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ABSTRACT: The enzymatic degradation of xylans is the most versatile way to obtain the high value-added functional compounds or the
fermentable sugars for renewable energy. The endo-[3-xylanases are the major enzymes which hydrolyze the internal 3-1,4-linkages of
xylan backbones to produce the mixtures of xylooligosaccharides including xylobiose and xylotriose. Among them, glucuronoxylanase
GH30 can exclusively hydrolyze the internal (3-1,4-linkages of xylans decorated with methylglucuronic acid branches. In the present
study, two xylanolytic enzyme (PaXN_10 and PaGuXN_30) genes were cloned from Paenibacillus amylolyticus KCTC 3005, and expressed
in Escherichia coli, respectively. PaXN_10 (38.7 kDa) belongs to the endo-3-xylanase GH10 family, while PaGuXN_30 (58.5 kDal is a
member of glucuronoxylanase GH30. They share the same optimal reaction conditions at 50°C and pH 7.0. Enzymatic characterization
proposed that 2. amylolyticus can utilize the hardwood glucuronoarabinoxylans via the cooperative actions of xylanases GH10 and GH30.
The extracellular PaGuXN_30 is secreted into the medium and hydrolyzes glucuronoarabinoxylans to release a series of aldouronic acid
mixtures with a methylglucuronic acid branch. The resultant products being transported into the microbial cell are successively
degraded into the smaller xylooligosaccharides by the intracellular PaXN_10, which will be utilized for the cellular metabolism.
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Xylan-2 hemicellulose©]] <3}= 3£ 2]l AEA4] TIGA|=, & 931 QltK(Falck ef al., 2013; Moon et al., 2015). A} A <)

D-xylose7} 3-1,4- 23S o]F= FARE || O-acetyl, O-methyl- ZA| 8= xyland ThoFst 24 A7 |7 AlE B RE 7}
D-glucuronic acid (MeGlcA) = L-arabinofuranoside 5-0] <= A, o]& B S| YelAw thekst 7R aa W
A chore e o) SRR AT WY A xylan RAEFAC) Shoh 54 977t Wasih

2 L-arabinose”} =41 % & €] 9] arabinoxylan©] 35 o] FH, Xylanase=xylan A& 2] 3-1,4-xyloside 23S endo-3
29 xylan @] 73-¢- o F-E acetyl glucuronoxylan ] g ejjo]c} H 2 7125l 4] Aotk E3), B4 BAFEL o]
(Saha, 2003; Chaikumpollert ez al., 2004). Z|- 0]t xylan - B3 H 3 AL 7MEALR ] 8 A, S22 A A, Al
3| o] AR 7RIS Baf Yojx]= D-xylose, L-arabinose o] TEAS} xylitol 5 7] 54 AZAA YA 95t =0 AL
9 7 28y £ Qe 7wk BkrsHE-S A probiotics AL ga= Jde] AL Qo ESF A EA glo] oA 9]
n| A =9] S B 0 2 ZXIA]7]<=prebiotics A7 = 5 A2AE} 9 s FE Hlo] Lof|ehg AT ol A xylanase
"These authors contributed equally to this work. o] TR7de] 4= 3lei(Collins ef al., 2005). Xylanase:=
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al.,2004), Aspergillus (Do et al., 2013), Streptomyces (Fujimoto et
al.,2004) <5 SZ3E ohefgt m A Eof| A HarE| Glch Xylan
o theFatar E3Rt sleht 2= Q18] xylanases O] F-of wh
g A2 7" 5ol 9 ZgEAJo] 24 thE(Sunna and
Antranikian, 1997), W2}A] A2-E 7B EAHS 7HA =
783 xylanases& SR 5l= A2 A A 0 2 o ¢ S a5)
t}h. CAZy ©3lEa 4 go] g H|o] 2 (Carbohydrate Active
enZYmes; http://www.cazy.org)ol] T2 H, AHHA 2l endo-
1,4-B-xylanase (EC 3.2.1.8)+= 12}, 32} £ & g AHFS- 7] 2+
5o o)) thefst Glycoside Hydrolase (GH) Al 2] 42 B
=™, =2 GHI0 W GHI1 Alge] &38h= A o= 4
(Uday et al., 2016). HFH, GH30 A € 9] xylanase+=

