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Biochemical Characterization of an Extracellular Xylanase from Aestuariibacter sp. PX-1 Newly Isolated from the Coastal

Seawater of Jeju Island in Korea
Jong-Hee Kim*

Department of Food and Nutrition, Seoil University, Seoul 02192, Republic of Korea

The marine microorganism PX-1, which can hydrolyze xylan, was isolated from coastal sea water of Jeju
Island, Korea. Based on the 16S rRNA gene sequence and chemotaxonomy analysis, PX-1 was identified as a
species of the genus Aestuariibacter and named Aestuariibacter sp PX-1. From the culture broth of PX-1, an
extracellular xylanase was purified to homogeneity through ammonium sulfate precipitation and subse-
quent adsorption chromatography using insoluble xylan. Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and gel filtration chromatography estimated the molecular weight of the purified putative
xylanase (XylA) as approximately 64 kDa. XylA showed xylanase activity toward beechwood xylan, with a
maximum enzymatic activity at pH 6.0 and 45C. Through thin-layer chromatographic analysis of the xylan
hydrolysate produced by XylA, it was confirmed that XylA is an endo-type xylanase that decomposes xylan
into xylose and xyloligosaccharides of various lengths. The K,,, and V,,,, values of XylA for beechwood xylan

were 27.78 mM and 78.13 pM/min, respectively.
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3 B 2= MRS UL Bestn, R
L Aehilo| 29 BYS FPstug stk &

11, Aestuariibacter £oA= Lo 2 AE 92 Hu|¥:
Adeio]z9 EAS FH5AT. & dAFolA BEl A=
& S | AEALY Adeo]= AaE, JuAERL
o] o] & A ZAY] Tl F835HA E8E & A& AL=
7|t gt

Mz A

Aok 2 A2

Bactopeptone, yeast extract 5 H|X AEL BD
BiosciencesAHUSA)o| A FLufislglar, E4-8 A|2FS Sigma-
Aldrich AHUSA)o A FA3sF4Eth. Beechwood xylan<
Megazyme (Ireland)ol| A} FYstG o, 718f EE3 A&
£ uEs st

AdehtolAE AR oF igEe) 22l

Adehioby MAF 25 PX-1S Rl E AFE dct
AR BT 2 PO Restar A AR
Hat A4 g NaCl in 1 L distilled water)E& AF-&-3}¢]
10904 107812 A< 343kt 34§ 100 ks 0.2%
(w/v) beechwood xylan (Sigma-Aldrichy& #7135t &34
vl x| (ASW, artificial sea water) 24 [11]S 2= F Tl X
o Eeaha, 40CAA 8AZH HFake T, AL eho] = B
Y& Uehe weeol 22U AZH o2 TEs] 9
3], 2% (w/v) congo red §H 2 FAsto] FEY TR 2}
Uzt RefjghS Pt FRUE Adstgth ALt ol
2 At FHE AEE 2 22U w2 4477 9
3, ASW 8 Z] o]] 0.02% yeast extract?} 0.3% bactopeptones
H7HRE ASW-YP &b E¥o|Bof =stal 28ToA 1€ &
StujdstEtt @Y E2YE =T thAl =& ASW-YP
SYCIER A wjddhe B vHEStY], a4tk v A
£ dHstth 23 g 2loh 7 20% (viv) SEAIE
o #ersl, -80C oA RisHAA AT

16S rRNA {42 A d 9 ATy 24

5 PX-19] GA% DNAE ASW-YP 93 uijz]ojl A 4070l
A 197t vjoF 3t A ZZ 2 E Genomic DNA preparation
kit (DyneBio, Korea)E AH&-3to] A|2Al Ao whe} &2
513}, 16S rRNA f3A=, @A DNASE 32 & sl
bacterial universal primers [12]5 AF&Slo] PCRHLOZ =
Z3519 3, £Z% DNAY §AHA A EL2 Genotech A}
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(Korea)©l| 9J2|3}4] Applied Biosystems 3730x1 DNA &4
7] (Applied Biosystems, USA)Z 243} c}. 16S rRNA &
AZ AL o]-g3te] NCBI® BLAST [13] A4 A A3}
gow 1 A3 F3F PX-19] Aestuariibacter &0l £
Attt 7]&o] RauE #F #39 16S rRNA §-4#
A 2% EzTaxon A H[14]2 5 ¥ ¢+, B #5929
A EE Clustal W 2 ZE 9o} 5 AE-5}o] &4 5FGITH[15].
ASHAN == PHYLIP Z213[16]9 Neighbor-joining
(NJ) HR17]1 AHEste FASHATH e A=
Kimura’s-two Z-2ju|g Hd W[18]0.2 A4tstgl o, A
F & (bootstrap value)= 1,0003] 9] A|FAE A2 ZEE A
S treeE 23t A4FsETH19].

