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Detection and Analysis of DNA Hybridization Characteristics
by using Thermodynamic Method
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(Do-Kyun Kim * Young-Soo Kwon)
Abstract - The determination of DNA hybridization reaction can apply the molecular biology research, clinic

diagnostics, bioengineering, environment monitoring, food science and application area. So, the improvement of DNA
hybridization detection method is very important for the determination of this hybridization reaction. Several molecular
biological techniques require accurate predictions of matched versus mismatched hybridization thermodynamics, such as
PCR, sequencing by hybridization, gene diagnostics and antisense oligonucleotide probes. In addition, recent developments
of oligonuclectide chip arrays as means for biochemical assays and DNA sequencing requires accurate knowledge of
hybridization thermodynamics and population ratios at matched and mismatched target sites. In this study, we report the
characteristics of the probe and matched, mismatched target oligonucleotide hybridization reaction using thermodynamic
method. Thermodynamic of 5 oligonucleotides with central and terminal mismatch sequences were obtained by measured
UV-absorbance as a function of temperature. The data show that the nearest-neighbor base-pair model is adequate for
predicting thermodynamics of oligonucleotides with average deviations for AH°, 45°, 4G5’ and T, respectively.
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Table 1 Nearest—neighbor base—pair thermodynamic
parameter for DNA/DNA

224 JH’ a8 4G5
4714 (kcal/mol) (cal/mol - K) (kcal/mol)
AA/TT -80 -219 -12
AT/TA -56 -152 -09
TA/AT -6.6 -184 -09
CA/GT -8.2 -21.0 -17
GT/CA 66 -16.4 -15
CT/GA -8.8 -235 -15
GA/CT -94 -255 -15
CG/GC -118 -29.0 -2.38
GC/CG -105 -26.4 -2.3
GG/CC -109 284 -2.1
initiation 06 -9.0 34
symmetry 0.0 14 04
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Table 2 Sequences of probe and target oligonucleotide

oligonucleotide base sequence

probe (PB-1)  5' TGCAGAGTGGTATAACTG 3'
lement:
R Y 5 CAGTTATACCACTCTGCA 3'
Mismatching 1
ismatching 5' GGTTTCCATGACAACGGA 3'
(MR-1)
Mismatching 2 . .
MR-2) 5' CAGTTATGCCACTCTGCA 3
Mismatching 3
3 5' CAGTTATACCACTCTGCG 3'
(MR-2)
Mismatching 22 . .
MR-22) 5' CAGTTATAGGACTCTGCA 3
Mismatching 33 . .
MR-33) 5' CAGTTATACCACTCTGGG 3
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5' CAGTTATACCACTCTGCA 3'/3' GTCAATATGGT
GAGACGT 5' = initiation + symmetry + 4% (CA/GT) + 3
X(CT/GA) + 3X(GT/CA) + 2x(TA/AT) + AA/TT -
AT/TA + GG/CC + GA/CT + GC/CG (3)
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4% = (-90) + (-14) + 4X(-21.0) + 3x(-235) + 3X

(-16.4) + 2x(-18.6) + (-21.9) + (-152) + (-284) + (-25.5)
+ (-26.4) = -376.9cal/mol - K (4)
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Table 4 Experimental thermodynamic parameter of each
target oligonucleotide
. JH° 45 4G
Materials (x cal/mol)  (cal/mol - K)  (kcal/mol)
CR-1 -137.9 -377.3 -20.6
MR-2 -126.9 -348.5 -18.83
MR-3 -134.4 -369.8 -19.76
MR-22 -108.9 -301.7 -15.34
MR-33 -120.2 -329.8 -18.01
x 5 FZH &Vt ol os] PRl 24 22X 22
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Table 5 Thermodynamic parameter predicted by the Nearest-
neighbor base—-pare model method

Materials (kcflgunon (cal/rﬁgf ‘K) (kcdalc/;mol
CR-1 -1380 ~376.9 -21.0
MR-2 -126.9 -347.2 -19.14
MR-3 ~134.4 -369.5 -19.77
MR-22  -1088 ~3015 -14.82
MR-33  -1193 ~329.3 -17.68

&
i
i)
o
2

dodst g ol &3t DNA hybridization S4 &

Trans. KIEE. Vol. 51C, No. 6, JUNE 2002

de=zz W3
AAt. o)} e

3 JH'Z % A
3t 4G 3%

Lo

art. Zr vz A iwEdEH=
48’5 # 19 48°%S Fuds 7
we] o3 T HEr] Y49 Ag
Dol 93 FaA 37CAMY AfFofr
< E 5l st YAt

O% 4o ARA g 7t nav)x 2aFEHoE=e 3
7CAMY AU Ws 4Gy e HEst] YEhRY
. A7 4G Fol &9 BREE ATE AL ““2—‘1”4
o= ¥kgol ?:101"’ 4, AR AE R dolF

