THE SciENCE AND ENGINEERING REVIEW OF DosHisHA UNivERsITY, VoL. 52, No. 2 July 2011

Development of DNA Point Mutation Detection Methods Using Probe
DNA-Immobilized Microbeads
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One technique that can distinguish low-abundant mutant DNA from wild-type DNA is the ligase detection reaction (LDR)
coupled to a primary polymerase chain reaction (PCR). The LDR products as a target obtained by the sequential PCR/LDR
reactions can be analyzed in a variety of fashions such as microarray and slab gel electrophoresis. In the present work, we
employed probe DNA-immobilized magnetic microbeads to selectively capture the fluorescently labeled-LDR products via the target
hybridization with the probe. After the hybridization, the microbeads were rinsed and introduced into a capillary tube and packed in
one space in the tube with a magnet. Photoluminescence from the beads aggregates in the tube was successfully obtained with
fluorescence or chemiluminescence detection system, showing that the present method can be amenable to mutation detection.
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Fig. 1. Conceptual schematic of the PCR/LDR assay.
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Table 1. Sequences of the oligonucleotides used in the present study

primer sequences (5'—3") size (mer)
PCR forward TTAAAAGGTACTGGTGGAGTATTTGATA 28
PCR reverse AAAATGGTCAGAGAAACCTTTATCTGT 27
44-stemloop G 12 Wt GGGCACTCTTGCCTACGCCACCAGCTCCAACTACCACAAGTTTT 44
K-rasc12 Com-2 HTGGCGTAGGCAAGAGTGCCT-"FAM 20
cZipl-K-rascl22 WtG ~ GCTGAGGTCGATGCTGAGGTCGCAAAACTTGTGGTAGTTGGAGCTGG 47
cZip3-K-rascl12.2 D GCTGCGATCGATGGTCAGGTGCTGAAACTTGTGGTAGTTGGAGCTGA 47
cZip5-K-rascl2.2 A GCTGTACCCGATCGCAAGGTGGTCAAACTTGTGGTAGTTGGAGCTGC 47
cZipll-K-rascl12.2V CGCAAGGTAGGTGCTGTACCCGCAAAACTTGTGGTAGTTGGAGCTGT 47
zip code 1 ‘TGCGACCTCAGCATCGACCTCAGC-biotin 24
zip code 3 ‘CAGCACCTGACCATCGATCGCAGC-biotin 24
zip code 5 *GACCACCTTGCGATCGGGTACAGC-biotin 24
zip code 11 ‘TGCGGGTACAGCACCTACCTTGTG-biotin 24
67-mer Zip 11 com/3FAM GCTGAGGTCGATGCTGAGGTCGCAAAACTTGTGGTAGTTGGAGCTGG- 67

TGGCGTAGGCAAGAGTGCCT-"FAM

2p, phosphorylated.
PFAM, hex = 495 nm; Aem = 520 nm.

“The bodface sequences are complementary to those of the zip code probes.
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Fig. 2. Fluorescence from the beads bed in
capillaries. (A) Scanned image, (B)
fluorescence was integrated over the indicated
line in (A).
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Fig. 3. Images for beads-loaded capillaries by the

microscope-EMCCD camera detection system.
(A) Bright field image, (B) fluorescence image.
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Fig. 4. Images for beads-loaded capillaries by
the microscope-EMCCD camera detection
system. (A) Bright field image, (B)
fluorescence image.
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Fig. 5. CL profiles for the blank (A) and zip code
1-immobilized beads (B).

LDR SE# DR EHNTANA TV XA B —
3 U ERITSTOBIRI 2T L, 3. 1 LHERIC
X v 7 U —ORHBMTICERE L X725k 1
LM E L —P a0 AF ¥ LI b D% Fig. 3(A)
(R, Fig. 3ANIRLIET A v EosEE %
fiEHT L7 % Fig. 3B)IIRT. 7z, FHL 4
RKOF ¥ 7 ) — 2B ECBHME S 27 2% H
WIS CRBIZR L7oA A —T % Fig. 4(A), 7’1
— 7 HEERL T bRE LN LH AR L bR T
A A—V% Fig. 4BNIRT. WTIhodtHit >
AT ATH, LDR 77 MR —27 =
> A % Hi zip code 1 7§§'Jﬂ§ﬂ£?§ﬂ7”:ﬁ*i%%7ﬁiﬁ
L7y BT U —0b0HatnfEl I nse.