PX-1 259 Fefetal @ A =4

A5 IFFAL Gram Stain Kit (Becton Dickinson,
USAYE ARgsto] AlzAbe] Ao whet A8l Al 29
e @ 37], HE 9 A 5& 1% phosphotungstic acid
AN 5 ENAAEU A JEM1010; JEOL, Japan)o. 2 o
Zetlow, ASW-YP Fatul | o ] v st tj=F4]7]0]
U AZE ez st nAE 4% 2= Hele
ASW-YP Bl Ao M o] A% $28 4-50C o)A vl
sto] TEstich vAE 4% pH Hel=, 0.1 M HCl E+=
0.1 N NaOHZ AM&-3}o] pH 4.0-10.0 92 243+ ASW-
YP gl R Ao A o) mlBE0] A F-FE 40TolA] ufek
shel mEarich BIAE] YAA HAE 0-20% (wh) &
T2 NaCl& H7He ASW-YP Bzt 2] 4bof A o] o] & o)
8% 5 40TolA vigsto] Bttt A A4
S ASW-YP HIuljA] QoA agar-diffusion methodZ &3
ST 2, PX1 @EolS wake Ba A o] A9
(30 u)Z A4l paper disc (37 5 mm)E &2 1, F4A
of ot mAE 47 JA| AFRE 40T A v Fste]
3ttt A A= ampicillin, kanamycin, thiostrepton,
chloramphenicol, neomycing Z+Z} 100 pg 5= = A3}
k. v AE] Aoty B4 W G A4 ST API
20NE, API Staph, API ZYM galleries (BioMérieux,
France)® AHESIRe o, A Wl A2 A2 S 24
Sttt @, B3l AT DR FLAL 2% (wh) NaCl
< H7H ASW 52 AUX Hj A (BioMérieux) S AH&-3HS1
t}. Fatty acid methyl ester (FEME) £4-2 Microbial
Identification (MIDI) system [20]°] AAH & T2 EZS
Z55190 PX-1 359 #8 7= 9 DNA G+C e o
4 HPLCZ &A% tH[21, 22].

AZ 47 D Adehilol= 84 54
Adetyo| = AALE $E87] 98, PX-1 2FE 0.2%



(wiv) Zrdeo] E5HE ASW-YP HA| ¥ 2] 100 ml (500 ml
baffled flask)e] HE3t 40CoA 3Y7F ZEu|oF
(150 rpm) SFSATh. F71 4 0.2 ikl 1 mig AHstel, &
FHEAZ 600 nmol A A EFEE SHote] A RHE
SstelTt. WOl 14,000 xgol 4 1057+ 24523l
AL AFEAS Folo] AJeflol= BLYHE dinitrosalicyli
acid (DNS) 440 2 2319ith23]. 7Feks], a4 100 ul
£ 0.2% (w/v) beechwood xylan< ¥-83F 20 mM Tris
buffer (pH 7.0) 3.9 mle} 40} & 4 mlo] HFSAS Zn|31Q
Tk 40ToA 1087 A483 %, DNS reagent &
(dinitrosalicylic acid 6.5g, 2M NaOH 325 ml, glycerol
45 ml in 1 L distilled water) 4 mlE F7}5}4th. HHHS
1087 B Eoll 29, daEolA A3 & B33 =4
2 540 nmol A detulo] o] oJ5) Haslo] Y2 B
2ol 558 SHes

il

ol )

