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Xylanase Production from Bacillus safensis Isolate by Xylan or Xylan Hydrolyzed Products
Hyun Kyung Jin and Ki-Hong Yoon*
Food Science & Biotechnology Major, Woosong University, Daejeon 34606, Republic of Korea

A bacterial strain capable of hydrolyzing xylan was isolated from fermented soybean paste obtained from a
domestic Buddhist temple, using enrichment culture with rice straw as a carbon source. The isolate,
named YB-1301, was identified as Bacillus safensis on the basis of its DNA gyrase subunit B gene (gyrB)
sequence. The xylanase productivity of strain YB-1301 was drastically increased when it was grown in the
presence of wheat bran or various xylans. In particular, the maximum xylanase productivity reached
above 340 U/ml in the culture filtrate from LB broth supplemented with only birchwood xylan at shake-
flask level. The xylanase production was significantly induced by xylans at the stationary growth phase in
LB medium containing xylan, whereas only a small amount of xylanase was constitutively produced from
cells grown in LB medium with no addition of xylan. Furthermore, xylanase biosynthesis was induced
more rapidly by the enzymatically hydrolyzed products of xylan than by the non-hydrolyzed xylan. In addi-
tion, the xylanase in the culture filtrate of B. safensis YB-1301 was found to have optimal activity at 55C
and pH 6.5-7.0.
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hydrolase (GH) family 102} 119] &3ttt GH119]| &3t=
xylanase= GH109] &4 KT 1 37|71 o &4
domain® 2%t FAEo th. B pumilus (228 A7|;
GenBank accession no. ABM54186), B. safensis (228 Zt
71; KIZ54927), B. subtilis (213 Z7]; ACT79298), B.
licheniformis (213 &7]; ACF05486), B. circulans (213 Z+7];
P09850)¢} B. firmus (210 Z7]; AAQ14588) 2] xylanase
= GH119) 431, GH109) &3F= G. stearothermophilus
(331 Z7]; ABI49937, 412 Z7|; ABI49951), B. cellulosilyticus
(335 Z+7]; ADU28829), B. coagulans (358 Z+7]; AEP00091),
P. barcinonensis (1,086 Z+7]; CAA07173)9] xylanase=
GH11 xylanase?} &2 27] o]A49] domainE2 FAEH &
A% Qth GH29| £3}+= xylanase= B. pumilus (409 &t
7]; AAM21605), B. safensis (409 Zt7]; KDE27822)%} B.
altitudinis (408 Z+7]; KDE32897)2] &4 o0, o]Qjo|x B.
firmus (396 Z7]; AAQ83581)%] xylanaser= GH35, B.
subtilis (513 Z+7]; AEP90993), B. atrophaeus (512 Zt7];
EIMO08957), B. safensis (512 Z+7]; KDE26331), B.
pumilus (511 Z7]; AEK35326)2] xylanase:= GH43, G.
stearothermophilus (620 Zt7]; BAA05669)2] xylanase=
GH52¢] 27} &3}o] ofu| At v Ho] thefet xylanaseS©]
.

