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We generated a single-chain variable fragment (scFv)
against 5-methyl-2"-deoxycytidine (m>dCyd) using
phage display technology. The heavy and light chain
variable region genes were amplified by the polymerase
chain reaction (PCR) from hybridoma cell line FMC9
and assembled as an scFv fragment with a flexible
linker (Glys-Ser);. The scFv DNA fragment was then
cloned into pCANTAB-5E, and a phage displaying
the scFv was produced. Antigen-positive phage clones
were successfully selected by enzyme-linked immuno-
sorbent assay (ELISA). The scFv was modified with
FLAG and His tags for detection and purification.
The scFv reacted stronglsy with m>dCyd and weakly
with S-methylcytidine (m”Cyd) but not with cytidine
(Cyd) and 1-methyladenosine in a manner similar to
the monoclonal antibody (MoAb). Although the specifi-
cities of scFv and MoAb were almost identical, the
sensitivity of the scFv (ICsy 0.054pg/ml) was ~80
times higher than that of the parent MoAb (ICs,
4.27 pg/ml), determined by inhibition ELISA. As a bio-
chemical application of this scFv, we quantified the
m>dCyd content of genomic DNA by enzymatic hydro-
lysis using inhibition ELISA. The cancer cell lines
HeLa, HeLa S3 and MDA-MB-453 contained ~1%
of the methylated DNA in total genomic DNA, as
did peripheral blood cell genomic DNA from healthy
volunteers, but HT29 and T-47D showed hypomethyla-
tion compared with the HeLa, HeLa S3 and MDA-
MB-453 cell lines. The scFv generated here may be
applicable to the assessment of cellular DNA methyla-
tion levels and is more sensitive than the MoAb.

Keywords: DNA methylation/inhibition ELISA/
monoclonal antibody/phage display/scFv.

Abbreviations: BSA, bovine serum albumin; CDR,
complementarity-determining region; DNA, deoxy-
ribonucleic acid; ELISA, enzyme-linked immuno-
sorbent assay; HRP, horseradish peroxidase; HPLC,
high-performance liquid chromatography; ICsy,
50% inhibitory concentration; LC—MS, liquid
chromatography—mass spectrometry; PBS,
phosphate-buffered saline; RNA, ribonucleic acid.

In the analysis covering genome, the expression of
many genes is accompanied by DNA methylation in
a directed or non-directed manner (/). DNA methyla-
tion is affected by DNA methyltransferase, which
transfers a methyl group of S-adenosyl-L-methionine
to the fifth carbon position of the cytosine; this is
an important pathway in the repression of gene tran-
scription (2, 3). DNA methylation plays a critical
role in important human diseases (4—6). Decreased
genomic DNA methylation is a particularly important
characteristic of cancer (7). Methyl deficiency of geno-
mic DNA causes chromosome instability and tumour
formation (8). Therefore, the quantification of global
methylation could provide useful information for the
detection and analysis of diseases (9—11).

In the quantification of DNA methylation,
5-methyl-2’-deoxycytidine (m°dCyd) was measured by
high-performance liquid chromatography (HPLC) and
liquid chromatography—mass spectrometry (LC—MS)
using genomic DNA extracted from cells (/2, /3). The
detection limit using HPLC is linear in the range from
0.1 to 1.6pg/ml, while the detection limit using
LC—MS is linear between 2 and 100 ng/ml. Instrumen-
tal methods can unequivocally identify analytic
samples but are too expensive and requires a consider-
able skill for routine work. The immunoassay has
several advantages, such as simplicity and cost-
effectiveness. Mizugaki et al. (14) reported an
enzyme-linked immunosorbent assay (ELISA) using
a monoclonal antibody (MoAb) for the detection
of DNA methylation; the antibody reacted with
m>dCyd to a greater extent than with 5-methylcytidine
(m°Cyd). The MoAb is available for selection, but its
preparation is complicated and time-consuming,
requiring expensive cell culturing facilities.

