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Abstract
AIM: To establish a simple and fast hepatitis B virus

covalently closed circular DNA(cccDNA) detecting
method based on polymerase chain reaction(PCR)
with satisfactory sensitivity and specificity.

METHODS: The cccDNA and the relaxed circular DNA
(rcDNA) were extracted from HepG2.2.15 cells and su-
pernatant, respectively, and then purified. Two pairs of
specific PCR primes were designed to cover the single
strand area of rcDNA. And two pairs of non-specific
PCR primes were designed to cover the double strand
area of rcDNA. Before and after digested by single-
strand-specific mung bean nuclease(MBN), cccDNA
and rcDNA samples were amplified by specific primes
and non-specific primes. Whether the digested cccDNA
can be amplified by specific primes, without amplifying
the digested rcDNA, was observed. The PCR param-
eters such as substrate amount and circulation times
were changed during amplification. The HBV genome
plasmid was used as control; and the HBV samples
from patient with hepatitis B was used for practical test.

RESULTS: Different amounts of rcDNA template were

amplified by specific and non-specific primes. More
than 10* and 10° rcDNA template molecules were am-
plified by two pairs of specific and non-specific primes,
respectively. The specific primes could not discrimi-
nate between rcDNA and cccDNA when the template
molecules were overabundant. Before and after the
digestion by MBN, different amounts of cccDNA were
amplified by specific and non-specific primes; and after
the digestion, rcDNA templates were amplified by non-
specific primes, but not by specific primes. With this
strategy, we found the virus samples from the serum
of the patient with chronic hepatitis B contained mainly
rcDNA and a small quantity of cccDNA, while the sam-
ples from hepatocytes contained mainly cccDNA.

CONCLUSION: The combination of MBN selective di-
gestion and specific PCR amplification of the cccDNA
is a simple, fast, sensitive and specific method for the
detection of HBV cccDNA.

Key Words: Hepatitis B virus; Covalently closed circular
DNA; Polymerase chain reaction; Mung bean nuclease
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BH: 25 —#ATREGHARL(PCR) 8 & Z B
iR B RS AR Fe i ST g Al T AL AT K A
(HBV) 34 Fl 4 2R K DNA (cccDNA) 89 77 7% .

Fik: 5 AR HepG2.2.152 8N #9cccDNARIE I~
EE P HAMILIEDNA(rcDNA) K&, & A &1k
B2 FF I Y, RY R BHE M cDNAL 4
X ; &2t dE 47314, ¥ 3 XRAE FTreDNAR
R, SR FHLE S FEREEMBN)S A H AL
cccDNAZrcDNAM & ; AT 5| Fo 3R 45 5114 7]
Wy 3T ACET B 0 T AR AR S - B EATPCR Y 3, AR
PCRY ¥ A dde k32 . AR REF, WEF 1
5| Mk T RAA) TG A G B cccDNA, BB X R 738
HALE 9rcDNA. HBVE B 48 b su A A AT R 2L
ST RIR 5 TRUT K & K W Jm A A B0 b R e
# 5% M.

SR AR A G P I R R AR



73D, 5. ARREHBIERAADIHBVEINTASGHUR DNA

2189

HEAIHBY reDNAME S, 23T 3B 45 7151 40 7T F 35
BEARFAEL10'VA_ERIHBY reDNAME &, 2% cccDNASF
S AT AY 3G BRI A0 LR, B
M3 EPCRE M A % 03 REE R 2 i AL AT 79
rcDNAFrcccDNA. R E# 2HBV cccDNAFrrcDNAKE
HMAEMBNE TG, o F 8 A A4 71 5| 4 F= 45 57
WA HHATPCRY 3G, KILKRE K F M cccDNABR
S FZEMBNIEE, 15T 415 fe 3k 4 5+
Wy gt m &4 ; reDNAKRZiEMBNIH AL
)&, AEHFFEIN T I F AT, mAFFEs Y
Ty ¥ B & RN LA R, RAVK IR A THF
B AHBVA R AR 2R ArcDNA, SFar A
FcccDNA, 7 fiF i MHBVAZ B AF 5 ' ScccDNA,
5 ZERHL—2.

