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Construction of novel thioredoxin fusion protein expression
system and the production of recombinant L{-CATH2

Yiling Lu', Jiuxiang Gao', Xue Qiao’, Yipeng Wangz, and Haining Yu'

1 School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116024, Liaoning, China
2 College of Pharmaceutical Sciences, Soochow University, Suzhou 215123, Jiangsu, China

Abstract: The objective of this study was to construct an improved thioredoxin fusion protein expression system, and
express the cathelicidin-derived peptide, Lf~=CATH2. The improved fusion vector Lf~-CATH2-pET32a™™ was successfully
constructed by firstly deleting the thrombin site and S tag from the pET-32a vector, then inserting the Lf-CATH?2 plus a
thrombin site instead. Afterwards, Lf~-CATH2 was expressed in Escherichia coli as fusion protein. After the cleavage by
thrombin, Lf-CATH2 was released and subsequently separated using affinity chromatography. The antimicrobial activity of
purified Lf-CATH2 was also examined. The improved expression vector significantly increased enzyme cleavage efficiency
by 37%, and L~CATH2 could be expressed in high yield and maintain the biological activity. This novel thioredoxin fusion

protein expression system enables a quick production of high-yield bioactive cationic peptides like cathelicidins.

Keywords: cathelicidin, Lf~-CATH?2, thioredoxin fusion protein, thrombin cleavage
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cathelicidin /¥4, BUAS5)ZE Lf-CATH1 F1
Lf-CATH2. fb2~& % LE-CATH2 X G+ .
G- LA S B BA ARG 0 T i s ik, et
S A ERIER S, H MIC {Uh 8.3 pg/mL!'™, K
PE—B Rt LE-CATH2 TP IA 7 il 47
PE, M TR R AR RS RIA R
o, e TEEVIRLE, SCBLTAE KA A A i
UM bW ALK IS LE-CATH2 ., 3 i 48 AE 55
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Y IE S A, O UG R AR 7 R IR Y
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1.1.2 5|49

1Y) (GR 1) A BRI Y A AR T AR TR
(Hig) ARAF SR
1.1.3 &

DNA BRI YIRS (Kpn1 . EcoR 1 . Xbal |
Bglll). T4 DNA i%4%f . DNA R4 HiFl DNA
marker 14 FAEH) TFE (Ki%) ABRZAHE]; Protein
marker W H 2K EEWHFARAIRAA]; BN
A PR R R & 3 R AR AE AR dE
) ARAT ;5 HE-B-D-A A Ut i~ FLBE
(IPTG) W4 H Merck Serono China A ] ; /N
ML H 92 [E Sigma Al Tris, H&BRAERNHN
WL B Amresco 237l ; HisTrap™ FF 24
4 H GE Healthcare /A ] ; HAth# A AL 735
oy A
1.2 A&

1.2.1 FLEEABIMEEFSIE L-CATH2 2R

DA Lf-CATH2 LA A6t , il 5149 1 70 2,
Xf Lf-CATH2 %% [ #E47 PCR 9714 514 1,
2 34 Kpn T Eg YDA 2 FIEE I A7 257 51
z1 AT LE-CATH2 E R A KB IHRI 514551

Table 1 Primers used for Lf-CATH2 gene
amplification and vector modification

Primer name Primer sequence (5-3")

P1 CGGGGTACCCTGGTGCCACGCGGTTC
Tagtctgactgagaattca
Kpn I thrombin

P2 CGCGAATTCCTAtccccgeggaagtacaac
EcoR |

P3 CTAGTCTAGAAATAATTTTGTTTAACT
TTAAGAAGGA
Xba I

P4 GGAAGATCTGGACCAGAAGAATGAT
GATG
Bgl II

The italic and bold sequence is thrombin site; the underlined

sequences are restriction sites, with the name under the sequence;

the lowercase sequences are part of L--=CATH2.

