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JC polyomavirus (JCPyV) is a human pathogenic virus belonging to the family Polyomaviridae, a viral
group containing dsDNA nucleic acid. A recent recommendation is to apply the presence of JCPyV as
a fecal indicator for water contamination in environments like sewage, and techniques to monitor

JCPyV in water are being proposed. To date, the conventional PCR system has been applied as a
diagnostic method for detecting JCPyV. There is a need for a more rapid and sensitive JCPyV
diagnostic detection method in clinical and environmental samples. In this study, we developed a

Key words
Fecal indicator

loop—mediated isothermal amplification (LAMP) primer set for the detection of JCPyV. Our results
indicate that the LAMP method using a specific primer set shows about 10-fold higher detection
sensitivity than the conventional PCR system. The effectiveness of the LAMP method developed in

JCPyv this study has been validated by PCR product digestion using the Haelll restriction enzyme. We,

Loop—-mediated isothermal amplification
Validation

therefore, propose that the LAMP method using a specific primer set can be applied as a rapid and
sensitive detection method for monitoring JCPyV in clinical and environmental samples.
Copyright © 2019 The Korean Society for Clinical Laboratory Science. All rights reserved.
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JC polyomavirus (JCPyV)x= 8 o514 222 DNA
BRO|HAR | Polyomaviridae, Polyomavirusz S-55tH1]
JCPyV= etz o & X584 thz7 wiaz] Ec]*(progresswe
multifocal leukoencephalopathy, PML)2] €9l Hfo]2{A
T HIEQIeh 12U PMLO| §l= TR 738ks eAte] 1A
FHoA HEE7 = 5130 H (2], A/4dR12] AHHolA] JCPyV
7H10~70% 2= HEH I Y1, AR, =21, 71014
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A5 By & B A Wl Tt = A UL Qo= B
1[3, 4]of W} o, Hi4E B8t & F0lA JCPyV At 7Hs
Aol digh S B1d = ]/do] AJAREISITHS]. wEbA]
JCPyVE& sl 53 22 oA 2HgollA 9 Al EH A9 A
2 ARKEL, T A S50lA] JCPy V7 AEEAL e
] 7 A vol2|Aete] A 5ol HalEHA & SHgof|A
I JCPy Vol thgt ZUE o] 3 /go] XﬂﬂHJ_ ATH6, 71. &
A5, 97 59) Aol JOPy Ve AKas] B8 T 50 3
2 SR aAAES(polymerase chain reaction, PCR)
S 7FoRz g Eo ]ﬂ i‘ﬂ’ﬁ*’-‘?‘ o|H[2, 8], W2 ALollA] A
=2 9I3t conventional PCR Z&2fo]H

Z3o] Q—T’— oljH7 13] W, 8 5 W A 2
AEE o R AET 4= e ASR HU RS e,
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E
AE =2 FAPHo| B asit. hH, &Y 25004 5
AE AET 5 V= 5-25ZH[loop-mediated isothermal
amplification (LAMP)]°] H11%]11 It} LAMP:= helicase
Ao 7 HAE DNAE Bst. polimerase® Y3204
4=9¥%]+= ‘auto cyclic strand displacement reaction’ g&]
2 AEE) LAMP= 4719 primer [2709] outer Z&to]H
(F3 ¥ B3) ¥ 2719] inner Zeto|H(FIP € BIP; Z Zajo|H
3 5709 YA]of F2DIE ARESHH, 2x 75 HhlollA £71-
FI 127 FAEE B 5718 OA 5 Ue 2ol A&
2 0 & F3o] Yojuh= F714 DA Z /dErH14, 15]. Lee
S116] 712 s LAMPH2 PCR 7|HE T A1&51al 2
Eoldut 2 & WS 7L vkl B arE T Qlrt wh
4 5ollA JCPyVE Al&sHA =Y
gy ol= 7R A% & A0 AlREE Bolido] w2
LAMP Zefo]m £9t A3} ofge] S Afw A vke=
T Sl 7180 W E T e AE AlAEE Y
o =

