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FH SR AT & ™ o ) 1Ak B AR 2B H
78 Sl S M 2540, 2 15 AR o 21 4 3R 1Y) il A 2
o HETAEFE 8 am vk, (B35 18 3 H 5% R
SR, AR R B4R 4t 2R 4 21 53 m AR AR Y
oK, I RACALTE T &8 WAL N (2 27 4E 2 A
U HATAEY Ak B2 Hbr . BLH AL
H 528 JRME A 53 AN AU AT LA$E 155 K J5T 21 4 38 1 % i
P, T HH 8R SR A K AR 7 VR R g5 A DT RT DA
— R E AR AR DA ED, R
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DD H 88 RO — SRR A K i AN R] H 58
M EHEAURES, AR 4 B AR L R A AL
FRAE, H 8 RN E 2 TE 4 A K i i
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113 #1341 KR sr T GHS Il 26 0%
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(10 B A LA S~ LA B T B oz BEL A Y, R 2
ok 56 PAT 7 H 5 SR A 2ok R v i 8 1 BEL RS ]
ARG R CT . TEARRERNEE T, LBt
HE AT 1) 25 B BE A% [ o A1 2F AC SR B 5 1 K A2
T FLAZ K i ack R a] DA el A 3R 4 T R0 T it 9B ok 1)
) BERG— A e iU, SR [ 6 5 H 28 R b
Tit 1 ., T P T4 A 35 %) XL ) RE THATS R D i,
Sk 3] ) O R AT A o i — 2P 48R . A,
FETXT Cellvibrio J&H U5 H 8 SMEBE Y 707
KW GH26 25 H 8 SR MH I AT 68 M ] T 7K fiff T %%
PET 8 JRMH 1T GHS G5 ) TH 528 RO 1t D0) B i o)
FIARMEASTE M 5 R0 3t i s 20 TR R U
1) GHS5 ZKEH &5 MR A BT 2T 4k K A e Ak
thon] BEHA B B SEBR I TR, H 2 H T ER
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Iy fe g W] B 5 A 2 A oK Ak G W2 AR
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71, W —AFEREHEBIEE. 24 3 1 CBM
[ AETERT , R RR 8 A 3= B K R I ) 2R )2 e A8
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A SRV A S . BUZBERAE R
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4R 1A BA BRI 1. a sk IR
T #& RBEE IR 51 — DB 24> CBM, [HEZ
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ATEEHANAARGE P EEGR T
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& H EE R R AL A BN RERE, IR T AN
HEAL I 4 3[R A I 2 CBML 7RI XU ) RE i
AIIRE, O i 8k 2 L e Ml P ) st e A 5 A T
SR T S A e LA

1 ARR®

11 FEZHR

A HEDR b ) 2 B i A TR S BT L
WFSE LG, TP IR s bR A A
FN KR, BiEfE L 50 B, T 60 °C #LT
#% o ML (locust bean gum, LBG). JIV/R % (guar
gum, GG). LBRXTAHFEAS (4-nitrophenyl acetate,
PNPAC)Ig H Sigma A 88 H R B (konjac
glucomannan, KGM)Ig H & IE #3564 Y RH A R
THEAT . OALBEERTTT R A-KGM /i %
AISCRR[ 7197k . TLC Silica gel 60 Fasy 9 H Merck
KGaA /] . Escherichia coli DH50. #1 Escherichia
coli BL21(DE3)/~z 2 40 ffa il [ Jb 5t 15 fs I A
PARABRA A o A% FRIB TR pET-30a(+) i A< 52
W SARAE, MEHRE EMSD5 A S % (547

1.2 EHBEHRE R

LI EMSDS J:[K 20 DNA kit , Al A 4 50
SIIER D, PIEE B, &% pET-30a(+),
4 A B 2 JBOR B R B R R B A R
BeAL 2= RIKTHE PR Escherichia coli BL21(DE3)k
Fr5 T3R8 5 AR TR A, R T P e e v R UM
WHRER, #—P R Ni HOER )28 X0 M
W EE R A, AR EAE M AW
8 5xBradford Protein Assay Reagent 1t 45147
ME o
1.3 BEESARRM: R E