DL J% EcoR T VI 14 . PCR S FR : 10xPCR
ZEvP (Mg™ Plus) 5 pL, 2.5 mmol/L dNTPs
4uL, 514 1 F12 (20 umol/L) 4% 1 uL, #it DNA
1 uL, Tag DNA %58 (5 U/uL) 0.25 pL, fin K s
ZEIM/K 2 50 Lo PCR W 5510 94 C i As 1
4 min; 94 C 30s, 55°C 30s, 72 C 30s, it
28 MR ; i 72 ‘CHEM 10 min, WV 455,
PR T R RE BB L UK A, [l E SR
B T 2RI T 50 0E
1.2.2 LECATH2-pET32a™ Bl &FEER MR

wE s, A5 3. 4 LUK pET320
AR HEAT PCR 973, 155 Xba I 3] BglIl,
LB T BEMEEFI S FR4E M pET320 2K/ B,
FELL Xba I #1 Bgl 11 X pET320 AU )15 2 4
KA Bt ¥ 5389 KN Fr B oy 5B iU I 14 4%
AL KA FF 7 DHS o, 3EICH Ay BA: 5 B2 I 5
ETIR. Lh Kpn 1 Hl EcoR 1 43 B3] | ik
AR 1R 2 kRS, I, iR B
L ARWGFFH DHSa, #E47H 7% PCR, $EHCH (1)
PRPEsERE, 20N 5 8 3R LB K55 B of il
FEIEFEDY . Bk, R R EA —
ANRE I DD 7 8
1.2.3 Lf-CATH2-pET320™™ A EAMHES
RLHEE

W00 4 TR LE-CATH2-pET320 ™S [ 5.
B KR T &0 LB B30k, 37 CH3
FXPEOH, DAL 100 R AR SRS, BiRE
XTEOW, A IPTG 22K 1 mmol/L, 5% 4 h,
4 “CE.L> (5000 r/min) 10 min WA, BT
W (45 g BT 30 mL B R % bl
(0.1 mol/L, pH 7.4) 1, vKiA# %% 30 min,
WEWESAE ] 400 W, SR Ss, [FIRR Sso FFET
TR VE AR W OB R, BRIP4 C,
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14 000 r/min 50> 30 min, 433 B3% S UTHE, 17 SDS-PAGE Al il &5 25 1 R 1B O, 1 2 il
T 1xSDS FAEE whiARIR ST, b, BOB R AR IR AN P A 28R

T7 promoter _ lac operator Xba |
TAATACGACTCAC TATAGVGGGAATTGTGAGCGGA]'AACAATTCCCC [CTAGA
AATAATTTTGTTTAACTTTAAG AAC‘iGAG ATATACAT

Trx tag rbs Msc |
ATGAGCGATAAA=+306 bp*-*AACCTGGCCGGTTCTGGTTC TGGCCA TATG
M S D K.l02aa.. N L A G S G S G H M

His tag Thrombin
CACCATCATCATCATCAT TCTTCTGGT CTGGTGCCACGCGGTTCT
HHHHHHSSGL\"PRV(}S

S tag
GGTATG AAAGAAACCGCTGCTGCTAAATTCGAACGCCAGCACATGGACAGC
GM K E T A AA K F E R Q HM D S
Bgl I Kpn 1 Enterokinase _ Nco |
CCAGATCT GGGTACC GACGACGACGACAAG G CCATGG
P D L G T D D D D K A M

EcoRV BamH1 EcoR1 Sacl Sal | Hind 11l Eag 1 /Not 1
CT GATATC GGATCC GAATTC GAGCTC C GTCGAC AAGCTT GCGGCCGC A
A, D G: 8 E EF E L R R Q A € & R
Ava 1 /Xho 1

CTCGAG CACCACCACCACCACCACTGAGATCCGGCTGCTAA
L R A P P P P P L R 8§ G € 3

T7 promoter . lac operator Xba |
TAATACGACTCACTATAGG GGAATTGTGAGCGGATAACAATTCCCC TCTAGA
AATAATTTTGTTTAACTTTAAG AAGAGAG ATATACAT

Trx tag rbs Msc 1
ATGAGCGATAAA-++306 bp*-*AACCTGGCCGGTTCTGGTTC TGGCCA TATG
M § D K..102aa..N L A G S G S G H M

His tag Bgl I Kpn 1
CACCATCATCATCATCATTCTTCTGGT CC AGATCT G GGTACC
H H HH H HS S G P DB L G T

Thrombin Lf-CATH2
CTGGTGCCACGCGGTTCTAGTCTG+123bp*--GGATGA
L v P RYG S S L 4la G -

