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T, ZJIET EBU PR R AR C AN RE E A
RNA. e, FRATEEL T — ol DU R il BT 0] iR
T ELANAS 5 N FE A, 2R SRR 20K AR L R
] miRNAs I J7i%, ZITERR AT, T sy
PEFRIC S 9055 B BT B R Bl AT AR A RBUE, ik
SRR S 5, O miRNAs 150 FF e T 80
iz

1 HRFTTE

1.1 R FIFRR R

15 nm 442K 4> (Sino-American Biotechnology Co
(SABC)); MicroRNA122a(miR-122a), #i3LE 1R
B R A W & & 1 4R £ (Invitrogen Biotechnical ,
Shanghai); f % 25 M % (Aode Biotechnology
Company); [ #x #% (Corning Star) (Genetimes
Technology, Inc.); FHIRHY, &M, K, FriE
M B B TAEY) TR R \); TRIzol k7]
(Invitrogen Inc, Carlsbad, CA.); =R — 4 W§
(DEPC), &fli, FNEE, 75% L EE(DEPC H,0 it
HNORERF WAL 22X A B 2 A

miR-122a: 5’ UGGAGUGUGACAAUGGUGUU-
UGU 3’, miR-128: 5 UCACAGUGAACCGGUCU-
CUUUU 3’ . Seql: 5' bio-A, ACAAACACCAT 3’
(miR-122a [AIH3RRED), Seq2: 5 TGTCACACTCCA-
(CH,)-SH3’ (miR-122a 1115 5 ¥R %l), Seq3: 5’ bio-
A ACAATCACCAT 3’ (miR-122a [4i 3% 4 4 (28
B S D)), Seqd: 5" TGTCTCACTCCA-(CH,),-SH3'
(miR-122a 5 5 TREF (R HE L)), SeqS: 57 bio-
AW AAAAGAGACCG 3’ (miR-128 1] fili 3% & &),
Seq6: 5" GTTCACTGTGA-(CH,)s-SH 3’ (miR-128 (]
F9WE). TAEMERITREM T TE 2l
(10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 7.4).
1.2 & RNA HY$EEX

{4 ] TRIzol 17, 38 FEH2 HUD TR /N BT AN
g LR FE L, F TE 28 vl (pH 7.4) J3 41 i B
RNA ¥ & 20 mg/L, 10 mg/L, 5 mg/L, 2 mg/LAll
1 mg/LLLH.
1.3 PR EIREIREILIBIEN miRNA
1.3.1 GRS FRd R ERE 4. a. 2PKEH
7% 500 pl, 4°C 14 000 r/min &5.0» 20 min, 7+ [
b. INFREARICFH1(Seq2)100 wmol/L, 3 wl T 47 pl
TE i, 15150 wl A&, 4°C,12h; c. M
2 4K (50 wl) 0.2 mol/L NaCl, 20 mmol/L PB
(20 mmol/L Na,HPO,/NaH,PO, ZZ ¥, pH 7.0), A

