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KR
FROES Q78

L E 25 (lymphotoxin, LT) A2 JJF 83 34 3E K 1
(TNF) KK TG — AN H B8 5L, 75 2 i Rg 4 bk 1)
N FIR SN IR S g, A HRIERIL LT 5 TNF
—FEFSEA BURIETE, H LT 2/ b i EE0 b
TNF /), H LT 7R A 2 B Lt TNF KU 4[]
KB TNF B R —FF, LT /RS T IB
B RARGEMIATAE, H R AR g5 0 T B gk
A FH RN 7 78 e M e P A EL AR i 7 B0 D, K
WUFSE LT = 24K TNF = BAAHfa et LT 5
TNF R34 45 6 A [7] %2 44 TNFR1 Al TNFR2, K
FEAEW SR VRN, 1A LT 5 TNF = 544 R I 45 &
3AZARGY W, AR SRS W TR WA
S, ARG AR A A
(AN 1 5 VR T N T NG S R T L Y
TNFERNIE B GRS, S5 R ARIRAE
()R AR AE 5 AL PR FTR W], TNFRI 2 T
SN EEZARS, LT 5 TNFRI (&6
gk TRy, — A2 F RS —S LT W
A7 22 1H DE 3R X [ N48 ~D50 Al 55—~ LT . #
PR AA FRE X () S105~P109 A H.4F 2. FeAr]
AN LT 2445 &5 A AT REALSEAS, 4390
P T R46, S106, L130 [ i 5245 ) = s bt AL 58

MOAR, BHLREE, WREAER, SRR

AL SCEEPHT S106 ~F110 [X 45 i Bl 58 4% 50 1%,
NG GG R PR e /s T R R 3R T, WG 5 TNFR1
AR ) % R S SR 2 AR SRR I LT R
A, DAIRAHE m B Rs vl 1 B b R R 3
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1.1 FAFALHAERK

pMD-18T # 4 iX 7] & &) H TaKaRa 2 7],
pCANTABSS W 1AL 2 1A Oy 35— 42 B K27 ) 4t
17 19, pET32a (+) # & W H Novagen 24 # ,
thLT/pMD-18T Jiiki Fl thLT/pCANTABSS Wi B R 4
SOREAT N Sl 2k 23 AN IR (1 41 L R
thLT &8, H SR GAHE R B N LT 24 518 7 41
(GenBank 5 4 BAA00064) 1] %5 24 £ %5 171 47,
HH b 52 ELSRVT AR A% 245 i A7 R W) A S DR A

E.coli TG1 Al E.coli BL21 (DE3) 4 | #§ 5 H. 5K
YL 25 I A3 B ) PR AE. E.coli TOP10F” 1

I SR HR 8637 MF TR T Kl Bt B T H (2001AA215051,
2002AA273309).
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H Invitrogen 2w, 1929 4 futkly B o ERF B A4
YAk 2% 15 0 i AR ) R . Al B B R M13KO7
KR 1R 22 ARG R4, 8 1| Amersham Pharmacia
N
1.2 SZRFHE

TNFR1:Fc 2RI [ R&D /A 7], ST B A K
¢ ¥ 9T mouse Anti-M13-HRP monoclonal conjugate
5 Amersham Pharmacia A ], bt LT BEEZ Hi
b 52 BRI AR s 2 I A7 PR ) A 45
1.3 MHEFHRRTIKE

LT = s B HL R & 4 & X E hLT
(R46m+S106m+L130m) £ 23 i 52 i 5848 F ) 1
Bk A3 R g LT X 380 Bt pL 58 48 SC FF rhLT
(S106m-F110m), Wit &AL 7RI PCR 514,
JEBI L 1. LA thLT/pMD-18T JikL A, 564>
5 LA (106~110)m-U2. (106~110)m-U4. (106~110)
m-US5 Al LT-D ULECH 35 2 A0 44 5 AN
RAMFE T2, T4, 15, LLA106~110)m-D A
LT-U LI 8 EG 5B L s AN B,
R RB L2, T4, T5FFBCILL 3:3:3:1 f LR

