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PRELIMINARY EXPLORATION OF
THE FUNCTION OF RECOMBINANT GANODERMA
IMMUNOMODULATORY PROTEIN (RFIP-GLU) ON
MOUSE MELANOMA CELL B16

ABSTRACT

Ganoderma lucidum immunomodulatory protein (FIP-glu), one of the hottest active
ingredients in Ganoderma lucidum, has been shown to have anti-tumor, anti-aging and other
biological functions, and is of high medicinal research value. Melanocytes, as a class of cells widely
found in the skin of vertebrates, have the function of secreting melanin, which can protect the skin
from environmental factors, and turn into malignant melanoma cells when they become cancerous.
The glycosylated mutants rFIP-glu N31S, rFIP-glu T36N, and rFIP-glu N31S/T36N, which are
based on rFIP-glu, have better biological activity and lower toxicity to macrophages, using genetic
engineering to construct the yeast GS115 engineering bacteria that can produce recombinant
Ganoderma lucidum immunomodulatory protein (rFIP-glu). Therefore, in this study, three rFIP-glu,
rFIP-glu N31S, rFIP-glu T36N and rFIP-glu N31S/T36N, were used in mouse melanoma B16 cells,
and it was found that rFIP-glu can inhibit the viability of B16 cells and promote apoptosis. rFIP-
glu was found to act on B16 cells mainly through the ERK pathway in the MAPKSs pathway and
has the function of inhibiting proliferation and promoting apoptosis by the expression level study;
meanwhile, it was found that rFIP-glu can enhance the expression of melanin in B16 cells and
promote tyrosinase activity, and after validating tyrosinase-related genes by RT-gPCR, it was found
that rFIP-glu can enhance the melanin content in B16 cells by promoting the expression of TYR,
TYRP-1 and TYRP-2, key enzymes of melanin synthesis, through the MITF gene. In summary;,
rFIP-glu has the effect of inhibiting melanoma cell viability and promoting apoptosis, as well as
increasing melanin synthesis, and can be used as a raw material for nutrients, skin care products or
pharmaceuticals that protect the skin and inhibit melanoma cell function.

Key words: rFIP-glu, melanoma cells, MAPKSs, melanin, tyrosinase
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R Z (Ganoderma Karst) fE N —MFEE2RMNERAHER , ETHFEN
(Basidiomycetes) % fLi# H (Polyporales) & Z#} (Ganoderma taceat), AR Fh lik R Z
(Ganoderma lucidum), 7&7 3B FREE X LR 2, BRI ARZ., RZ—H
PARERE EAE A EAL G R 25 44 Bep R, A WOy E A, 23 E P sk ERBE 2
FUMERLE T RZAHME, Bl (MREEZ) (RENE) FhdwElE, il TR
Z B3O RISk W, RN TR ZMIE T
SR FIRE TS, E R 2 K R Z 5 A B s E e, o i K5B R
FFEREE, (R FIPR R G OVE RN, B AR T R 2 IR B
R TEREDE R RS RG — @ MIhA, BAE ek i R e, R

BT 2 N 28 S R ROy 00 22 W6 2K L B 1 SRPE L B 1 5T DA A R AL SRS,
UEAMEH — S B, B2, B, R KR, B LER AR ERESED. RZH
XY A AR S . B Ul B B e SRR AR R R Rl
HERENBR, TENLBR. BRh RIEEEEERN. ERNRZ HA LR 2R
B A NAED R Z 0] DT s e BE e s A A, TR SRR B AR R M BRI BE A R
B IR VA S, T DAd Ik 7 A it HH S I R 1 R AR B RIS B R B R
(A PRI Y S5

11 REGBRFETER

RZRE R EH (FIP-glu) £EEAZEHTEAXE (Fungal immunomodulatory
proteins, FIPs) H i —Fh, T3 A G i1 riE M 2o, R Z - REEN
WYy HRTNIE, O 35 i FIPS & EE, HhiFo2 B Kino 25 A7E 30 Z 441,
MARRZ 5 BRI — RN PR AR, YN G R I Thae™, &y AFRH
Linzhi-8 (LZ-8), J&k%i—dn4 4 FIP-glu.

1.1.1 RZHRPEFTEANILSEH

AR FIPs FF RSy 7 51 AR R R R, T DU RSO A AN TERE, H e i
% . WRREZ I Fve B (Pfam PF09259) FIPs TR, —fkii, XA WEEAIE A i 110-125
NRIERAN, HTFELN 13 kDa (Ti&E /R, kilo-Dalton), fiHAhPUFiE#E, Cerato %Y
(PfamPF07249) FIPs. PCP (fRZ&:f i i 42 ) B FIPs. TFP (AREG/Z T 82 ) B FIPs
A FIPs, AW FED . ABFFEHIFE R FIP-glu 3t & T Fve 2 FIP,

R M2 R 2 (Ganoderma tsugae) $HEEXHKAT FIP-gts (—Ff Fve & FIP) 1 —2%
CERATIE T, RIUZE A SRS E 24 a Bhe. 74N B IR 14 A, EEA N I
13 NEIE TR R R A R IR, BN — 1 o BRHE 10 MEERRI, X
S Fve B FIPs (3 A L5 K . Fve B FIPs (1) B 38 ot i /KA B AR A B A5 AR A0 78
B R R B T TR R B SR A, A AR I M R () R AL R BT N i) o
A B-Fr B8, XA [ R SRR BRI T FIPs A Thas B WL R B & X, FlandE
RIFGIERT . FRRURFRIEE, ERMMT TR, #K FIP-gts (1 N i o $EHE4S
AT R RAR, 19 B H R RABRTCIE R F AN = (interleukin, IL)-2 1 y-FH &K
(interferony, IFN-y) HIEE, TEMEFEKED,

3 SWISS-MODEL T. &, i [RIVF e 77k 00I%t FIP-glu (1) 3D S5 AE47 7L, Ff

10 k36 ;W



) o oo u~-w-~§iﬁ ZREETHER (FIP-glu) /) FEEREMMN B16 ANV ERE
ﬁﬁﬁ PyMOL 2.3.4 B xt i B = 4E S5 M AT AL, 1520 1-1, R E 1-1 () FIRE

BE AN B, AE—A o BRE N, EFR RMARET, W 1-1 (b), HAEE A
) N i oo BBiE 45 M AE LSRR

& 1-1 FIP-glu =445/ T &
(a) FIP-glu HiA =4E45HK); (b) FIP-glu [A5 — B4k =4k4h #y

FLPE 1989 4, FIP-glu 8% 73 B R 5, Sipk %5 5E XA i 110 N2 AR e 2 3 ) R
A N Ui LA R ARG, 62 S5 5 B ORI KSR FIPs o, Horr— b BAT RS B 1L, 5
W1, FIPs AT E£ILFIEMR0E T, BT L0k, BRIk . WERAL S TBL, 7T LAk 28 (1 13
o Z AR TAEFB, (A EE/REERE (Pichia pastoris) GS115 ik 244 |
F 2 FIP-glu (recombinant FIP-glu, rFIP-glu), Zid4WME B% G, KIZ rFIP-glu A
Z A N-FEIAGAT 25 (Asn-X-Ser/Thr)2%, Jegi i FE R 0, X8 (IREAT N-SEIEAGAT 55 EAT i A
AR, AR, Fe P, YR RIS — 2 g R . 2013 4F, Bastiaan-Net %5
NAE B SRl h 260k T H 20 FIP-fve (recombinant FIP-fve, rFIP-fve), #87] LLKE FIP-fve A
T BEIEA AT 55, 25 36 AL FIZE 54 £ R ABER% (Asparagine, Asn, N) FEIEALR, wu 2%
NBEFN N, 75 B RN S (Sf21) HRIARIE 4 FIP-gts (recombinant FIP-gts, rFIP-gts) A
DL AL B B0 T UL SRR A T2, A 43 i & 79 714 15 kDa 1 13.5 kDa, #J LA
T AR G e S, FEIRASERT RIS, X rFIP-glu BEAT T RSSO AT R AR A
(20281 P32 T = FPA R IR IEAGER (1 H4 rFIP-glu (125 31 A7 1) N 22 s AR 22 2R (Serine,
Ser,S), FrZ N rFIP-gluN31S; ¥ rFIP-glu fI%5 36 A5 & R (Threonine, Thr, T) & 848
BN, #7222 rFIP-glu T36N: #f rFIP-glu 55 31 7 N € MR S, [RIPREEE 36 i T
SE SRR N, FRZ N rFIP-glu N31S/T36N. MRIEIEIE, HA rFIP-glu T36N Al rFIP-glu
N31S/T36N FIFE AL KFo s, 7 PAZE I lER-75 77 (Periodic acid-Schiff, PAS) %t
o L4, T SDS-3R A s BRI FLk  (SDS-polyacrylamide gel electrophoresis, SDS-
PAGE) &3, rFIP-glu N31S 7f 15 kDa /A7 f ¥.—%kif, rFIP-glu T36N A1 rFIP-glu
N31S/T36N 7 15 Fl 18 kDa 7 43344 %120,

RIS R EE 45 B, rFIP-glu N31S. rFIP-glu T36N Al rFIP-glu N31S/T36N #H4% Tk
KA EF AR rFIP-glu, HAY) A BT, AL/ RIENE EREgEf (macrophages,
meg) RAW264.7 5, Fik/K¥ LRI TG A B35 146, JF B T4iin) s f
K28, rFIP-glu N31S. rFIP-glu T36N F1 rFIP-glu N31S/T36N AH# T ¥ 4E # rFIP-glu A 5
N 77, 9 HIA B SCER AR R A X LS rFIP-glu i2R47 B — 28 AR 2 s 1 4R
T o

1.1.2 BAR ZREHTEBAMNEYER

O SCERBIT AT HRIE, Fve B FIPs AT DL 5400 4% %ﬂ%ﬁﬁaf 75, o B EOE Ean
M, SEREN SV PiR . PUEER . Fve L FIPs 85315 S 40 R 7 AL R 71

&2 7 4k 36 b
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G3 i, BETINARMORS B 2> TR0k, DLS I smtk EL 4R M )38 4, AT e e m i . il FIP-
wvo (K5 Volvariella volvacea)? 1 FIP-gsi (CKJE Ganoderma sinensis)?eIi i 5 IL-4. FiJg ik
BEIKF--a (tumor necrosis factor-a, TNF-o) FI#kEEEEZER (lymphotoxin, LT) MI¥c KL, TH
FIP-glul?5k FIP-fvelOb 5, g RIBIG IL-4 /30525 5. SR, KZ 8 FIPs Al fi
/N SRR AT A AR A itk ER 40 (human peripheral blood lymphocyte, hPBLs) #4%, %S
IL-2. IFN-y A1 1L-2 %244 (IL-2 receptor, IL-2R) #5331k .

YEy Fve B FIPs " 5% 55 % 1 FIP-glu A B S5 1 G i 1145 ThRERY, [ i 7E 4705 A2,
7104 L I 7N e - = L N 7o 21 i 0 e oS R s a1 2 = A TP o
HEEVEM. FIP-glu RIS SRENT, X AU 28 R TR 5] S rIPT A B 5 i i 1
FABSY, 58 RE & I AR 20 200t -4 453 DR 1 s SR s A S B AR R, B8 TR S B A I
LR AR P LR A I T ORI 2 Rl SOREAY B (inflammatory mediator), fn—%fL & (Nitric
Monoxide, NO).%H 3 (ROS). TNF-a. L% 4l 2 1 (monocyte chemotactic protein
1, MCP-1/CCL-2). —H&ME & %l (iINOS). # 1L E KK F-p (transforming growth factor-
B, TGF-B) ZEAHMuA ¥, IXLLIREA LA MEY K. ME@EEEF . KR TIREER,
755 JORE R AERB, TE FIPs 55 RAW264.7 4 i AH ¢ 58 P A Ji 6 IR 5% 1) sl 36+, rFIP-glu B
% 5 Z 2 = TNF-a. MCP-1. A2 B2 11 (Arginase 11). iNOS Al TGF-A1 11518 RNA (message
RNA, mRNA) 7KF, FEBEMK IL-10 1 CXCL-10 i) mRNA /KF. ERAIZEmimE e, it
SEIN 76t 5 B PCR (Quantitative Real-time PCR, RT-qPCR)AEL SE2HIM A, ERT T rFIP-
glu 2385 MAPK (2224 JF35 1k 28 11, mitogen-activated protein kinase) A PI3K (M g kAL
fiZ-3 Wik, phosphatidylinositol 3-kinase) 17 53 B & H5 G VA 15 VR FH 2031, Jl i s s AR
FARME T rFIP-glu 287844 rFIP-glu N31S. rFIP-glu T36N Al rFIP-glu N31S/T36N, SKHF7T
N-BEIEAUAZIGLE FIPs S5AgFIThREH AIERT, Semi a7 B N-FEEAL B3 PAK T rFIP-
glu X EREAH R B, F HLA F A BT .

