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(Systematic evolution of ligands by exponential enrichment), an in vitro selection method, can obtain consensus motif with

high-affinity and specificity for many target molecules from DNA or RNA libraries. Here, we combined SELEX with

next-generation sequencing to study the protein-RNA interaction in vitro. A pool of RNAs with 20 bp random sequences

were transcribed by T7 promoter, and target protein was inserted into plasmid containing SBP-tag, which can be captured

by streptavidin beads. Through only one cycle, the specific RNA motif can be obtained, which dramatically improved the
selection efficiency. Using this method, we found that human hnRNP A1 RRMs domain (UP1 domain) bound RNA motifs
containing AGG and AG sequences. The EMSA experiment indicated that hnRNP A1 RRMs could bind the obtained RNA
motif. Taken together, this method provides a rapid and effective method to study the RNA binding specificity of proteins.

Keywords: SELEX, next-generation sequencing, hnRNP A1, RNA motif
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[>-6] RNA motif
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7] SELEX SBP-UPI  RNA
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(8-10] cDNA cDNA  10-11 PCR
SELEX PCR adapter
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N RRM RRM1  RRM2 motif PCR
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1 A@EFE

11 #
11.1
DH5a BL21 (DE3)
pET28a-SUMO-SBP
11.2
T4 DNA ssRNA
ladder New England Biolabs DNA
PCR Axygen
T7 RNA polymerase 5 mL
HisTrap 5 mL Heparin
Superdex75 16/60 GE
marker Thermo Scientific DNA
marker TaKaRa
Dynabeads Invitrogen
Millipore Spectrum

12 EHEFRRMMHWEMERMNREGN
1.2.1
pET28a-SUMO-UP1 (1-196)

EcoRI Sall UP1 (1-196)

UP1 (1-196) pET28a-SUMO-SBP
3h  pET28a-SUMO-SBP-UPI

(1-196) Escherichia coli DH5a
1.2.2
BL21 (DE3)

5 mL LB 37 C
6-8 h 1 LLB
37 °C 200 r/min ODgoo
0.6-0.8 18 C 0.2 mmol/L
IPTG 18 C 200 r/min 16 h

buffer 1 (20 mmol/L Tris pH 8.0
500 mmol/L NaCl 25 mmol/L )
17 000 r/min 1h
buffer 1 HisTrap buffer 2
(20 mmol/L Tris pH 8.0 500 mmol/L NaCl
500 mmol/L )

Ulpl SUMO-tag 20 mmol/L Tris
pH 8.0 500 mmol/L NaCl 3h
buffer 1
HisTrap Ulpl  6xHis-SUMO-tag
HisTrap

100 mmol/L NaCl
(20 mmol/L Tris pH 8.0

buffer A
100 mmol/L NaCl)

UP1 F UPI R Heparin buffer B (20 mmol/L Tris
%* 1 PCRSI¥IFF
Table 1 Primer Sequences
Primer name Primer sequence (5-3") Size (bp)
UP1 F CGATGAATTC*ATGTCTAAGTCAGAGTCTCCTAAAGAGCCCG 41
UP1 R AGCGGTCGAC*TTATCGACCTCTTTGGCTGGATGAAGC 37

*Restriction enzyme cutting site was underlined.
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pH 8.0 1 mol/L NaCl)

Superdex 75 16/60

SDS-PAGE Superdex 75 16/60
10 mmol/L Tris pH 7.5
100 mmol/L NaCl 1 mmol/L DTT
1.3 T7 %3 RNA template
20 T7 template  T7
promoter ( 2) 100 pmol/L
95 C 5 min T7
137 °C 12h DNase I
DNA 16% PAGE
RNA RNA
Nanodrop2000

1.4 SBP-UP1-RRM #557iR3 RNA R4
250 pL (25 mmol/L Tris

pH 7.5 150 mmol/L KCI 3 mmol/L MgCl,
0.01% Tween20 1 mmol/L DTT 30 pg/mL
polyl/C) SBP-UPI 250 nmol/L

30 min 1 pmol/L
RNA 40 U RNase Inhibitor

1.5h 100 uL Dynabeads

(25 mmol/L Tris pH 7.5 150 mmol/L

F 2 SELEX XEMEZEFT
Table2 Oligonucleotides used for SELEX

KCl 0.5 mmol/L EDTA 0.01% Tween20)

3 200 pL Dynabeads

200 pL SBP-UP1  RNA
Dynabeads

45 min 1 mL

SBP-UP1  RNA Dynabeads
(10 mmol/L Tris pH 7.0 1 mmol/L

EDTA 1% SDS) 70 °C 10 min
SBP-UP1  RNA / /
25 24 1
RNA UP1
RNA 11 PCR
PCR
adapter barcode PCR 8%
Native PAGE 1
RT-PCR 2

15 ZHKMFREIES T

[1lumina HiSeq2500
2 000 Streaming Kmer
Analysis (SKA) 8]

Primer sequence (5'-3") Size (bp)
T7 template CCTTGACACCCGAGAATTCCA(N)20GATCGTCGGACTGTAGAACTCCCTATAGTGA 81
GTCGTATTA
T7 promoter TAATACGACTCACTATAGGG 20
RT primer GCCTTGGCACCCGAGAATTCCA 22
PR1 AATGATACGGCGACCACCGAGATCTACACGTTCAGAGTTCTACAGTCCGACGATC 55
RPIS CAAGCAGAAGACGGCATACGAGATCACTGT*GTGACTGGAGTTCCTTGGCACCCG 63