B. safensis= B. pumilus, B. stratosphericus, B.
altitudinis Y B. aerophilus®t &7 B. pumilus 15| &
S T2 20064 U3 FFLER] $2H 2N 0]
A eddoz BEE FO-36b7} B. safensis® A2 4=
Rem[20], +FY AFY dHolA dFo] 43 B
safensis JPL-MERTA-8-27} 2| 79| 2434 oA B2 E
oh6]. H FAHQ EAZE keratinase [11], xylanase [24],
inulinase[21]E XYASl= B. safensis7} B8] &o] a4 A4
ol digt A7t SR, A FANNE B. safensis
7F 22 € B 9T, 10]. A B. safensiset £7HH o2
SA=7E f 9 =2 B, pumilus SV-2052] 3 e4Y3}t 2
2US I wj A H7HE, vk Az, A 9] pH, Hi 2
&= HAIFe 2N xylanase Aol 2A g
v QITH16]. & AFolA= AFoA AlzE HFoR
Bl xylan £3}50] 43t B. safensis 225l £} &
I} I 7hpEefabEo] 2+ Y xylanase AAbo] ] A
ZApstlet.
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B 7] (0.2% (NH,),S0,, 1.4% K,HPO,, 0.6% KH,PO,, 0.1%
trisodium citrate -H,0, 0.02% MgSO,-7H,0)o 7 E3}o]
30CoNA oF 44zt 2% vt S Ut iAo 3-4% 7H4
° 2 43 Ad WjgS AT HE A widdS Y
o RS e Bl Ao 242 =iste] 30ToA FE
Uzt 349 WA fige & A2 o2 FHY E2UE
A4sko] oat spelt xylan (0.5%)°] 3H-f¥ LB % 2Hujj 2] o
HEsHAH L=l A v gFsHA] oat spelt xylan®] &
3 eHE FE3to] xylanases Ao S5 #F8 £

sheiet.

22+ ¥4

22 FHA #ES HeiAe 2" g8 24 A
= At en, LB HA w0 A wfdt #AE 0.85%
NaCl & o] @it & A=At A& wet API 20E9}
API 50 CHB (Biomereux, France) kitso] FZ35to] 37C9]
A ufFst A 193 29 22 @43hE o] 85 A3}
3 EAS BEsiAT £9+9 16S rRNA 324}
DNA gyrase subunit B (gyrB) +A%2] 7| €S £4
5t7] feiA 22wt & A4 DNAS FF L= 513, Al
9 16S rRNA {FAZ9] HEZA X9 G7|4d 5-
AGAGTTTGATCCTGGCTCAG-3' (E. coli 16S rRNA 4
2} G714 E 8-27), 5'-GGTTACCTTGTTACGACTT-3' (E.
coli 16S rRNA §42}+ G714 E 1,492-1,510)1} gyrB &3
219] 97144 5-TTATCTACGACCTTAGACG-3' (B. pumilus
gyB 9AA A7 382-400) 5-TAAATTGAAGTCTTC
TCCG-3' (B. pumilus gyrB €A |7 A4 1,446-1,464)
< primerg 2 AHESHo] FHAL AR (PCRyS AAIF
o223 4 PCR AHES AAISte] 1 G714 Ee 235
ot 79 4L A= 16S rDNAY gyrB 42 G7] 4
¥& "= NCBI® BLAST Y-S AHE-Sto] ThE Al
o A2 G471 B I AFEe Hlaskt.

Xylanase &4 =3

Xylanase &4 2 oat spelt xylanS 7|2 2 3}o] &4 4t
< Sof G5 FYYS 3,5-dinitrosalicylic acid (DNS) W
Ho g2 o5} Zo| AFFoEN ST SHol @
BA1Z] 1% (w/v) oat spelt xylan £ 0.5 ml®} 200 mM
sodium phosphate &ZH(pH 6.5) 0.256 mlE HA &Y
0.25 mle} E§3to] 50T A 168 52 BHAF Tt DNS
€94 3 mlE F7tsto] ¥Eg& AAA 7L F= B4 5%
¢ WA sk AT 3 540 nmof| A FFEE S
o} XyloseE EFARE ARESH] FURZ oA HA A A
ZARGE R vute e n felE S & 23
stttk A4 FAE 1.0 unit: 9o 2AqA 18
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HA oA A v ks sho] St & 2T FdS
4w B o] =gt & 4U7 wijgEt A1 F
flAde P oz 2pol7t Qe 24 F/7Y 22Y
7t B =t o] EEjdtS LB x| of v gFste] F
BY 2¢Z uustge b S B4 Foll Wil H7he
g2Y9 TR0 gt £2E 452 o7t e A2 Y
ERytth

