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ABSTRACT: A mannanase gene was cloned into £scherichia colifrom Cellulosimicrobium sp. YB-43, which had been found to produce
two kinds of mannanase, and sequenced completely. This mannanase gene, designated man5, consisted of 1,284 nucleotides encoding a
polypeptide of 427 amino acid residues. Based on the deduced amino acid sequence, the ManB was identified to be a modular enzyme
including two carbohydrate binding domains besides the catalytic domain, which was highly homologous to mannanases belonging to the
glycosyl hydrolase family 5. The N-terminal amino acid sequence of ManB, purified from a cell-free extract of the recombinant £ col/
carrying a Cellulosimicrobiumsp. YB-43 manBgene, has been determined as QGASAASDG, which was correctly corresponding to signal
peptide predicted by SignalP4.1 server for Gram-negative bacteria. The purified ManB had a pH optimum for its activity at pH 6.5~7.0 and
a temperature optimum at 55°C. The enzyme was active on locust bean gum (LBG), konjac and guar gum, while it did not exhibit activity
towards carboxymethylcellulose, xylan, starch, and para-nitrophenyl-[3-mannopyranoside. The activity of enzyme was inhibited very
slightly by Mg2", K', and Na", and significantly inhibited by Cu”, Zn”, Mn”, and SDS. The enzyme could hydrolyze mannooligosaccharides
larger than mannobiose, which was the most predominant product resulting from the ManB hydrolysis for mannooligosaccharides and
LBG.
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2} GH269]) &3} GH1133} GH134 ¢ £3}+= mannanase =
Alicyclobacillus<; +-(Xia et al., 2016)2} Aspergillus nidulans
R X E(Shimizu et al., 2015) ZVZF R E et F2 HLo2
HE| AAFE] = GH26 2] mannanase o= Cellulomonas fimi2)
mannanase} Z+0] 4 ool 9lof ThE 7] S w3}
St EAE QR 84 ol oulo @ LA E § A7) g EE
Z} A gFck(Stoll et al., 1999). ©]9]| H] 3] GH5 2] mannanase+
At} ool A 75 AR 2] g o efof g2kE 4
T O(CBM)S W 12 754 oS Eake 2lo] B
th(Dhawan and Kaur, 2007). $t3H Aspergillus, Bacillus,
Cellulomonas, Cellulosimicrobium, Clostridium, Streptomyces,
Thermobifida®} TrichodermaS E35F o8 49| W HF
ZHE mannanase S-AA7 2 Y T o] 1 EAJo] ElE)
31, B. subtilis®} Pichia pastorisol| A 1} AYALE v} Qlck
(Yoon and Lim, 2007; Zhou et al., 2013; Li et al., 2015).
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% A o]w(Schumann et al., 2001), Cellulosimicrobium 4:2]
@22 C. aquatile, C. cellulans, C. funkei} C. terreum 5-0]
& A Utk Curdlan 1,3-B-glucan 28] 310 2 7}=E-3]
3}= endo-1,3-B-glucanases, W3] 2] FHl-E xylanase,
protease 52| A4S A= C. cellulans ¥ o} 2} chitinase,
[3-glucosidase, cellulase, xylanase 2] AyANF21 Cellulosimicrobium
4 2%50| BofolL B2 oA HelHgt 53] C
funkei HY-13 25-E|+= mannanases®} glucanase7} 115}
thKim et al., 201 1a,2011b, 2016). 38 W} L}H =20 g oF
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Z27& vlRste] oA, 71d Bold Sel AR TE R
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AR Bl 2 ARESE Cellulosimicrobium sp. YB-43

2 LB A u 2] of| A] B =5 30°C R B} 20417 XI5 vl
OF3t & A= 3]4=5}o] Genomic DNA prep kit (Solgent) &
Z 744 DNAE —E—E'J 3149t} Mannanase -34S 224
317] 98l H-2 = JXA DNAS Sau3Al 02 HE Hrlsiil
agarose gel H7] 952 3+ 3 1.5kb 0]A4FQ] DNA ©HH & 2%
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Cellulosimicrobium sp. YB-43 2] mannanase - A A7} &=
A Azt w2 LB uf A of] 1E5}koq 37°Cofl 4] 134]
& A wj gt & dAE 3
phosphate 2+=H(pH 7.0)°f| eI} Th FAS ohafslar

