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53 H|0|2{A DNA Arraye| 74t

#o1g! - ol - =ZHH

TIO[OIZRE(F), CIXIEM-UAG), *MACisin M=t}

£ dFedME dAAD 59 8 84 Ahpoint of care test, POCT)o]| 2 AMSEH gl u el 2y
4714 E A3t AF-FF vhol 22 (Human papillomavirus, HPV)9] &4 Md& H2¢ 4 9 DNA
array S 7143 ot HPV type 6, 11, 16, 18, 31, 450] E-¢] 3¢l DNA FAEL 32 E 144 Fu el Fnje)
LA 3L, biotino] label¥® MY09/11 primerE AH8-3te] 2163 HPV PCR W& RT3l &3 Alold)
hybridization ¥H-8-& f=3}%}. o] ¥ streptavidin©] label®l colloidal gold7} ZF-E9) biotin} ¥F--30 24
DNA hybridization Z 3-8 $-¢122 828 4 315l ok ¥ 973 S+ /)5 HPV DNA lateral flow membrane
array:- 7]E¢] HPV DNA chip 7' 3 v] &3}e] | A o] 3 f2] 314 38 HPV typed 208 51 &-2 B o
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7% vlo]# 2 (Human papillomavirus, HPV)E 237259
o Re 4, 7Y 2T JAFFEY 59 gk 94
Age sk 83 A vlolgag giX T Yk A
% 10099 7S] HPV oF8(ypere] BH low, AR
o 7% iy Axd] wet AR 1P Fes ERI,
IAFT HPVl % 7HFe AFAE Ao oldA agn
AR W ol D BAXNE AYE AeE By
ek, 5, 13, 19).

HPV AETY &7 WS 54 A1 971MEE 843
= WHOR o]folFitk. HPVY Al 7Y &7 nlolg&
BAE EAlske 7] 43R Kearly gene, E gene)o} Ho| 28

25 Y3 7] F-dA(ate gene, L gene) 2T HILE
3} % A}(long control region, LCR %% upper regulatory
region, URR)E 7A435°] 3Itk1l). HPVE 35579 437} S
M, ATETHoE vad F HE] Hode LI 34 #
918 G711 gl wet BREAE, L f-32R HPve] €)%
ot 725 Fshe AAS Ui de 53l glon, wy
ol gd e ef x| 4gA9) ukesle gL fx3)
L, helper T-cell®] E4R1A7} H7]= k@),

LI 32 fAk=el wel 60% vlehd 9o HPY &0
2, 60~70%Y A FO2, 71-89%Y AL e fHExgoz
EFETA8). LI Fr312E BA5] A% o ss g7Mg
= BY3AU(5) HPY Aol SolFQ Zelo|mE ARg
% PCR 7|®(2, 16), southern blot2 ©]-83} Line probe assay
(© 5o B R8T 3i

ol
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B d7dXE HPVY LI #3AE5 44 428 5+ e
DNA array NS 5RZ 313 glon, 53] AF7458Y ¢
T8 ol @AFHY Type 16, Type 18, Type 31, Type 45 1
2T A7) A 58 FEAIAG oo A7 heAle
W MAYT olHOZ Type 69 Type 11& B4 B2¥ 2 Axn
A= ¥ o] HPV ol EL I 7ol Aldd 1 gle
Gardasil (MSD, Germany)® Cervarix (GSK, UK) 5] HPV 4
2(vaccine) Aol BEZ ke ol ¥ &7 FY3}

el A HPV WAlg 28317 9siMe HPVY] 2 &g
RISk AR ZAPE AilS- F23 on)E Zhed), dA) 29 A4
€& HPV DNA I WO 2% HPV HybridCapture (Digene,
Germany)$} S 378 Hlo] QWX 71ellM A Bofsl Y&
HPV DNA chipe] ARE-H3 itk 31A9F Digene A}
HybridCapture®| 73-%- HPV®] type T-£-¢] £7F53}7]°) HPV 4
A AlEd AF A e 2 e APt B 4 ok whd
HPV DNA chip® E% 18~24%9] HPV types T2 F UA
T olE FollE B9 targeto] oFd TR ANIT ype=E E
F=lol A& ¥ ope} AT 5L YN 17t chip
scanner AH|7} B skw, At)d o2 A} v]go] z7}o]r] wE-
ol A&<) A&7 FAA SHNA Belsit.

wEtA B A7 e A7) vaccined] tiAte] HE 629
HPV o}g9] A ARE A&3la HesA) A3 A3 2
HPV o189} L1 37 F-919] S50 DNA 23 (probe)S-&
SHSE 48 9B Ql(ateral flow membrane) EH| 13
3}, biotin®] label¥ MY09/11 primerS AM&-3to] Qojzl HPV
PCR W8 AT} (target DNAYY B3 Alolol] hybridization Y&
< =S F streptavidin®] label® colloidal gold7} TFE
(hybrid)®] biotin} ¥HS-3-© 24 DNA hybridization ATS %
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oto = A 8918 4 = HPV DNA lateral flow membrane
arrayE 7Ndskaizt shgict.

