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A bacterium producing the extracellular mannanase and xylanase was isolated from Korean farm
soil by successive subcultures in a minimal medium supplemented with palm kernel meal (PKM)
and rice bran. The isolate YB-1106 showed 98% similarity with Microbacterium arabinogalacta-
nolyticum on the basis of 16S rRNA gene sequences. The additional carbohydrates including locust
bean gum (LBG) and PKM increased the mannanase productivity of the YB-1106, while the
xylanase productivity of the isolate was increased by wheat bran, oat spelt xylan, rice bran and
xylose. Particularly, maximum mannanase and xylanase activities were obtained in the culture
filtrate of tryptic soy broth supplemented with 1% LBG or 2% wheat bran, respectively. Both
enzyme activities were produced at stationary growth phase. The mannanase of culture supernatant
was the most active at 50°C and pH 6.0, while xylanase of culture supernatant was the most active
at 55°C and pH 6.5. The predominant products resulting from the mannanase or xylanase

hydrolysis were oligosaccharides for LBG or xylan, respectively.
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Hemicelluloset© 115 SAME AMEHe Ak o3
F2 2295 celluloseAtelol] A3sle] wids] A2 xylan
Z mannan©] F8 FAAEZoltk AEA nlo| el A
hemicellulose = S]] cellulose THo2 FH3 AHEY
¥ oollgt FEAE o FE HIHEY UERE 08 &
2o R Fajjste] WA Thedt T AesAK), AR
& BES NI Q77 @3] JGEI ko).

Xylan9] 7]1E-Z 4] B-D-1,4-xylopyranosyl A%< F-214]
2 7R85k B-1,4-xylanase (xylanase)$} mannan THI5F
9] 712 4% mannose?t9] B-1,4-mannosyl ZA3S F2+
$¥ o g H3|5}= B-1,4-mannanase (mannanase)= hemicellulose
2l 7MY F83 98-S she 84 dEA JoeH©e) 1
f8740] Zolx|1 ok Az FFolddlA] th4=2] xylanases
9} mannanases €49} 71 f-3x}ol| thgk o] FHE A=,
mannanase= WF-20] glycosyl hydrolase (GH) family 5%}

* For correspondence. E-mail: ykh@wsu.ac.kr; Tel.: +82-42-630-9742;
Fax: +82-42-636-2676

269 &3P GH260l= F2 Al B47F S A3}
I, GH59] a4EE F%°] fi Ee Al f8 8491 X
g=lo] lom, xylanasew F-9] 471 GH 107 119
&3l ATk Microbacterium<:2] VIAEZ xylan E3)(10),
chitosanase AY4HT(15), a-glucosidase A§AHt(14), cellulase
AR(12) 5ol Z21E ¥k AR mannan ESfwol] Wik B
e §lom, T3 xylanase 9} mannanse®] gt AT A<
o]Foizl v} gitk wEbA B Ao e sFuds B3l &
)3} hemicelluloses®l] ™t E3l5S 25+ Microbacterium<s
E2]i9] xylanase 2} mannanase AAHAY O EAS FAKSH

Ak

2 Y
Hemicellulases AiAkto| ERAH
T ¥ BN EE A3 0.25% 9] U727 palm kernel
meal (PKM)©] 37} SMM 8lX|[02% (NH).SOs, 1.4%
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K:HPO,, 0.6% KH,PO4, 0.1% trisodium citrate-H,O, 0.02%
MgSO04-TH01°ll &3t 30°CollA] oF 4d3r & v Fatar
U3 wjRo)] 349 7FAoZ 33 A wjkS AAEATh
Al NS 0.25% oat spelt xylan¥} 0.25% locust bean
gum (LBG)7} &4902 H7le SMM HAujx]o] =dslo]
30°Celld 247 @849 wi7kA] vt

£22|72] 16S rRNA STX} H7|MEEM

o] 16S RRNA 302 A7IMEe 438171 Sl8iA
B & 444 DNAS FFo =2 &3, AlT9] 16S rRNA
fFrzte] REH 9] H7|ME 5-AGAGTTTGATCCTGG
CTCAG-3' (E. coli 16S rRNA A} 947144 8-27), 5-GG
TTACCTTGTTACGACTT-3' (E. coli 16S rRNA +3A} &
71E 1492-1510)S ZlolHE ARR-Ele] F3ast At
S(PCR)S A5tk PCR HH-o] 24L& 53 DNA (20
ng), 10 mM Tris (pH 8.3), 50 mM KCI, 1.5 mM MgCl,,
0.2 mM dNTP, 50 pmol primers®} 2.5 U Pfi polymerase=
At 94°ColA] 30%, 55°CellA 30%, 72°ColA] 50%3t
"R35S 303] WhEEle] 16S tRNAS FE=3h= DNA T3S
FE33th S%% PCR AH-S AA5te] ABI PRISM BigDye
terminator cycle sequencing kit$} 373A automatic DNA
sequencer (Perkin Elmer Co., USA)S ALE35le] 7|4 LES
ARk

