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Abstract 

 FIP-fve, an immunomodulatory protein isolated from Flammulina velutipes, has 

been demonstrated to have activities of immunomodulatory, anti-cancer, anti-allergic 

and suppression of inflammation. Based on a secondary structure analysis, we known 

that two FIP-fve monomers form homodimer through the hydrophobic interaction 

between N-terminal -helics. Previous studies suggested that FIP-fve can mediate T 

cells activation through the linkage between T cell receptors (TCR) on T cells and MHC 

molecules on antigen present cells (APCs) without processing procedure of APCs. This 

process is similar to the mechanism of superantigen-mediated immune response. The 

aim of this study was to demonstrate the necessity of dimer structure for FIP-fve 

immunomodulatory activity and to prove the directly binding of FIP-fve with MHC and 

TCR. To study the relationship between the dimer structure and immunomodulatory 

activity of FIP-fve, we constructed the full length 1-114 FIP-fve cDNA and truncated 

14-114 FIP-fve cDNA on pET-32a(+) vector and expressed the His-fusion protein His-

FIP-fve 1-114 and His-FIP-fve 14-114. After digested by enterokinase to remove the 

His-tag residue, rFIP-fve 1-114 and rFIP-fve 14-114 were purified with FPLC system. 

The ability of rFIP-fve 14-114 to stimulate IFN-  production on murine splenocytes was 

lower than rFIP-fve 1-114. Incubating murine splenocytes with rFIP-fve 14-114 could 

ina vvvvvelelelelelututututu ipipipippeseses,,,,, hahahahahasssss
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not elevate the gene expression of IFN-  and IL-2. According to the above results, we 

suggested that the dimerization might be critical for FIP-fve immunomodulatory 

activity. On the other hand, FIP-fve and RAW 264.7 cell lysate were co-

immunoprecipitated to determine superatigen-like characterization of FIP-fve. Results 

indicated that FIP-fve could interact with MHC class II molecule directly. Interestingly, 

we also found that FIP-fve was pulled down by both anti-MHC class I antibody and 

IgG2a which was isotype of anti-MHC class I antibody. However, no co-

immunoprecipitated evidence showed that FIP-fve bound with TCR in this study. In 

conclusion, we proved that FIP-fve directly bind with MHC class II molecule. 

 

Key words: superantigen, His-fusion protein, homodimer, immunomodulatory protein, 

co-immunoprecipitation 
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 80-90%

 (20-50%)  (40-70%) 

 (trehalose)

  -

 10%  (1-8%)

B1 B2

 D2  

GMP AMP 

 (polysaccharide)  (triterpene) 

 ( 1997)  

 (Flammulina velutipes) 

Golden needle mushroom  Enoki mushroom

 (Eumyeota)  (Basidiomycotina)  

(Hymenomycetes)  (Homobasidiomycetes)  (Agaricales)
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 (Tricholomataceae)  (Flammulina) ( 2006)

 89.8%  58.0% 27.5% 7.4% 

 7.0%  (Ko, et al., 2007)  30 

 lysine  28  glycine 

 (Smiderle, et al., 2008)  

 

 

 

 (flammulin)

 (flammutoxin, FTX) 

 

 

2.1.   

Komatsu 

 1963  DEAE-Sephadex  CM-

Sephadex  (Komatsu, et al., 1963)  

2.5 S  8.9  SDS-PAGE  23.7 kDa (Zhang, et al., 1999)

 2003  (ESIMS)  

19891.13 Da ( 2003)  (alanine) 

 (methionine) ( 2003)

S180 (sarcoma 180)  (Ehrlich 

ascites tumor) 

 N 

 (ribosome-inactivating proteins, RIPs) 

7.7.7.7.7.4%4%4%4%4% 

3333300000
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 (Wang and Ng, 2000)  

2.2. 

 31 kDa  5.4

 (Bernheimer and Oppenheim, 1987)

1974  Lin  60% 

 (Volvariella volvaceae)  (Lin, et al., 

1973)  NMR 1  

LD50  2.45 mg/kg  100 C 

1.  

25 g/mL  O 

2.  (writhing reaction)

3. 

 (Lin, et al., 

1975; Lin, et al., 1974)  

1998  Tomita 

 10 nm  5 nm 

 4

5 nm  (Tomita, et al., 1998) 1999 Watanabe 

 cDNA  (Watanabe, et al., 

1999)  Tomita  N

 272  cDNA  (rFTX)

251  

272  N  Met  C  20  

55555 44.4.44
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rFTX251  rFTX271  rFTX251  rFTX271

 252 251

 Lys  252  Met  

251  (Tomita, et al., 2004)

 C  20 

 CaCo-2 

 (Watanabe et al., 1999)  

2.3. 

 50~200 

 -(1 3)-D  

1968  Kamasuka  (F. 

velutipes polysaccharide, FVP)  (Kamasuka, et al., 1968)

 EA3 EA5 EA6 FVP1 FVP2  EA3

Ikekawa  (acid hydrolysis)  (acetolysis) 

EA3   -(1 3)-D  92.5% 

 (Ikekawa, et al., 1969; Ikekawa, et al., 1973; Yoshioka, et al., 

1973) EA5  45% 32% 13.4%  7.2% 

 concanavalin A-Sepharose 4B  EA5

 EA500 EA505  EA510  EA500 

 Sephadex G-200  EA500  EA501 EA502

EA503  EA501  

42.3% 17.3% 12.2% 6.7%  14.7%  

rrrrrrFTFTFTFTFTFTX2X2X2X2XX 7171717171

22222511111
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(Ikekawa, et al., 1982)   

1983 Otagiri  EA6

 EA6  L1210 

L1210  (Otagiri,

et al., 1983) Ikekawa  EA6  (sheep red 

blood cell)  ICR EA6 

 IgM  

(Ohkuma, et al., 1982)  EA6 

 FIP-fve  

2.1. FIP  

 (immunomodulatory protein)  1989 

 LZ-8 (Lin Zhi-8)  FIP-fve

 (Ganoderma tsugae)  FIP-gts  FIP-vvo 

(Volvariella volvacea)  44% 42% 

 (Lin, et al., 1997)  (fungal 

immunomodulatory proteins, FIP) (Ko, et al., 1997) FIP  BRMs 

(biological response modifiers)

 ( 2006; 1993)  

 

2.2. FIP-fve  

 FIP-fve  12.7 kDa

114 FIP-fve N

EEEEEAAAAA6

2222211101010 

(((((OtOtOtOtOtagagagagagiriririririiiii,
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 (methionine)  (cysteine)  

(histsdine)  (Ko, et al., 1995) FIP-fve 6  

-strands  -turn 3  -helices -helices  N 

 C FIP-fve  N  C 

 (Kino, et al., 1989; Ko et al., 1997)  2003 Paaventhan 

 X-ray  FIP-fve 

 (homodimer)  N  -helix 

 Ala2, Leu5, Leu9, Leu12  Val13  -helices 

 -helix  -sheet  (fibronectin 

III, FNIII) FIP-fve  FIP  (Paaventhan, et 

al., 2003; Seow, et al., 2003)  

 FIP-fve 

 W24, T28, D34, T90, I91, and W111  FIP-fve 

 IFN-  FIP-fve

 (Liu, et al., 2012)  

 

