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Effects of different signal peptides and chemical penetrators on
extracellular production of recombinant cyclodextrin
glycosyltransferase

CAI Hai-Song' LIN Xiao-Xu'? GUO Yong-Hua' CHEN Long-Jun'
ZHANG Hui' QIU Hong-Duan® LIN Xin-Jian'  CHEN Ji-Chen"’

(1. Soil and Fertilizer Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, China)
(2. College of Biological Science and Engineering, Fuzhou University, Fuzhou, Fujian 350108, China)

Abstract: [Objective] Effects of signal peptides and chemical penetrators on extracellular secretion
of cyclodextrin glycosytransferase (CGTase) in recombinant Escherichia coli strain BL21(DE3) was
observed in this study in order to lay foundation for fermentation technology of CGTase. [Methods]
The CGTase gene was cloned by PCR with genomic DNA of Geobacillus sp. CHBI1 as template.
Four recombinant plasmids were constructed which included the signal peptide of Geobacillus sp.
CHBI1, OmpA, PelB and no signal peptide. The recombinant plasmids were respectively transformed
into E. coli BL21(DE3) and then induced to express. The extracellular enzyme activities of the target
proteins were analyzed and measured to screen the best signal peptide. Chemical penetrators like
glycine, SDS, Triton X-100 and Tween 80 were added into the culture to determine the effect of
chemical additives on extracellular secretion of recombinant CGTase. [Results] The results showed
that these four recombinant plasmids could successfully express CGTase in E. coli BL21(DE3) and
OmpA was the optimal signal peptide. Extracellular enzyme activity induced by OmpA could reach
7.44 U/mL which were 2.04- and 11.27-folds of PelB and CHBI, respectively. No extracellular
CGTase activity was detected in E. coli BL21(DE3) with the no signal peptide. Extracellular enzyme
activities induced by OmpA were 9.27 U/mL and 9.75 U/mL by addition of 0.6% glycine and 0.3%
Triton X-100, respectively, and it could reach 14.27 U/mL by synergistic action of glycine and Triton
X-100 after 48 h. However, SDS and Tween 80 had obvious inhibition on extracellular CGTase
activity. [Conclusion] The extracellular CGTase activity in E. coli BL21(DE3) induced by OmpA
could reach the highest by addition of 0.6% glycine and 0.3% Triton X-100.
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CGTase

1 RS hE
1.1 ##
1.1.1  E#RSRA:
BL21(DE3)

CHBI
DH5a
pEASY-E2-OmpA-cgt
pET-22b(+) ( PelB )
pLLp-OmpA ( OmpA )

1.1.2 EFE: CHBI1
10.0 3.0
LB [4]
Blg/L) 10.0 5.0 Na,HPO,
17.9 KH,PO4 6.8 (NH4),S043.3 MgS0,40.5 Trace
metal 200 pL 5mL 0.05% 0.2%
pH 7.0
1.1.3  EZRAFIFNEE: Tag DNA
DL2000 DNA marker ~ DL15000 DNA
TaKaRa T4 DNA
pEASY-E2
DNA PCR
(IPTG) X-Gal

(g/L)
0.2 pH7.0

marker

Fermentas

TECAN Infinite F50 Tecan
Bio-Rad
1.2 #ZF#FFE CHB1 ERE4H DNA FiRHIAY
REL

CHBI1 DNA

Zhou [

1.3 IMBEEEREEREERNTE
CHBI1 CGTase
P1 P2 1

#Fz1 PCRRRN3I
Table 1 The primes of PCR
Primer name
CHBI1-cgt-P1
5'-Primer

CHB1-cgt-P1
3’-Primer

Primer sequence (5'—3")
CGGGATCCGCAAAAGATGGCTTTC
ATTGATT
CCGCTCGAGGTTTTGCCAATTCACT
ATAAT
CGGGATCCGGAAATCTTAATAAGGT
AAATTTTAC
CCCTCGAGGGGTTTTGCCAATTCA
CTATAATTTTTC

cgt-P2 5'-Primer

cgt-P2 3'-Primer

CHBI1
PCR P1 P2
CHBI CHBI1-cgt
cgt PCR (20 uL)
DNA 2.0 uL 2%Tag Master Mix 10.0 pL
F R (10 pymol/L) 1.0 uL  ddH,O 6.0 puL
95°C5min 94°C1min 55°C 1 min
72 °C 2 min 30 s 33 72 °C 10 min
PCR 1%
PCR pMD19-T
DH5a

DNA

16 °C

PCR (pMD19-T-cgt
pMD19-T-CHB1-cgt)
14 ETARIESKBIFRIEFRNIEESIIE
pEASY-E2-cgt ( )
pEASY-E2  cgt
pEASY-E2-CHB1-cgt (
) pEASY-E2