1.2 EaEEMAa

A RYNM (melanocyte, MC) J& 2R BAEAE T J kb Ok 4 Y], RERS & B 1
& (melanin) FEor AR A A TUZE, RBRSREBRE AR, fi/N R 6 R% B16 41
Fe— P T REE AU B O R m A R Ak, ORI AR SO s 2R

1.2.1 B

B8, R0 I N ER SR R SR A e AR SR B R A, E R, AR B e B U I,
HRFER T, R R AR AN WG I, A6 2R ) R A T R IR RS 0 RSN R 3BAr
B, I HAE R R ZUEAL b AR e v, W48 I Y6 ™ SIS 5 P AR A B R ik PR £
N N, SR 00 R B M AR B, R, e, B RO R
S RSP I8 AEAE A 6-9 S A,

B8, R A IR P 5 U T RR AR T IR A O T, S R T R SRR e L K
R, DRI FIE T J7 06 -1 2 €0 3R 200 B A A8 R i R e = MU RIS 6T b T /N BRUE
AN R/ R KR B16 AITE mRNA ZKF B R, KIL B16 41 2 A S
SER 15 5@ R AT 28 Ak, BI3n% WA MAPK B ES . TGF-B (F4462E KX -1, transforming
growth factor-B) i@, NF-kB (1% KT kB, nuclear factor kappa-B) k454, 2N R{imE
Welg . AN, S5RERG R CEEERE, WEEEIRES (tyrosinase, TYR), BE&ZFAHICE
-1 (tyrosinase-related protein 1, TYRP-1), FE&Z(ERHH < -2 (tyrosinase-related protein 2,
TYRP-2) Fl €3 A A G S IR R IA A T B8, e R s &

EOAMRF, CAMIE rFIP-glu 7T LAIH] B16 4N AIIEHEE, (HIE KA RN KIRF T

30 JL36 ;W
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SRR FT rFIP-glu Gnfr] 38 1 40 J (5 = 38 % SR 52 B16 41 i i A= 4 29 14 o

1.2.2 BORS5RATR

BHESHIRL B2 M2 P Rm D EERS RIS R, KRk et EAN 2 RARSE
143451, Bl LIRS DR 2R a0 A B P 48 A/ 2 BT 2 A58 R Bk 1) B 6 35 A RO DG B RIS 35 8L . 33K
JREAR LA PR A B SR Rl

MERE—MEORATEY, FES NEEER (eumelanin) FIHEEZE (pheomelanin)
RN, 20 AR B 1) B 2R /IR R P JEC A T 2 PR 7 PR Pl I 2 R Bl AL 23 — R Bk
BB R VA, PR IR TR A TUZ R, A T R AT LI KT, i 2 R
FAE R B AR B B ) E iR R 22—, DRI VR 2t i 2 N I e S 4] B €8 2 A R
RIS, SRIEBIEZE L AIRCR . Jeaiit Rt R I, RZRRZRIY), ARt BaRs
BRI ThAB4249  (HARXS IR, PR AR E R IER . AR & B A RNE
FREEREFRE TS BAMR ST P R, R I R e A B R (5 3% A S KA S A B ) SR 0 T
TR E IR /), STERANER AR T S ORI R, DR R AEEIERR ROSPY, HAfh
RER 1k H T2 AR HR T 5 B0 I SEAZ BB A% EFER  (Deoxyribo Nucleic Acid, DNA) XU Wi
U, ek 7 B 58 A1 HE S I FrA i B 2 B2,

SRR RE VI, RAEMEY . ShPR AR &7 2 RS, F7E L
M4, B O REAREES 5 6 R AR E VLIS & e 7Y Ak oo 25 1
RARNENIRYD, BN R BB AL N9 2 RBR (dopaquinone), £ LR
A LLEB AR Z B (dopa) FIZ L2 (dopachrome), 22 7 B& A IREEME AL R X RESEUAL &
Z O, ZRARTUEIPFEGBISTAEREER: H—2@dBRRP, 4 5,6- %
Fems|k (DHI), 7ERSRREEI7EH N AR 5,6-BIVERE (1Q), HJa B ER; H—KgiEe
Z OB R TYRP-2 b8k 5,6- —F25m R (DHICA), FifE TYRP-1 AL N 152
5| WE-5,6-fE-2-R2 82 (ICAQ), mAEWMAER. Wi —FREELER BORMMT 5 RKZH.
& it R 2R B ARt LR T 5, 220 R AR NI B H K (glutathione, r-glutamyl cysteingl
+glycine, GSH) Bif:BtZf2 (Cysteine, Cys) E M ABEZ 2 (Cys-dopa), F&id—
RIS 2 e B 2R

Br 1 EIRERE J IBE AN, 10— A B ) B PR A A RO A U RN, /N IR
T 85 3K T (melanogenesis associated transcription factor, MITF) Ji&[Al, %3 (K45 i) %
TYP. TYRP-1 fl TYRP-2 [{FRiAP%, I H 157 B2 F(5 S0 101+, 41 MAPKSs 155
HEEAN PISK {5 FIEERET. MITF DR & 2 (0 2R AN i e S 08, — et ool 1 Rt g
B, (B2 MITF AR N B AR K EE RS, HSMERRERIEAMEK, A
—E MIPUMRE PECEL, [N, A iR T MITF R B XEN:, ERKE MITF £ K%
KIS A P G TR R RS L IR RS e IG5 AR KRR I (R A T s AE S KR
IEET, AR AR, EAEIRE: MITERR KK RIART, ARG R TR,

BRI, FEABIFR T B16 NU/E R R RIAM R, TYP. TYRP-1 Al TYRP-2 {
B FEL RO AR S, TR A rRIP-glu R T IX LB AR PR kK . A, BT
RIL MITF FE R RIETK, M ASUE B (3R & Al G R A &, IF B 5 s R A 3R 4 i Ak
KA LBEAT AR B o

1.2.3 40l MAPKSs {5 518 1%

TE S AMAE AR D, TEEEINE . S TR T A I AR SR L R R M P 00, e
FIAAAE, WSRO, SRR S R, RN LA ST, XRETEE T A
PRSP, R IR S A A R R E R B AR K. LK, WETFRIEM T A2 AR

40 It 36 W
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15 50 I 500 5 R A0 . TS, WIMAPKSS S . Hedgehog(s 5B, TGF-pfa 5l
2. NF-«Bf5 5@ Wnt/p-catenin{s 5@ #5500, 5 FRXZHAMMK S, MAPK(E 5@
P EA R ORI, DA% 200 38 L S A P 480 R B0 B AR VR P A PG B L A4k T
SRR AE WO EEER, RO A0 AR DA L] R, MAPKAE I8 % 2 B i 7L
e % W R e

MAPKs & —2KSer/Thrik g, | IZAAE TN, TRUBERAEN BT AT
oA IR I o i W A 2 DR T 3 N MAPK g BRIV BE 2] [ )3 (phosphorylation cascade) . H
AT B S BE E FE CL e i A)18002), LA S BT B AR IR0 T

(1) ERANRNESEE, SMAPHEEGMEFKENE (MAPKKK/Raf) 456 -0 HE0E, Jf

e R (B Ser/Thrik JEBERR 1L ;
(2) LG Raf 5 MAPELES 1 4lE (MAPKK/Mek) 454 F-{# H:Ser/Thrik B i B4k ;
(3) MekAeBUIEMAPKS, MAPKSHIBEIR 1L Gk N A%, W DMEFS A A% N 55 2 (1S
VI B Ser/ Thr iR FEBETR Ak, B A RERS R T 40 MO 3 58 . 7 Ak R T e e B o

H, BT MAPKAS 5@ B AR 7O 5 . T RS2 B m, 0 E R — AN R
IR IEMAPKSZ 75 iy A W e R AL . BB MAPK(E 538 B AL FEERK (4 I 4118 5 & A i ilg
extracellular signal-regulated kinase). JNK (c-Jun% 3 K i ## 5, c-Jun N-terminal kinase). p38
(P3BL2 L TG BRI, p38 MAPK) =25 i: 421891, 33k et 7 (134 1 LAFR AN R 145 5 B
B, AN SRR B A 2 AR A BT [, L rp ERKTE 42 1l 41 a4 5 3 284 vh R A%
FHHEEEH, MHERKBERR I ZGFEEMEATURE 4TI L INKIRE R R o, H
BOE SR Z A TR TR R DG p38IR R S R A B IR R T, AT RE A
FRIRBE It R ] B e e VB, (ENLBSR AR T AIp38 S SR e A . A0 S DA K 40 A
TR R

MAPKSs{5 5 38 B AU TE GV R 3% sh R AR R, VEZ RN, TR R ORI+,
MAPKS (5 518 %t 52 M 45 24 65 3 104 ), dd 1 42 T U RR I & A A DG e IR, S
ERRRERG T, (H2, RFEMAPKSEEN TR ORGSR AFK: X Fp3sizim
=, SWEEMITFE, SRS R, WTYR. TYRP-LRITYRP-23E K10, 7% G Wk G MR il £
BT, T TINKIS AR T 3 A AR I, INKISR AR BE 8 B35 R IK B KA B 1R
B ERA, DA INKE A2 40 1) 770 A2 38 0 ok 2l R R e R 45 A B (CAMP-
response element binding protein, CREB) BfFa{t, M1 -FEUMITFRIS 2 R B 1) 32 1k P AR,
ERKI& 2 5T H # I IEA AR, ERKGE S FEMITFEE 7307 Ser kAR, 454
RA SR T EIMITRR AR TR, 1S 2 0 3R 5 R PR,

T RIS S, A BT HEN rFIP-gluiE AT S A B 0 R S RO I R, A
JEHT A S, FATE 5008 T /F EVE4IRAW264.7H , rFIP-glufg i35 43 /F Fl T MAPKsi%&
17, RRAFGIE TR B,

1.3 IR BMFMENX

FIP-glu fE N R Zh—MEA R PUME. iS22 MEy=attmEn, B
BAERBUE 2R At S SR A, 7EJERTIB A, R SE R TAE M i ) TR
> L2 OIS AE 7= 2614 ) rFIP-glu ] LU I MAPK AT PISK {5 58 4% 1F E g 41 il RAW264.7
W RAERPETTITIRE, e VEF T MAPKSs [ /&%, JF BT rFIP-glu e 10 58
A& rFIP-glu N31S. rFIP-glu T36N A1 rFIP-glu N31S/T36N LA 5 £ (4= W 243 M A st B
Y AR EE I . FEZ TN FIP-glu (R Fi R, S SR G 3 A R I 7, BAR A NIIE
BH I B P A (o B A PR I B B S 0, (AR B IR NI AL

%57 JL 36 W
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AHEFAIA rFIP-glu N31S. rFIP-glu T36N £l rFIP-glu N31S/T36N =i rFIP-glu, {EH]
TR BRI BL6 4L, K5 rFIP-glu X+ B16 4G /i JT-HsEm, FRid Rk K
AL, BRAH @ MAPKs &2 KEH T B16 4Hfg; [FB, W5 rFIP-glu xf?
B16 4R iA B €0 3 A S BRI PRI AR 4k, KA FE6 4 M D) B ) e, [R] A I
RT-qPCR KLl

W ARET, LT E FIP-glu X T B16 4. TR, W LA E A
J7 BRI A SRR IR B, [ — DR B Bl I MAPKSs 12 BFE AL i
5T rFIP-glu X1 B16 A A== B AR s, LA rFIP-glu /524 H A &b ERHE Sl /E S
JoR it 5 = B B R —E IS AME

1.4 ARAB AR

: {RRRREITS
HEFIP-guB S T12E ﬂﬁ A ! [
= _ — {REREM MAPKsi&12
| Y

MAED
1=%B16
FikrFIPgu & FB164A

To

) IR
“i4krFIP-glu T DEMEMOE EE%@E
T
| L max
|} ﬁ SR — i?i?kili

SDS-PAGE & Western Blot 4&37

B 12 SRFER

KO FRIE T A SHEOR N 1-2 s, BARRER W R

(1) FIFS26 S ARAFEH pPICIK::FIP-glu N31S. pPICIK::FIP-glu T36N Al pPICIK::FIP-glu
N31S/T36N Fiki, %% NEe7RigEr GS115, t s R 2 i1 d H (rFIP-glu N31S,
rFIP-glu T36N Al rFIP-glu N31S/T36N) T

(2) FIFEHERRIELER (FIP-glu, F£ Ni #:25RUZ L0 54648 rFIP-glu N31S. rFIP-
glu T36N F1 rFIP-glu N31S/T36N;

(3) L SDS-PAGE F1 Western Blot A&l 44t J5 55 (45

(4) H:FR/NRBEAZREN B16 4

(5) f#iF] CCK-8 (Cell Counting Kit-8) A1 AnnexinV/PI XS5 5T rFIP-glu X /)8 iR BE 6 %
Jea 4 i B16 I 4 i v g M T

(6) FRFT rFIP-glu Xt ifs T /N B2 6 2RI 200 i BL6 41 f 35 5 U4 176 MAPK {5 5@ B IO 1E H 5

(7) AEHBEREAR T LI rFIP-glu 4L 25 1) B16 4HiB N Rt = & &, { A L-Dopa Il 7%
R T 5

(8) TRFT rFIP-glu X} B16 4HJid & F i Z R M AH 5 Jk PR e S K~ R 5 1 o



PN he M- 1 WY/
/\)5 XAA%

7 suarn o tove ey B R ERAFHEE (FIP-glu) 3/ FREEZEMAR B16 AT SRR

BE WMNRGE

21 MR

2.1.1 AR, BRI

Uk pPICOK::FIP-glu N31S.pPICOK::FIP-glu T36N F1 pPICOK::FIP-glu N31S/T36N,
HE PRI A B SR RE (Pichia pastoris) GS115 ¥ A SZ I 25 4547, /N iR SE {6 R 41 i B16-
F10 4 fit >k 5 &2 H RS 255 bt .