TR AR, BLLT-U Al LT-D VCAECY 4 5 S106
£ F110 £7 5 A 2 & % B Pl 5% 42 19 rhLT
(S106m~F110m) i B¢, PCR 7= 4 4l 1k )5 v % T
pMD-18T # 4k, Ak E.coli TOP10F’, BENLBEHECET
THACFRAT Lilg A T A AR S5 A = 4T
40 5 . % rthLT(R46m+S106m+L130m) F thLT
(S106m~F110m) v Bt 737 F BRIl X ba 1 A1 Kpn 1
MR, 5 FEFEREDI ) pCANTABSS Wi B ki 2%
WERE G AL E.coli TOPLOF . 3 5 20 W 4 kit
Ak E.coli TG1, 10 ml 4k 5 A W 7E & & N 15
100 mg/L [ 2xYTG R FEA Ago 29 0.5 B,
TN BEh 1x10°TU 1) 4 Bl W& 1% & M13KO7,
37°CHEEF% 1 h J5 T 1000 g &0 10 min, P E &
F 50 ml % 100 mg/L 2% 5 %5 %= Fl 15 mg/L RS
BRI 2xYT H 37°CHE RIS AL 1000 ¢ &0 10 min
WO A B 72 B, 78 B3N 15 ARELT)
PEG8000/NaCl ¥, Kt 1 h J5 10 000 g L
20 min. K PUIEEET 10 ml 2YT o, RISk TR
7N LT = i BEHLSEAR 41 -G S X S BT 5848 SC
FR) TR ZE AR TR A, TR RS PR 00 S DL SCRR[11].

Table 1 rhLT primers for random mutagenesis

Name Description(amino acid position in LT)
LT-U Sense terminal primer of thLT(H24~P29)
LT-D Antisense terminal primer of thLT(F166~L171)

(106~110)m-U2

(106~110)m-U4

(106~110)m-Us5

(106~110)m-D Antisense mutation primer(A98~S105)

Sense mutation primer with 2 amino acids mutated (V101~S117)

Sense mutation primer with 4 amino acids mutated (V101~S117)

Sense mutation primer with 5 amino acids mutated (V101~S117)

Sequence(5'—3")
TCT AGA™ CAT ATG" CAC TCT ACC CTG AAA CCG

GGA TCC" GGT ACC" CAG AGC GAA GGC TCC AAA

GTC CAG CTG TTC TCC TCC NNS™ TAC NNS TTC CAT
GTG CCT CTC CTC AGC TCC

GTC CAG CTG TTC TCC NNS NNS TAC NNS NNS CAT
GTG CCT CTC CTC AGC TCC

GTC CAG CTG TTC TCC NNS NNS NNS NNS NNS CAT

GTG CCT CTC CTC AGC TCC

GGA GAA CAG CTG GAC CTC ATG GGC

*Clone sites are in italic; **the mutation sites are underlined (N=A/T/C/G, S=G/C).

1.4 FEINGHIE

¥ TNFR1:Fc %2 ¥4 & 1 LL 200 ng % L £ B
ELISA #t 2%, R4 H & 10% 5 s 958, 0.01%
NaN;, 0.1% TritonX-100 ] PBS 3} [ = I & 4]
1 h J5 A PBS $E%: 3 Ik HU 1x102TU 1:1 A5 1) LT
= R A LSS AR G A SR RN X 8k B BLSEAR S N
TNFR1:Fc #t 4, 37CIJi % 2 h, H % 0.05%
Tween-20 [¥] PB v CGE—is 5, 54k
L0 R, SRRk 25 R, SR DUERYESS 50 0 .
FEALIIA 100 wl A2 K R84 KW E.coli TG,