=
3 methylglucuronoxylano] Eo]# Q] 7}4=H3] &

2 L

A
A
A=
e o] glucuronoarabinoxylan endo-1,4-3-xylanase (=
glucuronoxylanase; EC 3.2.1.136)2 = &2]2t}. 2 59
xylan £-3}'5-0] 32 Paenibacillus < 1| 50] A= 118
A adof tisk o] ok A, P. barcinonensis (Valenzuela
etal.,2010,2012), Paenibacillus sp. W-61 (Fukuda et al., 2010),
P. curdlanolyticus (Waeonukul et al., 2009), Paenibacillus sp.
HC1 (Harada et al., 2008), Paenibacillus sp. JDR-2 (St. John et
al., 2006a) 2 F-E] ThoF3t xylanases”| 1% it

H Ao A= P. amylolyticus KCTC 3005 2] GH10 2
GH30 A9 = o35 = 259 xylanase A4S &2, %
wt Woll At I 9 g AstaL, 242he) & aE/d Wxylan 7}
T8l 54 AT Hlaste] o] A Al W A
A2 o] 7Hs/3& Al AISHITh

R

o= & Fxt
Paenibacillus amylolyticus KCTC 3005 (ATCC 9995) o=+
L 32 Y ER YA E] (Korean Collection for Type Cultures;
KCTC)oll A Hopukoe). 484k 223} opga ] 3
S 93 ZeftAn| & WE= pHCE II/Ndel (BioLeaders)S
ol 2 W5 A| 7] pHCXHD (Kang ef al., 2009) ¥ €] S A}8-5}9]
o

Xylanases X} 224

P. amylolyticus KCTC 30055 vl 9F5}o] JMA| DNAE &

&3l A Als2d Al4%

23l o, o5 £ S & PCRS 4=3Y3}3th Xylanase GH10
(PaXN_10) -3-AA}2] PCR %22 PaXN-N (5’-TTTTCATAT
GCCAACTGAAATTCC-3)T} PaXN-C (5’-TTTTCTCGAG
GGACATAGGGTTAATGA-3") Ze}o|u], 12| glucuro-
noxylanase GH30 (PaGuXN_30) -3-21x}2] 22 of= PaGuXN-N
(5’-TTTTGAATTCGCCAGCGATGCCAACAT-3")3} PaGuXN-
C (5-TTTTCTCGAGTTGTGCTGCGGTAACATTAA-3’)
I ato|H S ARSIt Pyrobest DNA polymerase (TaKaRa
Biomedical)& AFg-3}o] 98°C 30%, 52°C 30%, 72°C 90%
o] Z70j|4] 30 cycles®] PCR HFg-2 AlAJ3l9l o, SZE
PaXN_10 DNA ©H-2 Ndel 1} Xhol, PaGuXN_30 DNA THH-2
EcoR1T} Xhol ©.2 77} Atks} T, g}Auka wlE] pHCXHD
o] A}9)ste] A %3t ZefAn] & Q] pHxPaXN ¥} pHxPaGuXN
2 Atk DNA Q] 7] 4 H-L SolGent Co.of| 2] 2|5}o] H-4]
ahgick

Xylanases XA} el & S4 HA|

pHxPaXN¥} pHxPaGuXN©o| Z}z} &2 A3tE 2|23} E.
coli MC1061-2 100 ug/ml2] ampicillin2 3315t LB vl X](1%
tryptone, 0.5% yeast extract, 1% NaCl)o]| & F3}o] 37°Coj| A
12417} 52t vjoehict. ke FAIS RaEel2 il
9331, ultrasonicator (VCX750, Sonics & Materials) 2 1}-2)5}
Sk AlLE 7491 4°Col A 1037 LAl Eelsto] Zidol
S 3L, Ni-NTA ZL20}E 2272 o 5}0] A|akict.

Xylanases &M =X

PaXN_ 103} PaGuXN 309] #4842 2.5% beechwood
xylan (BEX, Sigma-Aldrich), birchwood xylan (BIX, Sigma-
Aldrich), oat-spelt xylan (OSX, Megazymes), wheat arabinoxylan
(WAX, Megazymes) H+=rye arabinoxylan (RAX, Megazymes)
2 712 & 3}¢] 50°C, 50 mM sodium phosphate (pH 7.0) 958
Aol Al 104271 §ES3E &, 215 SHFS 3,5-dinitrosalicylic
acid (DNS) H*H © 2 =435} thMiller, 1959). 2F 712 H = 1
27F 1 umol D-xylose equivalent 2] LS A= a4
= 1 unit= A 2J5k3ich 22| 9] aants 2=5 A5}
o uk-S-ol o] pHE 7.0.0. 2 1A 5111 25~75°C 2] 1 W o
oA 2tz magde SAsk e, 22 pHe e &5
50°C & 31738kl pH 3.0~12.0 2] {0l 4 Zd5}3ict. o] uff pH
3.0~5.0 Y%+ citrate, pH 6.0~8.0-2 sodium phosphate, pH
7.0~9.0-2 Tris-HCl, pH 8.0~10.0-2 borate-NaOH, pH 11.0~12.0
2 disodium phosphate £+5-8-91-2 717} A18-5} 3Tt

oL

My 4o 40 lo
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Xylanases HIS4tE 2

