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THE: ZARK K E RIBA0 (Aspergillus oryzae RIBA0 ) KB4 5 AFLMEEE (GahB) 2 E (Aspergillus niger) & £ F 5k
KL, BT 5 A RS RE FUARIE 008 B Rk 7 ik T2 TR A S A BB 00T H-GahB, R 587% /)ik
3] 135 UmL. 4 73408 69 LB 5 2P 093 N4k, KA CRISPR/Cas9 B L% AR T 545 N o) 5 A BB A H Ak
C-GahB, 887 /3252 3.56 U/mL, %% H-GahB #9 2.64 4%, i#t—F KA ARTP # ZH A C-GahB #ATHAFE LT, HKIFTH
R B TA B A-GahB, H857E /3R %) 4.16 U/mL, B X @#k C-GahB #9887 #4RF T 0.17 42, 44L/E 69 F 40 GahB 49 tLik
&1L %) 40.63 Umg, ZIERE A 37°C, &iE pHIEH 7.0, A 20~40 “CA pH 1A 5.5~8.0 ZIAAL T HEHF, K3t GahB #9847% /) LA
BEEVER, Zn®' e M 3t GahB #9847E HA 8 A 52 20405 E R . 43R E040h 18%ET, GahB &It 35.38%89Aast Bl 7). %A%
RE—KIAEZ M EF ZIT FR T A E RIB40 #4952 BHEE GahB #9ZLL 50k KA, AsbEstKh B A RBUEE R T A,
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Recombinant Expression of Glutaminase from Aspergillus oryzae in

Aspergillus niger and Its Enzymatic Properties

CHEN Ying, WANG Bin, PAN Li"
(School of Biology and Biological Engineering, Guangdong Provincial Key Laboratory of Fermentation and Enzyme
Engineering, South China University of Technology, Guangzhou 510006, China)

Abstract: In this study, glutaminase (Gahb) from Aspergillus oryzae RIB40 was recombinantly expressed in Aspergillus niger. Based on
the high-throughput screening method (phenotypic identification plate and pore plate culture) established in this study, the transformant of the
recombinant glutaminase H-GahB was successfully obtained, and its highest enzyme activity was 1.35 U/mL. In order to increase the copy
number of the target gene in the host, was reconstructed a high-copy glutaminase expressing strain C-GahB using the CRISPR/cas9 genome
editing technology, and its enzyme activity increased to 3.56 U/mL (about 2.64 times that of H-GahB). Furthermore, C-GahB was subjected to
traditional mutagenesis and breeding using ARTP mutagenesis technology, and an engineering strain of glutaminase, A-GahB, was obtained,
with its enzyme activity upto 4.16 U/mL (0.17 times higher than that of the starting strain C-GahB). The specific enzyme activity of the purified
recombinant GahB reached 40.63 U/mg, with the optimum temperature being 37 ‘C and the optimum pH being 7.0. The purified enzyme
showed good stability from 20 ‘C to 40 °C and from pH 5.5 to 8.0. K* could activate the enzyme activity of GahB, while Zn*" and Mn*" could
strongly inhibit the enzyme activity of GahB. When the salt concentration was 18%, GahB showed a relative enzyme activity of 35.38%. In this
study, glutaminase GahB from 4.oryzae RIB40 was recombinantly expressed in A. niger for the first time, which provides a basis for subsequent
investigations on the glutaminase from A. oryzae.
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BRI (L-ZAME K, BC3.5.12) 7]
DML BRI 2 R 2R, 8T 22 BRI
B-WELIEEE RIS B R A A EAmBERR. BEm
BiE 32 AT eI Tk B R st
T L~ Rt iy v DAZK A 2 S BB 33 Jom XU 2
MR IRIN & &, L-Aa2 Bl O 2 TR
T £ i T XK LS. Wakayama 26070 ok [ 27 25 45 fr i
B (Stenotrophomonas maltophilia) I Eh A = 9t
BERAN DB R B b, TR A E
AT R I R DA T XK . FCR 2 -7 2
B B EORIFC . AR AR EE R ER. K
B MR PO o B S E B R
TAEM R AT, (B S E RIS
BRIk SRR AR R IR AT,