JHE e

B 7ol AREE HPV o182 652F Type 6, 11, 16, 18, 31,
45 o9, o= (A)FH=ERALAN G FH o 2D 2RE AFE Al
BERE MYI109 primer (9Y2 0|43+ HPV screening PCR¥} 6
Z9] HPV typeol] &} type specific primer PCRS 53} 2} o}§
H genomic DNAE SH3I3 Tt PCRY %712 HPV screening
PCR®] 7% 37°Col A 5%-3t urasil nucleotide glycosidase (UNG)
(Promega, USA) ¥M3-8 H-X3}3L pre-denaturation (95°C, 3%&) §
denaturation (95°C, 305), annealing (55°C, 30), extension (72°C,
30)9] 2702 403] ¥R Type specific primerE ©1-8-3F
nested PCRS] 739 pre-denaturation (95°C, 3%) ¥ denaturation
(95°C, 102%), annealing (50°C, 302%), extension (72°C, 303)¢9] =
o= 303 WHE5Ict.

£ 79 HPV DNA array #4948 primers HPV LI 3%}
& BPZIOE 3= MY11/09 TI8]1 GP5+/GP6+ (125 AH&-3HA
o0, MY099] 5 2910 bioting 23T

HPV type specific primer®} HPV DNA amay A} 3tol] AH8-¥
probeE- National Center for Biotechnology Information (hitp://
www.ncbinlm.nih.gov)® Los Alamos National Laboratory HPV
Database (http://hpv-web.lanl.gov)2] HPV sequence data baseE 7|
Ho 2 3120, HPV type'd sequenceS-S Genetyx software
(version 7.03: Genetyx corporation, Japan)Z. ulj g 5o type@ 2
o] A=E #<I3H ¥ Primer3 software (http://fokker.wi.mit.edu/
pimer3)E AME3le] tjRQlElYcl EE primer}t probes
Bioneer Ltd. (Korea)ollX] A|Z315{tt. HPV array A28 probe
nitrocellulose membrane Aol LA 7] &) 57 wekol] 5742
poly TE H7FIAL amine 718 F-231d carier protein® A
& & UEE SATHTadle 1).

Target sequence®t So|3MA A=  capture probe
nitrocellulose membrane®] TZA1717] 8t WO E Grabareke}
Gergely®] #(4)& Y5 W33 218314} Carrier proteind
dvtA o 2 ALS-E+= BSA (Sigma, USAYS, coupling agent2+
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride)
(EDC) (Sigma, USA)E A1&-3153t}

B AgoA] AME-3 membrane 7 ©]FS Fx3}7] A3l
polyester A& 2 backing ¥ nitrocellulose membrane SA3F171101
Millipore, USA)S AMS-3l%1l, absorbent pad®™ Specimen
collection paper No. 470 (S&S Bioscience, Germany)S 233l =
712 2} ARSI, YNEH S E nitrocellulose membrane®] &
e 196G A 0520 pgem® B FEA Ark(14). A
E dFdX= DNAE 7|9o g sl g Z17) tE FroAig
ihee] =g 57, A2 coaing 270& sttt BSA-
coupled capture probeE nitrocellulose membrane “doll T A]7]
71 $13) BSA-coupled capture probeZ coating buffer (0.05 M
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Table 1. HPV PCR primer and HPV type specific capture probe
sequence.