HERRPEREG PRI E . A 0.2 mol/L HBERR
BHZE WP (pH 6.5)BC ] 0.4% (W/V) KGM JiEY), $
LR AR R AT : FEHI(90 pL), 3d 77 B i) il
W (10 pL); WRHEIR AT 50 °C #ERA S 5 min,
JIA 300 uL DNS 32 1k g, 155 F 8
Lo WKW 5 min A, FHUKAKIES WL 1k R .
B 800 uL KF ke, ¥R2S), 13523xg .0 1 min,
Wit E VWA ODsaoo MR HEAR IR 3450540 JEOBE RS il
AT

x1. SIYBMIAAFT

Table 1. Primers used in this study
Names Sequences (5'—3")
44884-F1 CGCGGATCCGCAACAGGTACAGCCGCTGGTTTCC
44884-F2 CGCGGATCCACTTTTATGCCTTCTTCC
44884-F3 CGCGGATCCCAAGAGTCAAAGGTACC
44884-F4 CGCGGATCCGGAACATTAAAAGCGCAGAC
44884W362A-F TGCATCTGCAGCGACAGATGTATTATCTTTCACAACTGTA
44884-R1 CCGCTCGAGCCAGCCCATAACATCTTTGATATAT
44884-R2 CCGCTCGAGATAGTCTGCTGACTCTAAT
44884-R3 CCGCTCGAGATAATCAAATGATTTTAA
44884-R4 CCGCTCGAGAAAAACAGAACAGATATTAG

44884W362A-R GATTTATTACCACTGA

actamicro@im.ac.cn
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1.4 B3 1S ENE
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1.5 KE™YE) TLC 347
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1.6 CBMo65 WRYIZE G LK

FI IR ALK B 7 A CBM65 X A
KIS GRe ST, A B 5 ng, DISERE
BSA fE R X B S o DK HLIK G et F it WL
SR SR AR TR M S IR Y I EiE % . 15
F AT BSA BT K Ry (R =HRIEA A
WS EUTIE B /BSA A 5 B BT IR

2 IHREAETIRYE L R 5T 55
I 1 Re B9 HLAR Rs (Rs = H A9 2E (ATE SR 43 B i
) Ry TCIEYIRT B B S B Ry), Rs>0.95 B A
MIZEA SN IRV LS AT, i e
0.95=Rs > 0.8 W\ NiZEH S5HN Y EA 5
GEGRE ST, FRICAC4”; 0.8=Rs > 0.2 IfIA Ni%E
SR RY BA PR A RE S, Arid e+
Rs<0.2 BFANIZE H 5 AN Y B A 455 hE
T, FRIE R+
1.7 RARY K BB EH H REK gL

RARIEYK R N EARZR R 1 mL, IR
20 mg, fEHN 4000 nmol/L (&), T 37°C,
200 r/min 55 24 h. B4 H B (A-KGM)
KA SR SR RN 1 mL, YN 4 mg, M
4 100 nmol/L (&¥kJE), F 50 °C ¥ H Smin,
15871xg #4.L> 5 min, F|J1] DNS il &t bk m)
AR B

LR HME « BFET 18407xg 5.0 5 min,
B 100 pL F3EWA 2 mol/L # HC1 (G2 FAF)
W pH £ 2 J5H 0.22 pm JERSSIE . HL 20 pL
UETR L RE, A HPLC U2 FER HH S BRAR YR
MR A% FE(MARS MOA #4714, MARS
MOA 10 U, 50 mmx7.8 mm), 74 (2.5 mmol/L
H,S04), i# (0.6 mL/min), i 60 °C, ¥
RARETE] (20 min). AR B M Hh ST SR
H SRR, FRAR A BT HCL AR 58 S iy
AP OR

2 HRAAT

2.1 EHEH r44884 R HBEEHNRERE
FIF dbCAN B4 X 44884 25 [ 45 445 #hy
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HEAT IR, A5 R A N o6 3 C ol U
GH5 H & LI . 2 1~ CBM65 Z5HI
(CBM65-1/2)F1 CE2 Z BtHs B Ak Ik (B 1), AT
TR 98 12 26 1 00 T g DL R 45 B 18] A B3 [) 5%
R, MAOEGESKWIEFE BTy, 7F
C w5 20 2 B AR 25 5 AE KIG T I Rk R G rpovd
SRR E AT RIRERE
2.2 44884 HhH BR RVEER S U 2 B R RME
T Tt 448 g 38, ) 1 ) 4

