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Their Secretory Expression
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Abstract: To further enhance the secretory expression level of xylanase (Xylanase, XynB), the locus of endogenous high-
expression glucoamylase (Glucoamylase, GlaA) of Aspergillus niger was used as the target site for gene integration. Based on the
six-copy strong promoter of the glad gene, the expression and secretion of xynB were regulated by the signal peptide SglaA4 from
glucoamylase and the signal peptide SpepB from acid protease B (Acid Protease B, PepB), respectively. Additionally, the impact
of deleting the high-background protein acid-stable alpha-amylase (Acid-stable alpha-amylase, AsAA) on XynB secretion was also
investigated. The results indicated that the recombinant strains TgX, TpX, AAgX, and AApX all displayed significant XynB protein
bands at approximately 22 kDa. Among them, the xylanase activity of strain AApX (21 413.74 U/mL) was elevated by 70.67%,
14.92%, and 35.42% compared with the strains TgX, TpX, and AAgX, respectively. The signal peptide exerted insignificant effects
on the transcription levels of the xynB gene and UPR marker genes. The deletion of high-background protein AsAA could enhance
the transcription level of the xynB gene and facilitateds the folding and secretion of the recombinant protein, thereby alleviating
endoplasmic reticulum stress. In summary, this study successfully optimized and enhanced the expression of XynB in Aspergillus
niger based on efficient secretion of signal peptides and the deletion of high-background proteins, which lays a foundation for further
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research on improvement of XynB.
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B-1,4- K B Wi (Xylanase, XynB) & — Fll 88 1§
KA T PR A, AR R, K=F. K
DU B B K B SR AR D R A . VR b Tk
R, R N T AR & gl
ROV, DA S R A AR . MRT
V2 RIS, FRIE A 77 16 A SRWE B 7Y A7 16 7= AR
A PR AR T S ), W R R R B T 1200 A SRbE
Filg R 5 N BRI RE GS115 WY, 16 % 5 R BRI AL IS
FAEAIAE] 8 459 UmL. X125 2R 52 [l AL AR
fSEAF A SR 1l vy 2 S R I )3 77345 %) 18 000 U/mL
Lu 25 5t 205 T A0 A0 3R 49 OO B I R A SR it 1k
46403 U/mL, 1E5 L AEYRMNEF, 1B
£ 48 241 U/mL. Kk, @id3EH TREBARS ™

TRV T T T 2 1 I A SR g g 1) 7 £ 71 3 5
G J I AAT BB L.

JEAESR, LI AR R S A AR T R T A
FEAL 588 B0 A WAME S R B R R DL
. wFA. A EARE. FIHE ARG E
Pi. AT S E A XN (Unfolded Protein Response,
UPR) 25U Hoepr, {55 ik 10 e 3 A0 1 % s 20
YR A MR AR s AL AR e B A e Y,
F T KA T AR N i ) — BB 3~30 AN
BRI, LT A 5507 A 1 22 TR sk 440 S 1T 3 N
PRI, 5N R AT 3T S 580, IR A e A3
H br A B s B p AR 22 i il o 2 i A
SRBEREWERNE SE SR, 1 LME a- 2P0
TSN 22 5%, M AMA R IS LN R G R
8.1 509, WEF RIS, AR REA AL S RS
i, HRAKPFEEEER, BmREIFEN SRS
HAE A RIRIEKF

