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Table 1 Sequences of Probes, Targets and UT

Sequence(5'~3")

bp

Probe name P-let-7a
P-let-7b
P-let-7d
P-let-7f
P-miR-1
P-miR-7
P-miR-16
P-miR-21
P-miR-23a
P-miR-29b
P-miR-30c
P-miR-122
P-miR-126
P-miR-128
P-miR-133a
P-miR-133b
P-miR-141
P-miR-195
P-miR-200c
P-miR-205
P-miR-208a
P-miR-208b
P-miR-429
P-pos
P-neg

Target miR-195
let-7b
let-7f
miR-21
L-miR-21
pos

Universal Tag UT-8

NH,-AAAAAAAAAAAACTATACAACCTACTACCTCATGCGACCT
NH,-AAAAAAAAAAAACCACACAACCTACTACCTCATGCGACCT
NH,-AAAAAAAAAAAACTATGCAACCTACTACCTCTTGCGACCT
NH,-AAAAAAAAAAAACTATACAATCTACTACCTCATGCGACCT
NH,-AAAAAAAAAAATACATACTTCTTTACATTCCATGCGACCT
NH,-AAAAAAAAAAACAACAAAATCACTAGTCTTCCATGCGACCT
NH,-AAAAAAAAAACGCCAATATTTACGTGCTGCTATGCGACCT
NH,-AAAAAAAAAATCAACATCAGTCTGATAAGCTATGCGACCT
NH,-AAAAAAAAAAGGAAATCCCTGGCAATGTGATTGCGACCT
NH,-AAAAAAAAAAAACACTGATTTCAAATGGTGCTATGCGACCT
NH,-AAAAAAAAAAGCTGAGAGTGTAGGATGTTTACATGCGACCT
NH,-AAAAAAAAAACAAACACCATTGTCACACTCCATGCGACCT
NH,-AAAAAAAAAACGCATTATTACTCACGGTACGATGCGACCT
NH,-AAAAAAAAAAAAAGAGACCGGTTCACTGTGATGCGACCT
NH,-AAAAAAAAAACAGCTGGTTGAAGGGGACCAAATGCGACCT
NH,-AAAAAAAAAATAGCTGGTTGAAGGGGACCAAATGCGACCT
NH,-AAAAAAAAAACCATCTTTACCAGACAGTGTTATGCGACCT
NH,-AAAAAAAAAAGCCAATATTTCTGTGCTGCTATGCGACCT
NH,-AAAAAAAAAATCCATCATTACCCGGCAGTATTATGCGACCT
NH,-AAAAAAAAAACAGACTCCGGTGGAATGAAGGATGCGACCT
NH,-AAAAAAAAAAACAAGCTTTTTGCTCGTCTTATTGCGACCT
NH,-AAAAAAAAAAACAAACCTTTTGTTCGTCTTATTGCGACCT
NH,-AAAAAAAAAAACGGTTTTACCAGACAGTATTATGCGACCT
NH,-AAAAAAAAAAACCATAGTGCGGGTAGGTATGCGACCT
NH,-AAAAAAAAAAGCTCGCTGAGAATAGCCATTGCGACCT
UAGCAGCACAGAAAUAUUGGC
UGAGGUAGUAGGUUGUGUGGUU
UGAGGUAGUAGAUUGUAUAGUU
UAGCUUAUCAGACUGAUGUUGA
UGUCGGGUAGCUUAUCAGACUGAUGUUGACUGUUG
UACCUACCCGCACUAUGGU

Cy3-AGGTCGCA

40
40
40
40
40
41
40
40
39
41
41
40
40
39
40
40
40
39
41
40
40
40
40
37
39
21
2
2
2
35
19

P-neg: Negative probe. Pos: Non-human miRNA were spiked-in as external control.

1.2.9 52 % )% 5 & PCR (qQRT-PCR) % #7 A
miRNAs 5 7 AR G W IAE.  —F8 7 il
S RETEEH O BRI SR TR
UE, SOk HL AS49 41 B P 7 Bl miRNAs
(miR-21. let-7a. let-7d. miR-7. miR-23a,