ol& FE2Y FolA xylan¥] Z3f50] #3475
dk5l7] YA HHE) R of| A oat spelt xylan E3]|Ee] 2
£ M]3t xylan ®3f50] 7P St #FE 1 F &
stich. 2+ YB-13019 o2 18A £4 7Rl
ZAFEL7] ¢33 skim milk (1%), potato starch (0.2%),
tributyrin (1%)¥} carboxymethyl cellulose (CMC; 0.5%)&
Z¥z 34713t LB Bl R of| A 24417 v oste] EafjekE =
AFgt A3}, YB-13012 esterase, protease, CMCase &4 &
B O amylase 42 Ho|A] Lot} S 2= 2
BAREE 2ARE 23 50T olstol A= 4Astlen 45C
oA AFEE7E 7P %3 55T ol AolAE AY A
stA] Zshlot.

270 42 98 Feh4 542 DAY A YB1301
o 3% by Bgolv] EAE 3439 YB-1301] 4
AZEE FZ5 1,410 bp 27]9) 16S rDNA G748 S 2
A} (Genbank accession No. KX277964) TE2 A #E 9
F&dhe 71X g vt A3, fe o] thE B. safensis
(KU714601, KP717556). B. pumilus (KU160384, KR091846),
B. altitudinis (KT719761) #5352 16S rDNA A €1} &
AR B. pumilus 15l &3= B. pumillus, B. safensis,
B. stratosphericus, B. altitudinis®} B. aerophilus A}0] 9]
£ 16S rDNA X go] 99% o] FAL=ET} o9 =2
ZFo| Yot o]F #FE A= FHF] Y= 16S rDNA
AEdHEtt gyrA (DNA gyrase subunit A), gyrB (DNA
gyrase subunit B), rpoB (RNA polymerase subunit B) &
ARe] 9714 QS vl LSE o] BT Ao Hg
u} QITh1, 3, 12]. I EE YB-13019] gyrB S8 Z¢] o
28 F2stel 999 bp 3719 A/I4AE AHsson
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(KX277965) o1& ot & #3¢ v e ZI} B. safensis
Bs31 [3], B. safensis KL-052 [20], B. safensis SAFN-027
(AY167876), B. safensis C91b [10]2 H|E3%t tt49] B.
safensis £t 98% o4 AFAHS B4t

3tH B. safensis, B. pumilus®} B. altitudinis &1}
v w3k 23t YB-13012] 16S rDNA A8 B. safensis FO-
036b (AF234854)9} S U3t1, B. pumilus ATCC 7061
(AY876289)T+= 27) F7|A Fo] D5k om, B. altitudinis
41KF2b (AJ831842)¢t= 77 |7| A Fo| z}o|7} Qe Ao
2 YE} YB-13012 °]E EETF Y 16S rDNA A Ho]
99.5% °o]49 AsH4E Bt oldT A= B. pumilus
IFe] &t Fol thE #57to) 16S rDNA A Eo] 99.5%
ol e Bt Aot dX s TH12]. 1y
YB-13019) gyrBY @71X 9L v|wgt 23} B. safensis FO-
036b (AY167867), B. pumilus ATCC 7061 (AY167869)
9 B. altitudinis 41KF2b (KJ809604)¢} Z+Z} 97.8%,
91.5%, 91.4%2] ASAE 2o B. safensiset AsA0] 7H4
E2 A2 & Yeigth Liu 52 B pumilus 150 &3t
FEE PO gyrB $HAS A71HD AL 2A
o o 96% ol 4Ho] AEAL Holw FAT ol 43t of
89-96%] AHEAS Wolwl The Fof ke Aoz B
gk dth12). 2ee2 Belde gyrB A 971429
FEHLR & W B safensiso] &ot= A2 EQHA
=W HRNA B. safensis7t #2]H Hile §igloL, ofZ
27} |99 FH ¥ aAEQl Yanyanku®} ikpiruo A £
H # Z0A 8-19% AE7} B. safensisol| £3t= 4+FE B
EE LTS REE S e e N
BEE Az dd 84 EQ kantongo| A& B. safensis7t
oF 23% 52 $UFOR BT v SUeh[10]