E1 EHMCBESEER
Fig. 1 Expression/cloning region of pET-32a (A) and Lf-CATH2-pET32a™® (B). The sequence in gray was deleted
from the commercial vector before the coding sequence for Lf~-CATH?2 was inserted.
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1.2.4 L{-CATH2-pET32¢™ B A B WA E
gtk

W 1 L& IPTG 5 /5 iYW &L, PBS
PEUk, EE, KIBHE AR, BO0UE RIER
& ,0.22 pm JERET RS I ACSE- #5479 AKTA HPLC
System |-fY HisTrap ™ FF £, %% | mL/min.
F & 60 mmol/L bR M [y % wfr 5 Vi 1k o 4= 2R 1
(1 mL/min), & Az 32k fa € J5 , & 300 mmol/L
DK A8 11%) 22 i VOO Rl 2 L EA TR L i
¥ Bradford ik Gl 8 IR, M4
PR, 18 1 L WP RS AR S
1.2.5 Lf-CATH2 B gtk

DL Tris ZE 0¥ (pH 8.0) & MEE LA, 25 C
PI#) 18 h J& , #E4T SDS-PAGE HLIK % 5E . F C18
#: (Hypersil BDS C18, 30%0.46 cm) RP-HPLC
aifh, I¥EFHR 1% =% LR (Trifluoroacetic
acid, TFA) WJEEFKMONE, 1EREIHL
PEREEEVEMS (1 mL/min), 214 nm K80 W% 5 g
WA HREN, fH Bradford A:MvE M 2 H )
EEWE, RAAT-20 CH, fLiGEm 2 .

2 ZR

2.1 FAMUEHIK L-CATH2-pET320™"° BY
M

DU P45 5 7 BB R A 1 2 BRaE 1l il 2 24
PRARZS AL AR pET3207™, IS 1. 2 97
B A eI B AR 7 55 LE-CATH2 (171 bp)
H AR ¥ B A5 BefnpifbadiZ: Kpn 1
1 EcoR 1 AUHGY) 5 i%4% , FAV KIGHFF I, ik i
PRSI TR VS PCR. 433 G149 1. 2 F1 3,
4 JEFTIATE PCR %, A0 K/NSHS{H 171 bp
(1 2, VKiB 1), 432 bp (A543 EE I B A2 2 B b

2 EAMUEMKETE PCR BIKE
Fig. 2
optimization strain. M: DL 1 500; 1: Lf-CATH2 for the
use of primers 1 and 2; 2: optimization of vector

PCR gel electrophoresis of recombinant

fragment for the use of primers 3 and 4.

2, B2, UKiE 2) Wifr o TR B8 BA M v b
P, SR EIEAM LA LECATH2-pET320 ™
PIE R .

22 MEERARIEEE

SDS-PAGE W& 4 Lf-CATH2-pET32a™°
M TR 20 IPTG 535 , Rk PI7E 20 kDa
B B T — S B AR AR, S EIR AR X 4y
FFifE 19.3 kDa AHAT (& 3, ki& 2), R&FHET
FIRM TR, TR FE (&3, WKiE 1), 8
6] %0 N5 R AT LE-CATH2-pET32a
(K 3, WkiE 3) FILAL 2K TH Lf-CATH2-
pET32a"° (K 3, Vkil 4). RI&FIERIKEAY
22 kDa, JKEEHEA 3 B8 HR IR 5
o7 AR B R 11 21.4%, il fb 2k /& LE-CATH2-
pET320"™ F IR HEIALE M 46.2%, N
RABALEAD 2 £500 E, RESAE R TRL
AR R A LR
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3 FTEFHTEAEEANRIEFR
Fig. 3 SDS-PAGE analysis of the whole cell protein
expressed under different conditions. M: protein

marker; 1: non-induced recombinant optimization

strain; 2: induced recombinant optimization strain; 3,4:
Lf-CATH2-pET320 and Lf-CATH2-pET32a™ strains
in the same induced conditions.

