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J& 7% B R (phage display). % B 75 J& % £ R Wil — Synthetic
(ribosome display, RD) & mRNA 4 4} g 75 i K 5 — G E:‘ oA

(In vitro mRNA display). mRNA & #b Ji& 75 X K RNA lﬁﬁﬁéggf

mRNA- # [ it fill & & i€ 75 (mRNA-protein fusion .

display), JEIEAF AR BER— RS M I FEE AR N Jﬂiﬁfsp ?
BT DL R BRI 22 IR R (107~10" > 73 1) 345 -
AR W2 D) Re i 2 K00 . 5 W R AR A% B ) E‘i A

KRR B ARA L, mRNA A4 R HA B £k
JLiEE28 + o NN vty | 1 7 o= W 31| B A e S 4
NP INREMEZ IR, X IR ISR SR B A
Tl £ 11 5T B B A1 77 1 W 2 2% (puromycein) K TE %
mRNA- &5 [ 5 il &5 14, U\ﬁ'ﬁ*fﬁ&%li%i (RNA)
HEARER(ZIK) WaiG. iR S Pl
(RNA Ko A piAE 22, #ILIEH: T mRNA 7>
F19 355, 4 mRNA FHEETE RN, MR R gk
KRR T A L ST B AN B AR I, P A s
TE2 RS WEM 2511 O- HE IR &R 2 () jida e

(W g, AR IR BEEM B EE AW, Al
mRNA 3 5y AR )5 1 7 56 o il S M 5 38 70 1~ 4L
Ik R AE & (B 1) . AR XA R
BTV ZIRMEZIK, M RNA 454 IK0,
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Fig. 1 Formation of an mRNA-protein fusion &
(a) mRNA is ligated photochemically to a synthetic oligonucleotide
containing puromycin at its 3’ end. The ribosome initiates synthesis of the
template and reads in a 5" —3’ direction. tRNAs and amino acids are
shown in the P- and A-sites of the ribosome. (b) Puromycin enters the
ribosome, attaching the template to the C terminus of the nascent peptide.
(c) Reverse transcription generates cDNA that can be amplified by PCR.
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ISP 5 PUM R 2 1) R R —— IR &
JEMES mRNA (= BEORA 2 IR 53k, BT T 8 M
e, JERNEFARIA P SO R IR RS T
5 9 A IR AU TR, RUSI O A S AT e 11
2%,

1 #MR577E

11wl

111 il 2 K DNA J&. i K 2% Szostak
i 5eas = &, H DNA 5514 TTC TAA TAC
GAC TCA CTA TA GGG ACA ATT ACT ATT TAC
AAT TAC A ATG GAC TAC AAA GAC GAC GAC
GAT AAG AAG ACT YAC TGZ (XYZ) ;s YAC TGG
TCA GCG AGC TGC CAT CAT CAT CAT CAT
CAT CAC CGG CTA T (JKklZk: T7 JH3hT7; 2R
s Gt 21 A2 R IR AR L M B AL X s R A4
His-tag J7-41)) .

112 DNA JE ¥ 8 51 %. LW sl A 5
TTCTAATACGACTCACTATAGGGACAATTACT-
ATTTACAATTACA 3', TFii5I4 4 5’ ATAGCC-
GGTGATGATGATGATGATGATGGC 3'. 514 &
LLF Linker f1 TS30 RNA 4t HB € K 2% Keck 3£ 4%
TR G S 56 % A

1.1.3 Linker £5#4. 5" %M /I 2 (psoralen) -TAG CCG
GTG AAA AAA AAA AAA AAA-(PEG),-ACC- M4
3.

1.1.4 TS30 RNA. & TS mRNA 5'_ 37 i = K 7,
J¥ %1 4 5" CCG CCC GCC GCG CCA UGC CUG
UGG CCG GCU-Bi 3.

1.1.5 T3 %). Tag DNA & M. dNTP. RNA
I8 T Promega FifEor 28 w], IRIBIGAF &
JT B AETE AW TREA W P2 5, AN solon &
(T7-MEGAshortscript™).  Oligo- (dT) £F 4k %= A
Ambion A F 475, AMV [ % 5% g K A 9 2241 4]
it & A B 18 4K 51 £5 (Rabbit Reticulocyte Lysate
System) ) [ Promega A H), A4 F bwic 1 B i b
&I K Invitrogen AE W) AR A\l 77, A AL R
a-PP-dCTP & i Jis A v ;7 i, pMD 18-T 24kt K
% TakaRa A1) 4277,

1.1.6 ¥ #%. Px2 Thermal Cycler PCR {¥ (Thermo
Electron Corporation, USA), *%4MNEH L, FHEl
BTG HIKA, KR AE.