1. LAMP Z2{0|H 2A & =

JCPyVe] Eol3 dito] tiet 52552 915k Zefo]H A
Al7] ot vl==HAEYEANE (national center for
biotechnology information, NCB)Z £ JCPyV complete
genome (NC_001699.1)9] ¥714g& +olom, =t
o|H explorerg AMESo] Z 37]9] LAMP Zejo|m X9k
Jol3ict. AAIR LAMP Zefo|n £33 7|22 JCPyV 5%
< 93t =9 plasmid A&FsIT:. NCBI accession NC_
001699.1& 5,121 nucleotides (nt)E 7|&0 2 652~871,
1,957~2,151 € 4,853 ~5,029 F-£of 2J2]gt F714E 621
ntE Macrogen (Korea)oll 2J=l51o] gened /JstoiTt.
JCPyV7}egollA 7 ol A9fe] A do] X arsgo] wt 2t
oA EANIE 105 Rotavirus A, enteric Adenovirus

41, Hepatitisvirus A, Sapovirus, Enterovirus 71, Astro-

o2
et
=

virus, Hepatitisvirus B, ParechoV A, Norovirus GII ¥
Poliovirus)2] BF A714EZ gene T/Jotirh.
2. LAMP Z210| =3} Mt

JCPyVe] Eo]2] 53| 7 o0& F4== LAMP &
Zlolw 23+ A, B Y CE °]85}o] 33 JCPyV plasmide]
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plasmidZ 1 ng/uLE F2F% 10 ° (1 pg/ul)°lA 10 7 (100
ag/uL)7HA] B4 3lAsto] ghgo ARESIRITt 3HH, 525
= SRRk HO] 2442 1 uL, LAMP Z2jo|H [F3 2 B3
(10 pmole) ZZ}+ 1 L, FIP € BIP (10 pmole) 27} 2 ull,
Bst-polymerase (8 unit/uL) 1.5 pL, dNTP (10 mM) 2 uL,
10x buffer 2 uL ¥ nucleic acid free water 7.5 uL& % 20
pLth 523E 2742 95°CollA] 102 ¥ES- &, &9 52
275 37] 915191 60, 62 € 64°C 3719] 27004 1A1ZE
HESAIZTH

3. JCPyV A|

7|20 Ha1H JCPyV HE= 1%t conventional PCR¥}H]
Wsl7] ffstod o] Lol A MRt JCPyV plasmidE Vg2
2 HE0| 713t 29 EARh 2t B arE mejo|HE X9t
%% 10719] Convertional PCR Z&to|H Zglo] g ict
(Table 1). o] &-8s1] LAMP Zeto|H 233} FdohA o
A 35t £ dikS o2 AE WS BA61 oM,
PCR 242 7|20l Hid 2 5o Rksotelom
[9-13], 1.2% agarose gelollA] 307t 100 volt 17195 &t
& gel documentation system (Bio Rad, USA)°llA] &RIs}t
Act.

oQh

18 Hlw

4. 28 SE MAH
oH Atof|A] Zftet LAMP Zefo]s] 2310 = Al&5HA|

JCPyVE BYEH & & 2 142 floto] Bol& vk A
A7 & = Sl AIAEE 5T 4 LAMP outer Z2}
o] £3R1 F33} B3-S AR&-5to] JCPy Vol thet PCRE 4385t
o} Sol4 At S SEIIF PCR WS 22 F3 9 B3
(10 pmole) Z+Z} 1 uL, HS Tag-polymerase (2.5 unit/ uL,
GeneAll, Korea) 0.1 uL, dNTP (10 mM) 2 uL, 10x buffer
2.5 uL ¥ EHSFS 17.4 uL=E F 25 pLE ARgsisiom,
PCR §18-295°CoflA] 1087 27 ATAIE AA 95°CollA
452217, 55°CollA 182 A, 72°CollA] 187 A sk=
SAE 353] WHESIRl O™ 11§ 72°CoflA] 587t X5 AlPgst
Act. PCRAT} SHE A2 AlRMA A HaelllE 37°COllA 2
ARE-ERT AERE 3 2% agarose geloA A719E 5t At
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Table 1. Comparison of the sensitivity levels of the LAMP primer sets and the conventional PCR primer sets for JCPyV detection

