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Abstract: In this study, the Aspergillus niger Bdel4 strain was used as the host strain, and the four major extracellular secretion proteins,
glaA, aamA, An05g02100 and An12g06930, were knocked out to provide a pathway for the expression and secretion of nuclease P1. The rDNA
sequence of 4. niger Bdel4 was amplified by PCR, and the recombinant plasmids, pRpT-nucP1-18S and pRpT-2A-nucP1-18S were constructed
through using the rDNA sequence as integration sites. The constructed recombinant plasmids pRpT-nucP1-18S and pRpT-2A-nucP1-18S were
then transferred into A. niger Bdel4. Prescreening of the transformants was carried out by semi-quantitative fluorescent PCR, and the activity of
nuclease P1 was then measured to screen a strain with high activity for industrial production. The total genomic samples containing the
exogenous target gene of nuc PI were repeatedly detected by SYBR Green real-time fluorescent quantitative PCR, and the average value was
taken as the copy number of the target gene nuc Pl to explore the relationship between the copy number and the expression level of the enzyme.
The result showed that the enzymatic activity of the strain containing 9 nuc P1 gene copies reached 88.52 U/ml, which was 3.86 times higher
than that of the nuclease P1 for the single copy strain, and 1.2-fold as high as that of the heterologous nuclease P1 reported in the previous
studies. When the copy number of nuc P1 was increased to over 9, the enzyme activity decreased.
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WZIREG P1 A7k B N e AR AR
Yiidie AR AGIEXS T EBARRE R Bk R m, Hr=i&
REPl MR LA A KR, e,
AP ARSI f . BRI P IR E A
W WiEE, KT, g™, s i
EE . 2015 A EEA LN P1 s~ N
1200 UmL!, {HFJREEI - BAE, Tk
I3 ITE K IAT B AR REAH L -p Rk T A% RS P1, A
BT 7K T3 319 4 U/mL A1 72.7 U/mL. H.HTE KB
FF B RIE B 25 5 TR R ELIR R F B B 1R A 77 7
BHEAE NS, MEEYRIN, 2R A
FEZIREE P1 IS HTERE . ASCRA 2 ihE Bdeld
TENRIEE S, HEAREARR, BFRTE, 2R
B VR SRR AR A= 1 B

rDNA 7E B4 R R IEH A 100~200 4S5
BREE o0, 7EEMEH L 28S rDNA, 5S rDNA Al
18S tDNA Jisifa) 5 607 XHES ], DAL [RI5 = 2H A7 55,
REL BARSR I 2 IR G L. BT AR DL
DNA AL S SN DA fEBRT AR, P el 22
T BRI LI o 5 e R 5 22 i A e S T (R
LA rDNA NRIVEEEA IR, G T R AR A
Z A5 UL E 13 DR BRI R 1)K P et K T i i
HEECRAR N ECE FAASCRIR M R, i R TR
RETE R A4S DL s J LS DU S IR R R R . ARSC
M A. niger Bdeld FERHF FEFETSE] 2.0 kb tDNA f1
B, MJSRL pRpT-nu A1 pRpT-2A 318 HAZREE P1 FA
P2 ULMIRZIREG P1 A% DIZRIAMHE, H] NEBuilder Hifi
DNA Assembly Master Mix (Catalog #E2621L)¥4lift
Ja) PCR FrBoabg®|#fk PMD-19 |, 2 J5id@id
SDS-PAGE il western blot &6 1FE AT E A% B P1 (1)
By, DAESRASIN B (1 8 1 15 308 S HRIB K.
i SYBR Green S 7% i 5 PCR AR I 7L Hi 1)
AT nue PSR DKL, DARFUALIRES P1
(BTG /K V-5 nuc PT FEDRIRHE B2 TR R

1 MR5REE

L1 A#

L1l k. @At Ae £ 2K

Ak pRpT (HELEE glad )53 T PglaA, ik
T TglaA, #ricIEE PyrG), KATE Matchl T1,
M2 Bdeld (Aglad. AaamA. AAn05 g 02100~ AAni2
g 06930) WHAASLY = RAF: DNA BRHEE N DI,
T4 DNA 3%, S{# 5 Dream tag Green Premix [iff,
DNA Marker, SYBR Green %6448} 1 H T TaKaRa
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AFE EHBIYRT MR EMHEARA R AR &
% His-tag fifk CMNREPD, DRI H
R REMEARAIRAT