E3} API 50 CHB®} 20F kitS Ab&-3he] He] o] Ajs}
3tx EAS XA A3} glycerol, L-arabinose, ribose, D-
xylose, D-glucose, D-fructose, D-mannose, mannitol,
methyl o-D-mannoside, methyl o-D-glucoside, N-acetyl
glucosamine, amygdaline, arbutine, esculine, salicine,
cellobiose, maltose, saccharose, trehalose, gentiobiose, D-
turanose, D-tagatoseE ©]-&3tg o ThE E3EL2 o]
A gate Aoz sAHyct. EW weze P
galactosidase®} gelatinase®] A4S Ho|H, citrate ©]8%
I} acetoine AMAI ST A B. pumilus ATCC 70613}
B. safensis FO-36b o-F7to] &4 4 o] &A1 9] 713 & Ao
£ Hol: AL inositol, methyl o-D-glucopyranoside,
maltose?} D-turanose® X 1% ¢ tH20]. B. safensis FO-
36b= ol & THaYE BF 0|83t WA B. pumiluse
o|F BF o|g3tA| Zetgletl, £+ YB-13012 methyl
o.-D-glucopyranoside, maltose®} D-turanoseS ©|-&3}o] B.



Table 1. Effects of additional carbon sources on xylanase pro-
duction from B. safensis YB-1301.
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Table 2. Effects of additional amounts of wheat bran or
xylans on xylanase production from B. safensis YB-1301.

Additional Xylanase Additional Xylanase
carbon sources productivity carbon sources productivity

(0.5%) (U/ml) (0.5%) (U/ml)
LB 0.28  Rice straw 7.41
Glucose 032  Rice bran 7.53
Mannose 0.14  Oat spelt xylan 128.76
Xylose 13.34  Beechwood xylan 188.73
o-Cellulose 10.08  Birchwood xylan  210.07
Palm Kennel meal 0.13  Wheat bran 62.65

safensis®t ZHQEA| Tt inositolS ©]-&31A| £l F 4F F o
L Afe A3 A= Fdt.

BrlerL Yol ¢Jg Xylanase /‘B*l-kl

Xylanasex iAo £ d g3 el ofsf
YArgol 2A HeEH, gutE o xylanO]L} 7)o &
28 WANA xylanases] Abo] 2715 A2 W
ATH7, 9, 16]. YB-13012] &4 QA4 o 0 X & &3HE
o 9 ZA5}7] i3l LB A ul A& 7 2u A 2 ool
TIE SIS L SRS 0% ) A 4
FA7SID 87O 24407 B3 A Wik ok
Aol A5l xylanase %"‘é—% é A8t tH(Table 1).

LB Hj Aol A= &4 A4 0] 0.3 Uml || g H =2 of
L I9to | glucose?} mannose’} 71 HjR| oA = &4
Ao Wshe vlu]gt otk 18U xyloseZ} 7t
H iAo A= 13.3 UmlE < 47 A=E 5 A4 o]
%5:6]"‘ dE Ul e xylano] H7HE A 7M=&

2 WAL BT E8 xylan 1 230 wat 54 A
AHgel m A= gl Aozt em birchwood xylan,
beechwood xylanT} oat spelt xylan <=2 2 &4 AJAFA o]
F7bech Xylange] £50] wet Ea A4S 57} 4
0] 3fol7} WAEH: U9 F SR xylose B7) Tl 4
og TAT 4 Atk ma A FU BB} we
beechwood xylan®]4 birchwood xylan< xylose 7] &
0] 90% ©]AFeld| H]3} oat spelt xylanZ 70% ©]Aro|th. &
Ab BAFEO| YA AA Aol St lEH BT
ojuf §A Hrte= W&o o3t A St B =34
ol W&o A7 & FARG Xylan AEE T Bl
36513 917 RO 2 o AR TH13]. §HH xylanased] &Y
ArA o] BE8A cellulose?l o-cellulose®] QA= IA &
7Fet @42 o-cellulose ] Xﬂ"ﬂ” % xylano] €4 3] 7|