2.3. FIP-fve  

 2 g/mL FIP-fve

 0.1 M D-glucose, D-galactose, D-fucose, N-acetyl-D-glucosamine, 

N-acetyl-D-galactosamine  lactose FIP-fve 

 (human peripheral blood mononuclear cells, hPBMCs)  

hPBMC  G1/G0  S  T-bet (T-box transcription factor) 

 ( 2006)  hPBMC  IFN-  (Ko et al., 1995)  

p38 mitogen-activated protein kinase (p38 MAPK)  hPBMC FIP-fve 

 IFN-  FIP-fve  p38 MAPK  T 

ne) ))

FIFIFIIIIPP-P-P fvfvfvfvfveeeee-- 66666

cccceeseseses NNNNN 
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IFN-  (Wang, et al., 2004)  GST pull-down assay  LC-MS/MS 

 FIP-fve  hPBMC  integrin beta-3  

FIP-fve  hPBMC  

FIP-fve  CD4+ T  Th1  ( 2003)  

FIP-fve  IL-5  IL-5R  

 FIP-fve  CD95 

Bcl-xL pro-caspase 3  (apoptosis) 

FIP-fve  (Hsieh, et al., 2007)

 250 mM glutaraldehyde  FIP-fve  FIP-fve 

 FIP-gts  hPBMCs 

 (Ou, et al., 2009)  

FIP-fve IFN-   IL-2  IFN-  

 (Ko et al., 1995)  FIP-fve  T 

 T  paraformaldehyde  mitomycin-C  (

2008)  (Hsieh, et al., 2003)  T 

 FIP-fve  T  (antigen 

presenting cell, APC) FIP-fve  T  (T-cell receptor , 

TCR) V  19 mRNA  

(major histocompatibility complex, MHC) 

 T  FIP-fve

 FIP-fve  IL-12 p35, IL-12 p40  IL-18 

 ( 2008) FIP-fve  (mesenteric lymph 

node, MLN)  (Peyer’s patches, PP) IFN-  ( 2013)  

 FIP-fve

 FIP-fve BSA  

LLLLLC-C-C-C-C-MSMSMSMSMSS/M/M/M/M/M/MSSSSS

 ( 20202020200303030303)))))



8 

 

BALB/c  (systemic anaphylaxis)  compound 48/80 

 FIP-fve  

49.3 %  (Ko et al., 1995)  (ovalbumin, OVA)  

OVA  FIP-fve 

 OVA  IgE  IgG2a  

OVA  IFN-   IL-5  FIP-fve 

 Th1  Th2  (Hsieh et al., 

2003) Streptozotocin ICR

FIP-fve ICR  

FIP-fve  FIP  FIP-gts  ( 2006)  

 FIP-fve  FIP-fve  

(BNL 1MEA.7R.1 cell) 

 CD80, MHC class I, MHC class II 

 FIP-fve  IFN-  

 (Chang, et al., 2010)  FIP-fve  (HPV)-

16 E7  60%

 HPV-16 E7  (HPV)-16 E7  CD4+ 

 CD8+ T  IFN-   IFN-

CD4+  CD8+ T FIP-fve  

(dendritic cells, DCs)  CD8+ T  (Ding,

et al., 2009)  

 

2.4.  FIP-fve  

ounnnnnd d d d d 44844848/8/8/8/8/8/8000000

OOOOOVAVAVAAAVA))))
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 IFN-  

 FIP-fve  100 C 

 FIP-fve 60  90 

 2 FIP-fve  hPBMC  

IFN-   FIP-fve  121  15  -80  

12  pH 2  pH 4-10  FIP-

fve  pH 13  FIP-fve  

72%  IFN-   67% FIP-fve 

 IFN-   (Ou et al., 

2009; Tong, et al., 2008)  FIP-fve  FIP-fve

 FIP-fve  

121 C  20  138 C  18 

 130 C  12  121   20  4 C 

 ( 2011)  

FIP-fve

FIP-fve 

FIP-fve 

 FIP-fve  IFN-  FIP-fve 

 ( 2013)  

 

2.5.  FIP-fve  

 

 pGEX-2T expression vector  pGEX-FIP-fve  TG1 

IIIIIFNFNFNFNNN---

111100000000 CCCCC

99999000

hhhhhPBPBPBPBPBMCMCMCMCMC 
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 IPTG  Glutathione-Sepharose 4B 

 GST-FIP-fve GST 

 thrombin  GST-tag  reFIP-fve ( 1995)

 reFIP-fve  native fve  

hPBMC  native fve 

 reFIP-fve 14-114 reFIP-fve 1-103 reFIP-fve 14-103 reFIP-fve 28-103  

reFIP-fve 14-114  reFIP-fve 1-114  hPBMC  reFIP-fve 

1-103 hPBMC  75% reFIP-fve 14-103  40% reFIP-fve 

14-114  reFIP-fve 1-114  reFIP-fve 14-

103  25%  FIP-fve 28-103  hPBMC 

 FIP-fve  N  14-28  C  103-114 

 ( 1995)  pGEX-4T-1 

 GST-FIP-fve  GST-FIP-fve 1-114 GST-FIP-fve 1-103  

hPBMC  IFN-  GST-FIP-fve 1-114  ( 2006)

 pGEX-4T-1  reFIP-fve 28-103

 native fve  T 

 IFN-   FIP-fve 

 ( 2011)  

 

 

  MHC  TCR  T 

 40  (Staphylococcus aureus) 

 (Staphylococcus enterotoxin, SE) A, B, C1-3, D, E , G-

R, U  (toxic shock syndrome toxin-1, TSST-1)

ephahahahaarororororosesese 444444BBBBBB

ee ((((( 111919199595959595))))
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 (Streptococcus pyogenes)  (streptococcal 

pyrogenic exotoxin, SPE) A, C, G-M  SMEZ SSA

 (Mycoplasma arthritidis mitogen, MAM)  

(Yersinia pseudotuberculosis mitogen, YPM)  T 

 (P50)  0.02-50 pg/mL  T  IL-2, IFN-

  TNF-

 (Baker and Acharya, 2004; Fraser and Proft, 2008; Proft and Fraser, 2003)  

  YPM  14.5 kDa  20-30 kDa

 APC  MHC  T 

 APC  APC  MHC class II  T 

 TCR  T  105-106  naïve T 

 1%  20 %  naïve T  

 MHC class II  generic site 

 -chain  zinc-dependent site  -chain 

 generic site  SPE-A, SSA, SEB, SEC1-

3, SEG  TTST-1  N -chain  generic site  

SPE-C, SPE-G, SPE-H, SMEZ, SEH (Hakansson, et al., 2000) -chain  

zinc-dependent site  , -chain  SEA, 

SED, SEE, MAM  (Proft and Fraser, 2003)  

  CD4+ T  T  

(Bavari and Ulrich, 1995)  SEB (Swaminathan, et al., 1992) 

 TCRV  T  SHE  TCRV   real-time 

 V  27 (Pumphrey, et al., 2007)  

   

(((((stststststreeeptptptptptptococococococooococoo cacacaal l l l l

TTTTT 
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 FIP-fve  T 

1. FIP-fve  

paraformaldehyde  T 2. FIP-

fve  TCR V  19  6  TCR V  19 

 T 3.  MHC class I  MHC class II 

 FIP- fve  T 

 FIP- fve  MHC class I MHC class II  

TCR  T  FIP-fve

 ( 2008)  

FIP-fve  MHC II MHC I  TCR V   TCR 

V   FIP-fve  ( 2012)  

 FIP-fve  N  1-

13  -helix 

 1-27 104-114  13-27  8 

 pGEX 4T-1 

 reFIP-fve 28-103

 ( 2011)  

 pET-32a(+)  rFIP-fve 1-114 

 rFIP-fve 14-114  FIP-fve 

 FIP-fve  MHC  RAW 

264.7  FIP-fve Pull-Down 

 LC-MS/MS  FIP-fve 
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NaCl, KCl, NH4Cl, EDTA, KHCO3, Na2HPO4, -mercaptoethanol, acetic acid, 

HCl, SDS, APS, TEMED, glycine, coomassie brilliant blue R250, DTT(1,4-

dithiothreitol), bromophenol blue, methanol, Lysozyme, Trypan blue, Albumin 

from bovine serum (BSA), concanavalin A (ConA) Sigma-Aldrich (St. 