112 BHRibpadz o ik

LB, CD, YPD Kig#ZE:MELHIAR: 7715 I

Invitrogen 2~ F#EAEFM. LB 85783 H T KT # 1
Fi9%: CD BEaRi e AR 75 (0.3% (W) 4
WE, 02% (W) BEEER, 1% (W) mEE, 02%
(W/V) NaCl, 1% (W/V) mIEPEER G,
2% (W/V) Agar, pH % 5.5, 121 ‘CKFH 20 min)
TRAERRETE. H SR KE T 2P iR % ik
N R AL T3 CD BiRdt Siekhii it b, 5
772 h JEPREUE R B 758 L 1A VA PR R AR AR it
17 PCR 381, SEASBIERIFAL T, ¥ CD [Efks:
FrdE BTG5 A PR ] CD AR R 2k
(250 mL =), 1597 72~96 h JGEfhiekn KR
FiEE (5% (W) BKGER, 3% (W) KK, 2%
(W/v) Rk, 121 “CKEE 20 min) £53% 168 h i
ITHI A i o

1.1.3 AZA a3

ABI7500 /652 f PCR 4%, 98658 & [ M AE FH 1)

8 HEE W H AXYGENE, %Ot &7 2EWH
Takara-Bio.

1.2 F&

12.1 NP1 AFEa94
% GenBank A% HEE P1 1% 5 & 7 41

(GenBank Accession No.AAB19975), Kt FolikE
S AEVHARG RA AT &S 74k, BAPL, P2

(R D N5 SEES TG nue P1, FEFE
C Ruiphn I 6xHis #7%%. i/ NEBuilder Hifi DNA
Assembly Master Mix (Catalog #E2621L) ¥ HiZEdHE
Ak pRpT L, 18 EIFR pRpT-nu. LA P1 1 P3, P2
P4 K51, AR FIRALE I nue P1 R, 3
BB nue P1 R BL(51%9) P2 1 P3 N5 P2A BIYIRK
A, FEHIILZE 1). LLPL AT P3 A5IY, ilidES
PCR HAR, flé 2 MHEBEMAH N2A KB, £
NEBuilder Hifi DNA Assembly Master Mix (Catalog
#E2621L) FfabG 5 B S8k pRpT %4, 1531
JF kL pRpT-2A.
1.2.2 pRpT-nucP1-18S #= pRpT-2A-nucP1-18S
SRk

S3AIBL 1.2.1 R FURE pRpT-nu, pRpT-2A gt

#, LLP3 A1 P4, P5H1P6 51441 N1, N2 FiBk,
PLP3 A1 P6, P71 P8 A5IYH 1 Al 5 A2 Bt LA
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5% P9 #1 P10, P11 F1P12, DLEHE Bdeld JEK4H
SRR, 4718 HY 28S(1003 bp) Al 18S(1387 bp) Ik F
BAENFRNRE, BEWUS 20505 N1 FIN2, Al
F1 A2 84, 1 Fl NEBuilder Hifi DNA Assembly Master
Mix ¥ 4 D F BUERER] PMD-19 304K, SRk,

E.Coli Match 1T1 B#k, 1325iRL pRpT-nucP1-18S Al
pRpT-2A-nucP1-18S. PRHCHTERE Apal BT UKL
D) %E, PREUERAMFAL TR MR — M R R
B AR NT

# 1 BT pRoT-nucP1-18S Fl pRpT-2A-nucP1-18S A I EIZEHERFFT
Table 1 Sequences of oligonucleotides for pRpT-nucP1-18S and pRpT-2A-nucP1-18S plasmids construction

