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# OE: AN KR AR AR LL-37 (rLL-37) B R 7 b E | 340 5 76 D50 40 L w45 ek, LA PRBEUF Y )
&hk. Kk O¥YTY (LL-37 B HFE T AR pET-28a( + ) , M E Fak [FkL pET-28a( + )-rLL-37 , 3F T BL21
(DE3) Hrfiih & 235 Ak ; @K 4 F5 rLL-37 KE R FE 51 v fr) 95 4 A2 200 8 s A7 8000 - e g D 0 400 14 1 22 0 R E L N
St 0 A — B A5 71 Ha 767 54 A 38 8 [ ( carrier protein molecule, CPM ) [ 541 , #4 8 3¢ ik kL pET-30a( + ) -CPM-rLL-37,
HF LM BL21 Star( DE3) W& 26k ik, bk bak 2 Fporsk fLL-37 B0 6 3R, 0 iFon bk, 85 Wit
Touch-Down PCR #£ i TI3K718 fLL-37 Z k) DNA 551, fiki pET-28a( + )-rLL-37 F4F i BL21 (DE3) th ik @& EA Y
G A Y 20% |, 3 LS 98 FH B T A8 Ak s Macro-Prep High S @lifk; it 7 — Bt & 28 S SERGHE 39 CPM (pHi
2.7.pH 7.4 BYHLAT A - 6.0) , NIh il 2K 87 pET-30a( + ) -CPM-rLL-37, Jf FAFH BL21 star( DE3) ik  B-&HH Y
T T Y 35% , 4 TALON S FAE A R atifh . 20 300 58 8 < 06 11 1 MO 7 0 BT 3R 18 09 rLL-37 KRS G G~ MR R
ABIFHIAE S, 85 (LL-37 (£ [RAZ R o 9 R AR E , TR ARG tLL-37 (R S PR BE5E T 2k

REEIR . LL-37 B R G &k R EE N
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Comparison of 2 kinds of construction and expression methods of reconstructed hu-

man cathelicidin LL-37

YANG Yan-li, GE Xiao-dong, LIU You-sheng, ZOU Jia ( Department of Pathology, Southwest Hospital, Third military Medical U-
niversity, Chongging 400038, China)

Abstract: Objective To employ 2 approaches to construct and express reconstructed LL-37 (rLL-37) in
procaryotic system, and to explore a better preparation method. Methods The first method: the rLL-37 was
inserted into vector pET-28a ( + ), then was induced to express in E. coli. BL21 (DE3) and purified by chro-
matography ; the second method ; the rare codons in the rLL-37 gene sequence were substituted by the preferred
codons of procaryotic cell, and a fragment of carrier protein molecule (CPM) was added to the N termination of
the objective sequence to construct expression plasmid pET-30a( + )-CPM-rLL-37, then the rLL-37 was ex-
pressed in E. coli. BL21 Star(DE3) and purified by chromatography. The productive rates of the 2 methods
were compared and the antimicrobial effects of obtained rLL-37 was studied. Results The first method: the
DNA sequence of rLL-37 was obtained successively by Touch-Down PCR. The expression plasmid pET-30a
( +)-CPM-rLL-37 was expressed with fusion protein in E. coli BL21 (DE3). The expression rate accounted for
20% of total bacterio-protein, then the expressed product was purified by using high positive ion exchange col-
umn Macro-Prep High S; The second method; a fragment of carrier protein molecule was designed that con-
tained 28 amino-acid residue and its pHi was 2.7, net charge was —6.0 at pH 7.4. After the expression plas-
mid pET-30a( + )-CPM-rLL-37 was constructed successively, it was expressed in E. coli BL21 Star ( DE3).
The expressed fusion protein accounted for 35% of total bacterio-protein, then the expressed product was puri-

fied by using affinity binding chromatography with TALON resins successfully. The obtained 2 kinds of
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rLL-37 were able to kill both Gram-negative and -positive bacteria by the means of inhibitory zone. Conclusion