Louis, MO, USA) 

 ( ) 

NaOAc(CH3COONa) Mallinckrodt Baker Inc. (Phillipsburg, USA) 

Tris-base, Glycerol, polysorbate 20 (Tween 20) H2SO4  J.T.Baker 

(Phillipsburg, NJ, USA) 

KH2PO4, Na2HPO4, NaN3  Riedel-deHaën® (Seelze, Germany) 

40% Acrylamide/Gly Bio Basic Inc. (Ontario, Canada) 

BlockPRO™ Blocking Buffer  Visual protein ( ) 

IPTG  BioShop Canada Inc. (Ontario, Canada) 

FBS  GIBCO® Life Technologies (Carlsbad, CA, USA) 

RPMI-1640 medium, 89% High-glucose DMEM  Hyclone (Logan, UT, 

USA) 

Taq DNA Polymerase Master Mix Red  Ampliqon (Copenhagen, 

Denmark) 

HealthView Nucleic Acid Stain  Genomics BioSci & Tech Corp. (

) 

95% ethanol  ( ) 
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Vivaspin 6 (3 kDa MWCO), vivaspin 20 (5 kDa MWCO)  GE Healthcare 

(UK) 

25 T 75 T 48 50 mL  15 mL  Corning Life 

Science (Tewksbury, MA, USA) 

 

 FIP-fve  

 

(1)  

2012 5 24  ( ) 

(2)  

 90 g NaCl 5 mL -mercaptoethanol 250 mL acetic acid

5 L  

CM52 carboxymethyl cellulose Whatman Inc. (New Jersey, USA) 

0.01 M NaOAc (pH 5.2) 4.1 g NaOAc CH3COOH 

pH 5.2 5 L  

0.5 M NaOAc (pH 5.2) 10.25 g NaOAc 

CH3COOH pH 5.2 250 mL  

 0.5 M NaCl  0.01 M NaOAc 4.4 g NaCl  0.01M 

NaOAc pH 5.2  150 mL  

PBS  8.01 g NaCl 0.2 g KH2PO4 0.2 g KCl 1.15 g Na2HPO4 

 pH 7.2  1 L  

(3)  

 Water blender Royal Dutch Philips Electronics Ltd. (Amsterdam, 

GGGGEE E EE HeHeHeHeHealalalalalthththththcacacacarererereee 
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Holland) 

 Heat system Sonicator XL2020 Qsonica (Melville, NY, 

USA) 

 AllegraTM X-22R Centrifuge  Beckman Coulter, Inc. (CA, 

USA) 

 DOA-P104-A4  Gast Manutacturiag, Inc. ( Europe) 

1  Toyo Roshi Kaisha, Ltd. (Japan) 

Glass-microfiber discs, PESU membrane (0.2 m, 0.45 m) Sartorius 

Stedim Biotech. (Germany) 

Cellu Sep 3,500 MWCO Membrane Filtration Products, Inc. 

(Seguin, TX, USA) 

0.2 mm  ( ) 

Gradient Mixer  Amersham Pharmacia Biotech, Inc. (Piscataway, NJ, 

USA) 

HPLC fraction collector Advantec MFS, Inc. (CA, USA) 

NanoDrop® ND-1000 spectrophotometer NanoDrop Technologies, Inc. 

(Wilmington, DE, USA) 

PB-10 pH  Sartorious (Goettingen, Germany) 

 

 

(1)  

4 C 

 (  10  10  10 

)  (4 C, 9,500 rpm, 20 ) 

1  90%  4 C 

icicicicica a (((M(M(M(Melelelelelvivivivivilllllllllle,e,eee NNNNNY,Y,Y,Y, 
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 (4 C, 9500 rpm, 10 ) 

 0.01 M NaOAc (pH 5.2)  4 C 

 0.01 M NaOAc (pH 5.2) 

 glass fibre  0.45 m  4 C 

 

 

(2) CM-52  

 0.5 M NaOAc (pH 5.2)  CM-52  30 

 0.01 M NaOAc (pH 5.2)

0.01 M NaOAc (pH 5.2) 

 0.01 M NaOAc (pH 5.2)  

pH 5.2  

30 mL 0.01 M NaOAc 

(pH 5.2) 0.1 mg/mL 

0.01 M NaOAc (pH 5.2) 0.5 M NaCl 0.01 M NaOAc (pH 5.2) 

 4 mL 

 SDS-PAGE  

PBS  4 C  -20 C  

 

(3)  

NanoDrop® ND-100  2 L 

 2 L 

 2 L  280 nm  

4444 C CC

H 5.5.5.5.5.2)2)2)2)2)  
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 (SDS-PAGE) 

 

(1)  

Tri-base (pH 8.8) 18.17 g Tris-base HCl pH 8.8

100 mL  

Tri-base (pH 6.8) 6.0 g Tris-base HCl pH 6.8

100 mL  

10% SDS 10 g SDS 100 mL  

10% APS 0.1 g APS  1 mL  

5 X SDS sample dye  2.5 mL 0.5 M Tris-base (pH 6.8), 4 mL 10% SDS, 2 

mL glycerol, 1 mL -mercaptoetnanol, 2 mL 1% bromophenol blue  2 

mL 1 M DTT  -20 C  

Tank buffer  3 g Tris-base, 14.4 g glycine  10 mL 10% SDS, 

 1 L  

CBR  1% stain stock  2 g coomassie brilliant blue R250 

 200 mL  

CBR  62.5 mL 1% stain stock, 250 mL methanol, 50 mL acetic acid 

 500 mL  

 500 mL methanol, 100 mL acetic acid  400 mL 

 

 105 mL 95% Ethanol  25 mL Acetic acid

 250 mL  

 79 mL 95% Ethanol 0.78 g Sodium thiosulphate  17 g 

Sodium acetate  250 mL  
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 0.625 g Silver nitrate  250 mL

 0.1 mL Formaldehyde  

 6.25 g Na2CO3  250 mL

 0.05 mL Formaldehyde  

 12.5 mL Acetic acid  250 mL  

(2)  

Mini-protein   Bio-Rad Laboratories (Hercules, CA, 

USA) 

Thermomixer comfort 1.5 mL Eppendorf (Hamburg, Germany) 

PXi 4 Image analysis system  SYNGENE (Cambridge, UK) 

 

 

(1)  

 70% 

 15% running gel  methanol 

 30  methanol  4% stacking gel 

 30 

 tank buffer  4 C  

 

