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ABSTRACT. The denaturing high performance liquid chromatography(DHPLC) with fluorescence detector assay is very
useful tool for detecting nucleic acids. Furthermore, loop-mediated isothermal amplification(LAMP) constitutes a potentially
valuable tool for rapid diagnosis of pathogenic microorganisms. In this study, we evaluated the specificity, detection limit,
and sensitivity of a LAMP method and DHPLC method for rapid detection of the hepatitis b virus(HBV). As a result, the LAMP
assay reported here has the advantage of rapid detection whereas, DHPLC assay has more sensitivity than other assays. These
findings suggest that LAMP and DHPLC assay may be good tool for rapid diagnosis of clinical HBV infection.
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N OB E7F =& A E0] AAIE AL Qlek A Aoy
WelolA] Al Bl Qi B A e RE AN
B 719 AAHoR BE wAA BAR A7 €3 FehE 489S (real-time PCR) oL} nested PCRS A}
St Ae 5 sfutolch BY A& Aosle £8 8ok Slek 1 F 4 Atk 9 Fol realtime PCRO)
Qe BY 719 vpolelAna WA e, 71 o 9 wek He AFg 53 9100], 2 o]f- nested PCR
¢lo] &= o]y Aolth. 4ol A= EHofl BY Holz O AL e Eou Adk Agto] AAIZ Ftaad
2~ DNA7Z} 1 ml 9 10° copy 2] s=1hE 22 Alof BE 7+ HRE-gR ol vlste] e Adrh= Thil wolth
A Mekgieh e W o g 7 de] Aol e %‘_%‘:I,‘—Ho‘d*(loop-medlated isothermal amplification, LAMP)
welshy 71AL wlo] 0|3 olek. 71& Welsk AAF 2 20008 Notomiol SjSjUei ZE W oz s
U o] A9 HBsAg == HBeAgQ %5 Al 3} PCRHJJ—]- SAFSEAEE PCRO] Y real-time PCR Y-S~ A]oj
A5, 9] FUS-E o] AFejo] mhek Wol el 4 74 DNA A (denaturation), 3 2ho] o] &l (annealing), F3
o lem ofof whet U]‘j/k—J A5 HESHA Edhe 2 740 A% (extension)o]] ZaPH 2= WHs7F Fa gl
57k A7 5 Ak WA, 1E Wes R U o] 60°CY @ LRolA SEuSo] e A% He
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HA 7145 N A 3 2ol E 18] 3] (Denaturing high per-
formance liquid chromatography, DHPLC)+= DNAL} RNA
of 22 Sk HAjo] Sotel ol AR ntEa Y 774
A2 H, HAE] AFEA oL DNA 4+e] f719 24, 4F
9 EE X @] o3t EAMO|E AE e BHOR G
T 31 Qlth o] -2 PCR HEAHE 9] =27] 7} 200-1000bp
ol 4] 95-100%0] 7}7He HBHES Lrepith AR 24
of el Alzto]l W4 HEE 574, DNA 27| &

HE2 10202 Yol = theo] AR5 B4 5=t 83
ol HE72E UV 45715 gty o s A3t
Ank, NS S7HA717] flste] 3 HE71E A&
Al 4= Qlk

47 A& sl el A A8 2 &&
ol gt A7 ghdbo] e QUAINE, @A U
A= ofefl thgt A7E =8 =i A olth whebA A
7l AE WHEel BY 1 vholg| 29 &l -85
AE T 5 ASS Holux gtk

2 Aol A=, AARE SRR AN 2 DHPLC
WSS IO W= A 28 AZFS #el S
7] 9J3}kod 10° copy/ml 5 =2 BE 7+4 vlo|2]A~ DNAS

hv o]
DHPLCHEA1% % 5252034

13]o]| = 2 B3 7+ nlo]a] AR ATCC 45020D
Ol A

= LA AR sk oA el
£ B 2Hg 24 3390 A A g 5te] B Ao ALg5}
k.

A2t 717

Aok BY 709 sape] BANA BR 7 npole
DNA ZZ0]l= DNA PrimePrep™-Genomic DNA Isolation
Kit(Genet Bio, Korea)S AM8-31% 1L, A7 %9529 agaroser=
QA-Agarose™(Q-bio gene, USA)S o83} t}. DHPLC 2]
o] 5 A0 2 0.1 M triethylammonium acetate(TEAA), pH 7
(&=89H A Transgenomic®, USA)2} 0.1 M TEAA, 25%
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acetonitrile(&+Z-8H B, Transgenomic®, USA)S A}-&3}9)
o, 33 Aok o 2 WAVE Optomized® HS Staining Solution
2 AFE3EFYI T Real-time PCRO] HES Ajeko g Q™
SYBR® Green Supermix(Bio-rad, USA)Z A}-&-3}91c}.