It’ s feasible to prepare efficiently rLL-37 in procaryotic system, which founds the basis for the further re-

search on bactericidal activity of rLL-37.
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LL-37 & Cathelicidin Zji% P ME—1FLE T AMEA
AWK, BR T BA YRR RS, LL-37 78R Gl o if
BARPNFEEM, H it LL-37 FE 44 N #4552 3
Bk A B . MR 45 M 5 2 BB (structure-ac-
tivity relationship , SAR) F 5% i 75, PR o-42 EHT 78 Ik
T G 375 PR R RS 5 IR v Y L L AT L K M
M B HEIAELTY . R THRES AR LL37 2k
PUATE M, A UBEA X LL-37 #4740 T 30 ( Glu,g—
Gln g ,Asp,s—Asn,g \Gluy,— Glng, ) 428 T LL-37 #91E
HUAE 0 ORI 2 BT BT W 4. — 7 T

rLL-37 % [H ¥ 51| i A # 4k pET-28a ( +) F LA

BL21 (DE3) Hh &1k ; 75— K 4 % 1LL-37 2k X
J3 50 o 0T 4 T A R A D T 40 O A% 400 7 O
T HF  HFAEH N S50 A — Bt 4 5 6 e far | SRk M
548 i) 7K 24 2K [ ( carrier protein molecule, CPM) JL[H JF
B HCA B A pET-30a ( + ) FL#H T #E BL21 Star
(DE3) FRfil & 335 Lk 2 Fhoy ik xd fLL-37 Z KA
RilE R AL RNBT B TG R T L, DS R B
) 85 512, ek R LL-37 (4 Kt il 45 B A W 2 1 PR
Fr B 5E HA

1 #RE5xH®

L1 &AM A A KR

pMDI8-T #{K . Ex Taq ffF ,Sac 1  Hind [l ,Fxa S5 7 &
I H TaKaRa 22 7] ;3 6 x His mAb (1922416 ) ) ] Roche 2] ;
PCR 5 1 |- ¥ 4 T4 ill; 6 x His 3 4 {k TALON ( Cat.
8908-2, Clontech) L) Clontech 2> 7] ; 3 FH 25 22 $6 ££ .45
Macro-Prep High S It [ 3¢ & Bio-Rad Laboratories 4> ,
1.2 REHF 6383+ R B A4 o7 ik A s 1LL-37 AGA R

i 44 B, 47 5T

BHICHRT BT T —> 84 bp ) DNA FF51) , 1% 5 51| 4 5
28 ANGH R 2 B AR 4, H pHI 2.7 pH 7. 4 iif EL 1
= 6. 0B 3X — BE T A7 0 FL 767 ) 7R 402K 1 5 [ 7 91 i A rLL-
37 ZHKM N S, A rLL-37 KD 50 o 54350 200 JURZ 40 o
A DT R A A% A T O B RS F (GGA #4 GGT,AGA
ek CGT) o 1 ATk Anthepro 5.0 X 2 fl % i
Ak PET-28a( + ) pET-30a( +) K HE 17 ik UKL pET-284
( +)-rLL-37 .pET-30a( + )-CPM-rLL-37 Jif 4 % A il & % £ i
15047,

1.3 rLL-37 B3t k& FOGA A6y sk
1.3.1  #if% rLL-37 fY DNA J7 5 A 3543 N #i5(4: 5'-AA
TATCGAAGGTCGCCTGCTGGGAGATTTCTTCAGAAAATCTAA
GGAGAAGATCGGAAAGCAGTTCAAGAGAATCGTT-3' (4
Sac 1 @Y% &) ,C 3565 #) :5'-TCTATTACTCTGAGTTCTAGGA
ACCAGATTTCTCAGGAAGTTCTTGATTCTTTGAACGATTCTCT
TGAACTGCTT-3" (& Hind M VI3 ) o LA Touch-Down PCR
HHATY . PCR &4 R :1 A EIF (94 C 2 min) 2 PMEF
(94 °C 40 5,65 C 40 5,72 C 40 5) .1 MEH(72 C 2 min) .
1.3.2 D AZREE B 4 F R S T #4049 fLL-37 (9 DNA F¢
FIMERTS  N#mg|#: 5'- TTCGAGCTCGAAGTTTGGAACGC
ACTTGATGCACTGGAGCTGGTAATCCAACAAGAGGAGGGTTC
TAATGGTACTTCTACTGGATCCGAGGGCATCGAGGGTCGCCT
GCTGGGTGATTTCTTCCGT-3"( & Sac | BYIGi &) ,C 4B 4.
5'-CGCAAGCTTGCGACCCTCAATGGACTGTGTACGTGGTACA
AGGTTGCGCAAAAAGTTCTTGATACGCTGTACAATGCTGTTA
AACTGTTTACCAATCTTCTCTTTAGATTTACGGAAGAAATCAC
CCAGCAG-3' (& Hind I §§40{ /45 , LA Touch-Down PCR i 4%
1 [FIRTHEA T 4
1.3.3 4l rLL-37 fiv 3% ot 14 4y st % rLL-37 fi1g
54 rLL-37 (¥) DNA o050 5048 1. 7% BERS sk |, alifk, L)
HEHEA & ( DNA ligation Kit Ver 2. 0) #% 4 A pMDI18-T # {4
(16 C#EHE 3 h) 5 A2 DHSa 4, 470 AL BERE . M
0L BE T I | 300 L A P R AR A TR L BORE R R,
BEATALEEI) ( Sac 1 Ko Hind TN ) (RIS HL K falifb, “ifk)s 0 H
9 R B 5 -5 [ FE AL BE ) 38 i pET-28a( + ) \pET-30a( + ) i%
1% 7 A DHS5a @ 9, ilf LB 45 (% Amp 20 mg/ml) i 4741 1 i
2E, PP G A TP S, TE B Y B TR TR R
o RSy 3 e AR IR T BL21 (DE3) (BL21 Star( DE3)
1.4 rLL-37 &4 F ik & 44t