(2)  

 20 L  5 L  5X SDS sample 

dye  99 C  10 

 tank buffer

 60 sample dye  

stacking gel  running gel  110  2 

2250500 mmmmLLLLLL

222225050505050 mmmmmmLLLLLL
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 CBR  30 

 

 

(3)  

 

SDS-PAGE  (fixation)  

30  (sensitizing)  30 

 20 

 

(developing) 10 

 

 

 

 

(1)  

10  CAPS  22.13 g CAPS  pH 11 

 1 L  

Transfer buffer  200 mL 10  CAPS  500 mL methanol

 2500 mL  4 C  

(2)  

BioRed  Bio-Rad Laboratories (Hercules, CA, USA) 

Hybond ECL Nitrocellulose membrane (0.22 μm)  GE Healthcare (UK) 
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3MM Chr Chromatography Paper  Whatman Inc. (New Jersey, USA) 

 

 

  NC  transfer buffer  10 

NC  NC 

transfer buffer  4 C 

 400 mA  1.5  

 

 (western blotting) 

 

(1)  

Anti-FIP-fve (D1 ) 5000  

Anti-TCR alpha antibody (ab18861), Anti-TCR beta antibody (ab18862)  

abcam plc. (Cambridge, UK) 

AP conjugated goat anti-mouse IgG antibody, AP conjugated goat anti-rabbit 

IgG antibody  Kirkegaard & Perry Laboratories (KPL), Inc. (MD, USA) 

(2)  

10  TBS  2.42 g Tris-base  29.2 g NaCl  1000 

mL  

TTBS  100 mL 10  TBS  1 mL Tween-20  

1000 mL  

TMB membrane peroxidase substrate  Kirkegaard & Perry Laboratories 

(KPL), Inc. (MD, USA) 

ImmobilonTM Western Millipore Chemiluminescent HRP Substrate  

wwwww JJJJJerererrrrssseseses yyy,y, UUSASASASA))) ) ) ) 
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Millipore corporation (MA, USA) 

 

 

  NC  Blocking buffer  4 C 

blocking buffer  1  TTBS 

 10  TTBS  NC 

 1  TTBS 

 10  TTBS  1 mL TMB membrane peroxidase 

substrate 

 TTBS  1 mL  Chemiluminescent HRP 

Substrate  30  NC 

 30  

 

 rFIP-fve 1-114 truncated rFIP-fve 14-114  

 

(1) cDNA  FIP-fve  pGEX4T-1 vector

 XL-10  

(2) pET-32a(+)  DH-5   

(3)  

pGM-T PCR Cloning Kit  GMbiolab ( ) 

QIAquick Gel Extraction Kit  Qiagen Sciences (Maryland, USA) 

Plasmid Miniprep Purification Kit  GMbiolab ( ) 

5 X TBE Buffer  54 g Tris base 27.5 g boric acid  20 mL 0.5 M 

EDTA  pH 8.0  1 L  
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LBA  10 g Tryptone 10 g NaCl 5 g Yeast extract  15 g Bacto Agar 

 1 L  

LB  10 g Tryptone 10 g NaCl  5 g Yeast extract 

 1 L  

(4) FIP-fve  

fve 1-114 forward primer (AAA + Kpn I + Enterokinase + S1 A2 T3 S4)  

5’- AAAGGTACCGACGACGACGACAAGTCCGCCACGTCG -3’ 

fve 1-114 reverse primer (W K K T + stop codon + Xho I + AAA)  

5’- AAACTCGAGTCAAGTCTTCTTCCA -3’ 

fve 14-114 forward primer (AAA + Kpn I + Enterokinase + K14 K15 I16 D17)  

5’- AAAGGTACCGACGACGACGACAAGAAGAAGATCGAT -3’ 

fve 14-114 reverse primer (W K K T + stop codon + Xho I + AAA)  

5’- AAACTCGAGTCAAGTCTTCTTCCA -3’ 

(5)  

GeneAmp® PCR System 2700  Applied Biosystems (CA, USA) 

Mupid2-plus DNA gel electrophoresis system  ADVANCE Co., Ltd. 

(Japan) 

 

 

(1)  (polymerase chain reaction, PCR) 

 FIP-fve  XL-10  DNA  4.6 L

 0.2 L forward primer 0.2 L reverse primer 5 L Taq DNA 

Polymerase Master Mix Red  GeneAmp® PCR 

System  colony PCR  94 C  2  94 C  

30 55 C  30 72 C  40  24  72 C  10 

111155555 ggg g g g BBBaBactcttoo AgAgAgAgAgAgararar 

astststtt eeeeextxtxtxtrarararararactctctctctct 
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 4 C  

 

(2) DNA  (Agarose Gel Electrophoresis) 

 DNA  20 

mL 0.5 X TBE buffer  DNA 1-3% agarose

 0.75 L HealthView Nucleic Acid Stain 

 2-3 

 0.5 X TBE buffer 

 PCR  UV 

 PXi 4 Image analysis system  

 

(3) DNA  

 QIAquick Gel Extraction Kit  DNA 

 1.5 mL  3  QG buffer  50 C 

 10  1  isopropanol  

700 L  QIAquick colume  1 

 500 L 

QG buffer  colume  1  

750 L PE buffer  1 

 3  PE buffer  ethanol  QIAquick 

colume  1.5 mL  30 L  colume 

 1  1  DNA 

 

 

(4) T-A cloning  
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 DNA  1: 3  pGM-T cloning kit 

 1 L T4 ligase  1 L 10 X buffer  10 L

 16 C  10  DNA  (ligation)  

 LBA  55 C

 100 g/mL ampicillin  LBA 

 50 L X-gal (50 

mg/mL)  20 L 0.5 M IPTG  0.5 mm 

 37 C  10 L

 50 L DH-5   1.5 mL  45 C 45 

 heat shock heat shock  10 

 40 L LB  

0.5 mm  37 C 

 

 

(5)  DNA  

 pET-32a(+)  DH-5   10 mL

 200 L Solution I 

 vortex  200 L Solution II  10 

 200 L Solution III 10 

 5  Spin column 

 Collection tube  spin column

 1  collection tube  700 L Wash Solution

 1  collection tube 

 3  PE buffer  ethanol  spin 

column 1.5 mL  50 L  colume 

looooonninniningngngngngng kkkkiititi  

11110 0 000 LLLLLL

gatititititiononononon)))
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 1  1 

 -20 C   

 

(6)  (restriction enzyme reaction)  (ligation) 

 DNA  FIP-fve DNA  pGM-

T  5 g  0.2 L BSA 2 L NEB buffer 1  0.5 L Xho 

I  20 L  37 C  1 0.15 L 

Kpn I  37 C  15 pET-32a(+) 

 10 g  0.5 L BSA 5 L NEB buffer 1  0.5 L 

Xho I  0.5 L Kpn I  50 L  37 C  75 

 DNA  DNA 

 DNA  sticky end DNA  

linear  

 pET-32a(+)  DNA  1: 3  

1 L T4 ligase  1 L 10 X buffer  10 L  

16 C  10  DNA 10 

 (transform)  DH-5  

 BL-21

 

 rFIP-fve 1-114 truncated rFIP-fve 14-114  

 

(1)  