Primer v s Product  Refer-
Type & probe Sequence (5” — 3) size ences
MY 09 Biotin-cgtccMaRRggaWactgatc
& £8 8 450 bp 9
MY 11  gcMcagggWecataaYaatgg
GP 5+ titgttactgtggtagatactac
gacietegiag 150bp  (12)
GP6+  gaaaaataaactgtaaatcatattc
16 PVI6F tatgtcattatgtgetgccatatctac 26 b This
16 PVI6R  atctictagtgtgecteetggg P study
18 PVISF cacagtctcetgtacctgggc 28 b This
18 PVIER tcagccggtgcageate P study
6  PV6F gtgcatcegtaactacatettce 299 b This
PV6R actaaggtttttatagggatctgec P study
11 PVIIF tgtgcatctgtgtctaaatctgcet 302b This
11  PVIIR aaactcatatccttatagggatcctgt P study
31 PV3IF gctgeaattgcaaacagtgata 203 This
31 PV3IR gaacctgagggaggtstegtc P study
45 PV4ASF  acaasatectgtgccaagtacatat 198 This
45 PV45R  ctigtagtaggtggtggagggac P study
16 PVI16P* gtagatatggcagcacataatgacata ;qul(lji,
18 PVI8P*  gcccaggtacaggagactgtg :uhé;
This
6 PV6OP* tgtatgtggaagatgtagttacggat study
This
11 PVIIP* ttagtgtatgtagcagatitagacacagat study
This
%
31 PV3IP tatcactgtitgcaattgcage study
45 PV45P*  atatgtacttggcacaggatittgt This
study

*M=AorC,R=AorGW=AorT,Y=Cor T,K=T or G
* All probe labelled with amine and 5 base of thymine at 5’ end of
sequence

sodium carbonate, pH 9.6)5% &3]A7]1 ©]E DCI-300 (ZETA
corporation, Koreaye ©]-83} 0.8 plfem®] FE2 535190}
Target band= membrane SFHFZEEH 5 mm HX 9, control
band= membrane SFHF-ZFE 10.5 mm Y=ol EF8}3L vt
7](Sanyo, Japan)ellA] 37°C, 308 &<+ AX3I5ith AXE HPV
membrane DNA arrays= Fig. 19 Z2 5 ¢} 2t}

Colloidal gold conjugate 2= Lucocq®} Baschong®] ¥H(7)
<+ Y7 st $P3tt. Colloidal gold particle 24 100
mlol streptavidin (Sigma, USA) 4 mge 24 conjugation W3-
T FE3HIL, streptavidin® conjugation ¥ colloidal golde
10% BSA (Sigma, USA) £HOZ blocking *2}3tch
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Fig. 1. System of HPV membrane DNA array

Conjugation ¥l colloidal gold -§--& 30, 12,000 pmol|A I
YR E AAAZ] & gold conjugate dilution buffer (0.05
M sodium phosphate, 1% BSA, 0.1% sodium azide)°ll 835}
AHE-315AT

HPV DNA lateral flow membrane array %42 U39 ¥
o2 39tk PCR AHE 10 po] 1 N NaOH 1 plE 4o)F
A 108z At WAAIZIE, HAE PCR O AHE
hybridization buffer 50 s &3 & FHIE HPV membrane
array°ll FYU3IACE. 8B0] membrane XS W {5+ 0|53}
= 299 A7 A2dA 108 AEHeH, ofF 30 e
streptavidin coupled colloidal goldE membrane®l AF=Y3IHL
o, membrane array THNA gold concentrationol] 2]ahe] A
# violet line®] f-5-2F YIX & B3l HPV types I35t

Z 27009 ARE FolA HPV LI gnen?] <F 450 bp AE
& ZE3h= MY0Y/11 PCRE B3 171718 &3 ASE E1
9o, MY09/11 PCRY AF}E-S templateE 3} 150 bp
3719 WE NI ZZ3h= GP5+/GP6+ nested PCRE E3)|A4]
€ 190719 F AEE ERAF A B AolA AHEE HPV
genomic DNA pool2 BHEEIATHALR w|A|A]).

190712) HPV 4 ARS WASE type specific primer
(Table 1) PCRS 53] HPV typingZ A3t 4, 102719 A
BollA £ A7oAM X2 3= 659 HPV types AT +
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AATHTable 2). HA 272709 ABAA A3 659 HPV
ol& o] H&-& 37.6%, HPV %A 19070(6F 2 HPV typedt
HPV other types)®] A& FollXe 53.6%9] ¥& BIE&E Ve
i, £3] HPV type 163 18 2|3 313} 22o] Lo} 7hsAlo]
& olde 4% HPY 4 AE FoM 268%= Wi w2
EXE Yl ole £ 979 HPV DNA amay$}t # 3
(MSD, Germany), L&4&(GSK, UK)9 22 A 3)Ake] HPV
WANA 7] 65 oFE Bl typelE AL e AE
2 At Qi