2] ¥ HF Ao ET B EY 4 ok 1Y
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Amount of Xylanase productivity (U/ml)
additional .
- Oat spelt Beechwood Birchwood  Wheat

source (%) xylan xylan xylan bran
0.0 0.33 0.31 0.33 0.32
0.5 128.09 188.55 210.08 59.99
1.0 129.13 203.10 238.79 72.74
1.5 132.15 234.87 251.22 135.09
20 133.06 273.71 31291 169.82
25 127.24 313.98 340.70 156.60
3.0 113.30 275.80 330.78 156.01

Table 3. Xylanase production from B. safensis YB-1301
according to soluble and insoluble fractions.

Additional carbon Xylanase productivity (U/ml)

sources Total® Soluble®  Insoluble®
Oat spelt xylan (2%) 145.42 38.74 91.96
Beechwood xylan (2.5%) 315.94 236.20 85.10
Birchwood xylan (2.5%) 340.41 284.75 55.39
Wheat bran (2%) 159.24 19.39 143.49

TTotal fraction of additional carbon sources suspended in water
without physical separation.

bSoluble supernatant of the total fraction separated by centrif-
ugation.

‘Insoluble precipitate of the total fraction separated by centrif-
ugation.

Xylanased] A4S S7H71= 237t w2 97123 3

FFY xylanss 247} 0.5-3.0% W= F7H viR| oA &
A2 QAL 2AFSFETE. 11 A3} Table 20 EQl vl 7o)
47]22 2%S H7IFES W 170 UmlE &4 JA4o| 7t
F =%on 25% o] o A= &k AT Oat spelt
xylan® 2%S H7I5FES 1 133 UmlZE 84 AJAHAgo] 7}
A 9kom 05-3.0% WOloNA B7bero] W2 AR
9] z}o)7} A R|= Y3kt Birchwood?} beechwood xylane
2.5% A7}t ul &4 Aol 242 341 U/mlet 314 U/
ml2 7 E8iot.
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Table 4. Reducing sugar amount of additional carbon sources
before and after enzymatic hydrolysis.

Additional Reducing sugars (mg/ml)  Efficiency of
carbon sources Before After hydrolysis
(10 mg/ml) hydrolysis  hydrolysis (%)

Oat spelt xylan 0.02 1.59 15.7
Beechwood xylan 0.16 2.09 19.3
Birchwood xylan 0.10 1.85 175
Wheat bran 0.19 0.99 8.0

g ujR A mA A o] E9kTth(Table 3). 28441 &
Ao FEA gl HAE H7Ee wiA A= BT
784 A&l W2 H7HE wiR| oA Z+zh AY4HE xylanase
AL O] Gat fAle o2 FavE AAE T

7] &3} xylanso] 245t T2 T2 =84 &
of Attt W71 & xylanEo] EA st FUFY F=
ST A3} W)Ll TFE 2FFE.T%E Ustoi[22] ©
71&9 e Fo] 7MY %o xylang FolA=
beechwood, birchwood 2} oat spelt xylan A 2 S F 0|
=% tH(Table 4). ZZEZ U7]&3} oat spelt xyland] 3¢
F84 A&l Y& xylanase B4 F7F =7 W2 A
< 84 A&l xylan 29 xylosyl 715 -3t Fol
2 g Eoz #wdEH}. Birchwood xylani}t beechwood
xylan AAE F7Fst Gl wol v =84 & o)
AAE xylanase’t Z+7F 83.6%%}F 74.8% Q) Ao &
E}stth. Birchwood xylan2 beechwood xylano] ]3] ¢
Fo] oF 63% &Y vl 84 AEAA Ba A0l
=2 AL birchwood xylan®] xylanase A §=3t= &
o] g2 fgo g woH.