& guigt F, 9 FeuR e o3| 1}v°ﬂ‘—12]7P 5
7}5}7: "W}oi grEo] dojd 4 e Aojd, uwetAN g
GsP o] Lo Wratom 42 ArMde o sty Ay
7] BHE FA38H, & o R dFE R deuR
o o A7 dhrl2 S2H77 4ok 2 49 d3
= Hlﬂ-ﬁﬂif" e g aFEHLE =T 7 l’\“ﬂxl
AawEd e = v 7 AT FEHE ez 9l
‘11 NA hybridization 7}’¢ delur] due AL &

°F_,

Nﬂ’l)

s}
1 9

-1> lor

K

U]*“Hxl S aFEdLEl= MR 29 MR-35 o] &3td
oz d7iujde dRol W 4G5 g vl 2w
grlujdoe] LR X3z ALyt o AAD AL
HE velda gt deoz Agd, vAamA °ﬂ7]“H§°]
F4F x-S DNA hybridization®] o tt= A& &
& 9l

& vlanx gHduwEdLE= MR-29 MR-22 3
MR-39} MR-33%& o| &3] wlanjz] 7)ujd 7H-r°ﬂ “—H
& 4G5 & vas] B, mauz g71Mde Asrt A

n] A uj X

SFE O AT HHE ‘415}14] glon, A @7l
g9l A7t $&4E DNA hybridizationo] oJgte AL
% 5 9

2

c.

g

s

n

25 20 45 0 5 0

AG,,’ [keal/mol]

aE 4 22 2 oladix S22 RS 2E =9
g7coliMel RFoldX] Wsl 4G5 e vln

Fig. 4 Free energy comparison at 37°C of complemetary
and each mismatches oligonucleoctide

269



BEP @A E 51CH 6% 20025 68

4.2 B

UV E35E o]43% 498ty 2 HIZF 47 2
g8 ArA 2 7 uiux gHLFEHLE=Y DNA
hybridization @4& 248l Ao Mo, b33 22

A2E dth

1) 4R7 Leawgdee=r 74 uadx gawEd
SEl=d HE AF AT AEHE JEdRZ gleH,
DNA hybridization 7F% dourl 4odes AL ¢ =+
ARt

2) vAux YnFEd 8= MR-29 MR-3& ©| §39
oAz Griede gAel N g6 #%E W B
9, ojaux @7uide] AR A ALt o <t
A48 A Uiz Qo deR A, v
d7lujdo]l FYdHd x84 2 DNA hybridizationo] o}
Ade A ¢ & I

3) 2z LEAFEHLE=E MR-29 MR-22 E&
MR-3%} MR-33Z oj&3le maulx |7jujde s
W 4G FE Hms BE, vadx grivide
Aert Be42 o A AHE JdeElgz e, 72
% "7 M57h 284 E DNA hybridizationol

At AL & + AUk
Zarel 2
g A7E SEUEAT AATFAGATH (A

% : EM6) ¥ @RBAAY A Tl A5IT
dangeldTAEY Aol AN FAUAs 2
AEGU,

o e d

D-)'LI

[1] J. D. Watson, F. H. C. Crick, “Molecular structure of
nucleic acids: a structure for deoxyribose nucleic
acid”, Nature, vol. 171, pp.737-738, 1953

[2] J. D. Watson, F. H. C. Crick, “Genetic implications of
the structure of deoxyribose nucleic acid”, Nature,
vol. 171, p.964, 1953

[3] H. R. Wilson, “The double helix and all that”, Trends
Biochem. Sci., vol. 13, pp.275-278, 1983

[4] Benjamin Lewin, “GENES V7,
Press and Cell Press, 1994, pp.89-90

[5] Hatim T. Allawi and John Santalucia, Jr.,
“Thermodynamics and NMR of Internal G- T
Mismatches in DNA”, Biochemistry, vol. 36,

pp.10581-10594, 1997

Oxpord University

270

[6] N. Sugimoto, S. Nakano, M. “Thermo-
dynamics-structure relationship of single mismatches
in RNA/DNA duplexes”, Biochemistry, wvol. 39,
pp.11270-11281, 2000

Yoneyama,

2 & EYH

19719 39 2594, 19969 Foihda
AN £, 19989 F oigkd A
71 24 (H4h. 20014 & W
o Adrlge AR f5 J4 F
oltisty AFTPETHFTadATAH
4 874

Tel : 051-200-6742, Fax : 051-200-7743
kdk-mail@hanmail.net

E-mail :

A Y+ B =)

1950 1€ 1794, 19733 g m
A7) gea £¢. 19839 ~1988d 4E
ZAFAYN dEtd A7) - AAFEH
Z9 (F4h). 19904, 19923, 1994d &
AEGY ALATY. "4 Foluggu
A71Fstd wg

Tel : 051-200-7738, Fax :051-200-7743

E-mail :

yskwon@mail.donga.ac.kr