190708 HPV ¥4 AEE tideE & e 7pdd
HPV DNA membrane arrayS ©]8-3}d HPV typingS SI5I%
TH(Table 2). HPV type specific primer PCRS] 7% 652] €}
HPV type 102709 AEolA g ¥, HPV DNA
membrane array®] WHOZE 98719 AlFA I
Type ME= HPV type 16, 6, 31, 459014 Z}z} 17§89] A7)
A type Elo] SA] ¢k vl HPV DNA membrane array$}
HPV type specific primer PCRS] 27} A== 96.07%F HY
o2H, B Ao /Pdet HPV DNA membrane array7} 9F
3% @& AEE Yepch

ol LI fA}e] o) AMESHE primer®] annealing §-8-9]
Z}o] 24 HPV DNA membrane array®| A& MY09/113} 22
universal primerS AFE-3}7] W&o Fjdoz &4 o}F 9
HPV typing THS $J3l 9HE type specific primerE AME-3hH=
PCRY| HIIME FF HEA o] Hojd 4 Wl glon, o
3% A=) 9% ol P 659 HPV oS FA
typing & 4 Sivke el visl vu|§ 59 P o s
2 5 Aok

E oA HPV DNA amayoll 802 NgEr} &2
nested PCR 3-& HPV type specific primerS AME-8}A] £ 2
& 7 71HAe] BAC 71918 MY PCRS] 5% single round
PCR #3422 PCR ¥ o]l urasil nucleotide glycosidase
(UNG)E AH83t 8IS YAl & 4 IAY nested PCRY
73S0l F dAQ PCRZ ©]F assay B4 PCR 24

Table 2. Comparison results of type specific primer PCR with HPY membrane DNA array

Number of positive results by HPV type specific primer PCR

HPV type No. (Distribution of each type among total samples, %) Number of positive results by HPV DNA array % of agreement

16 21(7.7) 20 95.2%

18 14 (5.1) 14 100.0%

6 19(6.9) 18 94.7%

1 18 (6.6) 18 100.0%

31 16 (5.8) 15 93.7%

45 14(5.1) 13 92.8%

Subtotal 102 (37.6) 98 96.07%
Othertypes 88 (32.3)
Negative 82 (30.1)
Total 272 (100)
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S WAERs Ao BrMesy] wiieldnh oF&3 HPV type
specific primer®] 74-9- MY 32 GP$} #-& universal primers
AHEERE AS Bt B8 vRwd Eolvs ekl & A
& 7§12l PCR tube A FA)oll 7] 2] HPV typeS AHEA7]
E Ao oj@d7] Wi AF rl&e #4497 A4S A
& Ao whw o] s FHtol §igiTh.

FH, B A7) tAl HPV 6% oFF ©]9le] HPV PCR 4
FEEFo] wawhe AEE 8s7] Aste thFet ypedd
HPV DNAE ZE3td FE&31 o8 $13t9q 6F o|9 9
HPV %A AlEE 887] 28)1 HPV PCR &4 A&+ 8271
(Table 27} AFE-S AT}, 2 A7t ARS8 HPV other type &
4 ANREFH $4 ANEEY %9 HPV DNA amay®t HPV
specific primer PCRIIM 25 &4 4748 AE3ATHAE vl
AA. o] E Ao AHE-ESE HPV DNA memebrane
array®] probe & HPV type specific primers3} MAHFE- FL7}
- weky] WEo Heldh olgy &4 AEES] Afddx
H|Eo| whgol} YA WhE-S VEhiA] GBS o8 M B A9
Al /|dtEl HPV DNA arrayd] ¥hS- 0|57} w9 %38 #<l
& A

HPV DNA array 2] HE Al

Figure 2 ¥ ¢17¢] HPV DNA membrane arrays 2-88&
w o] Alglolt}. Figure 29] (Ay= HPV ¥ type A 55 ¥413}
o] Aol AAE 7} type®] membrane array A9 HAAE HA
Z7) Y43 a¥oln, Fig. 19149} 2] membrane Wl 113
3 7 HPV specific probeE9] HX|9} A= gold
concentrated lineS <91 & 4 AT} Figure 298] (B)E HPV
ZE 7249 AEES A& 495 ve ayer #
membrane array Aol 2% & 3%9] HPV type T4 lineS &

@ (B)

HPV Type

Sample 1
Sample 2 4
Sample 3 )
Sample 4
Sample 5
Sample 6

HPV DNA array?] 7% 349

ol & 4 UATh o127 Zb membrane array ¥HA THE
type2] probe T4 XA H] Eo|ukdo] 23} M. et
A ¢ko} probes} PCR ZHE 7t Wb Bolmrt v w55
Bl & 4 AT