2.1.2 {5

(1) MG

FERHEIY), AR, NaCl, Tk OB, WEE, B, B9k, VKIEER, 50% PEG,
10 mg/mL Ag Ve ks DNA, Lyricas i 5ERE, 2xTSINGKE Master Mix(blue), 250 bp DNA
Ladder, His dn%5 8 ISR NERE AL AE, IS0REREL, TureColor XA FIHLER I Marker (FiiE
Fl), DMEM g% ordt, PBS 2l (1x), 0.4 %E Wy Mdethin, Ml —ZMbix,
2 x AceQ® Universal SYBR® gPCR Master Mix, RIPA Z4fi#i, PMSF (100mM), L-Dopa, Triton
X-100.

(2) HHEEH

LiCl ¥¥: K& 4.2gLiCl T 80 mL 252 /K (deionized water, dH.0) HiR%], EHZE
100 mL, IdERRTE, 4 °CORAE:

0.1M BERRANZE T (pH=7.4): F}& 1.10 g Na;HPO 41 0.27 g NaH,PO, T 80 mL dH0,
FHWERR A NaOH YA pH % 7.4, H dH.0 A ZE 100 mL, = iRIRAT

LY Buffer: FREY 21.86 g LUZLEET 80 mL 0.1M BERRANZE MR (pH=7.4) T VEfE,
0.1M TERRENZE TR (pH=7.4) % 100 mL, =EIRAF

50 x TAE: FR& 242 g Tris Al 37.2 g Na,EDTA-2H,0 ¥+ 800 mL dH.0O, JjiA 57.1 mL
FEERISS], EARE 1L, ZEIRMRAT

Lysis Buffer (0H=8.0): # & 7.8 g NaH,PO4-2H,0.17.54 g NaCl #10.68 g kM (imidazole)
+ 800 mL dH-0 #4147, FlfER A NaOH &A™ pH £ 8.0, ®AZE 1L, =HRLRAT;

Wash Buffer (pH=8.0): #x& 7.8 gNaH,P0O4-2H,0. 17.54 gNaCl 1 1.36g BKM:F 800 mL
dH20 ¥J5), FERR A NaOH 47 pH %2 8.0, EAZE 1L, EiRIRAF:

Elution Buffer (pH=8.0): #K& 7.8 g NaH.PO4-2H,0O. 17.54 g NaCl A1 17.0 g kM 800
mL dH,0 #4147, HBEERFI NaOH WA pH % 8.0, EHZE 1L, =R

1 M Tris-HCI: FRE 121.1 g Tris T 800 mL dH,0 %), FIWKIERRIAT EFT pH, ©F
1L, milREEKE, =R

SDS-PAGE Loading Buffer: it 0.5g + ke mifz 8y (Sodium dodecyl sulfate, SDS) F
25 mg i (Bromophenol blue, BPB) T 10 mL B0 1, HIA 1.25 mL 1 M Tris-HCI
(pH=6.8) 125 mL Hit, F dH.0 E&ZE 5 mL IR, WiRARLE, @RI B-3%
H: 2 (2-Hydroxy-1-ethanethiol, 2-ME) {75495 4 5 % (VIV);

10% DMSO #i##: 10 %145 DMSO A 1 mol/L NaOH &R S), ILECHLA ;

5 x Tris-Glycine Buffer (SDS-PAGE FLUKZZ D : Fr&: 15.1 9 Tris. 949 HZ M (Glycine,
Gly) #15.0gSDS T 800 mLdH20 5], EAZE 1L, Z=HRRAT;

70 L 36 ;W
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&) s o tose vy TAREREBTEE (FIP-gly) X/ REEEMAMN B16 NEMAISHRE

% L i R-250 YLt ifl: PR 19 % G2l R-250 T 250 mL S AR f#, hi A\ 100
mL VKEEER, H dH20 E&E 1L, AT, =T

SDS-PAGE fiittifi: EHL 50 mL Jo/K ZFEA1 100 mL VKEERR, ] dH.0 EFEE 1L, =
IR

10 % diiRE:: & 1 g i miiE T 10 mL dH.0 ¥#f#, -20 °CLRAT:

Western 4 22 /il : FRE: 2.9 g Glycine. 5.8 g Tris A1 0.37 g SDS F 600 mL dH,0 &
5], EZZE 800mL, JOA 200 mL fFEE, 4 °CLRAF;

TBST: Fx#t 8.8 gNaCl T 800 mL dH,0 ¥i#%J, A 20 mL 1 M Tris-HCI (pH=8.0)F1 0.5
mL i7-20 (Tween-20), FH dHO E&E 1L, EiRA-A1T;

(3) W&

& 1P AT EE R RN AT

SRR 2P NN
AxyPrep™ Plasmid Miniprep Kit Axygen®

W BRI RE R DNA IO & CGROAEAY)
(TIANgel Midi Purification Kit)
ALK 2 DNA $2EGRAF &
(TIANamp Yeast DNA Kit)
TGX Stain-Free™ FastCast™ Acrylamide Kit, 12% Bio-Rad Laboratories, Inc.
ECL AL 2 ROt B t il &
(Super ECL Detection Reagent)

R (L) A IR A

R (L) A IR A A

F iR A IR A 7

CCK-8 7 £ (CCK-8 Cell Counting Kit) R ME R AR R A TR A
Annexin V-Alexa Fluor647/P1 41 H & -4 X 771 & AR AR A A

BRI/ an e S RNA SRS (BOrEiY)

I RIRAEAARHL (L) A IR 7]
(RNAprep Pure Cell/Bacteria Kit)

PrimeScriptTMRT Master Mix (Perfect Real Time) FHEAMBARA)ARA A
BCA & 1R B 5 17 EEEEREMEARFRAF

2.1.3 #E3

LB Fioedk: 1% FERHEIY, 2% HEAM, 1% NaCl;

YPD Bi7R5k: 1% MERHEIY, 2% |AM, 2% Wz

BMGY $5573E: 1% BERHEIU, 2% HBEM, 1.34% YNB, 1%, 19%H i,
0.1 mol/L R 2% i 5

BMMY 359758 196MERHRIY, 2 %R AN, 1.34 %YNB, 1%4EM%K, 1%FEE, 0.1
mol/L B 22 il s

“Hfl DMEM $575:%:: DMEM mbidiflsszst, 10%FBS, 1%

Cell Wash: DMEM FpE4I s 753E, 2.5% FBS, 1%FT, 10 mM 4-$5 2 JEURIE £ G R
(2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid, Hepes), 100 pg/mL B K% %K

YHARIAAF: 90% DMSO, 10% FBS.
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R 2 P ABUATEALE B

ik 2R KA RE ]

/NER L 6 x His B B4 —P W AETAEITRE (L) BRHERAH
Rabbit Anti-ERK1 + ERK2 #ifk —H A Abcam plc.
Anti-Erkl (pT202/pY204) + Erk2

‘ —H Abcam plc.
(pT185/pY187)Fiifk [MAPK-YT]
Anti-INK1+INK2+INK3 fiik g % Abcam plc.
[EPR16797-211]
Anti-JNK1 + JNK2 + JNK3 (phospho g @ Abcam plc.
T183+T183+T221) #i/A[EPR5693]
Anti-p38 (phospho T180 + Y182)Fiiik —¥Ht  %& Abcam plc.
Anti-p38 $ifk [M138] —H W Abcam plc.
B-Actin Hifk —P W Affinity Biosciences
HRP Fric B 24T/ R 19G —h i ATAwTRE (BE) BRHRATE
2P % 1gG H&L (HRP) gt b Abcam plc.
2P A 19G H&L (HRP) “ht b Abcam plc.
2.1.4 {43%
& 3 ERAMESTIE
e ] ik
PCR 1% Eppendorf AG 6333
e T FiE A IR H PR AT PV1
R B A BT Thermo Fisher Scientific NanoDrop One
FEAM FELPK A IR Frikl des) ARA A EP300
% i KF B Pk Fr R e ARA A miniDNA
EIENENERI)'E Bio-Rad Laboratories, Inc. Mini PROTEIN® 525BR
W 2 FUE A Bio-Rad Laboratories, Inc. Mini Trans-Blot Cell
BB R R Gi i E PR AR A PR A GenoSens 1880
W RCE R G Bio-Rad Laboratories, Inc. ChemiDoc™ Touch
PIBAX RIRAEMEE e ARAF OSE-470
R B O L Eppendorf AG 5407
TRALAR R AR BT B FORR DR )38 A PR 7 BE-6100
S %%ﬁﬁu%& <%“:}»|‘I) AR T AR224CN
FHEH R TR A R A A JE3001
SR FEEFIEHHE T (SCILOGEX) HB150-62
TN AR AR TREE TR A F 2016C

#0971 3k 36 I
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) s o tove vaneor BRRZERIHTHEE (FIP-gly) 3 FE SR B16 DEEMIBHRER

835 3
e ] ik
R R IR KT A Ll ERH AR AT HWS24
i TES EiE E R AR A TR A SW-CJ-1G
it XU R R A IR A F SHC-3000
ARG IR A bR B SEIGAX AR G A R A DHP-9082
UKFE e E| BCD-275TMBC
B J AR B D A G A R A T M1-L213B
A URTIRAX Martin Christ Alpha 1-2 LD
HIEREIR Kylin-Bell Lab Instruments ZD-9550
pH it BT R SR IR A PHS-3C
B BRAX BioTek Instruments, Inc. PowerWave XS
- ﬁﬂ‘l‘li—‘?ﬁ?%i%?ﬁ%ﬁﬁﬁz\ﬁ? THZ-C
R AR B HX-2102C
ARG TR AR Thermo Electron LED GmbH HERAcell vios 160i
8B A B H PR DG AR R 7] DSZ2000X
i A A Beckman Coutler Co.Ltd Cytoflex
W E 7 PCR X Bio-Rad Laboratories, Inc. CFX384 Touch

2.1.5 5|9

P 51 A A TR (BE) BROERAF G, FHICESIH dH.0 #EAN
100mM, fRA7TF-20 °CIkFEH .

x4 ERBIMFIER
592K W5 (5°—=>3)
PPICIK_F GACTGGTTCCAATTGACAAGC
PPICOK R GCAAATGGCATTCTGACATCC
TYRP-1_F CTGTGGATTATTGGGATGA
TYRP-1_R GTGAGCCACCACTTTGAG
TYRP-2_F GCTGATTAGTCGGAACTCGA
TYRP-2_R GGTTGGCAGTTTCTCATTATTT
TYRF CACCATGCTTTTGTGGACAG
TYR R GGCTTCTGGGTAAACTTCCAA
MITF_F CAAATGGCAAATACGTTACCCG
MITF_R CTCCCTTTTTATGTTGGGAAGGT
GAPDH_F TATGTCGTGGAGTCTACTGGT
GAPDH_R

GAGTTGTCATATTTCTCGTGG

010 7 4t 36 I
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221 EHRZRZEMTEA TREFEME
2.2.1.1 EHBURIFZI

W S0 = ARAEAE KT (Escherichia coli) DH5a f 2 28 i K %5 4 pPICOK::FIP-glu N31S.
PPICIK::FIP-glu T36N Al pPICIK::FIP-glu N31S/T36N i SDS BliZifiikiiiu iy, HT %
Seity . FUAME FH Axygen® AxyPrep™ Plasmid Miniprep Kit, 346 Hofst B 3t B B # A .
W77 &5 N5 B 75 #644 Miniprep column. 2 mL Microfuge tube. 1.5 mL Microfuge tube, F
387 RNase A. Buffer S1. Buffer S2. Buffer S3. Buffer W1. Buffer W2 concentrate.
HARBEAEM T
(1) B4 mL O LB B FRESE RIS HEME, Sl s 0l 12,000 x g &0 1 min, &
B B AR DLIE s

(2) H 250 uL Buffer S1 (20N RNase A) HEERF )G, SoinA 250 uL Buffer S2, R
RIS EEFK, TN 350 uL Buffer S3 J5IRRIHF: 78401 FEUEIEA), 12,000 x g
PR I8 B0 10 ming

(3) K5 LiEERE 2 O AE 2 mL Microfuge tube f¥) Miniprep column H, JRA] RS 4 1T
T, BMSPEACFRIAIE, 12,000 x g B0 1 min, FEETIRAE,

(4) FEHEFHIN 500 pL Buffer W1, 12,000 x g 50> 1 min, FE& g

(5) fEFEHIMA 700 pL Buffer W2 (MK LEE), 12,000 x g &0 1 min, 5 8
W, HERIZSE K

(6) FFIX 12,000 x g &.L> L min, F£4 Miniprep column #%F£ % 1.5 mL Microfuge tube #;

(7) FEAEFPEEIN 50 L FiFAE 65 °CH dH,0, FE1E 65 °C4: @ #Hin#A 1 min;

