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BB . I e RO R R A T ER R . AR
Fral . GEFI RN RERE , BRIK AL T T R
J (http://www.cazy.org/) " W H 52 BB 3= E 0 N
B-H &% 2 M (B-mannanase, EC3.2.1.78)F1 B-H
#% BT ¥ (B-mannosidase, EC3.2.1.23). It4h,
B-#8] 74 #H 1 (B-glucosidase, EC3.2.1.21)., Z MWt
H &% B WG I (acetyl mannan esterase, EC3.1.1.6)
1 a2 FL M B (a-galactohydrolase, EC3.1.1.22)
SRS 5 H R RO 3 A Y R, o
B-H 5% FRMH W e OB Y — FlUK il , B LANY)
JrATWr 2 R0 3% B B-1,4-0 R, (LR
fitf B A AV SR B PR, R ARDIERI A i 45Ul
LBV, B, AR R R i H e SRR i RE A RO
PR 8 R PUE FAER, HA U IR R RE A
AL BT AT T AU AT I . FLER TR 5 A 2 TR
PYIEEE , HA WA R SR LA S
18 PR

B-H 8 AR IEARZ , | I AFAE T RUEY)
WYY . RIS F L e A
R (R 5 1B 0 2 TR SR LA L T %) 0 8 i Ak A
BT BT |« BEK AR A FHAILEE DA S i 56 IR o i A1
PR FRIRAFE T o [ N AR SR e S A
WG T 20 4t 70 4EUKR, Wi G2
RI 100 R GE DI Rets - A T R, (245
ME . BRI S . KPR e s
A B 2R AT T8 (Bacillus subtilis) . i 2B i
I (Pseudomonas aeruginosa), XL F Y 1 5 &
(Aspergillus spp.). WK AKEE(Trichoderma reesei)
TR B HR 1 5% 55 T (Streptomyces spp.) 357, 8k
1M, H AT E i i H 8 SR 1 M DA ] I 12
Tl A7 Xt WG A L BONEIR AN pH AF 22 Y
BOR, ANRENH B S Tl AR 7 SR ok o BRI,
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BRI AR Tl A= 7 R P 3R B e v P Bl R A
R P ) T ) AR SRR 5T N B R TE B A A

= PR M5C(Thermothelomyces thermophilus),
IH#R %8 4 22 5 (Myceliophthora thermophila), J&
— MR T RERC, Rl A K20k 45 °C,
HASBORIE4EREMRAE T, T Tzt R
T BB K P B P Tl B PR 0 IR, AR5 A
AR v BT R R AL Mmanl, F|
TR BB R IR R G AT SRR GA, o4
F1F Tl 2 P 5 A A A B R P 2 A 5 AT
B, A TR AT T A 550 ) BF i S ST B

1 PRI

L1 SERFPR

L1l R SR B PR A5 R g i 22 5
(M. thermophila, CICC2441)JF CICC B {4
s ;s KIBFFH (Escherichia coli) TOP 10F AN 5L
=R AE; FIKEIK pET30a(+)) T Novagen 2o
Fl s ZER A pPICIK 3K TE £ Pichia pastoris
GS115 (his4)¥ A Invitrogen /2> #), BB RNA 32
WM B B s @l A e st 248 A\l s T4 DNA
L H TaKaRa 23 A ; 2xSuper Pfx Mastermix
DNA REGHEE AR A W s RGP IR N
DIEGH PNGase F g H NEB 2], RABER
(kanamycin, Kan). FURLHEEGAF & 40% 059 4
T Fie /B SCORU PR 445 TBE i (29: 1) 00 A g A T8
Al 5 PCR ™ HyafifbiaGn & . B o &l A
Axygen AN H]; ZRBECYIE A Sigma A7l . LB
(Luria-Bertani) .
dextrose). BMGY #l BMMY 3% Bt i 2 BE SC
BRI10THY 5k o HoAt Ak 2750 g oo dfr i, W9 A 1
MR T