PX-1 5 vjgA e 25 g Adehio]= A

PX-1 #5F 0.2% (wv) AdeE T35 ASW-YP 4|
¥ 2] 250 ml (1,000 ml baffled flask)e] BZ38}1 40°C o)A
3917k A oFaheih HoFel e 14,000 xgol A 1087 ¥
HEgste] & A5AS Fsko Adedlol= AA o A
L£3lgth A5 H(230 ml)o] ammonium sulfateE ZHF
5% (wiv)7t H =5 254 H7FstaL 4Tl A 12417 A
3, 20,000 xgoll A 1A17F YA & 5to] Tl A S A A
Aok AAES 10 mlo] &=H A (10 mM Tris-Cl, pH 8.0)
o EA7|LL, FET SFHeE FAMWCO 2000,
Sigma-Aldrich A} s}e] @& AAsterh. Ty g
(10 ml)of] &84 9] oat spelt xylan (400 mg)= YL & 4T
oA 3027t ABsHHAA A o]=E F2AH T ¥HE
29 14,000 xgol 4 1087 AABe o ¥, WA A
S B3 E 8)estal o] ©hAl 1 M NaCl o+ &5
4 A 10 ml2 AHsH Ade-dd ZAAE 8 M
Urea (10 ml)of] @A A S dS FAI &, YA £
2 Ao A=oiute g2l AZ EASIT 0.1% sodium
dodecyl sulfate-12% polyacrylamide gel electrophoresis
(SDS-PAGE)Z £&% wjzdg BA3l%ch24].

Aolz} 2zuke 1ee) o3 SAYY BAF 24

A G B A o3 AREIHYR 5
Bt A o7} 22ulE 1o AKTA-FPLC A2
(GE Healthcare Life Sciences, Chicago, USA)Z AHE-3}%
th. A2 Superose 12 10/300 GLE AME8FAL, o] FAE
100 mM NaClg $§3He 59 AS 4435t A of7}
£ AN 05 ml/Ee F4o2 Py, By £
2 980 nmo A BUE st
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BAE Adzhd| o] =9 £4

a9 A pHE A7) 913l pH 4.0914 10.0 (pH
1.0 7v4) WA EA4& SHstg e, I EE 40T
oAA AAlstTt ZF pH F7to whet 454 20 mM
citrate buffer (pH 4.0-6.0), 20 mM MOPS buffer (pH
6.0-7.0), 20 mM Tris-Cl buffer (pH 7.0-9.0), 20 mM
glycine buffer (pH 9.0-10.0)5 AFE-3H4TH 84 49 3
A 2% AR AFL, 20 mM MOPS buffer (pH 6.0)S A}
43} 20, 30, 40, 50, 60, 70, 80TC A Al ¥H-g-& A A5} T}
a4 Ao vx = nFHP4NaCl, KCl, ZnCl,, CaCl,,
MnCl,, MgCly;, CoCly;, EDTA)®] 932, 20 mM MOPS
buffer (pH 6.0)°] Z R|FFALE XF 5 mM EIL 45T A
a4 HFE-S AA5FY T Michaelis-Menten A4 (K2t &
P EE (Vi 59 98 Al Lineweaver and
Burk®] %251 A-85H3ict. 7Hds], a4 ¥ 20 mM
MOPS buffer (pH 6.0)2 45Co|A $3s¢gx, 712
beechwood xylan (1.0-20.0 mg/ml)& AF&3tch 54 &
42 DNS ez A5t Adeto]= 1 unit= 4
7] 2704 185 1 pmole] AYRAS AL B2
o2 Aojtgitt. AFS AT EEFA Aol AY=EL
BE2AZ ST

it

k%€ 2ul& 7 & 7] (Thin layer chromatography)°]| 2]
@ 5 WS E B

a4M0.8 ug) 0.5% beechwood xylang 53+ 20
mM MOPS &5 (pH 6.0y 2F #1 80 pl/} H=E &
it 40CoA 24417 ¥ &, BE3-E 7 plE silica gel
60 plate (Merck, Germany)o]] 2F8 3}t U2 EZUIE
a3 9 9] o]F AL n-Butanol: Acetic acid: Water (2:1:2,
vivivyE ARESHE LT, IR EE =ol7] Y8l TUTE ol
A AAE 23] A& AA ST AAE FEZ 10% (W)
sulfuric acid/EtOH €& AZgo] g 3, 12074 o]
erd kA b sk,
2oty na
SAFAE PX-1 2] 2]