B. pumilus SV-205= D7]&o] A7k v A | A 6,000~
8,500 U/mle ¢ =& £ 2 2 xylanaseZ A5l on
[16], B. halodurans PPKS02= 254018 1% 7[5 v A
oA 2o 85 Umle] AAHYS B FTH1S). B. amyloliqufaciens
xylan®] H7He wjR] o)A xylanase A4Hg o] F7HE 1S
10.5 UmlZ 2FotchH19]. E3tgto A 2 B. mojavensis
47)& Bt A7 EolA BAdo] oM 2% of
o) A B I1[2], B. aerophilus KGJ= A v a3
oA "7l HEE A716HS 1 xylanase 4ol &
7FeFA 7). TS xyloseE 71819 W B. subtilis AMX-
49] xylanase AJAFA] 2 oF 158 A= F7}5lo] YB-1301%
ARG 220 E JA Aol F7HE NS oat spelt
cylans} ©7]20) o3 27} =L 32009 3902 Lheht
YB-13013} £ z}o]E HAtH29]. A cellulaseE AJALS}H
L Bacillus sp. 79-282 7] oA &4 A o] Z7}5}
Fe=d YB-13013 o] U729 £84 Aol 84 4
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Fig. 1. Growth and xylanase production of B. safensis YB-
1301. B. safensis YB-1301 was grown at 37 C in LB medium with
or without additional carbon sources. The cell growth (-@-) was
determined by measuring absorbance of the cell culture grown
in LB medium at wavelength of 600 nm. Xylanase activities of
culture filtrates were determined in the reaction condition of pH
6.5 and 50 C. Xylanase productivities were indicated according
to additional carbon sources as follows: none (-O-), oat spelt
xylan (--), beechwood xylan (- 2-), birchwood xylan (-[J-) and
wheat bran (-v-). Each curve for xylanase production represents
the average of three independent experiments within standard
errors of 3% between them.

BHT A ALY 27h) 7ofe Ao2 BuHethes).
YB-13019) xylanase’} 1 7]& ¢l xylanEo] &3] AJAtA o]
Z71" AAX Y B. safensis AS-089] inulinase® {H-g 7] &
ol ool # A 9 ol=7e] 3l BAtdo] F7HE Aew
e zch21].

9] AR} 54 PAHA

Wi FA T wE A YIS A flsiA b '
2Y0 & xylanEd} WS HA T2 H7ie LB HiA|
£ AHESHE L, 7Y RS AL AdfiA = B Bad
o] H7}EA] %2 LB HjAE AHE-ESATE. 37Tl A 2% )
FotHA 94 AlZtobch LB vj x| 9] s FHE st &
FeE SAT A7 Fig. 19 B3I v} o] 9] AL 7-
8A| 7t Hdjoll =Estglon I Fole AFE7IZ X5}
of vjFol o) FF=7t Fastgich LB #iA] 9] w5 H ol
EA3H= xylanase B/& ARG A3t &/o] vl F2 4
£o]7]= SHATE 30A1ZF vieFE W7k &3] Sk @
A& Bt

B QFA| ko] 4A 7ol E|YlS wf o9 Aol 7] d7]
SAlo =LA, xylanEolut Wr]&o] F7HE wi A
of £A3}+= xylanase 42 LB #j A& FARSE &0 2
off 9 otk D713 oat spelt xylan®] H7LujA| o A =
6A17t it W= LB HiA|9F 2 2to]7} glglon 84|



2 Wsiee e B Al F7187] ARtesich 1
2 birchwood xylani} beechwood xylana 6A|7F vjj %35}
e WEE "B Aol Frkskrl AR E39)
birchwood xylano] ] T4 WA 9] 7} A= 7} &9k},
71 A7t iAo A= 12417 v Al HY) 84S Elx
3 ZoE AA3 £AsH e, ost spelt xylan F 7} v X
AL 18-20477H4) ZA45tEbt T Fel bz gAs
Attt Beechwood xylan H7} X oA 26A]7t71A],
birchwood xylan &7} W&o A= 28AI7t7HA] &4 AJAHA
o] Z+2k F7¥sitt7t 1 Foll= 30A77HA] & WSt §lo]
A =it o] 9} ZHo] YB-13012 iAW H7He Frpead
o] FFoll weh as A B ofu B4 A, A
AYatgel Mol o] 2= vk At I & YA A
o FAEE FEH7 HE 2S¢ 5 Uk