23 FEERRLGL

WCAR TR A, B R 0 I 4 0 R4 i S i
W (B4, ¥KiE 2), JUBE (&1 4, ¥KiE 3) JEATH
TREN, WORELG R Z AR (K 4),
1 L ¥ pET320-LE-CATH2™™S 541 ik (19 15 i 4
IPTG 595, MR EIARE Fi5W, it AKTA
HPLC System 21 2li{bfl &8, R Bradford
ORI o R 2 Ry 487.8 mg/Ls
24 BHHZEBREK. SH5E4HEE

EEMPFLIFIALAAT R 5 G ZME]: LVPR-GS,
AL IRRL G 2 D E S - A RN A B,
W RSN 144 kDa 55 4.9 kDa (& 4, ki
4) ;s AR B L IE LA R T N R By
51k 13.9 kDa #1 8.0 kDa (& 4, VK& 5). #1k
A LIRS T (& 4, WKiE 4. 5 F
Ji @i SR TR A AT IR BE A A5 R WoR Ak
Ji5 B I TR BRI T2 3%

http://journals.im.ac.cn/cjben

eI V) E) 7 M 45 AKTA HPLC System
A Al AL L BR VIR R BRIk s VI8 7 B,
W B 7 1% RT-HPLC 44k, %9 27 min
BUOA G o — Wi, AnlEl S BTk PR, HAELR
PV B A B B T B S Ak e B, 1 B
RT-HPLC 4lifb Frf iy BAnaE e B m . Xf 4l
165 1 LE-CATH2 #4174 B A4 45 5K I MIC £
W, FAEWFIK 8.3 pg/mL.

kDa M 1 2 M 3
60

4 kDa M 5

40

30

20

12

B4 EEAMLBAEZERD. B LER. SHEKR
At & &A% 58 SDS-PAGE 7347

Fig. 4 SDS-PAGE analysis of cell lysate supernatant
and cell lysate pallet and thrombin-cleaved fusion
protein in modified vector, with unmodified as control.
M: protein marker; 1: whole-cell protein; 2: cell lysate
supernatant protein; 3: inclusion; 4: two protein bands
after cutting the fusion protein in modified vector; 5:
two protein bands after cutting the unmodified fusion
protein in unmodified vector.

1500 UV--214 nm

S 100
= 1000 g0 &
= g2 ©
g 500 60 2
g 40 £
2, 20 &
2 0 3
< 2504 20"

E 5 RT-HPLC #hi{t B9 LI-CATH2
Fig. 5 RT-HPLC analysis of purified Lf~-CATH2 with
a C18 column.
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3 9tk

PUAEAKE TH A S48, i EdR, K£
BN T (AN REFEARE), A
MR —FIRAR R, A 2y Bl i 32 04 9 1 g
fife SR e, ARARRREE BRI T H A E R
FRUT AR B 1 SR R A R G A
GEMA, BUFHREKAMRLSH, KR T4t
TR PR 4 R T T BRORE, T TR R R L1520 ol
T ARBAS il 5 LE-CATH2, AR S50 3 i
AL E ARG R REHATIGE, ERE
FHERBFRE P& mRBEHEAR, A
SIS R BN, K LEECATH2 @A 5 A
VEPESRIR, 1155 Sralifl b B AR A W

XFFRA RSB UL, BV R R
SCEEEL, A T e Ak U  BE A6 A HE 22 K O
Prd A A 2 2, pET32a FARH
FF FRE T HUm IR ml & 25k, (R B0E B
M B BT (0 B A A7 25 A S AR T REFH AR
EE I B AT ED ST H R B A
A BB AR AR AR R v 1 Tl D) A  A2 AR I AR B 1 R
M, B T E B R 1% S 4 (o 15 5 it 1 1) 1
P B, ARME SR, S RIMCEA S,
B8 79 A 56 L it 7 T B e 8 1 O, X T U
TRMFS Bt a2, AR T HKE AL
U200 I FRATOEAL T pET320 804K, ZBRT
S bR2& 5 EE M B, e LE-CATH2 J¥ 81 i
ABEMFGOL 0, BRI B TR G 3Rk
HRRAWASEANFERELEAD SR,
Ze L BE MY, B4 A RT-HPLC ZlifkJ515 21
() LE-CATH2 358 S 7 B0 B0 81 37 1 o AR S0 3
A A 1) T R A B SR B R R IR R G, AR
fif e T R G BAR DI ROCRACT a8, A

N cathelicidin ZEM5 e Ho A BH 28 55T 31 JIK B 5 4%
R FRIE T H
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