Al B2)5E & A o ASHL 2] %] 5Fe] ammonium sulfate
(25-70%) 2 A 5}o] bl zlS B35k} 2 A S chala-S
20 mM Tris 245-8-9(pH 8.0) 0.5 FEFs}1L 5 Y0 2
FABHAT. & U7t 9589 o 2 Y 3}3F DEAE-Sephadex
column (Sigma-Aldrich Co.)o]| &4 M2 F2FA|7] & NaCl9]
FEE 0MofA 2.0 M7HA] 5Ll E 0] F-7FA171 20 mM
Tris 28N PH8.0) O Z 18T I mlQ] 8E5&-2 SAE §
A5 FE9)% T Mannanase 2442 7= 532 ul 2 Tolt}
A] 20 mM Tris £H5-8-9%(pH 8.0) &2 F A3} & Q-Sepharose
ZAH(Sigma-Aldrich Co.)ol| S2HA]7]31 NaCle] 5=5 0 M
ol A 1.0 M7HA] EE=FHlE F20] Z7FA1X] 20 mM Tris £+3-
Lol(pH 8.0) o 2 £-E351 %t A B8-S ol ultrafiltration
0 2 5535 10 mM potassium phosphate £H=20(pH 7.0) 2.
2 BEASI Yot 9ol o 2 HE5st hydroxyapatite Z
7102 22k 199 & Salstel S2EA o 82 o
U 2-S 3]0k 2. 24 mannanase S A SFITE A A4
o] ofufiz whche] obulieAl o3& A5 SlalA s 7] 23t

3} 10 mM sodium
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A A A]-2-E-919] Procise 491 protein sequencer (Applied
Biosystems) & AM-3}% ).
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LBGZ 3-E 1 umol2] mannose®]| A-3-5}= 3+
L aze]ofo golaheirh. 7| B0 4L 2AF] SlshA
LBG2} 317 AH&-5] guar gum, yeast mannan, oat spelt xylan,
carboxymethyl cellulose+= Sigma-Aldrich Co. 2 5-€| ¢35}
et WhS w0} pH7} 4 B Ao 0] TS RASH]
A3 Al 40-65°CL} pH 4.5-10.02] HH ]9l A mannanase 24
S 7¥z7F 2439t} o]u) pH 4.5-6.0-= citrate $+3-8-94, pH
6.0-8.0-2- sodium phosphate 2284, pH 8.0-9.0-2 Tris =
£ 19.0-10.0 H ]of| A= KCl-borate 2+5-H-S 712f A}-8-
Sl Th DAL 20-55°C WH ¢ 9] 2= of 4] mannanase &
oS 305 F9L AT T VEBAS ZHo1o] Aol
23 3ghzo] ma Il A= FFE A
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Megazyme International Ireland 2 5-E] 23 MOS (0.5%)
L} LBG (0.5%) T+ guar gum (0.5%)3} 20 mM sodium
phosphate SF30l(pH 7.0)% 3H-85F Hh--0lol] YA H f a2
EF Z7Fske] 40°C o) A 4417 59t RES-S =33k 5 95°Ce|
B

38 Fe 9 sk ol S Ay el

E5lgolS M7l go o 2 5}o] silica gel-precoated thin layer
plate (Merck Kiesegel, No. 5748) || 4] 8t-5 A 2utE Jfu] &
eIt AL 24 A1) SIaIARE 9 ml ethanol,
0.5 ml p-anisaldehyde, 0.5 ml sulfuric acid 2} glacial acetic acid
W RS SRk WA LS el 5, 120°Cof Al 1057
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Mannanase {XIARt CHEE
A|gta A Sau3 Al 2 A Cellulosimicrobium sp. YB-43
O] A TH-E pUC199] AFQJ 3t 5 o] & E. coli DH5a0]|