1.2 At

1.2.1 PCR ¥ 1§, $k43 K& DNA J&. PCR J )V 5

RRL 25 wl, Hod 4 10xPCR 2% P 2.5 pl,
25 mmol/L MgCl, 2.5 pl, 2.5 mmol/L dNTP 2 pl,
5U/wl Taq i 0.25 ul, 40 mg/L 514 1 pl, 50 mg/L
R DNA (BRI DNA FE) 1 pl. N4 R 95°C
A PE 5 min; 95°C 1 min, 55°C 1 min, 72°C
1.5min, 25 MEHF; 72°CHIEM 10 min. R 4L
1t PCR j=4).

1.2.2 R4S, KA T7 RNA R &, UL Eid
DNAE AN, ROMES, R RNA JE. 20 pl X
MNAR R 250 mg/L DNA Bifi 2 wl, 5 U/pl T7
RNA 40 2 pl, 10xT7 SNV 2 wl, 4 Fl
NTP (75 mmol/L) & 2 ul, 37°CIE 2h, ZJalA
2 U/pl DNA [iff 2 Wl i 10 min. V=) LL 6%4%
P R DA T e it Jse P VK A T 4K

1.2.3 AR NV, RNA 58 25 & 1M [ DNA
$% 3k (puromycin-oligonucleotides linker) i%$%. 800 wl
B KRB E 3 pmol/L B AR RNA 48 pl,
7.5 pmol/L Linker 60 wl, 100 mmol/L KCI1 24 pl,
20 mmol/L (] Hepes (pH 7.5) 16 ul,
EDTA (pH 8.0) 16 pl, 1 mmol/L WA5HZ 8 wl, K
365 nm 2L AMR S 15 min, i RNA 4> 75 Linker
B, LREDUEIEOE ).

1.2.4 PRAMEGE. ¥ LR ER =W N G W 4T 41
MOARSM R AR R, Hrh R ZLL 0 35 wl, 2%
RIRIVEFLIRIE W 0.5 wl, 2 WA R 1 L%
B AW 0.5 nl, 40 U/pl RNA BEFIEI7] 1 wl, LA
DEPC /K #h 2 8 KRR 50 wl, 30°CIHLE 1 h ZJ5
A 2.5 mol/L KCI 10 wl, 1 mol/L MgCl, 3 pl,
“20°CIHER. B WS 10 RTINS 4 22 vl
(100 mmol/L Tris-HCI(pH 8.0), 10 mmol/L EDTA,

1 mol/L NaCl, 0.1% Triton X-100) J£%J, 65C /K%
3 ~4 min, 5000 r/min & 10 min B B3, A
/b Oligo-(dT) 474 % 2 ~4 mg) , ElIRE 1~
2h, BROHPUE, DR 1 AEIS ik, m
50 wl XZEKHRHE 1 h B & K (peptide-mRNA
fusion).

1.2.5 Jfsk. BiA kS TS 1) 1 pliRA), 65T
AP S min, BUEVK FL N 20 pl REFESRAK R T,
A %5 5xcDNA & 28 vl 4 pl, 2.5 mmol/L
dNTP 4 pl, 40 U/ul RNA FEEHEIF] 1 wl, 10 U/wl
AMV ¥ Sk 3 wl, 37C N 1 h, 3K
mRNA-cDNA- kIl 25 4.