s 2d =53

Mannanase €442 LBGE, xylanase 242 oat spelt
xylang 7142 3} 247 G4 Hkg o fEld YT
3,5-dinitrosalicylic acid (DNS) B'H(7) 2.2 T3 o] A7
sto 24 2A3tk ZH5l Ag A7) 1% (w/v) LBG &
A EE xylan £ 0.5 ml2} 200 mM sodium phosphate
(pH 6.5/6.0) 0.25 mlE &4 &4 0.25 mle} &35t AH
2xoA] 15% 52t ¥HgAIZTh DNS &9 3 mIE #H7isted

W5 AR B 2ollA 5% 1t WASk] EAAR]

% 540 nmollA FE=E =731tk Mannose T xylose
E HFAEE ARESIY FURANA BAAA AR &5
=9} vuge g fEjE e S AASIAT &4
4= 1.0 wnite 919 27X 1E 5 LBG EE xylan
22 FE 1 umol®] mannose T+ xylose®l “3-53h= g3
< Ashe a4 o= stk

Mo

-A{od
oo

=

>

Za4NS SDS-PAGESH ¥ polyacrylamide geloll4] SDS
£ A|A37] #1380 25% isopropanolE ¥&3F 50 mM sodium
phosphate buffer (pH 6.0)Z A3 & FUAZA] 15-30
EZF X8I Polyacrylamide gelS ZAUjo] FL3F 458
el 0.2% xylan 5= 0.2% konjacd} 1.5% agarS =] A
gk gel S T53t HIER B3 T 40°Collx] LAAIRE vhE-
A & 553 gel 2 congo red2 FAste] HajjE FES
Sy L=

o

FAES V1A R st A7 5AF FUIsIaL 40°Col
A = HHoz At A7 WS A
o} Whg Fofl WhEAS 38 52t 95°CelA FAee & ¥4l
st ol JAHES AASIL Fedes AT
chloroform, acetic acid®} Z794.3:5:0.7, (v/v)] EF-EH&
NgNo =z 3l silica gel-precoated thin layer plate
(Merck Kiesegel, No. 5748)°|4 ¥l& a=zriEaulE 4
gtk ANE E2S BHA7]7] Y E 9 ml ethanol,
0.5 ml p-anisaldehyde, 0.5 ml sulfuric acid®} glacial acetate
2 S S A4 S Y & 120°CellA] 1083

EE ]

=t

711} al k3,

SSHIAZ S5t hemicellulases MAFF2| EMY

ZEA ] B2 EFUAYE Fof|A] xylanaseH} mannanase
£ Ao ZM hemicellulose S E38ke PSS Hals)
| 1344 xylan 425 EF31L = 971&7 mannan
S Xk 9= PKMS HAmiA]Q) SMMoll # g4l
o2 FHrete] FAEAN EYS ke F 30°CoA X"
sl IRV etk sduiRe] Al wjkEe=H
hemicellulose®] 35S 2w HAES gt 5
FujgdS xylan}t LBGE @AYo E Hrlsh Heu)|
o] Tdle A%t FEUE AUs & 184 EES E3)
S = A=A BA9317] 18] 0.5% oat spelt xylan, 1% skim
milk, 0.2% potato starch, 1% tributyrin®} 0.5% carboxy-
methyl cellulose (CMC)E 7242} 7|5 LB H3H)| x|l A] 48
AIZE vlFsle] EallEHS ZASE 23, hemicelluloses 242
xylan¥} LBGl| gt #also] e ET YB-11062> &
o] Base Egtowl CMC, 9 2 tributyrine 2|5
A Fehs Aow lH

aFFY FEA o E ZRIE EE i YB-110602
B2E 1,399 bp 2719 16S tRNA A2 XLE& AR5
(GenBank accession No. JN664949) ©]=- NCBI2] BLAST
AAHE ARS8t 71Ed TRE AldEY ASshke €71
283} vt A3 Microbacterium arabinogalactanolyticum
DSM 86117 98% 543 HM O™ (GenBank accession
No. NR_044932), M. paraoxydans CF36 (NR_025548), M.
foliorum (NR_025368)3} M. esteraromaticum DSM 8609
(NR_026468)} 97% <=2] A&4e R upehs Ealot
YB-1106-2 Microbacterium <9l &3sh= @O = A=k