Recently, recombinant antibody technologies have
provided a method to engineer low-cost antibodies
with conserved specificity; of particular interest,
single-chain variable fragment (scFv) technology was
developed by McCafferty and co-workers (15,16).
This approach relies on a phage display system in
which antibody fragments, expressed as fusion pro-
teins, are displayed on the phage surface (/7). Using
the polymerase chain reaction (PCR), immunoglobulin
variable region genes were first amplified from a
hybridoma or spleen (/8). The variable heavy (Vy)
and variable light (V) genes were fused with a flexible
linker (Gly,4-Ser); and then cloned into pPCANTAB-5E.
They were expressed as a fusion protein with a phage
coat protein. The scFv-displaying phage was selected
by the antigen and expressed the soluble scFv anti-
body. Though high selectivity was maintained, the
scFv had high clearance (/9) and membrane perme-
ability (20) compared with whole antibody.
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Consequently, the scFv can be used for therapy and
imaging (21).

In this study, we describe the cloning of anti-
m°dCyd antibody genes from hybridoma cells and
the construction of the scFv. Similar to the MoAb,
the scFv we obtained reacted strongly with m°dCyd
and weakly with m°Cyd, but the scFv was more sensi-
tive than the parent MoAb. We were able to use the
scFv instead of MoAD for the immunochemical assess-
ment of DNA methylation levels.

Materials and methods

Cell culture

FMC9 (IgGs,,A)-producing hybridoma cells and the cell lines
MDA-MB453, HT29, T-47D, HeLa S3 and HeLa were cultured in
RPMI 1640 medium containing 10% heat-inactivated fetal calf
serum, 100 U/ml penicillin G, 100 pg/ml streptomycin and 2mM
glutamine. The cell lines were maintained in 95% air and 5% CO,
at 37°C.

Cloning and sequencing of a gene encoding a MoAb against
5-methylcytidine

Total RNA from FMC9 hybridoma cells was extracted with the
RNeasy Mini Kit (Qiagen, Tokyo, Japan) according to the manu-
facturer’s instructions. The first-strand cDNA was synthesized with
the AMV Reverse Transcriptase First-Strand cDNA Synthesis Kit
(Roche Diagnostics, Basel, Switzerland). PCR amplification of the
heavy chain (HC) Fd region and the whole A-light chain (LC) was
performed with the GeneAmp PCR System 2400 (Perkin-Elmer, CA,
USA) using the family-specific variable region and isotype-specific
constant region primers (Table 1). The first round of PCR was
performed for 35 cycles at 94°C for Imin, 57°C for 1min and
72°C for 1min, followed by 72°C for 10min. The amplified HC
and LC fragments were cloned into pGEM T-Easy Vector
(Promega, Madison, MA, USA). The nucleotide sequences of the
HC and LC fragments were determined using the BigDye
Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems, CA,
USA).

scFv DNA construction
The Vy and Vi genes were amplified by PCR using primers as
described (22). The Vi and V| fragments were amplified separately

Table 1. Nucleotide sequence of primers used for amplification of
mouse IgG,,, A.

Primers used for amplification of heavy chain Fd region
Forward primer

IA+1B 5-SAG GTG CAG CTK CTC GAG TCA
GGA CCT RGC-¥

1A 5-SAG GTY CAG CTG CTC GAG TCT
GGA SCT GAG-¥

1IB 5-CAG GTC CAR CTG CTC GAG YCT
GGG GCT GAG-3

11C 5-GAG GTT GAG GTG CTC GAG TGT
GKG GCW GAG-3

3A 5-GAR GTG AAG GTG CTC GAG TCT
GGA GGW GAG-¥

3B+3C 5-GAR GTG AAG CTT CTC GAG TCT
GGA GGW GGC-3'

3D 5-GAR GTG CAG CTG CTC GAG GGK

GGG GGA GGA-3
Reverse primer
1gGaa 5-AGG CTT ACT AGT ACA GGG
CTT GAT TGT GGG CCC-¥

Primers used for amplification of whole light chain
Forward primer 5-GCG CGC GAG CTC CAG GCT GTT
GTG ACT CAG GAA TCT GCA-3'
Reverse primer 5-GCG CGC TAT CTA GAA TTA GAG
ACA TTC TGC AGG AGA CAG ACT-3

136

using the PCR conditions of 35 cycles at 94°C for 1 min, 57°C for
I min and 72°C for 1 min, followed by 72°C for 10 min. The scFv
gene was constructed by assembling Vi, (Gly4-Ser); linker, and Vi
fragments using overlap extension PCR. Finally, the full-length scFv
gene containing Sfil and Norl sites was amplified by PCR using
the extension primers.

