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Bacillus Mannanases Produced from Recombinant Escherichia coli
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Two genes encoding the mannanase of Bacillus sp. YB-1401 and B. amyloliquefaciens YB-1402, which had been
isolated at acidic pH as mannanase producers, were each cloned into Escherichia coli, and sequenced. Both
mannanase genes consisted of 1,080 nucleotides, encoding polypeptides of 360 amino acid residues. The deduced
amino acid sequences of the two mannanase genes differed by four amino acid residues different, and were highly
homologous to those of mannanases belonging to the glycosyl hydrolase family 26. Comparison of two mannanases
produced from recombinant E. coli indicated that His-tagged mannanase of YB-1402 (HtMAN1402) was more
stable than that of YB-1401 at acidic pH and high temperature. In particular, HtMAN1402 retained more than 50%
of its activity at pH 3.0 after 4 h of pre-incubation, suggesting the enzyme is a valuable candidate for use as a feed
additive. In addition, thermostability of the two mannanases was found to be enhanced by Ca™" ions.
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1, GHSOl QA 9 B Al 9 Gt ZE A

3} galactomannan®] mannose7}+2] B-1,4-mannosyl A F2}
YA o2 E3)5}e] mannooligosaccharides (MOS)ZE A ZEA] 7]
= 348 58, AET nAEA FF TdEE adoly,
1990ty o] SHE oo thgt A7} EAHH R o]Fo|Z7]
A5t} Mannanase= HZ9} A|X] EWHFA, vpo]QmjA
A-do] F33A, el A Ao 7HE S HIRSt Al
Aot AEH7HE BLE DEEHI Qo] AdF ZRA7E Ao
(Dhawan and Kaur, 2007). &3] 2°20]|2} Al 521 2] mannanases
= S40] DSlER A0 2 Beol] Aue 4Ee 2
AAE NEso Aete A, gZE A, WEAE B Y
A 84 5o] B =tk (Huang et al., 2012; Lu et al., 2013;
Vijayalaxmi et al., 2013; Zhou et al., 2013). @A7IA] LHA
mannanases= O} 1=AF B F 9] F-AFAd of] whek glycosyl hydrolase
family (GH) 5%} 269l £31=4|, Alicyclobacillus acidocaldarius 2
HE GH1139] £43l= mannanase”} B 1 57| = 3} tH(Zhang
et al., 2008). GH260= 22 A|FA TAv} REe 276t
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2 4 A 9lon, T3t mannanase= &4 domain TFo. 2 LA
& Z(Yoon and Lim, 2007)3} carbohydrate binding domain<
H| 23 o7 79 7]5E ol A EAst= Aol $Itk(Sunna,
2010). FZollie MOS7E AW -3t v &9 A4S X8k
Ao A gas Hol= Foz U# X HA|(Srivastava and
Kapoor, 2014; Zhang et al., 2014) glucomannan©|} galactomannan
& mannanase 2 £35}5}¢] MOS T+ glucomannooligosaccharides
& A4tz st A= &Es] A= §l e (Ghosh er
al, 2013), 5 HPOIA] WS4 AR A Balsted A}
RRES ole A7t o] SAY F=E aamH 8o
=51 QrhKim er al., 2013). AE7L1} L2 H7HE G2
2 28E7| Yaixe Az olA BT QFg/do] L=t Alo]
vl sl o]t M| A Aspergillus, Trichoderma$} Penicillium
4 53°] #3 9 mannanase= {3 EAAS A= AR B
= tHMorreira and Filho, 2008).

ANl mannanase= 32 $4 T 2FAH(pH 5.5-7.0) 0l A
g/do] =11 pH 5-11 oA Hg o] =2 F¢rt Bey
(Jiang et al., 2006; Summpunn ef al., 2011), 3tH &Za] =4

oA A4} eHgAd o] 9428t Bacillus < w5+ -2 2] mannanase
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Table 1. Primers used for cloning mannanase genes

Names Sequences Restriction site
ManF1 5'-CACACCGTTWSICCCGTCAACCCAAAT-3’

ManR1 5'-CGTCAAGAACCCGCCGTTCCATATTTC-3'

MP11 5 -TTGTTTAAGAAACATACGATCTCTTT-3’

