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Abstract: [Objective] In this experiment we explored the expression, purification condition and
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tertiary structure of the Curli family protein CsgF of Escherichia coli CFT073, to provide a
theoretical basis for studying the biosynthetic mechanism of Curli. [Methods] The csgF gene was
amplified by PCR from E. coli CFT073 genomic DNA, and the recombinant plasmids such as
pET28a-csgF(nsp)-N-6His, pET28a-csgF(20—129)-N-6His, pET28a-csgF-C-6His, and
pET28a-csgF(nsp)-C-6His, were constructed. These were then transformed into E. coli strain DH5a,
and the expression of the csgF gene in E. coli BL21(DE3) was induced by isopropyl
B-D-1-Thiogalactopyranoside (IPTG). Next, CsgF was separated and purified by Ni-chelating
affinity chromatograph and gel exclusion chromatography, and was determined by SDS-PAGE and
Western blotting assay. The protein interaction of CsgF and CsgG was studied by pull down
experiments. The tertiary structure of CsgF was constructed based on homology modeling. [Results]
The purified CsgF protein of high stability was obtained in condition of 50 mmol/L sodium acetate
(pH 5.0), 150 mmol/L NaCl and 5% glycerol. Pull down experiments showed there was interaction
between CsgF and CsgG. Homology modeling demonstrated that the tertiary structure of CsgF was of
(B/a) model. [Conclusion] Our findings can lay a foundation for studying the structure and function
of CsgF.

Keywords: Escherichia coli CFT073, CsgF, Gene cloning, Protein expression and purification, Gel
exclusion chromatography
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Figure 1 The predicted secondary structure of CsgF and sketch map of recombinant plasmids
A Psipred (http://bioinf.cs.ucl.ac.uk/psipred/) CsgF o-
B- B .
Note: A: The map of secondary structural CsgF was predicted by psipred data, Red columns represent alpha helix structure, Turquoise arrows
represent B-corner, The black solid lines represent unordered curled up; B: Schematic diagram of recombinant plasmids.

*1 BATHREEY
Table 1 Primers used in the study

Primers Sequences (5'—3")
pET28a-csgF-C-6His F GGAATTCCATATGGGAACCATGACTTTCCAGTTCCG
pET28a-csgF-C-6His R CGCCAAGCTTAAAATCGGTTGAGTTATTTTGTAAACC
pET28a-csgF(nsp)-C-6His F GGAATTCCATATGGGAACCATGACTTTCCAGTTCCG
pET28a-csgF(nsp)-C-6His R CGCCAAGCTTAAAATCGGTTGAGTTATTTTGTAAACC
pET28a-csgF(nsp)-N-6His F GGAATTCCATATGCACCATCACCATCACCATGGAACCATGACTTTCCAGTTCCG
pET28a-csgF(nsp)-N-6His R CGCCAAGCTTTTAAAAATCGGTTGAGTTATTTTGTAAACC
pET28a-csgF(20-129)-N-6His F GGAATTCCATATGCACCATCACCATCACCATGGAACCATGACTTTCCAGTTCCG
pET28a-csgF(20-129)-N-6His R CGCCAAGCTTTTATTGGACCTACCAGCTCCA

nsp .
Note: nsp: No signal peptide.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2066 AEY) 4R Microbiol. China

2016, Vol.43, No.9

DNA csgF
1% PCR PCR
gDNA 1 uL. 10xPCR buffer 5 uL
2.5 mmol/L MgCl, 5 uL 2.5 mmol/L dNTPs 5 uL
5 U/uL DNA 0.5 uL 10 umol/L
1 uL ddH,O 50 uL
PCR 95°C 10 min 95°C30s 62°C
30s 68 °C 1 min ( 1 kb/min )
30 72 °C 10 min 4 °C Nde I/Hind IIT
PCR pET-28a(+)
T4
lh E. coli DH5a
(Kanamycin)
1.3 EAMFRIE
E. coli BL21
5 mL (50 mg/L)
LB el 1:1 000
1L LB
37°C 220 r/min 0.1 mmol/L  IPTG 18 °C

220 r/min

30 min

1820 h 4 °C 4 000 r/min
30 mL Buffer A
Buffer A: 20 mmol/L Tri-HCI pH 7.0
150 mmol/L NaCl 5% Glycerol

0°C 30W ls 5s 5 min
4 °C 18 000 r/min l1h
15% SDS-PAGE
1.4 EHEH Western blotting £
10 uL SDS-PAGE
TTBS 20 min 40 min
PVDF PVDF 1 g/L BSA
TTBS 1h 6His (1:3 000 )
4°C TTBS 3
10 min HRP
(1:3 000 ) 37°C lh TTBS
3 10 min PVDF
DAB 10—30 min ddH,O