W2 (Aspergillus niger) J@TIREE, HA
SO BB ik e 77 LA A B R R S AR 1
A48, AN GRAS (Generally Regarded as Safe)
LA, 1E W O T8 i 7R ) A
mEMO IRk, Bk ERREAGERA D
Jl Tt 2N, (T 7 2 g ORI B R AR
HHTEALERE. HR, HTEMRESEREMIE
WH R =R S TRIB AR (ARTP A RIAR) 45
&, AR e TREENEA B,

K ihEF RIB40 2 3 FH T gilis Bk, xt
KM EFEAAWBEER gahB WEMARIL, HEhT#
— BB, I gahB N TR
S0 i i AURAA 5 73 B e il AN ST LUMIRER
T SITCfL R i HL-1 975 32, KoK it RIB40

(Aspergillus oryzaeRIB40) Y5 117 2 B i g 22

gahB, N T A2 L B 2H 204 P kI B e e
J71%, FIF CRISPR/Cas9 JEH S+ AR Je ARTP #5748
HRE— AR = A B LR I A B I T S
gahB VT .

1 MRERE

L1 A#

L1l E#A i

KIGHFFE (E. coli) MatchlT1 &S24 H %
Invitrogen 2 &) ; K Hi & RIB40 ( Aspergillus
oryzaeRIB40, A.oryzaeRIB40) Tk HH AR 5256 =5 (R
M55 (Aspergillus niger, A.niger) AL HL-1 (AkusA-
ApyrG-~ Aglad. ATEG. AaamA)~ Bk UEV. Jii
b pFC332-amyA FH A S8 2 M2 5 5K

1.1.2 T B8, XA &FKHA

PRI FR §i P N VIBE Apa 1. EcoRV. DreamTaq
Green PCR Master Mix, 3 [E ThermoFisher Scientific
~H]; PCR N TVENSE Prime STAR HS (premix), H
7K TaKaRa A 7]; HiFi DNA Assembly Cloning Kit, 3%
E NEB A#): B2 (Glw) SEMIRA &, b
ZORERHAIRAR]: FobNERREGARIG . TR
BRIGRFE, TMERS AR R AR HoAh
BRI R B = s A Ak ) .
1.1.3 35k

LB #3973 (RESHD: 1%BEAR. 1%L
BN 0.5%BEREREIY) (RS 2%B5, WA S 0.05%
BAE); CD ¥kt (ESEO: 2% . 03%
NaNO; . 02% KCI. 0.05% MgSO,7H,0 + 0.1%
KH,PO,4~ 0.001% FeSO,-7H,0, pH 18 5.5 ([FEAE 2%
i, AR 0.05%5ER); REKERREE (s
0 : 2% #HE 1% A 2B 0.3% NaN05.0.2% KCI.
0.1% KH,PO4+ 0.05% MgSO,-7H,0+ 0.0015%4T
0.001% FeSO4 7H,0. 2%35fiE, pH{H 5.5; MEhisis
Bt (REDE0: 40%JEHE . 0.3% NaNOs. 0.2%
KCl. 0.05% MgSO47H,0+ 0.1% KH,PO4. 0.001%
FeSO, 7TH,0, pH {H 5.5; KEEREFRIE (JREDED:
5% FKIER (FREKBIIERBERIL) . 3% KK,
2% K0k
1.14 34

ST SR 1 Fos.

1.2 s

Veriti 96-Well Thermal CyclerPCR 1%, 5 [E Applied
Biosystems A #; IR ANAR/KFHIK RS, 3K H Bio-Rad
Nl M200 ZUIREREMY, fEFE TECAN 2wl &
5 44k 248 AKTA purifier 5 His Trap™™ HP Z 44,
2%[H GE Healthcare GEFHS) AF; ARTP-M #5748
B TEBIREERAREMRHA R AR .

