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Cynthia a-
a” R46 H46 K46 LT 1
2~3 ° 1.1
LT pMD-18T TaKaRa thLT/
30 TN- pMD-18T N 23
FRS5 f thLT
L130 a-a’ R46  d-e pBV220 E . coli DH5a
S106 1929
1.2
PCR LT DNA
LT 1
1 rhLT

Table 1 rhLT primers for random mutagenesis

Name Description Sequence 5'—>3'
LT-U Sense terminal primer of thLT GAA TTC™ ATG CAC TCT ACC CTG AAA CCG
LT-D Antisense terminal primer of thLT GGA TCC CTA CAG AGC GAA GGC TCC AAA
R46m-U Sense mutation primer of R46 GCA AAC ACG GAC CGT GCC TTC CTC CAG GAT
R46m-D Antisense mutation primer of R46 GGC ACG GTC CGT GTT TGC SNN™ * CCA GAG CAG TGA GTT CTG C
S106m-U Sense mutation primer of S106 GAG GTC CAG CTC TTC TCC NNS CAG TAC CCC TTC CAT GTG
S106m-D Antisense mutation primer of S106 GGA GAA GAG CTG GAC CTC ATG GGC
L130m-U Sense mutation primer of L130 GGG CTG CAG GAA CCA TGG NNS CAC TCG ATG TAC CAC GGG
L130m-D Antisense mutation primer of L130 CCA TGG TTC CTG CAG CCC TGG ATA C

Note  * clone sites are in italic * * the mutation sites are underlined N=A/T/C/G S=G/C .

1.3 + L130m PCR pMD-18T

Taq DNA TaKaRa E . coli DH5« T
1.4 R46 S106 L1130 1/100

Amp
thLT/pMD-18T LT-U 1.6
R46m-D R46m-1 LT-D 50  thLT R46m + S106m + L130m /
R46m-U R46m-11 R46m- pMD-18T
I R46m-II LT-U LT-D
R46m S106m  L130m DNAStar
PCR R46m S106m L130m 1.7

pMD-18T E . coli DH5«

T R46m + S106m + L130m thLT R46m +
1.5 R46 +S106 + L1130 S106m + L130m /pMD-18T EcoR 1

BamH | pBV220

thLTRA6m/pMD-18T EcoR 1 E . coli DH5a 30
Acc | R46m-EA thL.TS106m/ ImL LB 37°C 250r/min
pMD-18T Acc I Pst | 3h 42°C 3h

S106m-AP thL.TL130m/pMD-18T 8mol/L
Pst ]  BamH]I L130m-PB LT /pBV220/ DH5a
R46m-EA S106m-AP  L130m-PB pBV220/ DH5« D
LT-U LT-D R46m + S106m Img/L DMEM
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96 2 x 10*
1929 37°C 5% CO, 16h 100pL
24h
30
2
2.1
OverlapPCR thL.T
DNA R46m S106m  L130m
PCR R46m-1 R46m-1I R46m
96bp 384bp  462bp
S106m  L130m
2 EcoR
I Accl Pst] BamHI 46 106 130
thL.T
DNA R46m + S106m + L130m DNA
pMD-18T 3
1.5x10°
M 1 2 3 4 5 6 7 8 9
2 Overlap PCR LT Rd6m

S106m
Fig.2  Overlap PCR amplification of thL.T R46m S106m and
L130m site-directed random mutation fragments
1~3 PCR product of R46m-I R46m-1I R46m fragment
4~6 PCR product of S106m-I  S106m-1I  S106m fragment
7~9 PCR product of L130m-I L130m-1I LI130m fragment
M DI2000 DNA Marker

L130m

2.2
50  rhLT
thLT
R46 S106 L1130
2 32% ~
208 %
84% ~
121 %

thLT/pMD-18T 1} ApR
3400 bp

ori

thLT
Overlap PCR
R46m-U S106m-U L130m-U
R46m-D S106m-D L130m-D
Iix:l

pMD-18T— |Ligation pMD-18T-» L1gat1on pMD- 18T—>¢L1gat10n

T
s

thLR46m/pMD-18T AP <LTSIU()m/pM_D 18T) Ap thTLl;(Jm/pMD j Ap
3400 bp 3400bp
ori \ x> ori
rhL.TR46m thTSlO()m thTL|30m
EcoRI+ Accw Accl+ Pst1 Pst1+BamHI
EcoRI Aecl  Accl \*/Pstl Pst] \EX?/BLWHI

Ligation

Terminal primers| PCR

FhLT(R46m+S106m-+L130m)
/pBV220

ori

thT(R46m+S 1 06m+L 130m)