AT 3% 1) 52 A4 1R ik R it B TH-2 (Aspergillus
Niger TH-2, A. niger TH-2) R K& 4 WA HE 1L Bl F Ve
WESEma W RED, "RswneEARET S
TP R RS Ak, ik UPR 2528 (B MRMLAED, I8
D EHARER A RIRIE . XS R IE I E A2 AR
B0 23 WA T A S e PR, TR B = I R R
A DL B R A TR, AR B R I i R T T
Uk, ASHE T LA P A (1 glad 7 s /R R FE R A
AL, FET glad SEREINHE DR B F, 43 BRI H
R IE 5 5 Ik Sglad A1 SpepB 11 A RAHRE ) 7> W3R
K. [FIRY, AW ERTT TR S E A AsAA HIERAK
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AR A. niger TH-2 H 48 7% H FE BRI 556 PR A
FWET, ZARE K TH-2 (AasAA::pyrG) B A A=
s Wtk TgX. TpX. AAgX fll AApX FHAHT FUHI s
#. & pSZHG6R-SglaA-xynB F1 pSZHG6R-SpepB-xynB
FHAHE A s 0 B4 pMD-19T (simple). T4 DNA
Ligase. [R#|MEAZIL N VB, T KIE TaKaRa TFEH
FRAW] s BREREELR DNA BG4 RNA $#2HL
A& (DNase D 18 F A 4% S5l & (BRI,
SYBR 44#}i% qPCR Mix. FEY)%E A2 DNA HRig SEHR
AlE ma R ORI &, T b e gE a0 A2
BHEAWRAT ;. Kt DHS5a (Escherichia coli DH5a)
2SN, W TR S EMHEARB D A IR AT
F 4P (Rifamycin, Rif). k%% (Cefalexin). Z [
T &M (Acetylsyringone, As). % %7 % & (Ampicillin,
Amp). Rl Z (Kanamycin, Km). %2 (Hygromycin
B), MT AL F K ERHA R A A .
1.12 ZEME

TC-96/G/H (b) B R H HIAX, T HiM i H
B A BR A 7] s DDSM BURE KA = 200, W
T F LA B A AR A IR A 7] 5 BSC11001A2-X A4
Yz aetE, W1 ot 8 DU AE M EOR A IR A\ + Micro
17R B4R ES0HL, T35 [ Thermo Fisher Scientific
w5 UV-5800PC BUE AR AT Lo oot e i, T i
TEHTAC AR A BR A 7] : CFX Connect %Y %¢ 5 7€ f& PCR fa
M £ % Mini-PROTEAN Tetra 2 3 B HL kA, 9+
[ 111 5k Bio-Rad A ] ; ZQTY-70V BUAK IR IR % 15 7544,
T g AR A PR A ]
113 EegsER
1.1.3.1 LB (Luria Bertani, LB) }53#3&

TR 7R R E, B 1 gL BRI, 10 g/L
HEWE, 10 g/L SAGIAALEL, B8 pH, FAREFRImM
AN 20 g/L Biflgkr, 121 CEJE K 30 mins
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Table 1 PCR primers used in this study

HE R il rg) (5°-3) A&
xynBMC-FW TCTAGAGTTCCCCACGACTCTGTC F & xynB A B
xynBMC-RW AAGCTTAGATCTTACTGAACAGTGATGGACGAAG F. % xynB

glaA3p-FW CGCTATAGGCTGGTTCTCC FlREa 5T

glaA4p-RW TCGGCTATTATTGAACTGGG B IR E 2R
xynB-FW TCCATTCAGGGAACCGCTACCTT Real-time PCR %%
xynB-RW CCAGGTTCATTCCCAGCTTAGCCCAA Real-time PCR %%
actA-FW CCACGAGACCACCTTCAACTCCA Real-time PCR %%
actA-RW CCACCGATCCAGACGGAGTACTTGC Real-time PCR %%
bipA-FW ACCAATACGCCGCCAACC Real-time PCR %%
bipA-RW CAGCGTGGGTAACCTTCTTTC Real-time PCR %%
pdiA-FW AGCTCAAGGCGAAGAATATCCCT Real-time PCR %%
pdiA-RW TAAGGCTTGCTAGAGTCAACACC Real-time PCR %%
hacA-FW CGTCGGCTCAAACCCTGAACCTC Real-time PCR %%
hacA-RW CTCCTCCGTCGAGAACGTCAAAGGC Real-time PCR %%

1.1.3.2 YEB (Yeast Extract Beef medium, YEB) £5773%
TR RAEMNE AGLL, 1 g/L BERHERY),
Sg/LEAM, 0.493 ¢/L LKA MRS, 5 g/L FEPE,
5 g/L 4 AEBHRK, pHAE 7.0, BEAREFRIEMA 20 g/L
gk, 121 CEkKEE 30 min.
1.1.3.3 PDA (Potato Dextrose Agar, PDA) K;3¢3E
T B A wE ik, 20 /L Wi4ibE, 3 o/L i
R 2, 1.5 /L LKEREREEA 200 g/L T E (K
5200 g BRE, EREVINRE, AT 500 mL
K, HWENPAE 30 min, AT IERE WD Hk, H
SR pH, [EAREFRFEINAN 20 g/L Biflafr, 121 CEEK
30 min ;
1.1.3.4 TRk 7R3
AT Bl &R K 5577, 100 g/L i % bE,
20 mL/L T KA 20 /L GUHKALAR, pH {H 5.5~6.0,
PEEFREIIN 20 /L B, 121 °C KB 30 min.

