AEY A4l

Acta Microbiologica Sinica

2021, 61(8): 23972412
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200560

AEZRBIATERMNEERIENREESH
é%é%é 17 %E‘E\‘ﬁ\ 1) 7%%7%:\ 1) %ﬁlj‘%% la EE%E% 1) %/l\% 1) /H’ﬁi:k/\)\% la EEE 17
FkgE

VR P 2 ek b SOl TR B, TR MR 473061
2R A T TR PG, YRS REF 473061

FE: [ B ] HRGFF R SRR A 2 % 815 & 1 (Antrodia camphorata immunomodulatory
protein, ACA). [ /7% ] i BIDNAworks3.2. 4151 & MK IHAT R % i T AF PERACATE Y, HgT
pET-32aflpGEX-4t-2, #:AL KIHFFH, WF)5 5 964 HpET-32a-ACA/BL21 HlpGEX-4t-2-ACA/BL21 ;
KRB BN ORI . A B IR BERP SN T A 10T AC AR IR 114 52 Wi -t P w17 T 92 A0 A 2 T Rk
alifk # 4H ACA (recombinant ACA, rACA)IFT /N E W40 I RAW264.7, 3 14ll E rACAXT E W 2 ity
HABHRE ) . BWERE ) . MBS MTNO . MR RSN F o (tumor necrosis factor-o,, TNFa). FI/T%E 1B
(interleukin-1p, IL-1B)ZF 4 MR T-68 J1 B9 &2 mi >k PEALrACARITE M . [ 455 ] pET-32a-ACA/BL21 B & &
ACAZFIE; TEMALEYSOB (B2 H54538.92 g/L) 1535 pET-32a-ACA/BL21, %$/10.42 mmol/L IPTG 25 °Cif
S7 Wi rACALA AT EMEFRIA =, PP ik187.122 pg/mL, 2 H B KT 1 26505 B S50 835 & A A i
R E . 2L rACARE B /N BB A0 B 5 . 4R v A0 AR S PE I SR MBS, B
S EBAH M IBNO ., TNF-aflIIL-1B. [ 4518 1 rACARY R AT i3 Pk ik K 2Bl R AR ACA Y I 14 ¢ ]
DI ARKIR ACALE Jy il 2577 Ml B £ S s A B S e o 0], L 2= m] DUR T 250098

KRR AEZRRANEN, W, BRI, WL, SRR

4 4% (Antrodia cinnamomea), X ZARZ, MAEMY 4 SR Ay BB & shik, Hpihh
EZIHERA . G2 ERN—FME2RmGHAERY, H Jod TN G0 28 R 1 SR B SR R I A
AHoE | Fomt ot oot skl B RAEEA R HE A, BB A2 s

EEWB: W &SR E SR H (21A180020, 20A180022); R BTG A FE 2018 4- 115 151(18013); Tn[F 4 BN 1
R ARBFZE H DI R (2019HMO0010, HM2020-001)
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AU A ARG, B R
YR 2 4 R FE Z R R, ST
JT Y B 5T AH XS A o A AR 2 A g T A
(Antrodia cinnamomea immunomodulatory protein,
ACA)E—F A 2 v ar g i)/ N A e
1 EL TA He % 17 715 5 1 (fungal immunomodulatory
protein, FIP)[Ji, BB 5 E W5k 4 A Y v ke
WS E A4 NO, MYEIRFERE F o (tumor
necrosis factor o, TNF-o)FIH4 % 1B (interleukin
1B, IL-1B), fRiFE WEAHAEm M1 AL Ao eB0
ACA 1755 EL G A0 M BT 73 0 1) A B 1R 7~ L4
FARKMIEAML; M1 AU B2 i LA AR 58 A Jieb
FAAERE I AP RUE R RE Ty, 1R g iByy
REEREERP, Wit ACA B—FEZEMN %
FEWTI] L llm AR T T ER