7]7]: DHPLCE4] # PCR HF-8-2 GeneAmp PCR System
2700(Applied Biosystems, USA)ZA}F-835}% 21, real-time
PCR 4I-2-& Chromo4™(Bio-rad, USA)E Al-&3+9th 5
2 =34l-8 © Tgaradient(Biometra®, Germany)S Al-8-3}
Rom, 525ERE3 AHE 912 Mupid-o(Advance, Japan)
& x}83}9th DHPLC E4-& WAVE™ 4500 System
(Transgenomic, USA)S A3} T}

A Y

@34 HBV DNA :&: 9/ B3 {H¢
200 uL2 1.5 mL YAl 2] E B (tube)o]] L1
=89 (binding buffer), Proteinase K (20 mg/ml) 10 uL&
H31 A4S F o ol 60°CE | A7t kAl Zic
3 A (collection column)} A3} A &H(binding column)
2 AYAYI I, MRS A% AP0 §71 ol 12000
pmoll 4] 5 57F 941 Relsheleh. 40 Aol mopx o
FEE W v 5 500 uLe] A% $5 89 1(Washing
buffer 1)©. 2 A& 3}, 12,000 rpmof| A 1 E7F Q41 2]
sheich 441 Aol mobal of #H-& I Wl 5 500 uL]
A2 &F=-8-9 2(Washing buffer 2)2 WH2 3}t =3 4
#oll molzl of 328 B wel 5 12,000 pmo] 4] SE7H
24 Belstel A% AL A% A2 ¥ AT AWE A
1.5mL EX2o) &7l 50 uLe] 82| =8 (elution buffer)
£ 93 A2oA 5 &3 ¥ES AJX1 £ 12,000 rpmefl A] 1
27t AR shar Hopxl 82 -20 °Cofl A H sttt

Y a A AY -G (PCR): Table 12] LAMP primer set%
HBV B3¢} HBV F3& o] -§5lo] 2t A2 9] SF Ab=S ¢
1Tt 10 uL Reaction buffer(10 mM Tris-HCI; pH 8.3, 50
mM KCI), 10 mM dNTP mix(2.5 mM ea.), 25 mM MgCl,,
Taq. polymerase (1 U/ul), template DNA(25 ng/ml)E 25 ulL
PCR HS-g-ol o 2 Abgatgith. 217} 25 uLe] 9hg 4018
02 mL 5F8- FEHof Y& 5 DNA thermal cycler(Perkin-Elmer
GeneAmp® PCR System 2700, USA)E o|-&3ll DNAS =
Z5Fith DNA 53 Hhg- A] 27] 5 23t 94 °Col| A A=
DNAE &713] HA Al AL, 94°Cof| 4] 30 27+ DNA HAJ,
60°Col| A 30 27+ Zato|m| Hgh, 72°Cof|A] 45 27F DNA
S maof o3 DNA A% whg-2 353 ¥he 5kqict. &
THO R 72°Co)| A 3 7 ARES& FUHA o= X9
skl

DHPLC £4: 10 uLe] AR E HA 1S A4 22
ulE T89S AFESHe] 0.75 mL/min®] §45£02 20 B 5
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Table 1. Primer sequence sets used to amplify precore gene for
PCR, real-time PCR and LAMP

Primer . . Size of ampli-
name Sequence of primers (5°3’) con (bp)
HBV F3 GGCCTAAAGITCAGGCAACT 203
HBVB3 GGAGITCTTCTTCTAGGGGAC
HBV FIP CCACACTCCGAAAGACACCAAA
GGTTTCACATTTCTTGTCTCAC
HBV BIP TCGCACTCCTCCAGCTTATAGA
GCCTCGTCGTCTAACAACAG

oF BA3}th. DHPLCY] gradient solution©. 2 0.1 M TEAA
(pH 7.0)2} 0.1M TEAA, 25% Acetonitrile-2 A}-8-3}53 37, washing
solution©. = 8% acetonitrile (syringe washing solution), 75%
acetonitrile(DNASep® Cartridge Ultra Clean and Storage Solution)
S A& T Column-2 alkylated nonporous poly(styren-
divinylbenzene) 3 €] 2] DNASep® Cartridge(Transgenomic,
U.S.A)yZ A&