LW EH 0.1 mol/L NaCl, 10 mmol/L PB, HidiiE
%], 4C,24h; d. YW B3, 4°C, 14 000 r/min &5
10 min, ¥ 3%, 0 100 pl 88 45K 5 & 5 i R
Ly 3¢ B, PLEBRZ RIRAOC B R SERZ T
f%; e. M 100 wl 0.1 mol/L NaCl, 10 mmol/L PB
(pH7.0)7R%), ‘& 4C flfre% .
132 FEbRRE MR R, a. BERE R IR
AL 10 100 FRE, BEFLAHE 100 pl, I
WEE N 4°C ok 5 (5% 2 #5 9 4% Wi Na,COs,  0.16 g,
NaHCO; 0.29 g, 100 ml H,O, pH 9.6); b. 1xPBS
(pH 7.4, Jin 0.05% Tween 20), WLk 3 X, AT
133 A0, ARG 4K EE 0.3 mol/L NaCl,
0.01% SDS, 10 mmol/L PB(pH7.0), #I' miRNAs ¥ /&
A B0 B AT & 243900 NaCl K. a. ZRA8 22l
20 pl, A% HriC DNA (Seql)10 nmol/L, 10 pl,
ANTR) ¥R B () #E A% 1 R miR-122a 4% 10 wl, B2,
25C, 10 min; b. MNZ9KEARIL DNA S pl, WA,
25C, 10 min; c. Bfi% 45 wl KR 2858 - Wi B
FISBEARAFL, 37C W E 20 min, I TF; d.
IxPBS ¥E¥ 1 ¥k, 41T, 2xPBN(0.3 mol/L NaNO;
F1 10 mmol/L Na,HPO,/NaH,PO, Z& i, pH 7.0 )¥kt
W2, T
1.3.4 WHsRE MO, B12 Wl BRI (0.5 g T
2ml H,0 1), 300 wl ZHE (1.7 g ZFEE T 30 ml
H,O 1), 100 wl FriE iR 55 (2.55 g FriE i -2.35 ¢
FEBR =A% T 10 ml H,O ), SRR IR 357
WIS, #hiRJoas it b Hootn, ARty
T PRI RN AE B YL BT 30 min A4 {14 37C R H
LG I 0 12 ] AgNO; s IR A 37 B 43 I il
FRARALPY S AEFL 100 wl,  JHCFE AT i 4R 3% 4 HL 78 4%
B I N HH B AR A 5 i BB Al K 20l I
N, A HR G o e N e I AR REDG S O R
I, DAY H B i B B2,
1.3.5  FEFRACRIIN 630 nm ARG FEAE. Ky HE G4
SRR 21k O S I I bR ARCE N B AR A, AR
630 nm I K Ab PRI AR, 8 I AR AN S I A
HEH A H.
1.4 Stem-loop RT-PCR 774 %E £ miRNAs
miR-122a F1 miR-128 1] ¢cDNA ffi i} TagMan
MicroRNA Reverse Transcription Kit (part:4366596;
Applied Biosystem Inc.) & %, %A J5 it | TagMan
miRNA Assay Kit (part:4373151; Applied Biosystem
Inc.)#R 4 A2 7= 75 $5 F9 7€ Applied Biosystem 7900HT
K ZR 48 b # miRNAs.
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o FIIRAT K. Bl %A ) T e B SR AN 3%
25 * A5 AR, 37CHEE 30 min 5, 2955
2.1 HaRE BRI - AR R R G E T AR

AR AN« BRI 1 (K] DNA $85H7E
R MRARAT R B B 45 £ [ AE 4K SR ) 2
I, TRIRAIK S HRET . 78— HER 1 IR BERIRL B
FAF T E NG, GUKehrd s 5 5wE
A FE AR SRR ET M EL AR R miRNAs 2 7] %
AT A bR id 2K e BURE,  — S bric A A2

3'UGUUUGUGGUAACAGUGUGAGGU 5’

B F. 2 PBS, PBNWUES, BRI bRAR 1
BAK S REE, BE S AR Y b i 00 S N ROk
K5, BEARAE 630 nm K Ab e AR YLt o
VR A, TG miRNAs 8RR MY 16 A {4
(K153 41, 2t miRNAs [ 3 15 40 L 19 9 A
B TR PRI - RO & k(14 1).
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Fig. 1 Schematic drawing of quantification of miRNAs by functionized gold nanoparticle

Firstly, biotinylated probe(capture probe) and gold nanoparticle probe were hybrizied to the target RNA successively(a), then the hybridization products

were immobilized onto the surface of streptavidin-coated microplate(b), after a sufficient rinse of the microplate, gray scale of silver reduction catalyzed

by gold nanoparticle was recorded with colorimetric absorbance by a microplate reader(c).

2.2 ¥/ BR OBT BE 0 OAX 4H 42 BB miR-122a 0
miR-128

miR-122a Fl miR-128 7£ /N fl A [A] 41 2R [ 2 ik
TR 2 SR OO0, AT A T AN B
0 2H 23 2 1 52 RNA A miR-122a Fl1 miR-128
FHMEE, BMRERFEARE 3 NPT A
AFEARKREEARTIN 3 ¥k, DL TE 2 g B 1% B
gE R W, miR-122a 1A HAE /N BRI 3R 3k m
miR-128 A ZE i & RNA ARG ok, 1X 5 3
BRARGE 25 R — 3. Si4h, INFRE 2 ng AR R
RNA 3l 1] %4 miRNAs HEATRH (1A 2).