W& BB BL21 BL21 Star( DE3) B 7E D(600)0.6
~0.8 [, LLIPTG 1 mmol/L K1k, FHR BB 0T H 5,
43 FSCHE ek T Ak, B HRCHL W] PR 2R 1 T AR AR SRS LA 6 x
His TALON #F.(3Efaifl, 2544 0 :5 mmol/L {1 R sk 4k % 2% 2R
FL AR E A B LC PRI (43 51 5 bR e 150,300,500 mmol/L)
TIRRREAlAL . #5025 1 T 0 e 4 00 e R L R T IRk AT
SDS-PAGE H1Ljk 1l Western blot 4£5¢
1.5 1LL-37 # & Wahdn & o7

ZHROCHR(7,8 ] 7 i, f A 23K 1 1LL-37 LA FXa BT
BiEY, A MIC MBC 005 B30 5 rLL-37 2 RO w1
1.6 #%Hit5dFiE

K H] SPSS 10. 0 Geit#k it T ¢ K.



2022

i 28

¥

2 HR

2.1 RERHHRETEST

SR 41 (84 bp) : GAAGTTTGGAACGCCCTGGACGCCCT
TGAGCTGGTAATCCAACAAGAGGAGGGTTCTAATGGCACCTC
CACTGGATCCGAGGGC

2.2 HAPF kA rLL-37 Ak R 6 A 5 AT

I #f4 Anthepro 5.0 XF 2 B pET #0K K g &5 8 (1 ik 17
HLfaf 7087 214 pET-28a( + ) | &5 F ki L IknY pHi 8.2, ¢
pH 7.4 [ 5 2 0. 26 £ (& pET-30a( +) |- &5 Kk E K
i1y pHi 4.4, 75 pH 7.4 mfideds fif Jg-11. 73 ; Bk pET-28a( +)-
rLL-37 AF kY MG 2 1 pHi 12,0, 78 pH7. 4 WFifeif far 4 9.2
(& 1A)

W2 oLL-37 REDR Y 20 o 04 55 4 S 20 4 G A A T
oA ORS00 14 (OB D T ( GOGA Bl o GGT  AGA P 2y
CGT)  [alifE rLL-37 ZHKAY N Smhn A — B CPM(pHi 2.7 .pH
7.4 BFHLfar A - 6. 0) A il % #2318 kL pET-30a( + )-CPM-rLL-
37 AR AR R M pHi 6.5, 7F pH 7.4 REFLAT R - 2.5
([F18B)

31 pHI=012.055

A ¥ pET-28a( + )-rLL-37 &4 g
CPM-rLL-37 @4 d b age &
Bl AHRERNAEESH

b ATECE s B i #E pET-30a( + ) -

2.3 rLL-37 @A Ak ey Mk

FH Touch-Down PCR ik, 4r M 345 1 H Y DNA J§F %)
(1KY 140 210 bp) ,#5 H A0 BIFEA T 421K B %3k 4R (& pET-28a
( +) pET-30a( + ), il & T Fik [Tk pET-28a( + )-rLL-37
il pET-30a ( + )-CPM-rLL-37, £ &F e B bk %5 5 HAS 24 Hy
5500.5 600 bp, 516y & H 0 R BETR Y 1 HE (O
5488 .5 635 bp) . LARE: pET-28a( + ) -rLL-37 . pET-30a( + )-
CPM-rLL-37 fil7s g pET-28a( + ) pET-30a( + ) A H, LA
BCTT I3 8 F #0TT 22k ) 64T PCR §7 K4, 4 51 3RS R
320,440,370 590 bp (4245 (1€ 2) S MSEARE , D0 #fb &
iKUK & A A E R B, 28 DNA FFZ1I 58 GERH DNA T3 4]
ETf
2.4 rLL-37 ¢4 F K R AL