PaXN_107} PaGuXN_309]| 2J3} xylan 7}4=EafAH 54
= 95to] mA0] 22 Hhg-2 7 of| A thft xylan 7] 2 of] i sf
12A)17F 59 W88t &, HE-3-A=-3- thin layer chromatography
(TLC)Z EA13}31t}. Ethyl acetate, acetic acid, &F4+5
2:2:1 (viv)2 A& A7-8-H3} TLC plate (Silica gel 60 Fasa;
Merck) & ARE-SH Al&2E Ee]skelen, 2% TLC plate
+= " A] 2K(3g N-[ 1-naphtyl]-ethylenediamine, 50 ml H,SOs,
970 ml methanol) ]| T 3 120°Ce]| 4] 527} uh2|8fo] A7}

= gelaigc.

Zn 3 uFE

Xylanases2| Rt S2'd I e

P. amylolyticus KCTC 3005 2] xylanases A5 S2 Y3
7] 918] CAZy L NCBI t|o]EjH|o] 25 A5} 0. m, thefst
Paenibacillus <5 W& FHAA] A9 EA51o] xylanase
2 JAEE A HEE AT v WAt Paenibacillus sp.
FSL H7-6899] -3 A] A ZEE| xylanase 2 34 = 2%
9] SAR=Z HEASIY 01, endo-[3-1,4-xylanase (ID: ETT41903)
Al A g 7192 2 PaXN-N 2 PaXN-C Z2jo|r, Z12]al
O-glycosyl hydrolase (ID: ETT51061) oj|AF 4] & 2 5-E signal

-
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Fig. 1. Gene expression and purification of recombinant (A) PaXN_10 and
(B) PaGuXN_30 from E. coli. SDS-PAGE analyses showed PaXN 10
and PaGuXN_30 with C-terminal His-tag purified by Ni-NTA column
chromatography. M, protein molecular weight markers; NC, cell extract
from E. coli harboring an empty vector (negative control); CE, cell extract
from recombinant E. coli harboring xylanase gene; PE, purified enzyme,
respectively.

peptide S A| 2] PaGuXN-N % PaGuXN-C2] PCR Zz}o]
= AA ST

P. amylolyticus KCTC 3005 A% DNAE 54 © & PCR
2 4=83}o], PaXN_10 (1,002 bp, GenBank accession No.
KY264022)7} PaGuXN_30 (1,596 bp, KY264023) 0 & oA}
%)= DNA THH-S ZZ5}9]Th ZHDNA thE-S Ak wle]
9l pHCXHDO| S22 3}te] A 23t ZetAv| =5 A| X35},
pHxPaXN (4,725 bp) & pHxPaGuXN (5,328 bp) . & H 3}
At pHxPaXN 1} pHxPaGuXN-S ZHZ}HE. coli MC10619] &
ARgsto] A2 gt Een, o] viefste] C-
o)l 67119] histidine 2477} Z2gHE e o] A 2§ PaXN 10
T}PaGuXN 302 A9l Ni-NTA 20l 120 0] 85
o Y2F aaddS GAskL SDS-PAGER HA =5
grolsk A7} PaXN_10-2 38.7 kDa, PaGuXN_30-2 58.5 kDa
o) BAjeke R olekFig. 1).