W RelEE LR ALt B, AR BRI AE
N T A 2k P T2 8 s 3 O ) 8, MR 3 B
REME, AEMS I O M BB R0 . AT L
il #& < e Ak 1Y 1 58 B IKY) (acetylated konjac
glucomannan, A-KGM)ZH4fr | 44884 N3 2 M
IR BN PMER R . WAl 2-A B, 144884-WT

1076 aa
GHS5_8 CBM65-1/2 CE2

aassa-wr [N _H 77
r44884-WT W

rassavee NNSSH_ H_H
r4884MC NN
r44884-M NN
r44884-CCE {H 222
r44884-CE A
r44884-E A

u 0
Signal CBM Catalytic His
peptide domain tag

1. 44884 SR REBEEQBEREHR T
Figure 1. Domain organization of 44884 and its
truncated mutants. M: the catalytic domain of
mannanase; C: the domain of carbohydrate-binding

module; E: the catalytic domain of esterase.

actamicro@im.ac.cn

fEFF A-KGM J5, )5 b5 & ik #] 376 pg/mL,
1M >4 r44884-MC /KR JICHIET , 38 JBs Y 7 fe AL fig
K3 170 pg/mL, 2%HH 2 M HE B AL 3 A0 A7 78 X
TR GO B O E S, I DN L RB % /K A IR
Y E0 SRR, AR HE T 8 SR R 45 5 5 )
25 6, DT 42 w5 i A 250 o e T R A AL 3k
144884-CE %M 75 3| r44884-MC /KR R P, &
JOBE B R I W3 R L (AT AR U DL Gk B
r44884-WT H/KV-, 10 B H 58 SOk A1 £ 15 15 iy
[vi) Fsf Y B A7 R ISP AN J2 DA St A2 2 IR IS W 4544
HUETE O D) BE B A B8 78 43 & #4245 #h) B 0] 1) B
[FIVEF . BEAh, 98I0 A& B3 A 0 A s R S 3L
], 6 RO T8 AL 5 A2 AE [ RE R A A i &
P i A 10 AP, 7T 0K VR T 235 A Sl A 90 85 A7 A s
BT LR it [ JC A 3] r44884-WT YK
F(E 2-B)s

2.3 CBMG65 R4 A 8814017

FEAR LT R BEfR I, CBM W EEAEHZ
I 5 R RS G K B AR R
ST e T A BB, AT B v T R A g R O,
BRI TR A HLIK 0B T 44884 1 21~ CBM65
SARRRMES GRS . 45k 2 s, 24
CBM65 TLik 5HEAR AR R B (beechwood xylan) Al
TE LT YE X KNP (CMC F B-glucan)Z 5. {H
Bt H i BRI Y LBG R —E ML GRETT,
X 55 44884 Hh i #8 SR MH B AL B GHS 1Y T REAH—
. GG 1 LBG W F L ni o7 [ R =F 3L H 88 R bk
0 GG Hhp- U BE & o = 2T, AEARESE i)
24~ CBM #8 L 5 GG W% & o ik — 5 K 3R,
24~ CBM65 Xf T KGM M4 &R i 25, H
i CBM65-1 0¥ 5 KGM 454, 1fii CBM65-2 5
KGM HA —E W45 R . KGM FHERIFE i 1
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Figure 2. The release of reducing sugar (A) and acetic acid (B) from A-KGM hydrolyzed by r44884-WT and its
mutants.
% 2. CBM65 5XRERMHIEEHES
Table 2. Binding assay of CBM65 to different substrates
CBM65 CMC-Na Beechwood xylan B-glucan GG LBG KGM Avicel
CBM65-1 - _ _ + - I
CBM65-2 - . _ + N N