0.5 M IPTG  0.22 m  4 C  
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Lysozyme stock 0.1 g Lysozyme  10 mL  

-20 C  

Binding buffer  7.6 g Na3PO4•12H2O 29.22 g NaCl  0.34 g imidazole 

 pH  7.4  1 L  

Elution buffer  7.6 g Na3PO4•12H2O 29.22 g NaCl  34 g imidazole 

 pH  7.4  1 L  

EKMax™ Enterokinase  Invitrogen (CA, USA) 

(2)  

ÄKTA purifier FPLC system, fraction collector frac 900, HiTrap IMAC FF 5 

mL  GE Healthcare (UK) 

 

 

(1)  His-tag  

 50 l  100 g/mL ampicillin  5 mL LB  

(37 C 130 rpm) 6  1 mL  

100 g/mL ampicillin  1L LB  

0.6~0.8  IPTG  His-tag 

 0.4 mM IPTG  4 

 10  (4 C 9,500 rpm) 

 -80 C  

(2)  

 1 L  40 mL Binding buffer 

 200 L lysozyme stock  4 C  30 

 (  10  10  10 )

 10  (4 C 9,500 rpm)  0.45 m 0.22 

00000.3.3.3.3. 4 4 4 4 4 4 gggg g g imimimimiimididididddazazazazazazooololololeeeee
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m  4 C  

 

(3)  FPLC (Fast protein liquid chromatography)  His-tag  

 FPLC  0.1 M 

NiSO4  4 C 30 

 binding buffer  3 mL/min 

 binding buffer 

1.  15% elution buffer  10 C.V. 2.  15~60% Elution 

buffer  10 C.V. 3.  100% Elution buffer  4 C.V.

 SDS-PAGE  His-tag  

 

(4) His-tag  

 FPLC  His-tag  PBS 

 EK  His-tag  0.1 uL  20 

L  4 C  2~4  His-tag 

 0.22 m  

 

 (In gel digestion) 

 

(1)  

0.1 M NH4HCO3  7.9 g NH4HCO3  pH 8.0 

 1 L  

0.1 M DTT stock  0.15 g DTT  10 mL 0.1 M NH4HCO3  

 

aggggg 
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 CBR

 1.5 mL  1 mL 40% ACN/ 0.1M NH4HCO3 10

 1 mL 

 ACN  100% 

ACN  50 L 

10 mM DTT/ 0.1M NH4HCO3  56 C 

 1 mL 

30

50 L 55mM IAM/ 0.1M NH4HCO3 

 45 1 mL 40% ACN/ 0.1 M 

NH4HCO3 1 mL 

30

0.1M NH4HCO3  trypsin  1: 20 - 1: 100 

 0.1M NH4HCO3  37 C 

 50%ACN/ 0.1% FA

 3  30  80% ACN/ 0.1% 

FA 10

 10 L 0.1% FA  -20 C 

 

 

 

 

(1)  

O3 1010101011
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BALB/cByJNarl  ( ) 

(2)  

RBC lysis buffer 155 mM NH4Cl 10 mM KHCO3 0.1 mM EDTA 

0.22 m Minisart 

4 C  

 10 % FBS  RPMI-1640 medium  

0.4% (w/v) trypan blue  2 g trypan blue  500 mL 

 

(3)  

 ( ) 

 Reichert Inc., (NY, USA) 

 Hera Labofuge 400 Heraeus (Hanau, Germany) 

 

 

 

 PBS  PBS 

 1,500 rpm  1 mL 

RBC lysis buffer  1  2 

 9 mL PBS 1,500 rpm 

 trypan blue 

 

 

))) ) ) ) 

mMMMMM EEEEEDTDTDTDTDTDTA A A A AA
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 (Enzyme-linked immunosorbent assay, ELISA) 

 

(1)  

IFN-  ELISA DuoSet R&D Systems (Minneapolis, MN, USA) 

Wash buffer PBS 0.05% (v/v) Tween 20  

Block buffer : 1% BSA  pH 7.2  PBS  

Tris-buffered Saline (TBS)  3.02 g Tris  4.38 g NaCl 

 pH  7.2  500 mL  

Reagent diluent  0.1% BSA  0.05% Tween 20  Tris-buffered 

Saline  

Stop solution 1M H2SO4  

(2)  

Costar 96-Well Half-Area Plates  Corning Life Science (Tewksbury, MA, 

USA) 

EnSpire® Multimode Plate Readers  PerkinElmer Inc. (MA, USA) 

 

 

 96  50 L  PBS  

capture antibody  coating  150 L 

wash buffer  capture antibody

 100 L block buffer  1  wash 

buffer reagent diluent 

50 L  2 

wash buffer  50 L assay diluent 

ttt t t asasasasssssasas y,y,y,y,, EEEEELILILILILISASASASASA)) 
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 capture antibody  2 wash 

buffer  50 L assay diluent 

 Streptavidin-HRP 20 wash 

buffer 50 L TMB substrate

25 L stop solution  ELISA reader 

 450 nm  540 nm 

 

 

 RNA  

 

(1)  

Total RNA Miniprep kit  GMbiolab ( ) 

RNA to cDNA EcoDry™ Premix (Oligo dT)  Clontech Laboratories, Inc. 

(CA, USA) 

 

 

  1.5 mL  PBS 

 600 L RNA lysis/2-ME solution  

-80 C 

 600 L 70%  700 L  RNA spin column 

spin column 

 RNA spin column 

500 L  RNA wash solution I

 80 L DNase incubation buffer  2 L DNase I  80 L 

wawawawaaashshshshss  

lululululuenenennnnt ttt

wawawawawawashshshhh  
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 spin column  10  DNA 500 L RNA 

wash solution I  RNA spin column  RNA 

spin column 600 L RNA wash solution II

 RNA spin column  1.5 

mL 30 L Nuclease-free water  RNA spin column 

 10 1  RNA  NanoDrop® ND-100 

 RNA  RNA  -80 C  

  Clontech  RNA to cDNA EcoDry™ Premix  

reverse transcriptase oligo(dT) primers MgCl2 BSA DTT  dNTP Mix

 RNA 1-5 g  Nuclease-free water 

 20 L  GeneAmp® PCR System 

 42 C  60  70 C  10

 4 C  NanoDrop® ND-100  cDNA  -20 C 

 

 

 (Real-time PCR) 

 

(1)  

iQ™ SYBR® Green Supermix  Bio-Rad Laboratories (Hercules, CA, 

USA) 

iQ™ 96-Well PCR Plates  Bio-Rad Laboratories (Hercules, CA, USA) 

Microseal® 'B' Adhesive Seals  Bio-Rad Laboratories (Hercules, CA, 

USA) 

(2)  

5550505050000 L LLL RNRNRNRNRNRNA A A A

RRRRRNANANANAAA 

tioioooon n n nn IIIIIII
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MyiQ™ Single-Color Real-Time PCR Detection System  Bio-Rad 

Laboratories (Hercules, CA, USA) 

(3)  

Mouse -actin forward primer  

5’- TCC TTC TTG GGT ATG GAA T -3’ 

Mouse -actin reverse primer  

5’- GGA GCC AGA GCA GTA ATC -3’ 

Mouse IFN-  forward primer  

5’- TGA GAC AAT GAA CGC TAC AC -3’ 

Mouse IFN-  reverse primer  

5’- CTT CCA CAT CTA TGC CAC T -3’ 

Mouse IL-2 forward primer  

5’- GTA AAA CTA AAG GGC TCT GAC -3’ 