57 g R met Aol AT A& FA7) &
Aol o] & wjFE & AYAbo] AFEL T F FH A
Z7tsto] AFE 7|0 0|27 7HA] A &ALz A 4ol
7t AL 49 A7 oA FAHCZ itE = F2
%9 xylanaseo] 93 vjz|of H7tE R7F &2 Y xylan
A B o] xylose?} xylosyl 7] & £33t AgtHE AslL
olE°] #AUE SE A PAS FEHS ALR
AFEHTH17]. D71& F7HjA A= Ff &4o] ol2&
A|Zto] xylanso] HI3f B2 AL W7]&of| £ 5t= xylan
o] Jonz vk F MigFd o] BYE = xylan 7hpE
3 AMEO] e o 242 02 xylanased] APAHS
FESHA Eol7] gz o2 AL o FASHA HE
2% % xylans9] H]3}] oat spelt xylano] 7} Hj X o] A
20X 7t o] Fofl= A A A EHH O FILSHA] Kot
A X oat spelt xylan®|] A3} xylose 7] ko] 7]
2o 2 gddEch g3y birchwood xyland}t beechwood
xylano] 7} vz oA &4 ABAbo] B MEA FEF7|
A& AL o] & xylans] &4 AEo] vjok = A
+ xylanaseol| &J3|A] W27 Eaj= o] xylanase HAHS
S 4 9k 43R ABHY RO 2=

Ul WA B0 A BE] " B. safensis M35= W7o A
7HE v R of| Al 24A]7kato] xylanase A AHA] o] 3.2 U/ml2
=2 YeElkom[24], B. pumilus AJK= U7]12Q2%)7F 3
7hel v x] ol A 60A1 7 vl kSt HE W xylanase 4§ 4H/g o]
300-330 U/mlo] o]2& Ao Z H 1 ETH9]. Keratinase
£ FAYZ Eu] A= B. safensis LAU 13 [11]2 724
Zr i eFst Gl W & AAbe] H ol 0|23 I Fof & A
A3 At S P, B pumilus® xylanase -
RS &8t Kluyveromyces lactise 7247 v 3L RS
o] xylanase AJAHd o] Z o] 180 U/mlZ YeElGTH25]. 3HH
B. halodurans PPKS®} B. subtilils YB-30L YB-13013}=

=
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Table 5. Induction of xylanase biosynthesis in B. safensis YB-
1301 by enzymatically hydrolyzed products of xylans and
wheat bran.

Xylanase productivity (U/ml)?

Additional thr):t?s:_ Non-hydrolyzed Hydrolyzates

substrates (%) substrates
1h 2h 1Th 2h

None 0.14 0.15 0.14 0.14

Oat spelt xylan 0.2 0.14 0.16 0.21 543

1 0.15 0.20 3.87 30.78

Beechwood xylan 0.2 0.14 0.31 030 19.66

1 0.16 3.63 3.04 41.03

Birchwood xylan 0.2 0.14 0.24 045 25.89

1 0.16 4,28 434 43.05

Wheat bran 0.2 0.14 0.22 0.21 9.33

1 0.16 0.25 1.29 2336

#Xylanase productivity was determined at 1 h and 2 h after
addition of non-hydrolyzed substrates or hydrolyzates to cul-
ture medium.

22 xylanase 4Hgo] 49 4R AAlte FFLe=E F

7F8kal 2710 Fdjol =g s ATH18, 27].

