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purification, CLiTAP). 1& 1% 5 5% A FOHE BU ) = FheEFR 8 11 ZC3H7. ZC3H34 Fl ZC3HS5 AT 40 #1, K IL ZC3HT 1E M 1iE
SEEARAYNZ O S HA IR RNA 45568 71; ZC3H34 454 RNA e85, HIELT/EEA A8 RNA 4450
s MWZ T, ZC3HS RHE WAL B0 RNA G560 tE. UL BRI, CLITAP S&E A S ks G, A%
YA ZAYT N RNA 4558 AMIE, Wohilt—0 @0 RNA G547 8. T RNA &6 8 Mg A ER LB e T

HLfi.
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PRV BRI P I S5O T 5 K RNA 455 iR
(RNA-binding proteins, RBPs)AH . 1 H 1 43 LA 5
I, MR T RNA i G E A4 AN — R E
TR B AR D RED Y. HEY, O L HA AR
i I RER] RNA 45 G AR DL E, el
T B OR ST I RNA 25 G g i, F 2 A4,
RNA recognition motif (RRM). KH £5#J48,. RGG
box. Pumilio/FBF (PUF)FIE¥ 4545 fek25e,  makE
HAMZ (1) RBPs #jH, H252 R0 T Befi gL
KI7iE, EHVFZ RNA 46 E AL TR AR

5T RNA 585 15 (R AH B AR R 87 kA
i LA . RNase AbBE A F% B bR BT 5088
Oy IR O JZ T BT FH i 23 BT (EMSA).
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Fig. 1 The CLiTAP strategy
(a) Structure of the target protein with a C-teminal TAP tag. Here, the
zinc finger (ZnF) protein was used as the representation of the target

protein. (b) Overview of the CLiTAP procedure.
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1.1 ##y

i I #E . Trypanosoma brucei PF 427, PF
29-13 1 £ ik iU ki pHD1344-TAP 1 Dr. K. Stuart
(Seattle Biomedical Research Institute) 4 7> . IgG
Sepharose. Calmodulin Sepharose 4 H GE A #] ;
ATP. /INF g it s R T (CIP) AT T4 2 4% 17 1% B iy
(T4 PNK)J¥ [ NEB 2wl s & B4 il 7 cocktail
(EDTA free) fl RNase T1 4 4 Thermo /A @l ; TEV
g 4 B Invitrogen A w5 y-2P-ATP Ji H Perkin
Elmer /A #]; Sypro Ruby % Ay ) H Bio-Rad A
T; PVDF I E Millipore 24 @ ; il Jf anti-His
MAD 4 H Clontech 237 ; 4§ peroxidase {1
anti-mouse IgG ¥ [ Sigma A ). #ER KR RGN
Tanon 2500; %8 4t AZ Bk {X & UVP HL-2000
hybrilinker system; % bt 1% % 4t 4 GE Typhoon
FLA9500.
1.2 RAHEE

CL T. brucei 427 & [K 41 DNA Jy B4R, LA
5’ CACCTCGAGCCACCATGCCTCCCAGACGTT-
CC 3’ #1 5* CACGGATCCCTCCTTTTCTTCCACC-
TG 3" 4514 PCR ¥ 144K ThZC3HT J: K (g 1) 47
MATRIZ AR, LUFF), 2 Xho I M1 BamH 1 W
PIvil% 2] pHD1344-TAP #/AE i pHD1344- ZC3H7-
TAP. [ ¥, LI 5 CACCTCGAGCCACCATGCA -
ACCATTTGGTCAAAC 3’ fl 5' CACGGATCCG-
GGGGATTCGGCAGCCAC 3’. 5 CACCTCGAG-
CCACCATGATGCAACGGGATACC 3'fil 5’ CAC-
GGATCCATGTAACCCAGTTTGTAG 3’ 4 51 ¥ 4>
Sy 4K ThZC3H34 I ThZC3HS K, LAY
fitf V) J& oo B & pHDI1344-TAP & 1K, 20 9 24E i
pHD1344-ZC3H34-TAP Al pHD1344-ZC3H5-TAP.
pHD1344-TAP & Mg 24 B HE H1 B-tubulin HE
JE . FRERIE TAP ARZERIA 5 A I A
1.3 RS E