RAR A2 P G B 2R 1 A R IR, A
AR 2SR ACA BRI 2% ) . RORAR . A,
BRI T TARRY ST 5 5 s Dk i 2 R AR A i
ZAFL—, ETHEGEREEEEL EE
Rt (Cinnamomea kanehirai) @ ¥ T2, = K%
HZtg, NTRFRWME. AR 5 g ik =
15 ACA HHCHY 25 PR SR AT ARAR D, FEImIK |
AR L IR T K, 3K A — Al Y Rk
RYGARMA . RKFRIE ACA. ACA L \HESE
it W A0 LG P S g AN B, AR (5 s o
N ACA 5F§ R Z 4% 5 1 (Ganoderma
australe contigcl3717)FML, A HE FIPs %
JE B S Al A AN Rk
A% DR I A% 20 B %) B Bh R 3R 2 Z2 i R & 1Y
S, H R RS E s SER B Y rACA
BNV S1: 8

i ] O o A T 3R 3K 4R 1 I B PR SRR OK P 5
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WA IR UIAR DG, B 1 AR Ak AT LA ok
FEIR BRI B & PR 55 ) R A S 360 AR 4 i
W) ACA (555 AATIIONL. DAL TS, &
By DNAworks 3.2.4 7EL AT IE I PFES 147,
B KT B B i 47 ACA, F g T AR i
BB IRBAREEA I FT TR, 0 VPR 25 e 4
PR REFRILRNZE L IESIRE . S

IPTG ¥ B -5 Blyma g 1 s ik — 2L Ak B 1 R ik
FERETESE LT ACA TE RGBT B Hh Y e 24T
Fik; HAZRTFEXF4ifb)E rACA 17 T4Y)
YRR, KA R EE ACA HA MM .
AARFBCE R RS, O ACA 1=l fed: =,

LS R R FH B3 T A

AR

1.1 8

111 R, JAMIFNTERR: Uk pET-32a A S
B PRAF , pGEX-4t-2 Hy v L 274 I 1 - B0
/NEUE WEAR I RAW264.7 T M4 2E ; K
FF & DH5a /i BL21(DE3) plys 4 5256 % {517

112 FEEFFALES . Foki s Boulh & . Bs
BEEERE DNA [ & H Omega 247 5 BRi
PEN DI . & PR E Primstar i§14 F TaKaRa 23 7] ;
Ni-IDA BrASHH#E BRI T3 R ip AR AL 23 w5 R4 i
1HMW H Gibco A w5 WEEEH . R A oxiford
], BRI & B R S R AE
Y ARG BR A5 /N TNF-ofll 1L-1B ELISA it
Fl &M A B B2s; HUEEIE H Minipore 23 Al ;

Bradford & IV BRI iA50 & . R PEL L AR
& 75 1 (bovine serum albumin, BSA). &M%
(MTT) . Jg £ ¥ (lipopolysaccharide , LPS)I4J H
Sigma 2~ A ; R FHEF-EDTA WAL . XPi(Pen,
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Strep) 14 H % 3€ % 22 ] ; DMEM }; 55 2 1l B
HyClone A A); HAWK BE 043846, PCR LI
H Eppendorf /A F]; NanoDrop 2000 fif g £ 4M
JECEETE . A2 E B . 2D REREAR R —
AAL IR A MBS FR 46 [ Thermo Scientific 23 1) ;
KA R EE IS 1% 22 42 B Bio-Rad 23 ) .
1.2 ACA RIEXBMKWHE R FRELEMHRIL

