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Abstract

Aberrant expression of microRNA-122 (miRNA-122) is associated with the occurrence, develop-
ment and metastasis of hepatocellular carcinoma. It’s of great importance for the development of
sensitive and selective method for the detection of miRNA-122 to the early diagnosis and progno-
sis of hepatocellular carcinoma. A novel fluorescent biosensor has been constructed for ultrasen-
sitive and high specific detection of miRNA-122 based on rolling circle amplification (RCA)
coupled with nicking endonuclease signal amplification (NESA). Our assay involves of two stages
of reaction mechanism, the first stage is target-activated nicking endonuclease-assisted polyme-
rization, which is used for the realization of the recycle amplification of target and secondary tar-
get and the produce of RCA primer. The second stage is to achieve signal transduction and mul-
tiple signal amplification by the utilization of RCA coupled with NESA. The results reveal the con-
structed biosensor display high sensitivity and specificity for miRNA-122 detection, and the limit
of detection is as low as 3.9 aM, which is significantly improved compared to the previous methods.
Moreover, the proposed method has the advantages of rapidness, low cost, simplicity with only
one-step operation. Therefore, the developed RCA coupled with NESA-based fluorescent biosensor
might create a simple and practical platform for the detection of miRNA and the early diagnosis
and prognosis of cancer.
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H E

MicroRNA-122 (miRNA-122) M R ERIESHENRE . REKEBEEMX, REME. . R
BAE R R M mIRNA- 12280 7 a0 F R K R 2 BB T R AR EENR L ZXHRET
—FETF BT WH AR (RCA)FEVIZI W TIEE(E 5 HBOK (NESA)BIR K B e fs B as + F T RS
EFEMERNMIRNA-122. ZFEB R THEAN RO REAIE], E—ME, BRrYBEiz N IEsmein
RE&RRP, FLAEIE RS IRE B BB AR A BRCAS | Y; 5Bt FIFIRCAMANESAK
B, LBEESEFUAZERBEMK. LREFRIEH, ZERERIH T miRNA-1223EE BN REE
FieRtE, BRI TFRIEZR3.9aM, BZEREN FE, REEFHENRE. B4, ZHEBEMNMTER
TP RN, BFEERERE. A RN RERESE. Bril, g fETRCARENESAKI T E
TR S T —ME BT SEF AL RS 6, FFRL A T miRNAKY I DL B iE 1) B30 2 Wi A Bl S DR

XA
BT HER, VIZINVIBME SR, #ObiEE3%, miRNA-122
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T

MIRNA-122 2 RFEFA TR LI —FhlEdmtih e J L 1 2 AR R RNA, HLartke i T AR5 18 5 4
ok 18921.31 iz 4 E[1]. FEFFAEMAK R FEFEH, miRNA-122 XA SREER N Z, 1k
W R FFEERIA[2]. AR, miRNA-122 25 T fF4HM0 K B DUS 40 BN SN 25 55— R AR A A it
FE[3]. WEIRA T, miRNA-122 BEe et N AU 2 2R (HCV) ZEF 4RI N E i, AT LA, miRNA-122 5
I (HCC) I R A R 3 78 B B A DR [4] [5]. FTRA, ST BRL L PRl s R ORI e 57 ME 1Y) miRNA-122
I 7 e T FFE P A2 Wi R 390 i PP AT A B B 7 S

EILHER, BHEZAT— BRI T REH AR miRNA BIE AR . Ok R 1R 5 ik 32 2
£.3% Northern 2452 [6]. S 2t 5E & PCR [7]H1 DNA S F1[8]4%, B ARIX L5 V24 14 1k % 78 Al 2 B Aa )
PR T EEIEM, SR, AT A AR Ak, Bilin, XFT Northern 4458, HEANMEAELFE
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BONSE R FERTK, HARBUEEAR, ToVEl 2 AT miRNA & R B 55K % T 52 50 &
PCR J7i&, Kbt a m 225y, JFH, BNRELRESES ST &M & IR EoR
NG Bk, HSCHPEFRARREF: X DNA REESIEAR, A s s REUEAR. Kk, ik
JEERAFTRI R AT DN (AR FOAS I L B A i v R ARE P 97 78 miRNA Kl 77