5. AN AMBNIE ML FrcccDNASEF 7]
W e PCRAG M ik AR B ik |, AR Ao 1 M3 8000 &

KEF: FRWEE, CB; NASIKRDNA; REHHE
BB REFBIREE

725, T, XUB, ik, IRRSIHERNATNIHBVENFSIIKDNA.
HFRIE N YRS 2005;13(18):2188-2192
http://www.wjgnet.com/1009-3079/13/2188.asp

035I5

HB VIEGL T 40 B 11 bp 5SS HB VR I R e 44, A48 3Ly
& IRIRDNA (covalently closed circular DNA,
cccDNA) . HEDNA (single—stranded DNA, ssDNA)
LAJZHBV mRNA™ . 38 % cccDNAKY I 77 A SouthernE]]
TERAT, BB, Rl FIHCIA3-4  ds U PR AR IC R
BE T RIS O v G AV BB T AR ISR AR iE R
BRURE W 7E . R1996%FKock et al™ Wil4
514, LAPCRTIEK M ccc DNABRIS T, 4k iz
WS BRI, IE AR B E AR, X R i
TEP CRI N AR 22 IGO0, FLRE e A LA ERAIE
2% G R (nung bean nuclease, MBN; WFRH
FEAL RIS 1) LA A DI I X AR S e o e 1 A A%
IR, b T R R P AR AT I O B R e
30 000, PAIMAEA I (1 S AN )R, MBNHJ LAY
WIHBY rcDNATM Al I {fFc c cDNAf e bt . AR ¥ Lk
JREE, FRAIME TKock et alfiJ7ik, I TMBN
PR, $im T PCRIR Y. 4 S k.

1 RATSE

1.1 A4t PCRIAFI G 285 A% IR M 26 [E Promega/y
P 986 E BPCRIX N [E Roche LightCycler,
HB VA% R 7 46 U 7 & o AR INVE S A =) 7= s
B IREOAF & PCREY AR & hEE

Clontech2 /™ JH4HM 5 2 R A 3% H
GibcoA T ™ . HBVAXIE K41 JTURL Ky 4 4 ISP i T
BT BATHIEE. HepG2. 2. 1540 A 2 — 72 5 K24 % 21
WA, LR EE LS URYE T IR A 2 R T
WE, R =2 KA A — P = e ST IR AR R .

1.2 7 &7 DUBBE IR HepG2. 2. 1541110 min,
WAEM M, 200 r/minZ03 min, FF LS. PBSH
B MIERPEER6IK. Hir tiEFEI G (UARSIDN AL A4 L
S [5 g/L SDS, 10 mmol/L Tris.Cl (pHS.0),
10 mmol/L. NaCl, 10 mmol/L EDTA] 200 pL, #&¥%
BA30 s, 3TCARUTEA, MAL mol/L NaCl (K
JE1 mol/L)50 pL, 4°CHE12 h, 28 000 g. 4°CEY
050 min, FYUE (MG ElE), CIPCR™ 4l
WA ERE FIRAEHBY cccDNA, #R A& P
AT, BXPRFE MR T 25 17K 100 pl. BAZOE &
PCRIEKTMNAE FH5 uL, TH HHBVAZ AT i 5% DAL
7E50 m Ly B0 O INA300 g/ LEERHA 25 mL;
WHEHe pG2. 2. 1540 %5 7% L3, 0.22 pmid 3E 2Rt
TN, B VE 15 m LRSI B v
I, 230 000 g, 4°CEL8 h, 77 375, DNAG T (DNAse )
SN ZE 200 pLEMEUIEE, IIADNAse I 100744k
60 min (564 FEMEAET- 40 HRE i cceDNA) , LR R4
P PR T A B HUHBVASURL A S0 AR BT A I r cDNA, - 4%
RN G ULEH BT, BRI T 221 7K100 b
. DA 8 mPCRIERIINAE M5 L, VA HHBVAX IR
FESD S48 DI R LA ME QR 28 J 3 3, %
€ FPCRVERA E & A1 i #% VUL IHBY . DNAJS, 4
BRI BOR A SR BB VAL IR, a7 & Ui B 153k
1T, BRFEMEAE T 58 7/K100 pLs 4N
HBVAZIRAE s LA 20 HE IR M RS ARG 52 A 421
(Z11 @) hor AT, PBSHE, MRILE6K, I
Ja AZBRFIHBY  cccDNAFE i il €. HBVEEDRIZH M2 1821
A RO AR T 5 4 N FORE, BRI Atk T
B /K100 puLHr. A% E P CRIERTIFE M5 L,
T HHBVAZ B R i P8 DU HOLO X 22l pl, 43
SNBSS FIHB VAZ IR AR 2 0. 5U MBN, X &1
IKAMEARIAEL0 L, B FPCRIYASTCHEES min,
SERIE FUOK#E R, AL mol/L Tris(pH8.0)2 uL
kRN BT S E B T AR TREA R
ANHE| G, PAGE4ifk. cccDNARF SPES I FE2
X514 CCCIAGESES#))5” ~CCTCTGCCGATCCAT
CTGCGGAAC-3’ (1255-1279, 25 bp), CCCIB(fikEs]
)5 ~CTGCGAGGCGAGGGAGTTCTTCTTC-3" (2376-2400,
25 bp); KM HI5T 40 s, 72°C 3 min,
35AMEHR, T2CHEM5 min. CCC2A GERESI4) 5’
~CTGAATCCCGCGGACGACCC-3" (1441-1460, 21 bp),
CCC2B(E514)5” ~-ACCCAAGGCACAGCTTGGAGG-3’
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(1867-1889, 23 bp); KN 4&FFAH95T 40 s,
67°C 40 s, 72°C 1 min, 35ANMEFR, 72°C LA
5 min. HBV DNAEFfFYED|MGIE2AT514): RCIA(IE
BS54 5 ~TGTGTCTGCGGCGTTTTATC-3" (378-397,
20 bp), RCIB(H7 %5545  ~GTTTAAATGTATACCCAGAG
AC-3" (816-837, 22 bp); MNZ&AFHI5T 45 s,
54°C 40 s, 72°C 1 min, 35MEFK, 72°CLEM5 min;
RC2A (IE4%51#))5° ~ACTGTTCAAGCCTCCAAGCT-3’
(1859-1878, 20 bp), RC2B (%31 4)5°
~AGTGCGAATCCACACTC-3" (2268-2284, 17 bp), W
A1 95°C 45 s, 51°C 40 s, 72°C 1 min, 354
B, T2°CHEM5 min. 25%F cccDNAKS S 5 | 115 iHBY 3
PRI (rcDNA) FRLE X R 3HE X (X 4 X 35 6 MBN ) T AL A
FEUR) , wRpe U1 g, Wi R UES 1P A fed 5 itk
RS PERR ;20 R4 Sk 5 1 0 0 43 ) Ak TP IX T C/
CX, TLi5¢# 1 cceDNAL reDNABE &M ) T it r c DNA
VIRTIGRY 48 . 25 |07 B RMBNFE AL UL L A, B