514 4 AR F3(5t0 3°)
Pl cattacacctcagcaatgtcgttccgatctctactcge
P2 aaatggattgattgttcagtgatgatgatgatgatgcttggcegatctcggaaccatg
P3 cacgtcgecggcttcttttagtaggetgaagtttgtggegecgetgectcagtgatgatgatgatgatgett
P4 ttcagcctactaaaagaagecggegacgtggaagaaaaccecggecccatgtegttccgatetetacteg
P5 gcagcaggtctccaacaagtatatgatgcggtagtggaa
P6 tctcgaggaagttgctacecttttecttgattetcgee
P7 gcaacttcctcgagaacgege
P8 ggtageegtttctcataactcegeggaggcteatgg
P9 cacgtcgecggcttcttttagtaggetgaagtttgtggegecgetgectcagtgatgatgatgatgatgett
P10 ttcagcctactaaaagaagcecggegacgtggaagaaaaccecggecccatgtegttcegatcetetactcg
P11 gatcttccagagattgggecctggaggctegeageggttct
P12 cgcatcatatacttgttggagacctgctgeggttatg
P13 gccteegeggagttacctgagaaacggetaccacate
P14 geetgeegttcgacggggeccectacggaaaccttgttacgactt
P15 atctccgctatcgecaactac
P16 aggtgtcccaatcgcetatg
123 #4uF a0 5 & 8 Lk &4y SDS- R A AN FISRE H 2 R A1k — 0 I e W

PAGE 5#7

HHHE Bdeld #2\ YPD Wiiffr 7R, 7230 C
9% 72 h, ki pRpT-nucP1-18S Al pRpT-2A-nucP1-
18S it Apal B IS AL, FIFH AR AR AR N
it Bdeld!'”, it B PCR BEE(L T, 514
9 P13 A1 P14, ¥ BN nue P1 R 145 200 bp
FBG SRR AL IR R, %R
TARZRY Gk

=2 FFEEPRIIEEER
Table 2 Semi-quantitative PCR amplification system

5 RA/UL
2xDream tag Green Premix 10
ERG|4 0.5
RE 5| 4 0.5
AT AR A 1
ddH,0 8
BARAR 20

PCR NS E: 98 C 5min; (98 C 30s;
60 C 30s; 72 ‘C 3 min 40 s)17 MEH; 72 C 10
min. 7324 F Bpnu-18S il Bp2A-18S. HhitHHs

7 34 v AR PRI R o

f§H 100 mL R EEEEFREE (500 mL #ETEHD,
30 °C, 250 r/min #EIEEEFE 168 h, HAME)EE 24 h BL—Ik
FE, REEROEIER O )G I T 12% SDS-PAGE HL
KA TRIN H (8 IRIA RN e AL R P1 B o
124 BB P1 B ME

1% Qinting He st Ik sodk: H 200 uL JEY
(100 puL 50 g/L RNA ¥ 100 pL 0.03 mol/L pH
5.3 BERRENZEM, & 10 mmol/L ZnSOL)E 67 “C/Ki
BRI 10 min 2 J5 588 a 511 25 uL BRE(67 "CK
WARIEIS 10 min 50K EAENIEAT, 67 °C M 15 min,
BN 450 L BERTTIER(0.25% AR, 2.5% i aiR),
UKH 20 min J5 4 °C. 5000 r/min &> 5 min, FXZK
IK¥G EIFHRRE b £5 /5 I5E ODogo (B o PAANINEERAE )
RIEEAVE A 7R R A& N R B AL B A% IR
F1E 260 nm A HIR AR ZEE 9 1.0 58 SCO— M
AL XD

BEETHA AR BEE(U/mL) =

HP A h5RIeE 5 b AR AR 6 £4E.

A*a*b*675
25*15

147



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

AL H I B U 38 9 = A PAT R T 3y
fH.
1.2.5 #BF& P1 %) western blot 44

B nu2 SEALF AT n2 SRR EIEWL 1418 1.2.3
J3iEE4T SDS-PAGE il FREAHRL A il L B 22
PVDF Ji&, F 1% BSA-TBS % fidf 4 1 h, TBST ¥
JHVE, W His-tag ftik CNEREHD $¥E 1 h, TBST
TEEYE, S5 /N RPTRBTARTE 1 h, TBST &
JEVEE, JIAIEE BeyoECL Plus ALKk GilUE o/
B, ks PVDF JERCE 396 UGB,
1.2.6  SAF 5K PCR 94K 2 Ao KR 4

JOGE R PCR AN [ MR R A0 3.