ik pET-28a( + )-rLL-37 7£ BL21 ( DE3) 1 | IPTG if &
ik, AR 9 /b FRak I (B 3A) 28 SDS-PAGE ik
WA TR RZ 0 8 x 107 ARG TR O O 3R 4 B B

rLL-37 00, g AT AR [] , VSR I 4140 b A il £ e ik At
27 5 4 A Y 20% 5 ik pET-30a( + )-CPM-rLL-37 £ BL21
Star ( DE3) i IPTG i S deik , A B 8 /N iy #38 Bt e
%% SDS-PAGE Hi ik W23k {1540 T FRAR £ 15 x 107 (Y & 8 11
(GRS or F B rLL-37 K B CPM) | 5 6 48 4 ) 13
3B) , HBEREF I S s i 4 R 1 ik B2y R A AY 35%

2 (0 l‘p .

1 (i hiu »
2 000 twp » 750 |

750 bp—
1 L“f“ bp— 500 bp— K

7500 bp—

500 bp—
250 bp—
2500 l\].‘ i

o0 bp—*
1000 bp— 10

A Hfi#i pET-28a( + )-rLL-37 & PCR %& 1 4;DNA 47i2:2. i #
pET-28a( + ) A48, T7 BHF 40 17 #bF 24 3140 7 PCR 74
345 pET-28a( + )-rlL-37 A 484,17 B #h F 4o 17 #45LF 4 3l 49
47 PCR 475

B: ff#5 pEET-30a( + )-CPM-rLL-37 &9 PCR %% 1. DNA 4785 2,3,
Fidz pET-30( + ) AAR,TT B30T F T7 k- 4 4| #hit 47 PCR 37
H:4.5. M4 pET-30a( + )-CPM-rl.1-37 484,17 & 3 F 40 T7 £k
F- 4 3] it 47 PCR 43¢

E2 [RE#L pET-28a( + )-rLL-37 0 pET-30a( + )-CPM-rLL-37
) PCR £
5 0O “‘ 1
6610 e ssx 10—
= Fx J(h— S
I‘;: I“ E 13510 -
27X 10— -
27x 10— !
- 2005 ] ()1 —+ -
20% 1 (F— “ .
14410 l 14451 — - —15%10
9.5x 105 -'*H.v(lll PET =
E -

X 41 T -
4. 1% 10—

-
=

A:Hida pET-28a( + ) -rll1-37 @d fk ey b ik o 1 & & MR
2. BI2 I VLIPTG 5 R G A K &3 -6.4 pET-28a( + )-
rLL-37 69 BI21 2L IPTG i 3 A5 3 6 9 12 h éh 4 & 8.7 4%
Fi#z pET-28a( + )85 BI21 Bk IPTGC i F AL EH L2 EES

B: /42 pET-30a( + )-CPM-rLL-37 @4 R ik ¢y ik a4 1. Ham
#3:2: 4 pET-30a( +)-CPM-rLL-37 85 BI21 star( DE3) # 4 IPTG
i B Foik 8 BB AR @ 3304 pET-30a( + )-CPM-rL1-37 45 BI21 star
(DE3) 1 A IPTG i § A ik 69 & % & 4.4 pET-30a( + )-CPM-rLL-
37 ¢4 BL21 star( DE3) @ v IPTG % FF A6 TiIEWE G

3 SDS-PAGE Hik 917

7k 1 ARG H 128 TALON FELOCE G alifens & B A
W 14 A /0 ) B LGRS b Tl e oA WL I R MR e o5 6 x His
TALON 4lifb a0 A B C £ L %+ /5 ] SDS-PAGE i1
Pk A DLW 2R 1 AR, U Tk Y i Y R R T
TALON FEE A7 2zl fh . o 400 FH s FH 25 1 42 40 488 Macro-
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Prep High S JETTABEESliAk , 450 R P34 1 x PBS (% NaCl
10 mmol/L pH 8.4) ,3EHE A B C.D #4594 NaCl 220 350,
500, 1 000 mmol/L {1 1 x PBS i, W08 31— 8 R0y B g flds
ANEG A LCLD U 5 A I RO IOT U £ I AR R T S R SDS-
PAGE f ik WL B U847 B 26 1) 2015, 3R/ 22K MO R 45 45 11 52 ol
U9k B 2 A i A i alifl .