Expression and screening of phage clones displaying scFv

The scFv gene was digested with the restriction enzymes Sfil
and Norl (TaKaRa, Shiga, Japan) and ligated into the phagemid
pCANTAB-5E (GE Healthcare, Little Calflont, England). The liga-
tion product was electroporated into competent Escherichia coli TG1
(suppressor strain) cells and streaked on an LB plate containing
50 pg/ml carbenicillin. Single colonies were picked and cultured
with 200 pl of SB medium containing 20 mM glucose and 50 pg/ml
carbenicillin for 5h at 37°C; 20pul of VSCMI3 helper phage
(1 x 10" pfu/ml) was then added for 30min without shaking,
followed by incubation for 30 min with moderate shaking at 37°C.
The culture was then centrifuged at 2500g for 5min, and the
bacterial pellet was resuspended with 200 ul SB medium containing
50 pg/ml carbenicillin and 70 pg/ml kanamycin; the culture was then
incubated overnight with shaking at 30°C. The supernatant contain-
ing the scFv-displaying phage was collected by centrifugation at
9000g for Smin.

Phage ELISA was performed to screen the scFv-displaying phage
clone for binding activity to m*Cyd. The m>Cyd was conjugated with
bovine serum albumin (BSA) according to the method of Beiser and
Erlanger (23). The m°Cyd—BSA conjugate, dissolved in phosphate-
buffered saline (PBS) (10 pg protein/ml), was fixed to wells of 96-well
microtitre plates by overnight incubation at 4°C. The wells were then
filled with 100 ul of 1% BSA in PBS for 1h at 37°C. The solution
was discarded and phage solution diluted with PBS was applied
to each well, followed by incubation for 2h at 37°C. After incuba-
tion, the wells were washed five times with 0.05% Tween 20in PBS.
Next, 1:1000 diluted HRP-conjugated rabbit anti-M13 antibody
(GE Healthcare) was added, and the wells were incubated for 1h
at 37°C. After washing, the substrate solution of the Sumilon
peroxidase assay kit (Sumitomo Berkuraito, Tokyo, Japan) was
added to each well. Colour development was stopped by addition
of stop solution, and absorbance at 450 nm was measured with a
microplate reader (Model 550; Bio-Rad, Richmond, CA, USA).

Nucleic acid sequencing

Nucleic acid sequencing was performed on a Prism 310 Genetic
Analyzer (Applied Biosystems). The HC Fd and whole LC nucleic
acid sequences were determined by M 13 universal primer. The scFv
nucleic acid sequencing primers were used as the reverse primer for
HC Vy region amplification, and the forward primer was used for
LC V. region amplification.

Introduction of FLAG and his tags into the scFv Gene

PCR was performed in two steps to introduce the FLAG and His
tags into the scFv gene. In the first step, the scFv gene was amplified
with scFv forward primer (5-TTA TTA TTC GCA ATT CCT TTA
GTT-3') and scFv reverse-1 primer (5-GTG ATG CCC TTT ATC
ATC ATC ATC TTT ATA ATC TAG GAC AGT GAC CTT-3)
under the PCR conditions of 94°C for 1 min, 57°C for 1 min and
72°C for lmin for 35 cycles, followed by 72°C for 10min. In the
second step, the gel-purified first-step PCR product was amplified
with scFv forward primer and scFv reverse-2 primer (5-GATACA
ATT GCG GCC GCC TAA TGG TGG TGA TGG TGA TGC
CCC TTT ATC ATC-3') under the same PCR conditions. The scFv
DNA fragment was gel-purified, digested with the restriction
enzymes Sfil and Notl, ligated into pPCANTAB-5E, then introduced
into TGIl. A tag-introduced scFv-displaying phage clone was
expressed and screened by phage ELISA.