1.2 SLie 7k

12.1 AR ABATatiSkehE

R #% GenBank b 11 2 [ /57 %) 5 B, i H
PrimerPremier 5.0 #ff (Premier Biosoft International,
Palo Alto, CA, USA) i3 K v B 51 ¥, [R5 &
41 PCR % 7€ 51 W M S B 56 ) € & PCR 514 (& 1),
L A. niger TH-2 3£ K 20 DNA Jytsihin, F) ] Le 519
xynBMC-F 1 37 51 % xynBMC-R 1 K /N2 746 bp
ff) xynB 3 K Fr Bt PCR M 26 1F N : 94 C T A8 1
5 min, 94 ‘CAEME30s. 55 CiBk 45s. 72 ‘CHEfH 45 s

HBEAT 30 MEH, 72 CLIEAH 10 min, 4 CRMZ L.
A8 FH B I 4 e JK: DN (] WAz 38 771 6 [l Wi B 26 I8
Bt xynB. 133/ xynB 5K 7 B 5 58 B 3 4K pMD-19T
(simple) 4z, FAb 2 K+ B IKZ &M DHSa,
WU % 52 IERA I ORE 2 B AE T TRAER A
F BT . [FEF, GenBank b BLAST 4341 xynB 3
(FVERA . 33 T4 DNA Ligase K% Xba 1/Hind 111
XU 70 B 2 AR pMD-xynB 548 Nhe 1/Hind 111 XY
VI 215344k pSZHGOR-SglaA Al pSZHG6R-SpepB i
TR, o AR 305 G {5 5 Ik Sglad 1 SpepB (¥ E 41
%95 # 1k pSZHG6R-SglaA-xynB Al pSZHG6R-SpepB-
xynB, FiEGREEWE 1R,

LB glaAS’ Sglad xynB  glaA3' PgpdA hph glaA3' RB
0T

PSZHG6R-SglaA-xynB

Pglad 6R

LB glaAS’ glaA3’ Pgpdd hph glaA3' RB

a1

SpepB  xynB
PSZHG6R-SpepB-xynB Hus SR

Plad 6R

B 1 REMESREWHRH xynB ERRZETEE
Fig.1 Schematic representation of the xynB gene expression

cassette featuring various signal peptide modifications

iE: glad5’ A= glad3’ AR R ELAFRA, L glad3’ 4
K YT hph R THiEATIL; PglaA6R 2 glad A E 4958 N 3% B
HF.
122 ARBEHZHETHHRGHIE

T R R R R B D) E IR B BORE R A
pSZHG6Rsp-xynB 1 pSZHG6Rsg-xynB # A\ 1< fF
AGLI "o R %5 %€ 15 5 F AR 18 B A0 1 3% il T A
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YEB #5772 (# 100 mg/L Rif, 100 mg/L Km), 25 C
180 vmin /& 3% 55 7% 14~16 h {E N OE B M. B 1 mL
WG A TR B Rl T 55— 20 mL 7k YEB K77 2
(4 100 mg/L Rif, 100 mg/L Km, 200 pmol/L As)
H1, 25 °C 180 r/min & % 15 7% 3~4 h H & ODg, HILF
0.4~0.6, 1ERZUGEWRRATH o B RIS AR M R B
W 1.0mL F 1.5 mL B0, 12 000 r/min 250 1 min,
PUUEH 1.0 mL ¥4 PDA £5 7 HE (£ 200 pmol/L
As)o 3 HIEL 1.0 mL BFAE R FR A. niger TH-2 FIERK
R ASAA I 2 AR TE #k TH-2 (AasAA:pyrG)
224K, IR ARTHE 2~3 min J5 5% B 5~10 min, HY 30 pL
B E R 2485 60 pL LA —GE BT 1.5 mL
B HIRA], WA T BB AN PDA [ 4 ks 37
£ (4200 pmol/L As), 25 ‘CH:¥53% 48 ho FIEE T4
a5 A W2 AR B T PDA ik iRk b (f
200 mmol/L Cephalosporin, 200 mmol/L Hygromycin
B), 25 CHERII 24 h J5i#H 2 PAL, 30 CHER
F5~6d, HEKHWEMEMBEE. PRI H
i 8 B 224K F 20 mL PDA ¥R 775 (4 200 mmol/L
Cephalosporin, 200 mmol/L Hygromycin B), 30 C #ft
1ER R34 dHEKE REMEMERZ. B 1.0 mL
W22 T 1.5 mL B0, YA R4 DNA PR
FEEURF AR EUIE R 4 DNA. PUKRE AXTIE, 324k
A R 3[R 41 DNA 1 9 B35 I, 3800 5 R A S BE
TR, glaA3p-FW il glaAdp-RW 1l 51 # k47 [ Y5
41 PCR %52 .
123 ARREAESRZ b FEEHRARG R I
1.2.3.1 HEAFEMIISDS-PAGER Ml