Jid 2 FR I R Fr B L pH 7.0 (i HG T A R T
2 H TALON #E54li4k, 150 mmol/L @ BERESE | —A4~ 98 Ao B
I 1 300 mmal/L (1 BEMR TR 1 A4/ C I, 28 SDS-PAGE
HUPK S5 B AT WA 2R (1 25405, BLHA 6 08 1) B 5 2 11 RE 12 2 1y
TALON HEisalifl,

2.5 rLL-37 644n 1 & AR ]

LRGP S R UE S 2 Pk £ A NY fLL3T ZRX G LG
ARG T, B 25 (P >0.05) . P75 rLL-37
b4 B (O AGER B ( ATCC25923 ) 1M 3 VE F T Amps (LL-37
ZJRxt FE M R 14 ( ATCC29212) ) MIC (8 £3.5) pg/ml, MBC
(32+9.4) pg/ml 5 AMP X 7 ER# ( ATCC29212) (19 MIC (4
+£2.1) pg/ml MBC (32 £10.5) pe/ml FHIL(P>0.05)

RI  B

BATYOR IS PERY S BRIKAE E. coli 11 BRI 1]
ek 2 A e % P JUCGT IR A0 G4l 7 ) LA 4o
AMEN AL THIEER ARG EERL, &, AW
KA R AR E, P RAET . AL
IR 2 Bh ik kL pET-28a( + ) -rLL-37 fil pET-
30a( + )-CPM-rLL-37 JF7E A% R 40 bl & 35k, T2
[# BL21(DE3) BL21 Star( DE3) #{fE 4 1F 8 4 1 fil

N DALt BTN G S e (iR S Wi (WO 3
A e

Jf ki pET-30a ( + )-CPM-rLL-37 T BL21 Star
(DE3) e ik ) W1 it (5 T okr pET-28a( + ) -rLL-37
fE BL21 (DE3) vh 335 (0 &, 40 87 IR I . D 23k Sl
pET-30a( + )-CPM -rLL-37 1 rLL-37 3P )55 (1 &6 43
A% 24 P R A R A e e R R A A IR
PRI 2 S 0 1 A R Tl B P DR AR A R ek, A
M4 e A K . @k pET-30a( + ) -CPM-rLL-37
e rLL-37 JEFEF G N S IA T — B 4 545 6 fof
() CPM REPH P31, 540 7 8 1 A9 05 e o e 11, L0 B
{I% rLL-37 Z2 ok 1k 1 3 0 0400 5 5 (Rl B AL CPM,
rLL-37 220K 40 it 8 x 107 B8 % 15 x 10, M ifij
e T RIK YRR E R R T R Q8 Bk
pET-30a( + )-CPM-rLL-37 [ ¢ ik 18 £ & H BL21 Star
(DE3) , HALHTE T BL21 Star( DE3 ) e/l RNA #fi% 14
DI RnaseE ) | R #3635 H A9 8 1 #9 mRNA 54
AR P 0 08 A R A0 AT P mRINA 5 3 7K, WA il A7 1) T

H iy oo Bk A ik . @A pET-30a( +) £ &5
FIRMZ K pHi 4.4 pH 7. 4 W5H TR - 11,73
TRk pET-30a ( + ) -CPM-rLL-37 JIT 4 Bt 14 il & 726 11
PR AT R AL, A I — A FEAIR rLL-37 22 KX A 7
PR AL B A e R A ek

Jrik 1 ARG rLL-37 20K, 3L N Sl A 4
pET-28a( + ) Ur&ifih i) 6 x His, P & 7] 0 2= 6L DL ST
%6 x His (1] TALON #0550 il 7 26 (A b7 &l Ak, (H S
gorb Ok B G BEE FR S AS A, o P A T g
RS ZMKAE pHT. 4 WTY A A7 29 9. 2 (%) BE L 47, [k
fil A T 1115 TALON HEt [ CO™ MIHER: , B M 1 f
KR 6 x His IKIFH1 5 CO* 454, Wil ik
atidk . FRATRE HAS i PH 25 1A A S Macro-Prep
High S 7746 B Al AL RO B0 0 (HABE RS 25 . ik 2
FEIRIIRA 2 KT 8 TALON #E b 74 #califk , Jf H.
Al A R, Rt — AL AR ) A fLL-37 2 IO TN 9T
HAY A IR BE T 3R, A I RBT A IR IR R AR
BRI A ROk .
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