DN A2 TR 23 T B v R BRI 75 5K R LIRS 38 B B AR IR B AT IOK A — P R 7 ik
IR, BREAFARL T SE IR AR I EOR, WA SRS HEER(LAMP) [9]. AT 1
AR(RCA) [10] [11]. #EEHY HHAR(SDA) [12] VIZI N VIS 5 BOK(NESA) [13] [14] LA K AMIEEE 5
RECR[15] [16]555%, IXEEFOR Q2 I S TR AR /N 1 DL AR A5 AR AT 72 [17] [18]
[19]. AL, Befl14i & RCA BAREA R AR L &L NESA BRI R EMRF =i, K& T — il
B PO ARBTG5 F T miRNA-122 (768 R O me PErEAS I . %07 2w
ANBU R MR, BB HARYIBEGE A DIBEA B R S A Rnt, T ASEEL H AR 5 I H ARV A
R VASE B RCA 51¥; 25 B Br, FIA RCA R4 NESA K, SKHLESEFULAZEETHOR. %
T TR (12 S ORTEmE , 1A% IS RE DS S mIRNA-122 [ RECR i RE PRI . SEa0 e RN, %
PRSI 26 AF R, X miIRNA-122 ({4 I R BRIAE] 3.9 aM. 534b, ZIHEBAN LR AT P RN,
BRAERIE . BRAG A A, ER & ST MAES M TTHIER N . BB, PRI T RCA #i&
NESA )75t I ds A Sl 3 — ANl B i S P A B A 1801 &, JERLAT T miRNA AGriil DA Jee i ) - 41
WA PRAG -

2. SCIGER4Sy
2.1 RS

S R AT I phi29 DNA REEE. BREIVERZ IR A VIBE(ND.BbVCI). T4 DNA JESEN . ZIRIN)
[\ ZIRAMIIEEIIL. dNTPs BARAH B (1 s W 22 i 2410 35 T New England Biolabs 23 & (H [, db5¢). RNA
Wi 10 1 71U A AR B R — L BR(DEPC)SE T RAM TRAR AR (FE, KiE). Fra R emb-#ulmig s
Hrat, WSkt E A G A ARG RA R (R, HIE). Seiepr A R s sk i), JLafiE >
18.26 MQ/em. S5 FITH ) 2 ORB ALK B 5 KB A0 3 o T RO IRIRAT 35 B A TAE ) TREA IR 2 7
(P )R, HFFIHE 1R,

Table 1. The nucleic acid sequence used in the experiment

& 1. KPR R AER S

& (53"
R I G R CAAACACCATTGTCACACTCCAATTATTATTCCTCAGCATTATTATTAATGGTGTTTG
HBRE TCTGCACGTCCTCAGCCAAACACCATTAAT
HtPRE P-CCCCTATATAGCATGTGCTGAGGCGTTTCACATGTCTGCACGTCCTCACTTAGTACTAG
TERARE CTATATAGGGGCTAGTACTAAG
I TAER F-CATGTGCTGAGGCGTTTCACATGAT-Q
MiRNA-205 UCCUUCAUUCCACCCGAGUCUG
MiRNA-155 UUAAUGCUAAUCGUGAUAGGGG
MiRNA-122 UGGAGUGUGACAAUGGUGUUUG
MiRNA-21 UAGCUUAUCAGACUGAUGUUGA
Let-7a UGAGGUAGUAGGUUGUAUAGUU

TE: HBUREN R BuRE IR BERIE ] 2 TEHRH BEHEIRE FAM 3O, 3B DABCYL KA.
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2.2. IFRBRIRH &

IARBR () S FE W R TR, #5e, K 1 pL EREEREN(100 uM). 1 pL HEB1RER(100 pL) Al 1 pl
T4 DNA EHEF(60 U pL YIS T4 DNA E RS R H, 78RR, £ 16 CHEM THE 12 /i,
RIG, B IR NVERAE 65°C 41 N E 15 kb, fif T4 DNA BB VERTG, T4 1 ul RN |
(20 U uL ™1 1 b R AMIERIINE0 U pL YA B SA TR, H A& K BRI AR 2R rbiie 8 (0 3% B 4R
ERREEBEREN DA RS B E IR U DNA FIEREARES , DIIRTF AR A TR « 352 7ok, PRl RBIE
TRAE 85°C A N E 10 08P S IZ IR SN UIEG T AR AN IRGIII KRG o B )im, BT IR AELE 4°C K
A&