fif B DNAworks 3.2.4 BRI R AT 1 %6 55
TR ACA R PFRS19, Wisiin b BamH 1
I Xho s, A S50 5 4 S A FE IR 6 B 8
MR- G TIRFE A, %82 pMDI8-T #
PN o B3 2 TE AR 9 ACA JH BamH T Fl Xho T 3
Wi U] J 3% 4 2 P R AR A AL 385 ) pET-32a AN
pGEX-4t-2, 7% L R HF I BL21(DE3) plys,
M7 )5 4 B Ay 4 4 pET-32a-ACA/BL21 Al
pGEX-4t-2-ACA/BL21 . WP 3% M43k H 1) 2 1
HRYEARZE 2 BFRiC ) His-rACA Fil GST-rACA.
N T RAE TR AR R, R 2SR ik
AT ACA 94K cDNA J¥51 , i 34 pET-32a
AL KGR B, 1E RN, A RIRFAES
R TAERY, IPTG ¥R BE % R 0-1.4 mmol/L,
Ay5IE 20, 25, 30, 37 °C K 200 r/min %5 3.
5. 7.9, 11 h, @5 BREBAEAM OB B, &
2 PR B
1.3 BREAERERN

LI BSA SWARESE T, ] Bradford & 1
JEE S R A I L v B MR s HAREE A
i1 1] Bio-Rad BERAR R G40 . 5
1.4 BEFREFIET ACA REXHH M

Sy WfE ] LB, SOB., 2YT Al TB PURh 3 Fil K
FRILBEFETHREM, ¥ IPTG 0.6 mmol/L, 25 °C

iS5 pET-32a-ACA/BL21 #iAEH, M HFrE
FIWREE .

1.5 SOB ¥FEFRFMAHMIL

1.5.1 PBi&it: KA PB Wi/KF-iLXH 20 His-rACA
FiEM SOB Kigdtrh 5 Fhsisr I IPTG k3t
6 NHEFEIATHELE, ik FEE MK K, PB ALK
HZEAKEER 1, B ARLE 2, BOER
3AER , f#iFH“Design expert 8.0”#{F 1T £ g
IR

1.5.2 BBERWEAL . X PB {56 ik H 195
His-tACA J7 it (1 3 2 K R AT e BEIE B U5, AR
P R R ROV SR g R E A K, b
S, MR/ R A R -1 K

1.5.3 CCD iiHikit: Ml .od Gt i,
DA o BEME 3 130 A5 2] i) e A AE g v 50, X5
His-tACA ik 1 3 22 R 38 JEA 700 1 17 43 BT 1k 1
5 2 1 A il Gk Ak . SEBR T . B AT
FIAEE TR 4 43 fef F “Design expert 8.0”4 44T .

# 1. PB REPSEARZRBRIATELASEMEX
B = R KT

Table 1. Factors and levels related to rACA protein
production in PB experiment

Experiment Levels

No. Factors - !

A Tryptone/(g/L) 20 40

B Yeast extract/(g/L) 5 10

C NaCl/(g/L) 0.5 0.75

D KCl1/(mmol/L) 2.5 3.75

E MgCl,/(mmol/L) 10 15

F IPTG/(mmol/L) 0.4 0.8

G G -1 1

H H -1 1

J J -1 1

K K -1 1

L L -1 1

http://journals.im.ac.cn/actamicrocn
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F2. PBIREMRITEEHR

Table 2. PB design and their results
Experiment Factors and levels Yield of
No A B C D E F G H ] K L His-rACA/(ng/mL)
1 -1 1 -1 1 1 -1 1 1 1 -1 -1 144.716+0.250
2 1 1 1 -1 -1 -1 1 -1 1 1 -1 133.108+0.160
3 1 -1 -1 -1 1 -1 1 1 -1 1 1 130.386+0.250
4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 116.872+0.260
5 -1 1 1 1 -1 -1 -1 1 -1 1 1 122.246+0.230
6 1 -1 1 1 -1 1 1 1 -1 -1 -1 94.658+0.180
7 -1 -1 1 -1 1 1 -1 1 1 1 -1 105.986+0.190
8 -1 1 1 -1 1 1 1 -1 -1 -1 1 101.352+0.140
9 1 -1 1 1 1 -1 -1 -1 1 -1 1 113.418+0.270
10 1 1 -1 1 1 1 -1 -1 -1 1 -1 108.432+0.140
11 1 1 -1 -1 -1 1 -1 1 1 -1 1 132.276+0.250
12 -1 -1 -1 1 -1 1 1 -1 1 1 1 100.364+0.160

These tests were all conducted for 3 times, average values and variance were calculated based on tested data.