AZE Agke] ArRRe Aol FHE Holk
26el B2UE Bk o 3, FF PX-10] 7 2 A
Yok BeES HYODE, ¥ 479 gArez A
(Fig. 14). PX-1 A 2= 182400, FE= 712 0.5-
0.6 um, A2 12-15 ume] ehefolct. SHLHL T PX-
L AZ) EnaAdnd By 2% 14 34 RS @
3 g 2 9olthFig. 1B). YMAOZ AEA Lol u)4y
29 YL 168 RNA 47274 A9 243} J3}315-3
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A

Fig. 1. Characteristic features of strain PX-1. (A) Detection of
xylanase activity by Strain PX-1. PX-1 was streaked on ASW-YP
agar plate containing 0.2% (w/v) xylan azure and incubated at
40 C for 2 days. (B) Transmission electron microscopy (TEM)
analysis. Strain PX-1 grown on ASW-YP agar plate at 40 C for 2
days was negatively stained and observed using transmission
electron microscope. Scale bar=0.5 um.

G5t 4 5o] AL Tfebd, PX1 279 165 rRNA
SAR NG BAL eM-og Asta, AES AR
3Jo]] 5= (GenBank accession number; JF309276) }%.c}.
16S rRNA §AA} A g B4

T3 PX-19] 16S rRNA 3} A E(1,423 bp)S EzTaxon
Server 2.1 A &3 £ Q= §A}F 16S rRNA SA4A}F A

3 v waigich 1 A, 165 RNA S84 H2e BE 7
Z Aestuariibacter aggregatus WH169" [26]9] G-Ax} A9
I 99.91%2 AEAL HT. 1 9, Aestuariibacter
halophilus JC2043T (95.45%), Aestuariibacter salexigens
JC2042T (95.45%), Alteromonas genovensis LMG24078T
(95.42%)9% £& AF4S B old % 4eA 2=
AT ES Anote 2 dX3chFig. 2). Ale 1ol
A, PX-1& 713 AHEA o] =& A aggregatus WH169T9}
A 27](clade)E o FL, 0|99 A4FA & FFE°] 9
2 2719 95 70| A5t dRHoR F 3
= Ato] ol 168 rRNA F-H 2L A d 9] 45/ o] 98.7% o]}
o) %l, HZ T2 F(species© 2 FEE 4 9UTH2T]. b,
16S rRNA §7074 A9 24 23 PX-1 F55 EZ 25 A
aggregatus WH169 o] &8 Ao & oArE Q).

PX-1 #5:9] FH|3H4, A3t EA

PX-1:2 ASW-YP Hutuj x|l A 40CoA 297 v g3
o, 27 1 mm W9 4F FEYE FAHH L, FHLS F
T Ho|R A FEYE FHE YEFUT. PX-12 20-
42 (FH 2%, 30-40T) 2% " llA AR, 4T
T 45CoA = AsHA &gttt E3 PX-12 pH 6.0
pH 8.0 (214 pH, pH 6.0-7.0) Ato] o A= A& 4= A
%, pH 5.03} pH 9.0 4= AdA&sHA] @3ttt 53], PX-12
AR 1-5% (wiv)e] NaCl (B3 B &, 2-3%)2 8139

Bowmanella pacifica W3-3AT (EU440951)

100 |
[

Aestuariibacter litoralis KMM 38947 (AB473549)

Glaciecola lipolytica E3" (EU183316)

100 60

Alter s halophila JSM 073008" (EU583725)

Alteromonas litorea TF-22T (AY428573)

Alteromonas marina SW-477 (AF529060)

66

93

—

ﬂr Alteromonas macleodii DSM 60627 (Y18228)

Alteromonas simiduii BCRC 175727 (DQ836766)

100| Alteromonas stellipolaris LMG 218617 (AJ295715)
— Alteromonas addita RIOSW13T (AY682202)

Alteromonas genovensis LMG 240787 (AM885866)

Alteromonas hispanica F-32" (AY926460)

Aestuariibacter halophilus JC2043T (AY207503)

Aestuariibacter salexigens JC2042T (AY207502)

100[” Aestuariibacter sp. PX-1 (JF309276)

001

L Aestuariibacter aggregatus WH169" (FJ847832)