WIZEERDOY Tz fb et 5 2 & %
AT ARSI EZZEDOF Y T U —HNIZH L

BRI SN T 07 7 A V% Fig.  5(A)
\Z, —J, Figs. 3,4 OFERICBWTENDHE L

Xy 7 U —NIEFREREZ R LI L &1
ST 07 7 A4 V% Fig.  SBIIRT.
(A)TIE, 3 DI —27 BNBN=R, Ziudss
KRERIRON Y 7L ThHDEEZLND. —T,
(mfilﬂ‘gﬁg%%vﬁfwﬁﬁhﬁw 5
IR FEBREICE L, TO®HIEEN 10 5Lk
Fift L7=. (B)TlX LDR Y& 7 MNMZZ 7 &hiz



98

FAM D OALFERKEDEFELNLTND EB LN,
b2t A A U5 A0, ot 2w A L
e E X LHIEW SIN LS DI, R & S
ELRNWEDREWRMEEN RISz,

4.
AHFFETIE, DNA SIRAER OB 245 LT
LDR/Hybridization 7 v A 2BV T, 7 r—7
DNA & 725 zipcode DNA & A L7 R 7 E VUM
KA = — b SHTCEEMERR FICEE kL, #—5

v RDNA DA TV EA B — a0 EBrriTo7-.

WKL F-RIETONA TV XA B—3T 3 D, kL

FTHUEE L, ¥4 T V) —OMHBTICHA T
K2 R S, #OEB KO RBIC L v B

ZRAT-. PHELL7Z LDR Fu & 7 MR
— 7 T A% FFO zip code 1 M3 [ETE(L S LTk 1
WO DIHFEN B D WIIMEFEFI Y 7 it
52 LINTE, ATIED DNA HZEREROBHIC
WHARETH D Z LRI NT.

ARFFEDO—F0E, BT HFTERT 2009 4 [H]
FERFB L ARZEAT 7B plce: (N) 1, SCERRY:
4 (MEXT) FASZ R HEME ORI E FAR I Al SR 33
EEMRL T B OB & TE2O/EG ), SCHTRZ
BRFI TR MBS FAFSE (B) DEEE 28
~A 7 IR T S ZADBHSE |, BT IR B
Ze R R i R B SR T o o RN < TR
RO BRI ) D3R Z =TT, Z ZIZRE

;Lh

LT, #EE2RTS.
BE
1)  C. B. Rothschild, C. S. Brewer , B. Loggie, G. A. Beard

and M. X. Triscott,
K-ras mutations using a simplified oligonucleotide
Methods, 206, 11-19

“Detection of colorectal cancer

ligation assay”, J. Immunol.
(1997).
2) K. Otori, Y. Oda, K. Sugiyama, T. Hasebe, K. Mukai, T.
Fujii, H. Tajiri, S. Yoshida, S. Fukushima and H. Esumi,
“High frequency of K-ras mutations in human colorectal
hyperplastic polyps”, Gut., 40, 660-663 (1997).

(6)

BARE - EH N

3)

4)

5)

6)

7

8)

9)

10)

11)

B

P. Anker, F. Lefort, V. Vasioukhin, J. Lyautey, C.
Lederrey, X. Q. Chen, M. Stroun, H. E. Mulcahy and M.
J. Farthing, “K-ras mutations are found in DNA
extracted from the plasma of patients with colorectal
cancer”, Gastroenterology, 112, 1114-20 (1997).

J. M. Chiang, “Role of K-ras mutations in colorectal
carcinoma”, Cancer Lett., 126, 179-185 (1998).

S. N. Andersen, T. Levig, J. Breivik, E. Lund, G.
Gaudernack, G. 1. Meling, T. O. Rognum,
mutations and prognosis in large-bowel carcinomas”,
Scand J Gastroenterol. 32, 62-69 (1997).

“K-ras

K. B. Mullis and F. A. Faloona,

DNA in vitro via a polymerase-catalyzed chain

“Specific synthesis of

reaction”, Methods. Enzymol., 155, 335-350
(1987).
F. Barany, “Genetic disease detection and DNA

amplification using cloned thermostable ligase”, PNAS,
88, 189-193 (1991).

R. A. Favis, J. P. A. Day, N. P. A. Gerry, C. B. Phelan, S.
B. Narod and F. Barany, “Universal DNA array
detection of small insertions and deletions in BRCAL1
and BRCA2”, Nature Biotechnol., 18, 561-564 (2000).

M. Hashimoto, M. L. Hupert, M. C. Murphy and S. A.
Soper, “Ligase detection reaction/hybridization assays
using three-dimensional microfluidic networks for the
detection of low-abundant DNA point mutations”, Anal.
Chem., 77, 3243-3255 (2005).

M. Khanna, P. Park, M. Zirvi, W. Cao,
A. Picon, J. Day, P. Paty and F. Barany,
“Multiplex PCR/LDR for detection of K-ras mutations
in primary colon tumors”, Oncogene, 18, 27-38
(1999).

N. P. Gerry, N. E. Witowski, J. Day, R.
P. Hammer, G. Barany and F. Barany, “Universal

DNA microarray method for multiplex detection of low
abundance point mutations”, J. Mol. Bio., 292,

251-262 (1999).