EdRro = A2 P A ST Fofl Al mannanase 245 1

=] =
ol FUAAFE Aslglon] ozie Sehrvjeg
2elstn 22 DNAY @714 9€ 24stect 1 A%

mannanase A AHmanB)E E3F3F 2,202 bp 2712 A7]A4
Ho] 1= AL, o] =HE| 427 ofw| At 2h7| = SHA] Tl
A& F =51 1,284 bp = G4 manB 2] T2 70417} Bt
Ak MAZ=ATG) 2. 2 HE 7 nucleotides7| Ho{ R HE
o] ribosome AT X 2 = == F71 A4 B(GGGAGG)°] &
A543 2., PePPER webserver (http://pepper.molgenrug.nl.)
£ ©]-83}] promoter® oS E= A o] ThA A= A0
131-159HA] F7] A Lof| A 2= 2t GenBank accession
no. KX620013).

AR A7 B2 oS ofu| Al v ol wh=
YB-43 2] ManB+ GH5 0] 4:3}=mannanase2} A4 0] =&
A (41-283)1+27112] CBM10 (343-372, 392-420) 0] ulj &
H ohg o g SRIE Ik ManB 9] ofuficAl i S wl=
NCBI databaseol| 555 T2 &40} v w gk Ayt 2| o]
ol A A= Cellulosimicrobium sp. HY-13 2] mannanase H
(ManH; AEE43708) 2} AlF5-A1 0] 94% =2 7 =t Kim et al.,
2011a). o]]oll= 3lHetol 2 of| A BelH Cellulosimicrobium
sp. MM (92%; KFD42617), Microbacterium sp. 292MF (73%;
WP _040570217), Streptomyces sp. DI1166 (65%; SBT88962),
S. exfoliates (66%; WP_037635509), S. toyocaensis NRRL
15009 (63%; KES07834)2}S. aureus (61%; WP_055598919)
©] mannanase 2} 4E/ o] kO o] 52 B A 471
A oA faE Tl o] st Ao s G4 ZAdof ot
AT B e Hhr} gickFig. 1)

2 77|15 vlEsto] 29} 7]5 ol Wt vho] AE I}
o+ A 8. thermolilacinus ) mannanase (StMan)+= GH5 9| <

= 4993 CBM2 2 /4 5] of l=tl|(Kumagai et al.,
2011), StMan¥} ManB 2] 24 & o] ofu] Al v AL 58% AF
A4S Btk StMan 2] 84 492 62-308 FHA] ofm] Ak
Hjd 7)o 02 Asp285, Glu286, Asp2870] Ca’' 1} Adtsl
Zk7) o] w(Kumagai et al., 2012,2013), Glu273-2 2 A A4
Zk7], Trp281-2 714 X3} of] hojsh= 7| &= Harw qlck
(Kumagai et al., 2015). ManB= Ca** 7} 2 3}6}= StMan 2] o}
0| AL 27 o] AFSsle A Fo] 259261 A 2] D-E-A H{Y
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Y3 H—RRLL—AJALSA VZALLA—VPALAQGASAASDGFFVQGGKIYDANGNQFVPVGVNHAHAWYPSQ’IQSFADIRAAGANTVRVVLSGGRYGTS—SASDVSAVIERC 101
H3 *————**tF————uV*f‘ Vu*uSuD.n R: A Yok 101
i sk N+ SeR=#N A 101
NL = AKQP****RTVAGT*FA*A*G***SVLGPSVGD*E**PA* I]DZ*“[-]N*RV}IE****E**MR*A***Y****Q**T* T wek AR ootk sk ke GSHDRWHET 4+ Q 4 TT 6 GQ 112
M k————k*V]———LMIGLLI ##VS— I ## Tk A% kP——#k Sk Sk ek sk A 4 Qok [ sk 4 Tk DELD#L#A: WxEN++E+A* [VAE* 99
Y3 KQNQLVCILENI-]DTTGYGEDGSARSLASAAQYWTSIASVLRGQERYVMINIGNEPFGNSGFQSW’[‘TDTIAAIQ’[LRgAGLAH’ILVVDAPNWGQDWSF’IMRDNAPI‘V—AAAD Zﬂ
H3 R ok *xkk D

