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Abstract: The maltase-glucoamylase (MGAM) from the large fungus Ganoderma lucidum as the

research object, and a mutant D246A with significantly reduced enzyme activity was successfully

constructed by using methods such as homologous sequence alignment, homologous modeling,

substrate docking, and site-specific mutation. The characterization results of enzymatic properties

show that the optimal reaction temperature decreases from 65 °C for wild type (WT) to 60 C, and

the heat tolerance of the mutant decreases. The optimal pH value increases from 6. 0 for WT to 7.0,

which is beneficial for the growth of engineering bacteria. The half-life decreases from 2.0 h for WT

to 1. 5 h, the stability of enzyme decreases. The enzyme kinetics results show that the enzyme kinetics

curve of mutant D246 A conforms to the Michaelis equation, and compared with the WT, the K,, value

increases, indicating a decrease in affinity of enzyme and substrate. V., decreases to 1/4 of its original

value,
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o A AR PR 7 26 B 190 A RS S B 2. T MG AM 3 P 7 15 00 48 5 w5 s b R S B4R T % 2 Bl
BRI W3R 7 LA TR R S
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X4, AW B, i 5K Y X 5L OR 55 D- ML g 2 2L T (pNPG) X2, 356 55 ¢ il 2 3k
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Fig. 1 Terminal structure of MGAM-N/C
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R W A A AR AT H B TR S R 3 2 K AT B B AR (pET-15b-MGAM) | ik
16 £ (Escherichia coli YBL21(DE3) #1 i ki pET-15b ¥4 iy 3 AR AR Ml 2 A= ¥ T 36 M W o0 B 25 5 4 72
e [ 5 30 23 R AT

LB 352 dE . Bat o0 8000 R 0.5 00 TR Y . 10 M BRAE T R . 1 20 AL RN 2 26 1 SRR 9 .
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& DNA B Rl & 3 R o i MERE A RN IRy A R A |l s S IS R AC-B D-E 2L (IPTG)
MEREHZAmp) I A It B B R HEARA R IEAF.
1.2 U#E5EF

16 PCR Y (SureCycler 8800 #, & [E Agilent 2va)) s 4K HH KAV (DYY-11 B, $H B HL HBF 5L
CEHHB R D 5 BUIS B EE R 2 2L (WFH-201B] A, £ E GE A ; £ iR bR (L (FLUOstar
Omega B, 8 E BMG 2y )); B 3K AL IR (SE260 %, 32 [EH GE Healthcare Bio-Sciences AB 2 ) ;
A BRI 2 5% IR AL (Trans-Blot SDCell #1, € [E BIO-RAD 2 |]) ;#7540 i il 145 {X (JY88-11 AL,
VLI KA AR A R A D
1.3 A &%
1.3.1 EERAEMLENHT

FIH] NCBI $4i 2 th Protein Blast 25 #17 [6) I8 & H S A% . #I ] SWISS-MODEL 7£ £k Iz 55
£ (https://swissmodel. expasy. org/interactive # sequence) X MGAM # 17 [7] Y7 & &, | A SAVES
v5. 0 IR %5 #% (http://servicesn. mbi. ucla. edu/SAVES/? job=315211)%f MGAM = i £ ¥ 45 50 35 17 1T
4y A A COACH-D 7E 26 IR 45 (http://yanglab. nankai. edu. en/COACH-D/) %t 45 & i1 &5 &Y
pNPG #A7HI . R Auto Dock #EATXF 4% . B 22 il 5 IS W) 45 6 X 3 9 35 22 5k o7 50, 6 B2 DDA ¢
(R DR ST B3 AL i R AT 2 A 7R
1.3.2 R®EMHI kit

FIH CE Design ¥ {347 D246 v s 51901, MK FRELZLEWHTH R, 519750k

F: 5-ACGAACTGGGCCCGCGCCGCCGCCGAC-3';

R: 5'-GCGCGGGCCCAGTTCGTCTGGATGGTAC-3'.
1.3.3 REKWHHE

D) S 06 25 A A ELA #0940 BB pET-15b-MGAM R #iHz, 75 D246 A 51 ¥ VEH T #4175 48
PCR. 4 0: 94 CHiAEME 1 min; 94 “C7Z84E 1 min, 56 ‘CiB K 1 min, 72 ‘CZEMf 10 min( L) | 3 1
18 s 72 “CAAYE 10 min. K5 PCR F=H) A7 05 & 43 B 196 1% IR HL VK 363
1.3.4 EWMEEFRRAEESHAN