1.5.4 AELE: B R AR
SR, A R R -1 ORI
3ANEA, S BT IS R S 2 R LG AR B
1.6 FEHEMLL. KW Rk EN g

His-rACA #1 His-tag 25 1242 BIEPYio
w] B9 Ni-IDA By IR W % 2k s Ul B 45 3k 17
SDS-PAGE  HLyk AN 2 I 2005, 0 7 e e i ik
Z UM ARG G2 v 45y DMEM 15 R0 fiff
FH NanoDrop 2000 fait 284053 5600 FE 11 2lifk
His-rACA #1 His-tag 145 [ ¥ JE [eaca=2.0190%
10* L/(mol-cm),  €pig.0e=3.3960x10* L/(mol-cm)].
/I 5L M 4 L B 57
NRE AN RAW264.7 T IN T W4T
(100 U/mL HF % & G. 100 mg/mL 555 )1 10%
Jla 4 I35 ) DMEM 35330, 5% 4 fkk . 37 °C

1.7

actamicro@im.ac.cn

B3t
1.8 rACA XI/NEEWEZIH RAW264.7 SEFE K
A

TG PRGNSR F MTT P70 B x5 K
1] RAW264.7 4fi ffi 42 B K 24 2.5%10° cell/mL 9%
JE R T o6 fLAH, 100 pL/AL, EF CO, K5
i 37 °C H5 37 2 0% MU BE , B8 L IHIE AL,
BCE A FX IEAL(DMEM. ] SR0) . FHAE X R4
(1 pg/mL LPS)ZH . rACA 4 (10, 25, 50, 100,
200 pg/mL)Hl His-tag 21 (10, 25, 50, 100,
200 pg/mL)ZEFRANAL, 24 h J53E B, BSLIMA
MTT (5 mg/mL T PBS) T /EK 30 uL, #k&iss
F% 4 h J5 32 MTT, £l A DMSO 200 pL %
filt g de b, RREEOEIRY 15 min, AR
570 nm AbINE WO REAEL, THEE MG ), B4~k
WE 3,
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1.9 rACA X/MEEMEAM RAW264.7 FESR
A

rACA #H Fl His-tag ZH 4L A 25 F1 100 pg/mL
PIANVREE , AR M k2% 1.8, B
WE 3 MR, 24 h 5 AMHZEEE B RR
200 5O IR HATIE WL
1.10 rACA XI/NEE W40 RAW264.7 & HETE
EX:0p- A0

SR P H P 213 S VARG U 40 A I < AN RS
FRMAL IS4k 1.8, 24 h J53F B3, JH PBS
PEWYK, A 100 pL 0.1% R LT, CO,
R F2 495 30 min, f 150 pL PBS ¥k 2 Wk,
T i e B (VKBS R ¢ G K 2 TE=1 1 1)
100 L, /K F-HE KRR 30 min, 540 nm WG,
TREATIRRE S, TS 3 N E A
1.11 NO Bt &

BB KB B WE 41 e RAW264.7, %
2.5x10° cell/mL ¥k JEH:FF 96 fLAR, #ALim
100 pL 4HAE AR, & T F b5 FRM N 37 °C
B, T 80%LA AN RESS , B8 LB SRR
JFH PBS V6 UL 3 . A FIX EZH (DMEM 5 5%
Jy . FAPERT BRZH (1 pg/mL LPS ¥59K) . rACA 4H(1 .
2. 3,5,10, 15, 20, 25, 30 pg/mL)FI His-tag
(., 2. 3.5, 10, 15, 20, 25, 30 pg/mL)%
200 uL, AR 6 NE AL, HigE 24 h G UCEE B
W, Fi AR AU U] 3 150 T A5 0 40 i — 4
TR =
1.12  EIRFEE F TNF-of=AE 305

MG TR A IS % )7k 111, #5597 24 h )5
WA IR, 1 F /B TNF-o0 ELISA 2 1) &0 46
TNF-a i J& .