AGAATTCCA

*The barcode was underlined.
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T7 template

T7 promoter .
l Transcribe

RNA pool

Add SBP-tag protein

Capture bound RNAs

RT

cDNA
PCR (Add barcode and
sequencing adapter)
SELEX library

Next-generation sequencing

1 SELEX XHfiEE
Fig. 1 Experimental strategy for SELEX.

kmer
motif k=5-8 kmer
RNA-motif
motif MEME SKA
SELEX SKA
motif
motif UP1
2 RRM domain k=8
RNA-motif
1.6 SBP-UP1 BRSNS RIXIE
1.6.1 RNAoligo
3- 2’-
(TBDMS) CPG
ABI 394 DNA/RNA synthesizer
SELEX RNA
motif RNA oligo
16% PAGE
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RNA oligo  Nanodrop2000
1.6.2 (EMSA)
10 uL.  RNAoligo SBP-UP1
RNA 10 umol/L.  RNA

UP1 1 01 05 1 1 1 2 1 4
4°C 30 min buffer
superdex75 16/60  buffer
1 uL 100% Native PAGE

2 ER5AM

2.1 SBP-UP1 (1-196) HyF x4tk

SBP-UP1 BL21
(DE3) IPTG
HisTrap  Heparin
Superdex75
SBP-UP1 59.9 mL
Superdex75 16/60
27kDa( 2A) SDS-PAGE( 2B)
SBP-UP1 27 kDa (26 180 Da)
95%
22 TTRNA¥RXEMEE
20 RNA
62 bp 16% PAGE T7
RNA
23 Z“HRMFXELEZE
SBP-UP1  RNA RT-PCR
PCR 20
adapter
barcode 138 bp Native PAGE
(G PCR PAGE
DNA
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~ Q
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5 2—
2 66.2
E 80} 45.0—
< 35.0—
40 | ~
25.0—
0 b= . . . .
40 50 60 70 80 18.4—
Volume (mL) 144— «

2 SBP-UP1 HJ Superdex75 16/60 5B PEFIEE (A) LK 15% SDS-PAGE (B) ##f
Fig. 2 Gel-filtration of SBP-UP1 performed by Superdex75 16/60(A) and 15% SDS-PAGE analysis of UP1(B).

24 ZRMFEIRESH

Marker
RNA pool

adapter 1 950
bp
SKA
20 k=8
300
8 mer motif UP1
150
RNA motif 5'-AGGCAGCA-3’
80 SBP-UP1 8 RNA motif
(3 AGG AG RNA
50
8  RNA motif
RNA
UPI AGG AG

Bl 3 RNA BE#HLZE R & PAGE BE9 47
Fig.3 Urea PAGE analysis of RNA random pool. RNA

% 3 SBP-UP1 $RiR 7 8 mer motif

bp M Table 3 SBP-UP1 specifically binding of 8 mer motif

Library

3000 8 mer motif Weight
1 AGGCAGCA 7281.95
2 AGGUAGCA 7 042.13
3 AGGGAGCA 6 655.34
138 bp
4 AGGCAGGG 6 046.32
5 AGGCAGUA 5518.36
6 AGGCAGAA 5366.69
7 AGGGAGUA 4567.51
4 SBP-UP1 By SELEX 3CEE 8 AGGAAGCA 4389.47
Fig. 4 SELEX library of SBP-UP1. The consensus sequence was underlined.

@ 010-64807509 P< cjb@im.ac.cn



972 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech July 25,2016 Vol.32 No.7

sl AG RNA UP1
RNA 101081%) (umol/L) RRM
UPl 0 5102040 (umol/L) UP1 RRM
AGG AG SELEX
Bound RNA motif UAGGGA/U
161 hnRNP Al RNA
microRNA mRNA
[14-15]
< Free RNA
20 bp
8 hnRNP A1
5 SBP-UPL & 8 mer RNA f EMSA 43 4 44 & RNA motift !
Fig. 5 EMSA analysis of the binding between RNA motif RNA motif
SBP-UP1 and 8 mer RNA.
25 EMSA HiE SELEX £5 R UP1
SELEX pET28a pET28a-SUMO-
8 mer RNA motif SBP-UP1 SUMO-tag
5-AGGCAGCA-3' EMSA UP1 Ulpl
5'-AGGCAGCA-3' UP1 HisTrap Heparin Superdex75
RNA=2 1 RNA UP1 98% SBP-UP1 SBP-tag
free-RNA EMSA SELEX RNA SBP-tag
SELEX UP1 Kg=2.5 nmol/L*"!
RNA motif UPI1
SELEX UP1
RNA motif [21] SELEX 10
3 i RNA motifi*] 1
SELEX RNA
hnRNP Al UP1 PCR cDNA
RNA motif AGGCAGCA EMSA adapter  barcode SELEX
motif UP1
SKA SKA
UP1 RNA motif RNA motif SKA MEME
RNA motif AGG SELEX
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