MM N#+R A YN +R#+V: D: wokxk 211
NL *A*KVI *V**V**u*u*uAtATtDQuDu IGVKtA*E**tD*tW#**#**#**#NYAA*#DA#KS# *GK**N***R*A*M***********H***N**AS*FASDP* 224
M #AxExex] s+ Yrkrkk ek xSkt T xTH V2 kK4 VKAV k6Kt kb k2 k62 SYSGRESA* %Sk A % AD*FT: Ak — %k kk 209

|
IYIg GNVVFSVH]JIYGVFMGAEVRAYLDSFTSRGLPIMVGEFGDNHSDGNP@ATIMSYIRSQGI@MWSWSGNG’QGVEYLDWNGF SMSLWWMWGMLWMYAS g%g
i I A ReA * |
NL R*TI**I*****Y**A***QD**NH*VNN***LV******Q********DA**ATAQ*LR**Y DPG**%N#+#N**FN+*SN* [A*TSKR—*T 335
M kkEskmkkkkkkkY sk Askokk Sk A kokokkokk AV T SkNS#**%S IN PQ*s+T 321
I‘-{Ig VYGGDGGGDGGgGgGGT—————G’l‘APNGYPYCASA ASDPDGDGHGWESGASCVVRGSSADTGSGGGSGSGSTAPNGYPYCASA-SSDPDGDGRGNESSASCVVRGSSADR i%;
#*D*Dk*A-

MM ks GrD———srkDkx(G S NN N 424
NL  ##+SGD#*#GD#* VNGGS NNQ: Sk VNGG NNQ: H 431
M #*S*GS*T*P*TDP*TDPGTDP Q: S QSR ## 4 #kk APsk k4 T- QPT: L Q# Rk bkt b (ke 425

Fig. 1. Comparison of the Cellulosimicrobium sp. YB-43 mannanase with others. The amino acid sequences of five mannanases from Ce/lulosimicrobium sp.
YB-43 (Y3), Cellulosimicrobium sp. HY-13 (H3), Cellulosimicrobium sp. MM (MM), S. toyocaensis NRRL 15009 (NL), and Microbacterium sp. 292MF
(2M) are aligned by introducing gaps (hyphens) to maximize similarities. Residues identical to the amino acid sequence of the YB-43 mannanase are
indicated by asterisks in other sequences. Amino acids corresponding to the signal peptide predicted by SignalP4.1 server are italicized with underline. A
putative nucleophile is marked by arrow on the amino acid. The double underlined sequence indicates the putative calcium binding residues. Numbers at the

end of each line correspond to the amino acid position in the protein.

ghRlsfo] mpx|a} 2+7]7} StMan7F ZFo] 7} Q1 gl o, 2H4
7] Glu248 & FA s3I 12yt 718 X138k of] yholst
= %7191 StMan ] Trp2819]] /-5-51= %H7]+=ManBoj| &7
1A &A1 Glu255 2 BRI i th. Cellulosimicrobium sp. MM
I} Microbacterium sp. 292MF 2] mannanase & manHoJ A =
o]& A717} 5 ManB&} 5U3133.0 1, S. toyocaensis NRRL
15009 2] mannanase= Ca” 9} A3}8}= 77| 7} ManB &} &2]
StMan¥} 535}l 314 ManB 9] o) A vl G2 13 oF
At 7120 2 SignalP4.1 T2 73 0 2 B A3 Avk 277 2+

719} ou| 1z Theto] signal peptide 2 ol S5 $1 oL, 18 543
& 720 2 519S w =227 7] ] o e 'Wito] signal
peptide 2 13 S/ttt th2A| oS ik

ro

Mannanase2| Z|2} HISEH

Azt thato] AAtsh=ManBE A As17] $1sf A= 9
ol 7]t 2 A T4 ammonium sulfate
(25%70%) & A 2|sto] A E ThuldS BA%E 5 DEAE-
Sepharose, Q-Sepharose 2} hydroxyapatite 23 A Zu}E 18
)& 4343} 9t} ManB 2 #4902 DEAE-Sepharose Z & 2
ErtE ]S 3T 43 1.0-1.3 MNaCl 2] 504 8=
E %1 © 1, mannanase &4 0] =& £35S W o} Q-Sepharose
Z%) 3 2opE T2 u)S 22aekS Tl 0.6-0.8 M NaCl # 2]
9] F o\ A 8EE S}tk Cellulosimicrobium sp. YB-43 2] ujj