Reference primerset

Product Sensitivity

! Primer name Sequence (5'—3") size (nt)  (plasmid conc.) fies.
LAMP primer A-JCPyV_F3 GCATCCCTTGCTACTGTA 220 10 fg/uL This
set A A-JCPyV__B3 GAAAAAGCCCAACTGTTGA study
A-JCPyV__FIP CCGGAGCTCCAGTTATTACACAAGTACCTCTGAGGCTAT -
A-JCPyV__BIP ACTGGTGGTAGTGCTATTGCCTTTATGATCCCAGTCAGC
LAMP primer B-JCPyV_F3 AAGTACCCAGATGGAACAA 194 ND
set B B-JCPyV__B3 TGAAGAACTGGAGGAACA
B-JCPyV__FIP ATCTAGGTACGCCTTGTGCTCCAAAGAATGCCACAGT -
B-JCPyV__BIP TCCTGATCCCACCAGAAATGTTTTCTCCTCCTGTTAGTGT
LAMP primer C-JCPyV_F3 CTCTTCATCTTGTCTTCGTC 177 1 fg/uL
set C C-JCPyV__B3 GCTGCAAAAAGCTAAAATGG
C-JCPyV__FIP ATGGGGGAACATTCCTGTCTCAGGGTGGAGTTCTTTG -
C-JCPyV__BIP GCAGACCTATCAAGGCCTAAAAGTGCTGAATAGGGAGG
Ref.01 VP1-1 AATCTCAAGTCATGAACACA 280 10 fg/uL [10]
LT-4 ATITATTAGGCCTTGATAGG [10]
Ref.02 VP1-3 ACAAGGCGTACCTAGATAAG 256 10 fg/uL [10]
LT-4 ATITATTAGGCCTTGATAGG [10]
Ref.03 EPTA TGAATGTTGGGTTCCTGATCCCACC 219 >10 pg/pL [11]
LT-4 ATITATTAGGCCTTGATAGG [10]
Ref.04 JV2For AAGATATTTTGGGACACTAACAGGAGGAGA 179 100 fg/uL 2]
LT-4 ATITATTAGGCCTTGATAGG [10]
Ref.05 VPV-9 TTTTGGGACACTAACAGGAG 174 10 fg/uL 3]
LT-4 ATITATTAGGCCTTGATAGG [10]
Ref.06 VP1-1 AATCTCAAGTCATGAACACA 310 10 fg/ulL [10]
T2 TGAATAGGGAGGAATCCATG [14]
Ref.07 VP1-3 ACAAGGCGTACCTAGATAAG 286 10 fg/uL [10]
T2 TGAATAGGGAGGAATCCATG [14]
Ref.08 EP1A TGAATGTTGGGTTCCTGATCCCACC 249 1 pg/uL [11]
T2 TGAATAGGGAGGAATCCATG [14]
Ref.09 JV2For AAGATATTTTGGGACACTAACAGGAGGAGA 210 10 fg/uL [12]
T2 TGAATAGGGAGGAATCCATG [14]
Ref.10 VPV-9 TTTTGGGACACTAACAGGAG 204 10 fg/ulL [13]
T2 TGAATAGGGAGGAATCCATG [14]
Abbreviation: ND, no data.
_g_ E —Tfﬂﬁi‘:} . SetA SetB SetC
Reaction 60 62 B4 60 60 62 64 60 60 62 64 60

2 1

1. LAMP Z2}0|m et

JCPyV ¥kgo] Ueht=s AA13H 371(A, B 2 O] LAMP
IejolH 23S o2 EolA W& Aol 1 23t
37112] LAMP Z2fo] Z3FEoflA B 60, 62 % 64°C 241
of|x] Eol4 2]y wkgo] VreltiFigure 1). ¥/ ¥k&o] Ut
ERt 3719 LAMP Zefo|H 2352 tdo & ol Hlolg|A
B4t 10800 izt H] Eold vkg- Al 2, LAMPJLFJO]‘:H =
3} BoA Astrovirus 4] thet BEgo] UEREO LY,

712l LAMP mﬂ‘oltﬂ ZgE0lAl= 1] Eol4 Hkgo] "}E}L}X]
Ao} JCPyV HES o &8 &= = 2T LAMP o]
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Figure 1. Specific reactions of the three LAMP primer sets for JCPyV
detection.

Abbreviations: Lane M, 100 bp Ladder marker; lane number, condition
(temperature, °C) of LAMP reaction; N, negative control.