WRZFEHEE LM EMEZATAATERREN LBIFFRETREFE, IMAZLWEE 1 mmol/L
1) IPTG #4715 R RA. HRERE TS EMEE O, 7 LR, HIRER, S8 H 8BS HRIE
() 38 TR RD R ML . LR 28 Ni-NTA SERUZHT . AN [ e B wkme E 47 PR B8, Wi B2 4lifb ™.
1.3.5 SDS-PAGE #,

Fe SCHRL9 IXF MGAM i A 2l Ak i 7517 SDS-PAGE HL ik B i
1.3.6 BgiE Al &

HF A= B (WD) R 58 28 (R (D246 A) 19 Bl 1 1 W5 7775275 SCHk10 ], BASEEGE 3 IROFAT.
1.3.7 B MR

D FO@E iR, DIREE R 0. 01 mol/L fi§ 3 % 3£-3- D-b i 2 ZLAE 1 (pNPG) MK s 43 BI7E A [ I
J&¥(30,35,40,45,50,55,60,65,70,75,80 ‘C) F I 10 min, 5 BEI%. B BTG E LN 100%, $1H5&
A I BN IR BN A2 3 URTAT ARl A X il 3 it o R 2 ) e A

2) fxifi pH {H. UL pNPG HIEY, IMA AN pH M K (pH=4.5,5.0,5.5,6.0,6.5,7.0,
7.5,8.0,8.5,9.0,9.5,10. 0), 7EHfi ik F KM 10 min, 5@ S E XN 100%, T8 A X B i
B pH M E 3 WOFAT . B 4L B 10 5o pH (E.

3) FaE M. WU e 20 G A R TR L RS RN pH (T . SR IR RE O vA N E 2 Y
B0 I 2 (RS GE LM 100 % Z JE BERE 0.5 h SE —k, THEE AT BTG, R 8 k.
1.3.8 #HAEAHE

R E M E 3 W, F SPSS19. 0 A #1748 2= 5548 73 Hr . F Origin 2021 3R {45141
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Fig.2 Multiple sequence alignment (A) and scoring results of MGAM model (B)
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Fig.3 Optimal conformational energy diagram Fig. 4 Plan view of enzyme-substrate
of substrate enzyme molecule docking interface docking
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ASP249 F Pro250 S 5R FeAT 5 g AL X RS A7 25 s AL T RAE K Ser Ml Lys, Asp246 RAE A Ala B

» REEL AR, PR, AT ORSF H S pNPG % UJAH G I SCHEFR FE A 18 D246 A #EAT 5L — 8 s 72,
2.2 ZH PCR IXRBRITE D246A

SRR PCR 45 418 6 s, B 6 Al WL, 4547 1,2,3.4 78 8 000~9 000 bp A W BAY &, WT
1 D246 A KR B AHXS 4 7 i 5 WO — 30, 40y R B2 AR i T, TEBH 4 ik PCR SE 56 A ).
2.3 SDS-PAGE I&iF

SDS-PAGE S iEZ5 R an & 7 Wios. I 7 AT 0L, 4547 4 M B Uk 45 L, 45 2.3 &0t Ni 4
A3 B Al Ak Y AL L UK 2 . 45 SRR, AEZY 90 000 Ab R4l fk B0 H B 5, Bl MGAM & 1A S
ik, ey,
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GB TE 89
LT A B 271
BE S 299
HS E 274
FA . . EV 293
Consensfir g qt ward dp d n ygsh yl hr
K WCHGE 149
CF B F 331
CF w F 359
c WGE 333
N WESGE 353
Consensgsd I tp ss vsl yroogg ld vf sgp p v eqyg glptwqp wg gf
GB R ELEEMWNCIDLYE ARRCEFTRCE £ 209
L = 5
BE R
HS Q 392
FA LCRW » S RDET E Q 413
Consenshlcrwgy t mra 1ple mwndldly a rdft dpvsfp fi