MP21 5'-TCAACGATTGGCGTTAAAGAATCG-3’

pmi-2 5'-CATRTGTTTCACWTTGWAAGGGGAG-3’

Manaf-R 5'-GATTTCCTTYAGGAAATCCGTCCT-3’

ManEX-F 5'-CAACATATGCACACCGTTTATCCCGTCAACC-3’ Ndel (underlined)
ManEX-R11 5'-ATGCTCGAGTTCCGTGATCGGCGTCAAGGA-3’ Xhol (underlined)
ManEX-R20 5'-ATGCTCGAGTTCCGCGATCGGCGTCAAGGA-3’ Xhol (underlined)

= Btk Hatada et al., 2005). AHd ZANA &35 EA
Z-= Alet/d mannanase @] 7S $1al Wikd =9 g}
ol &4 Jhdto] APE| 1 glow, A Wk pHIF AHdH o2
313}ar AHA pHOl\ A Qb Ad o] Z71HEl B. subtilis B10-02 G-
mannanase 2] Ho|A|7} B E| QIthXu et al., 2013).

EF 849 84S E017] Y WE- mannanase 7HEo
ojgt H3t= A8Yx]3l Qlth(Chauhan et al., 2014). Cellulose
binding module (CBM)2 Aspergillus nidulans 3-8 mannanase
ol g4l 7148k (Lu et al., 2014), Clostridium thermocellum
(Ghosh et al., 2013), Streptomyces thermolilacinus®} Thermobifida
fusca (Kumagai ef al., 2011) 8-2]©] mannanases= Ca’* 0] &
H| 23 27} g0l o3 WEAo] S/t g3 stk 1
2|3 Zn’" o] 2o o] WEAo] IV B. subtilis Z-2 $-)
mannanase?] Zn”* 0|23} AgsHe ofu]iAt 177} EelE up
QUtH(Yan et al., 2008). £ Aol A= H 2ol AdzdolA |
ZogHE HIE 2FF9] Bacillus #+F25E (Jeon and
Yoon, 2014; Yoon, 2014) mannanase 3-Zx}-2] &7]4<E L A
23 o] AYAsH= mannanase ] WEA T} WAMIS v

st}
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e 2 HE A x00A et Fo= £ Bacillus
sp. YB-14013} B. amyloliquefaciens YB-14027} mannanase
W AFen AgEglen], 4us IS AsiHe
Escherichia coli DH5042} T-blunt vector (Solgent, Korea),
mannanase -3-A A2 1}HJE-S ¢4 = E. coli BL21(DE3)
T} pET23a(+)7} 22k AME-E| $lth. Mannanase 334 522 9
3f| A}8- primers+= Table 10 Uepd viel 2oy 9] vk
28 A+= LB HljX|(yeast extract, 5 g; tryptone, 10 g; NaCl, 5 g;
water, 1 L)7} AME|9) 12 32432 ampicillin (100 wg/ml)
o] A7t LB s x| o) 4] v gFstact.

Mannanase §ZiXxle| 2224
B. subtilis WL-3 (Yoon and Lim, 2007)3} WL-7 (Kweun et
al., 2004a) {2} mannanases 2322} -0 A2} ETt A H

o siFske E714 9= AAHE primers ManF12} ManR1 2
MP113} MP21 Bacillus sp. YB-14013} B. amyloliquefaciens
YB-14022] mannanase -3-AAE ZZ35}17] Y5 AR, A
A LRGAANE 29317 YMNA= B. subtilis WL-3 87
mannanase 2R FHXH ] G7|AEE 2= primers
pmi-22} Manaf-R-& ARE-5}I T Mannanase -3 AXE SZ3517]
234 genomic DNA prep kit (Solgent)Z E&|3t YB-14013}
YB-14029] % 9% DNAS 2302 3}3 primers MP11/
MP21%2} ManF1/ManR1 2 pmi-2/Manaf-R& 2Hz} ARg-a}od
pfu-X DNA polymerase 2 PCR 5¥H3-& 4~3)3}4ic}. PCR ¥
295 C oA 387E BA e F 95 C ol A 30%, 57 Cof| A 40%,
72°C oA 187 ¥H-3-8 303] wHEsla HF5 o2 72T oA 10
B7F W) 5le] =85}t Primers pmi-2/Manaf-RZ2 FZ%
DNA <= T-blunt vector®} ligation A|71 & Escherichia coli DH5
a9l =93} 0.5% locust bean gum¥} ampicillin (100 pg/ml)
o] Z7He LB BHujR]of| A vt & 0.2% congo red &H O
2 At Bajele mol FURAFES el