) £ A A|31%-2 o Q-Sepharose
A I 2u}E 18| 1] of| 4] ManA+=0.06-0.17 M NaCl, ManC
L0.25-0.46 M NaCl 1 9] 9] %=z o] 4] 77} 825 217} v
st3e ol ManB= X B & TR0l &&% 2ot
Q-Sepharose %] ZzokE Teulol 4] §3H 23] 5 B4
o] 2 Byt o} hydroxyapatite 2 I Z2ulE &
e A CEESEREEE T
o, 8= T A2 ultrafiltration ©. 2 5-555}¢] SDS-PAGE
2 1415 27} oF 45 KDa 21719 helgt g o] THEHElo]
ofulicAl AgolN lSEhs AA Tl el B
KDa) T} ©7E 2 210 2 Lpepske 23t v AIA]).
A i o] ofl e we el S e A 2331
A obu]iibo] Fjgs= QGASAASDG7} o]t ko 2
1= et UHHE O 2 signal peptide= ofu] e Ut FH o]
H717d obrlicAtolm T F = 22424 ofnliiko] v ] w up
Ao 2 Het 9]%] 9Fo] A-X-A 2 v G &] o] Q)tH(Sakakibara
et al., 1993; Tjalsma and van Dijl, 2005). ManB ] o}r] 1= i}
L oolop 22 S okaL Qli=tl A-X-A v o] 2022814
(A-L-A)}25-27HAI(A-S-A)el] HHE] Sck. et A
© 2R E AARE] ManB O] ohu|ie Theko] ujedo- SignalP4.1
ZRIA I8 S-S 712 oS Ao d At
Ao A-L-A vj g th2o| AhE] 9l 8-S o4 4= ATk C. fimi
9] GH269]] £38}= mannanase®= A %3t JAH O 2 HE AY

OFAF GOl © 2 HLE] mannanase S

o
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el E 49] ofuie ko] 2jolv}
3 A 4HE J 420 ofu|le Wk A Po)
14 2715 ¢ xZdlsl= Aoz 98 A vt QItkStoll ef al.,
1999). 1V Az Ao 2 5] AYAFE B. subtilis WL-72]
mannanase+ signal peptidase 2 H %] = 9] 7} Bacillus
F9} F U3 tHKweun ef al., 2004). $+H ManB 2} -§-AFA 0]
7V =2 Ao 2 RN Cellulosimicrobium sp. HY-132]
ManH+= SignalP3.0 2 133 AMES191-S wf 247) ofw] i
bk 2F7) 7} signal peptide © 2 o 2|l om Aok 91x]7}
A-Q-G g o] th3Ql A o= Bl E| o] ManB b= 2to] 7} 9l
AHKim et al., 2011a). ManB &2} ManH+= o}u| 1= o] 27
7N 271 v D 5470 7] 7F 2ol 7t 1Sl o m 551 27R A X7
7t A & thEd, o]k Afo] wiiZo] ManB2} ManH €] signal
peptide7} A2 T2 7| o|&% 91 4= At} SignalP3.0 H o}
SignalP4.0 2= 7150 ofsf] of| S At 9|29 Ht =7} =
thar B 1% v} Qltk(Petersen ef al., 2011).

A ManBE ARg-to] Hhg- 2= pH7} & 4x8Hd
0] 2] = FaFe AR A7} pH 6.5-7.037} 55°Cof| A 2o 23

= EATHFig. 2). o]2f7t A= YB-439] Hjf s o
HE A = mannanases {4 55°C2} pH 6.5 4 Zoj] &
A2 Ol ManASk £-AF514L 0.7 65°C2HpH 7.5 27|
2/4-€ WOl ManCol= 2Hol7k 19rhYoon, 2015). 71
pH
4 5 6 7 3 9 10
100
S
E
2 60
L
=
= 40
&
20

Temperature (°C)

Fig. 2. Temperature and pH optima of the purified ManB. The pH profiles
were obtained by measuring the mannanase activities at various pH’s with
a constant temperature of 50°C. Buffers (50 mM) used were as follows:
sodium citrate (-Wl-, pH 4.5-6), sodium phosphate (- ¥-, pH 6-8), Tris (- A-,
pH 8-9), and KCl-borate (-@-, pH 9-10). Temperature profiles (-O-) were
obtained by measuring the mannanase activities at different temperatures
with a fixed pH 6.5. Each curve represents the average of three independent
experiments with error bars showing the standard deviation.