(8) 12,000 x g &[> 2 min, F£2 Miniprep column, -20 °CUKAH {F-AF U 5 1) 2 40 ok 3844k

T F— Bk,

2.2.1.2 BEIHFRIEFIARL AL

PR pPICOK::FIP-glu N31S. pPICIK::FIP-glu T36N Al pPICIK::FIP-glu N31S/T36N
A5 R AR FH PR 1 S DD Sac | T 37 °Ca @ IBEEY) 2h. AR

Buffer 20 pL
Sac | 5uL
=2 iR E A 80 uL
dH20 95 uL
pEuny 200 pL

{8/ TIANgel Midi Purification Kit ¥ 18 B T b %t DNA [EISCRAA) & (B OAEAYD Xt il
VI AT . R & BT REM R B A CA2. UREE (2 mL), BT iR P BL.
VIS PN B3 PW. HARSREIN R
(1) K 500 pL ~FHK BL In3I A E R A CA2 1 13,400 x g &0 1 min LA
BEATAEPAT, SIS s ik

() FEEYIF=PIIN N ZEARFAE I PN, YR 215 IR B CA2 , iR E 2 min J5,
13,400 x g B0» 1 min, FEPEUEEE R RAIA;

(3) IAIMR BfH A CA2 BN 600 pL E¥ER PW (EIIATE/K ZEE), 13,400 x g 250 1 min,
ARWEEE A, JFEE X

011 7 4t 36 W
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(4) FRIRESC» 13,400 x g 1 min, ZBRFN A, I =R T,
(5) MRBHAE CA2 #6854 1.5 mL .05, N 50 uL dH.0 TR CA2 fEARH], =R
& 2 min J5 13,400 x g 0> 1 min, -20 °CUKFARAFLEAL G AL ki 34k, T
N DR S

2.2.1.3 EEBREELAL

W b— A3 B B 1A B AH o Rk AR e N e AR BE R, 1B R Z s i R A
(rFIP-glu N31S. rFIP-glu T36N £l rFIP-glu N31S/T36N) T.fiH. HAKEEEUT:

(1) B 926 =5 ORA7 I 4 2 BR B 28 B iR T BE GS115 #:F0 2235 20 mL YPD R K 775
1) 100 mL #E T, T 28 °C 220 rpm R G HIR G FRF 7R, B2 W00
FEPE VI E B Y ODeoo 1M 1.05

(2) HE 50 mL 208, 1,500 x g .0 10 min J5 LR 9R%E, 25 mLdH.0 HE
Ja B LA 1,500 x g &0 10 min, 2RSS 1 mL 100 mM LICl 2 B AR JTE ;

(3) #EF % 2 mL B0, 13,400 x g B0 15 s J5 2B imiAk,

(4) XA 400 pL 100 mM LiCl B ADTE, WL 50 pL 2581 1.5 mL B.0%, &

o F BRI
(5) ¥ 5 ulL10 mg/mL A& b ks DNA T 100 °C4 @B 5 min Jo, IR 20K
F;

(6) UK B A TUE I B0 B FR NN 240 pl 50% PEG. 36 uL 100 mM LiCl. 28k
fi f1 4% DNA 5 pb Al 2.2.1.2 13 B LA TR A 10 pg, I 4iE R, =R
H 30 min;

(7) H 42 °C& g #vifi 20 ~ 25 min;

(8) 6,000 rpm .0 5min, F i, A 1mL JEHE dHL0 HE;

(9) HX 300 L #EIRAGIE MDR M [R5 5758 |, T 30 CCAEALKRFRAERE I 2-4 K

(10) P BE 5. 5 B 4% 20 mL YPD WA 7R B IR G fHIR R 97 2-4 K, 193RI RIAHAL
JEI TR, AT TR ) 5 E s

2.2.1.4 FEBFREIAZH DNA $2HL

¥ bR R B R CE, $REUHM DNA, DLEET PCR %58, Bl AR EIAD
BEABERE . Zid R TIANamp Yeast DNA Kit BERERE A 240 DNA 2 BUR A& . KA N
B TRV GAL B3 GB. ZE3hi GD~ EPEW PW. Proteinase K, & FT i FEAT IR
Bit: CB3. IR (2mL). HAKERIEWF:
(1) ¥ L PR RIMFAL G I TR I 2 mL B0, 13,400 x g B0 1 min J5
ZprEE IR,
(2) {4 600 pL 2 Buffer B &4, FINAKZ) 50U Lyticase % EERE, 1R 2] )5 30 °C
&)@ A 30 min;
(3) 1,500 x g &> 10 min, F_EiEIFANA 200 pb ZZrK GA H B ITE:
(4) N 20 plL Proteinase K il 220 pL 223 GB, 7843 1E%51:
(5) AT AT ZLRYINA CRAE U ER & IR B4 CB3, 13,400 x g B5.0230's,

PSR TP s
(6) IFAEH AN 500 ub ZEti GD (CIIATE/K 4EE), 13,400 x g &0 30s, FHiULE
B R

(7) AL 600 uL VEER W PW (EIMATE/K L), 13,400 x g &0 30s, FrlsE
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BRI, HERIZPERE IR
(8) E.0» 13,400 x g 2 min, KW AE CB3 #TH J5 =ik M+
(9) WP CB3 # R 2 H Y 1.5 mL B0, A AR A Ui 50 uL dH20, ZIRJK
& 2 min J5 13,400 x g B0 2 min, FEEFFE CB3;
(L0)SC4E T &5 00 BT BF I R 2 DNA LRAFAE-20 °CUKAR H o

Y) X FLAAE

2.2.1.5PCR X5

DASREX T2 B 1B BRI (K1 2 DNA PEASERR, i FH R34 b e S 514 pPICIK_F
H1 pPICOK_R #HATH 34 Fr B, £ 0.2mL J#EE B0 h#% T % PCR K RIR AT

2XTSINGKE Master Mix (blue) 10 pL
54 pPICIK-F 1pL
514 pPICOK-F 1pL
T BRI K2 DNA 1pL
dH20 7uL
Mt 20 uL
F R DL R FEFAE PCR A R R:

94 °C 5 min

94 °C 30s

55 °C 30s 35x

72 °C 1 min

72 °C 10 min

S G PCR P4 1%35 e BB ICAE 1 x TAE HLUK MR A sk, 18] 250 bp DNA
Ladder 1A DNA 7> T EbrifEses, 260 0 & Ja F e g A i .

2.2.2 HEHRZ R EARIE AN
¥ 2.2.1 FEALS B IER EA R Z G R & A (rFIP-gluN31S. rFIP-glu T36N #1
rFIP-glu N31S/T36N) AR AT R rih ik, WEHAb RIS EHEH.

2.2.2.1 3K rFIP-glu

LePRERE TRER N RE S S8, (& F HEER BMMY B 7Rk 7 % SR IE R 7%,

(1) B =AEHRZ W E A TR E 5 M2 BMGY WiiAR 74k, T 28 °C 220
rpm %% 1E R 55 77 58 5 9% 25 FH W ODeoo £ 2~65

(2) Hm#EE.CHL 1,500 x g .0 5 min, KFRERFREE, JEH BMMY WiikE R EEE,
fHi 73 B ODeoo N 1.0, 4RSI 28 °C 220 rpm k3% L5 7R A6 15 9%

(3) 24 h [AI B R AMINZE I, AR 1% (VIV), B dLE59%E 96 h;

(4) KBRS 50 mL B0, 1,500 x g .0 10 min, Wtk BiEHL BUARIE A

2.2.2.2 A2

BT HREARZ R EA FEA His b2, v LIS His b2 8 A B IE b At A g 5
L& AT 4lifk .
(1) % 100 mL M BN NIENT LS (3.5KkD, PR R4 4E R H), 124F 4°C dH0
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(2) ReiZE T 5 RS SR A R TERNLEAT R T, BBRAEiE, K AR T 10-20
mL Lysis Buffer #7, Jf 13,400 x g &> 2 min;

(3) K His br2& g H B b Al A bt iR TN 2l AT

(4) AL IR 5 AR FA Lysis Buffer iE 474117 ;

(5) HELJE I FIEHRAN FAE R AR, R I, 2 RREEE 2-4 1K

(6) i ALY 10 fE4AR Wash Buffer i 2k & H s

(7) 1AL AR 5 54K FR Elution Buffer J#EATHEME, FHUCEEBE I N ok 1K) 46 2 (i

(8) il AL R 5 AR FRNT His hra 8 B HEWE AL A0 g S 2EAUAT AT 1BV

(9) ¥ Lik(2) - B BEK 1-3 Ik;

(10)fiff FH 2B R Y 10 f54AFH dH20 HEATIE DR, - 20 % SEEORAFSEAA T ;

QLR R i IR ALENTAE 4 CEMMIAL, FERIENT IS I B R T

(12)F PBS 2l R+ Ja i AR, ORAFT°-80 °CUKAE .

2.2.2.3 SDS-PAGE Hi,jk

§i [} TGX Stain-Free™ FastCast™ Acrylamide Kit (12%) {74 f. & 1 mm SDS-PAGE
B, ki Bk R REIFAME R AR FERAD . A& 55 Resolver A,
Resolver B. Stacker A il Stacker B, M55 &t B HlC B e . BB .

(1) % 3 mL Resolver A. 3 mL Resolver B. 3 pL TEMED 1 30 pL 10 %L i iR 4510 &
TN 4 mLIBAHE 1 mm 2 AR+

(2) ¥ 1 mL Stacker A. 1 mL Stacker B. 2 uL TEMED £ 10 pL 10 % iR R &, 2%
B 2 mLiBEWZE 1 mm &AM EE, A 10 fLEEAR T, =iRFE 30
min;

(3) LM T, R IKIES, BN 1 x SDS-PAGE FLIKZZ MW :

(4) 1E 1.5 mL B0 N4 f5 1) EE 2 R 2 G2 15 BRI 80 ub, FEHILA 20 pL 5x
SDS-PAGE Loading Buffer, J&%2])5 74 )& 100 °CHN#4 5 min;

(5) FrR N E M H m I B OHLBE RS, TR 10-20 pl A0PH 5 I B AR & FFE % SDS-
PAGE %, ffi | TureColor M i E H Marker /E SR, i ] 200V HL K H K E
SDS-PAGE fi% & i 5

(6) UK SHUH SDS-PAGE [, YIEIALA S, RIARES 3] FH 5 2% 1 iy s i g (2,51
FHEAT Western Blot;

(7) 15 2% S s R-250 Hefo it 2-3 h, HUH 518 H] SDS-PAGE i (e i {2 fg
PR RIS 261, T ol (oG o 0%, (SRR UG G740 I

2.2.2.4 \\estern Blot

fEHEAT SDS-PAGE Wik )5, Al FFERMPiALEAL% S, 454 SDS-PAGE £ LRk
e th 25 Pl e B R o N E AR Z AT B (rFIP-gluN31S. rFIP-glu T36N £l rFIP-glu
N31S/T36N) o A5 Ud F—Hi A/ R 6 x His B aEHiiA, — PN HRP Arid Bl =E4i /D
R 19G. BARDIRU T

(1) WiBr M FLIY SDS-PAGE [N Western %% JE22 i 5

(2) ¥ PVDF B2 /546 F I R igos 30 s Jo, TN

(3) H kL ENJE AT Western 5 B2z i v s

(4) MBEAS S 208 EN e SR P 4R, RV E 4P it 8 #EENJE4R. SDS-PAGE . PVDF
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JEL AR ENYRARFI A it Je BREENIJE, JRE TN Western 4 BRE% it R 4% AX
W, 110V HLEIZAT 70 min;
(5) Z5diJE, Ml TBST fEHUERR IR LI VEFEENIT AR 10 min, FEE =K,
(6) {3 FH & PR H R 3P 2 h
(7) A& PR30, 4 CHRATEH
(8) f## A TBST JBE YL/ 10 min, HE —IK;
(9) ffi ] TBST #ikt —Hi, ZiRA 2 h;
(10)fs ] TBST BB 10 min, HEHE —IK;
(A1) ECL b R eBR R almE B, FalHl & A WA B %S HFR S G
BIEI IR, WAL RN 1 min JEEONAL2E RO G R4 iR

2.2.2.5 Bradford 5 2 k5

RN ET G SR ThRESRa, 7B e A R 2 A R R IR . (] Bradford 4
I B 5 ) L, 1R & Bradford 77 A1 BSA FRifEER (5 mg/mL). R IR

(1) £ PBS i FE BSA brifEER I (5 mg/mL), ZKFE 45128 0. 10, 20, 40.
60. 80. 100. 150 ug/mL, & 8 AR N ER FIARTERE b

(2) # 20 pL 2 FFRHERE SO BEARAR )AL, BN EERS B —=AFAT, B 200 pL
Bradford {513 78 73 ¥ 275

(3) WHArI AR I RE i BEATIE M MRS, TS 2K EEAE 10-150 pg/mL [X[H], AR 20 bl #
B S AU 2 R St B BEARAR AL, BN = AN FAT, I\ 200 pL Bradford
WAFER RS s

(4) FBERABNBEAR, T E AS95 AbMGAE ;

(5) HRE B EARAERE oo IR Rt 2R, T S AR B A R R

2.2.3 /NREB AN B16 Kk
BRGNS, Tz, NP SRR EARZ BT RO B16 41
) s i {8 v %
2.2.3.1 B16 4 & I5
B16 MR E T AT, FEWILME B IEHAKRES . AL BT, WEH
1% A G i B b5 A -
(1) HEEFRENET 37 cCRBIF PSS, W 4 mL 41y DMEM 157734 20811 T25
15 77
(2) K B16 4R B4 AL B MR AU JGIR A 37 °C/KIB 4RI . 2h 2-3 min;
(3) BHEAEE WA RIS FS B2 A 4N DMEM B 928 B 98 rh, M pric;
(4) WEEFEMNE T 37 °C. 5% CO2 [ — B A B 3548 V05 3725
(5) BB A BB SN 4N, BN ae s, SRR R AN,
TN EER 37 °cCTRIGH L DMEM 55353, BONE; FRf 4k e 55 9% .