4 1E PDA ¥R AR RS 77 56 o 85 7% 3~4 d ) 41 18 pk
TgX. TpX. AAgX Fl AApX, %% 1A [ ¥k TH-2, TH-2
(AasAA:pyrG) FIHTIEEE 224% 10% $Fh &2\ 30 mL
WA R R 373, 30 “C. 180 r/min B K5 11 do
¥ 4~11 d B9 KW 13 000 r/min 250> 10 min, H_Ei%
AT ST I T e e i vk (SDS-PAGE). AUk 45
Ji, F0.25% 2% D i i R-250 i 7 et fis, 4R
IERAER AL RN Bl S et
1.2.3.2  EE2H TRIPR A T P A

RVEBGS /180 X 72 37 'C pHAH 5.5 46 1F

N, BB REIREE N 5 mg/mL 1A BRI T A
FRFETA 1 wmol 3 JEBH P 75 22 1Y) il iy — AN ) B
(W, WHEAR T,

X = (AEiAB)XK-FCO

A T x1000 (D

X=X,xD, (2
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X——iXHARFAEBL )% 77, U/mL;

D—— X 69 AT S

Xp—— R RER G K INEZE /7, U/mL;

Ap—— BB i YRR

Apy—— B QAR

K—— 7/ W &R 4945

Co——H/f ) & 69 S ;

M——K¥Ee5F&, 150.2;

t—— B fig R BT 18], min ;

1000——444%E F, 1 mmol=1 000 pmol.

RS DU E J7 i s PRI J7E N R . B 2 mL J&
R R R BRI B 25 mL ZI R E R, RE
N 2 mL 1.0% AR RBEIRY), WA JEAE 37 CH%A
R 30 mine $E% I 5 mL DNS R4 1B iR )
Bio Kl BT A A S min, A5 K E R
%25 mL, JREIGAE 540 nm FIEWRIERE . LB
DNS, FFIINBEE ik FE 9 2 oo B
1.2.3.3 RNA#RHL. cDNA# AL % ) 8 fPCR

W 4E B 4B bk TgX. TpX. AAgX fil AApX, 2
R Bk TH-2. TH-2 (AasAA:pyrG) #EIMKBEEZE 5K
(B AR YTIE . WA T IS J5, {3 F 8 4 RNA $2
A& (DNase D 5 BB 44 & RNA, i85 B i b
5t ke HL UK P Al RNA 2% 717 56 % 7%, 18 3 Nanodrop £
I RNA (iR BEFIALRE . DASRELM .5 RNA B, ff
FH I FH B0 S0 (BRI TR, &
% cDNA (supplementary DNA) 5 —4%%5%. DL cDNA
KRR, actA W Z 5| ¥). xynB. hacA. bipA. pdid
NG, f# F BIO-RAD {3 #5 Il SYBR YL}k — 52
RT-qPCR mix #FAT 5B 5% & PCR. SEHF 268 &
PCR Jx M. 26 : 95 CHIAEM: 30s, 95 CAEME S s\
60 ‘CiB K / ZEAH 30 s HEAT 40 NIEIR, g i 2R B B
95 CAZfH: 15 s+ 60 ‘CIBK / ZEfH 55, 95 CHAEM: 1550
1.3 St ar