PF 29-13 F & 10% 16 25 M35 FIAH Y. Hi A2 25 1
SDM-79 B F2 585 9% T 27°C CO, Wi Ffff. 4
BR[91EAT pHD1344 F 51| JFURL IR 4% G i 1k, 15 2
[ BH P 7 B 4 9 fiy 44 4 PF ZC3H7-TAP. PF
ZC3H34-TAP il PF ZC3H5-TAP.
1.4 UV XEXFIZHAR SRR

¥ 50 ml FKI& FIREEFR 1 -TAP 14 40 i
B2 2x107ml, B0, PBSGIHME 1 G &
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FRAN A, F UV 254 nm LA 0.4 Jem® E &
WG 2 O & A S A B IR A 1% Triton-X100
f] IPP150 2% 3 ¥ (10 mmol/L Tris-HC] pH 8.0,
150 mmol/L NaCl, 0.1% NP40) % fi# 41 fig , £
17 000 r/min 250 15 min Ji5 B F35 N &0k 52 o4
1 U/ul 1) RNase T1, 22°C {44k 20 min, 550 J5 B
i A itk
1.5 ERREESYEIBEKFEREL

Fo SRR 101 2R 1 7 AT B R S 1
IR F4tifh (tandem affinity purification, TAP)3R 1S
WAL EY, AW ¥ I1gG Sepharose 5 4
MR 3 T 4C A 2h, N TEV BEfE 167C 1k
M 2h, ¥ EERBIBE ST, 5id& Calmodulin
Sepharose T 4C ¥ & 1 h, HEVE/adEAT [FAL Z R0
RNA.
1.6 v-"P-ATP {RiCEHLSH RNA

#4545 #F Calmodulin sepharose | [ 2K 1 i &
G W FSCER 71 48 10 J7 64T PP ARl RNA, i
& A : H RNase T1 Jz NV (50 mmol/L Tris-HCI1
pH 7.9, 1 mmol/L EDTA) i& ¥k 2 X Ja N\ i ik JiE
RNaseT1 (£ % 24 100 U/pl) T 22°C ¥ 4L 15 min;
R v £ 2% v (50 mmol/L Tris-HCI pH 7.5,
500 mmol/L NaCl, 0.05% NP40, 0.5 mmol/L DTT)
15 1R A6 2% #F M (50 mmol/L Tris-HCI pH 7.5,
50 mmol/L NaCl, 10 mmol/L MgCIl, 5 mmol/L
DTT) 2 S VE 3 W 857 20 wl A7 2 5" Sibrid
KNAEZR, fFE 20U T4 PNK, T4 PNK 2% i fil
1 pl y-2P-ATP(10 wCi/wl), 37°C % 30 min. FHf
Ak D% MR 22U S R 35, NN SDS Yk 2% ot
W, 100°C A8 10 min, 13 RO A A5 0 0 B AR
SEY), AT 1.7 F01.8 I
1.7 Sypro Ruby & R H 5B E &

AR A% SDS-PAGE 73 B J 4 F 35t W
P HEAT Sypro Ruby Je{f, HBER AL AAE UV 2k
IS E AR OB R, B SR R AR B I
SRS, FBEHERG RGEHH.
1.8 EHEHERENZE

¥ 1.3 rhiii B 210 40 LA )5 45 SDS-PAGE 73
B0, ¥ % PVDF [ (Millipore), LAFi TAP 4525
protein A [{IHT/& PAP(Sigma, 1 : 2 000 FiBe)d K
W E TAP 4525 (1) BE$R 8 11 ZC3H7. ZC3H34 Hi
ZC3HS5 MRIATEDL. 1.5 TR E A REZ &Y
2 SDS-PAGE 47> Bi )5, %% % PVDF I, #KixH
anti-His MAb i 40 A6 B b 1 (1) anti-mouse 1gG 7

H, 4 ECL BOIs, ML H bR E.
R R

2.1 BIRERRNEE

FEATRES B RNA 45505, B804
Ab, EIEAT SERAE . — e E s K ] CCCH
RVPEFR A F el 2 — 28 RNA &5 45 fysi s, 78,
AT Bk B AT K HE R = B CCCH B R K A
TbZC3H7. ThZC3H34 1 ThZC3H5 NHLEH, XK
H CLITAP #7855 4170 RNA &5 &35 P
Wy, wEEma B WK 2a, B C b
RiliG TAP bR 25 1R 205 24 B Re 208 4 B bk 1 44
HVEWARLS JTE.
2.2 ThZC3H7 EEY) RNA ZEEFEHES