N

-

Bt g mE sS4 Ak

Xylanase®} mannanase= hemicelluloseS #-33l= F2
gholung FEt YB-1106°] AAFH= xylanase 2} mannanase
o BE AT PIAE F2e) e Belade o)
ol Fo) WrabE ol ofs) 7 Ae] YT Wi 7

97} 2o, Microbacterium < TFIX% colloidal chitosan



Table 1. Effects of additional carbon sources on the
mannanase and xylanase production of Microbacterium sp.
YB-1106
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Table 2. Effects of various amounts of LBG or wheat bran
on mannanase or xylanase production of Microbacterium sp.
YB-1106

Additional carbon  Cell growth Mannallla.se Xylan'fmfe Additional Malmarlla.se Additional Xylan'fls.e
sources (ODeoo) productivity  productivity amount (%) productivity ~ amount (%) of  productivity
(U/ml) (U/ml) of LBG (U/ml) wheat bran (U/ml)
None 59 0.12 0.17 None 0.12 None 0.17
Glucose 6.8 0.15 0.34 0.1 1.01 0.1 0.87
Glycerol 7.1 0.12 0.18 0.3 1.05 0.3 1.30
Lactose 8.5 0.14 0.18 0.5 1.11 0.5 1.49
Maltose 4.0 0.12 0.43 0.7 1.22 0.7 2.84
Sucrose 5.4 0.13 0.19 1.0 1.75 1.0 3.34
Xylose 5.4 0.12 0.99 1.5 ND 1.5 3.97
a-Cellulose ND 0.12 0.46 2.0 ND 2.0 5.76
Locust bean gum ND 1.32 0.30 ND, not determined.
Oat spelt xylan ND 0.12 1.36
Palm kernel meal ND 0.45 0.27 o] BawA ko). s xylanase o] AL AF o] =
e b - o - P2 Wrlge) WS Geisel W aL A
e - - o BAHE 23} 29 WG WA AsHoR Sk B9e

ND, not determined.

o] chitosanase AYAHAIS Z7FA)F)1ALH15) CMC7} cellulase
o] IS SRt AMde] HarEick12). webs] &
27 YB-11062] hemicellulases AJ4Hdol| BH=3lE0] w]X]+<=
FEE 2] Q5] LB AAAIE 712 AR st Fo}
EHA9S 05% (wiv)7F HE2 2kt #Hrste] 30°ColA] 24
17 B3t & w5l EA18= xylanase 2} mannanase
X3S 2A18E A3 Table 19 B vl 2o xylan#: ol
FARLRER] D71&F v)Ade] H7bE wiR| oA xylanase
Aol aA F1etem tiFte] 3Ry o|dRe
g4 At FA FEE WXA] &gk o, xylose”t H7HE
Hj R M xylanase AiHdo] A F7FeITh

SHH mannanse] A2 LBGE 7S wlix|o A =A)
Z713Iem PKMe] A7HE HiR|o|l M= &4 Asko] ofzh
Z7Fetnk LBGE 71eF viA|olA] mannanase®] A4Hdo]
571 739 Bacillus 45 oA o4 Bard vf 9lom
4), PKM®| &3} mannanase iMool Z71EE IS
Streptomyces galbusOIA] BIL=|ATK3). FESF xylano|ut L]
2ol 93l Bacillus pumilusI|A] xylanase2] AYrHdo] F715
31(8) xyloseoll &l&|A B. subtilis AMX-42] xylanse A4+
Aol ZA Frksle ALE geTh19). 3 HiRle]
BAUOZ lactoseE H7VSFIS Wl Microbeterium sp.2)
cellulase AT T4 Z718ital B = Aci12).

LBG7} PKMEt} #2]7F YB-11069] mannanase AJ2Hd<S
o ZA S7HAI7IEE LBGE H7HES 23 LB wiAlelA
s wget & i EA18= mannanased] &
S AR A3 1.0% H7FE W) 7R Arbl wel &
& ikl A3 FTFsl oM 1.5% o H7HE uiRel
Ae A Aol F3kete] wid TRl A mAEA

>

o = o

Lo %

B tKTable 2). 3-8 LB, tryptic soy broth, nutrient brothl|
Y71&(2%) = LBG (1%)< 44 A7kete welde] 84
S 2K A9 o2 HiX|olA] B} TSB viR|ol|lA F
Fao] Aol BF A wAN).