2.3 & miRNAs

¥ G i miRNAs J7 41 5 B AN 7] (1) 9 FE (A
1 nmol/L #| 1 fmol/L), FIwyiA JyyksbAT /.
B3 4 R K miR-122a ) f¢ ARG AS ) PR 2
10 fmol/L, 7E Il #% & ¥k J& vu Fl (10 p mol/L ~
10 fmol/L) N, #I miRNAs [ FE X #1554 14
Z I BRI R, LRI04 H
=0.9906. LU miRNAs ¥ & (mol/L) ()5 $ 8 1E h
HARE, A {EIE N, HELRAE L
WHRE - BN KR M &G T y=0.0619x +
0.9092, y: WM A {6, »: HRFHIME R
HfH.
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Fig. 2 Detection of miR-122a and miR-128 in total

RNA extracted from mouse liver and brain tissue

The absorbance of miRNAs is the result that the primary absorbance at

630 nm subtract the mean that of control. The error bars mean +/—

standard deviation. (a) Only miR-122a was detectable in mouse liver and

2 ng total RNA is enough for detection. (b) Only miR-128 was detectable

in mouse brain, the detection limit for total RNA is 2 ng. ¢—: miR-

122a; m—m: miR-128.
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Fig. 3 Quantification of miR-122a
The absorbance of miRNAs is the result that the primary absorbance at
630 nm subtract the mean that of control. The error bars mean +/-
standard deviation. (a)The silver enhance time was 150 s and the
concentrations of target RNA varied from 1 fmol/L to 1 nmol/L. Values
represent the means of triplicate independent determinations. (b) Shows
the linear range from 10 fmol/L to 10 pmol/L.

34 FERERE

N T UEA TR e e, AL 4 MA IR
A A R miR-122a, 40: seql, seq2, seq3,
seqd. Seql J& iy AW b id HI il SREREF, REAN
miR-122a T AMNSE &, seq2 A& 40K S FRIC IS 51
Bf, BEEEFHLAN miR-122a FLAMSS &, 1 seq3 Al
seqd 73 il BR— ME TR AT AT 41 5 seql A
seq2 AH IR I AEA) 2 AR B4R 5. KA 10 fimol/L
WL, FIARTT I RE M R I H SR AL T IR A TIC 7 41
)R 2E (B 4). (IR IR, RAEFEDKREGR
B BIAS I AR AR AR BRI S Infgk,
HIEA RE W PR Z I R AFAE I B B, s e 25k
— DRI,

-9 -10 -11 7 -12 -13 -14 -15
Ig[¢(target)/(mol=L™)]

Fig. 4 Detection of miR-122a with two sets of probes
miR-122a of various concentrations ranged from 1 fmol/L to 1 nmol/L
was detected with 4 sets of probes, i. e. seql + seq2 (both were
complete complementary probes); seq2 +seq3 (seq3 labeled with biotin
has one single nucleotide mismatch to miR122a); seql + seq4 (seq4
labeled with gold nanoparticle has one single nucleotide mismatch to
miR122a); seq3 + seq4 (both have one single nucleotide mismatch to
miR122a). The absorbance of miRNAs is the result that the primary
absorbance at 630 nm subtract the mean that of control. The error bars
mean +/— standard deviation. [J: seql+ seq2; O: seq2+ seq3; M: seql+
seq4; M seql+ seqd.

2.5 ZIRRT-PCR AN miRNAs

FATLL ABI A #] [ 253K RT-PCR VEA1E A —A
M7 R S SAAS U [F]— N FEA miRNAs,  DAFIFRAT
MOTVEEAT LLER. K/ BUFFIE S RNA A 20 wl/ml
JPAMRER] 1 w/ml, AW miR-122a,  [RAIFEREANAH
FIFEART S 3 I, WHE 3 APATIL, 51K s
Fizr, BL 630 nm Ab 4K 4 5 VR WOG B R « il
PLZEFR RT-PCR J5ikM0) CtAE R o Bll, A 5 #
PR Y ) AT LU 5 21 T 45252 I ZR MEAH G K R (=
0.9249).
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Fig. 5 Comparison of nanoparticle probes
to TagMan miRNA assays
Total RNAs over 6 orders of magnitude from mouse liver were used.
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Fig. 6 Detection of miR-122a with two sets of probes
miR-122a of various concentrations ranged from 1 fmol/L to 1 nmol/L
was detected with 4 sets of probes, i. e. seql +seq2 ( both were
complete complementary probes); seq2+seq3 (seq3 labeled with biotin
has one single nucleotide mismatch to miR122a); seql +seq4 ( seq4
labeled with gold nanoparticle has one single nucleotide mismatch to
miR122a); seq3 +seq4 ( both have one single nucleotide mismatch to
miR122a). The absorbance of miRNAs is the result that the primary
absorbance at 630 nm subtract the mean that of control. The error bars
mean +/— standard deviation. ¢—e: 1 fmol/L; m—m: 10 fmol/L; A—a:
100 fmol/L; ¢—<: 1 pmol/L; o—o: 10 pmol/L; o—n: 100 pmol/L;

e—e: | nmol/L;