1.3 ik

1.3.1 2 RBtEbeE R A BRI
TESERIZRISMERT N SR AL glad (P(E
SHK, FEFE N uihn b 6xHis-Tag #3287 51. LG IH0XT
Pnall-F I Pnall-R #3528 &B81 B LA
A. oryzae RIBA0 F[RZH Jyf5iti, 51470%f gahB-F 1 gahB-R
I HERIIEN gahB. FIFH EcoRV ¥38 ok UEV #HT
£& M4k FIFH NEBuilder HiFi DNA #5285 28 A0 ks
UEV. Z4&/538)T Pnall i BIFUK N BRIl RE A
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gahB FrBGIATIER:, IR IERRIRAL E. coli Match1T1
RGN . 2 ZFHTHAMCIRIE . BER FEKIRILE

gDV 38 AR P S5 23 B0 R 1 71 LEAff ) A S IO i =
HFIEHWE, FPR A4 09 UEV-gahB.

&1 54
Table 1 Primer
HEZEA S F14551(5°-3°)
Pnall-F atctactagtcatatggat GGGCCCGATATCAATTCATGGTGTTTTGATCATTTTAA
Pnall-R TGCCAACCCTGTGCAGACGAGGCCGCTCAGGGCGAGTAGAGATCGGAAC
GACATCCCAGTTGTGTATATAGAGGATT
gahB-F tegtetgeacagggttggcaAAGACCGTGCCCAACGGCCA
gahB-R ggcataaatcgaatgtccgc TCAGTGGTGGTGGTGGTGGTGAGAATATAATCTCGAGCCCGCAG
gahB-up-F CACAAATCACAGTCGTCCCC
gahB-up-R CCAGTTGCTGTGAGAGAGGT
gahB-down-F CGGATTCACAGACGACGCTA
gahB-down-R GGGGTGGACGAGAAAACTAC

A A BIH A R BGERFTE RIRT S, AR A Apal W inBaBEbyL s,

132 B RABEEEEHFAARGHE
A R Hh 8 A.nigerHL-1 1] CD HREFT-I0
A IREEAZE A DPY £5353E, T 250 r/min,
0 CoMFEREFR 72 ho K&t 5 4 KA Bk
UEV-gahB 4" K555, KERIUGRLE Y20, I
KA A BRI PEG N+ SREALEENTE R HIER
MHhEE 4. niger HL-1 JEAE A, 24 CD PR L
R A PR A U S 1 P T VA N BB A TR TR AL, A
5l ¥ %} gahB-up-F A1 gahB-up-R . 5| #) X}
gahB-down-F F1 gahB-down-R X} #4¢Fi4T PCR _Lijf
5452 - F PCR M 452 H IS R A a4
BHE AR . TRTIEAS SR EE AT (4 2 S I g 2
HRILEE, JEKH A4 H-gahB.
133 A RBEMEHRAARBELSTHiL
FiEWES
(1) REWREEE: 7E CD [EABFRE IR Fn
A 1% (m/V) B&WEHE, 0.001 5% (m/V) M4nif3
FIRA G ERIE, B TR RS e, &
AT BA SRR, AT DL ks R i
BEMEE A R, 37 pH B, M 2LAE
Bl PR, ATARYE VR R R ARLL. LR
RSN L PNAN IR e Rl A e
(2) FLMR R B K 2t AR 4 58 Ak 1
BRI R IR 24 FUA . FLBRT 250 r/min.
30 CH&M N RBERE TR, TERUTTIRRMENIRE, 25
RERT 24 h BURE, e 2 S R RS 7 o
(3) PR IR R B FUAR R T 14159 2 P B T
T VAR B CD 3533 it A9 K8
I, BN 100 mL KR FRIERT 500 mL FEI Fdk
TREE, REEFAEN 5% (v/v) BFh&, 250 v/min,
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30 °Co EREFR7d, £ 24 h BU—IkEE, DES RS
RS 7 -
1.3.4 4|8 CRISPR/Cas9 B 45 #3% A M5
R BB 40 R A A

