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Heterologous expression and enzymatic characterizations of the thermophilic trehalase Adb1332
from Anoxybacillus sp.
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Abstract: To develop thermotolerance and highly efficient industrial biocatalysts, the thermophilic trehalase Adb1332 gene derived from Anoxybacillus
sp. YHS0032 was artificially synthesized and heterologous expressed in Escherichia coli BL21 through gene recombination expression technology,
and its enzymatic properties were characterized after purification by nickel column affinity chromatography. The results demonstrated that the trehalase
Adb1332 belonging to GH13 29 was expressed successfully in E. coli. The optimum reaction temperature of enzyme was 60 °C, the relative enzyme
activity was still over 80% after continuous incubation at this temperature for 48 h, and it maintained highly efficient catalytic performance within the
range of 40-60 °C. The optimal pH was 6.0, the relative enzyme activity remained above 40% after incubation for 24 h under pH 5.5-7.0, demonstrating
a wide range of acid-base adaptability. Additionally, the thermophilic trehalase Adb1332 could tolerance methanol 20% (V/V), ethanol 10% and iso-
propanol 10%. Fe*, Mn?" and Cu* could enhance enzyme activity, while Hg* inhibited enzyme activity. Tween 20 could enhance enzyme activity,
while sodium dodecyl sulfate inhibited enzyme activity. The thermophilic trehalase Adb1332 was specific to trehalose, the Michael constant (K,,) value
of enzymatic reaction kinetic parameters was (284.06+28.58 ), and the maximum reaction rate (V,,,) was (0.30+0.01) mmol/(L-min). The enzyme mainly
connected to the substrate through hydrogen bonds, the catalytic sites were aspartic acid (Asp) 193, Asp323 and glutamic acid (Glu) 248. This research
provided a scientific basis for the application of trehalase Adb1332 in the fermentation industry.
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FHL GV HEAT 43 B Al Ak Je |, X L 27 Pk Tk AT R AE , DL
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Adb1332 B R 1T B i Ak, FE i A TAEY TR (i)
B 7 BN T 45 o R FH Ndel 1 Xhol N Y B 5 1 114 167 i
BHGAdb13325E [ 5 pET28a il kL i 47 WU VI I % £2 , I 44
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% ODgonH }0.6,, FifiJ5 /i1 A 150 WL IPTG% 55 (0.5 mol/L)
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1R 8 35 1 58 LR 100% , T 53 A0 X B 0, 2% %% 3% B 1) pH AR
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B Adb133275 J1 1052
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FA MLV R F B TG K B AR S TR B X % B 05 0 P 52 )
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Bl J1 % 250 ok FlpH 6.0 5 2% wh i 43 ) T ol ik 8 A
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mmol/L i) ¥ S W o 7E SR idi RN 25 1 00 2 v 4 ity
Adb13320TE I3, I 255 0 Wl b o ith 2 3 55 69 7K i
LR LAYV BE (x) R A A | 3R 38 (y) AL A
2 IR 21 7 27 2, SROK TR B R B K S R 238 Ve
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2.1 ¥ EAEEAIDI33249 R BRJF 7 o A

100— Geobacillus sp. HTA-462 (2ZE0 A)

Bacillus sp. (S2CB A)
8 Heyndrickxia coagulans (Q45101.1)

100 Bacillus subtilis subsp. subtilis str. 168 (AMB1 A)
93 Listeria monocytogenes EGD-e 5SDO8 (5SDO8 A)
P bacillus thermoglucosidasius (P29094.1)

GH13_31

86
Lactobacillus acidophilus NCFM (4AIE A)

92 Bacillus subtilis subsp. subtilis str. 168 (P39795.2)
Bacillus licheniformis DSM 13 (5SBRQ A)
10Q Anoxybacillus kestanbolensis (WP 077428374.1)
! 94noxybacillu:ﬂa\'i/hermus (WP 012575044.1)
'+ Adb1332
lOOBacilIus sp. DG0303 (Q9L872)

