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Inducible and constitutive expression of fip-fve from
Flammulina velutipes in Pichia pastoris GS115
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Abstract: We transformed the fip-fve gene into Pichia pastoris GS115 for inducible and constitutive expression to obtain
feasible bioactvie recombinant Fip-fve. The fip-fve gene was cloned from Flammulina velutipes fruting body by PCR and
ligated to pPIC9 to construct inducible expression vector pPIC9-FIP-fve, and promotor pgap was used to replace the paox1
to construct constitutive expression vector pPIC9-PGAP-FIP-fve. These two vectors were used to transform P. pastoris by
PEG method. The fip-fve was expressed after histamine-absence screening and yeast colony PCR. The inducible expression
level reached 158.2 mg/L at the fourth day and the constitutive expression level was 46.3 mg/L and 29.5 mg/L using
glucose and glycerol, respectively. The SDS-PAGE and Western blotting both proved the correctness of rFip-fve, and the
hemagglutination test indicats the rFip-fve’s bioactivity.

Keywords: Flammulina velutipes, immunomodulation, Pichia pastoris, constitutive expression
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— Sf21 ( Spodoptera Fip-fve
frugiperda) Fip-fve PV
HRP- ECL
6.25 mg/L (3.1 pug/1x10%cells) !'*
ZYMO
1.1.3
LB YPD BMM MD
[19]
fip-fve YNB 6.7 g/L 0.1 g/L
02 g/L YNB
Fip-fve 6.7 g/L 0.2g/L 0.4 g/L
0
1 MR G S
12 FHiE
1.1 MH5RF 1.2.1
1.1.1
Excherichia coli TOP10 DNA[20]
pGM-T
Pichia pastoris GS115 fip-fve  pgap (1
pPIC9 Flammulina fip-fve
velutipes PCR 94 °C 3min 94 °C 1 min 60 C
112 lmin 72°C 1 min 32 72 °C 10 min
DNA pgap PCR 94 °C 3min 94 ‘C 1 min
TaKaRa Tag DNA T4 55 °C 1 mn 72 C 1 min 30 72 C
DNA 10 min PCR
Sephadex G-100 GE 330 bp (fip-fve) 500 bp (pgap)
pGM-T (Amp+)
*1 AWMRETABEXSY
Table 1 Primers used in this study
Primer name Primer sequence (5'—3') Size (bp)
Fip-fve-forward GCAGAATTCATGTCCGCCACGTCGCTCACCTTC 32
Fip-fve-reverse AGTGCGGCCGCTTACTTCTTCCACTCAGCGATGATG 36
PGAP-forward AGGCGGAGCTCGATCCTTTTTTGTAGAAATGTC 33
PGAP-reverse AGCGCCGGATCCTGTGTTTTGATAGTTGTTCAATTG 36
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TOP10 PCR
1.2.2
fip-fve  pGM-T DNA
pPIC9 (Amp+) EcoR [
Not [ fip-fve  pPIC9
Amp PCR
pPICY-
FIP-fve PGAP pGM-T DNA

pPIC9-FIP-fve (Amp+)
Sac | BamH I

pgap  pPIC9-FIP-fve Amp
PCR
pPIC9-PGAP-FIP-fve
1.2.3
pPIC9-FIP-fve pPIC9-
PGAP-FIP-fve (=5pg) Sac |
MD 30 C
2-3d
MD fip-fve
PCR
1.2.4 Fip-fve
PCR
pPIC9-FIP-fve
YPD (200 mL/500 mL
10 ) 30°C 200 r/min 16-18 h
BMM
(200 mL/500 mL 2 )
5d 1 1%
pPIC9-PGAP-FIP-fve

PCR

(200 mL/500 mL 1 ) 30°7C
200 r/min 6d 1
10 uL GS115
( )
3 min
5 uL SDS-PAGE
5% 12% 10 uL
Western
blotting 1 20 000
1 2 500 ECL A B
1 mL PV
X- 5-20s
1.2.5 Fip-fve

6 000 r/min 5 min

95% 12 000 r/min
PBS (pH7.2 10 mmol/L)

Sephadex G-100 (1.5 cmx60 cm)