1.13  IL-1BfF=4 L5

MG TR IS )77k 111, #5537 24 h 5
WA W, /R TL-18 ELISA 3259 G As i
IL-1BH B .
1.14 FHELH

{8 il GraphPad Prism6 {4754 785 Ak B 5 43
Br, BdEAPEBIEAR 2 (mean+SD) IR, KA ¢
K T G220, DL P<0.05 H2ESH G
B (%), P<0.001 FHBE(**), P<0.0001 (***),

2 HERAAT

2.1 FHTFIRIFHE BT ACA RBHZ M

I LB M s 553 pET-32a A7 4A )" His-rACA
A& RN R R R AR R ODg00~0.6 B 75
i1 0.6 mmol/L IPTG 7£ 25-30 °C 55 7 h, ILHY
EAIREMRE I E, N SDS-PAGE 453111
FH IS 25 °C #4230 °C iR HE IR L, HiG
T G 15 8] /) His-rACA 12 # i K T 1 Ak Aif
(B 1-A), T LA 22 AR R Z Uik f5 1) ACA
FRFRIREA . AFFRBBUARS tACA BEIIA
W] o i F pGEX-4t-2 Fik n] %P GST-rACA 1 ik
&R N 0.4 mmol/L IPTG 7£ 30 °C S
7ho Z5IFE His-rACA Flj™ GST-rACA Heifi %%
4 F [R5 S pET-32a-ACA/BL21 1 pGEX-4t-2-
ACA/BL21, His-rACA 7= /¥ & T GST-rACA
(W 1-B), JE%: T {Efdi H pET32a-ACA/BL21 #E4 T
rACA B3Rik,

2.2 FEFREMIET rACA RIXH M
LB. TB. SOB Hl2YT 4 & 3 35 KL #R8 e

% T35 His-rACA, WFH M= 1 G 1Kk
J: SOB>TB>LB>2YT (K 2). BiFR3EHlethf iy

http://journals.im.ac.cn/actamicrocn
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YD IR RO A s = SV EE N A N N |
B SRIA R —E R s IPTG WRE ] RESAT
N IS E S = A S Sy = S L L VATRES
Xf SOB 15 ## 577 His-rACA £ ut— 474k
2.3 f#i[f] SOB REH/H &ML

2.3.1 PBIRKZESE: (FHMRILETN SOB KEaEkk
W3R8 rACA )7 58 137.37 ng/mL, K PB

Rt 12 F AT 5T HistACA Rikw N
94.658+0.18-144.716+0.25 pg/mL, f F# /4T
AP AN, S5 3. MWERHETLIE H TR
AT 25 (P<0.05); 6 M FIEE [ FRIAAH G &=
A 2 AR R (R IPTG HJE) X His-rACA
RiBw W B E, EEERPH A IPTG Y FEAE 5
HEARBH ERRFTREER T

30°C 0.6 mmol/L IPTG

(A) 25°C 0.6 mmol/L IPTG
Before .Ai_:ter

kDa B quti;pization

optimization
kil 3

pET-32a-ACA

Before After
optimization optimization

pGEX-4t-2  pGEX-4t-2-ACA

25°C 25°C 30°C

kDa M
170

25°C 25°C 30°C

0.6 mmol/L 0.6 mmol/L0.4 mmol/L 0.6 mmol/L 0.6 mmol/L. 0.4 mmol/L

= G -

Ny

B 1. ZFiFRIFEQ)FAFIKRMB)I rACA Fix/I M

Figure 1.

