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High Expression of the Human Antibacterial Peptide LL-37
in Pichia pastoris and the Detection of Its Activity
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Abstract: Based on the gene sequences encoding human antibacterial peptide LL-37 as registered in Gen-
Bank (serial number in GenBank is CAA86115), using the preferential condon of P. pastoris, the antibacte-
rial peptide LL-37 gene 141 bp in length was designed and synthesized. Especially a Kex2 signal cleavage
site was fused in 5'end of the antibacterial peptide gene. The modified antibacterial peptide gene was cloned
into the pPICZa-A vector to construct the recombinant expression vector pPICZa-A-LL-37. The Sac

linearized plasmid pPICZa-A-LL-37 was transformed into P. pastoris X-33 by electroporation. The trans-
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formants were identified by PCR using R2 and 5 AOX1 specific primers. The concentration of the secreted
LL-37 was 206 mg/L. The new peptide, which has a weight of 4.5 kD, could remain its inhibition activity
after being treated for more than 3 hours in boiled water. Agrose diffusion assay showed that LL-37 had
broad-spectrum antibacterial abilities not only to Gram-negative bacteria but also to Gram-positive bacteria,
the MIC to Staphylococcus aureus (Cowan 1), E. coli K99 and Salmonella pullorum were 1.56 ng/mL,
3.12 ng/mL and 1.56 pg/mL, respectively.

Keywords: Antibacterial peptide LL-37, Genetic modification, Secretion expression, Detection activity

(Antibacterial peptide) , Pichia pastoris
, LL-37,
, SOE(Gene splicing by overlap

) extension, gene SOEing)

, LL-37,
LL-37 .
Cathelicidin , Human 1 ﬁﬂﬂ]ﬁ&
cathelicidin antimicrobial peptide 18(hCAP-18) 1.1 #g
3 1.1.1 &= PR FARHL Cowan
C LL-37 (ATCC12598), K99(ATCC39302)
) ) « (ATCC10398),
? LL-37 , (Escherichia coli)DH5a, (P.
pastoris) X-33(His /Mut")
An H LL-37 M- pPICZa-A
CSFRJ6-1 (Macrophage colony-stimulating factor re- 1.1.2 EFERXF: Xho  Xba EcoR Sac
ceptor from the J6-1 leukemic cell line) , T4 DNA Ligase TaKaRa Biotech :
Sp2/0- Tryptone Yeast Extract Oxoid ; Tricine
CSFRJ6-1 BLL-37 SDS-PAGE Marker ;
» LL-37 Zeocin Invitrogen ;
» LL-37 ’ 1.2 IERERERITIE K
LL-37 s
4 DNA Star primer premier 5.0
; ) 4 F1 R1 F2 R2 Fl R1
, 3 R1 F2 5% F2 R2 37
s 21  bp , gene SOFEing (gene spli-

cing by overlap extension)

>

Xho Kex2

F1:5:GCTICTCGAG]|AAAAGAITTGTTGGGTGACTTCTTCAGAAAGTCCAAGGAAA-3!
R1:5:CTGGACGATTCTCTTGAACTCCTTACCGATCTTTTCCTTGGACTTTCTGAAGA-3!
F2:5:GAGTTCAAGAGAATCGTCCAGAGAATCAAGGACTTCTTGAGGAACTTGGTC-3!
R2:5:ACTITCTAGATCATTGGGATTCAGTTCTTGGGACCAAGTTCCTCAAGAAGTC-3'

xbh

© FERFERMEMARAATIKSHIEST http://journals. im. ac. en
http://journals.im.ac.cn/wswxtbcn


http://www.atcc.org/common/catalog/numSearch/numResults.cfm?atccNum=39302
http://www.atcc.org/common/catalog/numSearch/numResults.cfm?atccNum=10398