YPD (yeast extract peptone
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1.1.2  F EA{UE$: Mastercycler Pros PCR ¥
(Eppendorf) . Centrifuge5417R (Eppendorf) . DY'Y-12
R L Pk A (b i — 22 F]) . PowerPac™
25 F HL K1 (BIO-RAD) ., NanoDrop 2000 #Afi &
43966 BEHH (Thermo Scientific) . BioLogic LP JZ#r
1 (BIO-RAD)%

1.2 ENESFIT

Z IR UH G U DR U PR 7 B RNA, 2
J5 S 5 384% cDNAL AR NCBI $cHis 2 i i 1)
B MR M2 GHS St [H J¥ 4] (GenBank No.
XM_003667358)Btit 5191 (% 1), LAEHmR L5
cDNA M#iHz, FIFH MtMAN1-EcoR 1 /MtMANI1-
Hind 1115|913 34 315 1% FE B il [ 152 HE (open
reading frame, ORF)F4, w4 N Mtmanl, ¥~
B4 AL S HEA T XUREY), 4 pET-30a(+) 8k
J5, L TOP 10F & Z S EAARYNM . FI
T7-F M T7-R 5|9 TR PCR ik FHIESL AL
T 2B pET30a(+)/Mtmanl ki, % FiEET
25 ) PR BRI

F|H SignalP5.0 (http://www.cbs.dtu.dk/services/
SignalP/) Fi il =9Ik, % F] DNAStar Lasergene 7.

Basic

MEGA 7.0 B4 FIEZ T H. ClusterW (https://www.

48 FE R H X A
vt AL W 4> #r, Al A Pfam  (http://pfam.sanger.
ac.uk/search) 7M1 2 145 #9348, F]FH Swiss-Model
(https://www.swissmodel.expasy.org/interactive) X
MO AT AU L, Al A NetNGlye 1.0
(http://www.cbs.dtu.dk/services/NetNGlyc/) 73 Ht 25
F1N-BEEAL

1.3 Mtmanl Te 5 RBERE R IE

FIH mMtMANI-EcoR 1 I mMtMAN1-Not |
SI¥P 8 pET30a(+)/Mtmanl J5RL R4S Ik P
Y| mMtmanl , 2 EcoR 1 Fll Not 1 XY, EH# =2
pPICIK Hh, WV vg R J2 %5 Jrikfm] b A Bglll
Xof E 20 Tk pPICOK/mMtmanl HEATEEAL, i
(1800 V, 4.5 ms)& b e AREERE GS115, I MD
FEFR 3 (1.34% YNB, 4x10°%4EM%, 2% %5 1)
i v B A LA o SR IR ik i B B R K]
H, A A o-factor/3’AOX 1 mMtMANI-
EcoR [ /mMtMANI1-Not [ 5|95 uF 5L T
Z I A, R 0.5%H R S
H R T E GS115/pPICIK/mMitmanl 96 h 53
WREEHEN, 24 h BUREE FIEWH T
SDS-PAGE 73 #7 S & e A

genome.jp/tools-bin/clustalw) #F

F1. KARETAMSIY

Table 1.

Primers used in this study

Primer name Primer sequence (5'—3')"

Purpose

MMAN1-EcoR I
MMAN 1-Hind III
T7-F GGGAATTGTGAGCGGATAAC
T7-R CCCCTCAAGACCCGTTTAGA
mM{MANI-EcoRT CGAATTCGCCCCTGGCCGTTCCAA

CGAATTCATGCGCTGTTTAACTTCAAGG
CAAGCTTCTTCCGACCACGGTGATG

Full-length cloning of Mtmanl

Validation of E. coli recombinants

Amplification of Mtmanl mature peptide

CGCGGCCGCIGTGATGATGATGATGATGICTTCCGACCAC

mMtMAN1-Not 1

GGTGATG
a-factor TACTATTGCCAGCATTGCTGC
3'AO0X GCAAATGGCATTCTGACATCC

Validation of yeast transformants

% restriction sites were underlined and 6xHis tag was boxed.

http://journals.im.ac.cn/actamicrocn
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1.4 FE4ALS XA