PR, oA/ AR, WAL
A MG, BER 2 4~ CBM6S ¥ kS
B-glucan 2545, XEH CBM-1 5 HERMAE
G ] e E PN i QR T CBM65-2 5
KGM I 45 4 2 38 2ok 5 1 58 0l B0 AR 45 4 i 5
PR . 25 1, 2 4> CBM65 Y454 5 1 v B AR DL,
H R ELA H R R RN 45 A 4 R A TSR
CBM, REMERE T 8 SO0 1 A St B W Bt ke
it i LK

& 78 HX 5B 44884 19 2 1 CBM6S
1S 5IRYEE A EL RS, -2
AREBSE S BRI . Luis 228555 5 5038 Figh
FATEAT R E T VR T Eubacterium cellulosolvens

i) EcCBM65-1 fl ECCBM65-2 25 B-glucan 4%
B SR AR LA R S 21 A 22 7 By B R
{HJEAE 44884 1) 2 1~ CBM65 H, X i i B Y 5%
B R HJRMA IR, XAl EX 2 4
CBM65 JLikgh G e L 4E R 1Y G i . IHAh,
EcCBM65-1 55 68 {ii fill ECCBM65-2 5 72 i 4%
BRI N NS 5T PR SRR L, |k
IR FEAE 44884 1 2 41~ CBM65 Hr i R gE#k 3],
FWIIX 2 > CBM65 A BEt L1 45 & 21 4k S bl
(K 3). HTFHAT CBM65 Z k3 5H 5B
SEA RO ERIE R WLARGE , 44884 HF CBM65-1 Al
CBM65-2 5 H & R 456 19 BARHL AT A 5 i
— 5%
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HICBM65-1 (CUH91691.1) -CIMCNVEESY.TSLG....VBYESVECMISAYENAYC. . .EGYSSHECLCILATYVSLACAL. . LWWTKVIITRRTIESNYY {31
HICBM65-2 (CUH91691.1) -VYWVKINENK.IETKCTTNIBYFTLSCMVEAYKNALAL . YCSYCTIFETIASIYIGLTGVE. . LTUTRVYRTY ... ... 129
RaCBM65 (ADU21877.1)  -SCHAKVCAYE . FGSANGHSYBKESYNCCUNABGTSNESS. . ....... YILCGVHVGCMENS. . TTNYSVCYCY. . .uu. .. 127
RaCBMG65-1 (CCO04515.1) -ACARVSETE . VIERCGIVYAKYSYCLVARBEGTTCES. . ..uu. ... KVLCREHVGAANGE. . IEVISVEY. .. veuu.. . 129
RHCBM65-2 (CCO04515.1)  -RSRARVQESE . TGRVHCHYYAKETYALCVKELGTG.EC.vvvurnnn. KLLCGIERPAKNGE. . ITNYSICY .t uuennsn . 132
RBCBMG65 (CCO04360.1)  -REWAKVSESE . TGTANGHYYAKYSYNNCKSBEGTSCEGR. .0 uu. .. KLLCCIEAGAANGT. .VIIYSVCY. e uuennn.. 124
SgCBM65 (BAK27255.1) - YSHCVIVEESSIEYGEN.NVAYYNYSCIARAESKYGVUS........ IYCMGRVIAFTSAYT. . .EIYGVY. e uuennenn. 119
Consensus %

3. CBM65 Rix&EH F5LLxt
Figure 3. Sequence alignment of CBM65. The conserved tryptophan residues were marked under the sequence;

the residues highlighted by dark blue and red were conserved amino acids; the residues marked by light blue
were amino acids played a key role in binding substrate.

2.4 44884 b CBM X4 fb I8 B 22 450 M i 52 il J& TR, fid pH M 6.5, 7E pH 5.0-7.0 fE

B TSR S W sE 4, CBM R R] BIREF T0%LL F ARSI (E 4-A B). HaK
BESL IR 2 e 200 T S X 44884 K R B2, 3 A EUEE N r44884-MCC,

B 1RGSR S 00T, BR98 T CBM65 X r44884-MC . r44884-M i dieidi Sz iy it & F pH 43

2 MBI RO TR EE R pH BIE, 45R BoR
r44884-WT H 1 58 4 il Y F50 0 S DT Ry 50 °C,
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3 50 °C Fl 6.5, H.FEGHEAS AL i 2k th 5 4 K8 Al
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Figure 4.