3 KHEE PRI HEIAR
Table 3 Fluorescent quantitative PCR amplification system

i AF/uL
SYBR Premix Ex Tag™ 5
ERFH 0.1
R &5 4 0.1
ROX Reference Dye 11 0.2
B (AFRFH) 1
dH,0 3.6
B 10

FEFF 95 °C 30s; (95 C 5s; 60 'C 34s) 40 4
B2
1.2.7 R IABEHRIE Ny mE

BHELIERII R, AR gapdh CH
THIEE-3-BEIR I B IR S IR, XTIXREE Pl
YRR nucPl #47 qRT-PCR 43471, MEEE nucPl
SN IR S IEIE R gapdh 3% D50k pGN (B 1),
{4/ NanoDrop1000 I ik pGN [P EEFIF &,
R WA IA A (E A O

DNA copies=6.02x10=xC/(Lx660)

HP: C: DNARE, gmL; L: DNA KE, bp.

FEHJE B RNase free 7KK BRI IHE DTEL 3 751
F) 10° ¥ J/uL, 103 #% J1/uL, 107 #% U1/uL, 10° #% J/uL,
10° % DYWL FAKARE . FIYIHEIKFE AN 10 ng/ulL B
LR AR ESE 10 (55688 5 RO, 2 5ILA P13
FIP14, P15 F1P16 J5 ¥4 14 nuc P1 (200 bp)Fl gapdh
(140 bp) IR Fr B, ARAEIL Ct (BN 250 % DL
ol i FRAE 2R, QRT-PCR 9 82 th R alit s

PCR efficiency=10""5-1

Hd: S ARfw&RegsatE,

2RI A SR H EER Ct EARN
PR HZE), AT RS EA R nuc P1 REEIOWIIE
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B DK, iR S5 nue P1EERIP5 D1HL:
Copy number=Copyn/Copyg
Hd: Copyn: nuc Pl AHEAEMRFEN#; Copys: gapdh
A B ALIEAARIE AL

pGN

4970 bp

nuc P1

Hindlll
[ 1 pGN Frhi[EE
Fig.1 Schematic diagram of plasmid map of pGN

2 SCIGZER
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o

bp

pRpT-nuc p1-28S
11087 bp
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pRpT-2A-nuc p1-28S

12038 bp

[&] 2 PCR #/ 1% pRpT-nucP1-18S F pRpT-2A—nucP1-18S fAx H E&
BN BRI EE RESIEE
Fig.2 PCR amplification of pRpT-nucP1-18S and
pRpT-2A-nucP1-18S related fragments with electrophoresis

detection, plasmid schematic and restriction enzyme digestion

7#: (a) fiks pRpT-nucP1-18S #= pRpT-2A-nucP1-18S #9
PCR # 3 F#. M: DNA ladder; 1,2,34: Al, A2, NI, N2
R¥; (b) M: DNA ladder; 1,2: 28S, 188 H#; (c) Mk
pRpT-nucP1-18S #= pRpT-2A-nucP1-18S B47/5 K #X. M1: DNA
ladder; M2: supercoli marker; 1,3: Apal B&47/f 42 pRpT-2A-18S
F2 pRpT-nucPl1-18S /& k #; 24: M #: pRpT-2A-18S =
pRpT-nucP1-18S; (d). (e) pRpT-nucP1-18S #F= pRpT-2A-nucP1-
18S FiifE .