Fig. 2. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences. Distances was determined according to the
Kimura-two model and bootstrap values (>50%) based on 1,000 replicates are listed as percentages at nodes. Nucleotide sequence
accession numbers are given in parentheses. Scale bar, 0.01 substitutions per 100 nucleotides.
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o, 0%} 10% NaCl 5T oA+ ARSHA &ttt PX-1
L chloramphenicolo= Z4AS 2 H A9 ampicillin,
kanamycin, thiostrepton, neomycin®l| &= &4 e T
A3}etA © 2 nitrate reduction, alkaline phosphatase,
gelatinase, esterase (C4), esterase (C8), lipase (C14),
leucine arylamidase, valine arylamidase, cystine arylamidase,
trypsin (weak positive), acid phosphatase, naphtol-AS-
BI-phosphohydrolase, arginine dihydrolase 5o o3 <%
A H-8-S YElg T 284, indole A4, o-chymotrypsin,
o-galactosidase, [-galactosidase, P-glucuronidase, o-
glucosidase, N-acetyl-p-glucosaminase, O-mannosidase,
o-fucosidase, urease 50 WA= SAANSS Eqct &
249 o] 8 YA+ D-maltosed] A= ¥4, D-
glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-
glucosamine, potassium gluconate, capric acid, adipic
acid, malic acid, trisodium citrate, phenylacetic acid]
A= FA B BT f714F A A @ olAl= D-
glucose (weak positive), D-maltose, D-trehalose (weak
positive), D-melibiose, D-raffinose (weak positive), D-
xylose, methyl-a D-glucopyranoside (very weak positive), D-
saccharose (weak positive) S|4 &7]AF Aol HEEH S
t}. 23y, D-fructose, D-mannose, D-lactose, D-mannitol,
xylitol, N-acetyl-glucosamine So|A= §7]4F AAlo] A&
R ottt A% XA summed feature 3 (Cyg107c/
180-C15.0 2-OH, 28.6%), Ci6:0 (20.4%), C1s1 ®7c (11.57%)
59 £A4Z ZA 514t PX-19 DNA G+C 32 51.14
mol%, &2 ubiquinone< ubiquinone-8 (Q-8)2 WENITEH.

PX-12 16S rRNA §AX A E B A oA A. aggregatus
WH169" (LMG 25283")t 71 717kem], 22 ol &3 A
oz AFEHAY. 2y, F 4579 Hu 23, PX-1&
nitrate reductase, esterase (C4), lipase (C14), cystine
arylamidase, D-xylose Z 5§ §7|AF Al o )&l FA 4t
2% HQl v, A aggregatus WH169™= 24 9k8-& H Y]
t}. PX-12 457, pH 9.0 ¥ 10% NaCloj|A] A% &
Ak, @3 WH169"9] 5Ue 240N 22 4% &
ool 3], #5 WH169™-2 ASW-YP 22|
PX-13t= 2 xylanase 4 0T 4 g E3,
PX-1-& kanamyecin (100 pg) ¥ neomycin (100 pg)of et
HAg 2ol vhd, 43 WH169'= & A daf 24
He trehith olele A3keHA Aol 2 s, F5 PX1E
A. aggregatus WH169' 7} 43 o2 HHs7| = o2
o, metA] EA E23 PX-1 4+FE Aestuariibacter sp.
PX-10 2 B3t Aestuariibacter sp. PX-1 #5F & g
FARERATY ASAANEY STl s
KCTC 23763).

T O
D
EQ
e
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Fig. 3. Production and purification of extracellular xylanase
from liquid culture of strain PX-1. (A) Cell growth and xylanase
production depending on cultivation time. Strain PX-1 was culti-
vated in ASW-YP broth. Cell density was measured at 600 nm and
xylanase activity was measured by DNS method at 540 nm using
UV/VIs spectrophotometer. - l-, cell growth; -@-, xylanase activity.
(B) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) analysis of the purified xylanase. The purified protein
from culture broth of strain PX-1 was separated on 0.1% SDS-
12% PAGE and stained with Coomassie Brilliant Blue R-250. M,
molecular weight standards; lane 1, protein sample after xylan-
affinity purification. The arrow indicates purified protein. (C)
Determination of molecular mass by gel filtration chromatogra-
phy. Gel filtration chromatography of the purified protein (XylA)
and size marker proteins was performed on a Superose 12 10/
300 GL column: position a, beta-amylase (200 kDa); position b,
yeast alcohol dehydrogenase (150 kDa); position ¢, bovine serum
albumin (66 kDa); position d, bovine carbonic anhydrase (29 kDa).
The position of the elution peak for XylA is indicated with an arrow.
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Fig. 4. Enzymatic properties of the purified xylanase, XylA. (A) Effect of pH on xylanase activity of XylA. The reaction was carried
out at 40 C at various pH conditions. The values obtained at pH 6.0 were taken to be 100%. -#-, 20 mM citrate buffer; -@-, 20 mM
MOPS buffer; - a-, 20 mM Tris-Cl buffer; -l-, 20 mM glycine-NaOH buffer. All data shown are mean values from at least three replicate
experiments. (B) Effect of temperature on xylanase activity of XylA. The reaction was carried out at pH 6.0 at various temperatures. The
values obtained at 45 ‘C were taken to be 100%. The relative activities are the averages from three independent experiments. (C) Effect
of metal ion and chelator on xylanase activity of XylA. The reaction was carried out at 45 ‘C for 30 min in 20 mM MOPS buffer (pH 6.0)
containing different chemicals. The activity value without chemical was taken to be 100%. All data shown are mean values from at least
three replicate experiments. (D) Lineweaver-Burke double-reciprocal analysis of XylA. The enzyme activity was measured at 45 C