TEBGIE A SR g o, AL AT = A EE.
TH 515 2 1 B 0 PR B B A SPSS 20.0 B (IBM
Corp., Armonk, NY, USA) #47 #.[K & 77 Z o #7,

DL s 2H 1) 2 3% %2 5% {41 Graphpad Prism v8.0 X ff
(GraphPad Software, USA) 2[4,

2 GR55

21 AREBREHBFEARARENER

L A. niger TH-2 3£ [K 41 DNA AR, FIH 514
xynBMC-FW F xynBMC-RW f% 3j 4 3 Hi 746 bp [
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xynB JER R BE (B 2)0 K xynB SR [ F B S o b
Hfh pMDI19-T (simple) ¥z, 1551 i) & 3 e Jf ki 2
B AT BLAST 4047, %5515 GenBanK b &35 K
EU423881.1 KI5 SIAHLLEE X 100%, i B3 o B ) xynB
I K] 7 51 IE 4 -

bp M 1

& 2 xynB EE PCR ¥ &4 R
Fig.2 PCR amplification results of the xynB gene
7£: M 5 DL5000bp, 13 xynB & PCR ¥3%.

1000

B 3 RERMEmRERENBIIEESR
Fig.3 The enzymatic digestion results of the xylanase
expression vector
7Z: M % DL 15000 bp, 1 % pSZHG6R-SglaA-xynB (Xba I/
Hind II1) &4y, 2 ) pSZHG6R-SpepB-xynB ( Xba 1/ Hind 111 )
B,

H Xba VHind T G 0 % 244 pMD-xynB, 43
B 1t xynB J K B B2y 51 5 ) Nhe VHind 111 XL B 1)

) 3% i& # 7k pSZHG6R-SglaA 1 pSZHG6R-SpepB i3
T, WA Sglad 15 5 K1 SpepB 15 5 ik 11

RbE il 7 2% ik 7K pSZHG6R-SglaA-xynB Al
pSZHG6R-SpepB-xynB. X3 E 1) _F iR AN FRIAH Ak,
H Xba I/Hind 10 UGV % € (B 3), JKIE 112 ged)
H£5 12 000 bp [1FRIEH AL A 8 000 bp [HIA K Kk
FORMESAT, VLB .

22 ARGBEHFEATHRNER

K FH V5 Rl g A B 0 Il PR it B B A AR I AR
¥i pSZHG6R-SglaA-xynB 1 pSZHG6R-SpepB-xynB
HACNRHI W AGLI, 577 )5 3R15 KA 18 AGLI HH
%o DIKAE A AR IR, Bk Bk N BE VX I, DA
# N pSZHG6R-SglaA-xynB Hll pSZHG6R-SpepB-xynB
) A R B 5 TR VR MR, R 514 xynBMC-FW Al
xynBMC-RW # 17 & ¥ PCR ¥ 3 % & (K 4). 45
REIR, VKIE 1A 2 538 5 B M RO R R/
() xynB K R v B, U WY Dy 9 a2k HE AR T TR R
b ¥ AGL1 (pSZHG6R-SglaA-xynB) F1 AGLI1
(pSZHG6R-SpepB-xynB) .

bp M N + 1 2
5000
3000

2000
1500

1 000
750

500

250

100

B 4 ARIEERITER L TR PCR EELR
Fig.4 Identification of xylanase Agrobacterium tumefaciens
transformants by PCR
72:M 4 DL5000bp, — AZE (/K), +Afabksfl (i
#2), 1 pSZHG6R-SglaA-xynB KA i 444LF, 2 % pSZHG6R-
SpepB-xynB RATH #:4LF .