CHBI
CHBI1-cgt

pEASY-E2-PelB-cgt (  PelB )
F (5'-CATGCCATGGGGAAA
TCTTAATAAGGTAAATTTT-3’ Nco 1
) R (5-CCGCTCGAGGTTTTGCCAA
TTCACTATAAT-3’ Xho 1
) pET-22b(+)-cgt
pET-22b(+)-cgt PCR PelB
PelB-cgt PelB-cgt
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pEASY-E2
3
BL21(DE3)
BamH1  Xhol

1.5 =4 CGTase HIiESRIE

50 mL LB 250 mL 37 °C
180 r/min 8h
2% ( )
50 mL 51250 mL
25 °C 180 r/min 72 h
8 000 r/min 2 min
100 mg/L
1.6 =%H CGTase SN RIES T
8 mL 8 000 r/min 2 min
CGTase
3 mL 50 mmol/L
(pH 6.0)
13 000 r/min 5 min
CGTase
CGTase ( )
1.7 F4H CGTase o-IMLENFIEHZENE
CGTase a- [15]
L) 1 umol
Bradford !
2 HR54H
2.1 I EEREERIERERE
CHBI1 DNA
CHBI1
CHB1-cgt cgt
2 000 bp DNA ()

PCR
CHBl-cgt cgt

bp M 1 2

2000

1000
750

500

250

100

B 1 CHBIl-cgt # cgt EE PCR =4
Figure 1 The PCR product of CHB1-cgt and cgf gene
Note: M: DL2000 DNA marker; 1: cgt gene; 2: CHB1-cgt.

22 EHEARIESABIEL CGTase FRiLRALHY
i 5960

(CHBl-cgt cgt) BamH1 Xhol
pEASY-E2  pET-22b(+)-PelB

pEASY-E2-CHBl-cgt pET-22b(+)-PelB-cgt

BamH1 Xhol 2 000 bp
5000 bp (2
pEASY-E2-CHB1-cgt pET-22b(+)-cgt

bp Ml I M2 Ml 2 M2 bp
2000
1000
750
500
250
100

2 E4YHFH pEASY-E2-CHB1-cgt.pET-22b(+)-PelB-
cgt R EEIT61E
Figure 2 The restriction analysis of recombinant plasmid
pEASY-E2-CHB1-cgt and pET-22b(+)-PelB-cgt
M1 MHind Il DNA 1 pET-22b(+)-PelB-cgt
BamH1 Xhol 2 pEASY-E2-CHB1-cgt BamH1
Xho 1 M2 DNA

Note: M1: MHind 111 marker; 1: The digestion of recombinant
plasmid pET-22b(+)-PelB-cgt by BamH 1 and Xho I; 2: The digestion
of recombinant plasmid pEASY-E2-CHB1-cgt by BamH 1 and Xho I;
M2: DL2000 DNA marker.
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pET-22b(+)-PelB-cgt PCR
PelB PelB-cgt ( 3
PelB-cgt
pEASY-E2
pEASY-E2-PelB-cgt
2 000 bp 5 000 bp

3

pEASY-E2-PelB-cgt
23 ETATRRNELARENIFSRIE
pPEASY-E2-OmpA-cgt

pEASY-E2-PelB-cgt pEASY-E2-CHB1-cgt

pEASY-E2-cgt BL21(DE3)
CGTase 4
4 CGTase 70 kD
CGTase
CGTase
bp Ml 1 2 M2 bp

E 3 PCR i #8418 Bk 5 4 & ELH Bk pEASY-E2-

PelB-cgt X EGHI5EIE
Figure 3 The map of recombinant plasmid
pPEASY-E2-PelB-cgtr and the restriction analysis of

recombinant plasmid pEASY-E2-PelB-cgt

Note: M1: DL2000 DNA marker; 1: PelB-cgt; 2: The digestion of
recombinant plasmid pEASY-E2-PelB-cgt by Nco I and Xho I; M2:
MHind 111 marker.
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B4 ZFEEFSHRIE CGTase SDS-PAGE Hjk
Figure 4 SDS-PAGE analysis of the recombinant CGTase

M 1 pEASY-E2-OmpA-cgt
2 pEASY-E2-OmpA-cgt 3
PEASY-E2-cgt 4 pEASY-E2-cgt
5 pEASY-E2-CHBI1-cgt
6 pEASY-E2-CHB1-cgt 7
pEASY-E2-PelB-cgt 8

pEASY-E2-PelB-cgt .