1.5 BEiAM CsgF EARAEL

Buffer B
25 mmol/L Tris-HC1 pH 7.0 150 mmol/L NaCl
5% Glycerol 1% N-lauroylsarcosiner (LDAO)

4°C l1h 4°C 18000 r/min
l1h Ni-resin 4°C
lh 10
5 300 mmol/L
CsgF-C-6His Millipore
MWCO 15 kD) 500 pL

Superouse6 10/300 GL  AKTA
Buffer D 25 mmol/L Tris-HCI pH 7.0
150 mmol/L NaCl 5% Glycerol 0.1% LDAO

10% DDM DM O0OG
Buffer pH 5.0-9.0

1.6 JKAM CsgF EARAL

2 mL Ni-resin 4 °C 1 h
10 5
300 mmol/L
CsgF(nsp)-C-6His  CsgF(nsp)-N-6His Millipore

(MWCO 15 kD)
Superouse6 10/300 GL  AKTA
Buffer A 20 mmol/L
150 mmol/LL NaCl 5% Glycerol

500 pL

Tri-HCI pH 7.0

Buffer CsgF
Buffer E 50 mmol/L pH 5.0 150 mmol/L
NaCl 5% Glycerol
1.7 CsgG EHMIFTIELA L
csgG pQLink-N
pQLink-CsgG E. coli
BL21 Amp 1L LB
37 °C 220 r/min oD
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0.6-0.8 0.1 mmol/L IPTG 18 °C 220 r/min
18—20h 4 °C 4 000 r/min
Buffer A 4°C

30 min

18 000 r/min 1h Buffer F
25 mmol/L Tris-HCI 150 mmol/L NaCl
5% Glycerol 1% Sarkosyl 4 °C lh

4 °C 18 000 r/min l1h Buffer

D 4°C l1h 4°C 18000 r/min lh
10% SDS-PAGE
1.8 CsgF 5 CsgG #j Pull down 32535
CsgF-N-6His CsgF-C-6His
CsgF-(20—129)-N-6His
Buffer E BCA protein
Buffer G 2 mL
Buffer G 50 mmol/L pH 5.0 150 mmol/L
NaCl 5% Glycerol 40 mmol/L Imidazole 4 °C
1h Buffer G (
10 mL 5 ) CsgF
4 °C) AKTA
Buffer Buffer H
(50 mmol/L pH 5.0 150 mmol/L. NaCl
5% Glycerol 0.1% LDAO) Millipore
(MWCO 30 kD) 2 mL
40 mmol/L
CsgF 4°C lh Wash
buffer (50 mmol/L pH 5.0 150 mmol/L NaCl
5% Glycerol 0.1% LDAO 40 mmol/L Imidazole)
Elution buffer 50 mmol/L
pH 5.0 150 mmol/L NaCl 5% Glycerol
LDAO 300 mmol/L Imidazole
Millipore
500 uL
AKTA

Resin

Resin

CsgG

CsgG
CsgG

0.1%

(MWCO 30 kD)
Superouse6 10/300 GL

15% SDS-PAGE
1.9 CsgF EEMEHH

csgF NCBI
(http://www.ncbi.nlm.nih.gov) In silico
Uniprot

(http://www.uniprot.org/) TMHMM
(http://www.cds.dtu.dk/servicess TMHMM-2.)
CsgF
(http://bioinf.cs.ucl.ac.uk/psipred/) CsgF
STRING
(http://string-db.org)
SWISS-MODEL

2 RS540
2.1 csgF EERITRE
PCR csgF
( 2) 417bp DNA 139
(ORF) 139
15 kD csgF
pET-28a(+) 1 4
Nde IHind III

22 EAMRELANL

pET28a-csgF(Full)-C-6His pET28a-csgF(nsp)-
C-6His pET28a-csgF(nsp)-N-6His pET28a-csgF
(20—129)-N-6His E. coli

bp M I 2 3 4

10 000
6 000

3000
1500

750
500

2 HHEYRER) PCR 18k E
Figure 2 Agarose gel electrophoresis of target PCR products
M DNA marker DL10000 1 CsgF C 6 His
2 CsgF C 6 His 3
CsgF N 6  His 4 CsgF
(20-129) N 6 His )