Optimal temperature and pH for mannanase activity of r44884-WT and its truncated mutants. A: The

optimum temperature of r44884-WT; B: The optimum pH of r44884-WT; C: The optimum temperature of the
mutants of 144884-WT; D: The optimum pH of the mutants of r44884-W'T.

CBM65  HYAFAEFF AN e AR H 5 2R 1t e £k 30 1Y e

J IO ik BE AN pH o iR il 14 5 S L A5 14 U oy
40 °C il pH 7.5, H s [ b &4 R FEAR %
CBM65 11452 M (B A SR ) o

N T ST 44884 H CBM65 Xif 2 M
IR E YRS, A AU A 1 r44884-MCC
r44884-MC . r44884-M . r44884-CCE ., r44884-CE
1 144884-E 43| F 50 °C W75 — BEWHE], 0 5E
HISHEAR L, W 5-A FiR, rd44884-M TEIGE
5 min J5, i& S N ERYIIRER 79%, B F 60 min
5, %N IR A 47%., 1 r44884-MCC FI
r44884-MC 7ESH 5 min J5, MG /7 W& FFE,
I3 MR WIETE 18 15%F0 9%,5@“‘% 30 min J7 ,
T HEARTE . r44884-MCC FI r44884-MC [l

WA M2 AR, R W T & SRME T T dm Y
CBM65 (CBM65-1) 1) 4775 %} H 5 5 b il S 2
PRI R, [ U0 B i SRR A A 38
CBM [a] ) H.AE & CBM65 52 fiff s i M 0 Stk
51 5 BB, CBM65 BILEE I AL R IR
Wi 2, IBE TS WA AR 35 7, 144884-CCE ., r44884-CE I
r44884-E 7E43 S E 10 min J5 , BTG 43 591 4 2 %)
RIGTER) 48% . 54%F1 61%, FEKIEE A &
144884-CCE . 144884-CE Tl r44884-E /)
SUGERE T WIHETE 1H) 5%, 8%F1 13% (& 5-B),
BI 2 4~ CBM65 [AF-1EHER 23 FEAR £ Tt iR it 179 Pt
FEE (B S2I L S o« 7E R — A~ 1, CBM65S
Xt 2 AR E R A I B2, X
KL T CBM IIRERY £ FEME

60 min,
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B T HRIE CBM6S it AN [l Ak ol de 325 S5 1 4%
1 e AERE PR R e, AW 5 gk — 2D 3 7E KGM
M LBG M H & BB FE r44884-WT K
HAHE N kel K 5387 CBM65 X AL IS
JIsm . 25N 3 s, KA GHS il
CBMB65 J5(CBM65-2), H- AN H 55 1 WH il 76 A
[ E 1Y ke K (8, BLH] CBM65-2 X H 8 R
HEACIR AR TC B 5 . (B L 5EE GHS
# CBM65 (CBM65-1)j5, r44884-M 7E KGM Al
LBG 1 kea/ K [EAHHET 144884-MC 435145 T
2.24 f5F1 3.15 £i5, 2 W] CBM65-1 HIAFFE4s 0
il H 88 A LE FR IR IR Y E R F
JEF] r44884-M HYIESE M B E R T r44884-MC
(B 5-A), B FEH RS T REEh FEAR
EMAR RS RN, T IRUFRXCFAEN, AT T
144884-MC RYZRAZTE ] r44884-MC (W362A)HAHE
BRI e M R AL AR D RS2, X9 AR R 1
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Figure 5.