=32l A Als2d Al3E

xylanase 2} mannanase S §-A|of] AJASh= o2 ZHE BEOF
o 2 XE B Cellulosimicrobium sp. YB-11072] mannanase
- ManBS} 2] 11-3-2- 59k pH7 5900 210 2 W 5| gieh
(Yoon, 2011). Cellulosimicrobium sp. HY-13 32 2] ManH
(Kim et al., 2011a)= 50°C2}pH 6.0, ManK (Kim ef al., 2011b)
= 50°C2tpH 7.000 4] Htf&/d-& Kol ManBob= Zpo| & K
Atk £3] ManB+=ManC = ManK 1= =] pH 8 2] sodium
phosphate 9F5013 X185} 91S tho] 1]} Tris 5L AHE
51l o Edo] A WolAleh

F0] 2 1] 23 315HE0] ManB 24 o] 1] ] = g gkS
BAS A7 Cu™, Zn®, Mn®" 0] 23} EDTA 4 SDS©] &J3]| &
o] A7 725k om Mg®, K 2 Na' o] 0] 2]af A= u]
sl 243k A0 R ek SDSe| ojs] 4] Zhagt
A== 40% v|9to 2 B. subtilis WL-72] mannanase2} -8-A}

3l tHKweun et al., 2004). Cellulosimicrobium sp. HY-13 2]
ManH= ManB8} Zro] Cu®’, Zn®" 9} EDTA 9] 2]3)) Z.4] A3}
=L Mn® o] 28 4= B4 o] 7} o ManB &} 2ko] 7} 1S
T} ManK @] 7 9-1= <5 o]0 oJ3)] Aol & vz} gl
A0 &2 el o ManBeR= %18 th2 21 02 3l =] 9]t}
A2 tAF L 2 EE AAE S, thermolilacinus NBRC14274
] StMan>-EDTA S 37151912 wf 7 2] &4 Holx| oFo
o Ca” 7} Mg™ 0] 20] A BAof WRFH A0 2 HIEg]
tHKumagai et al., 2011).

ManB 9] HeME/4d-& 2ALsL7| Q18 HA| S4g ol &=
of A 30 Foh A 3 o k= TS skt T Ay
35-45°C W §]9] W2 Lol M oF 9% &= FAdo] Zras)
For} o] & ool A= W] 2ot WA glo] A L] A
ot ZEAdS gl o m, 50°Col A= 2F 63%2] TS A
BLQICHFig. 3). oF]ieAl Wi 2] FARE7} 452> ManH = ManB
o} 7o) 30°Cof| A= A EHE]A] ghgk o 1}45°C2} 50°C o) 4] 30
7 AA A g o] oF 80%2t40% = LHEFE ManB K.
oF Gy Ado] W2 2o & UEyiT YB-439] B YA |
2 ManA=40°C o]3}of| A= 14|17 5ok Aghs] 7] ¢hgko
50°Col A & 1A17F A 2] 5 2F 60%2] B4 2|51e ManB
Ko}k ey Aol #9kom ManC= ManB K.t} Heb o]
LIoFtK(Yoon, 2015). 3HH StMan= 5 mM EDTA 9} Ca™ 0]&
o] Z¥z} A7 Aol A A E|3F9S o 46°C2t61°Col| 4]
HH17] 713080 & UERLECa' o] 2o 23 FekyAdo] 7}
9} 1(Kumagai ef al., 2011) Mg” 3} Mn™" 0] &0 oJg]jA =
Abg o] SV Ao 2 g Rk o] 5 F450]2-2 StMan
©285-287 WA ot = A(D-E-D) 2} Adto] A9 3
A7) 3L o) 5 %H7] % Glu286 Z7] 7} Ca™" o] 23t A A%}
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Fig. 3. Thermostability of the purified ManB. Thermostabilities were
determined by measuring the residual activities after pre-incubation for 30
min at different temperatures. Each curve represents the average of three
independent experiments with error bars showing the standard deviation.

of] Toddl= A 0 2 B %] Q=) (Kumagai ef al., 2012, 2013),
ManB-= 0] 0] 4851 o] - AL Hj & o] E-D-A 2 3] 717]
7} &b Ca™ o] o] o3t YA ZrtelRE 2K et

olek.