Note: M: Protein marker; 1: The soluble cellular fraction of
recombinant plasmid pEASY-E2-OmpA-cgt; 2: The insoluble
cellular fraction of recombinant plasmid pEASY-E2-OmpA-cgt; 3:
The soluble cellular fraction of recombinant plasmid
pEASY-E2-cgt; 4: The insoluble cellular fraction of recombinant
plasmid pEASY-E2-cgt; 5: The soluble cellular fraction of
recombinant plasmid pEASY-E2-CHBIl-cgt; 6: The insoluble
cellular fraction of recombinant plasmid pEASY-E2-CHB1-cgt; 7:
The soluble cellular fraction of recombinant plasmid
pEASY-E2-PelB-cgt; 8: The insoluble cellular fraction of
recombinant plasmid pEASY-E2-PelB-cgt.
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CGTase ( 4
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EE Extracellular
E=4 Intracellular

Enzyme activity (U/mL)
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Signal peptide

B 5 ARIESHKIELXBTHEBAIMES CGTase
aEAlD)
Figure 5 The influence of different signal peptide on
the extracellular and intracellular CGTase production
by E. coli
OmpA
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6 6 Triton
X-100 CGTase
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[17]
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Figure 6 The influence of different chemical additives on extracellular secretion of recombinant CGTase
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7 4 (15 24 36 48 72h)
4 CGTase
8 0.6%
CGTase
SDS Tween 80
72 h 0.1% SDS ODygqg CGTase 48 h
9.6 2% Tween 80 ODgp 9.9
18.7 Tween 80  SDS CGTase 96 h ODgy
Triton X-100 16.2 12.51 U/mL
0.6% SDS 72 h ODsgpo 17.3
ODggp 11.7%
Triton X-100
2.6 A[ERTEARHNEIE R XS ELH CGTase f5h 5
DAEAL
6 0D60()
CGTase
CGTase 0.6% 48 h 0.6%
B
20 -
15}
Q§ 10 - 0.1%
© = 0.3%
st -+ 0.6%
-+ 1.0%
) ) ) 0 ) - CK )
0 24 48 72 96 0 24 48 72 96
t(h) t (h)
. 20 = 20
15 15
§ 10 Qé 10
Q —0—(1).(5)0/0 S ~*-0.02%
-=-1.0% -=0.05%
5t - 1.5% 51 —h 0,
~+2.0% +OI(1)(§°/A?
0 ) ) —+-CK 0 ) —CK |
0 24 48 72 96 0 24 48 72 96
t (h) t (h)

E7 TRMLFBEFNEBRBITEE KON

Figure 7 The influence of different chemical penetrators on growth of recombinant E. coli

Note: A: Glycine; B: Triton X-100; C: Tween 80; D: SDS.
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A B

515 20
<
g ey 15

~ L -=-)4
gg ! = 3 15

5 72 S 10 =
5= 4 3 =24
= 5 48
g -T2
2 0 24 48 T2 9% 120 0 ‘ ' : '

0 24 48 72 9
t(h)
t(h)

B8 AEIREFRINHE B EH KT E R EE™ CGTase HIFZM0
Figure 8 The effects of different addition time of glycine on CGTase by recombinant E. coli
A B .
Note: A: CGTase activity; B: Growth curve of the strain.

2.7 HEEEF Triton X-100 thE{ERXT BRSNS

YU EA N
Triton X-100 H C 11
CGTase http://www.cbs.dtu.dk/
Triton X-100 services/SignalP-2.0
Triton X-100
( 2 &3 ARERERIHSELFN Triton X-100 E
4 ’h LIt
7 Table 3 Orthogonal array of design experiments of
different glycine and Triton X-100 concentration
3 Triton X-100 Extracellul
) N v xtracellular
Triton X-100 0.6% 03% R activity (U/mL)
Triton X-100 CGTase ! ! ! 9:36
2 1 2 9.12
14.27 U/mL
3 1 3 10.04
2 4 1 4 8.33
3 g s 2 1 9.19
6 2 2 9.28
N 7 2 3 10.55
18-30 8 2 4 8.92
9 3 1 10.37
*2 FWERRKFESH 10 3 5 1427
Table 2 Selected factors and assigned levels for glycine ’
and Triton X-100 concentration 11 3 3 12.55
12 3 4 11.50
) Triton X-100 (%)
Factor Glycine (%) 13 4 1 8.23
1 0.2 0.1 14 4 2 8.92
2 0.4 0.3 15 4 3 9.37
3 0.6 0.6 16 4 4 8.10
4 0.8 1.0 R 12.07 4.74
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A PelB
CHBI1 CHBI1
CGTase
CHBI1
CGTase H
OmpA
H
Triton X-100
18] D-
(19] Triton X-100

(18]

R4 FRIESRAOERERFS SR

Table 4 The amino acid sequence of different
signal peptides

Signal peptide The amino acid sequence
OmpA MKKT7AIAIAVALAGFATVAQA
PelB MKYLLPTAAAGLLLLAAQPAMA
CHBI1 MKRWLSLIFSMSLVFSAMFMMSDTOKVT
VAAA

x5 ESIK%E

Table 5 The properties of signal peptides

H N
Signal The amino . N electrified
peptide  acid number H hydrophobicity capacity
OmpA 21 2.531 2
PelB 22 1.707 1
CHBI1 32 1.067 3
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