’j[ Pseudomonas fluorescens (QOF8X2)
i

GH13_29

99

Escherichia coli K-12 TreC (P28904.3)
1001 Klebsiella pneumonia (B6ZN43)

Lactobacillus acidophilus ATCC 700396 (QSFKB1)
IOHE Streptococcus pyogenes MGAS10750 (Q1J4B1)
Bifidobacterium breve UCC2003 (ABE96519)
Arthrobacter globiformis (D2YYD7)
Thermomonospora curvata (Q60027)
Bifidobacterium adolescentis ATCC 15703 (A1A0KO0)
Nesterenkonia sp. (AOA2U8ZSDS8)

Clostridium acetobutylicum ATCC 824 (P23671)
Butyrivibrio fibrisolvens (Q70JA8)
Bifidob ium {ol is (Q5JB42)

g i
Lacticaseibacill ihotivorans (085007)
10 Bacillus sp. KR-8104 (B3GQD)
100 Bacillus subtili (Q45520)

0.20
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Fig. 1 Phylogenetic tree of trehalase Adb1332 based on amino acid
sequence

GH13_30

100]

GH13_28




- 2026 4F 4 45 % 5 3 )

W OE RS WA 409 ‘115
ST R INERIAdD 133200 KRG K B W ILEN, ﬁg 12
e BT g A A dD 13325 GHI 3 H /K R i 5 iR 29 W1 100 -
0 B I TR T 9 AT B s ORI Db EL 3RO — A4 %, % £ 80
WA 5 3 Al Ad 133205 & T-GH13_ 2901 % % o
22 #3EFEHAADIZ326 T R F A B 5 B HhAL E 4518
PR 2NN 7 B 24 )5 >R HISDS-PAGE#A A %8 1
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Fig. 3 Optimum reaction temperature (a) and temperature stability (b)
of trehalase Adb1332
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Fig. 2 Sodium dodecy! sulfate—polyacrylamide gel electropherogram
of trehalase Adb1332

23 i EARBSAdDI33280 B 5 bk /R ZZ |
2.3.1 R X A EE AdDI3327E H i E e Y
88 0T 1 SR i A db 133247 J7 1 5 i) UL P13 el ] 3a ] E 0.
1, AE40~90 CHUFI , BEF IR 9 THG , TSR i Adb1332 E 0l
1R R B A THRE IR R 00 498 538 FE 4560 CHY .
AFLXF it 395 5 v, 1ok BH e 38 SR N7 IR 60 °C, VA 1A i W
Adb1332 1) f 3 7 il B2 AR T 16 ¥ 217 A T/ (Rhodother- 02.0 40 6.0 80 100
mus marinus) (88 °C)UVFI W i #4431k it 74 (Sulfolobus aci- pH
docaldarius) (85 °C )R I Y ¥ 5 HE 1, (A% v TR 24K 100 b
B AR 219 T L 0 7 525 SO .
Hi FEI3b AT A, 7£40~60 °C 4% 14 T 07 5 48 h, i e il £ 701
Adb133209 IR >50%, KT 1 SREAEAD13327£70 °C § .
FAF T WEE 1 DS, AE R A I R R A T <30%:; & 40 1
1E60 A f 8 7748 ik, 530 5 Adb 1 33260 49 X1 il -
115 >80% , H #h A% 5E P 5k T 9 4 5% 22 1R ( Mlyceliophthora 10 -
thermophila) V5 ) 1 6 B BEMh T (60 “CHF & 3 hig , {4 B 0 ot St & S
60% [ AE T S )RR FAR2 961 5E (Myceliophthra sepedonium) WeTETT ;!\. TETeTANY
%ﬁﬁ@&ﬂ%%ﬁel\{[(ﬁ CHFH 3 him ,112‘%%’70%5@7]‘55@ E4 gEEEEAdL13324) S & MpH (a) RpHIEE 1 (b)
REIE ) AERARWT T AR A AdD 133240 T RAF YRR Fig. 4 Optimum reaction pH (a) and pH stability (b) of trehalase
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i Pl4an] 1, bifi 5 pHAES.0~6.030 B P4 1) TH 75, 6 v A
fif Adb13323% J1 S Je i Ja T B & 4 pH H 6.06
HHE R AD13321 ) dR e, BT BRI AdD 13321 iR idipH
960, H1E4bA] 1, 7E IR 60 °C .pH 6.0k F 57524 h, ifF
PEE A DD 1332 f AH X i TG >80%; 7 TRLIE60 °C .pH 5.5~7.0
R 24 h, T OB 1 Adb 1332 4 AR X 8 55 25 > 40% ,
Ui I 365 T W5 i Adb 133276 pH 5.5~ 7.0 [] B % HL 8k
2.3.3 A ML | X 5 B B Ab13327F 77 % v