3 it it

IE R LA, AT AR BRI 4
JEE . DNA. 5 F Bhr s ) i % B, Mirkin
Sl T T 2 B L T A R M R I SR A R A W 7
e IR R, RS R AT EE B AREL T
BIRH, B2, BRAHGKREPCIRE BRI
T miRNAs K0l (408, A5, A1 T
— T IR ST e R K S ERET 1) miRNAs A
T8, B ARA IR /& 10 fmol/L 4 ik miRNAs Al
2ng 41280 RNA, 22— Fhfae, thig, REL FF
S, AREAH miRNAs 5E 2072,

TEARN A VFZ 75 AR miRNAs, ‘EATH
JEEARARL AT B8 AN — AN L 11 22 531 1T T fig 22 ) H AR
K, FrLAZLR miRNAs ()50 87 VERE e Ly, feig
AR ) S AP A 22 5. AT A — A
R VR S B QR A a1 RS SR 7/ IS P
miR-122a, Z5RE7R, FAT LR X 5 H 741
W) ()22 5, SRR SE 19 miRNAs 26 1k i i e F
W, HE, BATRIEEC R B RE
I, ANREIRHLXO =R, RS IAEIEA RS —
AN WIRA RS s B P 4 R AT 1 S U 43 8%
BEMRAETRAT T I . S0k, W —MEREM
miRNAs, P I AA8 i JE B FE miRNAs J741 (1)
AT BE B — N IR, X AR R R NV 14
Sk

ATy 12 CLRE B SR RN 2500 [ AH S Frddedd,  DAZE
YRR EREL A [AH SRR, AR SR RAEY)
FPRICIREN 2 B 2428 45 5 46 5E miRNAs (199, 1
P =R STIBURARL /b o X S 0L N S G AT
FEAFAK ST S A e AR b, ARSI fE i A=
W ERRCERET FIGK S AT ¥ = 1, DURIEAR
LRAF S FEWFITH I, Al A AT R AR e Rk
LR B P A R R AR R R RS A
SILRT I R BUE RS, FrUAFRA I HBE R R B
SRFNEE HARSE pH ERBCE S5 5. S, #%
EME - EWMERARN RN A, — B
25 min 247, MR, W= E K e REr
FEERE SRR 2R M AR e R R B, [ B, SR PR 5
WA R T BE R SR N 2 - AR R S 1.

R Y i S (AL B FBORAE 5 Gk —20, R
IO TR L I IA) DL A B AR R R, AR T
Hlyetann 2 57, 20 1xPBS Fl 2xPBN G UL,
TXFERT CAVES Bl 2 AR SR, RN 25 B PR
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Quantification of MicroRNA by Gold Nanoparticle
Probes Based Silver Enhancement”

HE Wen-Lei, YANG Wen-Jie, LI Yuan-Yuan, XU Shun-Qing™
(MOE Key Laboratory of Environment and Health, School of Public Health, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030, China)

Abstract MicroRNAs are a class of important post-transcriptional regulators of gene expression in animals and
plants. The intensive studies on differential expression and regulatory roles of microRNAs call for sensitive and
specific method to detect trace amount of these small size, high sequence homological microRNAs. Here, a simple
and reliable method for the quantification of microRNAs was presented. The hybridization products of target
microRNAs with biotin-labeled capture probe and oligonucleotides-functioned gold nanoparticles probe were
immobilized onto the surface of streptavidin-coated microplate, and the absorbance signals of gold nanoparticles
were amplified by silver enhancement. Distribution of miR-122a/miR-128 in mouse brain and liver tissue were
detected by this method, and then synthetic miRNA122a was quantified. Results show a lower detect limit of
10 fmol/L with a linear dynamic range from 10 pmol/L to 10 fmol/L and a high specificity to discriminate one
single oligonucleotide mismatch of the target microRNAs.

Key words microRNA, gold nanoparticles, silver enhancement, quantification
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