A3 A, nigerHL-1 # CD EW T I0A IR
WANERZ ) DPY REFR, Tl s e k. H5
GG 4 LA BAk UEV-gahB ¥ k3595, RN
% A CRISPR/Cas9 £ [A 4% % T. B M i ki
pFC332-amyA ¥ KH:57%, REFEHUTRIFIH TR
F43RAF 1) TR UEV-gahB 5 i ki pFC332-amyA FL[F) %
WEMERE MR EMNE HL-1 J. HimEE R
Sk ity EE 2H #0844 4 C-gahB.
1.3.5 2R Blechs® 40 £ A HAR69 ARTP %
i ik

e AT S i B I s 7 8 v () — AR Ak AT
ARTP #5748, KRR AL T H: 8 NI SlAR:
FRdkr, BRI E IR, A ARTP-M 5 H
FGHATIR AL . BARSECNTI%E 120 W, S&E 10.0
SLM, a4 0. 30 60, 90, 120 150, 180.
210, 240 #1270 s. KA AT 2 EE R A e S TR
MERBS BRI b K- PARE T 30 ClEESTR.
HIVERIE AR 2%, ff 8 B B AR N 1) f5 34 T 15 AR Ab
IR 2 A AR IR Rk fr 44 A-gahB.
13.6 >RBLIBEREE /)N x

BN A AT 3 VR T 7 B, il
SEBRE JII 712 18 Wael £ 77 1 408 24 407%
SEEGZHA 700 uL pH {EA 7.0 IBEERZE 0PI 50 uL 5%
¥R ISR 250 puL 0.04 mol/L 52 Bk s i IR
SJEIRET 37 CARERR. 30 min, JRFTERLE N
A 250 pL 1.5 mol/L =5 LB LR B 1 JE{f
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MBI & =R AN A RS 2. A
K SR = S SRRV S A R AU A
P, HRAE. REEEEE RS E X : 18
37 C, pHAEN 7.0 2T, Bl L7520t
JeHER 1 pmol/L L-75 2R i 5 (1 B 29— 7
Bz, PLUML F#oRo
13.7 THSABLEBELEAL

TE 4 A 2 Tk i T 2 TR 20 R IR AR,
6xHis-tag MIZHZRARE T HIINLE T B 5K R IAHE
(1) C ¥iito ARHHLH A FRAR S IR B T I SR R
i B R ZENT I 5 o R e b T 4liAb .
B RN B 2 FR PR N R I 7 97 4 d L
Kl I, 181 A HisTrap™ HP EMTAE#ET48
tho FAEAARUN 1S mL, FAEREN 1 mL/min. KA
BEEEVEIEE: CHEMERIKILHR 2 0~0.5 mol/L) W AEBE
PRI, O N AR AR, T
41f) SDS-PAGE £ [ HUk Al 25 & 2l sE LA I
R
13.8 S RBticbabss TR,
1.3.8.1 JRFEEXTALK gahB TG 71050

OGRS M E : 75 pH [ER 7.0 AT T, Kl
AR AS 3 ) 2 B 70 HITE 204 30, 37. 40. 50, 60
70 80 C4M F =M 30 min, Wl AFIRESAHG FA
RN RS A, UG IR 132 EES /)
N 100%. WRFEREPERIE : KA LBRRTE LA
FE R ARIRAREE 2 h, WS FIAR IR 77, DLREG A2
(RIS 7149 100%.
1.3.82 pH X4iifk gahB S J1¢5200

& pH HIE : B A E pH E (4.04 5.04 5.5,
6.0, 6.5, 7.0, 7.5, 8.0~ 8.5. 9.0) 0.1 mol/L FJMMHZ
B, ERCERE T, WEARF pH EE&MHME
BRGNS /1221, DAAIE pH B2 NIllE (1)
B 708 100%. pH FE MR 2 : K AL BERTE I
& pH (R ARRALER 2 h, W52 BRI 42 RS
71, PARGACFRA FIBEE 718 100%.
13.83 &8 & TX4iL gahB BEE /5

S BT ARE I E « FEFRERIRE R SR R T,
IMAARFREEE T (Ba®. Mn™". K"\ Mg®. Ni*",
Co’*y Ca®'s Na's Zn®'. Cu*"), 1B itk ZHhaFhEs
THIZAE S 5.0 mmol/L, WIERHE 1, LRGSR
MBS 71 100%.
1.3.84 ERIRFEEXI4liK gahB BT /7115200

i EEVE R e . FEARERIBE R MR R T, IAA
IF] J5 5 1) NaCl 8115 [ A 2 H NaCl 2K FEN 0%
5%~ 10%- 15%- 18%, MEMEE /1, LIRS AHA

(IR 7128 100%
13.9 #4B%i BB A 44|

R SLIO R N = AT E R, BCPIME, R
FbnE 22 (1) 7 St A7 R 22 s 18 B F Origin 4
il A B

2 ZR5WE
21 HABEBEARIERNMESEE

R I T ik WY ST

MR R S A A8k, DIAHBL S
XA R G R 3T A B R gahB FrB (B 1a).
FIFERRER S AEATURL UEV S A& B 81 v Bofi:
gahB F BT IR (B 1), IR KT i .
220 P B 2445 2 Fr 41 LT O A S I e il 3 A 2 B ik
UEV-gahB.