1.2.6 &k S TS mRNA [ 1-(TS30 RNA)
gi &, e AW & bn il 19 TS30 RNA [l & T

1 mmol/L
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Streptavidin By i B &k B4k b, AR5 N 400 i
25 45 2% PP (10 mmol/L Hepes pH 7.5, 0.5 mmol/L
EDTA, 100 mmol/L KCI, 1 mmol/L MgCl,,

1 mmol/L DTT, 0.01% Nonidet P-40, 50 mg/L ¥}
tRNA) , HF2UL RS IR S H i E 2 h el
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Promoter 5' UTR

o Puromycin

DNA

ORF

(a) Transcription
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RNA
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(c) Translation P
(d) Purification

5
mRNA-peptide fusion

Ve 5~ 65, AN YENE (LI BF (RNA) J

1 gL RNA fiff A 1 g/L SFIH K % 1 pl, P

1 h, ZRTFEE—fEIAK) DNA JE.

1.2.7 PCR, % DRI T —153E.
FEAE T L 2.

cDNA . ‘l
A Immobilized
transcription target

Fig. 2 A typical mRNA display selection cycle @

(a) A library of dsDNA sequences is transcribed to generate mRNA. (b) The mRNA is ligated to a puromycin oligonucleotide

and used to program an in viiro translation reaction. (¢) cDNA synthesis is performed. (d, e) The DNA/mRNA-protein

fusion is sieved using the target of interest. (f) PCR is used to regenerate the full-length DNA construct.

1.2.8 RNA- 85 45 & S50 KRG kL RNA B
b, KL Ik 15 P Fric i TS RNA = i i
A 15min, SROVIRSBEAR 30 pl, 75 10 mmol/L
Hepes(pH7.4), 40 mmol/L KC1, 3 mmol/L MgCl,,

1 wl RNA g5, 250 mmol/L 2- 5% 0%, 5%
Hah. LL 4% E A2 1 2 A I 1 M et I PR VKA, T
NSRS SV =3

1.2.9 PCR =¥ 1 ve B FN0 >. A) F fe [el ik 771
[H[1fie PCR 9 3 7= 9y Hh 11 29 200 bp Jr B, o [ 2]
pMD 18-T #fk I, 1k E. coli TOP10 F', #4714
FIBEGR L, LATE % PCR A BH P 45 5, BEALHEEL
FHAE AL T i B A B R AT IR S AT P 5
ME.

2 FR5E

2.1 [## DNA FERYHE

P4 22 K i DNA FE 2% 5 7 LU LA
EERE: a S T7 Hah1, HHETHT7
RNA A A4 K= mRNA FE, 1 GGG #

TR R AHE5: b. HAA TMV B )7 51
(tobacco mosaic virus translation enhancer sequence);
c. LL AUG &1t 1 OFBUBHEEHEFIITAR) a2 1
R do B 21 NEEERIREERIBENLE A, L
PRIFSCEMI 2 5 e. 0T His-tag, ] DU ik 2% Al
JEFT AR S k.

S SO R AR A ) DNA SR, T
FFI 5 BEHE (open reading frame, ORF) J& 3 2 B ML
(. b T RET DR B A A R AT 2k, 2K
TETBCBE BEAE A 27 5 IR T SRR 58 4 BEALF 41 P
il F NNN 4, & L@l 2%, 5
B 20K . NNG/C % 1Y 1 m] ik 2> 28 11 65 TAA.
TAG. TGA {EBEHUZ IR 71 th BL A, Jf
VLAY R R GEIN 20 Fha LR B A T T I
WO IRATHIR T NNG/C %14 BEALIX .
[, JF T8O B AR 3" o 75 A & — B H R JE
ARsE X ok, 1X—)P 41 PCR 4 1 K4 47 22 5%
R IR 5 mRNA BERL P 2200, BEvh i 2 Op
KPS Ea LB gy, DL THs]
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Was & . F UL b R i G (R BE AL R e o 7 AR
mRNA A, B AT A A 89 18 e 7 3L 2 5 1) 2
FBE.
2.2 BEEBREYERL
B mRNA- H SRS 4 1) A2 R i
1 mRNA 15 Linker {JZE#A0%. Roberts SFIHIHT 5T
KW, Linker (14 JERF 160 fil-& IR AR i ™ 2F
SN, HA 19~30 DRI IRIY Linker, 45520
RZEERRAN, KERKT 40 M F 16 MEZITRIN
Linker &5 & 80% B BB,  U68] Linker nJ g AN i %¢
T T A G A AT R R T I A B ) A A S B E
JUR Tt % A% B rh o0 S M IE R AR 5 &R 2
Linker H & 2 B 7> . 5 2 W tRNA 7)1 3' i
(5’ rCrCrA-amino acid) %% ¥% /7 ZA#H Lb, —
Linker () 3" 3 B0 25 25 MH I A7 ACC 1 i 8% 1
Z4(5" dAACACP) KA i R M. Kurz 5L AE
1% (photo-crosslinked) /5 7% fff mRNA 5 Linker i%
%, RIEAILA = &4 I (triethyleneglycol,
TEG) 1) Linker A&7 2052 il & R ) 7= . ARS8
Wil Linker, & 27 MEZTR, H Sy
mRNA 1) 3% 9 ML B ANT A, BA 2R
WREFIR, S Oligo(dT) 414 2 ali AL il & TR Fe 4t iy
i, JRPAEMEME RN S W T RO W
(polyethylene glycol, PEG) M ACC [t i % 1% # &
BRI . TAAE SR PRI, mRNA A
BRSNS B R AL IR I Al AR 2, A
WL SR 2 T-I0IERE,  JET 52 Rla IR A 1.
RNA 734 Linker £Gi% 5 W65 el