Preparation of soluble scFv fragments

The antigen-binding phage was infected with E. coli HB2151 cells of
the non-suppressor strain to express soluble scFv fragment and
applied to an LB agar plate containing 50pg/ml carbenicillin.
Colonies were randomly selected and then cultured in 50ml SB
with 50 pg/ml carbenicillin and 20mM MgCl, until an ODggg
of 0.8 at 30°C. Isopropyl B-p-thiogalactopyranoside (IPTG) (final
concentration of 1 mM) was added, and the colonies were cultured
overnight at 30°C. The bacterial cells were pelleted by centrifugation
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at 2000g for 30 min, resuspended with 0.5 ml PBS containing 0.2 mM
phenylmethylsulphonyl fluoride and lysed by four cycles of freeze-
thawing. Cell debris was pelleted by centrifugation at 14,000g for
30min, and the supernatant containing soluble scFv was purified
using a Ni-NTA spin kit (Qiagen) under non-reducing conditions
according to the manufacturer’s instructions. The purity of the
scFv preparation was checked by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS—PAGE) under non-reducing
conditions. The scFv concentration was determined by bicinchoninic
acid (BCA) protein assay kit (Pierce, Rockford, 1L, USA).

ELISA

The wells of 96-well microtitre plate (Costar, Cambridge, MA) were
coated with m°Cyd—BSA (10 pg protein/ml) overnight at 4°C and
blocked with 1% BSA in PBS. After removing the blocking solution,
crude or purified scFv was added, and the plates were incubated for
2h at 4°C. After incubation, the wells were washed five times with
0.05% Tween 20in PBS. Mouse anti-FLAG antibody (diluted in the
ratio 1:3000in PBS) was added, and incubation was continued for
1 h at 4°C. After washing as above, the wells were incubated with
1:1000 diluted alkaline phosphatase-conjugated rabbit anti-mouse
IgG Fc antibody for 1 h at 4°C. After washing, p-nitrophenyl phos-
phate dissolved in 1 M diethanolamine buffer (pH 9.8) was added to
each well, and absorbance was measured at 405 nm.

DNA extraction from peripheral blood cells and cancer

cell lines and enzymatic digestion

Genomic DNA from peripheral blood cells and cancer cell lines was
extracted with the DNA Blood Mini Kit (Qiagen) according to
the manufacturer’s instructions. DNA digestion was performed as
described (/4). Briefly, boiled DNA was dissolved in 30 mM sodium
acetate (pH 5.3) and incubated with 5 U Nuclease P1 (Wako) for 2h
at 37°C. Additional incubation with 0.4 U of alkaline phosphatase
(TaKaRa), 10mM MgCl, and 50mM Tris—HCI (pH 9.0) for 2h
at 37°C was then performed. Finally, the pH was adjusted to 7.0
with 1 M Tris—HCI. Samples were kept at —30°C until analysis.

Results and discussion

PCR amplification of antibody gene fragment

The antibody HC Fd and LC genes were amplified by
PCR with primer sets using cDNA synthesized from
total RNA of anti-m°Cyd MoAb (FMC9)-producing
hybridoma cells (/4). FMC9 HC gene fragments were
amplified using the ITA-IgG2a primer set, and LC
genes were amplified with the lambda primer set. The
amplified products were cloned into pGEM T-Easy,
the nucleotide sequences of Vi and V| regions were
then determined. The results are shown in Fig. 1. The
computer-based structural and homology analysis
revealed that the HC was 88.8% homologous with
germline 3609.7.153, and the LC was 97.8% homolo-
gous with germline lambda 2.