S &ZZ UG (LAMP): Table 12] LAMP primer setZ |
L351o] 77 AR Q] HZ AHES At} Bst. 10X reaction
buffer(10 mM Tris-HCI, 10 mM KCl, 10 mM (NH,4),SO4, 10 mM
Mg SOy), 10 mM dNTP mix(2.5 mM each.), HBV F3 primer
(10 pmole/uL), HBV B3 primer(10 pmole/uL), HBV FIP primer
(10 pmole/uL)), HBV BIP primer(10 pmole/uL), Bst. Polymerase(5
U/uL), Template DNA (10°~10 copy/mL)Z 20 uL 52Z %
WHg-g 02 ALgaLeTh 212 20 uLe] WS §S 02
mL ¥H-& £ Ho| 9.8 & Toaradient(Biometra®, Germany)
2 o] 43 60°Col A 1 AIZH E<t S Eal o},

Agarose gel A7]95 9] 93t FEZAEQ] &9l: 2%(w/
v) agarose gel2 ©]-23}¢] Mupid-a(Advance, Japan) Z17]
A5 * 2 multiplex-PCR AHES H413} 3t} Agarose 2
g2 AZFEEAF(250mL)o)] Yar, 0.5X TBE(tris boric
acid EDTA) €58 100 mLZ A& F=off =t 21#] o
A 325U F &S gel §710 FoiA 30 & &t
23} Gelo] &A3] & F-of combs FHIAL gel& 4
SHAH. Gele 217] F5Ao ¥ 0.5X TBE ¢+5-8-
S 2 A& F FZAHE 4 uLy} 6X loading dye 0.8 uL-2 4
o] A 4 uLA loadingd}il 100 VojlA] 30 & FoF A7 95
gt 1 o gel& A7|F5A oA AW F EtBr
(ethidium bromide)= 15 #7F A}l ThA] 15 B2 7
42 DNA 2§11 23 EBre Alolyc. npxjutoz
UV transilluminator 9]o]] gel-& 281 DNAS] HSZ o5
= solskgr}.

AAN7ZF /AL AHUE-S(real-time PCR): Table 12]
LAMP primer set= HBV B3¢} HBV F3& ©]-&3}9] Z} A
729 ZZ AES At} 2X master mix, HBV F3 primer
(10 pmole/uL), HBV B3 primer(10 pmole/ulL), Template DNA

(10°~10 copy/mL) S HF-2--&-oH
©] ¥h-g g-olS 02 mL WS- hromo4™ (Bio-
rad, USA)E ©]-&3l AAIZtS 2 DNAS| 53 ¥h-g-& 24l
sttt AAIZF DNA 53 9h3- Al 27] 10 #7F 94 °CO
Al Ali= DNAS 23] W/ AlZaL, 94°CollA] 30 21F
DNA ®73, 60 °Coll 4] 30 %3t Zeto|m g, 72 °Cof| 4]
45 27+ DNA $3 a4x0f o3t DNA A% ¥hg-, A% wF

5 Y A 122 132 3}0] 353] ¥l= s}t =
S % 54°CO| A 94°C7HA] 0.5°C/R0) Pt 08 o

AHgSHETh 22 20 L
1=

o

rlo
il
o

7} A7 melting curve 42 A @5to] BY 709 wlo]
2 precore gene H-9|7HS Bo] 40 @ ZE 5193
shich

DNA H7| M EEAY 27 384 &d: HBV B3}
HBYV F3 primer set7h2 0]-23l 4-& DNAZSZAES F7]
A2 X H(ABI 3730XL DNA analyzer, Applied Biosystem,
USA)S 2 FEA35}o] NCBI(National Center for Biotechnology
Information)o]| A H|2. & BE Z+F Hlo]H A 9] precore

gene BH& 53 sh=< FAStAH

O M o (& oo

Aoy oy

DHPLC Z 1}
HBV F3 primer?} HBV B3 primerE ©|-8-3}
PCR 4tH=(Fig. 1y& UV 2 B3 A&71E 7|4t

gt FE3t
o7

71712 el 3} th(Fig. 2). UV H&7]9} &
o

31 DHPLC
T HENE
H I SFAS Ao, HE A A= 5Y

P

[0

S2Z=HIZ(LAMP)AIES| =9I
Table 19] 5% % WS- primer setS ©]-8-3}o] Altte]

Fig. 1. Identification of PCR products by 2% agarose gel elec-
trophoresis. Lane 1: DNA size marker, Lane 2~6: Template HBV
DNA 10°~10 copys/mL, Lane 7: negative.
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Fig. 2. Detection limit of HBV precore gene using UV and flu-
orescence - DHPLC assay varying dilutions of the genomic
DNA ranging undiluted DNA to 10° were used for the reactions.
A: UV - DHPLC chromatograms, B: fluorescence - DHPLC
chromatograms. The template HBV DNA concentrations were a
:10° copy/mL, b : 10* copy/mL, ¢ : 10° copy/mL, d : 10? copy/mL,
e : 10 copy/mL, f: no DNA.
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Fig. 3. Detection limit of LAMP assay. Lane 1: DNA size marker,
Lane 2~6: HBV DNA 10°~10 copys/mL, Lane 7: negative.