Mannanase |TXI2| oflusi U Hxj|

Mannanase -FARS TAAA A)7]7] Y8l pET23a9] T7
promoter Shetell ESJake] Azt Fepaulmg Azskeict
Mannanase2] signal peptideE A|A3dtL 7I2EA] wehof
His-tag7} A2 E =5 pET23a(+) 2] Ndeld; Xhol Ato]of F-ZA}
E =87 93l 32HF9 primersE A 235t} Primers
ManEX-F= opu| e Utk B.9]o] sigst Ndel A& &
35}3, ManEX-R 113} ManEX-R20%= 7} 28X gtk B o &
Xhol A&7} 319t ManEX-F/ManEX-R113} ManEX-F/
ManEX-R202 2 YB-140131} YB-14022] mannanase G-AA=
Y2t 5E3t 3 Ndeldl Xhol 02 Atdste] 42 DNA ©H-Z
U3t B2 A7 pET23a(+)oll =Yste] A= Seham|
T pMSP113} pMSP20& 212+ Al 25ttt o] A2d Fets
u|EE E. coli BL2I(DE3)¢|| =¢J3t 42 FAATFE o|§
ko] mannanase <) & A|7]7] fJ8fiAl= B A| ol A Ak
Z22UE FYAE H713E LB AEste] 37C oA sy A
g kst 3, S Aux] 300 mlE §-5-3t baffled flaske]] 1%7}
Heg JFokar 30T oA A vjdstds SF=(0Dsoo)7}
0.69 =23 1 IPTGE 1.0 mMo] H&E F7st4t) 25C

oft AN



oA 5AZ 27k A wfest vfefole gAlke) shgom
B FAAE 8 ml9] cell lysis buffer (50 mM NaH,PO4, 300 mM
NaCl, 10 mM imidazole, pH 8.0)°| @e}slo] Z-Su} w23t &
gaRelstel FATAIEAL Sslih o)F FUT 45
o = HEs} 7] Ni-NTA APo| 22 & washing buffer (50
mM NaH,PO,, 300 mM NaCl, 20 mM imidazole, pH 8.0)2 A]
2|35} t}. His-tagged mannanaseS 250 mM imidazole2 -5
gt Sl o 2 &30l 7 £-2] 2] mannanase 24% 545 &
ZAo] & 238 =& 10 mM sodium phosphate buffer (pH
6.0)00X] EAjsto] Eacho 2 ALgakeIt

Mannanase?| &AM EM

Mannanase &49574-& 984l LBGE 71 W2 Mgt 2
o, ¥h3-of pHE 5.5, HE2 =L 55 C 2 ate] 1582 59 vHS-S
33t Zof| 2% FUFL 3, S-dinitrosalicylic acid HH L
Aergto 2 =45t om(Miller et al., 1960), T4 FH=
1.0 unit 1& 59 LBGZHE 1 umol 2] mannosed]] A-S5h=
S Ashe B0 FOo= A 5I3int. 257} mannanase
o] ety Ao] B A e FFL 2ABY| YA E4HL 51-55C
HejolA AREE DElste] HAT & FE2SAHS S5
T3 pHoll th3t &4 oFEAS pH 3.0-4.0 H<2] 100 mM
sodium citrate $F=Ho)| EAE H7}3E & A|7HS St 1)
A sPAA 2SS S5