Note: M: DNA marker DL10000; 1: CsgF(Full)-C-6His; 2:
CsgF(nsp)-C-6His; 3: CsgF(nsp)-N-6His; 4: CsgF(20—129)- N-6His.
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BL21(DE3) CsgF-6His CsgF
0.1 mmol/L IPTG 18 °C CsgF
CsgF 15% (Gel exclusion chromatography)
SDS-PAGE 3 Millipore (MWCO 30 kD) 4 °C
CsgF 3 000 r/min
500 uL Superose6 10/300GL
kD AKTA
6 Buffer pH  5.0-9.0
4613 DDM LDAO OG NG
35 150-500 mmol/L. NaCl Buffer AKTA
25 15% SDS-PAGE
4 CsgF (20—129)
Y Buffer E (50 mmol/L pH
1 5.0 150 mmol/L NaCl 5% Glycerol)
CsgF  CsgG
CsgG CsgG 5
B3 EA CsgF EHLL SDS-PAGE Hjkiail 300 mmol/L CsgG
Figure 3 SDS-PAGE analysis of CsgF purified through CsgG
Ni-chelating affinity chromatography
M 1 2 25 mmollL 2.3 CsgF 5 CsgG RIHEAEH
3 40 mmol/L 4 50 mmol/L CsgF
5 300 mmol/L . [20]
Note: M: Standard protein marker; 1: Flow through liquid; 2: CsgG
Buffer A contain of 25 mmol/L imidazole; 3: Buffer A contain of
40 mmol/L imidazole; 4: Buffer A contain of 50 mmol/L imidazole;
5: Buffer A contain of 300 mmol/L imidazole. CsgG

A 250 5 CsgF

200 ¢
150

100

W
(=]

Absorbance at 280 nm (mAU)

o
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¢ (min)

|
%3
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T
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36 37 38 39

B
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El 4 CsgF 20-129)8 B KRR EE S
Figure 4 Stability analysis of CsgF (20—129) truncated body
A CsgF (20-129) Buffer B (33-39) 15% SDS-PAGE M

Note: A: The peak of CsgF (20—129) truncated body represent stability under sodium acetate buffer; B: The samples from the peak point
location (33—39) detected by 15% SDS-PAGE electrophoresis; M: Standard protein marker.
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B 5 =i CsgG TR SDS-PAGE A KA
Figure 5 SDS-PAGE analysis of CsgG purified through
Ni-chelating affinity chromatography
M 1
3 40 mmol/L
5 300 mmol/L

Note: M: Standard protein marker; 1: Flow through liquid; 2:
Buffer A contain 25 mmol/L imidazole; 3: Buffer A contain
40 mmol/L imidazole; 4: Buffer A contain 50 mmol/L imidazole; 5:
Buffer A contain 300 mmol/L imidazole.

2 25 mmol/L
4 50 mmol/L

CsgE
CsgA CsgF
CsgG
His-pull down
His CsgF His CsgG
Pull down His CsgG His
CsgF  Pull down Pull down
His CsgG His CsgF
Pull down His CsgF
His CsgG Pull down
CsgG CsgF
CsgG-C-6His-CsgF
Superouse6 10/300GL ~ AKTA
15% SDS-PAGE
6 28-35
CsgG CsgF
Gel-Pro analyzer 4.0 CsgG  CsgF
2 CsgG  CsgF
CsgG  CsgF

kb M 28 29

30 31 32 33 34 35

6 CsgF 5 CsgG #J Pull down SR8 37k A&
Figure 6 SDS-PAGE analysis of experimental result of
CsgF pull down CsgG
M .
Note: M: Standard protein marker.

*2 ERRREEESH

Table 2 Quantitative analysis of protein gray
by Gel-Pro analyzer 4.0

G F
Lane CsgG (ng) CsgF (ng)
1 224.59 60.02
2 321.09 96.66
3 358.89 135.44
4 304.76 139.81
5 338.43 178.32
6 323.14 170.83
7 240.41 236.44
8 131.88 313.45

2.4 CsgF EHMEMSHT

CsgF 138
15.05 kD pl 559 CsgF 1-19
(
7) 59.8% a- 10.3%  B-
29.9% CsgF
( 8
1LOf~ )
l
208 / TMHMM2.0 inside 1-6
< 0.6 TMHMM2.0 TM helix 7-26
S 04 TMHMM?2.0 outside 27138
£0.
0.2
00 1L

20 40 60 80 100 120
Transmembrane — Inside — Outside —

B 7 CsgF M40/ E L FnFE R X 7
Figure 7 Location of subcellular and prediction of
transmembrane of CsgF protein
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8 CsgF EHM =Y LEMRE
Figure 8 The three-dimensional structural model of CsgF
protein
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