2.2.3.2 F i B16 41wk 74t

B16 472 — BB 5, BT EFRYBER . AR o380, 752 E i 7ok
IR AE RIS R . —EO T, B16 gIfuls57 T 1-2 RE RT3, B Fpdipite i il [H
PEFE T, BARERAE S0 b NS 2 B R R, S Bt i 37 °CFilHv 4 iy
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DMEM £33,

2.2.3.3 B16 4l iHEu 5408577

HT B16 4N N GEEAE KA, 54K T 245, TR man A KoIRAs, oA 72
BEAT AR IR, — MG IR B16 R EE A 1 x 1054Y/mL EH 838 it Bs 1
REE 7 HARSERAE QT

(1) ¥ T25 E5 3P (O IHRE SR B AEN Y, Fl PBS i Ay ve 4w vk, i 500
ul 0.25 Y fRBEHE VeI A, 125 NN 800 uL 0.25 % RS, T 37 °C A bmisF
FO PTG, BA AT DO AR R I A 1S 40 M MR B KT AR B iR i, TR 2kl
b, 1ZitFEZ) 2 min;

(2) ML IEMEARIEEFm N 3 mL Cell Wash, 44 U5 BE 40 4> 50 4T g, RE
BERSIETEE, 2RI AR R B B L T, A0l 1,300
rpm B0 4 min;

(3) ZRREOE T LEWAA, REIRITE, (/A 3 mL 41/ DMEM k577563551 E 240
s

(4) 4HfETtE: HU 50 pl 35) FI4 MR T8 1.5 mL B0EH, FAKIRIIA 400 L
PBS ZZ 1Al 50 uL 0.4 % E My i gL taill, mAMRSIEEE 3 min, PR IR,
A5 FH A0 P T B A T 4 T

(5) Hi4H i DMEM R F= 50 4 gl BE 22 1 10°AN/mL, HX 5 mL AN ZHT i) T25 £
F, TN SEARRRG FRAE AR S8 3%, IR B HO4T M BTt T DA A s s i ) kAT
Y B S

2.2.3.4 B16 4 i3

REAE N 1 x 10°AMmL 1) B16 4R 8 2 & IE R A 8 (WRRP) o, T
37 °C. 5% CO ) ARG IRAA T 24 h J5 AT LU T )5 S22 i S 46

R 5 JHUEESRA AN RE SR AR

B R
T25 K555 5 mL
T75 E5 5% 15 mL

96 fL1k 100 pL/AL
12 fL 500 pL/AL
6 FLIR 1 mL/AL

2.2.3.5 B16 4H 447

F 2.2.3.3 153 B A0 DTIE AR AR BOR R IR0 1 x 108 MmL, BNRAFE A
ImL SR (AREECN 1x10°4), & EEHFFMER, FERAEE B, -80°CIK
ML BRI R GE T RAT -

2.2.4 4 HEE PR AN S5
WREHRZ AL HTEA FIP-gluN31S. rFIP-glu T36N 1 rFIP-glu N31S/T36N) it
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et snanciat o Tone unvirsiy BAR ZRFETHER (FIP-glu) I MREGEEMA B16 AL IR R
F/NR B OZRAML BL6 im, EARAZEARALE SN B16 MR A . %05
B¥{# Fl CCK-8 Cell Counting Kit (CCK-8 7%, k7 & & CCK-8 Solution, 755 B 545
1B BAREAEWT:
(1) ¥ 222 FRB=AEHRZRERTEROMEOGH PBS LB RIRE N
160 pg/mL, Fi53 70 40 DMEM B:FR EEM R 42 16 pg/mL & AR 72, FAEH
PBS 22 5 20 il DMEM 15975542 1:9 RBUR & J5 1F 4 1 5 BB 95 W
(2) fE/H 2.2.3.4 TRl IEIEFRE 10 96 LA, ZBrALAssaRst, Mo Al 100 pL/fL=F
B AR IR S AXHIBRE R, R EMA R Z R EAMS AN BAY R E 6
MNEYEESE, RIRMEE RN 6 L
(3) 96 fLi# L35 T, T 37°C. 5% COff) AL BRE FRF R IF 24 h;
(4) IR BE NN 10 pL/FL CCK-8 Solution, #4255, HUEIREFRFREIE 1-2 h;
(5) it B AR 52 450 nm Ak R Y6 AE

2.2.5 A IH TSR
ELAE =P B2 R 2 55185 25 1 (rFIP-glu N31S. rFIP-glu T36N A1 rFIP-glu N31S/T36N)
AR R B16 AL AS R G H B2, Bl EAE A 5N, B#IEWT:
(1) ¥ 222 FRB=AEHRZRERTEROMEOGH PBS LB RIKRE N
160 pg/mL, F53 70 40 DMEM KiFR MR 4 16 pg/mL & AR 7=, FAEH
PBS 21V 541 DMEM k59535 4% 1:9 ABUR A G N as A IR RS 780
(2) fEFH 2.2.3.4 FFIEIEFRIE 1 6 FLAR, KBRFLPEEFRE, B RMA 1 muUAL =M
FIER RO S AN R IR, R 2 R 2 s R R LA A IR E 2 A
APt ESE, RIRE RN 2 ML, BN 37°C. 5% CO2 [ S LB Bs 7R A6 1T
J% 24 h;
PR RAEH AnnexinV/P1 XU G ERAS I B16 41 SIE T2 17550
ffF Annexin V-Alexa Fluor647/PI 21 A1 1 I 12X 771 e A6 0 22 20 R 2 G2 1 5 8 (A 0t
B16 ZH (1 T @5, AT DA 2 24 o AU T 2 e R A A KR A )
Annexin V-Alexa Fluor647. PI Staining Solution (20 pg/mL) #1 4 x Binding Buffer, &1/
Fk T EAE, PR
(1) WekREFRM, FFLIA 500 pl 0.25% gl 37 *CIHILAIIL) 2 min, HZEHE
s NSRRI BN R, mT LR 2 kg 4, LI 1 mL Cell Wash 541 i
FE2mLBEOET, EHEEOHL4°C 300 x g &0 5 min, i EiE,
(2) AR PBS P 2400, 4°C300xg &0 5min, L L, b BER
—
(3) HLH %L B T/KF# 4 x Binding Buffer = 1 x Binding Buffer;
(4) B0 250 uL 1 x Binding Buffer, #EAT4HMITH4L, EEIKRE SR 1x 108 /NM/mL 41
[itRSST
(5) HL 100 pL k5 AR T 5 mL 3+, I 5 ul Annexin V-Alexa Fluor647
A1 10 pL PI Staining Solution, #42IR251f5, HME T ZiRE DKM 15 min;
(6) AN 400 uL 1 x Binding Buffer, J&21JGHF ik 2 Fig A8 @ KA dr LA R R 2Bt
YN HAE I o AXFIRAS BEE - AT HUR FSC S50 MU SSC LR MERUR, e tiE
T8 FLL AT FL2 XFEUBOKR, SRR SR 20,000 M40, 15 21%dE )5, 15 Modfit %X
PEHEAT 23 3 VE B, Annexin V-Alexa Fluor647 JyfiAksr, Pl AZAARE.
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N snancrn Jno Tove Unvesar v BEERZREFHER (FIP-glu) X/\REGZEM B16 RN LRER

2.2.6 B16 4l R a3 & &= E
S FBRARVE T B16 4 (Y S AR IEATIREL, HEA eI B16 iR 3R
TE . BB
(1) ¥ 222 FRB=AEHRZ 0B TERAOMEOGH PBS LB RIKRE N
100 pg/mL, Fi53 70 40 DMEM BiFR MR 4 10 po/mL & AR, FAEH
PBS 22 541 fil DMEM 1537 5:4% 1:9 (ARUR & J51F N as A X IR S 77
(2) fEHH 2.2.3.4 TR IEIEFRE 10 6 FLAR, KBRFLPEEFRE, B AMA 1 muU/AL =M
FIEE FRIBOR 2 (A R 7R, G Rh 20 R 2 S 1T B LR 2 (I R R B 3 A
A ES, RERERFREN 3 ML, BN 37°C. 5% CO I & fbhkks 74
72720 J5, ERRIEFREL,
(3) FHSLANA 200 uL 10 % DMSO BiA i, 787 IR 21 a4 1.5 mL B0, T 80°C
LRI 2 h;
(4) A FARRUR BLGHAA R AR, A FHEEAR OGN 2 492 nm IR AR s
(5) LLZS R IR ot IR, SEEG 4 B16 4 B KA S B, JHER.

)

2.2.7 B16 5% . IR T 12k 0 o
{8 F] L-Dopa 1 4 Ji4) 5 4% 5 40 Sz 1 B AL B JS AR IRAE T, e 5 8 R R A
FHXT O BS RR B Ve . BB R

(1) ¥ 222 FRB=AEHRZRERTERAOMEOHH PBS LB RIKRE N
100 pg/mL, Fi53 7 4 DMEM BiFR MR 4 10 po/mL & AR 72, FAEH
PBS 22/ 5 41 il DMEM 1537 3:4% 1:9 ARUR & J51F N as A X IR S 77

(2) fEHH 2.2.3.4 TR IIEFRIG 10 12 FUAL, ZBrALAssaRss, Far Al 500 pl/fL =%
F ARSI S FO RS PR, AP E A R Z AR R A X A E 3
MNEYFES, BIRMRE RN 3 ML, BN 37°C. 5% COL M A bk 7746
Bt 48h )5, ZBRERFRE,

(3) 1 PBS ZE 1AL E 1% Triton X-100 ¥, #% 100 uL &EFLINA, FF 52 EPN-80 °C
VKA RAZ 30 min, HUH 5T =B, FEE 1.5 mL 0%, 4°C 13,400 x g
20 30 min, PREE LIS

(4) 1 1] PBS 22L& Bt & 2.5 mM f¥) L-Dopa V&7, 1% EiE WA L-Dopa & AR AR L
417845, T 37°CE&BIBN 1h;

(5) % 100 pL/ALINN ZEEARA T, A5 AR AR G E 492 nm b TR AR -

2.2.8 SZiF %5 & PCR (RT-gPCR)

T R E A R G B A (rFIP-glu N31S . rFIP-glu T36N A1 rEIP-glu N31S/T36N)
XF/NR B A AN B16 7EAE /= B AR A CERERIAEN, LRAHLEIIKE, (FH
SN 52 8 B PCR KA i HL 5

2.2.8.1 418 RNA $2&HX

%5 B8 Fl RNAprep Pure 55 7 40 /40 1 5 RNA HEEGR T &k HE B E 4 8 E a1

B16 4iil, X7 &S #EF RNase-Free Wit CR3 (7 2 mL Ut4E%). RNase-Free iT Ji€4: CS

(& 2mL &%) . RNase-Free B0 (L5mL), k2l RL. 28 H RWL, =

Vel RW. & RNA EX(7% /K (RNase-Free ddH,0). DNase | (1500 U). RDD &, gk

PG UL BT EAE, BT BN, WiktSk3)H RNase-Free. B ARERAEMIT:
(1) ¥ 222 PRB=AHEHARZRZFTERAMELEH PBS MR 2IME N
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) X # XA F

e suancral o Tone unvirsiy BZAR ZRIFIFETHER (FIP-glu) /NREGEEMAAM B16 s SIRE
480 pg/mL, P43 A DMEM K= 25 4 48 png/mL IS H R 7R, FHAEH]
PBS 22 540 i DMEM 15953 4% 1:9 (ARUR & Ja 1F 4 A e B 7

(2) fEFH 2.2.3.4 TR IIEFRE 10 12 FLAL, ZBrALAsssRss, Far Bl 500 pl/fL =
B AR IR A AXHIREE IR, AR R R 2 R E AN A BAY R E 3
ANEYPEER, BIMGRERFRRBN 3 ML, BN 37°C. 5% CO. It — AL ikR: 7740
9%

(3) 6hJ5, Wt 12 fLARFE IR, MAFLIIA 350 ub 243 RL (BN 1% B-Fidt
LWE) o HE AT, 40 BE b 7 - 2400, 1 2R3 J5 IO A4 7% 42 RNase-
Free IEJEAE CS  CZE7E 2 mL BB ) , il 0l 13,400 x g #5.0r 2 min;

(4) EWEEE FIERIIN 350 ul 70 % L1, TRA] 5 4 F2 & RNase-Free Wt #: CR3

CREE 2mL &) , 13,400 x g B0 1 min, FEYCEE HIEw;

(5) FaIREFAIA 350 pL 22 13 RW1, 13,400 x g #5.0> 1 min, FEICHEE gk

(6) ¥ DNase | (1500 U) 7820 fi# T 550 uL RNase-Free ddH,O [l DNase | 17
7, 4% DNase | fifi {75 RDD Zz i AFALL 1.7 il DNase | TAEW;

(7) 1A BFHAE CR3 o i) JE R I 80 ul DNase | TAEW, i E 15 min;

(8) AN 350 uL £ I RW1, 13,400 x g 0> 1 min, FRUCEEE 8K,

(9) FIAEEAHII 500 pL e RW 2N 4 54 FTE K 48, 13,400 x g &0 1 min,
FIEE IR, EEIZDSE K

(10)13,400 x g &0 2 min, FTIFMR AL CR3 T iR B # B, KA ffi+: CR3 % 1.5
mL RNase-Free &5.008 , A A HEB I 50 ulL RNase-Free ddH,.0O, =X E 2 min,
13,400 x g B5.0» 2 min, f3EI40M0E RNA ¥, PRAFIE-80 °CUKFEH, —RAWIT T
— S

(1D)4REUE RNA EFER 1 %I iebiitR, BT 1 x TAE FykZZrilh, STk
ACFRLEK, — MR EN/NT 100V B, 45 90 25 Ja PR BRI

(L)1 R e TR I RNA K.