20 min

Fip-fve
2mL 2 000 r/min 5 min
10 mmol/L PBS (pH 7.2)
3 1.5%
VIV) 25 ul
25 uL Fip-fve ( 2 ug/mL)
50 puL (0.2%) 96
(PHA 2 pg/mL)
Fip-fve PBS
37°C 1.5h 24h
[21]
2 ZR
21 FRiEHRRIME
DNA fip-fve
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pGM-T
( ) pPIC9
pPIC9-FIP-fve
1 EcoRI BamHI Kpnl
(2 pgap
paox1 pPIC9-
PGAP-FIP-fve
22 EHBEEAFHRES5LTE
Sac | pPIC9-FIP-
fve pPIC9-PGAP-FIP-fve
GS115 MD
fip-fve PCR ( 3
2.3 E4f Fip-fve BIRIE SN
[14]
fip-fve
SDS-PAGE ( 4 5
Bet 112 BamH 1936
Xho 11192
Eco 11220
Kpn11311
BamH 1 1574
EcoR 11580
Not 11590
pPICO-FIP-fve
Ampicillin
Kpn 12546
Kpn 13156

Bgl115 976

Bl BB EEFREEERIZFIK pPICI-FIP-fve IR
Fig. 1 Plasmid map of the inducible recombinant
vector pPIC9-FIP-fve.
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Fig. 2 Identification of the inducible recombinant
vector pPIC9-FIP-fve by enzyme digestion. 1:
recombinant vector pPIC9-FIP-fve; 2: the DNA marker
DL15 000 (bp); 3: pPIC9-FIP-fve digested with ECOR I ;
4: pPIC9-FIP-fve digested with BamH I ; 5: pPIC9-FIP-
fve digested with Kpn I ; 6: DNA marker DL2 000 (bp).

bp 1 2 3 4 5 6 7 8 9

500
400
300

200
100

3 Ei% PCR HBKQNEHEFRBEFEEL T

Fig. 3 Colony PCR and agarose electrophoresis of the
recombinant P. pastoris transformants. 1: the DNA
marker DL500 (bp); 2-9: different recombinant
P. pastoris transformants.

14 kDa 17 kDa
Fip-fve
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Fip-fve (221
4 158.2 mg/L
4 5 46.3 mg/L
29.5 mg/L ( )
Fip-fve Western blotting 6

kbDa 1 2 3 4 5 6 7 8

97
66

45

31

<« rFIP-fve
<« rFIP-fve

20
14

B 4 UEEREIRENEKEES Fip-fre By
SDS-PAGE &1l

Fig. 4 SDS-PAGE analysis of the constitutive rFip-fve
using glucose. 1: the protein marker (kDa); 2: the
sample of the wild-type P. pastoris GSI115 as the
negative control; 3—8: the samples of the constitutive
culture at different day (1-6 d).

£
BT

- sk

Sk

B 5 UHRBARERNFZESEESN Fipfre 89
SDS-PAGE #&

Fig. 5 SDS-PAGE analysis of the inducible rFip-fve
using methanol. M: the protein marker (kDa); 1: the
sample of the wild-type P. pastoris GS115 as the
negative control; 2—6: the samples of the inducible
culture at different day (1-5 d); 7: the native Fip-fve as
the positive control.

« rFIP-fve
« rFIP-fve
« rFIP-fve

6 LUHREARENIFSEENE Fipfre By
Western blotting #& ;1

Fig. 6
rFip-fve using methanol. M: the protein marker (kDa);
1: the sample of the wild-type P. pastoris GS115 as the
negative control; 2—6: the samples of the inducible
culture at different day (1-5 d); 7: the native Fip-fve as
the positive control.

2.4 FEH Fip-fve MR ER & & 1 B A

Western Dblotting analysis of the inducible

Fip-fve Sephadex-
G-100 29 mg
Fip-fve
Fip-fve
2 pg/mL ( 2
Fip-fve

% 2 E Fip-fve M4 RRER & 5F A
Table 2 Hemagglutination test of rFip-fve

Concentration 32 16 8 4 2 1 (ug/mL)
rFip-fve SR = I S S =
nFip-fve S S S =
PHA Sl S o 3
PBS - - - = - -

3 it

Fip-fve

Fip-fve
Ko fip-fve
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5 mg/L Fip-fve
[17] Wu
fip-fve
6.25 mg/L"*  Zhang
22%
(paox1)
(pgap)
[19]
SAM (SAMS)
SAMS
16.3%"!
fip-fve GS115
(158.2 mg/L)
(463 mg/L) 3.4
paox1
[25]
Fip-fve
[26]
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