37CHi R 1 h, B, W10 wl WE W A, H
KRB WY WA 50 ml 2xYT(& 100 mg/L 2 %75 77
F)REIRIE, 37°CHIZE L h SN 10°TU (4 B
B A M13KO7, FHi9: 1h g, MARRERE
15mg/L, 37°CH;IRIER. WA TTE RIS J71%: )
1.3.
1.5 BREREARFE X ELISA £F

Y 28 3k TNFR1:Fe i 6 [ W B A4 2% %Y E.coli
TGl J5, ¥ LB(% % '~ & % % 100 mg/L) ¥ #,
37°C I G, BENLBREL 20 AN V& 4 70T 10 ml
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2xYT(F% 100 mg/L 2 F 5 % 5) i 72 4k, 37°CHiI%

. e o +
LhJG, BN 10°TU (AN R 76 MI3KOT7, M 2 % R

FELThJGIMAEBEZRSE 15mg/L, 37TCHFELR.
PEG JUIE MW AR & T 2 ml 2YT o, 235002
BT W T A PR RG E rhLT W B A 1T pPCANTABSS
M6 B 423 39 K PR thLT/pCANTABSS T 41 I 12 7
HI pCANTABSS 7% [ # R BAKFE AL E.coli TG1 1Y
8% 53 AR ARG WU PR W AT A #5FRORE &2 10 TU/ml
Ji, #0100 pl i A\ TNFR1:Fc 194 ] ELISA %
1, 37TCJCE 2h 5, JIPBST Ut 5 ¥ MK
PUME B ARG L 4h &, TMB (8 J5 352 HL A
H1H.
1.6 RizFiEFEBRAG WL

PN £ ELISA & & 1 Wi w1 44 Wk b ki, A1
Nde 1 F1 EcoR 1 MRl A7 53 50 % 42 pET32a(+)
Tk b, #A4L E.coli BL21(DE3)32 K14 . ¥4k
TAET 100 mg/L 24K 15 % % [ 500 ml LB 135 5%
F Ago 405 1), A IPTG £ 0.5 pmol/L, %55
3 h, HUHES 2> T AT SDS- 58 T4 4 Ik e gk Je e 9k %5
EHMEAMERRL, REMHPEANEANLT
[R5 24 AL 5 171 A7, HAEHS 24 AT & Met, 3t
149 NEHERR, B TRE R 16 428, B S
EEWRDE, B fE H Tris Z20rTRVEsEs, 1
8 mol/L JK # ¥ i, X b3 W FHl Q Sepharose Fast
Flow (Pharmacia Biotech /A ) 1 A8 #u bt AT 4lifh.
17 RELAKEANTHRLES ELISA £

AW LT REGEAWBER 1 mgL Ja,
%HY 100 wl N TNFR1:Fc fu# (%) ELISA # 4%,
37°CHCE 2h J5, J PBST ¥E 5 K, MIAf#HLLT
MEECZ P&, DL TMB B, B2E A B, 5
AR R F A R E 43 5 th LT b, 3kid
ghi4 ) HAE. BEASFESLIE 3 K.
1.8 HHREEHFEMENE

HOW B K10 1929 41 i, JBE AR 11 v A6 iR
PN M A 1.5%105ml, HF 40 B HE RN T 96
UKL, AL 100 wl. 37°C, 5% CO, AR 7714 7,
BERT AN BRI AL 80% LA _FTHIFA (2 18~24 h). fEH%
il L929 41 (1) 96 FLAR I AKF: i A B LA 2 I
PEL OB i S R, &AL 0.1 ml,
FEANIE S 2 NE AL 37°C L 5% AL IR A
TR 18~24 h. 1145 i 58 G (o v A 00 40 A7 35 1
B, BEEL A BUE. 2 PR S5RS LT [ Frbs
OAL, RIS ARG M A7, 5 thLT 36k
AR, ARAS A M e P e A