4iky (K 3).
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Fig. 3 Structure of mRNA-Linker
IEHRIPE N A A G, A DRSNS )

15T fiE %% AL B mRNA- 8 1 5l & 7R 1 i 30
SDS- 2R P M ez 5 Jie L DR AGT N, A LR 9 Jis N

I Mg A K* H DRI & (-20°C) 12 ~ 24 h,
AE A il 25 K 77 % 42 | L 50%. AN [A] 1) mRNA
BB T AR E, — M Mg> &R R 50 ~
100 mmol/L, K* 24 0.3 ~ 0.6 mol/L. fl & 4 LA
Oligo-(dT) £ 4 &t T4litk, @it RT-PCR Al 45 .
2.3 VUEIELEE RNA £ RERA

KZHIRE RGTHIE I SER, #ES i
RET-HLEE A 10 RNA a2 4hiil, Rk, e
6 A0 B T T 8 I & B 43 B cDNA/mRNA (1) 4848
RE PE). L, AR RT SR MR AR )
M, TREZ a7, BRI RT WV & Rt
17, HXF R IKR % )5, mRNA (1) 42 A 5 % iy
1 1%, XA DRBERA GEA BT RT, 253
PRI RIS, FrLl, RT SN BEAE Rl A ik alith 2
Jei s kAR AT

G R T (R A KR By ) Tl
I e T AR A b, ARSER T TS30-Bi H2E
W) ZEbRic ) Streptavidin B IHHEE B4 L & 1k
AR RNA 5 Rl RS R Ry S 2k ) 28 O
B, ESRE IR A Z BT 100 mg/L 4 1ML
1 #& 1 (bovine serum albumin, BSA) % 1 g/L ]
tRNA % 1 wWl AL, 4562 5 gtk 2
6 ~T7 W, WD S HE RNA SRR 5 B AR 7
PRI 454 KR 5 F 2. B UL A3 211 cDNA, £
PCR #34, 3R1F T —1EIF 1) DNA B (Kl 4) .

bp M 1 2 3 4
500

200
100

Fig. 4 PCR for amplifying fusion cDNA
M: 100 bp DNA ladder; I: Positive control, library DNA; 2: PCR for
cDNA-mRNA-protein fusion; 3: PCR for amplifying selected cDNA,
TS30 was included; 4: Negative agarose gel, no TS30 was included.

24 8 MEINFILLER

2.4.1 mRNA FAMERIFAF I Z IR ELE TS RNA
it gl 8 ANMEI, KRN RELS 2 Ik EL RNA
Efk, FEfRah & Z I LI RNA, IRITH TR
B, A2 TS RNA 454365 s DL
WA (K 5-2). 8 MIEH Z Ja sk 2 ka1, 5
TS mRNA JE B 2 1 2 Ik -RNA 259 (] 5-3).
P6HH LD mRNA A R B AR Z K5+, 7T
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PLE TS RNA 454, 1 HALE TS RNA [F2efi )5
MR 2 IRAH L R .

Fig. 5 Selected peptides bind TS mRNA in vitro
1: No peptide was included; 2: Using library peptides directly; 3: 8th

round selected peptides.