LL-37 541
4 ,F1  49bp,Rl  53bp,F2 R2  BMMY , 28°C 250 r/min
51 bp, Invitrogen 84 h, 24 h 1%(VIV)
1.3 PCR #i& 96h 5000 r/min 10 min,
4 , 1.7 EFHFRIEMERKAY Tricine-SDS-PAGE
(50 uL) 10>=<PCR Buffer 5 uL, MgCl, (25 mmol/L) LL-37 4.5 kD ,
3 uL, dNTPs (10 mmol/L) 1 uL, F1 R1 F2 R2 15 kD Tris-
(10 pmol/L) 1 pL, Tag™ 0.5 pL, ddH,0 36.5 uL ,
, SOE , Tricine( )
(touchdown, TD) PCR , ,
94 4 min, TD-PCR 94 30 s, 7, LL-37
65 50 , 1 min, 1
05,72 455, 30 1.8 HHEFEHWS B
50, 52 15 LL-37 MINI-
72 7 min, TD-PCR 2.0 uL, PORE( 3000 D) 5 ,
1.5% ; 1000 D (SP132640) PH7.0 PBS
s Sephadex-G25 S
14 EHESREHKIWE 0.2 mol/L NaAc (pH 6.0) 10.0 mL/cm®h
PCR pPICZa-A Xho  Xba
» T4 DNA ’ E. coli . Tricine-SDS-PAGE
DH5a0, PCR ,
5 - N VRN
| [°] 19 BEREKENESRENERINEEENE
Invitrogen
DNA/RNA
pPICZo-A-LL-37
1.5 X-33(His/Mut")® Mut 3L FRITFEFILE (Cowan )
Pichia pastoris X-33 (His /Mut") (80 uL)
Sac | pPICZa-A-LL-37 (5 pg) , .
, 55C LB 25 mL ,
0.2 cm (Bio-Rad)
. , ( 5 mm)
5min, 1.5kV 25 uF 200 Q , 1 mL ]
1 mol/L , 200 pL YPDS 40 uk LL-37.,37C ’
,30C Pichia ~ PPICZ0-A ’
Expression Kit PCR P. pastoris Amp > 2
, . PCR [6]’ P1 R2 1.10 MEAK LL-37 M/LMENHRKNEXE
, Pl (MIC) ZE
, 5 “GACTGGTTCCAATTG
ACAAGC-37 , PCR 94°C (Cowan ) K99
5 min; 94°C 45 s, 48°C 45 s, 72°C 45 s, 25 : MIC,
72°C 6 min 467 bp MIC LB
10° CFU/mL, 50 uL 96
1.6 E4 P. pastoris HEEMBPRIFSRIE LL-37( 100 pg/mL,

5 mL BMGY
30°C 230 r/min 22h  ODy 5~6;
3000 r/min 2 min, 25 mL

50 pg/mL, 25 pg/mL, 12.5 pg/mL, 6.25 pg/mL,
3.12 pg/mL, 1.56 ug/mL, 0.78 pg/mL, 0.39 ug/mL,
0.20 pg/mL) 50 uL, 37°C 12h

© FERZERMEDFHRFATIKSHELL http://journals. im. ac. cn

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



542 wehGEHR

2008, Vol.35, No.4

ODgo
1.11 EhEMERBIATRRE N
LL-37 Smin 10 min 15 min

20min 25 min 30min 40min 50min 1h 2h
3 h, 1.9 )

, pPICZa-A
LL-37
2 R
21 ERFE®IT
LL-37 1
LL-37 141 bp, 37
N Xho ,C Xba
N Kex2

Xhol Kex2 L L G D F F R K S K E
5" GCT M AAGA| TTG TTG GGT GAC TTC TTC AGA AAG TCC AAG GAA
K I 6 K E F K R I v Q@ R I X D F
AAG ATC GGT AAG GAG TTC AAG AGA ATC GTC CAG AGA ATC AAG GAC TTC

L R N L vV P R T E S Xbal
TTG AGG AAC TTG GTC CCA AGA ACT GAA TCC CAA TGA M] AGT 3’

E1 ®it & B ERLL-378 E 2 HER 55

Fig. 1 The DNA sequence of the designed and synthetic
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Fig. 2 The amplification of LL-37 gene by TD-PCR.
M: DNA ;1 2:LL-37 PCR

M: DNA marker DL2000; 1, 2: PCR products of LL-37 gene
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Fig. 3 The Tricine-SDS-PAGE of the antibacterial peptide
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Fig. 4 The Tricine-SDS-PAGE assay of the purified recom-
binant antimicrobial peptide
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M1,M2: Low molecular weight protein marker; 1: The control of
Supernatant of X-33/pPICZOx-A; 2: The purified Supernatant of
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Fig. 5 Detection of the antibacterial activity of LL-37 against Staphylococcus aureus (A) E. coli K99
(B) and Salmonella pullorum (C).
Al: Amp (25 pg/mL); M: X-33/pPICZa-A S 2 3 LL-37 ;B) 2 3 4 LL37  ;(©O1 2
LL-37
Al: AMP control(25 pg/mL); M: the control of Supernatant of X-33/pPICZcx-A; (A) 1 2 3, (B)l 2 3 4,(C)l 2 Supernatant of
antibacterial peptides LL-37
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