3 LT
Fig.3  Construction of the recombinant plasmid of rhL.T

combined site-directed random mutation library

21% ~229% 3

2.3

pMD-18T

EcoR1  BamH1 pBV220

thLT
4
30

4 21 70%
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rhLT 7 23.3% rhLT 2 6.7%
2 rhLT
Table 2 The nucleotide mutation frequencies of the rhLT combined site-directed random mutation library
46 106 130
Average
N N S N N S N N S
A 12/12.5 6/12.5 0/0 26/12.5 16/12.5 0/0 18/12.5 13/12.5 0/0 15.1/12.5
T 19/12.5 22/12.5 0/0 4/12.5 4/12.5 0/0 7/12.5 7/12.5 0/0 10.5/12.5
C 8/12.5 9/12.5 28/25 5/12.5 11/12.5 35/25 8/12.5 12/12.5 18/25 11.1/12.5
G 11/12.5 13/12.5 20725 15/12.5 19/12.5 15/25 17/12.5 18/12.5 32/25 13.3/12.5
3 rhLT 4 rhLT
Table 3 The amino acid mutation frequencies of Table 4 Cytotoxicity activity and sequences of samples
the random mutation library of the library
46 106 130 Average Theory Mutation 50% cytotoxicity
Ala-A 1 2 5 2.67 3.1 46 106 130 Dilution
Cys-C 2 0 0 0.67 1.6 wild type R S L 713
ASp—D 2 3 2 2.33 1.6 thl. Tm-1 R D E 211
Glu-E 0 1 4 1.67 1.6
thL.Tm-2 G T L 2’
2}1‘8‘2 ‘1‘ (8’ é ; '2(7) ; '? thL.Tm-3 S E K ND*
y- . . R
hLTm-4 A N D ND
His-H 0 1 0 0.33 1.6 thTm ) . T .
Tle-I 3 0 1 1.33 1.6 e ) Q - 2
Lys-K 0 7 4 3.67 1.6 rhLTm-6 F T T ND
Leu-L. 6 1 3 3.33 4.7 Ty ! S R ND
Met-M 2 2 2 2.00 1.6 thLTim-8 T N S 2
Asn-N 1 3 0 1.33 1.6 thLTm-9 P K Y ND
Pro-P 2 1 2 1.67 3.1 thLTm-10 R L R ND
Gln-Q 0 0 1 0.33 1.6 thLTm-11 N A Y ND
Arg-R 7 6 6 6.33 4.7 thI.Tm-12 R R G 212
Ser-S 4 6 2 4.00 4.7 thI Tm-13 M G S ND
Val-V 7 1 1 3.00 3.1 L Tm-15 F T E ND
TT’;’TY ; i : ?2 1 ‘2 thLTm-16 I P 0 ND
’ ’ hL.Tm-1 D
Ter-. 1 0 1 0.67 1.6 rh w17 S ¢ R N
Totol 50 50 50 50 50 thLTm-18 S ¢ S ND
thLTm-19 \Y R M 26
Mo L2 m S 4 thLTm-20 v S F ND
rhL.Tm-21 D H T ND
thL.Tm-22 M N S 26
thL.Tm-23 C A W ND
thL.Tm-24 Y K P ND
rhL.Tm-25 R T S 21
thLTm-26 L F M ND
thL.Tm-27 P G ND
rhLTm-28 A% A D ND
thL.Tm-29 L 1 G ND
13
4 pMD-18T  pBV220 thLT thI-Tin-30 v H T 2

* %

Note * ND not detected dilution <2° . terminal codon.

Fig.4 Restriction enzyme digestion of the libraries
in pMD-18T and pBV220 3
1 thLT R46m + S106m + L130m /pMD-18T plasmid 2 thLT R46m
+ S106m + L130m /pMD-18T plasmid digested with EcoR 1 and BamH
1 3 thLT R46m + S106m + L130m /pBV220 plasmid 4 thLT

R46m + S106m + L130m /pBV220 plasmid digested with EcoR I and 78
BamH | © PERFRMEMHARTEATIHKSHET htto://journals. im. ac. cn
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Construction of Combined Site-directed Random Mutation Libraries of
Recombinant Human Lymphotoxin

SHEN Yi-Jun' > PAN Wei'* XU Rong® PAN Xin'  WANG Luo-Chun®> WANG Zheng® CAO Feng’
TAN Jing-Wei® WU Jin-Song® WU Fang® LIU Yan-Jun®"
Department of Microbiology ~ College of Basic Medical Sciences ~ Second Military Medical University ~Shanghai 200433  China
% Shanghai Fudan-Zhangjiang Biopharmaceutical Co. Lid ~ Shanghai 201203  China
3 Department of Pathology and Physiology ~Anhui Medical University —Hefei 230032  China

Abstract To construct the combined site-directed random mutation library of recombinant human Lymphotoxin thLT for in
vitro molecular evolution study and to study the structure and function relationship. The random point mutations at the sites of
46 106 and 130 were individually generated by overlap PCR amplification with the random nucleotide primers. The three point
mutations were combined and cloned into pMD-18T vector to construct the combined mutation library. DNA sequencing was used
to evaluate the diversity and randomness of the mutation sites. The combined mutation library was re-engineered inserted in pro-
karyotic expression vector pBV220  transformed and expressed in Escherichia coli strain DH5a. The biological activity of some of
the mutants was tested in 1929 mouse fibroblast cells. As much as 1.5 x 10° clones were obtained which represents 4.5 times of
the complete mutation libraries at 9% confidence. Sequencing 50 clones revealed no obvious bias in the nucleotide and amino
acid mutations at the sites. Among the 30 expressed samples underwent for the bioassay 70% 21 samples were inactive

23.3% 7 samples had lower activity than thLT the remaining 6.7% 2 samples had higher activity than thLT. The com-
bined site-directed random mutation library of rhLT has been constructed successfully. In combination with phase display the li-

brary is ready for in vitro molecular evolution study.

Key words Lymphotoxin random mutation molecular evolution
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