STl 5 HILI 790 %ot T e W B A b 1332455 7 A B2 i UL &S
P IS AT A TRl AR 43 500 A BILI 50T g 3 s i Adb 1332
(3% 1A PR, BB S50 Bl /E FH R, R
5% 1) RN JC 7K £ B Ak BRI | Vg 3505 i Adb 1332 114 4 X i
T8 >60% , 1M K FH 5% 5 P4 B A 35 Vg 38 4 i Adb1332
F1R) R X S <<40% ; 24 2R FH 10% A FY B sl TG 7K 2, e Ak B
T3 S 8 Adb 133214 AH X il AT > 40%, 17 43 31 R AR B
B >20% 1Y B AR 40 50> 10% 10 JE K £ B S5 TN I 3ok
FAL PR S B A D 1 332/ TS 5C i 25 R 1
T A Adb133270] 43 T 52 20% 1) F B 10% 10 e 7K £,
Fe10% 1 5 TN B, LI 3 W5 i Adb 133278 (R FL 43 54 10%
(1) H I JE K S BER IR EE b AT PRRE T 40% LA - S | {f
HAE O FEFN A R 1 & e 45 Tl A= 7™ v B AT — 2 1 g

W He,

100 A

< B
o 5%
60 1 10%
I 20%
40 - - 30%
I 50%
T
20
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e JokeEE  RAEE
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Fig. 5 Effect of different organic reagents on trehalase Adb1332
activity

234 4B HTAMNE R EEBEADIZZ2E S B PN

SR 4 8 B Ak 23 50 o 3 B A A D 133235 1 Y
o UL IE 6, Kl 6anT Al Ha? i i ¥ B B Adb1332 H. 47 B
BRI T, 24 e N S mmol/LiN il JL T 2% 3% ; 24 Co*
W 0.2 mmol/LAITT mmol/LInt | 5 3 5 i Adb 1332 1 AF X
it 96 24 > 100% , 117 24 3¢ 2 3K £S5 mmol/LIRF | AH X il 7% W i
R U AR BE (1 Co® 2> fiE 1 U7 355 M I Adb 133219 715 1,
o e P ) LR P s Mgt Ni2* K™ Na® Zn> 78 ¥ 8 0.2~
5 mmol/LINt , T 34 i Adb 1332 149 A7 X il 15 24 14 15 75 90%
ZiAq BEIAIM g Ni** K* Na* Zn> X HE s i A db 13321 75 7

SN s APFE MR B 0.2 mmol/LAT 1 mmol/LH X 16 e dfk
it Adb 133214 15 1 52 M 8/ 0N | 24 9 B2 35 31 5 mmol /LA, Af T
it % BH b T U0 BH 3G 0 — s Wk B B APTRT DA F U
B Adb1332 14 76 P s Fe? Mn® . Cu* 7E ¥k £ 40.2~5 mmol/L
B, VA 00 Tl Adb 1332 %) AH X i 3 341 > 100% , A BH i 19 42
PR, AW Fe? Mn?" Cu® ] DA i/F 1 356 B il Adb 13321
W

i El6b ] T, i I 20 B8 1% 412 1 g i 0 i Adb 1332119 1%
P ; SDS X v i i Al Adb 133214 3% 1 HA W 8 (o 4m kil 7
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trehalase Adb1332 activity
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