LY B AR A RIS TR T R AL R
P1 il B RI1GH] nuc P1, FEHIK/NA 813 bp. FIEEH
Fl rDNA /S FKL: pRpT-nucPI-18S Al pRpT-2A-
nucPl1-18S. ¥ 34 BeanEl 2a, b fiow, B4l G M H
Bt 534K PMD-19 &£z, Fik pRpT-2A-nuc P1-18S 14
B 1% 1.2.2 7 BURE pRpT-nucP1-18S
F1 pRpT-2A-nucPI1-18S(Kl 2d, e). FiKiZ Apal BV
JERERSCHE LERA /N H B (B 2¢)

22 ¥ xEPCRfFEE AR

JFREEE AL 2 Bdeld Ji ([R195 21 2H i A2 % e I
3a &7, pNU Rl p2A RISA nuc P1 545 JURTXEE DL
[MRILHE), {EENE CD IR RNk T, FEIS
FEALFIEN AT 52 5 PCR, 2 J il Bt B
32K 3b 1 3c, Bkt HRIZ% A1 Bpnu-18S,
Bp2A-18S # 5 BREEALTE1T 500 mL #RIHREF S I
(Bpnu5-18S: 1, 2, 3, 4, 5 5¥#{tL¥, Bp2A-18S: 1,
2, 3, 4, 5 54T, HATHMERTRRIEARCY 1.2.6
IRKI I B PURL pGN, PR RE TR S 2 ith
Bdel4 3£ [H4H.

a 285 DNA 5S TDNA 18S rDNA
| I r— —
o (A)EEMBdeld
- ~—— |
pNup2A =~ 18StDNA
288 rDNAI(\lIB)PN{D Y %-Nucpl)ﬁ*ﬁ%nﬁﬁl
uc -Y- Y-
28SDNA - P ] & [RUPIYR eq A
— — —

pNu/p2A
(C)Bpnu-18S & th &R IAHE
PglaA glaAsignal Nuc P1 ~ TglaA

pNu | 1 I ]

PglaA glaA signal Nuc P12A peptide Nuc P1  TglaA
P2A = 1 1 I |
b Ml 2 3 4 5 FH FH
LR — -

200 j

200

& 3 HEE PR EEHMNT
Fig.3 Identification of transformants by semi-quantitative PCR.
E: (a) #T5 T E#; (b) Bpnu-18S A 54T %
&. M: DNAladder; 1,2,3,4,5: fmita935L-F; (c) Bp2A-18S
AT 4. M: DNAladder; 1,23,4,5: fhikedsbeT.

23 WARFARG %R P16y HE N T

¥ Bpnu-18S F1 Bp2A-18S % 5 M rid% DL T
BRI FIE, 4500 24 h BUREE, RILSHLTH
TERTES 6 d A =M (B 4a), BURKEEEE 6 d &AL
THIREE_EIEWH SDS-PAGE Ji¢, K IV AL F7E 38
ku AbIIAFAE H 155, RIZIREE P1 SCIL T 70k
K. Hod nu2 SH12A2 5 RERE AR ST IR T
RIS EE R WE ST 6 d IR (
4b), SEEGEE R ITIEARENM) 10 s WAL T 1)
WZIRHG P1 RS /35 & T 548 DB R (18.2 U/mL), nu2
S 2A2 S REMREE B E = T B, 29008 88.5.
81.2 U/mL, #HELHHE DIRHREGEIE S 3.85 %, HA
FVRRILZIREG Pl M . R X ik i
1~7 d FIRZERT P IOBERS (B 40). HIEAR, 5555
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1~6 d, BRFIZRIENY, 56 diATRmE, 74N
TEREA NP DL B ] R0 B A4 22 X kL pRp T-nucP1 -
18S 1 pRpT-2A-nucP1-18S #{L R %5 Bdeld JEtik
DRIl T IZEIG Pl ERIE, IABIAHEF AT H (1.

& SPSS BAFX &AL T MR EAT 2 E LRy
W1, BB IRAN A TS 722 57 5 (p<0.05).

a Bdel4 M nul nu2 nu3 nud 2A1 2A2 nuS5 2A3 2A42A5

ku B ¥
200— & % ® | §

100 —?
o

60 —
50—
40—

—

30—

o

fif§ % / (U/mL)

0 nul nu2 nu3 nu4 nu5 2A12A2 2A3 2A42A5 n2
AT
c 100f -= nu2
80 -
2 60t
2
,g 40+
&
20
0 24 4;3 7I2 9I6 12|0 14|t4 16IS
] / h
& 4 #1KF5 6 d SDS-PAGE fR\ EE/ER nu2, 2A2 7177 d 1Y
BEE

Fig.4 SDS-PAGE and Enzyme activity of transformants at sixth
day and enzyme activity of nu2 and 2A2 at different
fermentation times

E: (a) BT eZGIKE. M: &% marker; Bdeld:
mEHA; (b) 34T H 6d 498E; (c) nu2, 2A2, n2 44k
T 1~7 dBEE, n2 HMEREE PL 692N EAR, %2 KNKEMT
RE.