2.3. miRNA-122 1)

1l ASEHEE ) HARY miIRNA-122 IIAE] 19 pl &4 1 ul & I ZER54H(0.1uM) 1 pL 4 BhiE
£(0.1 uM). 1 pul PR (0.1 uM) 1 ul 73 T54F5(100 uM). 1 pL phi29 DNA 4. 4 L dNTPs (250
M)A 1 ul Nb.BovCl [ [ MV, FeoriR A a, 18 3TCA&MF TR E 1L/ N4 A, # Bk R
VAE 85°C oA T E 10 4r%h, [k & i B IBEASPE TS . FIFH Cary Eclipse 261X (Agilent) %
LS (RE St 24T S AR, ORI KA 486 nm, R AT IE FEA 500 nm~600 nm,  BUR RS K B 4E
N5 nm.

3. BR5WTiE
3.1 HERSENIIERE

TATH R B PO AR RS 0 TARJE SR W 1 FoR, B8, Bk TR IR BRIREE, 2B
T R I ERJERER (hairpin probe, HAP)3' K it B 4MF 41 . Nb.BbvCl 125751 F1 RCA 5149 47 51 )
R4 (help probe), LA A& HARY) miRNA-122 HANFEH]. FREIE A YIEE Nb.BovCl 5 51 F¢ 51 #1
HENARET TLAN T 5 B R R B GRS . 4k R AELE H AR miRNA-122 i, miRNA-122 5 HAP K] 5'
Aty AR TR R N, 5 BRI B R ERE T IE, DTS BOERET (1 5K i v] DL B 5 R )
AR KZ%E, 1E phi29 DNA EABEA ANTP [1EFH R, FBIHREN I 3 /E RS54, L HAP A
BT SR I N, EUff miRNA-122 )\ HAP EJE T2k, FH, A T A& Nb.BovCl 1R 347 5 1)
WUk DNA, Nb.BbvCl A5 %F XU DNA [4FE AL S T U], TR “ 9 Af - D)E)” 95O N,
AR T 5 miRNA-122 HA R 5 R %% B ARP(mIiDNA-122), 3 H., f#5 T ki miRNA-122 BLK it
AR mIDNA-122 7T DLSH B HAP KA RN, 51 R “ e fh - P1E)” JEIRBOR R, ff
MIRNA-122 SRAG4EER Y38, [FIRE, 940 BRE @ i s BAMICO 1 456 3 HAP _FoRES, HAP 1)
JMnAEA T, LA BhERE AREBGEAT AR S B, BT BhEREH 7 7P AL B Nb.BbvCl 151 7 51 F1
RCA 51" EANTF, i Nb.BbvCl FefE Xt AT A B 0UEE DNA [REE AL s AT D18, iR AR “ e - 1)
F”AEIRTBOR IR, 724 T KE) RCA 51, BiJE, FEMN MR (circular template). phi29 DNA & i
FANTPs (25T, K4 RCA B, AR T AEH Z A EH KEEEFHIF 4 DNA. HTHIERIHRK
AR T 59 F{E kr(molecule beacon, MB)AHIFIF P51, #AE B RCA F=¥1RERS 5 K& MB Bk
Ao TA, BT TERTSIHAE Nb.BbvCl IRAIF41, i Nb.BovCl REBEST4E A %] RCA 74 Lok
() MB #EATU0E], BV RRPIE MB Tk kase b RCA P24 4, M RCA F## BB Rk, Ml RCA
FEPIRT LAV S 1) MB IR KA, SIRBT R IRk - DIE)” R, SFECKER MB #UINT, MR
FOE SR a5 5. T Bk RCA #4 NESA M2 EIGHBOCHIE, ZA4E R a4 E9e it
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Figure 1. Schematic illustration of fluorescent biosensor for miRNA assay based on RCA coupled with NESA
1. EF RCA 84 NESA B miRNA Ttk R RIE R EE