_Tl_il-

L &

aa

Mannanase XX} 220} 7ML

Bacillus sp. YB-14013} B. amyloliquefaciens YB-14027} A3
AFsl= mannanase= A G A3} 1 3717} oF 38 kDa A=
2 B4%]9] ©v(Jeon and Yoon, 2014; Yoon, 2014), o]2} §-AF
3t 3715 2= B. subtilis®} B. amyloliquefaciensZ ¥ &3t Tt
429] Bacillus & H#F 53 mannanases?] ofua|k=AF Bl E7E AF
=AML BX3% A3} B. subtilis WL-33} B. subtilis WL-7 32| 2
mannanasesE 217} E35h= 27090 &3k Aol RS R
el weka] o] o5 32 mannanases 3242] H7]A
Aol A primersS A 251} 04 YB-14017} YB-1402
9] mannanase”’} o= A3} SAGHA] & 4= 9l o B2 B subtilis
WL-7 mannanase A]Go] A% MP11/MP213} B. subtilis
WL-3 A Qof| 243 ManF1/ManR1 22 PCRS 433t A1}
ManF1/ManR1-& AFE319-S 1] YB-14013} YB-1402 2=0]| 4]
T ok 1.0 kb 7] 2] DNA T o] ZZ ]9} o1}, MP11/MP21
2 A5 S b= ZZ% DNA7V] Qi) ]2 ®ol YB-1401
3} YB-1402= B. subtilis WL-32] mannanase -3-A A2} AEA]
o] FZ ASE q&EH U

©]F mannanases®] &3 FR2{FANE F=2Y 57| A8l
B. subtilis WL-32] mannanase F §-Z21*}2] A dof ufz} A
3} primers pmi-22} Manaf-RS AF&-5}o] PCRE £33t 0 2 4
1.4 kb 7] 2] DNA TS 52315 th 5= 5 DNA ©H S &
A 71 & 273k SAlol T-blunt vectore]] 235+t
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1 A7} YB-14017} YB-14029] mannanase -39 A= £o
SHA| 360 ofm|iil 7)) BAE FESH= 1,080 H7IE vl
To] 9o, stop codone TAAZR FQIEQith YB-14019]
mannanase (MAN1401)2} YB-14022] mannanase (MAN1402)
7 $77e) 7IAEL 12) W7t e Aew sIEgle
], o]2 £39] B. amyloliquefaciens (GenBank accession no.
GQ859480, HG328253, CP006890, CP007244, GQ859481,
CP000560, CP006845)2} B. subtilis (HQ902141, DQ167409)
#52] mannanase 321} 7148 Ad5Ad0] 98% o F o= L
it 2299 AR drIAgREE FEE MANI1401
T MAN14028] ofm| At A G2 470 ofm] it Z7| 7 A2 ot
£ Ao Yo, R34 £402 249 AL At
229E pAAERE $38 08 F59 mannanases) 1]
SIS o) FUT A2 GIIAITE 95% oo dsidE Bol=
$7F Btk £ ofu| 4l B B 9 Rfo]i= = signal peptide
o} 2 EA] W G Ho| A YeEbThFig. D).

Y=g tHERF0| 4Lsh= mannanase?| x|

B. subtilis©] mannanase -3 *}2] signal peptide S A A3t AF
B0l A= T7 promoterdtoll A IPTGof| &J3f 7¢) THo] F- =5
A%t signal peptide RE-S AASHA] 29ke u FEgo] v
o Ao 2 A FHHKweun et al., 2004b). 122 MAN1401
I MAN14029] §22-5 A2 E ol A BdEd-S 571
3l signal peptide Yol AFdte FiEd AAT 4
pET23a2] T7 promoter }to]] =J5FH 2H, FAJof] BAtE &
220 AR & T=Belr] 918 7F2EA] Dol His tago] A
A= =5 pET23a0] =Yste] A2 Eetin| =5 A28kt
MAN14013 MAN14023} SAHE 7} =2 B, subrilis NM-399]
mannanase+= O] = BHe] 247) 7|7} signal peptide=Z 241
=] v} 9J 2 (Mendoza et al., 1995), SAV=7} W& B. subtilis
WL-7 (Kweun et al., 2004a) 2] mannanase+= 267l Z+7|7} signal
peptide= & Fch weba] ofu|ie Teko) 2470 ofn| Ak A
QI3 Al 2 PCRE 3517] Y3l ManEX-F primerE A %3}
o om o] APo] S MAN14017F MAN14029] 932} A1
o] Bsft}. T} 7k weke] SAARE Holr) gons
ManEX-R117} ManEX-R20 £ 7}7} A) 251tk MAN14019] &
AA= ManEX-F/ManEX-R11, MAN1402 2] -§-A A= ManEX-F/
ManEX-R200.8 7}7} ZZo| 7hsatgon, AE2Aoz A2
o 23 ZekAu= pMSP1 13} pMSP20.2.2 E. coli BL21(DE3)
& Jyagslsc