Construction and phage display of scFv gene

The Vy and Vi genes were amplified by PCR. As
shown in Fig. 2, the reverse and forward primers
used for amplifying-specific variable regions were
designed based on the sequence data obtained. The
amplification of Vi and Vi regions generated DNA
fragments with an approximate length of 350bp
(lanes 2 and 3). The variable domain gene was
assembled with a flexible linker (Gly4-Ser); using over-
lap extension PCR. The amplified gene, with an
approximate length of 750 bp, was successfully ampli-
fied (lane 5), and then cloned into pCANTAB-5E. The
plasmid DNA was transformed into E. coli TG1 cells.
pCANTAB-5E contains a translational stop codon for
the peptide tag followed by the amber codon (TAG) at

Generation of scFv against 5-methyl-2'-deoxycytidine

the junction between the cloned scFv and the sequence
for the gene 3-encoded adsorption protein (g3p). When
a supE strain of E. coli, such as TG1, was transformed
with the recombinant vector, the scFv was displayed
as a g3p fusion protein on the surface of the phage
virion. To screen for an antigen-binding scFv-
displaying phage clone, we performed phage ELISA,
which showed that one out of five clones reacted with
m°Cyd-BSA but not with BSA (Fig. 3).

Introduction of tag sequences and expression

of scFv as a soluble protein

To facilitate the detection and purification of the
expressed soluble scFv, the FLAG (24) and His tags
were introduced into 5-end of V. The scFv was
expressed in a phage display form and then phage
ELISA was performed. This showed that the scFv con-
taining the tag sequence reacted with m>Cyd-BSA,
similar to scFv without the tag sequence (data not
shown). To express them in soluble scFv form, the
antigen-positive phages were infected with E. coli
HB2151 cells of a non-suppressor strain. The expres-
sion of scFv protein was induced by IPTG, and E. coli
HB2151 cells were lysed by four cycles of freeze-
thawing. Soluble scFv secreted into the periplasmic
space was purified with a Ni-NTA spin column
(Fig. 4). The yield of scFv was 20 pg from 50ml of
culture.

Characterization of soluble scFv

The cross-reactivity of scFv was determined by inhibi-
tion ELISA. As shown in Fig. 5 and Table 2, scFv
reacted with m’Cyd and m°’dCyd but not with Cyd,
S-azacytidine and 1-methyladenosine in a manner sim-
ilar to MoAb. This result implies that the scFv was
actually derived from the parent MoAb. The ICsy of
the scFv against m°dCyd was 0.054 ug/ml, which was
less than that of MoAb (4.27 ug/ml). The sensitivity of
the scFv was higher than that of the parent MoAb.
A similar result was obtained in our previous study
(25). The increased sensitivity of the scFv fragment
may be due to a difference in the number of antigen-
binding sites between the scFv and MoAb. In inhibition
ELISA, incubation of the bivalent MoAb with hapten
at a low concentration would result in only one binding
site being occupied, while another binding site would
still be available for capture of the coating antigen.
Consequently, the antigen-bound monovalent scFv
fragment might be more sensitive than bivalent MoAb.

Measurement of DNA methylation levels in cancer
cell lines and healthy peripheral blood cells

To establish the inhibition ELISA-based measure-
ment system for the DNA methylation level, the detec-
tion limit and inter- and intra-assay variation of the
assay system were determined. From the standard
curve using authentic m°dCyd, the detection limit
was 3ng/ml (Fig. 6). Good linearity was seen from
7 to 300 ng/ml. The inter- and intra-assay coefficients
of variation were 5.6—11.7% and 1.9-5.5%, respec-
tively. These results show that this ELISA system
was suitable for the determination of m°dCyd within
the range of 7—300 ng/ml.
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Vy chain sequence

