD XL
(0.5 Uml

�1), and dATP, dCTP, dGTP, dTTP, or CBT-TTP (200 mm). Reac-
tions were performed by incubating the prepared solutions at 90 8C for
1 min, 20 8C for 1 min, and 66 8C for 20 min. The primer extension prod-
ucts were analyzed by 20% PAGE.

Post-synthesis labeling of the primer extension products CBT-DNA21:
The primer extension product CBT-DNA21 was purified by using Milli-
pore Amicon 3 kDa spin column. Tris(2-carboxyethyl)phosphine hydro-
chloride (TCEP) in PBS buffer (10 mm, 5 mL) as mixed with Cys-BA
(2 mm, 25 mL) in 1� PBS buffer. The reaction was allowed to stand at RT
for 10 min. Pre-purified CBT-DNA21 (20 mL) was then added to the mix-
ture, which was further incubated at 37 8C for 1 h. The negative control
experiment was performed by following the same procedure except by
using dNTPs-DNA21, the primer extension product by using dNTPs, and
other reagents. The resulting DNA products after post-synthesis modifi-
cation were purified with Millipore Amicon 3 kDa spin column and ana-
lyzed by 20% PAGE. For MALDI analysis, the DNA product was fur-
ther purified on a Sephadex G25 column. Fractions were collected and
concentrated by using a Millipore Amicon 3 kDa spin column.

General procedure for PCR incorporation by using dTTP or CBT-TTP :
The PCR mixture of a final volume of 50 mL contained DNA 90-nt tem-
plate (5’-CCTTCGTTGTCTGCCTTCGTGAGCGGAGTCAGACG-
CACGCTCGTACCTGTGCGCAAGCACTATGACGGACACCCTT-
CAGAATTCGCACCA-3’ (10 nm)), primer 1 (5’-TGGTGCGAATTCT-
GAAGGGT-3’ (1 mm)), primer 2 (5’-CCTTCGTTGTCTGCCTTCGT-3’
(1 mm)), and dATP, dCTP, dGTP, dTTP, or CBT-TTP (200 mm), DNA
poly ACHTUNGTRENNUNGmerase (0.5 U ml

�1), and 1 � reaction buffer as provided by the
vendor. Taq (New England Biolabs): Tris-HCl (10 mM), KCl (50 mM),
MgCl2 (1.5 mM), pH 8.3 at 25 8C. Deep Vent (New England Biolabs):
Tris-HCl (20 mM), (NH4)2SO4 (10 mM), KCl (10 mM), MgSO4 (2 mM),
Triton X-100 (0.1%), pH 8.8 at 25 8C, and KOD-XL (Novagen): Tris-HCl
(20 mM), MgCl2 (8 mM), DTT (7.5 mM), BSA (50 mg/ml), pH 7.5 at
25 8C. Ten thermal cycles were conducted with melting at 90 8C for 20 s,
annealing at 48 8C for 20 s, and extending at 72 8C for 30 s with initial de-
naturing at 90 8C for 2 min and final extension at 72 8C for 5 min. The
PCR products were then analyzed by 15% PAGE.

Post-synthesis labeling of the PCR product CBT-DNA90 : Post-synthesis
labeling of the PCR products was performed by using similar procedures
as those for primer extension. Specifically, CBT-DNA90 prepared from
PCR was purified by using a Millipore Amicon 10 kDa spin column.
TCEP (5 mL of 10 mm) was mixed with Cys-BA or Cys-FITC (25 mL of
2 mm) and allowed to stand at RT for 10 min. Pre-purified CBT-DNA90

(20 mL) was then added to the mixture, which was further incubated at
37 8C for 30 min. The negative control experiment was performed by fol-
lowing the same procedure except by using dNTPs-DNA90, the PCR
product using dNTPs, and other reagents. The resulting DNA product
after post-synthesis modification was purified with a Millipore Amicon
10 kDa spin column and analyzed by 15% PAGE.
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