SROREH T CBM65-1 43, (H2& CBM65-1 22K T
SIRYISS A HE T .5 r44884-MC M L, 144884-MC
(W362A)TEPI AN L1 kead K THI T BE T 24.4%
M 17.9%, W] CBM65-1 BIAETERENS B 240 e 1
R WHT I fE AL e

W ot W G r44884-CCE . 144884-CE  Hi
r44884-E X TR pNPAc HIAEAIE P E—
BT CBM65 X T+ il v P 1 s me o 45 R 3R 0,
2 4~ CBM65 MIAFTESS AR 2, e X pNPAc
L RE (R 4), XATRERET CBM ks
PNPAc 2545, BN JCIERBL CBM6S X g i 1L
RE TR SEINA o (EAR T RS2, 44884 rf CEBR AT
F pNPAc (135 J74b F H AT SCHER IR E 55 =5 7K o

W5 R CBM HIAF1E AT AR 23 U AL )
IKFRER B O THRSY 44884 h GHS H & Wil
7K Al CBM6S X H % SR H /K i XA
SO, AR SCE— 5T T 144884-MCC ,144884-MC

B 120
100
80|
60t
40 +
20t

Relative activity/%

OOQ-QJ
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CBMG65 X (A)H 2= 32 ¥ 71 (B) Be B 1 (Ll ARG E MERY =20

The influences of CBM65 on thermostabilities of mannanase (A) and esterase (B). The statistical

significance indicated by different letters of numeric value was determined through one-way analysis of variance
(ANOVA) followed by LSD test (P<0.05). The same below.

3. CBMG65 X H 52 RAEESME LI kead/ K R 2T
Table 3. The influence of CBM65 on the k/Kp, [L/(g's)] of mannanase catalytic domain
Substrates r44884-WT r44884-MCC r44884-MC r44884-M r44884-MC (W362A)
KGM 44.88+0.11* 43.26+0.22% 42.49+1.07%° 95.09+3.77¢ 32.11+0.42°¢
LBG 41.2940.73% 39.57+0.56° 39.62+0.61° 124.7+4.06" 32.51+1.67°¢

actamicro@im.ac.cn
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& 4. CBM65 X CEAARHEEEELLIES (U/pmol)
IEAL)

Table 4. The influence of CBM65 on the specific
activity (U/pmol) of acetylxylan esterase catalytic
domain

Substrate 144884-CCE  1r44884-CE r44884-E
PNPAc 2782.5+26.8"  2724.7+26.7"  2741.2+15.9%

il r44884-M XA [R] H 88 SEME K A 000 . 45 2R
e 6-A. B fil C s, 3 M EASMNSHES
WA =L E 5, KA 0k, R
3 AEABILEKB R =, MY H &
VURERT, 3 AN A PR L R
FEAEA A0 RN BORE SR BT R SR fL
HIEYSE S BT 4 MR IT,  HK R DB

(A)

S

zz 2 z

w

©

K =

=

22z %

wu

(D)

KAV R RN 5 3 AN 4 MR OTZ (],

MG 2 ASFIES 3 AW LT [E] W7 L A R AR, X
FHERE, 3 NEAMKMS™ Y EZLL
R, IR A RO RTURE 25 G KA Y
BB AP A, 2P 3 A B 1 R E RS 3
FEE 4 ASBEROTHIIZOR e, D REE TG 4
G S APEFE R TKE (B 6-D), Fik&5R
UL CBM65 I AFLE T AN B0 H 8 SR it 11 7K fie
B (R N 2 A3 KR T B FOBE Y 25 ROk R
r44884-MCC F r44884-MC 1= ¥k JF 21 T
r44884-M, F£H CBM65 WIAFTEREMSIE & #E R
WERGI AL, JUHJE CBM65-1, X4 53% 3
13 g e —3.

-1 1 +1

———— ]

[——

&l 6. r44884-MCC (A)- r44884-MC (B)FA r44884-M (C)/K i HEZEBEHER =Y 7t & H & BHE/KBEE X HEN (D)

Figure 6.

TLC analyses of hydrolysis products by r44884-MCC (A), r44884-MC (B) and r44884-M (C), and

the hypothetical hydrolytic pattern (D). M;: mannose; M,: mannobiose; M3: mannotriose; My: mannotetraose; Ms:

mannopentaose; NRE: non-reducing end of mannan oligosaccharides; RE: reducing end of mannan

oligosaccharides.