201 RTIREMMENEE

TERJEES S106 2 F110 47 5 AN LR BE ML 5
AR LT XS SARAREERS, 233 %t T 3 FhAS I 1)
4551, il i Overlap PCR ¥£ 3k 73 T rhLT
(S106m~F110m) Jv Bt . ¥ 1% DNA J Bt wo B T
pMD-18T #ifk, ZRTMIZRAR (1) LT X Ik Bl AL 5 A 14
JE IR EEZS B R 5x10°, % 20 A4S LT X I8 b AL 58 48 44
PEF B AT RS, UF SR 58 AR 1) 2 L 1R
PR8N S106~F110, /745 F W3R 2. Forp 5 AN %
SRR AERBEG 24, & 4 8] 1 ANERER
RAM TS 9. 44 4NFI 1A, Al
KEZBHI TR 2~4 NEIER KL T RAZ,

Table 2 Sequencing result of samples of the library

Amino acid sequence
Clone
S106 Q107 Y108 P109 F110

92

thLTy-1
thLTy-2
rhLT\-3
rhLT\-4
thLTy-5
rhLT -6
thLTy-7
rhLTy-8
thLTy-9
thLTy-10
rhLTyr11
thLTy-12
thLT\-13
thLT\-14
thLT\-15
thLTy-16
thLT\-17
rhLT,-18
thLTy-19
rhLT\-20

=~

>  ni@|2 20210 v | v < nu n
QI > I< Im I IZ 1w Iz O I 1< 13
P < <i;m <imE < << <2 <EI<
v Q= v v 9 imIgIiRIQ I s e rmoo—=
0 mi< Bl HIZI< —mI<Im 1 "2 1Z 50— — =

QO I | = i

The mutated amino acids are underlined.

22 MEBEREE R AN AN HIE

I3 5 v B T pMD-18T 4k 1) LT = skt
WLSAR A SO, R LT XIS BE A5 A8 44 2 FH B o]
fitf Xba 1 A1 Kpn 1 5B 4 pCANTABSS Wik B Fif 2%
1, Bk, AEIWE B ATRR, W BIEIRAS TR
7N LT = gl A58 AR 2 -6 S0 R DX 3B AL 5848 SC PR
(1 T 2 W R A, R RS TR B A Sk BT 4.5
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10" TU/ml F1 2.8 x10" TU/ml. LA 411k ) TNFR1

X GG TR AA (PR A PR AT 4 RS FNTR Ik, G 0

iﬁiﬂmﬁibu, TR T R P R T A i 5 32 T 1 o
e ZRE ARG E T 8, 458 WK 3.

Table3 Enrichment of phage library by biopanning

Phage input Phage output Ratio/%
Rounds
/TU /TU (Out/Input)
1 1x10" 3.7x10° 3.7x107°
2 1x10" 4.7x10° 4.7%x107°
3 1x10" 7.3x10° 7.3x107°
4 1x10" 8.9x10° 8.9x107°
2.3 HEEREERREE

LT WEBE AR A2 B TNFR] RSERITRE S, M
TR ALPEH 20 A>T B, A% o T R R R A,
ELISA 753 e W g A& L5 5 TNFR1 145 6 s 1%,
SR 1.80% v [ B, 4 AN 3il% 5 TNFR1
(&5 A5Gk i T B AR B 7 41 1) thT.

127
1.0F
0.8
0.6

A

0.4
0.2

0

— o —

pCANTABSS

Selected phage clones

Fig.1 Selected phage clones binding to TNFR1 by ELISA

24 LT ZRTKRBIFRIEFAG L

AN 326 3R 43 1R BH 2 v B R PR EL 4 Bk TNFR1
gE G PR R I S A A, I PR Nde T 1
EcoR 1 35t & pET32a(+) K IE A L, &,
Hefh, RiE. iR T IR BRI R AR, &
SDS- 5 A i I Jldg 4 Jie FL 9k 46 5, IR MBS AR AR R 1
LR AP H () chLT 4y i AR, HA R
ERHILF) 20% L1 (K] 20). 40405 LT 584844
AW ER 90% LL (K 2b), HE& AR E
I3 1g/L LA L.