H A% miDNA-122 F)788 R R 7 A I o
3.2. AI{TIHREIE

N T RAESKIGTT R AAT Y, FATHEAT 7 — RPIROEHI LI, SKIRg R 2 s, & 2 2iZfe
SAEAFZEAE T T miRNA-122 £l pr A3 (9O ik Bl TATREER], 2 A m B A IEF 59O (E
T, RART D FER T SOCEBIAR K H 2 W Ha0l, Reis R AVOIURRERRY, SETOLERIK
G PR (R B 28) o A, X T BHIEAE i, 2L AR IR TOLME S, Y HA7%) miRNA-122
Bad 1T WIS B B ARMEIRECR RSB S RCA SN, AR TR &) RCA P24, (ETC MB # 1
TR AR SR 265 5 (ALt 28) . 2R NIR R A7 £ Nb.BbvCl B phi29 DNA R &g, 3]
MEE A KR 960, KR W] RCA I A 4K T Nb.BbvCl (i % 1 £5) F1 phi29 DNA J& £ il (4
it 28) P FEAC AR DI B SE . 5340, AR HARY) miRNA-205 B miRNA-122 it , 5t &2
BUER $9I9OeE S, WM PS5 OB OE th R Pk i B AR R BB 51 AR s AN R A AR 7 2 1
PRIE (i ithi 28) . DA_E (RS 90 K0k S P M) S £ A S RE 2 T miRNA-122 H6r

3.3. SCIG &ML

HREF] MB ¥R FEAN S RIS R0 T iR A 1 U — 2 s, JATR BT TG s 7E A [F) 261
T LB IS T B A0 L RE SR TR A I DL SR LB, RIS I I SR B 26 F . &) 3 2
AN FIREZR) MB BT B2 DGR LU R, BRI LAE Y, BEE RNR R MB IR EEIZHT I ,
JIERET L (FIFO)HRIZWTIE N, 24 MB IR IEIEE] 5 pM I, 7 ifE T LL RGN, BTEL, 5 pM B
SENRAERT MB IR, 14 4 FEA A S ML 8] 2% 1 el N2 5 s BEARL, W ARt B ft R 5 0l iR L
EAWTTF T, 2 RN RA S 60 min i, 5Csm AR AR, T4 AR b RE A ML R3S 22, 98050 L
TEARAKII R, BBl AT 60 min /E04 i A I& # S ML ] .
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Figure 2. Fluorescence spectra responses of the biosensor for
miRNA-122 assay. Blank sample (black curve), positive sample
(red curve, the concentration of miRNA-122 is 1 pM), miR-
NA-122 (1 pM) + HAP + helper probe + phi 29 + dNTPs + MB
(blue curve), miRNA-122 (1 pM) + HAP + helper probe + dNTPs
+ Nb.BbvCl + MB (yellow curve), miRNA-205 (1 nM) + HAP +
helper probe + dNTPs + Nb.BbvCl + MB (green curve)
2. miRNA-122 # ML TEE . =EFm(ERRLZ), M
MR (MIRNA-122 SR E J9 1 pM, 212 £%), mIRNA-122 (1 pM)
+ HAP + helper probe + phi 29 + dNTPs + MB (i5fa%%),
MiRNA-122 (1 pM) + HAP + helper probe + dNTPs + Nb.BbvClI
+ MB (&%), miRNA-205 (1 nM) + HAP + helper probe +
dNTPs + Nb.BbvCIl + MB (%)

1000
F/F,=8.57

F/F=11.14
800
600 F/F=8.77
4004 F/F=6.37
200 I
0 -
MBI MB2 MB3 MB4

MB concentration

Fluorescence Intensity

Figure 3. Effect of the concentration of MB on the fluorescence
signal intensity. F and FO represent the fluorescence signal inten-
sity at 518 nmin the presence (the black pillars) and absence (the
red pillars) of miRNA-122, respectively. The concentrations of
MB are 0.5 uM, 1 pM, 5 uM and 10 pM, respectively. Error bars
are standard deviations across three repetitive experiments

E 3. TRIRES FEREZHET miRNA MERKME, F
MF0 A RNERFA TRt EREET)MEAEREAE
MR BEE. 2 FERIRESHIZ, MBL: 0.5
uM; MB2: 1puM; MB3: 5uM; MB4: 10 uM. JhABERER
1K 518 nm LRI IBEE. REBAZRXMNEMNIRERE
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Figure 4. Effect of the reaction time on the fluorescence signal in-
tensity. The red curve and black curve represent the fluorescence
signal intensity at 518 nm in the presence and absence of miR-
NA-122, respectively. Error bars are standard deviations across
three repetitive experiments