a 1 2 b [ >
PnaII—/ - target gene
gla-signal

bp
2000
1500
1000 bp
750
500

E 1 AEmMEEEEARIAHIFIE

Fig.1 Construction of recombinant vector UEV-gahB
E: ar SRBLEEER R R BRI B3 T Pnall b Bdik
B( k8 | % gahB AR K B 7k 2 A 448 3)F Pnall &),

b: AR E IR A B A A
a

& 2 AEEpREEEEARIKNEL FRIREIREE
Fig.2 The screening plate identification of transformants for
glutaminase gene recombinant expression

E: ar BEZWE A nigerHL-1; b: 454tk H-gahB.
NERAFA N g B R, R IA Bk
UEV-gahB # b 2 Tofl B th 8 4. niger HL-1 H1. PCR
U8 BN AL PRI 2R R S TE SO T AT F LR R %
(E2). K 2a NEE A niger HL-1, HHTHES
AT ARG T A (RS IR 2 IR A (el 1] 2
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N H-gahB, M\EIH AT LLE HH IR T
BONB R AR ], S A TR R T RN AR e
PRHCR LT A AT FLAROR %, AR FLAR 2 iy
FSC ) 77 14 5 380 6l 7% o v P 2 2 Tk e T L 4 5 38 AT R
H-gahB-20, 7% /7iA%] 1.34 U/mL.

W FLAR 2 % 1 4k 73 21 1) W 5 7 3¢ o 1 5 A PR
H-gahB-20 % FWiA CD K33t Ty KR
I, 30 CHrE IR 5~6 d Ja B NEA 100 mL KB
R EL(1Y 500 mL R R EAT K, KEESRAE N 5%

(V/v) BEFh&E, 250 t/min, 30 C. 3R 7d,
24 h BL—IRFE, F T 2 e Bl g 70l e 5
HLYK T o

AW e gL R # 2H SR IA bk H-gahB-20 A% 24 h
FI| 168 h FEE 770l 2 25 R an ] 3a fs. e AT AL,
H-gahB M 24 h ITERE 346 EF+, 258 96 h IR
JIERN R, & EBRE /I8 135 UmL, BEERE
FIF8A N R, ikt H-gahB-20 K% 24 h 5] 168 h (1)
S A KT UIE 3b fR . ikl C NTE 3 KIS 96 h
EEA%N, S51E BRI A1 H-gahB-20 &k H
MEE AR TLAENFTEAI B, KNS B I A TR
/N72.93 ku —2, 96 h {1 H E A& RN RIX 5
BRI 700 72 45 R — 20

a l.6r
1.4F
1.2+
1.0F
0.8
0.6 -
04}

0.2}
0.0 L L

fif§3% 77 / (U/mL)

1 1 1
0 24 48 72 96 120 144 168

A / h
b1 2 3 4 5 6 7 MC ku

&l 3 H-gahB-20 AN[E] & BER(E)AYAESE 17U E AN SDS-PAGE Z34fr
Fig.3 Enzyme activity and SDS-PAGE analysis of H-gahB-20 at
different fermentation times

vE: a: H-gahB-20 & %% 24~168 h B&E /2 4&,; b:
H-gahB-20 £ B % 24~168 h (ki 1~7) LiFEa &, #KiE C
HiE ERBEF 96 h LEEA LT, M A#26616 & & Marker,
SAEN A B eI R AT ELE.
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22 A CRISPR/Cas9 A 4% A M LA