2.2.8.2 cDNA 3R HX

¥ RNA S5 cDNA SCEE, T T — DAl B16 4 38 (03 2048 AH O HE R ) e s 3
57K o %A 8% ] PrimeScriptTMRT Master Mix (Perfect Real Time)i# &, 7& M &
#0771 5xPrimeScript RT Master Mix #iI RNase-Free dH,0, %8 %1 ;2 N AR £ H1%] RNase-
Free 0.2 mL i EE B .0,

5xPrimeScript RT Master Mix 4 uL

RNA 1 ng

RNase-Free dH,0 FMINE 20 ul

Mt 20 pL

I LU RR P LE PCR A S

S I3 e N 37°C 15 min
S S R R0 85 °C 5s
4°C 10 min

S EEHE, R S5 )R ) cDNA SCPERAF£E-20 °CUKAT , HI T T — 2558
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2.2.8.3 LI 7tEE PCR

B16 4B 024 UM SRR 51 0% cDNA SCREF AR SE LR 4 BT 2 A, 3t
A TRYP-1. TRYP-2. TYR Al MITF IUFhJE R FRiA &, #H GAPDH 1E NN S 3EH .,
2D IR R R, TR SIS IR 2.1.5, % FRIERMA 384 fLik -

2 x AceQ® Universal SYBR®gPCR Master Mix 5uL
g1 F 0.2 uL
YR 0.2 uL
cDNA it 2 uL
dH,0 2.6 uL
Bt 20 uL

A5 FH A LASCRE AR B8 Lot L BT IIABR S0 O F 0 LR, TN DO 5E B PCR AL, LA
TEFIEAT

AR M 95 °C 5 min
) 95 °C 10 s
PEIR L 40 x
60 °C 30 s
95 °C 10 min
o 95 °C 55
A o 2
65 °C 5s
95 °C 10 min

FHRV B J5 A H) 288 SRR R R &, IR Prism 8 AR IE

2.2.9 Western Blot 7341
HHAT AR Z AR E A (rFIP-gluN31S. rFIP-glu T36N £l rFIP-glu N31S/T36N) it
B16 4 2 (5 25 F A AH JCHE R ) S Rk K0T 5, P NGB B /K P38 IF 1 B 20 B
%t B16 4 540, 18] Western Blot %t B16 £ fify B {35 & B TA @ K v (A 50 28 1t
TR .
2.2.9.1 41 AR
YT ENAT EH R Z AR RO AIGE B16 A S AR AT R
S0 B 5 RNA FSL, 288 2.2.81 558 (1) Al (2), MEEmE MM, LU
B RFELEVK Lt 4T
(1) B53% 24 h J5 2R 53E, fH RV 10 500 pl PBS S iid vedif—ik, SFLInA
100 pL RIPA @l (fEHRTIIN PMSF (4R BN 1 mMD, 40 B WRFT Ve I
B 5L 70 53 F ks
(2) %/\ﬁ”ﬁtp}é, W RTA AR 2 1.5 mL B0 4 °C 13,400 x g &0 5 min, H L
THAIMUS W, P T R, EEFESIRAET-80 CUkFEH .

2.2.9.2 BCAEMEEBQWRE

M RIPA R P AAAE LR, AR Bradford vAINE H IR, RIS 243
BCA i5IE B R, 1P BRAE ] BCA S IR EEIE k7 &, B8 6l5i BCA 657 ALBCA
wlifl By EAbsHE (BSA) ME PR ER, MU BRI, P bR ARSI
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e saancran o Tone universiy EEAR ZRIZIFTIEB (rFIP-glu) /) FEEEREMAM B16 THEEMNH SR E

o HREEAEWTR:

(1) 15 FH 2R b v I B VROR B 2 (A bV i 2 25 mg/miL, PR ] PBS 2 iliinRe, 4K
FE RN 0. 1. 20 4. 8. 12, 16. 20 mg/mL, 3t 8 MEAEAE NE AFRUERE M ;

(2) #% BCA il A il BCA i{5f] B 50:1 fAFI LL AL & BCA TAEW;

(3) 4 20 pL & EARAERE S ARFIIRE & 2 AN BERR AR LA, AR S A PAT,
BN 200 uL BCA TAEWIRS), T 37 °CIHUE 2 N/ o

(4) FBEARAENBEAR, T E AS62 AbWG1E ;

(5) YR ALY R bR AERE S4B AB62 AbMR AR, % S bRt 2R 55 H A% R
EIRE I R R

MR A RE IR B, A PBS SRk f A S0 40 A0 REZH 1Y) B16 4t it 2 IR FE A

FERIM R, (8T 2 5 e S

2.2.9.3 Western Blot

TR B ELRT B16 41 i e BR 1 TR IE B AR T & &, 1T BAAE ) Western Blot 7E PVDF
i AR R RN EE A, RGN B R Z A A AL, MG EANE
B BE ZEZR. BIEEBIETS% 2.2.2.4 ) Western Blot % 5g EH R Z AR AN
BRI, MR MPUARL N RTR:

R 6 ANFIEBE R o R A Bk

PR A4 PR —4 —t
p-p38 Anti-p38 (phospho T180 + Y182)#ifk i 2E4i % 1gG H&L (HRP)
p38 Anti-p38 Hi1A[M138] L 2E4i B 19G H&L (HRP)
Anti-Erkl (pT202/pY204) + Erk2 .
p-ERK 2P ER 19G H&L (HRP)
(PT185/pY 187) PR [MAPK-YT]
ERK Rabbit Anti-ERK1 + ERK2 #ifk i 2E4i % 1gG H&L (HRP)
Anti-JNK1 + JNK2 + JNK3 (phospho o

p-JINK N 2P % 19G H&L (HRP)
T183+T183+T221)Ji/A[EPR5693]

INK Anti-INK1+INK2+INK3 $TfA[EPR16797-211]  1l13£#i% 19gG H&L (HRP)

B-Actin B-Actin HifAk L 2E4 B 1gG H&L (HRP)

2.2.9.4 Western Blot E{& 38443 #7

AR KOG HUE R G nie 5, RS CE B4 Bio-Rad Image Lab 6.0.1 X & 3E4T
T, R RJE, XTER S A& S IR A . A RIEEEER, R seitd 5
AR R 2 7
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Bt stsarnn o ov vaveery BARERIEITHED (FIP-glu) 5/ FE G FHM B16 NEMHHIRE

E=F GRSt

3.1 EHRZREIP/HERANRS

B = O F R EARZ R EA (rFIP-glu N31S. rFIP-glu T36N A1 rFIP-glu
N31S/T36N) Jii ki #4443 7l i 4k 2 BRI RE GS115, Zeid BREFE A4 DNA 25, FF 3k
R RS IEAT PCR %58, —MEEREFAL TS5 YIRS (base pair, bp) ¥R {E
Vi 847 bp. 15-FBE IS KB F vk B 3-1, =FhEEREE AL T-7E 800-900 bp i A 44,
MELRAE A 847 bp, STUHH—EL, RIwI0 A 840 TR % NRERE

15,000 bp
8,000 bp

5,000 bp
3,000bp

2,000 bp
1,500 bp
1,000 bp
750 bp
500 bp
250 bp
100 bp

L

| —
J—

& 3-1 W rFIP-glu B RF%4LT PCR X4 R E
Jki& M: DNA Ladder, ki 1: rFIP-glu N31S F#E}£1L 7 DNA, ¥ki¥ 2: rFIP-glu T36N
g RFEAL T DNA, JKi# 3: rFIP-glu N31S/T36N B EFE4L T DNA, JKi& 0: B HE.

fd ) F I RS S R SR AR B SR AL S I RE R AL 7, R Bl iR A&t 2ift, i SDS-
PAGE x4tk 5 (R Bk T %5E, 450K 3-2 (@), rFIP-gluN31S & 445, 1M rFIP-glu
T36N A rFIP-glu N31S/T36N Wk 5k« FESeHT IR Fi, il 72k B s A fE e
FREERE GS115 i TR IA 2 UMY — IR L7, Zhou %5 N FI Y EE 7R % RE GS115
FIERIETHERZ (Ganoderma applanatum) HJ rFIP-gapl A1 rFIP-gap2 tH [FI#E7E i B R
KR T 2% AERATSEHTHIBE TN rFIP-glu N31S (RS IEALRE FE A W Hopth — 2%,
7t SDS-PAGE X &l AN — %&£ 15 kDa /A7 B 557 » 11 rFIP-glu T36N A1 rFIP-glu N31S/T36N
B T —%5 rFIP-glu N31S AH[F K/MEIZ 4L, TE4) 18 kDa b thifg — 26262, Aqtie
SRS AT, nTHB AR E 3-2 (a) WHKkIE 2 FIykiE 3 H N4k 3508 H AR B A . (R
FIFH Western Blot [1)777%, HT Bzt LA His #5755, HAESEE His s 4561 —ht
PRI ER, wE 3-2(b) Fin, 5 SDS-PAGE 455 —3, rFIP-gluN31S A —4%1, 1
rFIP-glu T36N 1 rFIP-glu N31S/T36N i sk 5kt . Al LA\ Jy izl BERe Ak 1 08 20 5 1
EANFER HEE rFIP-glu N31S. rFIP-glu T36N Al rFIP-glu N31S/T36N.

MINER AR ENEDE, KEFFRAGMEAED, AT T 25K,

%22 71 336 W
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@) ¥ ExAr
S0 o puorons vy BARERAVIBES (FIP-glu) 5/ FEEFRN B16 LIRS

a M1 2 3
250kDa —— s—

150kDa — &=

100kDa —— \—>

70kDa —— —_—

50kDa —

40kDa —

35kDa —

25kDa ——

20kDa — .

B 3-2 4ifk)f5 rFIP-glu %5¢
(a) SDS-PAGE K]; (b) Western Blot
JKiE M: ZE[9 Marker, ki 1: rFIP-glu N31S, ki 2: rFIP-glu T36N, Jki# 3: rFIP-glu
N31S/T36N.

3.2 rFIP-glu X B16 4Bt 5E 14 A9 220

TESCHT BT, R R Z G i & G X B RAW264.7 4K HA B3 0]
PERRS20), Jf Btk — 0 R BLHBEE T AR R e R e AR, N TSI B A R 2 ey R
FEAHAEN BI6 4Mi A AV HEH, iR 7% R X T B16 AN is /12 1 B B .,

3.2.1 rFIP-glu X341 3% 71 52

AT, N TIRFZ rFIP-glu X T B16 4NfiG IR, 7E 16 pg/mL FE FIKRIE T
PR X B16 4B . 25 Bl 3-3 Fion, 483 rFIP-gluN31S. rFIP-glu T36N £ rFIP-glu
N31S/T36N AbEE 5 1) B16 4G /1, M Z R T2 B X (p<0.0001), 2124 60%. i
HH X Se B (1) B WS35 RO P BL6 AHARAGYS 77, mT DAHEN B W D R AN s v . Rt
TIIRe ), TR N — DA EIIE.

*kkk Fxkk *kkKk

& 3-3 rFIP-glu XF B16 ZHHuE /7 I
H¥aR "N means = SD (n=6). 5 AXTHRZAALL, *xxx, p<0.0001.

% 23 70 3t 36 0T
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4" & SHANGHAI JIAO TONG UNIVERSITY ééﬂﬁgﬁﬁiﬁ"ﬁﬁ E (rFIP-qu) XﬂlJ\Eugﬁﬁgéﬂﬂﬂﬁ! B16 Ij]ﬁlé E"]%}] ﬁf;ﬁ%’?