W53 5 1Y L T IS WCT 4 °C L8000 g .0y
15 min, B % F HisTrap™ FF #1:(GE Health.
Bio-Sciences)i#E 1 135 FJZHT, 20-500 mmol/L Bk
B BE I B AR 11 . 2 5 , # A Millipore Amicon”
Ultra @SR 22 0kme , afifb 2 1 75 2kl .
FH WAL B PNGase F (1 UYL 3 MIMANT 75 [
(10 ug), 30°C 5 1 h J5HT SDS-PAGE 4#fr
1.5 AR AT

(1) &M E < DURIRE &2 R e, R AT DNS
SE MR U S R SRR TE . RN AR R
15 uL (0.2 pg, FIE)FT 60 pL 0.5%HIFE 5,
70 °C ¥ 10 min J5, JIA 75 uL DNS 57, 7
BIE T 99 °C 5% 10 min, XA EFEE,
FE ODsyo WOEME , 5 4 4708 [ R, L 99 °C
TR T B AR 1 R A Rl g A A
T, & min FEMEYAE K 1 umol I8 JFUAE FIr s 22 1)
fitg it 78 SO — A BHE BAAL(U) . K Bradford %
s 2R Pk et

(2) fil pH: 23514 pH 2.2-10.0 B2 1Pl
(FP R /W 2 2% v pH 2.2-8.0; Tris-HC1 2% Ml
pH 8.0-9.0; H & /A F AL 81 2% i pH 9.0-10.0)
Ll 0.5% AR G , #5 b ik K2 A4 R A f ik
SN BE R RN 10 min, 05 - 5 OB BTGk
PLfGE pH F RIS YE N 100%, 454 pH &40 F
PR R X T o

(3) i it B« W el S pH BC R B S
MtMAN1 HEFHRG, &% iR RO R 55 8T
40-100 °C, pH 6.0 FJz i 10 min, 5 H &5 R Mk
Mg . DAIRiE I T ITE T 100%, THEAS
[Fi) 3k 85 P AR R

(4) pH e . 435K 15 L A pH 2.2-10.0

actamicro@im.ac.cn

M ZZ phl e B AR (76 25 °C TR SE Lh, ZJ5
Sy A 60 pL 0.5%RI L &1, 7E i S A5 1
T R RO B M L DA AL BT A TS N
100%, 154 pH ARSI Bk A5 M

(5) PuaE M ¥ 400 uL ] pH 6.0 28 mPi e
TS 140 9B T 60-100 °C FH¥HE 1h, T 0,
5. 10, 20. 30, 60 min HUFE 15 L. ZJ5, 439l
I 60 pL 0.5%HAR T JE , #E5cid 2 g % 44 T
SE T RSP . DAL PRET A BT  100%,
THEEAS [ B A 5 i 5 A v 1 o
1.6 JRYE W53 1¥SHNE

A3 BB 0.1-15.0 mg/mL 1 H 52 Sl #R
SR AR HERE . TURER) . I BRI
MALER RV BT YR . MM 4ER)RY, 1
70 °C, pH 6.0 T JZ i 10 min, % H &5 RIS
% . F|H GraphPad Prism 8 11 K X Vinaxo
1.7 RARUTRE R T

B 4iAL 5 1 MIMANT (29 30 pg)4> 51T 60,
70, 80, 90 °C FH¥#& 0.5 h 5/ 100 °C FHH
1-24 h, 4°C, 10000xg £.L> 10 min, SDS-PAGE
Gl I RT A RN DIl R = = I [ i o I i 78
(circular dichroism, CD)Fl IR 2% 7 Hr #ab
R R A R AE B . i MOS-500
[52] — {4,ji%{ (BioLogic Science Instruments, Claix,
France), ¥ ¥ T 2 mmol/L HEPES %% ik 1Y
MIMAN1(# 0.1 mg/mL)7E# K 190-250 nm &
PE R M R o LIRS IR 1N
FH4: Xt B8 . | A Dicroprot (https://dicroprot-prabi.
ibep. fr/) T a-MBUIE | B~ B Bl AN JCHL I 3 9 HE
il FIHZE AT F-2500 (Hitachi, Japan)
FEWUR A 277 nm., RS 300400 nm i [
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PRI 2 48 AL B A AF T MEMANT 25 14 8 96 66 1 Al
I KBS
1.8 £EBEFX MtMANIT E 2T