@A) HPV typing] AMEE T e AEES HPV PCRY
southern blot 7]%< 2-£3} line probe assay 7]®H(17) 181
DNA chip 71H(10) HIEO2 s AlFEC] HFES AR
I ok 2y o9} 28 AHEL B4 HA o] vfg- Bt
a7t B4 AHE YT e 59 @RS 23 o ol
H)s] & 979 HPV DNA membrane arraye 71€9] 7|HE|
Hlgta] AAFolw, ¥4 fo] Hejstn ¥ ¥4 e
ga g A ge el Atk

Membrane aray 71H-S A4 9] 853 AT DNA

&7)o) 2% o]ste] PCR ARETE B4 T 4 Jlvke BT
7 BEo] wrge) o3 FAE ztm ok oo uls}od
membrane array 7)%¢] 74 B2 DNA AIEE H& Eo|E2
Bl E1& 4 gU7iell § EA FEE J)eelth

= A=

Membrane array®] ¥4 ZAoA 7182 ARG 5 7HH &
% 2k&(point of care test, POCT) lateral flow test &4
A A25ke FY3EAY PCR productZ: colloidal goldS} 3l
membrane®]] 2-§3}x] -8 AL PCR producte} gold £H-S &
7 assay membrane®] 8 74 WA W3S o] Fx] K3
7] wjEo|tl. o] PCR product®}t colloidal goldE A
membraned] FYE 7% colloidal gold EHY F4Jo] PCR

? N m
i .
4l % 355
e E e i
i G A A‘* ™ g
< — o~ o> ° ~r e w
~ © =3 - - - - - - -
R 2 @ 2 & & @ @ 2 2
I3 @ =3 = a = a a e o
E £ & 1= 1= 1= E g =3 g
d sl o o sl < i o o] o
» » % w o » 2] w v B

Fig. 2. Probe layout of the HPV membrane DNA array and assay result. Hybridization results of the probe layout on strip for the HPV genotypes.
Concentrated gold signals of type specific probe hybridize with standard positive DNA PCR amplicons (A) (samplel, HPV 6; sample2, HPV11;
sample3, HPV16; sample4, HPV18; sample5, HPV31; sample6, HPV45) and unknown test sample PCR amplicons from cervical swab sample
DNA (B) (sample7, HPV type 16 and 31; sample8, HPV type 6, 11 weak and 18; sample9, HPV type 11 and 31; sample10, HPV type 6 and 16
samplel1, HPV type 11 and 16; sample12, HPV type 16 and 18; sample13, HPV type 6 and 11; sample14, HPV type 11 and 18; samplel5, HPV
type 18 and 31; sample16, HPV type 11 and 45). Left side of figure indicate HPV type specific probe location. p and m in the right side of figure

indicate absorbent pad and lateral flow membrane, accordingly.



350 Ki-Whang Kim et al.

product®} probe At]2] hybridizations H3l3le] dojul= A4
o7 FAHL Ak AA oled S N FUHE A7
g w95 9100, 5 olde AN Rew S
proteing ENZICE 3= lateral flow test AFXH B4 3730]
FHAska o] B4 HE P8 F A gethe 548 7t
2 DNA &g @7 A 71EY] Adke 74s8 ZeE 7Y
o}

rok

o
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ABSTRACT : Development of Human Papillomavirus DNA Array by Using Lateral Flow Membrane
Assay
Ki-Whang Kim', Hyung-Ku Lee?, and Hong-Bum Cho® ('Diaprobe Ltd., Seokyeong Uni-
versity, Seoul 136-704, Republic of Korea, “Digital genomics Ltd., #3805, Namsung Plaza, Seoul
135-010, Republic of Korea, *Department of Biological Engineering, Seokyeong University,
Seoul 136-704, Republic of Korea)

This study develops DNA array which can detect specific sequence of human papilomavirus (HPV) by using
lateral flow membrane assay which is usually used for point of care test including pregnant diagnosis. Principle
of HPV DNA array is as follow; fixing DNA probe which is peculiar to HPV type 6, 11, 16, 18, 31,45 on a sur-
face of lateral flow membrane and inducing hybridization response between probe and HPV PCR products
which is obtained by using biotin-labeled MY09/11 primers. And then, we can see the result of DNA hybrid-
ization that streptavidin labelled colloidal gold is responded with hybrid biotin. Lateral flow membrane array
developed in this study confirms major HPV type economically and conveniently compared with existing HPV
DNA chip method.