Effects of codon bias (A) and vectors (B) on the expression of rACA. M: standard protein molecular

mass markers (sites in kilodaltons are indicated on the left).

actamicro@im.ac.cn
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25—
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Bl 2. EFEMAEI His-rACA RiZHIE M
Figure 2. The effect of mediums on the expression of His-tACA. A: SDS-PAGE analysis of rACA expression
with different medium. M: standard protein molecular mass markers (sites in kilodaltons are indicated on the left);
B: yield of His-rACA; Data points are the average of triplicate measurements, error bars represent =1 SD.

3. PBIRIHRABERMAESIR
Table 3. ANOVA table for PB design

Factors Sum of squares  Degress of ferrdom Mean squares  F-Value P-value Significance
Model 540.32 5 108.06 4.85 0.0403 Significant
A-tryptone 8.96 1 8.96 0.4 0.5493

B-yeast extract 134.83 1 134.83 6.05 0.0491

C-NaCl 80.8 1 80.8 3.63 0.1056

D-KCl 27.22 1 27.22 1.22 0.3114

F-IPTG 288.51 1 288.51 12.95 0.0114

Residual 133.7 6 22.28

Cor total 674.02 11

232 BBEREIREER . BEMM IPTG 11 R4 BREHAKAZITESER
KA BB N 1 g/L 1 0.1 mmol/L, it BE &bk Table 4. The steepest ascent experimental design and
corresponding results

E’:J ﬁt%‘ X ‘[‘%H %IJ_I %z‘{ 4, E‘ %ﬂ@jﬂiﬁtgé\ ':F'ftt Experiment  Yeast IPTG/ Yield of

. No. extract/(g/L) (mmol/L) His-rACA/(ng/mL)
% 5 WEMERE(179.45£0.21 pg/mL), FF 7 5 038 129.962037
2 6 0.7 152.20+0.30
VLA 2 g6 0 1oL () e B 35 B9 /L)AL IPTG 4 7 0.6 169.04+0.35
N S R A S 4 8 0.5 177.85+0.44
ARPL (0.4 mmol/L)Jy FC I AT i 25 HY W JiL AT 5 9 0.4 179.45+0.21
R 6 10 0.3 170.13+0.31

http://journals.im.ac.cn/actamicrocn
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233 HLOHAAGRITEWMESTER: H
Design Expert 8.0 ZX {4 X Hr0 21 A IR 45 R (3R 5)
HAT IR ZICEIHA, 135 His-rACA 78 Y
52 W& X, (BEEEHA X, (IPTG W) Z B Y —
WL 5 R . Y=186.11-3.29X,+8.46.X,—6.X X,
27.25X,°-26.34X,7, [R1IH Jy i Hp 4572 o Xof g g
SR E R F ORIk AE . I 2200k
(F O)FH PAEFTLIE Xi. X7 X0 Hl XXX
Wi [, {EL 52 0 @ %, 7E His-rACA KA IPTG W
Xof W B S B, ELEREA & 5 L IPTG k2
Z A2 AR B .

ARSI By 1 PR B OR AR S 25 (P<0.0001),
R*=0.9849, ULEA )5 FEREAR R 98.49%M S5 FT 15
His-rACA J= &84k, A 8 R4 (lack of fit A2
F)o B AT U 2455 B 8 A 923 X
His-rACA ik 474047 . F , 54k His-rACA
FIR M o .

I A: Design expert 8.0 i A] L5 5] 7 £F
KA1 IPTG e B PR BRI 22 A B AT T 68wl 1 (L =2 ] £
SRR (T 3-A) A Ly 1 1 (B 3-B). ARl 3D i

F 5 POEASRERITRIAKLE
Table 5. Experimental design and central composite
design data
Experiment Factor level Y%eld of
No. X;: Yeast X5 His-rACA/
extract/(g/L)  IPTG/(mmol/L) (ng/mL)