E. coli BL21(DE3) YA AZFE ufjoFsle] IPTGE mannanase
FAR] LS FEg 2 P =S 37 CR PSS o
el vhalo] o B8 T EAsiglon, PTG
£ W 325 CR RS U 84 DR Bas
mannanase 2] o] Z71et A o2 UePith(Ed} vl A ). o]
A/F2 T7 promoterE ©]-8-5to] 2Jef FANE T LFAZ uf
o] el dAto g2 HH v 9Jth(Kweun et al., 2004b).
A 23 Aol A AARE His-tagged MAN1401 (HIMAN1401)
3} His-tagged MAN1402 (HtMAN1402)+&= Ni-NTA A3 320}
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Eaem g 5 Aol B S vl ZAB e
Y=g &0 LSk= mannanase®| pH Q4 Hlw

Bacillus sp. YB-14013} B. amyloliquefaciens YB-14022] Hlj
OFAFSMNS ammonium sulfate 2 Z2|ste] Y& ZghHoz
mannanase 2] EH8/7} pH $H/4dS #4515 ol MAN1402
7FMAN1401 2t} 4Hg pHOllA] A3 A /do] =2 AL
2 B EthJeon and Yoon, 2014; Yoon, 2014). £3] pH 3.0
ol A 1AIZE 2 A 3RS W MAN1402+&= AE5R] o8- vt
7 MAN14012 o 50% ojo] Agehe Ao Yefzc). of
£ 54709 QYA Aol Fig. 1o Bl vlsl o] 2.7 47)
Z717te) Zpolof A fefjHrkar & 4= Sl

A z3 gAFo 22 E AJAE HIMAN113 HIMAN20S

pH 4.00f 4] 4A1ZF 52F A 852 wff M2 100% +-AI8H3e

o o] MANI113Z MAN20¢] ZAutele Adx]gichFig. 2). pH
3.504] HIMAN 1402 4] 7} 93] 3o oF 80% 0] E4& X
5132w HIMAN1401-2 %R A 7bo]| what A gego] AgE]o] 2
AR RE ] oF 50%, 4A17E ] Foll= oF 40% B
A8 3 pH 3.000 4= XAt w2t HIMAN1401
o] §43] AZE o] 40&To] F=EEAo] ¢F 50%, 1X]7F T
= %39% =S GRS T HhH ol HHIMAN 1402+ pH 3.09]]
A LAIZE -fMIh 85% o1, 44t WA Fof= 50% o)< %t
TS B3tk o|2 Kol 7k2 84 dtho| 67 His 1717} &
3=lo] 9JA|9k HIMAN1402= HIMAN1401 2 ch AH4J o)A <F
AAo] =& AL 7|29 Bacillus 45| A AAHE MAN14027}
MAN1401 2t} YA o] o Aule} Ax|3tctar 314} o=