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



2700

Liang Liu et al. | Acta Microbiologica Sinica, 2020, 60(12)

H T RARICW S/ AL 1 2 ek, LT
BRI 53 I AN REHER # 78 CBM. FE/K fif R
SRS B LS RE o FRHRDRE H 88 SR & i
FIIARRAF AR R 2 —, o] ISR 85 R A
RARIEY PR o DR ASHIF I LAV 1 A
MINIEY , 0 r44884-MCC . 144884-MC
r44884-MC (W362A)X HIK RGOl , TR AE
KIRIKY L CBM65 % H 58 RMEAK S 35 R i 52
miE 7 frs, BEE CBM6S B igin, HEE®R
BT /K A BE ) B WA R, T LB G S0 I [] ) SiE
K, I 88 R mEHE L) CBM65 (CBM65-1)
X T H 68 SRR K e HEAE T 2, XS
RS —3

TERSRIEY) b, CBM65 S 2 1k A SR 16 g F4
Tit fife 2 E BOR [R) 1 5% Ml . r44884-CCE Al
r44884-CE X FIHI#A H1 £ TR )R8 TS 238 4 3l i 3]
6.95 pg/(mL-h)F1 6.73 pg/(mL-h), {H r44884-E 2
BR B TROHE RANA 4.58 pg/(mL-h), LML THEAH
CBMO65 [ LIEARTRBEIRIE(ER 5). 5 H B85+,
Il S BEAR SR BEERRGZE U CBM65 (CBM65-2)

2 3.0¢

)

2 25}

2

‘B 20F

8

g 1.5¢

5

%“ 1.0} - MCC

o0 ——MC

£ 05

g —+—MC (W362A)

= L n " L )
s 0.0

~ 0 20 40 60 80 100

t/h

& 7.
Figure 7.

CBM65 *f H 55 52 #E B 7K R AR ) ¥0 BY 52 1
The influence of CBM65 on hydrolysis of
palm meal by mannanase.
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Fz 5. CBM65 3 gEE R MM 2 BRiFE /Y &2 1
[(ng'hy/mL]
Table 5. The influence of CBM65 on the release of

acetic acid from pine by eaterase [(pg-h)/mL]
r44884-CCE r44884-CE r44884-E
6.95+0.13" 6.73+0.17" 4.58+0.03"
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Functional characterization of a novel bifunctional mannanase-
acetyl esterase focusing on the synergistic mechanism between
different domain

Liang Liu, Jiawen Liu, Ruonan Wang, Yu Zhang, Baozhen Li, Hongli Yuan®

State Key Laboratory of Agrobiotechnology, Key Laboratory of Soil Microbiology, Ministry of Agriculture, College of
Biological Sciences, China Agricultural University, Beijing 100193, China

Abstract: [Objective] A novel bifunctional mannanase-acetyl esterase 44884 from lignocellulose-degraded
consortium EMSDS5 was investigated, including its interdomain synergism. The effect of carbohydrate-binding
module (CBM) on the properties of catalytic domain was also studied, to provide references for improving and
applying bifunctional enzymes. [Methods] Mannanase-acetyl esterase 44884 and its truncated mutants, as well as
site-directed mutant were expressed in E. coli. The differences in the enzymatic properties of the wild type strain and
mutants were evaluated by thin-layer chromatography (TLC) and dinitrosalicylic acid (DNS) assay. [Results]
Mannanase-acetyl esterase 44884 and its mutants were successfully overexpressed in E. coli. The mannanase domain
and acetyl esterase domain showed synergistic effect, and mannanase-acetyl esterase 44884 showed higher production
of reducing sugars and acetic acid than the combination of mannanase domain and acetyl esterase domain. Two
CBM65 from mannanase-acetyl esterase 44884 could bind mannan and Avicel, and not change the optimal conditions
of catalytic domains. Although two CBMG65 significantly decreased the thermostability of catalytic domain, they
specifically improved the natural substrate hydrolysis of their adjacent catalytic domains. [Conclusion] The
synergistic action between different domain of mannanase-acetyl esterase 44884 was illustrated, in which two CBM65
could improve the mannan hydrolysis of mannanase-acetyl esterase 44884 by binding to substrate.

Keywords: bifunctional enzymes, mannanase, acetyl esterase, interdomain synergism, carbohydrate binding

module
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