miR-29b Fll miR-126), K5 | PIREAT Js o s 3k
3 cDNA, #RJ5il i qRT-PCR J5 i K % SHUT
assay ARSI SEME, MM miRNA 3 IREXH,
EHL U6 31 RNAYEA NS, 5IYIPAITE LK 2.
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Table 2 Sequences of qRT-PCR primers
miRNA name Primer name Primer sequence (5'~3")
miR-21 miR-21-RT GTCGGGTCCAGAGCAGGGTCCGAGGTACACGTTCGCTCTGGACCCGACTCAACA
miR-21-FO TCGCCCGTAGCTTATCAGACT
miR-21-RE AGAGCAGGGTCCGAGGT
let-7a let-7a-RT GTCGTATCCAGAGCAGGGTCCGAGGTACACGTTCGCTCTGGATACGACAACTAT
let-7a-FO GCCGCTGAGGTAGTAGGTTGTA
let-7a-RE AGAGCAGGGTCCGAGGT
let-7d let-7d-RT GTCGAATCCAGAGCAGGGTCCGAGGTACACGTTCGCTCTGGATTCGAC AACTAT
let-7d-FO GCCACAGAGGTAGTAGGTTGC
let-7d-RE AGAGCAGGGTCCGAGGT
miR-7 miR-7-RT GTCGGGTCCAGAGCAGGGTCCGAGGTACACGTTCGCTCTGGACCCGACACAACA
miR-7-FO GCCGCTGGAAGACTAGTGATT
miR-7-RE AGAGCAGGGTCCGAGGT
miR-23a miR-23a-RT GTCGTATCCAGAGCAGGGTCCGAGGTACACGTTCGCTCTGGATACGACGGAAAT
miR-23a-FO GAGGTCATCACATTGCCAGG
miR-23a-RE AGAGCAGGGTCCGAGGT
miR-29b miR-29b-RT GTCGGGTCCAGAGCAGGGTCCGAGGTACACGTTCGCTCTGGACCCGACAACACT
miR-29b-FO CTGCCGTAGCACCATTTGA
miR-29b-RE CAGAGCAGGGTCCGAGGTA
miR-126 miR-126-RT GTCTGAAAGGTTGATCTGCTCTCTCTCTCATCCCTATCTACAACCTTTCAGACCGCATT
miR-126-FO ACAGTTCTCTCGTACCGTGAGTAAT
miR-126-RE CTCTCTCTCTCGTCTAGTTGGAAA
U6-snRNA U6-snRNA-RT GGAACGCTTCACGAATTTG
U6-snRNA-FO ATTGGAACGATACAGAGAAGATT
U6-snRNA-RE GGAACGCTTCACGAATTTG

RT: Stem loop reverse transcription RT primer. FO: MicroRNA-specific forward PCR primer. RE: Reverse PCR primer.

1210 FAHEREAR 1. A TGRS IR0 R
FH Bt Es © LuxScan™ 10K-A B3l B 51 .05 A A 4T
4, ZHEE ) PMT 650, 532 nm F(a 644,
H LuxScan 3.0 # (A6 518 ALY 0 =) 3 B 46
f& 5, K H OriginPro 8.1 # 4 LA & R statistical
computing framework 2.12(http://www.R-project.org/)
HATEAR GE v o b
2 &% R
2.1 FEUER#AFES SHUT assay 891t

WiE 1 s, SEF BT = E 0 S A
— B poly(A) 5 #1 Aj /b 35w 2% A2 1 22 1) £ B,
B — B %R E miRNA 52 & HAMO T, 3/

W5 5 Sehnic (I F PR (UT) 56 4 EAME) 8 B
K70, AA miRNA [8EE, S —B
FEHIANIE], 503 M 37 IR 58 A AH [R). ikt
H, BbR miRNA FUE H bR UT #fa] DU |
XTI RB o 2548, AHRAE 42°C A8 % T, AT
19~ 25 H LK) miRNA 535248 10U 2 Fe e
M, 8 B 38 FFRES UT HHRE A8 I XUBE (iR
BRI FEART 35C) A AR e AAAE: 1024 UT 4Bzl
A B AN miRNA S8E A0, BT HERUILASHE
FHPEBEMRERE, 1K B 118 FH ARl vT LARS s Hh gl
PREHAER, bl AR RN R AR, S —Fhid
FARRZATIN Z FHEAR 2> 710 B AR, X S5EGEM AL
TIESAL, ARRES T OO FE A bR
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Stacking hybridization-based universal tag (SHUT) assay

Probe oligonucleotide, referent to miRNA miR-21

Al0-spacer miR-21 antisense UT antisense
e N—
5" AAAAAAAAAA—TCAACATCAGTCTGATAAGCTA— 3’

UT: Universal tag

Fluorescent
Tissues or cells the}l}}NA unfyqisa!‘ tag b Fluorophore-linked UT
‘ $555 miRNAs in total RNA
—_————— S | .

Extracted 555: ;; " Target miRNA-

by trizol \¢ \ g/ specific probes
4 | Negative control probe

Probe array l Hybridization
wi| |1 | |

5

e e

g Washing
—_—

5

Fig. 1 Schematic diagram of the SHUT assay

The sample probe at the top of the figure illustrates the generic structure of the DNA oligonucleotides used on the microarray. The nucleotides at the 5'

end of the probe comprise an A10-spacer, followed by the variable sequences targeting against specific miRNAs. The 3' end is complementary to the

universal tag (UT) and shared by all capture probes.