Xylanases2| 1x} 2! 3X} L= 2

PaXN_10 3-8 2H=333 7] 9] opu] 1= ARS o} & 35 1,002
7l €719] open reading frame © & <4 =], SignalP 3.0 Server
(http://www.cbs.dk/services/SignalP) & ©|-8-5F 54 A1} signal
peptide A o] EASIA] ¢ho Bz, AL Yol A Idd Ao
2 A3kl ek v ol PaGuXN_302] 7% signal peptide <]
A AGDS AQsEaL 1,596719] d7 = FAE FARE 2=
Jaheon, ol % 531749] obu]wAkS: ok sk

o17] AR EE 9331 PaXN 107} PaGuXN_30 A57H0]
ofn|ieAt A /53L& 5.5%°] =1}, phylogenetic tree
EA oA = o] 50] A= thE GH Aol &= A& o

PbXNA

EcGuXN

CXN paxN 10

PbXNB

BsGuXN PXN
PfGuXN
PbGuXN

GiXN

PaGuXN_30 _— SoXN

Fig. 2. Phylogenetic relationship among various xylanases GH10 and
GH30. PaGuXN_30, glucuronoxylanase from Paenibacillus amylolyticus
KCTC 3005; PbGuXN, P. barcinonensis BP-23; PfGuXN, P. favisporus
CC02-N2; BsGuXN, Bacillus subtilis 168; EcGuXN, Erwinia chrysanthemi,
PaXN_10, xylanase from P. amylolyticus KCTC 3005; PXN, Paenibacillus
sp. JDR-2; PbXNA and PbXNB, P. barcinonensis BP-23; CjXN, Cellvibrio
Japonicus; SOXN, Streptomyces olivaceoviridis E-86e; CcXN, Clostridium
cellulolyticum H10; TmXN, Thermotoga maritima MSBB, respectively.
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015} ch(Fig. 2). T} xylanase A A4E5} A G ASAS
B W3 A3}, PaXN_10-2 P. barcinonensis Xynl0B (Gallardo
et al., 2010)9} 83.5%2] 7} =& A9 AFSALS HYo,
Paenibacillus sp. JDR-2 xylanase (St. John et al., 2006a)2}-+=
30.3%9] W2 AFsASS e RIT). ESF Thermotoga maritima
MSB8 -3-2 2] g A] & 42l xylanase 10B (Thsanawati et al.,
2005)2}30.3%, Cellvibrio japonicus xylanase (Andrews et al.,
2004)2} 21.0%2] AHsAdS Rt PaXN_102 fj 59
GH10 A4 xylanasesol| 4] 352 02 WA == 559 I
(WDVVNEA)3} VI (TELD) W] €] catalytic acid-base (Glu134)
@} nucleophile (Glu241) o}a]| Ak 27| (Fukumura et al., 1995)
5 F5F L) g, PaGuXN_30+= P. barcinonensis BP-23
Xyn30D (Valenzuela et al., 2012)2} 78.8%, Bacillus subtilis
168 XynC (St. John et al., 2006b) 2} 55.0%, Erwinia chrysanthemi
XynA (Vranskd et al., 2007)2}28.9%2] of] Ak A Y A%
A8 YeR 2t PaGuXN_30% xylanase GH30 A€ a A&
o] =2 AR X712l Glul69 X Glu2595 F-7-3H3ich

QdFA O 2 xylanase GH10 A|¥ & 4= cellulose binding
domain} catalytic domain .2 -4 == ([3/a)s TIM-barrel -
25 7HAH, Bjelly roll 7+220] GH11 A|E & 4xof] Bl EAh
o] £ EAS B oltl{Ahmed et al., 2009; Juturu and Wu, 2012).
Glucuronoxylanase2}1l = £2]-$-= GH30 #|¥ xylanase=
24y 9 MeGlcA7} =415 & 9] glucuronoxylan 7] 2] T
ShARE E S YEb e, ARFA © 2 (B/a)s TIM-barrel -5
o] 9719] B-strand 2 ©]F-0] %l extra-domainS 7}X| = Ao 2
A& H T}(St. John et al., 2006b; Vrsanska et al., 2007; Valenzuela
etal.,2012). Phyre2 server (http://www.sbg.bio.ic. ac.uk/phyre2)
o] child S of| & ZRIWE F3F FoZl PaXN_107}
PaGuXN 309 QA2 wdle 7| 2of| &7z GH10 2 GH30
@ xylanase F A~5-0] G20} vl FASIATH A= BIAA)). wh
2h PaXN_107-PaGuXN 309] 12} 712 A1 v i 2 32}
22" Ay 5 FPA R AT 0], o] 50 A& Aol
St FZ5 71X Z}Z xylanase GH10 2 glucuronoxylanase
GH30 A 2ol &3 749 2.7 ghekslich