Mouse IL-2 reverse primer  

5’- TTG AGG GCT TGT TGA GAT -3’ 

 

 

(1) Real-time PCR  

 housekeeping gene 

 iQ™ SYBR® Green Supermix  100 

ng  cDNA  100 nM forward primer  reverse primer

 10 L  10 L 2X iQ™ SYBR® Green Supermix

 PCR  96 

 PCR  96   MyiQ™ Single-

m BBioiooio-R-RRRRRadadadadaa  
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Color Real-Time  

Step 1 95 C  10  1  

Step 2 95 C  15  55 C  30  60  

Step 3 95 C  1  1  

Step 4 55 C  1  1  

Step 5 55 C  10  81  

     Ct  

 

(2)  

 (0 ) 

-actin  housekeeping gene 

 (efficiency)  100%  cDNA  2n 

 

A.  = 2(- Ct) 

B. Ct = Ct ( ) - Ct (housekeeping gene) 

C. Ct = Ct ( ) – Ct ( ) 

 

 RAW 264.7  

 

(1)  

70% ethanol  740 mL  95%  1 L  

 10 % FBS  89% High-glucose DMEM medium  

(2)  

 76  20 mm  KIMBLE (Gerresheimer group, USA) 

66666000
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0.1 mm deep  Reichert Inc (NY, USA) 

 HC-34  (Taylor Wharton, AL, USA) 

 

 

(1)  

 RAW 264.7  37 C 

 9 mL ice-cold PBS 

 1,500 rpm  5  10 mL 

 medium  10 

37 C 5% CO2  

(2)  

 RAW 264.7 

 10 mL  PBS  1-2 mL 

trypsin  1  trypsin 

 9 mL  trypsin  15 

mL 1,500 rpm  5  10 mL 

 medium  10 

 10 mL 37 C 5% CO2 

 

 

 (Co-immunoprecipitation) 

 

(1)  

Anti-FIP-fve (D1 )  
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Purified anti-mouse MHC Class I (H-2), Purified Rat IgG2a (  isotype ctrl 

antibody), Purified Rat IgG2b (  isotype ctrl antibody)  BioLegend 

Anti-Mouse MHC Class II (I-A/I-E) Purified  ebioscience 

(2)  

Non-denature lysis buffer  current protocols  50 mM Tris-

Base 300 mM NaCl 1% Trixton X-100  HCl  pH7.4  

Wash buffer  0.5% Tween-20  PBS   

Protease Inhibitor Cocktail Set III, EDTA-Free  Calbiochem  

ProteoExtract  native membrane protein extraction kit  EMD Millipore 

(MA, USA) 

(3)  

Magna GrIP™ Rack (8 well)  EMD Millipore (MA, USA)  

Protein G Mag Sepharose Xtra  GE Healthcare (UK) 

Rotator/Mixer RM-2  ELMI Ltd. (Latvia) 

 

 

(1)  

 Co-IP MHC class I MHC class II  500 

L PBS  RAW 264.7  1.5 mL  

300 xg 5  500 L non-denature lysis buffer 

 5 L protease inhibitor  4 C  30 

 10  

 Co-IP TCR V   TCR V  

 PBS  2 mL 

 2.5 × 107  300 xg  4 C  10 

G2G2222aa a a a (((((( iisssosotytyypepepepep cccccctrtrtttt llll

BBBBBBioioioioLeLeLeLeLegegegegegendndndndnd 

ennnnncecececece 
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 EMD Millipore  ProteoExtract Native 

Membrane Protein Extraction  2 mL Wash 

Buffer  300 xg  10 

 10 L Protease Inhibitor Cocktail  2 mL Buffer I 

 Rotary Shaker  4 C  10 10 

 16,000 xg  4 C  15 

 2.5 uL Protease Inhibitor Cocktail  

0.5 mL Buffer II  Rotary Shaker  4 C  30 30 

 16,000 xg  4 C  15  membrane fraction

 membrane fraction  -20 C 

 

 

(2)  

 20 L  1.5 mL 

 500 L non-denature lysis buffer 

 500 L  4   1 

 pre-clear 

10 L 10% BSA  80 g FIP-fve  4  

 20 L 

500 L non-denature lysis buffer 

 4  

 500 L non-denature lysis buffer 

 Wash buffer 

 

 

oteteteteeoEoEoEoEoExtxtxtxtxtxtraaaactct NNNNatatattttiviviviviviveee

22222 mmmmmL L L L L WaWaWaWaW shshshshhh 

0 
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  SD  

SAS (statistics analysis system, SAS Institute Inc., USA)  one-way ANOVA 

 (least significant difference, LSD)  0.001 (p

0.001)  
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 rFIP-fve 1-114  truncated rFIP-fve 14-114  

1.1.  FIP-fve  

 1 kg 

 95% 

 CM-52  0-0.5 M NaCl  0.1-0.2 M NaCl 

 0.3 M NaCl  (Fig. 1A)

 SDS-PAGE 

 10-17 kDa  26-34 kDa  CM-52 

 12.7 kDa  FIP-fve (Fig. 1B)

 1 kg  60 mg  FIP-fve  

 

1.2.  rFIP-fve 1-114 truncated rFIP-fve 14-114  

  GST-fve  

rFIP-fve ( 2011)  GST-tag  N 

 His-tag 

 pET-32a(+)  FIP-

fve  enterokinase 

 fve 1-114  fve 14-114  

enterokinase  His-tag  rFIP-fve 1-114 

 kpn I  Xho I  (Fig. 2)  FIP-fve 

 pGEX4T-1 vector  colony PCR
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 fve  kpn I  PCR 

 DNA  DNA 

 fve  PCR  T-A cloning

 pGM-T-fve  fve  

 fve 1-114 forward primer + reverse primer  fve 14-114 forward primer 

+ reverse primer  colony PCR  372 bp  fve 1-114 

 333 bp  fve 14-114  (Fig. 3)  T-A cloning ligation 

 pGM-T  DH-5  

 5 mL LB 

 100%  pGM-T-fve 1-114 

 pGM-T-fve 14-114  Xho I  37 C  1  Kpn 

I  15  DNA  372 bp  333 bp 

 fve 1-114  fve 14-114  290 

bp  fve  (Fig. 4A)  pET-32a(+) 

 Xho I  Kpn I  37 C 

 75  DNA  pET-32a(+) 

 (Fig. 4B)  

 fve 1-114 fve 14-114  pET-32a(+) 

 T4 ligase  DH-5  

 BL-21  100% 

 -80 C  FIP-fve  FIP-fve N  

1-13  pET-32a(+) 

 BL-21  

 

TTTT-A-A-A-AAA cccccclolololoninininininingngngngngng



41 

 

1.3.  rFIP-fve 1-114 truncated rFIP-fve 14-114  

  IPTG  rFIP-fve 1-114 

 LB  0.6-0.8  0.4 0.6 0.8  1 mM 

IPTG  3-6  3 mL  SDS 

sample dye  99 C  SDS-PAGE  

SDS-PAGE  

anti-FIP-fve  26 kDa  4 

 (Fig. 5)  

IPTG  0.4 mM  4-6  

 rFIP-fve 1-114  1 L  3 g 

 Hitrap IMAC binding buffer  Hitrap IMAC 

 15% elution buffer  15-

60% elution buffer  (Fig. 6A)