W5 A T e 2 1149.(0.05,0.10 ., 0.50 . 1.00 mmol/L)
14 J8 B 7 (Fe*™ . Ni*", Cu®", Ca®", Mg*" #ll Zn*")
5 MtMAN1 7£ 37 °C & 1 h, WlE &Rk
MG v, DAL PRATAIRETE S 100%, THAE T4k
PR P FR AR TEE

2 SR

2.1 Mtmanl ZETLES P35 5H

ME M ALTE cDNA P HE—1 ORF K
BEh 1230 bp WY Mitmanl 3 [H (GenBank No.
QMV47764.1), 4% 409 N FEmR, HH AT 20 4
G NG Z KP4 . FIH Pfam Fl Swiss-Model
L T H A i R B 1 8 TR K il i GHS
K, B FEIAL R (Blo)s RS HIFFAE,
WAL R L Glu203 AT Glu320 (& 1),
MtMAN1 5 Berka 450 F Ho 40 SRR 4 2 v 4k
15 3 AR 1 75 (T thermophilus ATCC42464) 1Y
GH5 % 1(GenBank No. XP_003667406)A8 1 ik
98.54%, (HIZ K 1 I BEAR B AT . KA1, MEIMANI
55k A J& i85 (Humicola insolens) Y1 B H &% 2 b
fiti Man5A (GenBank No. ADZ9930 1)/ AH L Ky
83.82%, HIEZ K FRIIE(E 2).
2.2 MtMAN1 HEAERE

SDS-PAGE 4r#7 @7~ , B F BETS 3 06 [A] 1
., R EIEWP MIMANT & R E B E T
2 0.5%HEEAES 72 h 5, BiHFWPEHAEAR
WEN 0.15 mg/mL, B4 MIMANT & 5T
W20 60 kDa, B Z IR 5> 11 44.1 kDa A T

1. MtMAN1 Z#HZE/H 5

Figure 1. Three-dimensional structure prediction of
MtMANI1. Three-dimensional structure of MtMANI
was established using SWISS-MODEL and poteintial
catalytic residues were predicted using CLUSTALW
align to the Humicola sp. Y1 B-mannanase (GenBank
No. ADZ99301).

T, SR B B 6 1K O EE 240 MEMANT 2R 1 & 2E B
JEAEM T E(E 3-A). FIH LWL PNGase F 40
M5, EASTFEFEMKEY 50 kDa (K 3-B), #
BB AT N-BEEfE . B T HA B s,
Asnl114/337/368 £¥4 N-HEHALAL S(N-X-S/T)%¢
i, WIRER 4 N-FESRAL B

2.3 MtMANT B2 R A#r

filg 22 VE A AT R (D 4), MMANIT [
i B R pH A 2350 6.0 F1 70 °CL XA TE
80. 90, 100 °C FEFIEHESHIZ 70 °C M
(81.01£2.60)% . (74.03£6.94)%F1(46.60+1.75)%;
1E pH 5.0-8.0 FACHHE 1 h 7 REfREF 78%A F 3k
A AN, MIMANI 76 60 °C F+20Fa &,
AEFR 1 h 5 LT R 100%75 M. (A5 =
J&, 16 80, 90, 100 °C T4t 10 min )7,
MtMANI1 {564 47(68.23+7.47)% . (56.01+5.69)%

http://journals.im.ac.cn/actamicrocn
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0.2