2.2 BEWRAHIE

T8 I He A A A S RIS . SRR AL
PRJG W BB 5 ()38 AT 25 88 1 /K SR T 2 fnk A7y
WoE (B 2, % 3). SRBWIFETETIE. EHEH

—OH 8 —NH, ' —CHO '

Fig. 2 Original picture of contact angles (CA)
of the glass after modification
Three parts of the figure represent the contact angles of —OH, —NH,,
—CHO respectively.

Table 3 Contact angles (CA) of the
glass after modification
—OH —NH, —CHO
x 6.50 54.28 51.53
s 1.18 0.53 0.87

B RAF, Bzt MBS, 53¢
RR R T FE A — 1,
23 SRR

FOREVR R SR T . DMSO (UK JE 48 e B
SERG T T 3 Bl SRR SRR, RS
(PRI A R T AR 2, A I Sk ) 25
PRV 3a), b ASARERIOK T4, SRR 2
IICICHIE, R FKAMR T, o 5 ma L[ e 2
RE AT, IEESEm I I vl G 285 1EK 7
PER. Ak, R IE R 2 i DMSO LLB ik
TREH AR, HS N 50% DMSO BLJE, 4
BRI RIFE s M K K (B 3e), IR 233t il mUFE
DIEREH R FE I R, B ERR, s oK
oI NS R R R S A A 4 R b
I BRI AR 2 E, 4E 0.1 mol/L AR RN - %
TR EU 22 MR In N 1.5 mol/L Fift 3% Bl AT 10%
DMSO J&, mFFEIZEA 20 M H A SRR
PR BE KN R I (] 3b), o BEAR ) RUHAR
ET IR IR R R
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Fig. 3 Pattern of the three spotting buffer
(a) 0.1 mol/L sodium carbonate. (b) 0.1 mol/L sodium carbonate, 1.5 mol/L betaine, 10% dimethyl sulfoxide. (c) 0.1 mol/L sodium carbonate, 1.5 mol/L
betaine, 50% dimethyl sulfoxide.

24 BRI ARFEES SHUT assay HIZt 32 AT (8]
ik

S R B REE ARSI ) e, 28 A8F 5 A
ey, ABAE 12 h JE {5 S E TR I R (A 4).
UEHT, Agilent 2w B4R 18 2428 — M AE 40 h A4 figd
B FA, 2 R AT I TR S 1 AR e 448
5%, Wi, 2% Epr %05 miRNAs £ 5 1)
A2ACW ] : Ambion A ] 4 12~16 h. Agilengt 2>
F] 24 20 hy EXIQON A #2416 hy Invitrogen 4 ]
h 8~20h, FRAHE ALK ZATIN[A] R 20 h.

20000
15000
10 000

5000

Background-substracted signal (AU)

Fig. 4 Optimization of the hybridization
time of the SHUT assay
Target miRNAs were assayed at hybridization time 2 h, 4 h, 8 h, 12 h,
and 24 h, respectively.
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Br. AT 45 R 2w (# 5), Fr ! microRNA
A F AR AT LRI H 2 fimol/L 94 B (K #E kR 2y 1 (F%
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GFIA 2 R AR (°=0.9729).
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Fig. 5 Sensitivity and dynamic range of the SHUT assay
Target miRNAs were assayed at concentrations 2 fmol/L, 20 fmol/L,
200 fmol/L, 2 pmol/L, 20 pmol/L and 200 pmol/L, respectively. The

corresponding COD (correlation of determination) r* were indicated.

2.6 FELER#EARFES SHUT assay HIFF =14
SEIG AR S AR let-7f 5 AL A let-7a. let-7b.
let-7d. let-7f (IEREFFESIZAT, X ALHG T 564 B AR
(5 P-let-7f)« 1 M ZH(5 P-let-7a). 3 Mgt
Z(5 P-let-7b. P-let-7d) JLRR 5. 546 45 B %
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AN, B let-7f 5 P-let-7d A8 X A4 (145 5 W] A
T let-7f 5 P-let-7b & XA 55, X5 CHkIR
LR —2. IX 2 A HERR AL (BRI X T HERR 2
(P d K,  an EHERA e AR TS, SRR
Hby 52 HE RN AS SR

120 let-7f: 3' uugauauguuagaugauggagu 5'
P-let-7f: 5'(A)10-AACTATACAATCTACTACCTCA-TGCGACCT 3'
P-let-7a: 5'(A)10-AACTATACAACCTACTACCTCA-TGCGACCT 3'
100+ P-let-7b: §' (A)10-AACCACACAACCTACTACCTCA-TGCGACCT 3'
© P-let-7d: 5' (A)10-AACTATGCAACCTACTACCTCT-TGCGACCT 3'
=)
[N
= 80
c
.80
%]
[ L
2 60
&
()
~ 40t
20+
0 . - mim
P-let-7f P-let-7a P-let-7b P-let-7d

Probe of let-7 family members

Fig. 6 Specificity of the SHUT assay
Signals were reported as the relative percentages of the P-let-7f (taken as
100%). Positions that let-7a, let-7b and let-7d have different bases to
let-7f are highlighted. Error bars: SD (n=6).