3.2.2 rFIP-glu X 41 4 T [ 52 i

B3| TP 45 RIS Annexin/Pl XU IER N 3E— DA B16 A Tk, HE—
HIHIE rFIP-glu X1 B16 40L& R R0 o A8 F 1) Annexin V-Alexa Fluor647/P1 2 i 3 -4
TRFA &R & T A Alexa Fluor647 #7ic i) AnnexinV (JEELEE H-V) A5, AnnexinV /&
— P AN B OB B IR AE S ER T, T U R SR T A 9% 24 i B 4/ T ) IR T 22
2 (phosphatidylserine, PS) =iE il Jikhas &, il R4t i T AR Alexa Fluor647
i, At BUHE AR B . sk, W& B N E  (Propidium lodide, PI) 1275 AT
PADX 3 i S SR AN G SR T i 4 i, P kR mT DAz I R T R S AN SR SR 4 . X 4 P e, 54
MoAZ TP AL R 45 A SR 40 (. TR AnnexinV 5 PLERH, T PLIX 7335400 (AnnexinV B
PLRATE . FHAET 400 CAnnexin V FHPE/PI B FI0G HAVE =40 i SA2E40 . (Annexin
V FEPEPL BRI .

23 i A S Zead AV B S 25 SR an & 3-4, PI AL ALFR, Annexin V-Alexa
Fluor647 JuAds, /2N RN AnnexinV /P M, BIONTEZ0M, 45 LR BRN Annexin
V BHYEPL BHAPE, RIS HE HAVE T 40 e SR 5040 . anEmr %0, Z3d rFIP-glu N31S. rFIP-glu
T36N F1 rFIP-glu N31S/T36N Ab3 J=5 1) B16 41 i, ATt A7 b G PRE A (& 543 oA 47.99 %.
44.71 %F1 48.30 %, AHEL T2 FAXNTIA K 2.69 %I I T- SRAE4 A BN L, A T4%
PRI 1) S T 0 H A g 2 T2 G R BB rFIP-glu it 8 T BL6 i 1) A T
AR E T YU SR FEAE A T, $0) T B16 4HMiE 7.

Control N31S T36N N31S/T36N

QI-UL041%) Q1-URIZ 63%) 2 ZaruLges G1-UR(47 99%) 2 Earu2zw G-UR44T %) 2 Earuers) Q1-URIB 30%]

Pl

O1-LLB5 11%) Q1 LR(1.79%) Qt-if

Annexin V-Alexa Fluor647

& 3-4 rFIP-glu % B16 0 M T-HIg2
T ARG I 253 AL B S B16 ZHffL,  AnnexinV/Pl XL L4k

DA g5 IR T = rFIP-glu X B16 A B A —E M, Msgnieimt:, (et
S T AR B . Wi B rFIP-glu Xt B16 AR A KA S mal, my DLt — B4R 5T rFIP-glu 52
W@ MAPKS 425+ B16 40 3G5E . A T3R5 7= A2 52 )

3.3 rFIP-glu Xt B16 #fAtl MAPKS 15 51& I AU EiF 7k 520

if it Western Blot J7 3246 223 48 pg/mL rFIP-glu 3595 K B16 4 FZEL I S E A,
5 FAS [F) B O B R S —Pbi A, & nTRATE PVDF JE F oy IS SR B Ak . A
WF A8 FH A 6 Fh—ififi fe 20 BRI H p38. ERK A INK & [ LA K X B i Ak 25 13 p-
p38. p-ERK Ml p-INK, 24 MAPKs K& H, [FII{EH B-actin fE NN Z. A4
Fr AR (RERAT A TR , FETHE BRI R SRR R R O I LE, 52 B IR T
PG SRk 3-5 (b)(c)(d) Fran: fE p38 i&fE 1, rFIP-glu T36N 4bH /5 B16 4H AL p38

%24 71 3t 36 W
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& suaNGHAI Jino Tong Univirsiy 820 R R IBIATDER (rF|P_g|u) R EREZBMAE B16 THREMVI $IRE

A AT IR B AR ETF, fEEZS, rFIP-glu N31S 4bF 5 p38 e fbFE & 545 [ nt
TEAHEL A 2 5, M4id FIP-gluN31S/T36N 43, p38 BiMRALFEEE RS NF&, fA7EZ R H
AR, =AEAREERARMEA, HFHRELBRK; /£ ERKBRE T, =ANEALHE
B16 4ififlf5 ERK BRI LLIE N I%, FHHAME T EX I, MEAWEERZESE: miE
INK BT, =AMEAAHESE, INK BRI HIAE TR, (2 rFIP-glu T36N A3 51
p-INK/AINK [EAR T2 A R ER R EEA W A —F, BARERAK,

d CK T36N N31S N31S/T36N D -

ILI
p-p38 s

0.3
e — — —a— 02 |l‘|l‘
0.1
PIS | - w— - ’_‘ﬁ

Control  T36N N31S N31S/T36N

- - 257

1.5

- g
ERK & 1.0
M o
0.5
—— . 0.0 . ' ' .

= e —— * - Gontrol T36N N31S N31S/T36N
JNK

d " ¢+

p-p38/p38

K/ERK

-
2]
1

JNK O m— A S

T el [T T
0.0 T T T

T
Control T36N N31S N31S/T36N

p-JNKIJNK
P

=]
[

& 3-5 rFIP-glu % B16 40l MAPKS {5538 % HO B 3K 8 m
(a) Western Blot [, (b) p-p38/p38 LL{E, (c) p-ERK/ERK LLAE, (d) p-INK/INK LEAH .
B~ means £ SD (n=3). 5 ANRAMEL, ns, p>0.05 %, p<0.05; *x, p<
0.01; =xx, p<0.001. PASZIRAAHLL, ##, p<0.01; ##, p<0.001.

HZE R CUE H, = rFIP-glu XFF p38 iR I A E M, RERK, FFHMEZ
& RAAREZER, N (FIP-glu X p38 B MAR; —F rFIP-glu X} INK &2 H —
SERFNHITER, p-INK &2, (HZERASNONEE; AT ERK #12, rFIP-glu ¥%0H
T MR A A AR 35 AR, AR rFIP-glu 32 252 id 1 MAPK {5 518 B ) ERK 23T X B16
AR TR S . 48 ERTIR, rFIP-glu X B16 ZH il MAPK {5 538 i i /N [F] 184% 540 H
KE/NKN ERK 842 > INK 1% > p38 &%,

3.4 rFIP-glu 3t B16 A E B Z S 2/

MORAMBE AN TR OR, BORIEEDIVNIAO. B, RO 5K
TS RANETF AR TS, phah, B AN i B R A R e S N L AR KRR, A
B 5 4k S48 FH =M rFIP-glu LA 10 pg/mL AR EEALEE B16 40, FFHEHUO%T7 5 4uf A 7 i 2
BRETESTS AN BT .

RIGLE R U 3-6 A, 43T rFIP-glu N31S. rFIP-glu T36N Al rFIP-glu N31S/T36N 4t
HUR [ B16 44 B B EARIIWILEE (p < 0.0001) &2 X, 2 HIZ08 2 HX

% 25 71 3t 36 W



YFELALY
o/ suanchal Juo Tone Univirsty 20 R Z RGBT EH (rFIP-glu) 5L G = EAMAE B16 ThEEMVI HiRE
B 1.8 f&5. 1.6 %81 1.9 1%, = rFIP-glu T36N F= A KM A%, AT rFIP-gluN31S A

Z5, BT rFIP-glu N31S/T36N A &% % 7.

3@@5

&

& 3-6 rFIP-glu Xf B16 N B AR SEIILH
BEF o~ means £ SD (n=3). 5 ANTIBAAMEL, #x+x, p<0.0001. F>SZE64 2 8]
tt, ns, p>0.05; #, p<0.05; ##, p<0.01.

Kl 45 KR W], rRIP-glu #£ 10 ng/mL ¥R H RE 225 1327 B16 A/ 70 i ARt SR i) &

3.5 rFIP-glu X} B16 £ Al A B SER BEE 14 A9 520

MR RBEE N B EORAMA SRR ERNEER Y —, HSEHRFRMEERN B16 4t
KAFE R TaRR, AR =5 rFIP-glu 76 10 pg/mL KK R, AbFE B16 40 72h J5, X
L 441 i P -G 8 1) T R I D 7D

SERANE 3-7 iR, HBTA AN, rFIP-glu N31S #23% (p<0.001) Huf s 1B
FRERE 71, rFIP-glu T36N A1 rFIP-glu N31S/T36N 545 456} HE ) B16 2 it () i e g 7% )
AREZEER (p<0.01).

1S

& 3-7 rFIP-glu X} B16 4l Py B & BRBRE /7 2
RN means + SD (n = 3). 545 FAXHIRAAEL, *, p<0.01, **x, p<0.001. P4 5E
42 [ AEEE, ns, p>0.05.

RN, =ME PRI B16 A NI EIREENE 71, 5 Z AT 2 rFIP-glu
REPR I AR R AL P A RARXT N, (B =5 2 (8] (IR R IR B 1 B0H B& Z2 0. il

% 26 U 3L 36 T
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RT-qPCR Ktk — Uik I Z B g & A G BE DR () e sk, 31— 2B 4R 5T rFIP-glu J2 WAl 5%
W) B16 4 & iR (L3R i

3.6 rFIP-glu X B16 A& BB FHiE R K RIS

ff/H TYRP-1. TYRP-2. TYR 1 MITF [ (1) 5 0% FH 280 48 pg/mL rFIP-glu N31S.
rFIP-glu T36N £ rFIP-glu N31S/T36N 43 /4L ¥ B16 2 fr$2 B A A RNA 31T RT-qPCR #&
W, WHRAERFKFRRERER. L aEEZNRAREESENE 3-8 () fin, =4
rFIP-glu Zb2H B16 Hifflf5, TYR BRFRA BB T A M AAREEZER, BAHE A
TZER, SZ AR ERERE RIS RGO =1 TYRP-1 1 TYRP-2 J: [ f)RiX,
TYRP-1 1 TYRP-2 {E B R M H BRGNS, feiid 2 D AR BB Rm A
FE, 45580 3-8 (b)(c) A, = rFIP-glu $4EiE T TYRP-1 F1 TYRP-2 S %Kik, Hrp
rFIP-glu T36N Al rFIP-glu N31S/T36N XJ sk /KRR L =, AT TR, e 2
T+ T TYRP-1 Rk, WEHRIF T TYRP-1 %Kik, {H rFIP-glu N31S Xf-F TYRP-1 fil TYRP-2
BRI B AR T K PA I AL =3 &, N A REESIA ZR . B, #@d Bl
AILAAIIE rFIP-glu Rederm B16 4HfuA: F= B R M EM A REHE I, &R H R R R
LB KIEIEF, I H i TYRP-1 f1 TYRP-2 {2 A AP R B E RIS INE, S8

RO TR,

51 KkAK 51 J—
*kkh
5 4 —|_ g — 4 ok
E ‘_;' Fhkn K 3 ”
- = < 5
$E3 L 259 T |
xo EQ
E's 24 <5 21
[ N o -2
< r<
==y - &=, 1
=
0 T T T T 0 T T T T
Control N315 T36N N31S/T36N Control N31S T36N N31S/T36N
C 1.5 kk d 2.0 RHKK
* *k
_ —l_ KwkR —l_
- = o z
=3 T a3 ns
1 5 T
Z C c
5] Z 0
nE! S o 10 L
R E'%
g2’ ES g
= =
0.0 T T T T 0.0 T T T T
Control N318 T36N N31S/T36N Control N31S T36N N31S/T36N

& 3-8 rFIP-glu Xt B16 4Hf-& BB ERFERKFHIEmM
BRI N means = SD (n=9). 5 AN, ns, p>0.05; %, p<0.05; *x, p<
0.01; *xx, p<0.001; ***x, p<0.0001.

Ak, i 3-8(d) ATLLE H, rFIP-glu T36N 1 rFIP-glu N31S/T36N 4b#E B16 £ )5 (1)
MITF BRIk KIS, (23 T ARG o SR IR AT Bt B16 4 i 3 i # i,
TRt b, TR, B R RIA B RO MITF JE R R IE B A KM rFIP-gluN31S 2% 5.