YB2 MLKKLAVCLSIVLLLLGAASPISAHTVYPVNPNAQQTTKDIMNWLAHLPNRSENRVMSGAFGGYSDVTFSMTEENRLKNATGQSPAIYGC 66
YB1 A T T 66
SB4 Ak kkkhkhkkk kTR kA TGhARI Kk hhdkhkkhhhhkhh ko khThhhhkhkhhhhhh ko k ko hhkhhkhhkhhhhhhkkhkkhhhkhhdkkhdk 66
ccé e T T T 66
ccl LR L T Ty 66
KC6 B A Ty 66
NT7 B S T Ty 66
SP2 R Ly 66
TCS8 B e e Ty 66
NM3 T e Ry 66
YB2 DYGRGWLETADITDSIDYSCNSSLISYWKSGGLPQVSLHLANPAFPSGNYKTAISNSQYKNILDPSTVEGKRLEALLSKIADGLTQLKNQ 156
YB1 T 156
SB4 - L R T 156
cce L L e T 156
ccl R T 156
KCG hkkkhkkbkhhkhdMPrdkdbhhbhddhddrdbdhddddddbrdddddddddbddddddddrd bbb hddddrd bbb dddddrb bbb ddddrs 156
NT7 khkkhkkkkkkkpihkhPhrkhkdrhhhhhkkdddhrhhhhdhddkhrhbhhhhddhrhbhhhhddhrhbdhdhddhrhhhhhhddbrrbhhhhdrdd 156
spz khkkhkkkkkdkkhkhkkhkPhhkhkdhhhhhhkhdhdhhhhhhhddkhhhhhhhhddhhhhhhhhddkhhhhhhdhddhhhhdhhhhdddhrhbhhhhdrdd 156
Tc8 khkhkkkhkdkddhhhhhkdkddrhhrhhhdhdrbrrhbbhdbdbrbb bbb rbrbbbddhdrbrbhbbdbd bbb ddrbdrbrbbbdddrn 156
NM3 khkkhkkkkkdhkhkhkkhPikkChhhhkhhkhkhdhhhhhhhddkhhhhhhhhddhhhhhhhhddkhhhhhhdhddhhhhhhhhddbrhhhhhhdrdd 156
YB2 GVTVLFRPLHEMNGEWFWWGLTGYNQKDNERISLYKELYKKIYRYMTETRGLDNLLWVYSPDANRDFKTDFYPGSSYVDITGLDAYFTDP 246
YBl khkkkkdkkdkhhkhkhhhhhkdhkhhhkhhkkdMrhkhhhhhddkdhhhhhhhhdhddhhhhhhhhdhddhhhhhhhhdhddhhhhhhhhdhhkdhhhhhhhkdkkik 246
SB4 khkkkkdkkdkkhhhkhhhhhkdhhhhkhhhkdMrhkhhkhhhddkdhhhhhhhhdhddhhhhhhhhdhddhhhhhhhhdhdkhhhhhhhhdhkdhhhhhhhdhkik 246
CCG khkkkkhkdkkdhkhhkhkhhkhhkdhkhhkGhhhhhkdhhhhhhhhdhdkdhhhhhhhhdhdkdhhhhhhhhdhddhhhhhhhhdhhkhhhkhhkhhhdhhkdhhhhhhhkdhkik 246
ccl khkkkkkkdkkhhhkhhkkhkdhhhhkhhhddMPrhhhkhhhhdkhrhkhhhhhddhrhkhhhhhddhrhkhhhhhddhrhkhhhhhdddbrkhhkhhhdkid 246
Kcﬁ khkkkkkkdkkhkhhkhhkhhhkdhhhhkhhkhdMPrhhhkhhhkdkhrkhhkhhhddkhrhkhhhhhddhrhkhhhhhddhrhhhhhhddbrkhhkhhhdkdd 246
NT7 khkhkdkhdkddhhkhhhdhkddrhhhhhhdhkdrdbhhrhhbhdhdrbbrhdhdbddrdbdbbbdhdbddrbrbbdbbddddbbbbbbbddddbdddhdbhdddder 246
SPZ khkkhkkkkkkhkhhkhkhhhhkhkhhkhhhkhhhkhkdMrhkhkhkhhkddkhhkhhhkhhhddkhhhhhkhhhdhdkhhhkhhkhhhdhdkhhkhhhkhkhdkdhkhkhhkhkkdhkdk 246
Tca RS RS SRS RS R RS RS LSRR R R RS R R R R RS R R R R RS R R R RS AR R R R R R R R R R R R R EEE RS ERE RSS2 246
NM3 LR RS SR SRR R RS RS LSRR R R RS R R R RS R R R R RS R R R RS R R R R R R R R ER R R EEE RS ERE RSS2 246
YB2 YAISGYDEMLSLKKPFAFAETGPSGNIGSFDYAAFINAIRQKYPETTYFLTWDEQLSPAANLGAQALYQNSWTLNKGEIWNGGSLTPIAE 336
YBl *************************************************************Q***S**********************T* 336
SB4 *********************************V***************************Q***S************M***VT****** 336
cce TRk kR Rk kR R Ak kR Rk kR Rk ko kA Kk kAR R Ak kAR AR RN QIR Rk kkkhkk ke kkQhkh Gk bk ke kh ke kdkkkk ke kx 336
ccl Rk kR Rk kR R Ak kR k kR Ak ko k ko kR R Rk ko h ke kAR Rk ok ok ok kkk kR Rk ok ok ke kkQh kR Gk ke ke ke khkkkhhkkkkkkk kP 336
KC6 R s e oL R - L e e s 336
NT7 Rk kkkkkkk kDR hkkkkkkhhkk ok kb k ko kkhkk ok kkk kR R QI Ak kkkkhhkk kR kKO khGhhkhkkkhhhkdkkhhkhkhkhkkdkk*x 336
sp2 Hhkkkkkkkkkhhkhhhhkkkhhkk ko kkkkkhkkkhhk ko khGhkhhkhhhhhhk ke kkQhkhGhhhhhkhkhhhdkkhhhhhhhkkdkk* 336
TC8 Rk kkkkkkkhhkkkhhkkkkhkh ko k ko hkk ok hk ko hhh ko d ok ke k ke kkhh ok kkkk k QI AFGhhkhkkkkkkkdkkhkkDhkkkkkkx 336
NM3 ********************************************Q****************Q***s************************ 336