at pH 6.0.

#+3 PX-10] A4e Agdehlo]=9] £4

ASW-YP WA wjz]of] &5 PX-1& HES &, vk A7H
o & Az 4% 4 #F7F AT Adee|= B4 e
S5kt Al B2 27178 48] S716k7] A4t
of Wi 12417k AA7]0) =Eetnh. Ado]= &4
ET AE R vl st 718, v 48417t 2
thgtoll =gdh $ HAs] sk Arh(Fig. 3A).

¢ PX-19] Hj A2 RE oA FA| & i d2
SDS-PAGE (Fig. 3B) @ A¢j7} Z2ubE 195 (Fig. 3C) &
A A3t gi2F 64 kDa9 EAHFS 2E2 ¥, monomerZ ZX|
S Aoz AT AAE SHE-L beechwood xylang
AEAHOE FoT & e Adeolz S HoE
Z XylA=Z ¥gstith XylA= pH 6.0014 o) 45 =
R 573 pH M (H 7.03} pH 8.0)o14 FHi&o= &2
2 2l vk, w2 pH ¥ 9l(<pH 5.0) = &2 pH
AEpH 9.0001 4= 845 A9 24T (Fig. 44). &Y
S22 oA AdEol= a4 FAHS AW W,

http://dx.doi.org/10.4014/mbl.2001.01009

XylAQl a4 ghg HH 2==4 o
ANA X &4 60% o] FE FASHAT 1,
70T o)dolAe S &As 245 hFig. 4B). AL
ghyjo] = &2 Co*'ofl o3 &3] AA =L, Mg™,
Ca*, Mn*"ol| oAz et A2z 16.8, 202% L
55.9%)7} oF7| = it &4 A o] EA EDTAE= &4 &4
2 49.2% A5} cH(Fig. 4C). Beechwood xylan®] o3t
XylA 84:9] 5834 A4S AL 47, K, 27.78 mM
(4.17 mg/ml), Vo 78.13 uM/min®] 1TH(Fig. 4D).

Beechwood xylane XylAZ 24A|7F 7}-E88 v &
2 wEazneadgne BYAckFe 5. 1 A
XylAL Adehe 4UzAc 4ARgEdosnT 2
xylooligosaccharides (XOSs)Z E&|5l= Adetfo] 2 Y&
solstect.

HA A Aestuariibacter 40| £31= n|YE Fo&= A
halophilus JC2043" [28], A. salexigens JC2042T [28], A.
aggregatus WH169T [26], A. litoralis KMM 38947 [29]

ot

THLen, 30-50C Y

ox
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Fig. 5. Thin layer chromatography analysis of the hydrolysate
of xylan by XylA. The reaction was performed in 50 mM MOPS,
pH 6.0, at 45 C for 24 h. X1, Xylose; X2, Xylobiose; X4, Xylo-
tetraose; S, hydrolysate of xylan by XylA. Xylose and xylooligo-
sacchrides (XOSs) are indicated by arrows.