(ilj Aspergillus niger endo-1,4-p-D-mannanase (AEY76082.1)
0.2
0.2 Penicillium oxalicum mannanase (AGW24296.1)
0.3
0.1 ‘' Trichoderma reesei p-mannanase (AAA34208.1)
0.2
Gloeophyllum trabeum ATCC 11539 mannanase (EPQ57046.1)
—'1 - GHS fungl
02 - Phanerochaete chrysosporium Man5D (ABG79370.1)
g 0.1
Humicola sp. Y1 B-mannanase (ADZ99301.1)
.0
MtMANI (QMV47764.1) <—
0.1 0.4 0.0
Thermothelomyces thermophilus ATCC 42464 Glycoside hydrolase family 5 protein (XP 003667406.1) _J
Bacillus circulans mannanase (AAX87003.1) 1
Cellvibrio japonicus endo-1,4-1 5B (AA031760.1)
0.2 .
Streptomyces lividans 1326 mannanase (AAA26710.1) = GHS5 bacteria
0.6
Streptomyces thermolilacinus B-mannanase (BAK26781.1)
Thermobifida fusca TM51 endomannanse (AHB89702.1) _
12
Alicyclobacillus acidocaldarius endo-B-1,4-mannanase (ABG77968.1) } GH113
0.9 -
04 Cellvibrio japonicus Ueda 107 endo-1,4-B-mannanase man26A (ACE82849.1)
04 0'3 Bacillus subtilis -1,4-mannanase (AAV84100.1)
0.5 - Pantoea agglomerans endo-p-1,4-mannanase (ACN30272.1)
L 03 o - GH26
0 ——— Paenibacillus sp. BME-14 f-1 4-mannanase (ACS92711.1)
1 .
Caldicellulosiruptor saccharolyticus B-1,4-mannanase (AAC44232.1)
03— 03
0.1 Dictyoglomus thermophilum B-t (AAB82454.1) |
—
0.20

2. MtMAN1 25 & BT
Figure 2. Phylogenetic tree analysis of MtMANI. Phylogenetic analysis of the amino acid sequence of
MtMANT1 and B-mannanase from different family sources. The phylogenetic tree analysis was constructed using
the Neighbor-Joining (NJ) method using MEGA X. The number near the branch line indicates the percentage of
reliability of the branch in the test (Sequences were all from GenBank).

A B
(A) kDa M 1 2 3 4 5 ® pa M 1 2
130 — & 130 —
100 — &= 100 —
70 — —
| 70— - < MtMANI
50 -
50 — e < Deglycosylated
35— ..
35 — - < PNGase F

25 — w——
25 — -

20 — - 20 — -
10 — W—

10 — .-

3. E4 MtMAN1 ERRIESEBEEL S

Figure 3. Expression and deglycosylation of recombinant MtMAN1. A: MtMANI1 in culture supernatant of
recombinant Pichia pastoris. Lanes 1-5: samples obtained at 0, 24, 48, 72. 96 h. B: deglycosylation of MtMAN.
Lane 1: MtMANI; lane 2: deglycosylated MtMANT1; M: marker.

actamicro@im.ac.cn
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>
R
2 60
o
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[5) A
2 5ok o
0 0 . . . . R
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>
A
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4.
Figure 4.

thermostability. Data represent the mean+SD (n=4).

1(14.91£2.92)% 5% X 1EPE, /8 MIMAN1 J&

—Ff pH AP TR B

JRPIEE T BR(GE 2), MIMANT AL
BRI K T Vinax 735118 4.28+0.73 mg/mL

Enzymatic characterization of MtMANI1. A: optimal pH; B: optimal temperature; C: pH stability; D:

F1203.9£14.61 umol/(s'mg). [[ K, MtMANI1
Xf B S AT — E 1Y R AR RE O, AR T R BT
R RR IS o R SROME AT A = WA i
e AE H .

% 2. MtMAN1 FHZEEH
Table 2. Kinetic parameters of MIMAN1*
) ) keat/ Kin/

Substrates Vinax/[pmol/(min-mg protein)]  K,,/(mg/mL) e/ (1/8) [m/(mg-s)]
Mannan Locust bean gum 203.9+14.61 4.28+0.73 150.2+10.76 35.07+2.51

Konjac gum 49.45+5.04 3.94+0.47 36.41+3.71 9.24+0.94

Xanthan gum ND ND ND ND

Guar gum ND ND ND ND
Xylan Beechwood xylan ND ND ND ND
Cellulose Carboxyl methyl cellulose ~ ND ND ND ND

Microcrystalline cellulose ~ ND ND ND ND

% kinetic parameters of MtMAN1 were determined using 0.1-15.0 mg/mL various mannan substrates. Data represent the mean+SD

(n=4). ND: not detected.

http://journals.im.ac.cn/actamicrocn
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2.4 PRI G557