Xylanases?| 4 EM

Az PaXN_10->50°Cof| A BEX 7] & of| thgt 2o} 7k~
B3| 84S 1.9 oL, 40°Col| Al 69.1%, 55°CO]l A 52.4% 5
Ao ZHAsH T PaGuXN 309 2 HE-8-2 == 50°CE
FUBHARE PaXN_10°] H]3l 25~60°C 2] H> 2= H ¢
A 60% ol4ke] B 4TS YR QITHFig. 3A). T, % &
2~ W5 50 mM sodium phosphate (pH 7.0) $F5-8-2 o A 7%

d

1= A A|52H A4

Mo
_}I_
P
r-({)m

& 24 B o), PaXN_ 102 pH 5.0 0|3} =

=

1 pH 10.0 0] 4F9] Wk Ao 4 o] 30% o]5h2 7
517 72513tk PaGuXN 30 PaXN_103} G-A}3t pH
OEEE HE oL F2 pHOA A o2 2SS H

AthFig. 3B). GHI0 AQ] P. barcinonensis BP-23 -2
XynA= 60°CE} pH 6.50 4] S-S 1 9 (Valenzuela
et al., 2010), Xyn10B= 50°C 2} pH 5.50] 4] o) B2 e}
Uil th(Blanco et al., 1996). 552 Paenibacillus G-
xylanase = 40~60°C, pH 5.0~7.02] H |0 A 24 A& 1}
EF @1 thi(Harada ef al., 2008; Waeonukul ef al., 2009). GH30
AlE xylanase 5 B. subtilis 168 XynC+=65°C, pH 6.00]| 4] Z]
o] &A4-8 ® ¥ 31(St. John et al., 2006b), P. barcinonensis
BP-23 ] Xyn30D= 50°C, pH 6.5 4] o} B4 LFERy %l
TH(Valenzuela et al., 2012). PaGuXN_30-2pH 5.0~11.09] 4
= H IOl A 12417 BER] $-of| &= ZhE2Hd 0] 80% o -4
El= -5 pH Q8 o] f-rdte] AP A1 &8 77 S A

O 7|t

z

80 [

60

40 |

Relative activity (%)

0 L L
30 40 50 60 70

Temperature (°C)

—_
=)
~

80

60

40t
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3 4 5 6 7 8 9 10 11 12

Fig. 3. Effect of temperature and pH on the activities of PaXN_10 and
PaGuXN_30. (A) Enzymatic activities were determined at various tem-
peratures in 50 mM sodium phosphate buffer (pH 7.0) (B) Enzymatic
activities were measured at various pH and 50°C; closed circles, PaXN _10;
open circles, PaGuXN_30.



Paenibacillus xylanases@| xylan 7|25 EA - 467

Xylanases?2| 7|& £0}d

BEX, BIX, OSX, WAX, RAX 5 t}oFst xylan S3}4| of] off
3 2} 1 20] 7258 TS 24 5H ATk Table 1), PaXN_10
2 WAXe] tf3]] 32.5 U/mg2] H|Z4J-S 5 9131, BEX | df 3
AT 318 Ulng © 2 %2 T2 e glch. T3t ghe
xylan &g 7] e thgt H]=/gd o] 20 U/mg o] o] it 1
HU, PaGuXN_309] 9 E27] glucuronoxylan 7]2 9l
BEX 9 BIX o] o} 22+22.2 Uimg#}25.9 U/mg ] =& 814
< YERH B, OSX, RAX, WAX £-2] 2 X 7] arabinoxylan
AlE 71 of| thalAl=8.1~9.2 Umg &) Ao 2| o 2 -2 s &
H It} ofi=xylan 714 wich S}8ktz gl S40] 4] =7}
ME 2B 7} §40] 7] Z13} e 0} gHd of) 2o]7H Ay
k= A o= wsigit o & =9, Y¥HEQl GH10 A4
xylanase©] 2151 PaXN_10.2 42| E5e}44] Jro] 2
SHA 52| 7182 2 Bafisto] A=A} xylooligosaccharides
(XOS)2 AgF5FA]9E PaGuXN 30-2 #8421 glucuronoxylanase
GH30 A2 ] & 42 A MeGleA 2= 717 EX 7320 =
Z 7 glucuronoarabinoxylan®]] tfaj A5t & A4S vehd
% 9 4 9tk whebA MeGleA] 4:4] A7t she
arabinoxylan 71200} ol ¥ 54 L 4 & wol
gieralsic.