a2BE LBG (1%)E 7K TSB HiA|olA ATl
w2 mannanase AYAHI-S ZAKSE 23 LBGE H718HA] &3k
< e T o] BA7) Fale) o]27] 74A] FA AAko]
Ao HA kor), LBGE FH7Igt viR|olA= FA7] 4t
o &A& Agbe] FHA FVFke Zlo] ElEA=T ol
i T 27l YB-1106°] o8 w2 ko= Ak
mannanase”} HlYRe] LBGE walEozZA 1 E3l4HE0]
H| ¥ 2719 mannanase®] A4t F=3=] AHEg Ho= F
FEthFig. 1A). I71E 2%)E F713F TSB HiX|elrMe
xylanase A4Hgde] BA7] IRk FAHA F7lstA=T o
+ mannanase AJ4Hgo] F7He WA Bk 4-6417F T
=& AIRIO|tHFig. 1B). ©]¢} Zo] AHA|7|el| <|=23S o
hemicellulases®] Aol FA8H S7tehs A4S ¢ 4
A QA B4 Aol 7Kk BacillusS: TFS=

2 FIRIH@), viEAITEe] 1090 S W cellulase A
2Hdo] Hojell o]|2+= Microbacterium sp.ol| Bld|A = 2]
2] hemicellulases AJAHdo] w2 Holg} ATHTK12).

sk Z4zke] wiAeA B HiFETHE TEg &
SAFAE AAFE A UU1E-S A7 vl A oF 38
kDa®ll 3|93s= xylan &3l 4TZo] #2=S, LBG
£ 7l v YA 50 kDa ©1’d Z719] konjac #3143
chaldo] 37 ERIEATKFig. 2). el xylan #3243
Aol Bx}eRS B subtilis AMX-42] xylanase (23 kDa)
(17) Btl= =AY Cellulosimicrobium sp. HY-129] xylanase
(39 kDa) (9)9} HlS=3t 4=Fo]tk Konjace mannanase$}
cellulase®l 2J8)] EF 3|z &AM A] konjac 3]
gEZ g 37 e doe] E5F mannanasedal T
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Fig. 1. Production of mannanase (A) or xylanase (B) by Microbacterium sp. YB-1106 and its growths. The isolate was grown
respectively in TSB broth supplemented with or without LBG (1%) for mannanase production and with or without wheat bran
(2%) for xylanase production. Cell growths (squares) were observed in the media without additional carbon sources (closed
symbols), culture media containing additional carbon sources including LBG and wheat bran were used for enzyme production
(open symbols). Enzyme activities (circles) in the culture filtrates were determined in the optimal reaction conditions. Each

curve represents the average of three independent experiments

T glod, Eeli YB-1106 CMC Eaj&4o] gl
2 EIFecmz FHEMAA UERE konjac E3l=
mannanase /g0l &3t Ao FAELE uwiglx EETol
AJ A= mannanases= T Alto] AJAsk= 35-40 kDa
=719 mannanases®= 22| Rhodothermus marimus?} A3%¢
3= mannanases®} o] IV £ a4E FAHHATKI.

Ao,

4 HISEY

A 5 H-& ammonium sulfate 2 X2|g & F2A5to] A
Z3 Z2a4NS ARSI 1R pHOF 257t G484 T
e GFE A TKFg. 3). 2 AT xylanaseo] HZwt
S 2%+ 55°C, pHE 6.5% 3215 %12, sodium phosphate

A EARTR= Tris -804 &/do] =3l mannanase
50°C¢} pH 6.094 o 2438 Btk ZEAHE o
254 A2 AR BRgE Fof| JESAS ST A
xylanase 2} mannanase= 40°CollX= 90% ©]ie] &S &
AsFP o 50°C o) delXe a3 Ag=o] 10% v|THY
gXdut BATHZAS v|AA). 3R Microbacterium sp. OUO1
o] AAsl= 2 FF< chitosanases= pH 6.2} 50°C, pH 6.6
I} 60°CollA 242t HUlZAdS Ho|H(16), M. laevaniformans
9] levanbiohydrolase= pH 6.0%} 30°CollA] H&AS 2=
Aoz HAFAET(13) ©|ZH o} Microbacteriumss d57}
HH] Agtehs AR el ase] w2 FE pH 6.0-6.5
HL A o] &2 Hog FAHL

Y] &) ot TR EiES AN
3l zahde AH8El v, E71E, PKM % xyland}
LBGS #alst & A" Ealikes stk 1 Ay
Fig. 4°] X2l n}9} 20| mannanase &40 23+ LBGY]
FQ H342HEZ mannotriose 2} mannobiose A}e]9] ol FEE