HE RNA MH 45 & 2 595 RNA IH 45 1)
(?P-labeled cap 4 SL RNA)IF & )i R A S (i bl i
wTAEAY, HEo4 5584 CBP20. CBP30.
CBP66 (ZC3H7). CBP110 Al importin-a . LA
ZC3H7 N 4 CLITAP 73 5 21 (1) 5 & Wy ik
4T Sypro Ruby J: . JBUR A W58 DL R 1 BTEN I,
g5 B 2b~d. ZC3H7 B4 W& (A 41 Wi ml
W, # EJ5TER R LA R ) R el i 28 5 (LC-MS/MS)
HE N RNA RS GEAW# 47 (0L B sl & 1E
W) MU A BRI EIR: ZC3HT AR
RNA &5 4 fit 71, CBP30 45 & RNA %M #55,
CBP110 A A4l 70 FEA FJG RNA S5 id .
2.3 ThZC3H34 E54) RNA HETE ST

ZC3H34 R FEH, 4 7 FiEA 224 ku,
DLH W 8P 2E 1, 4 CLITAP 70 & 3 i 5 & W
Sypro Ruby Hyf JHU F 0 58 S 2 1 5T B ZE 45 R
Kl 2b~d. ZC3H34 H A RNA &5 GG ERyy, o
THCRZIN 75 ku (1) ZC3H34 HAE S A RILHR 51
) RNA £5 & 6677, M40 63 ku M) B AE 5 (A W GAT
il RNA &5 6rid k.
24 ZC3H5 EAE A1 RNA HEEMED

ZC3H5 N ARFIEH, 70§ hiiEhy 255 ku, &
H—A CX,CXCX:H Brfe 4t tl, GeneDB %4k 7F
A 3 1 B X R B % 55 L AT RNA 45 & Th g
(www.genedb.org). LA ZC3HS5 #4414 TAP/MS
BiE, REGYARLEA 5 MiE 414 (Data not
shown). %4 CLIiTAP 7} & J5 ) 5 &%) Sypro Ruby
Petty, TN B R R R RN 25 R (K] 2b~ d)
/N ZC3H5 SAWME—27r %5 RNA g5 GiEE. i
— 0 T R R0 SR ZC3HS I A AN
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%2 RNase 4b# [J3£ 1 (Data not shown), 5 CLiTAP
g%, R T ZC3HS KL HAEE AL RNA
i oine; A U] AT SRR RNA 456 45 0 55
HHE A —E B AT RNA 454500k

(2)

ThZC3H34 | 7, |
1  CXCXCXH 202
ThZC3HT | 7, |
1 CX{CXCX;H 586
ThZC3HS | 7, |
1 CX,CXCX:H 246

©@7 2 3 @7 2 3
.
.
-
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Western blot with
anti-His MAb

Sypro Ruby staining  Autoradiography

Fig. 2 RNA binding assay of the trypanosome
ZnF proteins by CLiTAP
(a) Schematic showing number and pattern of the CCCH-type ZnF motif
in ThZC3H34, ThZC3H7 and ThZC3HS. The TAP-tagged ZnF protein
complexes were prepared through CLiTAP procedures and detected by
Sypro Ruby staining (b), autoradiography (c), and Western blot with
anti-His MADb (d), respectively. The white arrows in (b) pointed to the
tagged ZnF proteins, corresponding to the black arrows in (d). The white
star (*) pointed to the proteins showing a strong RNA-binding activity,
corresponding to the black star in (c). The components of ZC3H7
complex were determined by MS and marked with number on the left of
the lane (b, ¢), 1 ~4 representing for CBP110, ZC3H7, importin-a and
CBP30, respectively. 1: ZC3H34-TAP; 2: ZC3H7-TAP; 3: ZC3HS-TAP.