T 4FY Agn B Eo] RS o] FolA A litoralis
KMM 38947 Altiglaciecola litoralis KMM 389472 A&
£5]0[30], @A = Aestuariibacter £oll= 3Fqo| &
F2 Joldth(Fig. 2). Aestuaritbacter &0 THHE Hil=
B &Y EFol tiet WEolw, & 4 A=
By uirh Ag glok. 2 =8| A = Aestuariibacter 49
&3l u|AE Aestuariibacter sp. PX-10] &2 Ay o]
2 g4g Holu], o 2RE HUzpo| 28 HAFL AL
B35k 2|2 9] Hilo|t}. E3], Aestuariibacteret A
EoA 7P 7k A Be 28 238l Alteromonas
S0l % Aehio] = BAL A8 Hud v oBE, o
9@ But Egos 2 oust g
Aepol 25 AX W B Ae] AT B

X4 Qo sk 229 ete s g2 AR S gk AA 3
ol A, o] BN Aol LHEA G 2
Aelo] 28 AHEtE Aol ATACITH, 31). FF PX.
12 gy £ 3 S0l EoA AE o|= &4 A
& AEEHA &A7] W2, AEd |27t LHEHA g2 A
B o] A Yeto] 25 AL T 4= e FRT AYLE o
FEY 25 PX-125EH FA | XylAx AdeEs
X089 T3ELS AT} o]e} ZHe aA4hF EXL E}oka-]-
WAEERE B E Aok ol 259 4T} of%
3hth(5, 32]. XOS= Zajuto] 0 & &4, g4tst % FH‘F Jr
$3} 2 topR ARATAL i) o] AF 2 A
2 H7HA, oFet W 3FE AR ol A 3R SIsHA AHEE
= ATH[33]. EZE, At etdoj=o] o) AAHE Ad=Z A=
au gao] o] gEof Ho]| et 2 HAgo] 7hgstt. o]
A ou]o| A Aestuariibacter sp. PX-1 4-F¢} o] #5371 A
APt Adetdlo] 2= SRS A E871A7 dls A

JQ

=20
'='1<_>]E

o] &

ok _IP)I it

—|—‘

—|—‘

An Extracellular Xylanase from Aestuariibacter sp. PX-1 221

o7 A4td.

XylAEZ] Adaio] = o] it vhg A 212 pH

0,93 2% 45Tt A4 FAL 50TAA 2o 24
«] 80% ©]/F, 60TCoA Xt &Y 40% oldE FAISH=
5, 0lnd neoldE BHS R BEE 27 Ut
olof uksl| A2A] d|%Fu| WL Pseudoalteromonas haloplanktis
oA BRud Adetyo]2E 10T o]ate] Ao A &40
B2 2SR 4HA T[] 2u, ABAEE Y A
=, A4 Wze) JERE B, vl AR LG AT
JrAEZA vlolemjao] ot AF 9l Ho]A g A
2o ke BN AN BANCE 12l Ea7td A
et Aoz AdHA Y5 o] T Aol A= Aestuariibacter
sp. PX-1 43 2 Adatyo]| 2 283 &471x]7} 9 &
Ao 2 woEt wabA, Aestuariibacter sp. PX-19] §-%
A 4L T8 A D 718 {83 FAAEE AEA ‘Q
ot & A7 28T AR AlgHT.

OF
=

0]

A ylan) @ 744 BAT 4 G S oY PX1
< AFE A9 s 25E &45HA4 £ 16S
"RNA 07 4 % Ak 25 Aso] 7123, PX-
1-& Aestuariibacter £2] 8t £ 0 2 32| ¥ 0] Aestuariibacter
sp. PX-12 AT, PX12 o) oob ez
B dEE dHolE JAMY 284 AdTS o83 F3
SEobE s S ol gstel, AX oz BulE A
dol2 T3 BAL 25apl AT AAT FH A
dtdo] 2 AW A XylA)2 sodium dodecyl sulfate-
polyacrylamide gel electrophoresis ¥ Zoj3} I ZulE 13
B wAR, Bl e 64 kDadl A2 FHH AT,
XylAE= AA| 2 beechwood xylan & 7}E3l 5= Ay
o|= B4 Hlon, pH 6.03} 45ColA e a4 &
d& UEHT. XylAo] o3t A&t 7t BafjiE& TLC
2 BAT AT, XA £ AURE JUR A0 JAR g
THOR BSHe endo-typed] AU 0] 29} FHalakg
t}. Beechwood xylan o ™3t XylA9 K, ¥ Ve 242 Z+
Z} 27.78 mM (4.17 mg/ml), 78.13 uM/min®]§it}.
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