ﬁ

) 230 7 3= ickFigure 2). E3FHS 22 A& WA
£ 7121 LAMP 3xefolv] 212 AMIsh] Slol 4% Mg
HE
]_

Aoj H]sf

BAGAr) 23 A= 10 fg/ul, C=1 fg/ul7HA
7} UERt LAMP Zelo|H %3 Co] A& Wizt



Reference viruses

M P N AVA RA AV4 HV SV EV AV HEV PeVA Nov PV

L]
LAMP
primer set
Al

LAMP
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B

L[]
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primer set
C

Figure 2. Non-specific reactions of LAMP primer sets for the
detecting JCPyV.

Abbreviations: Lane M, 100 bp Ladder marker; lane P, positive
control; N, negative control; lane, reference viral plasmid [Aiv-A,
Aichivirus—-A plasmid (VP3-VP1); RV-A, Rotavirus A cDNA; AdV-41,
enteric Adenovirus 41 DNA: HAV, Hepatitisvirus A plasmid
(VP2-2B); SV, Sapovirus plasmid (NS7-VP1); EV, Enterovirus 71
cDNA; AstV, Astrovirus plasmid (ORF2); HEV, Hepatitisvirus E
plasmid (ORF2); PeV-A, ParechoV A plasmid; NoV, Norovirus Gl
(ORF1-2); PV, Poliovirus cDNA.

108 =& Y179 2o |5 Hetit(Figure 3). wbA LAMP
nejo|H 29t CG=JCPyVol S04 9 2 ASU T HUH
2 Sk71o] Aeket meto|m x3ho 2 stk Figure 3). ¥t
H, At LAMP Zefo|H 23} C7FRES S 4= Q= 2712 60,
62 9 64°CoflA] HF FUstlon, 2 #912 eHgd= 9
3fl 62°CE & 202 A7sIrHdata not shown).

2. JCPyV Al H|

JCPyVE AZE3] Y3t conventional PCR ¥ nested
PCR Zeo|H XSS 7|22 2 Ao Ald et 2 HE
W7 ofslel o 10 °4:291 10 fg/ul 7] A% U=t
Eftomn, o ioflA Zdet LAMP Zejo|n %3} C7}
PCR %= nested PCR 2t} oF 100} o)d2] £2 H& W
£ Yehf= A 02 BAE|IcKTable 1). T3t conventional
PCRE] ¥1g A7k oF 125%80] 487} E|glou, 52534
02 HEAL T 70= FL ¥k Agto] A8 Fo] 7] ¥y

of H]3] °F 55 oV HEARME BT 4= A

3. 5% 53 AAY

255 Hk32] A4S Sloto] mefo| HA| Al Algtas
Haelll (GG/CO7HRS & = = B91E 23tsielet. JCPyV
£o0]2 LAMP Zeto|HZ AdE 23} COl outer Zefo|HE
AF&31o] PCRE -851310™, 9F 177 nt Aol AHEg 52
513tk PCR S5 ARE0lA A3t 24x0] Al EE gRIsH] 9
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SetA Set C
[ T = =
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L o o [l o L o o = (=)
g HooH g o oH M0
Q @ g o & Q@ 9 9 g «
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[ [ = e e =} = c I =
[ S S S [ A A S

1.0kb >
0.5kb >

Figure 3. Comparison of sensitivity between two LAMP primer sets
using the JCPyV plasmid.

Abbreviations: Lane M, 100 bp Ladder marker; lane, diluted rates;
N, negative control; dot, selective primer sets.

Sf| Ajgkads Haelll2 23t 23+ 5 71e] iE 27](109 2 68
nt)7} Q1= data not shown).

1]

i

£ Aolrts A 2 T 5ol Algstal Bolido] =2
™ £3] A o] Hlo|H A7}t EAfcl= SEA IR =2 4
< VTR JCPyVE AT = Sl A= AehH S 7
Sh=t] F40] Sk, 11 52t JCPyVE HIESE =173 gAML
olgiA 5-& AEY 749 conventional PCR¥} nested PCR
= 7= ARESI oL PCR 718 HARRE L] 739 Alto] @2 4
2= o] ATt £35] nested PCRE] H-¢+= & THAIZ -
A Bt I 0 = QIsto] oF 104K o] Wk ATt 4
Q5 117H] -8 7] T3 B st T1Euh & AoflA] 7R
WIsto] 2851314 Sh= JCPyV HE-8 LAMP W2 523271
SloflA 671 A7IMLPHEE sk 4719 Zetolmek
helicase®] 7]'5°] 23 Bst. DNA polymeraseE AF&517]
2ol 'B0] %18 PCR AHIE ARESHA] QoL 22t @
£ 5 22 52FA7E 7R A7 RIS ARgsto] 1t
St Hl=A| 54 A7 A BS SHAIA 7120 AT ET Al
9 AR AIE A2 5= s S A85karAt, LAMP Zet