2.7 FHBEIER#EARFES SHUT assay HIFF =14
SEH 43 S 200 200 2 000 pmol/L [ #E A5
(mature miR-21 5 L-miR-21)5 % P-miR-21 [FJ4K
BRREDI2RAS, 5RO, L-miR-21 58EH 245
B 5 ARHAR, 1 ELAS 5 5 S ANl S AR A FE 1R 38 K
Waa . AHX T HEAR mature miR-21, 7] DLEY i &
I ILIAC A Bt P TR 3 1 e, g ELBA 2 e T
L-miR-21 5 ¥REH A A5 5 (K 7). 3 it W 4
miRNAs 5 J7 V- & A 2CHE B BT /8 miRNA 2 A
KHE RNA A8 XRS5 5, IR TP 4R BE )
HERIAE 22— BEIRBERS, &2 WA B i HE R s
ACAVERT, AT A 7408 35 07 5 (1) % % 1 FH bR 25 (UTT-8)
ARERG T S TAMAREH 2 B, B a R RS

Mature miR-21
L-miR-21

5' UAGCUUAUCAGACUGAUGUUGA 3'
5' UGUCGGGGUAGCUUAUCAGACUGAUGUUGACUGUUG 3'
10 000 | Probe-miR-21 3' TCCAGCGT-ATCGAATAGTCTGACTACAACT-(A)105'
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@ 0
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miR L-miR miR L-miR miR L-miR

200 pmol/L
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Concentration of mature miR-21/L-miR-21
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Fig. 7 Discrimination of Pre-/mature miRNA
The sequences of miR-21, L-miR-21 and probe P-miR-2lare showed in
the figure. In this experiment, pre-miR-2 lor pri-miR-21 was represented
by L-miR-21. Target miRNAs were assayed at concentrations 20 pmol/L,
200 pmol/L and 2 000 pmol/L. Error bars: SD (n=6). l:Mat; O: L.
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REAENNSHATIH B, [, T4
Mr5Eis, K AS49 4l miR-21 (MR IA = BN bR
7 1, HAth miRNAs [FAH X I8 5 24 J5 k097
. 4R 58 gRT-PCR J5 %5 SHUT X — i 74
miRNAs (05 8 07 15 B AR (1) — Sk (B 9).



<486 EYMUF EEYIIR R

Prog. Biochem. Biophys. 2013; 40 (5)

(2)

(b)

100 ng

5pe 1 pg

—
S
S

miR-23a
miR-16
let-7f
let-7b
miR-21
miR-29b
miR-30c
miR-195
let-7d
miR-7
miR-128
@ [miR-126

10°

Background-substracted signal (AU)

102 |
MicroRNA targets

Fig. 8 MiRNAs expression profiling using different
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of total RNA from HeLa cells as input samples. Error bars: SD (n=6).
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qRT-PCR results.
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Establishment and Optimization of a Label-free microRNA
Microarray Analytical Method”
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Abstract MicroRNAs (miRNAs) are a class of short, endogenous, non-coding small RNAs. The regulation
function accompanies with the cell growth, differentiation, proliferation and apoptosis. The miRNAs expression is
closely related with the development of cancer and has been considered as a potential biomarker. The analysis of
the miRNAs expression profile is a critical part in the studying of miRNAs. Usually, miRNAs in biological samples
require fraction, labeling and purification before applied to most assays. This is the most time-consuming,
labor-intensive and the highest cost in the assay process. The assay results would be affected for the initial ratio of
the sample target miRNAs which may have been changed due to the application of enzymes and complicated steps
in this preprocess. The main purpose of this work is to develop a new microRNA microarray platform that free of

the sample labeling. It is named the stacking hybridization-based universal tag (SHUT) assay for it takes advantage

of stacking hybridization interaction and involves a universal tag (UT) an 8mers oligonucleotide labeled
previously. This article focuses on the optimization of the experimental procedures in the SHUT assay and the
evaluation of its properties, such as the sensitivity and the specificity. The results show that the microarray has the
advantage of high sensitivity, that even 2 fmol/L input miRNAs can be detected. The miRNAs microarray has
perfect selectivity simultaneously. It can distinguish the target miRNAs from other family members with only one
base mismatched. In particularly, the pri-miRNA and pre-miRNA can be easily discriminated from
mature-miRNAs, which enables as little as 100 ng total RNAs to be analyzed directly and rapidly. All these results
have shown that the application of this new microarray platform approach is a rapid and ideal platform for the

detection as well as analysis of miRNAs and other small nucleic acid molecules.
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