AB BRI E A R

CRISPR/Cas9 1EREEH A, ¥ H BHEH
FEIRAHE T R 3| FEE DR A P R R 7 B R vy I 3
DRI DU, AT ] B il R ik B . DRI
FIH] CRISPR/Cas9 J Kl 4fHi AR — P4 i 7 2k
JalRiA g . Pkl UEV-gahB 55Uk pFC332-amyA
LRI AT MG 0 A. niger HL-1 v, ¥ H IR B
AR RLR A BA XS DUEER amyd b b g5 %
w7 HI ] CRISPR/Cas9 H AR B 2H FRIAFE K gahB ik,
RTEFEAAR LRIt o 1 J5 ) S A i
SETHILEINEIATIHAG T HITRIL, SeBREU Lk C-gahB
BRAVEER A FHT RS, 2 ERRAR
AT AL I TSRO TR . BV I 25 R,
5 26 B ) B = 1) — RN C-gahB-17, HEEIE /18
3.11 UmL, NFUBCK B2 H-gahB-20 FEEIE /111 2.32
. SRR YIFIH CRISPR/Cas9 FEARMIEHIK S
AN gahB Fk bk BRI B FRAIKT-

a 40r
351
_ 30t
-
E 25f
=)
< 20t
R 15k
2 10t
0.5
OO 1 1 1 1 1 1
0 24 48 72 9 120 144 168
i1 / b
b ¢™M 1 2 3 4 5 6 7
D g
10— e —
55-’_ e — — ——
30

[E 4 FIF CRISPR/Cas9 HY4E{LTF (C-gahB-17) F[EI&EZHTIE]
HOBESE RN SDS-PAGE 347
Fig.4 Enzyme activity and SDS-PAGE analysis of
CRISPR/Cas9-transformant (C-gahB-17) at different
fermentation times

vE: a: C-gahB-17 X845 24~168 h BE Al th 4% b:
C-gahB-17 X B£ % 24~168 h (kid 1~7) L& & & 4, #id C
HE EREEF 96 h LFEA LT, M A#26616 & & Marker,
LAEA A B8 RGP ELE.
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Vg FLAR i T 7 36 73 1) 1) T 175 7 o v 1A B A PR
C-gahB-17 HHTREMAREE, TS Bt i g s 77
ESEARKOT (B 4). BB R EH E L
Pk C-gahB-17 K% 24 h 31| 168 h HIEEE /190 5 45 F- 4
4a fi7n. BTN, C-gahB-17 M5 24 h TS /1
a6 EFE, HAAEE 48 h A SR BT, 55 96 h IR
JIEBN KM, RS /I8 3.56 UmL, BfSRGE
FIFEE N B, Fikbk C-gahB-17 K% 24 h £ 168 h (1)
A KT 4b AR 308 C NTE E RS 96 h
FEEA%, 518 EXHEAR] C-gahB-17 R M H
MEE AR TLAENFTEM E, BIEAMNE 72 h FF6
AR HMPZHT, 55 72 h FIZE 96 h 25N i, 58
120 h FFUf 5 OB R, XSRS e 45 H —
. & 3 5& 4 L, FTUA R A A A CRISPR/Cas9
FRIAT ) R M B A BNk C-gahB b8
TSR Ak H-gahB B A = IBHE /7,
H. SDS-PAGE £ [ Hiyk 1 B )8 A 4k B B

23 BABMERE AR E AR ARTP %78 fitk

BT ARTP 528 HARSE SR 564 F T L3RS
—EMIERAS, U B AT IR A S e e &
FEE AL T C-gahB-17 #H{T ARTP %48, LUAZR
13 BA T A LS I B E b . {8 ARTP-M 5
AR E PGHAT AR b IEAE SL R (]2 5019 04 30,
60, 90. 120. 150. 180. 210. 240 f1270s. f5TFHK
K R U B R R TR B, A SO A 2
(E5). B AR, BihESeEA,
7E 0~60 s Z [AIFFER FFHER, 60 s B 30T
T 50%; MFAREN 150~180 s Bf, HPERILF]
90%~95% 8], 4RI A 270 s B, BIEARAZE
100%. T MEIEHLE 90%~95% 2[RI 7] BEA 5 %
MIIEZRAS, RILHiRE 150 s NERFARE, HA L
BRJSFRERRBEEIRAT TR . B2, PRHUR A el B
TR BRI AT K. WS e 45 R EOR,
RAGKR A-gahB B A B2 BENHE 71, AR
6] B 3% 1A — € 2200, FA S s i — R
A-gahB-7, HEEiE 1N 416 UmL, HH K Bk
C-gahB-17 MIBEIE 135 17 0.17 5. 255K, FIH
ARTP FEAFAR T LIRS B T SRS oK &1
AL gahB B FIAFH Ik