GB: Ganoderma boninense (100%); LT.: Lentinus tigrinus ALCF2SS-7 (49. 13%); BE: Brazilian edible mushroom
(45.46%) 3 FA: Flammula alnicola (46.83%); HS: Heliocybe sulcata (45.51%).
B 5 &5 ERF 5L x5

Fig. 5 Partial homologous sequence alignment result
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M: Marker; 1,4: MGAM ML ; 2.3: D246A.
B 7 MGAM #B5 &K SDS-PAGE E Rk E
Fig.7 Protein electrophoresis of SDS-PAGE

of MGAM crude enzymes

M: Marker; 1. WT MG ; 2~4: D246A.
6 EJRM PCREZR
Fig. 6 Results of whole plasmid PCR

2.4 HERMRTEWEFEERRILE
2.4.1 BEA pH A EEE B H
TR A pH {EXF WT F1 D246 A % J7 B man &l 8 frx. M s(A AL, BEERER T, WT
?WMMAWQWW%Lﬁ%ﬁ,%%@TﬁﬁW” MU 60 CHF, D246A 23 @m%ﬁﬂ%&
R, H WT BYAHXTEGIEG J) A 35 2 100%. 2 BN 65 CHF, WT 925 [0 49 5 3k 3 5 AR A
TR T A B AT s AR 2T Y g EV&H%WTm,WWMAm%m%ﬁﬁiﬁE m
B 8B HI WL, WT i fcili pH AR 6.0, D246A (i3l pH {Hh 7. 0, LT B9 25 (8] 48 52 35 3] fe R AR
i H % AT G R N G pH (SR, RS pH (R KA R TR R I
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Fig. 8 Effects of temperature (A) and pH value (B) on enzyme activity of WT and D246A
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Af . WT 1 D246 A AH X g 936 J1 34 0] 35 60 %6 LA | ook ~w
1 hJa, D246 A WAH XTI I RE3) 50 % LR, {5 sl
G W R A X g 95 T 45 18 6000 L EL Al AL, b
D246A AR WT 4 52 i £C0
2.4.3 ABE®EFx WT f1 D246A 4 3t B 7& 4 19 % B
SR E TN WT H1 D246 A X i 1% 1 19 5% Wi 43 20 -
MEIFFRIMFE2 HFELME2 I, Nat fl K* ol
% WT il D246A (IR J1 5977 B4R . P A ok i PO I e B0 a0
(g Cu®* %t WT Hl D246 A (14 15 F1 45 B 5 (14 38 0% £ 9 WT Ml D246A HITREHE
i, ﬁﬁ%’{ c(Cu? ) =10 mmol/L i, Cu™ St D246 A Fig. 9 Stability of WT and D246A

SR, AP Fe' " X WT A1 D246A YBES J7 355 JCBis Ve ELARHR I3 8 e JE2 A A4 61 £ .
#1 SEBEFM WIAAXMEENGHMN

Table 1 Effects of metal ions on relative enzyme activity of WT %
SR ¢/(mmol -+ L™1)
1 2 5 10
Na™ 78.42+1.56 69.84+1.77 68.26+0.89 79.84+1.71
K" 70.23+£1.57 74.52+1.86 69.62£0.99 69.47+1.21
Cu*" 102.12+1.25 161.23+3.12 170.23+2. 87 171.23+2.35
Mg* " 78.8240.89 75.15+1.32 77.24+1.51 77.65+2.37
Al 69.4440. 54 71.824+1.37 85.65+1.89 92.8342.24
Fe'™" 87.33+1.25 88.91+1.68 93.82+1.97 98.46+2. 23
®2 S£EBETFT D246A HITEE N KR
Table 2 Effects of metal ions on relative enzyme activity of D246A %
¢/(mmol -+ L™1)
Lk 1 2 5 10
Na™ 78.424+1.38 69.89+1.27 68.24+1.02 79.93+1.54
K" 70.26+0. 87 70.35+1.15 68.62+1.69 69.44+1.98
Cu®" 102. 74+1.41 164.54+2. 45 170.46+2. 68 84.28+1.34
Mg** 81.78+1.28 74.324+0.91 77.2740.42 77.6240.83
Al 69.4340. 64 73.184+1.08 85.65+2.56 91.65+1.44
Fe’™ 87.32+1.07 89.93+0.59 92.84+1.48 98.44+1.33