1 0 (9) 0(0.4) 185.610.16
2 0 0 189.97+0.32
3 0 1.414 (0.54)  146.79+0.17
4 0 0 187.12+0.23
5 0 0 182.89+0.25
6 0 —1.414 (0.26) 124.63+0.18
7 1.414 (10.41) 0 133.60+0.22
8 ~1(8) 1(0.5) 151.68+0.18
9 1 (10) 1 126.96+0.24
10 -1 ~1(0.3) 121.53+0.26
11 -1.414(7.59) 0 134.20+0.22
12 0 0 184.98+0.33
13 1 -1 120.80+0.29

IO T AT LA X R X2 e a5 (8, 8 e
A LA TS MY e R 7 E X N A TR B g A A
IPTG 43510 8.92 g/L 1 0.42 mmol/L, I
FUl His-rACA j= 4 186.961 pug/mL.

*6. MEEAE_MAREMAESTE

Table 6. ANOVA table for response surface quadratic mode
Factors Sum of df Mean F-value P-value Significance
Model 9643.20 5 1928.64 91.07 <0.0001 Significant
X;-Yeast extract 86.54 1 86.54 4.09 0.0829
X>-IPTG 572.26 1 572.26 27.02 0.0013
XX, 143.94 1 143.94 6.80 0.0351
X 5165.05 1 5165.05 243.89 <0.0001
X 4827.65 1 4827.65 227.96 <0.0001
Residual 148.24 7 21.18
Lack of fit 120.44 3 40.15 5.78 0.0617 Not significant
Pure error 27.80 4 6.95
Cor total 9791.44 12
R™=0.9849.

actamicro@im.ac.cn
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A
(A) 0.50
0.45
@)
=
2 040
2
0.35
0.30 -
8.00 8.50 9.00 9.50 10.00
A: Yeast extract
3.
Figure 3.
methodology (Xi, X3).

234 HWEE: BRLRERER, 3 AFATW
His-rACA EikwiZir, 3" His-rtACA #l
187.122 pg/mL, FTMAE LG KA.
2.4 EESL RN E

{8 I Ni-IDA #EER4E1k rACA Fl His-tag Ji5 #/15
FH—477, tACA K/NZIH 41 kDa (& 4-A), #
BAFHEE N _E Trx FR25H1 6xHis AR28 Z FIAHTT ;
His-tag K/NZJ 25 kDa (/& 4-B). fifi FH AR &I 0 e 2%
RS JE AT TACA BE TR H 380 pg/mL;
His-tag i< FE A 850 ug/mL,
2.5 rACA XF/) B E W40 i RAW264.7 3 7 Fl 40
JTE A 5

200 pg/mL LI rACA Xf/)s BLUEL W 2 it
RAW264.7 BA B, JF HAER] BAL /)N LB Wi
i RAW264.7 ¥58(P<0.0001), i 25 pg/mL
[ rACA XF I 200 i B 184 BR0 M H5R (137.9%)
WA T LPS (142.9%); His-tag X 2 o 48 5 JLF- 1%

ma(E 5). BAOWEABE R rACA Fil LPS

LB BRI B AT RAW264.7 AL, kb FE S rACA

s 10.00
0.40 a2 9,002-50

35 0.308.00 8-50

A: Yeast extract

MRz m (X, X)) F S %A =% 2T E(B)

Contour pattern (A) and three-dimensional surface pattern (B) derived using response surface

(A) (B)
kDa M rACA kDa
170 66.0

150 50
35.0

70
27.0
55

M His-ta

25 kDa

41 kDa
40 20.0

14.4
9.5
6.5

35

25
4.1

E 4. #h{LFFELH ACA (A)F His-tag (B)&Y SDS-
PAGE 5} #ff

Figure 4. SDS-PAGE analysis of purified recombinant
ACA (A) and His-tag (B). M: standard protein
molecular mass markers (sizes in kilodaltons are
indicated on the left); rACA: recombinant ACA
purified by Ni-IDA enriching beads; His-tag: His-tag
purified by Ni-IDA enriching beads.
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rACA 70 His-tag 3t RAW264.7 40 ff1 1% 58 #Y 22 1
Effects of rACA and His-tag on the RAW264.7 cell proliferation. Data points are the average of