9 18 27 36 45 54 63 72
CAG GTC AAG CTG CAG GAG TCT GGG GCT GAG ATA TTG CAG CCC TCC CAG ACC CTC AGT CTG ACT TGT TCT TTC
9 v K L 9 E S 66 A E I L o P s o T L s L T C S F
81 90 99 108 117 126 135 144
TCT GGG TTT TCA CTG AGC ACT TCT GGT ATG GGT GTA GAG TGG ATT CGT CAG CCT TCA GGG AGG GGT CTG GAG
s ¢ F s L S T s G M G Vv E W I R Q P S G R G L E
CDR-H1
153 162 171 180 189 198 207 216
TGG CTG GCA CAG ATT TGG TGG GAT GAT GAT AAG CGC TAT AAC CCA GTC CTG AAG AGC CGA CTG ACA ATC TCC
w L A 9 I W W D D D XK R Y N P V L K S R L T I S
CDR-H2
225 234 252 261 270 279 288 297
ARG GAT ACC TCC AGC AAC CTC AAG ATC GCC AAT GTG GAC AGT GCA GAT ACT GCC ACA TAC TAC TGT GCT CGA
K p T s s N L K I A S V D T A D T A T Y Y C A R
306 315 324 333 342 351 360
ATA GCC TAT AAT CTC TGG TAC TTC GAT GTC TGG GGC CAA GGG ACC ACG GTC ACC GTC TCC TCA
I A Y N L W Y F D V W G © G T T VvV T V S S
CDR-H3
V. chain sequence
9 18 27 36 45 54 63 72
CAG GCT GTT GTG ACT CAG GAA TCT GCA CTC ACC ACA TCA CCT GGT GGA ACA GTC ATA CTC ACT TGT CGC TCA
Q A Vv v T @ E S A L T T S P G G T VvV I L T C R S
81 90 99 108 117 126 135 144
AGT ACT GGG GCT GTT ACA ACT AGT AAC TAT GCC AAC TGG GTC CTA GAA AAA CCA GAT CAT TTA TTC ACT GGT
s T G A Vv T T S N Y A N W vV L E K P D H L F T G
CDR-L1
153 162 171 180 189 198 207 216
CTA ATA GGT GGT ACC AGC AAG CGA GCT CCA GGT GTT CCT GTC AGA TTC TCA GGC TCC CTG ATT GGA GAC AAG
L. I ¢6 G T S K R A P G V P V R F S G s L I G D K
CDR-L2
225 234 243 252 261 270 279 288
ACT GAG GAT GAT GCA ATG TAT TTC TGT GCT CTA TGG TAC AGC ACC CAT TTC GTT TTC GGC GGT GGA ACC AAG
A A 1. T I T G A Q T E D D A M Y F C A L W Y S T
CDR-1L3
297 306 315 324
GCT GCC CTC ACC ATC ACA GGG GCA CAG GTC ACT GTC CTA
H Y v F G G G T K VvV T V L

Fig. 1 Nucleotide and deduced amino acid sequences of Vi and V|, regions of FMC9. CDR sequences are shown in underlined.
These sequences are available from the DDBJ/GenBank/EMBL nucleotide sequence database under accession numbers AB500126 for
the heavy chain and AB500125 for the light chain. The primers positions of PCR amplification are indicated by bold text.

To evaluate the ELISA system established
here, we measured the m°dCyd content in genomic
DNA samples that were completely digested to nucleo-
tide monomers with nuclease P1 and alkaline phos-
phatase. The results are shown in Fig. 7. HelLa
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(cervix carcinoma), HeLa S3 (cervix carcinoma), and
MDA-MB453 (breast carcinoma) cells showed a
methylation level of ~1% of the total genomic
DNA, similar to healthy peripheral blood cells. On
the other hand, the methylation levels of HT29
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(colon carcinoma) and T-47D (breast carcinoma) were
found to be lower than those of HeLa, HelLa S3 and
MDA-MB453 cells.

A B
b
P bp
400
350 800—
700—

Fig. 2 PCR amplification of Vi and Vy, genes (A) and assembly
PCR for construction of scFv (B). Samples were electrophoresed on
2% agarose in 1x TAB buffer. Lanes 1 and 4: one STEP Ladder
50 (Nippon Gene); lane 2: Vi3 PCR product (about 350 bp);

lane 3: Vi PCR product (about 350 bp); and lane 5: scFv PCR
product (about 750 bp).