242 PSR 8 MEM G, WIS ¥ PCR ™~
YIS HILEBENLEE ) PCR =3B 707, #0720
ANyalE, M4 DNA JPyl#3 ik e, Horp 21 A4
IR IIBENLIX FFIILER 1, KXY Z),, H5E4a
BEMLTH, WL RAUHIX 18 AN AT
PR SR 1) B s WA R & A — AR
(Bl 6), WLUAEH, ¥4 DNA Er, &f—x
EEBl 2B 300 1(Z, 1.4%) , Sadikf, S4&ik
10 22 IR I T 7 4. 1 BRAG IR 2 S B S R
(VRS 28R M 21 28 R 2 s W R 38, 9l LA 4 P2 4
T 72%F 82%, 1 HH b3 — 41 & A ik itk
R (EE 1), HZ X R R IR K&
AR 2R & 500 TR T 41%F0 27%. Btk
SR H IS 2 IR AE mRNA 52 (145 & 1)

Table 1 Peptide sequence of random region (21 amino acid)

Random peptide sequence of round 8

Random peptide sequence of round 0

NWGRKSQSSNYLGLRMRRVR)Y
YWALLMCCPLTLCNSNYSQG)N
NC(AGTPGRPVDMVRMSCTID)Y
NC(HQFWMMHPRKVSMQVRVE)N
NWERHSILPMHGWRTSHNDSS)N
NC(HSDSDNMSHTCVDHSYRR)N
DC(VAYDAPSLIVGYYMSCGA)Y
YW(SWAFNVKACNAYCLSLHR)N
NC(KETSWREEPYNGGNLLTD)H
NC(TTGREVPNAMKMDDGAY I)N
NWEKEKHSDYDRTSKRDRSMH)N
NWWYSYLKLFCHAWTMRTTR)N
NWINKNVNATPGHIGRTHQTE)H
DW(ERTHMFKRNLVQRHDTGH)Y
NC(KVIGNSGFGSEWRLPMRS)Y
NC(EMDRNTTCEFEQVSANVG)N
HC(LTLWRKCTDHTVSWSVWI)N
HC(LEMQVRRSGKLIICGMRL)H
YWHDCAFSMELRGWETILYG)D
DWIRHIYVYLCRSRPIALPCP)Y

YW(ZDLMLSVGDKSCVLRVTZ)Y
YW GFKZDGDGDILHPRLDLE)Y
NC(YKLPIDLDRMLMHRMEPM)N
HC(SZNETLDGYTKITCTIHT)N
HWEKAMQRVPGVEDNADPQLQ)Y
DC(THWHLDESRLTRASANLA)N
NW(IAYLLHNCEGPEIINAVN)H
YC(DSEMRVTGGKCGVTLIQS)N
NWEKWIDSAGITDFCKCKTMA)W
YWDFCACAANVQKEHNWIHI)Y
DWMKPYQMVDRYGIGPEDVN)Y
YWMAYAEKITPLESRDGNVS)H
NC(METAMSNYNRMPTWVGSE)Y
DC(YGSKEGWIHAFSGSTSNM)N
NC(WRWYHTKLNSQWADSKDY)Y
YW(VGRTANQPAMERMAYMTT)Y
DWMRIYSDKKZVILVQRSKN)N
HW(LRYIRLTTQQNGQCGELV)D
NC(SLRRSVGVDGLHEIVMLN)N
DWEWVMSYRVALNPLGSSDT)N

The shadow represents the basic amino acid pair.

HEAEH Z A RIEY. Voeller 5% 5E T AR
FFEE TS 11 L5 mRNA 45 & 1K, &KL 6
AERPEH A S A ZIRSFRDEA— KRR IR
BE, BESRRIIE 14 A 43 PR RS 2R 53 R N
i, XLtk 2: T 5 N TS mRNA 45 & 1 fg
J1, IR E RS RNA 1T A5 1. Said 2500
WA R 2 5 1 O P L P Ao Ay S T IR P04 5 %
5 SR R IR e A SR A T s 0y, A

SEAZATIR B2 i T ORI BRI Eh L. IR
JEPEAHLL, RN IS w2 T 75%. Pelletier
UL RLAR Y &8 (Y-box protein) RBP 16
(1) RNA Z5 GRS, 75 RBP 16 1) RNP1 276K
TN ANARR, JHFNAHAS RNA W48 &