(b)
M123 4S5

Fig.2 Analysis by SDS-PAGE of LT mutants before
(a) and after (b) purification
M: protein marker; C:BL21 (DE3); /: rthLT; 2~5:C127, C139,
C183, C199 mutants.

25 RLAKREBHNEHEE

XAl J5 I SR ARG AT T S AR 25 G R PR 1)
D FOA B B3 & P e, S5 SRR 4. LT 58484k
LAl 5 FEZ AR A P S R s T B R SR T I
et Hrp C183 52145 & 1 IRMK H o
FAIEYE, C127 M1 C139 552 4R 1 45 4 Lo B A 1Y
JP AU ) thLT WS AT FEAK, X C199 12445 &0
PEE T 28% Zi AT, XF 1929 40 MU ) A AT I P B v
T 88% LA, FFGTmik K.

Table 4 Sequence and activity of rhLLT mutants

Receptor binding/%

Mutant Amino acid Displayed ~ Protein after ~ Cytotoxicity
sequence on phage/  purification/ 1%
% %

thLT Wild type 100 100 100

C127  R46K,S106K 104.28 84.80 88.50

C139  S106K,L130T 114.37 80.11 49.90

C183  S106G,Y108H 106.14 0.04 0.01

C199 S106M 118.53 128.15 187.98
3 i’

20 AL 90 AEARLASK [ A Ab— L5250 504 LT

BEAT T — RAVOETE, A E2E 0 LT 3647 5€

SEGEAR e e USRS UM R A ikt LT (9 C
Ui AT B R S AR R I A /D C i) 10 AN LR R I
S AGIHTE T A T 0, T N SR 25 & 27 MR
FERRIE IR T LT £ KT Rk &,
L ERE  A bl IR A R s iR 84~89 i 2 1R
ff) LT 2848445 N WiDr 411 7 35 P2 5 7 1 000
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F5U4 58 SIS, LT ARS8 6 X N & 2
R (AR A 2 = HE AT BRI 194015 {H Goh 25019
¥ 46 ArI1) Arg 58748 OR5FI¥) His 5% Lys J& LT (¥
WEYERE N T 2~3 £, X ¥ LT 4540 5 ThRE i 5T 45
FIORBAT, WxF LT M2 R 456 X W I 2 A2 St
P [ I AT BEATLSEAR, Mg M A 1Y LT 5848453
T, TR B A R 5 B2 ARSI RN 1 1) 4 1k
W TRREFB, A n] Redimik 20E ks w2 1. i
T LT §940 P 85 7% P2 h TNFR1 2460 510, &
TR LT W v 4 28 5 [ AH Ak 1f) TNFR1 2E47 25 Al
%, A 6 BH I o B 1R A TV 1 2 B

FATITRI L LT S106~F110 47 X f5 B A1 58 2
IR 2S5 5x109, JEARGEMHE 5 MR LR bt
MURAS A A2 % FEH) Y108 T LT 5GP 2L
T, Haid 2 i R A I 5485 LT 4 7850911
SR, AR TR S 12 7, RIRAE
WGy, AT T A 5 DMRFERBEHLIEAZ 1)
S b, EE T R Y108 AR S106.
Y108, F110 AN PR 519, XIH 3 B | PR&a3-
BEAT R0 LT SRR P i o B AT I 51 0 #r, IE
S 85%MI AR 2~4 NEILFRIEAE, 50%[1158
BRI Y108 ANAZ, Uhah, 2L 548 I BE ML
B, DI IR G BRAT T e 2E 5k