W PRI IG /BT MIMANT 4 a1
AIRLR B, 4 60-100 °C 4bHE 0.5 h J&, 4 RZH
MtMANI1 {734k F o] %R A (B 5-A). 7E 60-90 °C
TAbFE 0.5 h JE 9O EREERVINE 5-B), FREHZE
At . KR EITE, Trp FRALSEE @I NGk
PRI S R 2l , 12 1 2 S AE R MK IR v o SR
WA N ER R R ERKEAESE, il
340 nm.MtMAN1 523 GHS5 S5 ML 14 (B/on)s AR
SERIRHE, F 5 2 o8 (E 1), St

A wpa M 1 23 45 6
)
150_:-'.
100 —
70 —
- e nues
50— -
35— -
25 — w——
20 — —
10 —— w—
©)
151 —CK  —60°C —70°C
A —80°C —90°C — 100 °C
_ 10 ﬂ\\\\\ 80 90 0
o
= 5 \1
;E O \\ 1 1 1 1 )
g 2 210 220 250
PSP\
a No—
~10t
-15t
& 5.
Figure 5.

(D) Helix

PG, SEEAP o-1R2E H 5 [ R R (27+3) %,
60-90 °C AL BRLH 43 3 M (25+1)% . (24+1)% . (25£1)%
H(2242)% | A KA B A (] 5-C fil 5D), $2
INEE 0 TR TR B s RS . X S
A SCHER E PRI 45 A — 3, BIZ: 70, 80, 90 °C
b3 0.5 h 5, MIMANI {5 {5-55(66.29+7.35)% .
(55.59+5.85)%H1(15.15+6.20) % BATE L& 4-D). 4
TR E 100 °C B, o-1BU5E L f B 2% T R
(P<0.05) (K 5-D), FHAZE M 2™ EmALIR, 154
6421k (8 4-D).

—60°C —70°C
—80°C —90°C 100 °C

360

B) =500 o

400
350
300

340

330

200

Maximum wavelength/nm

320
CK 60 70 80 90 100
Temperature/°C

100

Fluorescence intensity/(A.U)

0 . . . .
300 350 400 450 500
Wavelength/nm

B Sheet B Coil

Composition/%

0.0

CK 60 70 80 90 100
7/°C

MtMAN1 EARELRE TR FEHES RMAR S
Aggregation and conformational analysis of MtMANI1 treated at different temperatures. A:

SDS-PAGE analysis of protein aggregation. M: marker; lane 1: control; lanes 2—6: incubated at 60—100 °C for
0.5 h. B: intrinsic fluorescence emission spectra. The inset plot shows the maximum fluorescens intensity of
MtMANTI boiled for indicated time. Statistical significance was analyzed using a two-tailed Student’s #-test and
indicated by asterisks. C: CD analysis. D: secondary structure composition. *: P<0.05. Data represent the

mean=SD (n=4).
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HE— 4 K MtMANI 176 100 °C FIEHE
FIRFIE] & BE, 48 100 °C Zb# 1-6 h J§, MtMANI1
B kA RULE 6-A) BRI R LS RKAL A
340 nm (B 6-B), {HZGREE T FEIFFEREE P
o-IZUE Y HL ) B 3 R (P<0.01) (8] 6-C—6-D), 2
INEESE B ER, EWE ek, &
100 °C 4b3H 24 h J5, M DisE il G250 YL
b7 W ) P O 1107 N A1 R 2 - = I [ B
MTMANI H5G5R EERIERE M %, Y ol
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Time-course aggregation and conformational changes of MtMANI1 treated at 100 °C. A: SDS-PAGE