AT 2 E . Burd 0L T 88 13 5 3 T 1155
TR I el 5 RNA K ER, kg
AIRTUE E SR E G, kIR b ik 28 FE R
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Lo o5 B RASE RN & BN, L RAE S TS RNA [
gitrh RS EEME, AR R AT 8 E R
R Z 5 RNA &5 . Tl s 5L 1% 40 2 Dk 2 2
SRR T AL, LAY TS RNA SEA (1)
VERIEAT RE1E 25 40 BT, mRNA #R M R HA i i
H TR 5 I RNA SR AR BT S AT T 8 #e4R
M, AR KPR R RATHBOR, I T O D,
AN BEFT B IR A IO G5 R, K QRS AT 47 16
e, g KEMFA 35 TS mRNA &R 2
ks LARAR P A A S 22 55 7 i WE TR RNA
45 RN R IR IR IE SRR — L S5 FFF
fiE, BB TS mRNA (AT EAE IR, ks
ZJIKJE TS RNA i 71 22 58 LA,

10 -

Amino acid/%

0 L]
ARNDCEQGHI LKMFPSTWYVZ

Fig. 6 The amino acid composition in selected sequences

( black columns) compared to the composition in the

initial random library (white columns)

Z represents the termination codon.

210 4E ], REIRBOR AT RS 2 IR R
FIPRE I F 2 TR, 7R & @S A B K B
RAVHIPERIEAL B, B a7 54 1% DNA 50 RNA
HUEFERNE AR . mRNA JEREARAE
MRS B SRR AN I Tk, SNV T 4
P BK % (libraries of linear peptides) B'v [ il Jik
(constrained peptides) FEM, A4 B H i 12 5 2% Fl
PERIDIRENR, &M T SRR S EAS S AR A
2 KU NGy - 25U 458 . LA mRNA R4 R
F ARG I 110 B 5 R RNA SRR 5, [
AR WLARTE . A SCE ORI ] mRNA JE 7R R AT
i T IiiE Y TS RNA iR M Z IR 5%, JF it
ITT 8 BRI, i3RIk v 5 TS RNA SEAI,
T P 45 5 3L Ath RNA B 1 45 & S50 1 45 AR
L, B AR ) S . DA A mRNA A4 5k
JRE IR A 326 53 R (P B AGBR 22 (R AH Sl A3k

ATAME X — VR R A SN2 (K .
2 % X
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Identification of Peptides That Bind With Thymidylate Synthase RNA
Using mRNA Display Technique®

YAN Song'?, NIU Rong-Li"”, ZHANG Pei-Jun”, LIN Xiu-Kun'¥"
(" Key Laboratory of Experimental Marine Biology, Institute of Oceanology, The Chinese Academy of Sciences, Qingdao 266071, China;
Y Graduate School, The Chinese Academy of Sciences, Beijing 100039, China;

? Department of Medicine and Pharmacology, Yale University School of Medicine, New Haven CT 06520, USA)

Abstract Using in vitro selection method to isolate nucleic acids, peptides and proteins has been studied
intensively in recent years. /n vitro mRNA display is a new and effective technique for peptides selection, and the
rationale of this technique is that a synthetic mRNA with puromycin could covalently link with the protein that it
encodes, thus an mRNA-protein fusion is formed. This approach has been used in identification of many functional
peptides. The peptides binding with thymidylate synthase RNA were isolated using mRNA display technique from
a large peptide library (>10" different sequences) . The selection scheme was constructed, and the experimental
conditions, including library synthesis, formation of RNA-peptide fusion and RNA immobilization were optimized.
Eight cycles have been processed and the results confirmed that the selected peptides could bind with thymidylate
synthase mRNA specifically. Compared the amino acid sequences of the selected peptides with those from the
initial random library, the basic and aromatic residues in selected peptides were enriched significantly, suggesting
these peptide regions may be important in the peptide-TS mRNA interaction. As a novel in wvitro selection
approach, mRNA display technique would be developed as a powerful tool for isolation of functional peptides and
proteins that could interact with immobilized targets with high affinity and specificity.
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