 26 kDa  (Fig. 6B)  His-

FIP-fve 14-114  (Fig. 7A)  SDS-PAGE His-FIP-fve 

14-114  26 kDa  (Fig. 7B)  

 His-FIP-fve  PBS  enterokinase  4 C 

 His-tag His-FIP-fve 14-114  His-tag  

His-FIP-fve 1-114  His-tag 

 His-tag  enterokinase  Hitrap IMAC 

 His-tag  12.7 kDa  rFIP-fve 

1-114  11.3 kDa  rFIP-fve 14-114  (Fig. 8)  

 anti-FIP-fve 

 lane 2  rFIP-fve 1-114  FIP-fve 

 lane 3 rFIP-fve 1-114  FIP-fve

IIIIP-PPP-P-fvfvfvfvfvfveeee- 11111-1-1-1-1-11414141414 

6 0.0.0.0.0.8888 111111 mmmmmmMMMMM
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 SDS-PAGE 

 SDS-PAGE  LC-MS/MS 

rFIP-fve 1-114  

FVE_FLAVE  FIP-fve  (coverage)  50%  rFIP-fve 14-114 

 FVE_FLAVE  65% (Fig. 10)

 rFIP-fve 1-114  rFIP-fve 14-114  

 

 rFIP-fve 1-114  truncated rFIP-fve 14-114 

 

2.1.  rFIP-fve 14-114  IFN-   rFIP-fve 

1-114  

 FIP-fve  CD4+ T  Th1 

 IFN-

 0-40 g/mL rFIP-fve 1-114  rFIP-fve 14-114  72 

 ELISA  IFN-   rFIP-

fve 1-114  IFN-  2.5 g/mL 

 truncated rFIP-fve 14-114  IFN-  

N  1-13  FIP-fve  

 

2.2. rFIP-fve 14-114  IFN-   IL-2  

 1995  Ko  FIP-fve  IL-2  IFN-   

(Ko et al., 1995)  hPBMC  T-bet  ( 2006)  Th1 

 FIP-fve  Th1 

LLLLLCC-C----MSMSMSMSS/M/M/M/M/MSSSSS
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 2.5 g/mL rFIP-fve 1-114  rFIP-fve 14-114 

 0 6 12 18  24  RNA  RNA 

 cDNA  real-time PCR 

 rFIP-fve 1-114  IFN-  24 

 0  2.6  (Fig. 12A)  IL-2  18  24 

 10  (Fig. 12B)  IFN-   IL-2 rFIP-fve 14-114 

 

 

 FIP-fve  

3.1. FIP-fve  MHC class II  

  RAW 264.7  non-denature lysis buffer 

 protein G 

 FIP-fve  anti-mouse MHC Class I (H-2) Anti-Mouse 

MHC Class II (I-A/I-E)  anti-FIP-fve  FIP- fve

 MHC Class I  MHC Class II  FIP- fve 

 FIP-fve

 anti-FIP-fve 

 12.7 kDa 

 MHC Class II  FIP-fve 

 12.7 kDa  FIP-fve  

MHC Class II  FIP-fve  

  MHC Class I  FIP- fve  

MHC Class I  Isotype IgG2a  FIP- fve 

 MHC Class II  (Fig. 13)  

rFIFIFIFIIPP-PP-P-fvfvfvfvfvfvee- 11114-4-11111114444

RRRRNANANANANA RRRRRNANANANAAA 
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3.2.  FIP-fve  TCR V  

  BALB/c  EMD Millipore  ProteoExtract 

Native Membrane Protein Extraction 

 FIP-fve  anti-mouse TCR V   anti-FIP-fve 

 pull down  SDS-PAGE  

anti-mouse TCR V   anti-FIP-fve  

anti-FIP-fve  Co-IP anti-FIP-fve  12.7 kDa  FIP-fve 

 Co-IP anti-mouse TCR V   anti-mouse TCR 

V  Co-IP anti-FIP-fve  16 kDa  TCR V  

 anti-mouse TCR V   FIP-fve  

TCR V   (Fig. 15)

 

3.3. Co-IP  LC-MS/MS  FIP-fve  

  Co-IP pull down  

cell lysate  LC-MS/MS 

 Co-IP  BALB/c 

 non-denature lysis buffer 

 FIP-fve  anti-FIP-fve  Protein G Mag 

Sepharose  Co-IP 

 SDS-PAGE  Co-IP  8 M 

urea  in solution digestion  Co-IP 

 LC-MS/MS  

  12.7 kDa  FIP-fve

 FIP-

fve  (Fig. 16) Co-IP  LC-

PPPPrororororoteteteteeoEoEoEoEoExtxtxtxtxtrararaacctctcttt 
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MS/MS  MASCOT  SwissProt 

 (Mus musculus)  (keratin) 

 FIP-fve  Mediator of RNA polymerase II

Glutamate receptor ionotropic StAR-related lipid transfer protein 

 MHC  TCR (Fig. 17)  

 

(((((kekekekekerararararatitititin)n)n)n)n)) 

A pppppolololoo ymymymymymmererererere asasasaseeeeee IIIIIIIIIIII
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 rFIP-fve 1-114  truncated rFIP-fve 14-114  

  FIP-fve  12.7 

kDa  FIP-fve 

Th1  Th1  IFN-  

FIP-fve  -strands -turn  -helices N  C 

 X-ray  FIP-fve  N -helices 

 FIP-fve

 APC  T  ( 2008)

N  -helix  -strand  FIP-fve

 IFN-  

 FIP-fve  APC T 

 GST  thrombin  GST-tag 

 rFIP-fve ( 2011)

 pET-32a(+)  FIP-fve 

 1-13  FIP-fve  (Fig. 2)

 rFIP-fve 1-114  rFIP-fve 14-114  rFIP-fve 

1-114  0.4 mM IPTG  4-6  (Fig. 5)

 3 L  10 mg 

His  PBS  enterokinase  His-tag

 N  His-FIP-fve 1-114 

 His-tag 
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 37  16 C  SDS-PAGE  

rFIP-fve  rFIP-fve 

 

His-tag  

 2-4  12.7 kDa  

rFIP-fve 1-114  11.3 kDa  rFIP-fve 14-114  (Fig. 8)

 His-tag 

 Trx-tag  His-tag  rFIP-fve 

 His-tag  His-tag rFIP-fve 

 enterokinase  Hitrap 

 His-tag  3 mg

Hitrap 

 rFIP-fve  His-tag 

 His-tag  rFIP-fve 

 insert  pET-32a(+)  BL-21 

 His-tag  His-tag  

 

 truncated rFIP-fve 14-114  

  FIP-fve  pGEX-2T 

 reFIP-fve 14-114 reFIP-fve 1-103 reFIP-fve 14-103 reFIP-fve 28-103 

 N  1-13  reFIP-fve 14-114 

 reFIP-fve 1-103 reFIP-fve 14-103 reFIP-fve 

28-103  ( 1995)

 truncated fve 28-103  IFN-  

GEEE E E
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 T  ( 2011)  FIP-fve 

 rFIP-fve 1-114  rFIP-

fve 14-114  rFIP-fve 14-114  IFN-

  rFIP-fve 1-114  (Fig. 11)  real-time PCR 
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 FIP-fve  

Figure 1. The purification of FIP-fve from F. velutipes. 