100

80+

60 -

BHE | %

40 -
20

i 6|0 1ﬁ0 1é0 2;10 3(|)0
FHARKT A / s
[E 5 ARTP FEBMAIBIIE R Lk
Fig.5 The lethality rate curve of ARTP

24 EHARID DB AL

PR 2 R b 25 I 0 25 P S R 1 P A
FEERZNT T S B lE gahB BEAT4IML. K
Ak H-gahB-20 DLAEALRE C-gahB-17 @47 &%,
AT FEERZ MRS R BEIL RS gahB (£ 2).
Zo B AN AT AL A Z G gahB 119 LU
EET 40.63 Umg. [FEIEN 31.98%. ¥k
H-gahB-20 5% {bFk C-gahB-17 K5 96 h 4kl )5
[¥) SDS-PAGE %5 [ Hik 45 SR ILIE 6. MBI HF AT LU H,
FEAL Pk H-gahB-20 UL 511 B 12601 o0k . it
Pk C-gahB-17 Zli4LHT /511 SDS-PAGE & [ HL¥k H 1
B A4 B S DT BB AL AT S R R AR
Al A JE AR HE R E T AR B TR H R

H#2H gahB.
M C 1 2 3 4
o [
100
70 - —— —
55T - — C—

40—

& 6 AEELFZES gahB AIAEIL
Fig.6 The purification of glutaminase gahB
E: C: BEABE96 h B, 1. $44Ukk H-gahB-20 X
B2 96 h Li#Regsbibttsn; 2: 4104k H-gahB-20 X8 96 h £
T 3 FHALHR C-gahB-17 KB 96 h L e sitbttss; 4
Ak C-gahB-17 £ 8 96 h Li#7&; M: %&¢ Marker.

R 2 AEEEES gahB LB LA RAVAL
Table 2 Purification of gahB from culture supernatant

s TRk BBEEHU  EEAREMmMg  WEEE/(Umg) ECE% ik
el 71.1340.75 187.09+0.26 0.38 100 1
BAEEREN  22.75£0.60 0.56+0.08 40.63 31.98 106.92

131



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.9

2.5 EHAAB R B RAR

2.5.1 BEAT gahB BaE #9730
BEEIRE T, EA gahB IS J156TH

BHARFIEHE 37 CHIARIR R, bE/5HEA gahB 1)
B v (0 B8 o R B B T N B (] 7a) . B4 gahB
7£20 C & 60 °C X [a] N AHXSBERE JI7E 60% LA 1, 1
7E 70 C AN B S GE TP 42 30% A o Bl E A
gahB X =il UK . b 5 K 2 A 2 e gahB 75 1
IR FE T ORIRACER 2 h 5 o RS 77, R EIEH
gahB KR EREEMLZL (B 7o), HEA LG E
2H gahB 7F 20 "C % 40 “C {73 B X 8] P R e AT
TRA7 2 h J5 T ALREF 80% LA L (AR B o 110 243
22 50 CHP A B IGE T P2 0, BB #EZH gahB
X el U

a 120
100
80 -
60
40

HAXTERE 77/ %

20

0F

R/ C
120 -

on

100
80}
60 |
40t

HAXTERE 77/ %
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A/ C
& 7 \BEXT gahB BEE RIS

Fig.7 Effects of temperature on the activity of gahB

M oar REREANE; b BEAREMHENE.
2.5.2 pH %t gahB B&7& 71 49%57%

a4 pH [F+ s, H4 gahB MIBRS J1JcTt e, B
B IS pHAE 7.0 BHA R 5, Pl )5 B4 gahB G
JHEBEA pH (T T R (1 8). 41 gahB 76 pH
{8 5.0 2 pH 1 9.0 X [] AN JI7E 60% LA L, i
WA NGRS gahB VR, 7ErPIERAE TG
NIRRT, HERTUUEHEH gahB 7E pH {H
5.5~8.0 ZIAFEEMERLLT, TRAF 2 h Ja AT AGREF 70%LA