Hol= o] AgERom, PKM, w77} E71&% mannanase

Ir

g

o] #3l=]°] mannotriose KT} o] F=rt & alikEo] B
H ek Xylanase & AHell &3k xylan #E3AHE FollA=
xylobiose 9} xylose Alo]e] o]lFE=E Hole EZo| FQ wb
SAEE ERIF o, v WS EelEAdAE= xylotriose
9} olF=rt Akt Edo] FakER AAEIh v
PKM2 xylanase®l 934 &3 7153t 202 HajikEo]
AR gtk 23 2eliro] A4FskE mannanase

xylanase®l] 2|3+ LBG = xylan2] E3J4HE 5 mannose 2

L
T

A) B) -
e
o €97.4
E €66.2
€45.0
———
——
€31.0
€215

Fig. 2. Zymograms of the mannanase and xylanase produced
by Microbacterium sp. YB-1106. After SDS-PAGE of the
concentrated filtrates of Microbacterium sp. cultures grown
in TSB broth containing wheat bran for xylanase production
(A) or PKM for mannanase production (B), respectively,
proteins exhibiting mannanase or xylanase activity were
analyzed by activity staining with oat spelt xylan or konjac
as substrates. Molecular size is shown in kilodaltons to the
right side of the gel.
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Fig. 3. Effects of reaction temperature and pH on the enzyme activities. Temperature profiles (close symbols) were obtained
by measuring the mannanase activity with a fixed pH 6.0 and xylanase activity with a fixed pH 6.5 at different temperatures.
The pH profiles (open symbols) were obtained by measuring the enzyme activities at various pH’s and at a constant
temperature of 50°C. Buffers (50 mM) used were as follows: sodium citrate (pH 3-6; -o-), sodium phosphate (pH 6-8; -%/-),
and Tris (pH 8-9; -o-). Each curve represents the average of three independent experiments.

< xylose= BA|HA] §3Sk=), o= xylan S 2 HE] #3ik= et HAmjR AN FFEjgEte] ZE Au) ESOEREH

2 xyloseE WIE3 AD2EE| Y-S AASk=  Bacilllus xylan¥} locust bean gum (LBG)l| thst Ea|&Ado] e «

licheniformis2] xylanase (5), LBGEZXE] mannoseZS H|Z£3F S B3Ik el YB-11069] 16S tRNA 24 714

NS BEIRMEE AAS= B subtilis WL-39 g8 2V A} Microbacterium arabinogalactanolyticum$;

mannanase (18)$= T 5402 HIITh 98% FAIEE Rt} 29| xylanase= €72, oat spelt

xylan, P17} & xylose9} -2 F7lek Aol o3 Aikde] S

e 7bE ¥Ho) mannanase™ LBG$} PKMol| 93] AikAdo] &=

ZFEtE 53] Xylanase® W71E 2%ES U8 HiA|,

Y B492 2 palm kernel meal (PKM)3 L7128 & mannanase™ 1% LBGE #71gt v x|ollA 242k AJikde] 7
A) B)

» X1

-2

. » - X3
' .MB L ‘u X4
e 9% < 8 © ¢ " o0 o e s e

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 10 11

Fig. 4. Thin-layer chromatograms of hydrolysis products of various substances with the concentrated culture filtrates showing
mannanase activity (A) and xylanase activity (B). The reaction mixtures containing the culture filtrates and substrates in 40
mM sodium phosphate buffer (pH 6.0) were incubated for 4 h at 40°C. (A) Lanes: 1 and 2, PKM hydrolysates before and
after reaction; 3 and 4, LBG hydrolysates before and after reaction; 6 and 7, wheat bran hydrolysates before and after reaction;
8 and 9, rice bran hydrolysates before and after reaction; 5, authentic standards including mannose (M1), mannobiose (M2)
and mannotriose (M3). (B) Lanes: 1 and 2, rice bran hydrolysates after and before reaction; 3 and 4, wheat bran hydrolysates
after and before reaction; 8 and 9, oat spelt xylan hydrolysates after and before reaction; 10 and 11, PKM hydrolysates after
and before reaction. Authentic standards: lanes 5, xylose (X1); 6, xylobiose (X2); 7, xylotriose (X3) and xylotetraose (X4).
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F ERom BE AHR|7|A Aol HAok EEre] wijg
A5HLe 50°C2}F pH 6.0914] mannanase?] HEAdS HA
o, 55°C2} pH 6.59014 xylanase2] ZZWhe 2418 e}
W}l Mannanaseo] ]3] #31¥ LBGS} xylanaseol] 2J3] &
FE xylan© ZRE] 747} FIER o] #EAE:

o3

T2
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