(A) The elution profile of FIP-fve using CM-52 chromatography. (B) SDS-PAGE analysis 

of total protein (lane 1), peak 1 (lane 2), peak 2 (lane 3), and molecular weight marker 

(lane M). 
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Trp111 Lys112 Lys113 Thr114 ***

Xho I

fve 14-114 forward primer

Asp   Asp Asp Asp Lys    Lys14 Lys15 Ile16 Asp17

Kpn I

FIP-fve 14-114 cDNA

fve 14-114 reverse primer
enterokinase cutting site 

Trp111 Lys112 Lys113 Thr114 ***
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pET-32a(+)-fve 1-114  pET-32a(+)-fve 14-114 

Figure 2. Construction of pET-32a(+)-fve 1-114 and pET-32a(+)-fve 14-114 

expression vector. 
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fve 1-114  fve 14-114  DNA  

Figure 3. Products of PCR with fve 1-114 primers and fve 14-114 primers. 

Lane M: 100 bp DNA marker, lane 1: Product of PCR with fve 1-114 primers, lane 2: 

Product of PCR with fve 14-114 primers. 
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(A)                                      (B) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pGM-T-fve 1-114 pGM-T-fve 14-114  pET-32a(+)  

Figure 4. Products of pGM-T-fve 1-114 pGM-T-fve 14-114, and pET-32a(+) after 

digesting with restriction enzymes. 

(A) Lane M: 100 bp DNA marker, lane 1: Kpn I/ Xho I double digested pGM-T-fve 1-114, 

lane 2: Kpn I/Xho I double digested pGM-T-fve 14-114. (B) Lane M: 100 bp DNA marker, 

lane 1: Kpn I/ Xho I double digested pET-32a(+) vector, lane 2: pET-32a(+) vector. 

 

 

 



62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 His-FIP-fve 1-114  

Figure 5. Western blotting of expression of His-FIP-fve 1-114 with different 

incubation time and IPTG concentration. 

His-FIP-fve 1-114 expression of 0.4, 0.6, 0.8, 1.0 mM IPTG at different time points (3-6 

hours). Anti-FIP-fve antibody was used as detection antibody. 
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 His-FIP-fve 1-114  

Figure 6. The purification of His-FIP-fve 1-114. 

(A) The elution profile of His-FIP-fve 1-114 using Hitrap IMAC FF chromatography. (B) 

SDS-PAGE analysis of total protein (lane 1), unbound fraction (lane 2), peak 1 (lane 3), 

peak 2 (lane 4), and molecular weight marker (lane M). 
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 His-FIP-fve 14-114  

Figure 7. The purification of His-FIP-fve 14-114. 

(A) The elution profile of His-FIP-fve 14-114 using Hitrap IMAC FF chromatography. 

(B) SDS-PAGE analysis of total protein (lane 1), unbound fraction (lane 2), peak 1 (lane 

3), peak 2 (lane 4), and molecular weight marker (lane M). 
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 enterokinase  His-FIP-fve 1-114  His-FIP-fve 14-114  His-tag 

 

Figure 8. Cleavage of fusion His-tag from His-FIP-fve 1-114 and His-FIP-fve 14-114 

by enterokinase. 

SDS-PAGE analysis of FIP-fve (lane 1), His-FIP-fve 1-114 after enterokinase digestion 

for 4 days (lane 2) and further purified using Hitrap IMAC FF column (lane 3), His-FIP-

fve 14-114 after enterokinase digestion for 2 days (lane 4) and further purified using 

Hitrap IMAC FF column (lane 5). 
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rFIP-fve 1-114  rFIP-fve 14-114  

Figure 9. Western blotting analysis of rFIP-fve 1-114 and rFIP-fve 14-114. 

Lane 1: FIP-fve (0.25 mg/mL), lane 2: rFIP-fve 1-114 (0.5 mg/mL), lane 3: rFIP-fve 14-

114 (0.5 mg/mL), lane M : molecular weight marker, using anti-FIP-fve antibody as 

detection antibody. 
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(A)  rFIP-fve 1-114 

 

 

 

 

 

 

 

 

 

(B)  rFIP-fve 14-114 

 

 

 

 

 

 

 

 

rFIP-fve 1-114  rFIP-fve 14-114  

Figure 10. Protein sequencing results of rFIP-fve 1-114 and rFIP-fve 14-114 by mass 

spectrometry. 

The protein sequencing results of rFIP-fve 1-114 (A) and rFIP-fve 14-114 (B), mated 

peptides were shown in Bold Red. 
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rFIP-fve 1-114  rFIP-fve 14-114  IFN-  

 

Figure 11. Activity of rFIP-fve 1-114 and rFIP-fve 14-114 on the IFN-  production of 

murine splenocytes. 

Splenocytes from BALB/c murine were incubated with rFIP-fve 1-114 and rFIP-fve 14-

114 at 40, 20, 10, 5, 2.5, 1.25, 0.625, and 0.31 g/mL for 72 hours and the IFN-  level in 

culture supernatant was determined by ELISA. Results were expressed as means ± SD, 

n=3. 



69 

 

(A) 

 

 

 

 

 

 

 

(B) 

 

 

 

 

 

 

 

 

rFIP-fve 14-114  IFN-   IL-2  

Figure 12. The gene expression levels of IFN-  and IL-2 could not elevate by incubate 

with rFIP-fve 14-114 in mouse splenocytes. 

Total mRNA of mouse splenocytes were extracted after treating with 2.5 g/mL rFIP-fve 

for 0, 6, 12, 18, and24 hours. The gene expression levels of IFN-  (A) and IL-2 (B) were 

measured by real-time PCR. Values showed the relative mRNA expression levels 

normalized to -actin. *p<0.001 versus the gene expression at 0 hour. 
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FIP-fve  MHC class II  

Figure 13. The protein-protein interaction between FIP-fve and MHC class II. 

FIP-fve 140 g/mL was pre-incubated with RAW 264.7 cell lysate and Co-IP antibody 

overnight. Anti-FIP-fve antibody was used as detection antibody. 
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FIP-fve  TCR V   

Figure 14. No co-immunoprecipitatated evidence showed that FIP-fve bound with 

TCR V . 

FIP-fve 140 g/mL was pre-incubated with membrane protein of murine splenocytes and 

Co-IP antibody overnight. Anti-FIP-fve antibody (A) or anti-TCR V  antibody (B) were 

used as detection antibody. Predicted TCR V  size : 16 kDa. 
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FIP-fve  TCR V   

Figure 15. No co-immunoprecipitatated evidence showed that FIP-fve bound with 

TCR V . 

FIP-fve 140 g/mL was pre-incubated with membrane protein of murine splenocytes and 

Co-IP antibody overnight. Anti-FIP-fve antibody (A) or anti-TCR V  antibody (B) were 

used as detection antibody. Predicted TCR V  size : 34 kDa. 
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 FIP-fve  SDS-PAGE  

Figure 16. Co-IP products of FIP-fve with murine splenocyte lysate. 

Lane 1: FIP-fve 140 g/mL was pre-incubated with murine splenocyte lysate and Co-IP 

anti-FIP-fve antibody overnight, lane M: molecular weight marker. After analysing the 

products of Co-IP by SDS-PAGE, gel was stained by silver staining.  
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 FIP-fve  

Figure 17. Protein sequencing results of Co-IP products of FIP-fve with murine 

splenocyte lysate. 