Fig. 1. Comparison of the MAN1401 and MAN1402 with others. The amino acid sequences of ten mannanases from Bacillus sp. strains
YB-1401 (YB1), YB-1402 (YB2), and 102 (SP2; GenBank accession no. AFK29761), B. subtilis strains NM-39 (NM3; P55278), K-C-6 (KC6;
ADX59560), and SDBZ4 (SB4; ACV70134), B. amyloliquefaciens strains TrigoCor1448 (TC8; AHK51082), CICC 23260 (CC6; ACX94041),
and CICC 23281 (CCl; ACX94042), and B. circulans NT6.7 (NT7; AEO19987) are indicated by the one-letter code. Residues identical to the
amino acid sequence of the YB-1402 mannanase are indicated by asterisks in other sequences. Underlined amino acids indicate the signal
peptide. Numbers at the end of each line correspond to the amino acid position in the mature protein of mannanases.



ol MAN1402-8 AF 2 0] A e Ado] ©2sstm s Al s}
£ FA2 A o] 2431 F Aot} FFo] S8 9] mannanase
= pH 30014 eFEAo] Sl Aoz waE o] the: glont
(Morreira and Filho, 2008), Bacillus < 75 52 2] mannanase
= HFE 4.0 oJstol A= F43] B st Aol tiRE
o|t}(Jiang et al., 2006; Xu et al., 2013).

51 MAN14029) % pH 3-4 W lolA 147F 95 &
o A AgER] ggtor}, HMAN14029] ¢ pH 33} pH
3.5904 1A1ZHEo] oF 15% 2} 5% 9] Ago] Yot Aoz
Uebgt= ol 7125A] ol His tage] 89 WY &
9lth. MAN1401E pH 350145 1A]7F 59} wrx|ated = 7 ]

100

80 -

60 -

Relative residual activity (%)

0 T T T T

0 1 2 3 4
Incubation time (h)
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Fig. 2. Acidic pH stabilities of the purified HIMAN1401 (left) and HMAN1402 (right). Sodium citrate buffer (100 mM) ranging from pH 3 to
pH 4 were used to adjust pHs of the enzyme solution. pH Stability was determined by measuring the residual activities after pre-incubations for
various times in pH 3 (- A-), pH 3.5 (-e-) and pH 4.0 (-0-) pHs at 4C. Each curve represents the average of three independent experiments.
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Fig. 3. Thermostabilities of the purified HHMAN1401 (left) and HtMAN1402 (right). Thermostability of the enzymes was determined by
measuring the residual activities after pre-incubation for various times at 51°C (-o-), 52°C (-e-), 53C (-A-), and 54C (-A-). Each curve

represents the average of three independent experiments.
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Fig. 4. Thermostabilities of the purified HtMAN1401 and HtMAN1402 in the absence (left) and presence (right) of bivalent calcium ion.
Thermostability was determined by measuring the residual activities of HHMAN1401 (-e-) and HtMAN1402 (- A-) after pre-incubation for
various times at 55°C with or without 2 mM CaCl,. Each curve represents the average of three independent experiments.
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