132

AN BES 17 o 7E pH {H 4.0~9.0 2 JA] ] LLEEF 50%
PL AR 77, B BB 40 gahB ) pH F e M UT

120
100
o\\° 80 /A-\-
E 60
o
= 40f
m
20 +
0 1 1 1 1 )
0 2 4 6 8 10

pH
[E] 8 pH % gahB & HIEIE/

Fig.8 Effects of pH on the activity of gahB

253 435 TAF gahB Ba7E 7) 690k
FERRERIBE R SR R R, I 5.0 mmol/L AN

&JRET (Ba®. Mn™". K. Mg*". Ni*", Co*". Ca*".
Na's Zn®'\ Cu™"), WESEE TRt (£3). 4
RKH, KX gahB MBS RN EABIEER, f
FETHZ) 20%MAHXTBES 7). HARESJBE T4 gahB )
B 7738 AN R SR EE (I A, ok Zn® R0 Min®"
I o 2

* 3 EBRBEFXIAIL gahB BHEIHIFND

Table 3 Effect of metal ions on the activity of purified gahB
2/EBT  RE/(mmol/L) ABXTEEE /%

x4 58, - 100+1.06
K 5 122.01+3.91
Na* 5 97.87+3.77
Ni** 5 93.25+3.02
Co** 5 87.82+1.58
Cu* 5 80.09+1.30
Ba?" 5 78.17+1.03
Mg* 5 75.93+1.55
Ca*" 5 70.82+0.96
Mn** 5 51.3242.11
Zn** 5 40.012.61

253 3HIREX gahB BeiE /1697508
FEFRUE P SRR Z N, A 8] 5T & 43 2011

NaCl f#5[Nifk 2 NaCl R &2 EN 0%,
5%+ 10%- 15%-+ 18%, WMtk gahB i £h

(E 9. g%, BEESRTESET LA, gahB
(IR 1120 N R, ME RS0 10%H gahB 1)
A 80% LA L HAHXIAGE 1, ks BT 15%
i, FXTEEE 1A S0% A AT, 4R R Sk
18%H}, gahB {NFIH 35.38% KA S /7.
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Fig.9 Salt tolerance of gahB
3 Lhip
e /E v RIFE A RIATE T, BA KRS
IR IA E 71 A S AR SR LRI RE B R 48, &

BB T 2 Mg d A A e . Bl E R AR HL-1

(AkusA. ApyrG. AglaA. ATEG. AaamA) &AL
5% B FMEM ERERIEE, BT R T 2ARIE
RS S PEES glaA. TEN S aamA, 13
R RAEFRIR SR IR (1) B A B 4 . R %1
¥, AR LN T HAHKEER gahB £
A. niger HL-1 HEHARIA, Fr3EE4LT H-gahB [
RIS 7k 3] 1.35 U/mL,  Fiid 26 8% e iR DL A,
FLAR R BEESL T MRS E M . @
CRISPR/Cas9 AL AT NG 1) B 2H R IK , HE 7
i£% 3.56 U/mL, £1°4 H-gahB [¥] 2.64 1. F|f] ARTP
5728 AT B 2H A R A T 5 A R A 21 4 I e
HAWHKRM R A-gahB, HEBEEETE /114 5
4.16 U/mL, Lt H R BBk C-gahB MBS /13 s 7 0.17
o itk fE R E A gahB M LLEFVEILF] 40.63 U/mg.
H 2 gahB HIHGEILE N 37 °C, HI&E pH EN 7.0,
HAE 20~40 C K pH 1 5.5~8.0 Z [Alfa e MERUT . 24
i S Sk 22 &2 B PR N 5 mmol/L I, KX
gahB MIBEE RGBT, Zn® R Mn® %
gahB MBS /IR IA RO RZIIHIER . 43R0
EHCN 18%),  gahB 117 35.38% HIAHXS BgiE 77 -
2R LRI, AHE IS — IR AE Sl B S T ORI TR
% RIB40 HI A MLl gahB /i dkik, ALtfE
XK i B A 2 It R g T Fe At 1 LA
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