A B
i

[ #re1n

RC18, RC1A RC18,
837 M 837/
HBV rcDNAS [#{ir%
JZMBNFEHIALA

' 1A CCC1B
Jaa -y cecA i%ﬁ#{tiﬁﬁ;r‘rg_(mw) b2 e b

TP rll . O/ cccs R N gy S 0B

DR2 gy
-

B 1 HBV rcDNA, cccDNA, SIMIERMBNIERRISR. A: HBV
reDNAIEFEARTEEEINR, (15N 52EENER B: HBV cccDNARYL
IREA5EkE , TEMBNYEFIGT A, MBNYJEIAT S B EE KR = 55X LML 5
SKAIREZEFR; ccc DNAFERMES ()28 ik, CCC1A/CCCIBMI
CCC2A/CCC2BA B A% 519 JERESVES W A E Sk, RCI1A/
RCIBFIR C2A/RC2BAy 342X 5 4. DR1: EH#EFELEF51; DR2:
HIEEERFY2.

2 BR

2% R S 1k 51 n] B 1 H AR S0 AE 10° L B IWHBYV
rc DNAFE L (B12) 5 1ias T [FFE I r e DNABEAR,  2%F
c cc DNAJF S5 |4 th T LAY 338 H B e 10" DA 1
FEa (BI3) . Bl &, RSP Rtk 2
FEXF ), FEPCRIR AR B 2 I AN REIX 43 r ¢ DNAFH