SEZUSUI WY DS O ARolE 1S 0§ BY 14 volelne 4F 265

™, o] 4=2]+= DHPLC®| HZ& A 42| e} 5 dstsich

Real-time PCR &1}

Table 12] LAMP primer set% HBV B32} HBV F3& 9]
L35lo] ZF A|BQ] 2= ALEL At} Chromo4TM(Bio-
rad, USA)Z o] & oH A ]7}0 2 DNAQ] 2Z ul2 8 310
0° copy/mL7}2] HEo] 7Hs
8}%4(Fig. 4). %55‘?— J’% —‘; 54 °Cof| A 94 °C7}4] 0.5 °C/
7} Al A melting curve 42 A]
) Hlo] 2] A precore gene F-UHS E0|
20 & FE 51932 Tlak thTm=79.5 °C+02 °C, Fig. 5).

e
o]N

L P
&0
ihd
)
w
o) U
~
o 18 H1

Fig. 5. Melting curve analysis of real-time PCR.
Fig. 6. Sequencing analysis for HBV precore gene genomic
DNA.

DNA ¥7|ME &M A}
Table 12] LAMP pr1mer setZ= HBV B3¢} HBV F3& 9]
golo] AE 5 AR FAIste] 4714 BA A B

g 7 vpolg A g B3l Bk TH(Fig. 6).
4 B
DHPLC7|7]= 7]£<] HPLC7|7]¢| 7| &8t Al &
Mol S5k £4] 7]7]0lth. WAL HEo] E3tE AYL
A83lo], Akl 24 & 9 DNA 97]9] 2|3, A4
EL ARQlo] S HE BAFL Exog ALLE T Q)

7] DHPLCY| 34t HE Alofl= 2 UV HE7&
sho] 260 nmoll A A& 5He =, & o A nrt &

BzhEo] A3k 917) 95te] G AE7)S ALestel A
75 AWt

TEFHFNEHS T 2= 27 stol A FEHEo] U
Bl SHAES %*"*EHFig 3)- ofup7] W 2oll HE AlZko] Fhe A (30~603, Z]of 90
AE DA $A & 107 copymL7HA] &) 7Fe SFEe. o] glom, Exal A glo] dA LEE §A T 4 9l
. /,/"M
LB 25 //
= 4
o 4
.
RS
=4 _
] a’ b/ ¢
0.75+ -
] 22
T T T T T T T T T T T T T T T T T T T T T
s 10 15 zo B =23 30 35 40 4.

Fig. 4. Detection limit of HBV precore gene using real-time PCR assay varying dilutions of the genomic DNA ranging undiluted DNA
to 10° were used for the reactions. The template HBV DNA concentrations were a : 10° copy/mL, b : 10* copy/mL, ¢ : 10° copy/mL.
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Fig. 5. Melting curve analysis of real-time PCR.

File: core-83-coreF_D09.abl

Sample: core-85-coreF Lane: 73 Base spacmg 15.97 172 bases in 2178 scans

Run Ended: Oct7, 2009, 19:01:14  Signal G:4462 A3016 T:4492 C:3575

Comment:
Page 1 of 1

40
CLGT T TTCTGTCTTACTTTT GG L GAG CTGT TCTT GAGTATTT GGTGTCTTTTGGAGT GT GGATTCGCAC TCCTACCGC TTACAGACCECC

90 100 110 1z0 130
TGCCCCTATCTTATCALCACTTCCGG CTACTGTT

140 150 160
GTTAGACGALCGATGCAGGTCCCCTAGLAGALGALCTCCC

A A A A A AMWWM A '»F\M

LV {F;‘A‘-f“f‘fﬁ[\ w“ﬂﬁwf\iw Ml m/\J\«\ AW A Ay nfhaww A AR W f\w’l{\m‘

Fig. 6. Sequencing analysis for HBV precore gene genomic DNA.
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