1.2

0.8

0.6

Ayso

0.4-
0.2
0 _J_| Il ._‘ 1 l_‘ 1

1 2 3 4

Clones

i =t

5

B mCyd-BSA

O BSA
Fig. 3 Phage ELISA to determine the specificity of individual
clones. Recombinant phages from five random clones were
produced separately. Results are shown as means of duplicate
assays. The clone of lane 4 reacted with m>Cyd-BSA but not
with BSA (negative control).

A
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g
ee 601
= a0
-O- Cyd
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0 - : - .
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Conclusions

In this study, we cloned immunoglobulin genes from
anti-m°Cyd MoAb-secreting hybridoma cells. Using
primer sets designed on the basis of the Vi and Vi
sequences, an scFv phage display library was con-
structed. Phage-displayed scFv recognized m’dCyd-
BSA in the same manner as MoAb. The FLAG and
His tag sequences were introduced into the scFv con-
struct for purification and detection. Although the
specificities of the scFv and MoAb were almost iden-
tical, the sensitivity of the scFv was approximately
80 times higher than that of the MoAb. To evaluate
the usefulness of the prepared scFv, we measured the
DNA methylation levels of genomic DNA from cancer
cell lines and healthy peripheral blood cells by inhibi-
tion ELISA. The level of methylation of HeLa, HelLa
S3 and MDA-MB-453 DNA was found to be 1% of
the total genomic DNA, similar to peripheral blood

(KDa) M 1 2 3 4

199 o

116
86

37

29

19

Fig. 4 Purification of scFv from lysate by Ni-chelate chroma-
tography. The scFv was purified from crude bacterial lysates by
Ni-NTA spin kit, then the purity was checked by 12% SDS—PAGE
under a non-reducing condition followed by Coomassie brilliant
blue staining. Lane 1: bacterial lysates; lane 2: non-adsorbed
fraction; lane 3: 20 mM imidazole wash fraction and lane 4: 500 mM
imidazole eluate fraction. M: molecular weight marker.

B
100+
g 801
S 60
g 40
- MoAb
20{ -#ScFv

0 0.01 0.1 1 10 100
deCyd concentration (pug/ml)

Fig. 5 Comparison of the specificity of scFv and MoAb. (A) The reactivities of the scFv against m*Cyd and Cyd were determined by
inhibition ELISA. The scFv reacted with m>Cyd (closed circles) but not with Cyd (opened circles). (B) Comparison of the specificities of
MOoADb (open squares) and scFv (closed squares) against m°dCyd. Each was reacted in duplicate. Results in (A) and (B) are shown as means.

The ICsy of MoAb was 4.27 pg/ml and that of scFv was 0.054 pg/ml.
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Table 2. Binding properties of MoAb and corresponding scFv as
determined by inhibition ELISA.

Cross-reactivity (%)

Compound

scFv MoAb
5-Methyl-2'-deoxycytidine 100 100
5-Methycytidine 31.76 29.01
Cytidine 0.10 0.15
5-Azacytidine 0.01 <0.01
1-Methyladenosine <0.01 <0.01

Cross-reactivity (%)=1Cs, (m°dCyd)/ICs, (Analogs).

100 1

B/B, (%)
wn
=]

0 - -
0.001 0.01 0.1 1

mstyd concentration (ng/ml)
Fig. 6 Standard curve for the determination of m>dCyd using an scFv-
based inhibition ELISA system. Points represent means of duplicate
assays.

1.20

0.60

0.40

0.20 I

0.00 T T T T T

" MDA-MB-453 HT29 T-47D HeLa S3 HeLa  Peripheral
blood cells
Fig. 7 Determination of DNA methylation levels in cancer cell lines
and peripheral blood cells. The levels of 5-methyl-2'-deoxycytidine
were calculated as their ratio to genomic DNA. Results are shown
as means of duplicate assays.

=
=3
S

=]
e
=

% of global DNA methylation

cells, though HT29 and T-47D were found to be hypo-
methylated HelLa, HeLa S3 and MDA-MB453 cells.
The scFv generated in this study may be useful for
the immunochemical assessment of cellular DNA
methylation levels in various specimens.
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