HBV rcDNAFE f

cccDNA. M4ERFKock et allf]—32(. HBVAJLIRAH
JFERELEER T 82U R AL VI T Je4di N JToks,  PAEPIX
SR C1A/RCIBHAT LAY 18 H BB A AE 10°LL_E (R
T 200 R S PR 5 |V FEAT AT BEAR A R A e 9 38t H A
2y (K12, 3). ANFEBEEHBY cccDNAFIT c DNAFAR £F
MBNYH ARG, 43 B FH RS 5 12 5 | IR C1A/RCIB IR
SEPESI4CCCIA/CCCIBIEATPCRY 1Y, M 10°-10"45[H]
e c c DNABEAR 4> T MBNI AL IS, 4% ml 4 5
PES14)CCCIA/CCCIBFIER 7 1t 5 [ IRCIA/RCIBY 14 H
FHP 27ty MESE AR 2 T A I BERR A7 AN [ R T B
%, FRIHIL R AIMBNEEME 7585 cccDNASY +-. LKA
BB AL FER . MircDNAFE ShZEEMBNYS AL i, Qi iR
B O 10°, MIAERE TS IHRCIA / RCIBAT Y18 Hi =
Wgs, SRR X T cccDNAKY
SEPED 4CCC1A/CCCLB, FEAREHIME A10°, ZMBNISAL G
INTGIEY SEATATARN 7. DL PR 4 B R e A1 0

Y I35 R4 M P H B VAZ R FE S 233l 4% 1 1 1, 1110,
111002 &1 /KR, &5 pLFATMBNHALFIPCR
P4, MEHBVAZ IR FE b AR RERT, MBNYH AL HY f5 3]
Pt cc e DNAKE S 45ty s LORE M RE AR v Ak Ay vl I
it HAJEORE SR PESRAl s 10045 M REAT i G 18 2
AL, SABEY B AN 45, FEoR ML HB VX IR
FEsh EZ A HreDNA, FFrf /D cceDNA. & &
cccDNAFF -4 i P HBV A% R A i VA 7E 1005 4 B )i
VBN 1 A1 4 it 5 4 BELLEPCRBH 4 4% 17 1) H B

HBVIE [A 21 Ji k. HBV rcDNAKE i
Ml' 10610510“10310210 10610510“10310210

21#): CCC1A/CCC1B

HBVIE PR AL ikt HBV rcDNAKE i
m1 [10°10°10'10°10%10! '10°10°10*10°10%10

872 [0y
603 449
310

24): CCC1A/CCC1B

3 ERMESIYICCCIA/CCCIBRICCC2A / CCC2BA B IEREESHY
HBV reDNARHBVERLARAMEIREIRE. M1: 1kb DNA ladder; M2:
®X174 DNA/HAE A FRTEbRE;  10°-10: PCRIKAHRSHIIN
A10°=10 MM 7> T4 55 T~

HBV I R4 JTORL R

\
M 10° 10° 10* 10° 10 10

1353
1078
872
603

425
310

|
10° 10° 10* 10° 10% 10

\ |
M 10° 10° 10* 10° 10° 10

RC2A/RC2B

RC1A/RC1B

B2 IEERIESIHIRC2A /RC2BFIRCIA / RCIBD B S REEIEHIHBY reDNAKHBVERAFTAAEIRERE. M: OX174 DNA/Hae TAHRGS > -5 &

FrifE; 100-10: PCRIKRAHFSHIIIAL105 =10 5T
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1139bp

CCC1A/CC
460bp
DB 00D 0D
HBV cccDNAFfT: © HBV cccDNAFET,
10° 10° i 10° 10°

10

1139 bp M1 M2

RS Y e
CCC1A/CCC1B 138 107
‘503

460bp sy
ARRERES 19

RC1A/RC1B ub UD UD UDE UD UD UD UD

4 FREEHEHBV cccDNAFIrcDNAEIRZMBNELEUIERZIES 19D
RCIA / RCIBRSE SIS IMICCCIA/CCCIB#ETPCRY SIS ERRME. it R B
RELE A5 AHBY coc DNABREE S, $1E 01051075 TE BEEE
F2E5 5 M HBV re DNARREMRE S, 505 0105—10% M1: 1kb DNA lad—
der; M2: ®X174 DNA/HAE AR F- bRt U REMBNJY
IR D: S MBNYEEAIRE S,

3 WL
HBVAAZFEAN i fe, Lo 2 S A I 28— 2D D
A Bt PR SE R 40 (r ¢ DN A) 3545 S LA 1 5 FRIR I 54
(cccDNA), ARJE LA A AHR % 5 Y BOFPHBY mRNAM.
[ e c c DNAZRSEAEAN IEAZ N RA, TR — M Fae i
cccDNAMH. cccDNARAEAE FIEE AN SEHB VI YL Em 4n
MFRHE ARG, i HOHBY 2547 A T i dishs™ .
U HE 2k E R AMIT I B LLPCRIEA R A% SiSouthern
ZeAE KM e ccDNA, B JEHE ) A A Fr c DNA K AN 52 4%
RUER, Ve T B e XM = B X () 5 | Py T ok 381 WL
S cceDNAK H 02 (1) . SR, IEfKock et al
FIBATT R 5256 48 TR W SR, Ll FH e s |4,
7P C RASARCHCR B 104, 189 (e Bk BN A A48
(K2, 3), TZAKATREL MBS 15 S A HEfH
I A 0% o A = A X 8% oA 3t 2 19 ) BELRS T Ak S ™ L
FRE VI c DNAFTHUBE X PR Fc c c DNAR 8L, AT L
RAFER S [k B S AT S