2.4 W E KA Pl & & 89 Western blot

Zisalll

150

DIZIREG P11 ERHE DU B R R E o 1,
4 FIRTHIE ) nu2 5 R KEAT western blot %55, 45
5 SDS-PAGE fuillffighi i —2, 2 NIRIAFEE
nu2 FRIE 170 AN PE DURIA B PR n2 ‘5 3RIA 1) 7
WEE AR, WK S R, SR EERE Pl
HEEERME S T RIA,

nu2 n2

15 western blot K MHAEAN P1 EREEREIFA
Fig.5 Multicopy expression of nuclease P1 in Aspergillus niger by
western blot

A nu2 Aipikd; SN ARKLEE 144h LiF, n2 AHIEEL
B 5 N AR 144 h LI,

2.5 Bpnu-18S F1 Bp2A-18S 4 I $4-#r

unk 6a, 6b Fi7R, XTSI G5 . ViR
kA B H o B3R 99% L b, BT 514
RESFIELT, TR TR 8 DUEOE 7 il A
WRFEARE TR A B0 Ct RN S AT VAt 2
b, BAERRIERZE (B 6c), FHTHIESI YRy 1
R, FFRAECN 0.9981 F10.9913, UiRH & E bR
SATIE

Rk 1.2.5 77N E Bpnu-18S 1 Bp2A-18S 1)
UL 6d), &5 TR B AH Bk 1HE DA A 7E
1~16 ¥ D12 18], nu5 S5 2A4 5 nuc PI F=H# 1
Kb, 435005 0.918 H10.867, 1M nu2 S A1 2A3 S
PR, 430 8.983 A115.923, H:H Bpnu-18S
BN AL T 7395 D3R 1.272, 1 Bp2A-18S 153
UL T 2048 DUECh 7.677(F:38 T — AN e Al —
AN EARAE, B = AMERE D . SR T
Bpnu-18S £41Hkk, Bp2A-18S R I EHKN nuc P1 %
DRI #5 VLA R38N, REBUNARE NS & 24 nuc P1 %
PR 1) 2 i B L R4 I

LR 945 DUEL 3 It S5 R 1 1 RR K PREA
EREN, WAFLE GRS,  HIAE LA A,
U1 1998 4F, Lint"V4 A K A0 b i 70 BRI e £ v
% 2.7 kb 1) tDNA JPFIH LB FIE, R HE b i
(RIEAL T3 TIHOA S 25 2 140 A, HATHRE R BT
AR DB I R . TR B e AR R R
TR A B AT (5 25 DRI DU 3, Rk /K F
TR, BEEUTRERN 046 /L, 1 3 #2 DI RIAERE
#1025 gL, AW, EH 9 A nuc P1 R %
AP N E A RN Pl iR, N 88.5 U/mL,
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HEA A nue P1 FER BT 4.85 f5(TEZ HI BT
HHUSE nuc P1 AR B4 DAL FRETE Y 18.2 U/mL).
1824 nuc P1 FEREE DI BAREEE NN, RS P1 (IR
KR NEE T nucPl BI¥E DUELEE 9 AN DL B ()
WIR, AT HE DO N RIS, BRERIAKF R
TR & 16 AN DI BB ISV ST RS, 1N
49.40U/mL, J954% DURBREE Y 2.71 1% A1 nuc
PI1 ¥ UHCH 5~9 NEATIREN, ALK P1 52
N 75~90 U/mL. 1M nuc P1 ¥ IR 12 AN A R
PR, HAgIE /KPR 25~40 U/mL, H AL nucPl ¥4
DUEGAE O N8 DLLLR I, BEMRIKIBENS /KB E 5 D13
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