2.4.4 HHLEF 3 WT Fn D246 A A8 3t B8 7E 4 th % H

A HLE I WT F1 D246 A FHGF BTG F1 0520 20 350 F 3¢ 3 F1 2 4. th3R 3 M 3R 4 vl UL, Rk
B HLIEFIXT WT F D246 A B AR G 1 7= AR Rl 2. 24 R 4 5,10 mmol/L B, XF D246A &
PHIER . EXF WT 23S EM. 24 DMSO #E 4 5,10,15 mmol/L K. X WT fil D246 A 5 #%
YER, EXF WT (3SR R, M ZEEHREE R 5 mmol/L i, XF WT F D246 A 34 S 06078 1 . ik
JE 10 mmol/L i}, XF WT F1 D246 A H 2 HOGAEM. 2N =B EZE N 5,10 mmol/L i, Xf WT 2%
TWEVERT, MiXF D246 A 4 HI4E .

xR3 BHAEF Wr BEEF O

Table 3 Effects of organic solvents on relative enzyme activity of WT %
i HL A . ¢/(mmol + L") i i
5 10 15 25
FP 104.32+1.63 106.32+1.28 10.4740. 45 54.95+0.68
L 84.26+1.35 110.52+1.58 96.62+1.33 60.32+0. 83
DMSO 112.45+0. 69 118.23+1.85 125.59+1.57 74.65+0. 81

N =B 107.62+1.42 113.32+1.66 118.64+0. 94 94.26+0. 88
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x4 BAHNBEFI D246A BXTEEHHIEZIN

Table 4 Effects of organic solvents on relative enzyme activity of D246A %
B ¢/(mmol -+ L") i i
5 10 15 25
H 98.23+1. 22 96.83+1.83 97.75+0. 83 100. 7240. 45
. 98.06+0.61 103.14+0. 83 110. 44+1. 49 110.84+1.56
DMSO 100.75+0.76 104.32+1. 23 101.53+1. 34 101.96+1. 89
[ 98.84+£1. 54 99.28=+0. 83 102. 35+1. 24 99. 62+0. 44

2.5 WT #1 D246A BIZh hZE S
WT Fl D246 A W2 11289 TR 5. MR 5 a0, 5 WT ML, D246A () K, £ K, BT R
25 AN FT AR, Vo AR BT 1/4.
£S5 WT M D26A I HhFESH
Table 5 Kinetic parameters of WT and D246A

T Bk 2 Y Ve / (pmol + (mL + min) ") K.
WT 6.47 1.13
D246 A 1.68 1.29

10 N SR A G R ZIE L, Kb E 10(A) S WT 55 246 7 50 Asp 5IRYS & 60 A K,
K 10(B) D246 A B4 246 sl Ala 5K &G AL B &8 10 AT UL, 56 246 i i Al P £ i i SR
ZBMRRLNARENNEAR )T . BERYESSREE AL, WT 5IRYZH 6 3 A S %42
N EBEE, D246A SR A n S AR, XATREN iz EES IR G, T4
B HARIIEAR . P MR A AR . A SR A AN AR, A R RO A AR A R R S TR BN R
T X R W ) AR R T, AT A i DT

yF v\ 4 7 \
P y , 7
( ]
)
‘ J
4 &
S8 A
i y
l
\
(A) WTSIREs & (B) D246 A 5 IR 45 £+

B10 BESRWESTEHE
Fig. 10 Schematic diagram of enzyme-substrate binding

S E IR ACSCRIFHE B B2 vk, T T MGAM (0 T % (i 44 D246, F6 0 HL 4752 5 262
RAFIAENR D246 AL XoF HF 2 AN G AR (A HEAT il VE BT R AL A 45 1 R W] . AL 1K D246 A B8 WT 50 il )
IR R ol O pH (B TR, RRE MR R R, RIS R RE, RDSRAZ RS ML) RAEAR D246A L
WT i K, K Voo AREEH /4, BRI RPN TR, FREE Ny AR 5 IR P45 & I &
BERCH A . SRS AR B 2 R G T X R 0 R R O L DL BT AE AR
MGAM (¥ i 3% A1 Toll Al R 3R {3 T BRI 5.
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