VBNJZ: B BEA% B /K I, mT R HIMBNATJTHBY  rcDNA
PR (B) =HEIX, ffir cDNAZRPELL, MIIASGER:
PR X IR R S S I T 1. MU, cccDNARITAT
CAHCHIMBNIP) A T PR FFSEHEROR,  GREEAE I PCRAE AR
MR FEEY 1. SEE R RATRIL, 104 r e DNAS T
SMBNGHL G, R oYY AT = 4. AR
S AL H B VIE PRI 41 50k & fEH B VIE (R 21 56 182 147 #%
FERR V1T i P4t DUE NSOk, AR ER I8 b [ RE AN REA
cc e DNAKESPES |9 38 thAH RN 457, 3 o i s i
SRR . T —J5 1, 42100~ c cDNAGT+
DN RHEHT T MBNIH AL, 75 LI s s 49 1 (B 4).

—WNA, 1BE LT 4 R IS WHB VAL IR
FhDan ek cDNA,  [R] i A] BEAL 5 b il T AT
SR ZERE I c c c DNA; M Z BT 98 553 T 40 i oy
(IHBVZ IR 1% hyc c cDNAP ™, FRATTHR B P ok
(%R, ZR PR 5 HEATMB NS AL B 5 R S 5 14
PCRY™ 8, B UEA Iy vk I R s L2077 g%

B, ARG B IMSEHBVAZ R FE S 644k . PCRY™ 45
"] WeceDNAZ T, [AIFEALPRA 1045 5L 4 10015 R B Af
i JE AN Wae c c DNAGCAT . M, R4 A SR IR 11
HBVIZ IR R B 10045, 475 T LAHKHIMB N 44 ifif H B0
cce DNARFFVESNT . 1X— 45 BT & PR TO0I A s PR
SEBE . SzR AT FH(FHBY e DNABTCc cDNAFE b 4 il 4
I HHepG2. 2. 1540 futkRE 7% FIG 4NN . rcDNAFE
AEREGE AR, oYk, AifLHBY Danelfik:, LA
FDNase [ 524 FA#D an e R A 1] BELEAEIDNA,
BGHEED an e BUkT P RIH B VEE D 20 R R N S 55 4l v 11
reDNAPY. cocDNARE G 20 S35 T 0 S 1 it g
A A 8 BT 400 P 2 T (RO B VISR B PB STEI4%6
s BRGNS AT 428 U BE I BK,  {fir cDNAfR
FEAEAZAC ST N 1T 1 Bl A i G (/R ZRHBY . cccDNA—3E
BEPEEL. MBNTH AL R VAR TE2E . ELARMBN
X T B AL 1R % T OB A% R =1 2930 000%, i
[l >14 MU/ ghSiHDNA, MBNI[FRERT LLLEXUEDNA L
I R T B . TMBNIS AL IHBVAZ IR 20144 Jpe
M1 pg HBVIZMRA10"ANHBVIERILL 43 7 1720,
D] RIS A5 31 A B B4 0. 5 URIMB N 2 446 6} 3
(¥, IEWSEEE R T E B IRRE, 5 R AR AR S 4
MBNYHAL G, BT 5104 B P CRAC T F2 B ¥ AN H)
FEMIBAR, SRR Bk, AT £ sk,
WisE 10 pLiLiA R A0, 5 Ul ¥ H5 min)aor
B ep | 2 B A BLIEE S e c e DNAZ 1 ) 58 4 B A

B, FRAT R X FIHBY cccDNA - PCRAS IV fij
AT, MRS IR ZRAS Uk I U756 h, Rl
64 T PCRVE AR FIMBNSY Ak (1 KE 4R 1, sk F0
RS B SR T 4 ) S IMB N [
ANGEA—F, MBNIALAS 2 I R 9144 2 FIPCR J
B BH P R A v, g BRSO 4. #5 HRAT
CREMALI Tk, IR R R AR
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