analysis of protein aggregation. M: marker; lane 1: control; lanes 2—6: boiled at 100 °C for 1, 2, 4, 6, 24 h. B:
Intrinsic fluorescence emission spectra. The inset plot shows the maximum fluorescens intensity of MtMANI
boiled for indicated time. Statistical significance was analyzed using a two-tailed Student’s #-test and indicated
by asterisks. C: CD analysis. D: secondary structure composition. *: P<0.05; **: P<(0.01. Data represent the
mean£SD (n=4).
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Table 3. Enzymatic properties of mannanases reported in recent years
o Vinas! Optimum Thermostabilitiy/
Classification =~ Enzymes Substrates .  temperature/ . b References
(U/mg) oC (°C/min/%)
Mesophilic Aspergillus oryzae Locust bean gum 1170 30 60/60/—60 [15]
mannanases Manl34A
Bacillus subtilis ManA Locust bean gum 2718 45 60/120/-40 [16]
Clostridium Locust bean gum  97.0 50 70/60/—-40 [17]
thermocellum CtManT
Clostridium Locust bean gum  91.0 60 70/60/-75 [17]
thermocellum CtManF
Enterobacter ludwigii Konjac gum 4510 55 60/60/—60 [18]
mannanase locust bean gum  58.0%"
Bacillus sp. ManS2 Locust bean gum  14.0 60 70/60/-40 [19]
konjac gum 179%
Bacillus subtilis Locust bean gum 1653 60 70/60/-75 [20]
ReTMan26
Thermophilic ~ Rhizomucor miehei Locust bean gum 10755 65 70/30/-50 [21]
mannanases mRmMan5SA konjac gum 53.6%
guar gum 16.0%
Bacillus pumilus Locust bean gum 2778 65 70/60/<10 [22]
mannanase konjac gum 89.7%*
Thermothelomyces Locust bean gum  203.9 70 70/60/18 This study
thermophilus konjac gum 24.3% 70/30/66
MTMANI1 80/30/56
Thielavia arenaria Locust bean gum  730.4 75 70/60/<10 [23]
Man5XZ7 konjac gum 60.5%"
guar gum 28.6%"
Aspergillus nidulans Locust bean gum  270.2 80 60/240/48 [24]
Man5XZ3 konjac gum 61.5%*
guar gum 41.2%"
Neosartorya fischeri Locust bean gum 1937 80 70/30/-35 [25]
rMan5P1
Talaromyces leycettanu Locust bean gum 3501 85 70/60/—-40 [26]
Man5A2 80/10/<10
Talaromyces leycettanu Locust bean gum 3092 90 70/60/—100 [26]
Man5A1 80/10/-75

% percentage to activity against its optimal substrate;

b: percentage to the initial activity before heat challenge.

i) Man5A1 B d5cid Sz it B Al ik 90 °C, 7 70 °C
TAEFE 60 min B¢ 80 °C T ALFE 2 min i PEJLFA
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TREERFEABA AR (E 5), RIIXZEFE 60 °C
TIEERE s 7E 70 °C TALHE 0.5 h J5, MtMANI
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Characterization of a hyperthermostable p-mannanase from
Thermothelomyces thermophilus
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Abstract: [Objective] This study aims to obtain a novel thermostable mannanase to satisfy industrial application.
[Methods] Sequence analysis revealed that the Mtmanl encodes for 409 amino acids (AAs), including a signal
peptide and a glycoside hydrolase (GH) 5 catalytic domain. Recombinant MtMANI1 heterologously expressed in
Pichia pastoris showed an optimal pH and temperature of 6.0 and 70 °C, respectively. The K, and Vy,x values of
MtMANT1 were 4.28+0.73 mg/mL and 203.9+14.61 umol/s'mg against locust bean gum, respectively. [Results] The
MtMANI1 was stable under 60 °C incubation for 1 h. After treatment at 80 °C, 90 °C and 100 °C for 10 min, the
enzyme maintained (68.23£7.47)%, (56.01£5.69)% and (14.91£2.92)% residual activities, respectively.
Interestingly, its secondary structures and maximum wavelength remained as unchanged, suggesting relatively
stable conformational structure. Additionally, the MtMAN1 was considerably resilient to Fe*" (<0.1 mmol/L),
Cu*" (<0.1 mmol/L), Ca®" (<0.5 mmol/L), Mg®" (<0.1 mmol/L) or Zn*" (<0.1 mmol/L). [Conclusion] MtMANT1 is a
hyperthermostable B-mannanase and could be a candidate for handling industry tanks at high temperatures, such as
feed pelleting.

Keywords: Thermothelomyces thermophilus, mannanase, thermostability, aggregation, secondary structure
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