W B AR PE 48 15 TNFRI S244 () 4 508k, M
REFE O 3 J5 K0 0 2 Y BN B8 ROk B (R 3),
A& 5 TNFRI1 45 4 1) W e R 2 58 4 s 4. 4
ELISA V2358 5 JRi 0 J 1) 5 5 R Wk R A TR 2 A 4
i, I 80% A BH I ol (B 1), 150 W Ik 1 4k g o
SR A . LT RIEAED b Ve 75 DL =2
RIEAAFAE, WEEAIRE I R IR 4 &, A7 AE
PLURHIATRE: a i B AR RER ) LT 2 7 TE = 2R 44
TEFI p Ak 1 5 AN EE T RLA 1R 343 JEoR 7
QU gt LT W A 2 el R vp, AT
MI13KO7 B A= B A4 o B & 1) 30% /idy, 1K
PEAE A AN R AR, L JROR 2 AN LT 43 7 NS 1
o, Gy AN E E AR S A p I AM R AP A 3
ANJE7R LT HAR, B R 2 A LT SR IR R B A4
FAUER 1A LT ARG A B SET, DL 34
JER 1A LT SR W g AR AR FET, #84 TRETE
AR p Il E A A S A B s A, 5ok,
BATTAE A FR 0 RORE I AE p LA LT 2[4 0 T (G4S)
3k, AFIT R R AR R ) LT SR e =3 (A
ghk) E A TSI TE R AR, SRR g AR, b
aifbE 3/4 (SR ARAT I B A S aE T, BN

LT 5315 W BT 2 T T Bl — SR A4 (1) AT e A A7 A
). b. LT k552 k45 & IR, LT Sk
1929 LIl )2 ARAT — & (26 F1 0, PRt FRATTAN
HeBRREOR 1 ANk 2 AN LT SR 1 e 4 5 52 440 1
AEAERE 95 (A ELAE FH IO T . o W B A4 55 32 AR A
S 4. i C183 (S106G, Y108H) 4k Jo 5
TNFRI Z KL T AL A1, W ARGENE, S
br b O A S0 UFE SEAF TNF K% T, {557 1 Y108
FAR L3 B LT 3 PR IR % IX Pl SR AR A B 1 S B
PRI LR R R AR 25 5, TREIR T 456 ROV 4K
AP ARAE BRI 2 0, 1S R g i e
IV SAT ISR, vk se R PR S
M&iA.

PATIE T 95 Lk B 3K A5 1) C199 (S106M) 5
TNFR1 FI&54 T3, FI%F 1929 4 i i) A% 405 0 2k #5453
BT HRE, HIATHIR S ESRA AT

RBIFFERT R FH e B A e 7 b £ 753 28 S8 AR AR PR
AT SR RHIE AT T WP, 530 T iE Tk
Fr ) LT S84, BOAR IR 6 L FE rh e A7 — 240
DRIZE, A1) 4 SOk 0 16 52 AR e R 45 SR AR 1) T
%, AR I RS 1 IR 53 8 )
FB, ik — B Ea H g R o e 4 fit 1 R A
EL.
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Abstract Lymphotoxin(LT) delivers the signal of apoptosis by TNFR1, sequentially develops anti-tumor activity.
Several receptor binding sites of LT were mutated randomly, then the R46, S106, L130 combined site-directed
random mutation library and S106 ~F110 region random mutation library were displayed on a filamentous phage
surface. By using TNFR1 as solid phase molecule, the phage libraries were biopanned and positive mutant clones
were enriched. 20 monoclonal phages were picked randomly to detect receptor binding by ELISA assay, 80% of
them can bound TNFR1 specifically, and TNFR1 binding ability of 4 clones was higher than rthLT with wild type
sequence. 4 mutants with high binding ability were subcloned to pET32a(+) vector, after expression in E.coli and
purification process, the binding ability and the cytotoxicity in L929 mouse fibroblast cells of these mutants were
examined. 3 mutants were having similar binding ability compared with monoclonal phage, the binding ability to
TNFRI and the cytotoxicity to L929 of C199 clone have been enhanced near 30% and 90% respectively. The effort
to proceed molecular evolution study of lymphotoxin in vitro by phage display not only can be very useful for the
following research involved in the relation between structure and function, but also provides potent tool for
macromolecule drug development.
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