E 4. TEIRFAELZET miRNA #NBI5Em. @&
EaE&nHRRERSA TR RNT B RN
EEE. NRIRERAK 518 nm LRIBEE. REZEA=X
M2 AR ERZE

34. FRMHERE

NP ST B AR R AR R B, AT A T H bR miRNA-122 DL & P9 #dE H 47 miRNA
(MiRNA-205, miRNA-155, miRNA-21 Fl let-7a){¥) & AT, PR 12865 &l 5 s, dEFRr L
i, JUMEAEHAR miRNA SREUI MR GG 5 52 AR e E 50w 8n, Ui mas T
MIRNA-122 5l B A JE 5 R e 1

3.5. miRNA-122 #1889 T {Eshsk

TERAERIRI MR, BRATAFHWRE H 74 miRNA-122 (0 aM,10 aM,100 aM,1 fM,10 fM,100 fM,1
PM) 7 e kAT T 552, A5l 6 Fion. HE 6 rTLAE H, B miRNA-122 ¥R 5 (11285 5 i,
BT 3RAS I 5 e e 1 (1) 5 W it IR 5 . 1] 6(b) 25 HE T UK 518 nm Ab¥ 58 5 E (5 miRNA-122 ¥k
FEXTEL(IQ) B IR R R, ZRHEM RIS TN F = 140.97143X — 47.73333(F £/n £ 518 nm 4b3k1g
PR AR, X K7~ miIRNA-122 IR FERITEE), HAHCRECN 0.996. HIF 6(b)rLE H, &8
T miIRNA-122 il i) 22 14 Y6 & 10 aM £ 1 pM, A5 PRI 3.9 aM, 5 2 R kiE #7772 [20] [21] [22] [23]
VUL, FRATTA 7 32 LA o P o 5 1 ) R0 B s 1) SR RS

4, g5ig

AR T — P T IRIA Y E AR S VIZI A VIR SR E AR HT AL miRNA-122 ZO &K%, %
T3 FCR A B AN Y) 20 A VDB B (1 B AR YR IR SO AR G B AR TBOR . RIS TBOR LA A %I A
VIEg 4 Bh ) 0 FAS B IR UK 55 2 B RO RIS o SEaG 4 R, 1248 BER R I X miIRNA-122 [3E% &
FdE S, LR T miRNA-122 #3026 P a2 10 aM 21 1 pM, A&l F R 3.9 aM, 52 RiRIE 7
i, REERFEENRS. JEH, B SERT PR, BEBRERME. A, A
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Figure 5. Fluorescence responses at 518 nm of our biosensor to
different miRNA. The concentration of miR-122 is 1 pM. The
concentration of non-target miRNA is 1 nm. Error bars are stan-
dard deviations across three repetitive experiments

5. REIFZE miRNA MR, Hd, miRNA-122
BIRE A 1 pM, HABPHH miRNA (MiRNA-205, miRNA-155,
miRNA-21 0 let-7a)BRE J9 1 nM. YAALFRRFE K 518 nm &b
HPOLREE. REFANENINERE

800 - 800
1pM 1
700 100fM 700+
100M ]
2 600 2 .
z T £ 600
g 5004 100aM £ 500+
o IOaM o
S 400+ 8 4004
3 3
3 300 8 300+
S Et T
Z 200 T 200
1004 100 4
0 o1t L/ / . .
500 520 540 560 580 6 7//_50// ] 5§ i 5
Wavelength/nm lgC/aM

@ (b)

Figure 6. (a) Fluorescence emission spectra responses to different concentrations of miR-122. (b) The calibration curve of
fluorescence intensity at 518 nm for different miR-122 concentrations. Error bars are standard deviations across three repeti-
tive experiments

& 6. (a) FEIRE MIRNA-122 &R AIEE . (b) SFACTE 518 nm LRIRAIBEES miRNA-122 iRE B2 1M %
RE. REBAZRXNENIERE

TR AT PE S . BRI, AT AT BT I B & V12 W UIBE S S TBORER 5O MR R
A H 09 miRNA-122 Kl LA RH 2% R Jee i Il R 39392 WA 00 P il 36— o g 80 10 s Ao A
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