5} o

S
ofu] 23 W ¥hS- FHT 4 G FHE A28 et

JCPyVE Aet & 5= Q1= LAMP Zefo|HS K513 o A
FoJA JCPyVe] A& WIZ%=+= 3,000 copies/mL °VFo=
HERHTH18]. 2 AollAs /g ofdzt 3 AlgollA =
E3t & SAbAE JCPyV U ERo] 73t AR 7S
5402 ololtt. 4| oH 5 AlEe A AR, 51, 4t S
E} A 720] H]5l] & = §i= PCR AohEdS th 4= Xglolal 9l
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BRI 4] 205 R SR8, 2 Aol 1
fg/uu A7 Uk, £ Q7oA e S-eaE o] Ut
Ehi 4% YRIEE ol 24 S5 7Rs 3 B2 1 copydt 9lo]
% 52o0] Hl= £ Ane 7| o] u]s) S5,
3t plasmid 840142] A130191E 23, 9 87 2 QA

_

)

ool 2855 450 Waskin A & el
7HH*0P JCPyV 504 5255 ZLeo[HE ARgate] 11t
Yoh= HHZ, AlEoflA J PyVE A&l Sleix=35 0“”
(total DNA)E F&3tF o] of|A] 7idst LAMP Zeto]
o] 241 C2 Aol BLIEI st 471995 4 Atk 2o
o] Hoj g Hi=E ERI6HH LAMP 4/ W30 =2 743ict. &+
A A Zol|A] 84 T T A o] Wa stk ok HESo]
LERS /‘]EOHH =S WS ARGl LAMP outer L
oJr % 3= TSI L F ARMAA Haell=
Azfsie % 7)) W= 2 et opialgo) Zkssic, wiek
7} PCR ¥180] §lo] 52531 vho 2 HANS 4=9¥5}1L, k3
ofl SYBR =+ hydroxynaphthol blueS &-8s1d 23} o5
94 761 o XJ7] OﬂE_ jq.?(‘]o] }\ﬂEkE 2= O]__i = oﬂA]—AJ—EHoﬂ]ﬂ
R oF 707 02 WSS ERIT &= Qlth o] A% 7]&E
conventional PCR Et= F 147} o4, nested PCR Er}
£ OF4ARE ol T o Sk R 52 SO AR =
Zzjo|H 22 F 67l F-0] FolA 02 Hk-S3fjoF sl = 7]
< PCR ZEjo|H Hr} 52 5ol3 0 & JCPyViks A 5
W A 0= o). o] A= dollA PML 3} Ei=
PMLo] Q= tHM] A2 sixjo] wxgol 1l Z7|o]Algka}
SOIA JCPyVe] 4143t Hto] 7 A 0= el Eqt 3
ol 5 Sl EAfok= 7 A HolE A0te] i do] B
H Y E G0 o AR RSk JCPyVe] ZYET 7]
SR T &8o| 75 T A 0% HRIt}. wjehA oo Zidet v
12 Vg 8 SollA] JCPy Ve 4l&st At Y HUE RS
Azt 71z &8Ago] 7 thErt

LY

2 o

JC polyomavirus (JCPyV)= viral group I, Polyo-
mav1r1daei 25 = AR YA ol A o]t} JCPyV=
| ol 5 A A HE AIRFHo whet Eg oA B
Yelg Ao Al71=] 1L iet. A 2 Alm 5 JCPyV 4
E2 9154 PCR AlAHo] AREE]o] ot 18 4l&stal =
AE WS 7 2] F e /dof wt o] Aol
2% metolw £9kg JESIQit). ofso] 7Sk HhH

[l rlo

[¢)

71 PCR AJ2:5l0] H18] 5241 2 oF 104] o 2 % )
A ORI O A7 e e e 4 4
S SIS Haelll ARKLAS o] 83 P 37 12519
o}, aebd o]l A7 A4, B 50) Aol JCPyVE &
e 57] gk o o] ZeEict
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