3 it it

ASCAEFFH A PAR-CLIP 3l |, @ 7—Fp
e BRI CATR] B S e B B 1 S LS R HAE R G
ST HAT RNA 2550 8T i i——CLITAP. %
Wz A EEAFE: a. Hbs ARG R IL TAP
Fr%, AMEEER T A AR R PUA R, T
HH S WEEmaifb 58— halifh, 3% 7 &N

FE WM BE,; b, RNA- EEAEGME
SDS-PAGE 43 & J5 84 11 T Sypro Ruby %t {125 B%,
et g RGN B W45 R AR — i BT
B, T HZEWRE AV BEA RNA 456751
Yoy, FHEMASEAES A, ATR
LA RNA 4581, i H AT LA %58 i RNA
FERA ARt RNA FEG . EHFR BRI, %
TPEASZ YRR TR 2R BRI, mr LA 2 ok
X EE T S AL ST B AT RNA 45 S Ihe e

iz Fl CLITAP %A FOHE L = e e I R &
Y RNA g5 g Ve AT 0 afr, RIA R A
JFJC RNA 45 G UiRe, Ul T R4 A i & A IR
SF RNA £55 380 B AR R AT RNA &5 576 1,
HE—D ol TSI 0 UE () AL B A
A RNA 45615 T 1 EAE R P10 %8 0 T R I 1Y
RNA 456 8 8L RNA 45 & 85U B E L.
A FCHE R T 2 AR M R, RS S T
PR AR, HIERIA A E B R A )G
K, KT 2 R RBPs 2 5819, 85143 # 26 W]
A BCAE d It R 2 4 i 2 50 A CCCH BYBE4R 1A,
KEBr R T B KA e, 0 R SRR B A kAT
RNA &5 Gt o #r, 0 T4 7 8 11 01 2 Reder 1
FE R 00 75 10, %1 B AR B 45 2R (1 e 4 iR
FENRIE R ZBL 208 a4 B A7 2

YT 28 RNA g5 A S, &R RNA 45
HE AL A Z FLER RNAs, il s 057 %
SEFERR RNAs IR 450 K D)ty nOn T4 1
fift RNA 4545 85 110 T 8 A A T AL I 48 0% 3 22
CLiTAP J5 V%2 7F PAR-CLIP Al Ak @ik, 3k
311 RNA- S UL UM SO K. B/
A, R maiE . RoEi/h RNA B
(A B A ORI 2ROR ], RNA K A AT BT AR [A]) s
2 RNA-seq A A= W15 B 57 43 B ] 71 % 5% 41 10 [
P 3k 15 RBP R 51 45 75 (1 5E RNA 7 51 i Fl 2 [A]
Tl k.

B, SEEEE K], AT LK) CLITAP
e — PR RNA g5 &8 % ik, @A
JUN ATAT MR EIUEL, BT R 510 RNA
B4 55 08 B95E B IR SE A
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Efficient Assay of The RNA-binding Activities in a Protein Complex
by UV Cross-linking and Tandem Affinity Purification”

YUE Sha, ZHOU Shu-Ru, GUO Xue-Min™
(Institute of Human Virology, Zhongshan School of Medicine, Sun Y ai-Sen University; Key laboratory of tropical Diseases Control
(Sun Yat-Sen University), Ministry of Education, Guangzhou 510080, China)

Abstract RNA-binding proteins (RBPs) function importantly in RNA synthesis and metabolism by interacting
with specific RNAs. The identification of RNA-protein interactions is required for understanding the cellular
function mechanisms. A new technique, PAR-CLIP (photoactivatable-ribonucleoside-enhanced crosslinking and
immunoprecipitation), has been used to determine the target transcripts of a few RBPs and map the RNA binding
sites in a genome-wide fashion. In this study, a rapid and effective method was developed on the basis of
PAR-CLIP to detect the RNA binding activity of putative RBPs and their complexes, termed UV cross-linking and
tandem affinity purification (CLiTAP). The improvements include: (1) Tandem affinity purification was performed
to purify RNA-protein complexes efficiently; (2) Sypro Ruby staining and autoradiography were used sequentially
to determine which protein(s) possessing RNA-binding activities. CLITAP was used to analyze the RNA binding
activity of three kinds of CCCH-type zinc finger proteins, TbZC3H7, ThZC3H34 and ThZC3HS, in Trypanosoma
brucei. ThZC3H7, a core component of RNA cap-binding complex, showed a strong RNA-binding ability.
TbZC3H34, a hypothetical protein, displayed a weak RNA-binding activity, while one of its interacting proteins
showed a strong activity. In contrast, ToZC3HS and all its interacting proteins did not show any RNA binding
activity. These results indicated that CLiTAP is an efficient method and can be used to experimentally identify the
RBPs in a protein complex, which provide a basis for further mapping the RNA binding sites and investigating the
structure and mechanism of RBPs.

Key words UV cross-linking, tandem affinity purification, RNA binding protein, Trypanosoma brucei, CCCH-
type zinc-finger protein
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