AT B 1L 7 AGL1 (pSZHG6R-SglaA-xynB)
Al AGL1 (pSZHG6R-SpepB-xynB) 43 7] 55 52 44 4 #k
TH-2 1 TH-2 (AasAA:pyrG) HEATILE;FRFITR1E, 3k
KRS REF B SR DUKPE T EX R
2 TR bR R R 4 DNA 9 [P0 R, DLk iR AR
DBt Xy L, R D AL T 2R 4 DNA R, F
F [ 5 5 20 51 W) glaA3p-FW Al glaA4p-RW #f 47 PCR
%o, SwlEEnE sa, e RuE sb. BHRE
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1 S ARTERRY 1Y 560, AL 2 BRI 1 2%
AW FUIE ) S B AR R B B N 2 AL 224K, AN
T TR A T2 H RS IR B 5b dik
T2, 3. 4y 5 RPHG 5 BH A0 R AR SBORLAH [F) R/
DNA JBt, MR mRAN, WH NG T
VKIE 1 BE 48 55 FH A 0k R 8 4 BTUREAH [R] K/ DNA
FBG YT R AR AR, W HON R B L
To SRIFHIARRBERGLL & R 2090 d7 4409 TgX (SglaA-
xynB). TpX (SpepB-xynB). AAgX (SglaA-xynB,
asAA::pyrG) F AApX (SpepB-xynB, asAA:pyrG).

laA3p glaAdp
|g—> 3.0kb -~

BN R glaAS’ region
glaA3p

a

glaA3' region
glaAdp

2.3 kb

EEEAEN: 73 glaAS’regmn SglaA/SpepB B3 S C B EETU

5 AEMEHEM BRI TH PCREESER
Fig.5 Identification of xylanase Aspergillus niger

transformants by PCR
Z:(a) BHREZRETER; (b) Bk PCRY I =M%
B M SR IR ok B, P M H DL 5000 bp, — A =3 (K),
0 4 ZRE R, +1 4 Farst B (F 4 pSZHG6R-SglaA-xynB ),
+2 % st B (R ok pSZHG6R-SpepB-xynB ), 1 % A 3 b B4
ZoFERAHAT, 2HEM TeX, 3 A HH TpX, 44 HH
AAgX, 5 HHEH AApX.

23 KRG EdEE AW ARG RE AT AT

43 WY B 20 B bk TgX. TpX. AAgX Hil AApX,
PL J %2 4K B ¥k TH-2. TH-2 (AasAA:pyrG) 5~11d
Y B2 R & &% WK, 13 000 r/min & 0> 10 min, HY b i
AT 4 WA B [ 1) SDS-PAGE Al i 3% 1 K . SDS-
PAGE il 45 R an &l 6 fran, 55Xk TH-2, TH-2
(AasAA:pyrG) HH LG, HZH W Pk TgX. TpX. AAgX
M AApX FEA & 4 7 8474 22 kDa 42 S BLH] R 1)
T WM XynB 8 A %, FHEH A E 1 P02
BAALRUGRAT, VLK VYRR B 94l & [R5 = 2H R Ak
AR, B 2H B R AApX H A 2% B EA R  RIA B RUK,
YA F SpepB {5 5 IKIFmi bR s 15 5t 8 1 AsAA A LA
BA 2 32  XynB & RIS &

104

a HEH R TeX
8d 94 10d 11d

kDa. M TH2 5d 6d 7d

150
100

b EHHMTPX
M TH-2 5d 6d 7d 8d 9d 10d 11d

2 — EALHFRAAEX

7d 8d 9d 10d 11d

kDa M (AasAA:pyrG)5d  6d

T FRAAPX
7d 8d 9d

d TH-2
kDa M (AquA::pyrG) 5d 6d

10d 11d

[ 6 NI HEEE M B FH SDS-PAGE &l 45 R
Fig.6 SDS-PAGE detection of xylanase Aspergillus niger

transformants
E 1 ANEACEE, 2 AHBAEE ) a- B, 3 H o- K AR,
4 AHARFEAEHE, M A Protein Marker. a A &40 @4k TgX(5~11d),
b A ELE TpX (5~11d), ¢ HAEAEE K AAgX (5~11d), d
A FHE AAPX (5~11d).
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25000

20000

15000 [

10 000 -

5000

Xylanase activity / (U/mL)

0

Culture time / d
7 AREHEMSEARL FHEFERT

Fig.7 Detecting the enzyme activity of xylanase Aspergillus niger

transformants
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Fig.8 Detection of transcription levels of xylanase Aspergillus
niger transformants
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