027 T4t 36 W



B o LEX: ﬁ;{ﬁ

SHANGHAI lumoncumww EERZREATER (FIPglu) M/ NRERREMM BL6 ENVIERR

ENE RE5RE

4.1 245178

AHE 7L 48 A rFIP-glu N31S. rFIP-glu T36N A1 rFIP-glu N31S/T36N =Ff & H, VIHHRER
T rFIP-glu X B16 ZIhAERIRENT, AT B16 AN A, IR BN AE 5@ B 1
WA MGG T, BJRE RN RE KPR B16 QR B aRA R, WK 418
AR FEI e 1) 200 pA) T 42 R -1 0 35 DR B AR L2 TIPSR R o

FIP-glu &%‘Q{

MAPKKK | [Ty
| MAPKK |

(038 ) (ERK] (UK

B16 cell

& 4-1 rFIP-glu X B16 4T g &
+ IEAESG; -0 AR,

4.1.1 rFIP-glu X} B16 4f A= &Ky s2m

PRI AN E A — PR A0 AR, B A PR ) R e A AR A R A DA i
A BT RATHR IR TT R AR R R

T 5T M SR8 4 O 9 B 22 Y MAPKS {5 5B AT, K5 rFIP-glu X T =4k s A
MAPKs 15 5@, p38 &4, ERK &A1 INK @M, KIEX=44&FH, =Ffh
rFIP-glu %5 ] ERK R f i W3, R P REW PR IE T ERK B2 1) MAPK 2B [ i,
WD D TR AN T R R Ah, AR PR INK IR ER 1L, 1TXS T p3s
WA TR R ZE AN B . SR, =R rFIP-glu X B16 41 /i MAPKS {5 5 % —
Fiig 2 As2m K2/ ERK 3248 > INK 248 > p38 if%, AEFEMIK B16 4HAAITE /1. 1
HIRE AR T @ AR I IEX — R, a0 3.2.1 4 %, = Fl rFIP-glu HIRE MR 5.
FA0H] B16 A KR A, I HAEH Annexin/Pl SUSSAG AT LLANIE, rFIP-glu REfE i
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B16 4t /e MR AR AR A0 A T, EANRMIHE T R E R £

Bk T MAPKs 2545 5B A ST B OS5, I8 VFVE 2 22 40 B IR 7~ RE 6 52 M 201 o 448 5
AET:, W MITF. AREFFIERA T MITF 2R RIEKF, BR T rFIP-gluN31S 4F, F 4N
A rFIP-glu IR 2 52 = MITF REERIE, SUKF MITF RIAR, 2008 B fs 3, 4]
1 6 144 B

25 L FTIR, rFIP-glu feX B16 4R I4H M E I FIEGGE . TR B, BARI
FBEAR B16 4HAEE /1 S A s s A S O B VR S 20 RS ), AR YT
oAt iR R AR, FEBUHT SR A ER R RIRRAT A T e T DhRe, R A A K TR

4.1.2 rFIP-glu X} B16 4 it 22 €4 25 & Bl I 52 1

MR N— R IZAEE T A M) B A M R I S B AT AR, RS I iR € 1 [ B
WL E] T PRy B2 RAMNR FIER . R H, BORERNBORMETE =9, W
R AR, AR R AR AN I Th RERE AR A

AH 5T IEIT rRIP-glu Ab 3 B16 41, SRER 7t H X B16 41 B8 €4 355 A R T RE 2
MR 56 1 A0 SCHR © %0 MITF 2[R & 452 51 MAPKSs 13 5@ B 101, Hrb ERK 2465 MITF
KPR A, T INK F p38 1125 MITF /K-F 2 IEAHIC . ARFFEKIL, BR T rFIP-gluN31S
4b, rFIP-glu RE6% 4 MITF EERE, FER BT rFIP-glu A% T 25 F0 B )
35 B3] ERK R AR AIME, 06T INK A1 p38 i 42 M & E FIAS &2 o MITF KPR T+,
RefB et TYR. TYRP-1 il TYRP-2 JE R R A& TYR. TYRP-1 A TYRP-2 &5, IXLeHEH
RS RE R RS EENE, MR, 2o rFIP-glu {23 TYR B ERIE T
ERECONEE . WA rFIP-glu 43S ) B16 41 A B8 ¢ 3 & B A S S BRI 1k HE AT R DU
g B S iX — 5 5. A TR, rFIP-glu ¥ REML B B e ik B16 S i B th K,
= H P T I S PR T 12k

25 LFTR, rFIP-glu BRW%E@ I $2 T+ B16 21 i P IR S R G PR T (2 i B A K G Ak, EREA
AKF-R I 8IS 1] MAPKs {5 5@ ) ERK #8242, 23E MITF X T B4 S BR B < 3 4]
[k, RAEIERREBRORSENIGE.

4.2 rFIP-glu R A RT =R 2

B ARV HR B S, BTN D1 ERSR bR A G s B R AR T B AR = AR i )
J5, MHET 5 B R 2 TR AR HREL FIP-glu, &F 300 v i 22 /46 AE45 312 5-10 mg 44 FIP-
glul™, i F HEJREERE GS115 KIA rFIP-glu, SCHRHRIE B = REE 2] 800 mg/LI, HAg Tk
FERISRAE . T2, Wk FIPs ST AT R AR S, MERJE RN INTE & . FP R
BRGNP REEE, AR R R TG i

VERRZ it AR 2 38 H, FIPs fEHUT . HulbyR . {2 3Eibk E 40 o 8
755 4 M 3 200 B TR 7 RN LR AR HE 7 55 5 TR AR F DA IE S Forh b s 15 S 4t i oy Wb IR
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PRELIMINARY EXPLORATION OF
THE FUNCTION OF RECOMBINANT GANODERMA
IMMUNOMODULATORY PROTEIN (RFIP-GLU) ON
MOUSE MELANOMA CELL B16

As one of the hottest active ingredients in Ganoderma lucidum, FIP (Fungal
immunomodulatory protein)-glu has been shown to have anti-tumor and anti-aging biological
functions. The recombinant FIP-glu (rFIP-glu), which is genetically engineered, can exert
immunomodulatory effects through MAPK (mitogen-activated protein kinase) and PI3K
(phosphatidylinositol 3-kinase) signaling pathways, and is of high medicinal value. As early as 1989,
FIP-glu was isolated and the N-terminal acetylated end of this protein consisting of 110 amino acids
was identified, and some of the natural FIPs that were later isolated had glycosylation modifications.
It is shown that FIPs have the potential for post-expression modification to improve protein activity
through acetylation, phosphorylation and glycosylation. The rFIP-glu was subsequently produced
by genetic engineering using the Pichia pastoris GS115 expression system, and after bioinformatics
analysis, the rFIP-glu was found to have multiple N-glycosylation sites (Asn-X-Ser/Thr). Previous
studies have shown that site-specific mutagenesis of N-glycosylation sites on proteins resulted in
improved protein yield, stability, and biological activity.

Melanocytes (MC), as a class of cells widely found in the skin of vertebrates, have the
function of secreting melanin, which protects the skin from environmental factors, and become
malignant melanoma cells when they become cancerous. The ability of melanoma cells to induce
apoptosis is drastically reduced compared to normal cells, and they fail to respond to a wide range
of daily stimuli, so conventional treatments are less effective in inhibiting melanoma cell metastasis
and proliferation. A study comparing the differences in mRNA levels between normal mouse
melanocytes and mouse melanoma B16 cells found that multiple cancer-related signaling pathways
were altered in B16 cells, such as the common MAPK pathway, TGF-f (transforming growth factor-
B) pathway, NF-xB (nuclear factor kappa-B) pathway, etc. Multiple regulatory pathways were
activated. In addition, expression of enzyme genes associated with melanin synthesis, such as
tyrosinase (TYR), tyrosinase-related protein-1 (TYRP-1), tyrosinase-related protein-2 (TYRP-2),
and melanogenesis-related transcription factors were up-regulated, and melanin expression
increased.

The skin tone of vertebrates is the result of the synergistic action of multiple pigments, the
decisive one being the melanin content. External environmental factors such as UV exposure in the
sun can cause disorders in the metabolism of melanogenesis-related enzymes in the skin, leading to
darkening of the complexion and even skin-related cancers. In existing studies, rFIP-glu is known
to inhibit B16 cell proliferation, but there have been no in-depth studies to explore how rFIP-glu
affects the biological activity of B16 cells through cell signaling pathways. In recent years, the
incidence of melanoma in China has been increasing and the death rate is high. Therefore, there is
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a need to explore the mechanism by which melanoma cells produce melanin, and how drugs affect
this mechanism, in order to further address the inconvenience caused by melanoma.

FIP-glu, as a protein in Ganoderma lucidum with a variety of biological activities such as
immunomodulation, antitumor and anti-aging, has value as an antitumor drug raw material and
cosmetic raw material. In a previous study, using genetic engineering to construct yeast-engineered
bacteria, rFIP-glu with mass production conditions can exert immunomodulatory functions within
macrophages RAW264.7 via MAPK and PI3K signaling pathways, and can act on part of MAPKSs.
rFIP-glu-based glycosylated mutants rFIP-glu N31S, rFIP-glu T36N and rFIP-glu N31S/T36N have
better biological activity and lower toxicity to macrophages. In previous studies of FIP-glu, little
has been done on melanoma cells, although it has been shown to reduce the proliferative viability
of melanoma cells, but no more in-depth studies have been conducted.

In this study, we used genetic engineering to construct the yeast GS115 engineering bacteria,
which can produce rFIP-glu. Three glycosylated mutants based on rFIP-glu, rFIP-glu N31S, rFIP-
glu T36N and rFIP-glu N31S/T36N, were found to have better biological activity and lower toxicity
to macrophages compared to wild-type FIP-glu in previous studies. Therefore, in this study, three
rFIP-glu, rFIP-glu N31S, rFIP-glu T36N and rFIP-glu N31S/T36N, were used to act on mouse
melanoma B16 cells. By constructing three rFIP-glu of the Pichia pastoris yeast GS115 engineering
bacteria, the transformed yeast transformants were incubated with methanol-type induction medium,
the proteins were purified with HisSep Ni-NTA agarose purification resin, and the purified proteins
were then identified using SDS-PAGE and Western Blot for treatment of B16 cells after being
identified as our desired destination protein.

The cell viability of rFIP-glu treated B16 cells was measured using the CCK-8 method, and
all experimental treatment groups were extremely significantly lower than the blank control (p <
0.0001) by about 60 %, which can be presumed to have the ability to reduce tumor cell proliferation
and promote apoptosis. The apoptosis was again detected using AnnexinV/PI double staining and
rFIP-glu was found to promote early apoptosis and also promote necrosis and late apoptosis of B16
cells, which inhibited the viability of B16 cells. Further using Western Blot to compare the kinase
protein expression of different pathways of MAPKSs pathway, the three rFIP-glu showed instability
and large error for the p38 (p38 MAPK) pathway, and the results were significantly different from
each other, and it was speculated that rFIP-glu had limited effect on the p38 pathway; the three
rFIP-glu had some inhibitory effect on the JINK (c-Jun N-terminal kinase) pathway, and the p-JINK
content was decreased, but the difference was not extremely significant; for the ERK (extracellular
signal-regulated kinase) pathway, rFIP-glu all had extremely significant inhibitory effect on
phosphorylation, and it was speculated that rFIP-glu mainly carried out immunomodulatory
activities on B16 cells through the ERK pathway of MAPK signaling.

On the other hand, exploring rFIP-glu on melanin-related indicators of B16 cell synthesis is
based on previous literature that MITF (melanogenesis associated transcription factor) genes are
known to be regulated by MAPKSs signaling pathways, where the ERK pathway is negatively
correlated with MITF levels, while the JNK and p38 pathways are positively correlated with MITF
levels. In this study, except for rFIP-glu N31S, rFIP-glu was able to significantly increase the
expression of MITF gene, mainly because rFIP-glu inhibited the ERK pathway significantly
compared with the blank control, but not the JNK and p38 pathways, and the elevated MITF level
promoted the expression of TYR, TYRP-1 and TYRP-2 proteins, which are important enzymes in
promoting the synthesis of eumelanin. This result was also directly reflected in the detection of
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melanin content and tyrosinase activity in rFIP-glu treated B16 cells: both rFIP-glu significantly
promoted melanin synthesis and significantly enhanced tyrosinase activity in B16 cells compared
to the control. At the same time, increased MITF gene expression also has the function of inhibiting
tumor cell proliferation.

In summary, rFIP-glu has the effect of inhibiting melanoma cell viability and promoting
apoptosis, as well as increasing melanin synthesis, and can be used as a raw material for nutrients,
skin care products or pharmaceuticals that protect the skin and inhibit melanoma cell function. With
the continuous development of biotechnology, researchers are becoming more and more skilled in
using genetic engineering to produce bioactive substances. Compared with the earlier direct
extraction of FIP-glu from Ganoderma lucidum mycelium, only about 5-10 mg of pure FIP-glu can
be obtained per 300 g of mycelium. Next, the question of how to apply FIPs to people's healthy
lives and whether it is appropriate to add them as ingredients in food, skin care products and even
pharmaceuticals is an urgent one for researchers to address.

As the most studied class of proteins in Ganoderma lucidum, the role of FIPs has been
demonstrated in anti-allergy, anti-tumor, promotion of lymphocyte proliferation, induction of
cytokine secretion and resistance to transplant rejection. Among them, anti-tumor, induced
cytokines and other functions can be used to prepare drugs for the treatment of tumors, such as
lymphoma, melanoma (malignant melanoma), etc. This study also confirmed that rFIP-glu can
significantly reduce cell activity and promote apoptosis after acting on melanoma cells.

In addition, we also speculate that rFIP-glu also has the potential to be used as a cosmetic
raw material. rFIP-glu has been found to promote the production of collagen in skin fibroblasts to
achieve anti-aging function, and also has anti-allergy and antibacterial effects, is an ideal cosmetic
raw material.

In the present study, it was found that rFIP-glu enhances the synthesis of melanin in B16
cells, which is an essential substance in vertebrate skin and protects the skin from UV damage.
Therefore, rFIP-glu can also be used in skin care products that protect the skin and delay aging or
in nutritional products.
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