triplicate measurements, error bars represent =1 SD; ***: P<0.0001.
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Figure 6. The change of cell morphology. A: control; B:
macrophages treated with 25 pg/mL rACA; C: macrophages
treated with 100 pg/mL rACA; D: morphology treated with
LPS; E: macrophages treated with 25 pg/mL His-tag; F:
macrophages treated with 100 pg/mL His-tag; a: swollen
cell; b: binuclear cell; ¢: cell with pesudopod.
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Figure 7. Effects of rACA and His-tag on the

phagocytic activity of RAW264.7 cell. Data points are
the average of triplicate measurements, error bars
represent £1 SD; ***: P<(.0001.
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Figure 8.
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Figure 9. Effects of rACA and His-tag on the
secretion of TNFa secreting in RAW264.7. Data
points are the average of triplicate measurements,
error bars represent =1 SD; ***: P<(0.0001.
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Figure 10. Effects of rACA and His-tag on the
secretion of IL-1[3 secreting in RAW264.7. Data points

are the average of triplicate measurements, error bars
represent =1 SD; *: P<0.05; ***: P<(0.0001.
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F1 pGEX-4t-2 P A4 X K FF TR 26 51w 40712
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2R (BB F T R RE Y ) R S [ R R 3
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F LB K592 195 5:(120.29 png/mL)$EE 55.56%,
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Overexpression and activity analysis of Antrodia camphorata
immunomodulatory protein

Caicai Li', Cong Zhu', Guodong Yang', Jianfeng Wu', Jingjing Wang', Yue Qiao',
Muran Fu', Xuanxuan Cui', Bingxue Dong'*"

" School of Life Science and Agricultural Engineering, Nanyang Normal University, Nanyang 473061, Henan Province, China

? Henan Engineering Technology Research Center for Mushroom-based Foods, Nanyang 473061, Henan Province, China

Abstract: [Objective] The aim of our study is to express Antrodia camphorata immunomodulatory protein (ACA)
in Escherichia coli efficiently. [Methods] We synthesized ACA gene with E. coli codon bias using DNAWorks
3.2.4 program to design and optimize primers. Then, we sequenced the PCR products, inserted the correct gene into
expression vector pET-32a and pGEX-4t-2, transformed them into E. coli and named them pET-32a-ACA/BL21
and pGEX-4t-2-ACA/BL21 respectively after sequencing. We investigated the effects of codon bias, vectors,
mediums and the induction conditions on the expression of recombinant ACA (rACA), and further optimized the
protein expression using response surface methodology (RSM) subsequently. To evaluate the bioactivity of rACA,
we determined the proliferation of RAW264.7 cells, analyzed the phagocytosis of macrophages, observed the cell
morphology, detected the secretion of cytokine such as nitric oxide (NO), tumor necrosis factor-o (TNF-a) and
interleukin-1f (IL-1PB) after treated RAW264.7 cells with purified rACA. [Results] pET-32a-ACA/BL21 was
more suitable for the expression of ACA. The rACA was expressed mainly in soluble form with a yield of
187.122 pg/mL, when the pET-32a-ACA/BL21 was cultured in optimized SOB medium (8.92 g/L yeast extract)
and induced with 0.42 mmol/L IPTG at 25 °C for 7 h. This was the highest expression report for fungal
immunomodulatory protein in E. coli so far. Moreover, the purified rACA promoted the proliferation of RAW264.7,
enhanced the phagocytosis activity, changed the cell morphology as well as induced NO, TNF-o and IL-1PB
production within murine macrophages. [Conclusion] The highly soluble expression, and the very similar
biological activities to native ACA make it a good candidate of native ACA for potential application as a food

supplement or immunomodulatory agent in pharmaceuticals and even medical studies.

Keywords: Antrodia camphorata immunomodulatory protein, codon bias, prokaryotic expression, response surface
methodology, immunomodulatory
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