N
R

—

o143 v el $13l ole] ch s 71 A oo
%l A3} ManB+= CMC, xylan} 2 52 EL&}|5} %] &
BG, konjac} guar gum ¥} 22 mannan ThE-5H-of) T
S-A)-S- H $ItH(Table 1). ManB+=konjaco]] tjj gt &4
QF o i, guar gumo]| th gk 42 LBGo| v} 45%
Z=29] 702 UER} ManA (60%), ManC (57%)@} ManK
(72%)°]) ]3] guar gum &] E3|&A-2 SR Ao C. rertium
9] mannanase (46%)2}= 5-A15} 93 th(Kataoka and Tokiwa,
1998). Guar gum galactomannan-> LBG galactomannan } T}
galactosyl =4} 7} ol mannanaseo]] 2|3t 7|53l 480 W
t}. AR th=9] Bacillus £ w5 -3-9 2] mannanase= guar
gumo]| t gk -4 o] LBG H|3 10-15% 4~°]H(Yoon and
Lim, 2007), ManH+= ManB&} AEAJ o] =2dg|&= E15}aL
guar gumof| 3k Z/do] oF 11% = ManB Kot A 22 71 o
Z BuEch
o] -5 9] mannanase+=mannotriose (M3) & 23|35} x| 3}
A(Jiang et al., 2006) E3]50] w2 1O m(Kweun ef al.,
2004), mannotetraose (M4) ©|A}9] 3 & 7F=MOS 9] &
5o =0 Ao 7 oA} B3 LBGLMOS Q] EafjAE
= mannobiose (M2)2} M3 = mannose S A 4J 3ttt ManB

(o]
(e]
L At

Qb o o
\lml.riﬁ.ﬂl

-

L
oX rlo
HH‘ mﬂ

»
N

Table 1. Substrate specificities of the purified ManB

Relative activity (%) of

Substrates " z z

ManB® ManA® ManC
Locust bean gum galactomannan 100.0 100 100

Konjac glucomannan 107.1 92.0 112.9

Guar gum galactomannan 45.2 60.2 57.3
Yeast mannan <0.1 ND <0.1
Carboxylmethyl cellulose ND NT NT
Oat spelt xylan ND NT NT
Starch ND NT NT
Para-nitrophenyl-[3-D-mannopyranoside ~ ND NT NT

ND, not detected; NT, not tested.

* Specific activity of the purified ManB was 1,733 U/mg under the optimal

reaction condition.

® Mannanases purified partially from culture filtrate of Cellulosimicrobium
sp. YB-43 (Yoon, 2015).
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Fig. 4. Thin-layer chromatogram of hydrolysis products of 3-1,4-linked
mannooligosaccharides and mannans with purified ManB. The reaction
mixtures containing the purified ManB and mannooligosaccharides,
locust bean gum (LBG) or guar gum (GG) in 20 mM sodium phosphate
buffer (pH 6.5) were incubated for 4 h at 40°C, respectively. MO of panel
(A) and (B) stands for standard mannooligosaccharides indicated by M1
(mannose), M2 (mannobiose), M3 (mannotriose), M4 (mannotetraose),
MS5 (mannopentaose), and M6 (mannohexaose) at left or right sides of
both panels. In panel (A), LBG and GG stand for hydrolyzates of locust
bean gum and guar gum, respectively. Lanes M2 to M6 represent each
hydrolyzate of mannobiose to mannohexaose in panel (B).