P. barcinonensis BP-23 3-2] XynA GH10-2 PaXN_101}
0F20%2] -2 ot it A QD AlsAd S HolAwh BEX 7]d
o] th3 41.2 Ulmg, OSX 2 WAX 7] o] T3 31.7 U/mg,
32.5 Ulng®] ¥ 242 Lk, PaXN_ 103+ §AKFBEX 7
B3] EAS HoltValenzuela et al., 2010). ¥HH 5 o]
A &0 A 823t Xyn10B GH102] 73-$-+=PaXN_101}83.5%
O - =& A AE/dE Hol ATk BIXof| tigh vl o]
0.2 U/mg o & PaXN_109] v|3}] uf-> Ttk Blanco ef al.,
1996; Gallardo et al., 2003, 2010). SFH, B. subtilis 168 -3-2}]
XynC GH30-2- BIXo|| thigt [2Hg0] 21.9 U/mg O PaGuXN 30
I} SA1SF S H(St. John e al., 2006b), P. barcinonensis BP-23

Table 1. Substrate specificities of Paenibacillus amylolyticus xylanases

Specific activity (U/mg)*
Substrates
PaXN_10 PaGuXN_30
Beechwood xylan 31.8+2.8 222434
Birchwood xylan 21.4£1.9 25.944.0
Oat-spelt xylan 21.7+1.9 9.2+1.4
Rye arabinoxylan 28.0+£2.4 8.1+1.3
Wheat arabinoxylan 32.542.8 8.1£1.3

* Enzyme activities were determined by DNS reducing sugar assay

2l Xyn30D+= BIX¢]| t}j 3} 28.2 U/mg 2] v]&A-& ® o] X4,
PaGuXN_300]| ]3] OSX, RAX, WAXE 7 ¢] Haj|5}7] 5}
L EA2 71zt Valenzuela ef al., 2012).

Xylanases?| 7}+-25l EA

2} 5200) Zprba] B4 5] 919, BEXE vt
xylan Z3H4)| 51 XOS 7] & o thgt 7 s ihaS TLC= &
2531tk PaXN_102] 7%, xylobioseo]] tff 3} vlj-- 2Fat 3]
S-S B O, xylotriose 014+2] XOSo]| 21-8-51H xylobiose
oF 2279 xylose S A/ SFATHALR PIAA)). Xylan 7] 2%
13- A7, thdRE XOS S S == sk, o274
T2 EE PaXN_100] A& A9 endo-1,4-B-xylanase 2] L%
Q18 3F0l3} %t BEX = BIX &} ¥H3-31H =2 xylobiose
(Fig. 4A 2] b; XX) <} aldotetraouronic acid (Fig. 4A 2] ¢; UXX)

(A)

- + - - = - +
BEX BIX O0SX WAX RAX

X0

-+ - + - + - + — +

X0

BEX BIX 0OSX WAX RAX

Fig. 4. TLC analyses of various xylan hydrolysates by (A) PaXN_10 and (B)
PaGuXN_30. Each substrate was reacted with 0.1 unit of the corresponding
enzyme for 12 h. XO, xylooligosaccharides standard from xylose (X1) to
xylohexaose (X6); a, X1; b, X2; ¢, UXX; d, UX; e, XUX; f, XXUX; g,
XXXUX, respectively.
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ol

AAISHE, A5F 0] xylose (Fig. 4A 9] a; X) 7| FAFE = 32
itk gHH 2 E A xylan 31421 OSX, WAX, RAX 2 5 E]
A BSAHE2] 749, o L-arabinose &5 71X =
XOS afl 45| o, ufebs TLC 54 A] & Akge] 7)ok
912 o] 4 BEX BajAHE 1} 2fo| 2 B gir). QHA 0 2 GHI0
A% sl 714 BUL = ST o 45 ol
XOSo| tf3l] HBFE7T o, o] 2 Q18] xylotriose ©]5}2] &+
© SIS T UgAIER Ao, olelet el 5
2.2 PaXN_103} §AF5HgAck
PaGuXN_30-2MeGlcA 227} §l= 2]4& X0Sofl&= 2t
2] ESHATHARR HlA|A)). Xylan 7] -, MeGleA 4
7H E2 A glucuronoxylan @1 BEX 2} BIX o] T3] At 4 0.2
W2 7R S A3/ sh, 08X, RAX, WAX 59| =2
Al xylan 7] o= u-9- oFgt S-S Hol= A& ERlskct
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Fig. 5. Proposed scheme for the enzymatic degradation of methylglucuro-
noxylan with endo-xylanases, PaXN_10 and PaGuXN_30, in Paenibacillus
amylolyticus KCTC 3005.
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