T oS 24 ] 18l e ManBE AR
guar gum I MOSE 7}5=53)|5}o] 2h4 3] B8
3t & ukg-olS TLCR HAJ5191thFig. 4). 71 A3 ManB+&=
M2Z &al5hA] Z5k e M3 o] Fe] Fot =S 2h=MOS
£ Bof|sto] 2 HSAMEE M27F A E ¢lom, o] ¢} 5t
7 A2 k2] mannose$t M30] TaE| Tt T3 LBGY
EajAHE2 = theko] M29} 43F0| mannose”} AYAJ E 9131
mannohexaose (M6)2} o]-5 =7} AR MOS &2 4 g vt
%] ¢lth. Mannohexaose S 7| A2 3lo] U251 o ManB
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of oJsf £HAs] EofiE A 2 HolLBGE] EafjikE 5 Mot
05 =7} A 522 M69] ofL 31 galactosyl & 2=
MOSY A 0.2 FZ5F ) Guar gum 9| ZafthE 2= M2 Hot
o] F &7t AAUM6 Kt} o] F =7t AR EA o] A2 oF v
2= 9leh ManB7} guar gumol] gk €/ =71 LBGo]| H] 3]
45% 28 AS AehetH wakE Fellibg 9] oFo] A2,
o]+=guar gum ©] Fej4HE 0] SO TLCOY| A 22
O R o] FolA| K3 iz o= HhETh

ManA £} ManC+= MOS &) & EAHEE ManB&} 5
sHA M2 & ot /sl e, ManA 9] fajabEo A=
mannose”} 22| X] oFo} ManB 2} 2510 v ManC= ManB
9} F-AFSHA| mannose & 4§45+ T} §HH ManH+= ManB<}
FAHA M2 B} 3= 7F 2 MOSE #3f|ate] M2 & 71
w2 oF A4 813 mannose+= 1= A4 51 ch(Kim et al.,
2011a). 18} ManK= M3-8 E8||5}14] #3191, ManB
o o)) A E HAAHET} ererek(Kim ef al., 2011b). S,
thermolilacinus 2] StMan @} Thermobifida fusca 2] mannanase
(TTMan)2 5318 LBG] 7142 AFZ ol A% M27} ok
A5 o] 2]e] StMane]| 2Jsfi A= theFe] M3} 314 M4
2} M5 %= AJAE 21 1 mannose+= AJAI E] X] ¢4k a1, TfMan
= M3, M52} 3HA| o9 A2 k] mannoseE A8 /d 3} 31Tt
(Kumagai et al., 2013).

o]} o] Wk Lo pH S W] e vk ST} Aok
71Ba) AFES v SRS W) ManB= Cellulosimicrobium
YB-43 9] ulj 5 Hellx] A F F72] mannanases (ManA,
ManC)2} &:0.0], obu b u 21e] AH540] % Cellulo-
simicrobium HY-13 2] ManHQ} = & 4~ E4J 0] U X|51 %] &+
Ao 2elE o,

¥ 2

= £5 9] mannanases S AYAVSk= Cellulosimicrobium sp.
YB-43 25 €] mannanase A4S S 251 1 G| AES
ZAA5}9I Tl Mannanase 8- A A= manBE W E| Q) 0.1, 427
ot 272 AT TS Bk 1 2847 G712 T
=9It} ManB 224 oju| A v Gof| 73] 4] glycosyl
hydrolase family 59 €:3}+= mannanase2} A5A]0] =& &
Kegelah g 27he) ek Aol ekl ol o
g aag FRlw Qi) Cellulosimicrobium sp. YB-43 2]
manB A4S T A 2T chako) A T oL,
FHE| A7 E ManB 2] ojv] &= 2ot v Qo] QGGASAASDG =

=32l A Als2d Al3E

AR T o1 o]=SignalP4.1 server2 13 2442 7|2
2 o2 signal peptide©] ATtol Y2}ok7] AA|5Ht 4
= ManB9] & ¥F8-Z7A-2 55°C2} pH 6.5-7.00| 1 locust
bean gum (LBG), konjac ¥} guar gum-2- 7153} 5133 0.0, A
E2 2, e, A8} para-nitrophenyl-B-mannopyranoside
of T A= Eaf e o] Qiglch ManB 2] 24S Mg™, K9}
Na'of| ©]5] 9zt 3| = 9L Cu™, Zn™', Mn” 7} SDS©]| ]
A= A A=) T3 o] 4= mannobiose H T}
STUEE 2= S uds 7R aliskal o, LBG o} vt
&P A0S 72 ol 3e W mannobiose 7| 7H g O

o2 YAk
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