Xylan 7}5=83] AHgo] 93l Xylanase A4t F- =

v R Wl F7HE xylano] 7hEaE & I 7t =0l
xylanase?] YAAAS FEdt=A Est7] Y3l xylanE T+
7] &2 xylanaseE AA 23 & 7RSS vix]of I
7vete] a4 S 2AEAT. 9718 B+ xylanE Y
e AES AR JAA s o)l 2% F7HE 7
Hhg-Hof| mF FF 9 xylanaseE A 2 dto] 45Tl A oF
5AIZE ¥F2-S A A5 Th XylanaseS A 23}7] Ax}t 39
wgolo] ZAahe AT FE 2T A3 beechwood
xylan, birchwood xylan, oat spelt xylan®} 7| & €02
ZheEalol osf AAE AT Fo] F2 Aer Ay
1tk (Table 4).

LB i x| o Este] 2% vjfS stHA #F9 5ol F
7] 4=71(0Dgp=4.5)° o] =S W E2=2 AA Y 517
A A e 7} AeS HYR LB HAs 7 o)
oFoll o T 3}3le] HEAHo R ikl Hrt BrAY Y ek
o] 0.2%%} 1.0%7} =5 3t¢lct. o]F 37ColA N Hjek
SFHA 304, 1A17E, 2A17F vith v FH & A Fsho] v
SN EA5H= xylanase E/43-& A8 th(Table 5). 1
A3t 302 el AL RE w4 B Aol A2 §
ZEA gdew (@ wAA) 1A7te] HUAS e F7t
& A&l we} xylanase Aol 2ol & H ATt 7t
SHA] F& Rt gaYS HUHE WA ol A= 1A vkt
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o= FH7L wj A& ALY 2ol 7t glgl o 247ko] E G
2 9 1%2] birchwood xylan¥} beechwood xylan®| A7}
B 2] o Al xylanase &/ o] F7}8t7] A|&Hsto] 4.3 U/mldt
3.6 UmlZE Ve 28y 718351 % &L Hrl s
o] 0.2% F7HE A M= 2A17F v Fo= T} uy
Aof vlsf F3t Zo]E Holx] Attt

a4 7MeEES 0.2% H7ERE s R oA 1A v gekel
= o &4 Ao Wi moFstA FIHE AAT 1% F 7t
st Wi A= EYaA TEE AT U&7 oat spelt
xylang 7hpRa8HA] L H7HgE v 2] o A 2417w st
e o B} hpeEeiES A7HEE v oA 1At v 5t
= Wb ;a4 iAol X E8kth ERE birchwood
xylan®} beechwood xylan 7}4E3) AHES A 713 v %] 9
LAIZE vk o] R8s A8 o] 7R ¥
xylang& F7F8t v A 9 247t vk H o] 2ot AT
A FARRE ol Qi o9 o] TheRES AR Hf
Ao A BL7F e PirEl= RO E Hof xylan 7HR3)
Ab20] xylanased] A4S FE3 AC 2 woE. 18
xylanase AJ4to] FEE= AZHo] xylan 7}4E3) AHE9] 3
7hegoll whet Zpol7h glom Ha AT o) Arle AeR
Ko} xylan 7hR8] AbEo] AAF o] #AE HHE <
xylanase 429 HALE F38t= A& HATH1T].

7t AHES AR s Aol A 2417 g Foll= B
7t g2 TR MMl et ad Ao & Aol
£ RHth Oat spelt xylan®] 39+ 0.2%5 A7Fst9S 0
Btk 1%2 A7HEE 1) o 6} o] LS BA o] Ffo|7} 9]
ow, Wr&2 74 oat spelt xylan®} H| W FS of
7heFo] 0.2% Y W= oat spelt xylan o} =9t} 1%

£ R2 AR YeKT

3H birchwood xylan®} beechwood xylan®] 7} -E3&E
2 0.2%% 759 S 1 ZHZho] g4 AJARA-L 259 U/ml
T} 19.7 U/mlo] 1 o]& oat spelt xylan (1.0%) 7}+-E 3] &
of o3t A A thH] oF 84%%} 64%0] 3L B7]&(1.0%)
o ZteEaiEol HIshA oF 110%2F 84% FEo| it
Xylanaseo] 93 7tRajEo] JHE SAFS 7|EL =
oat spelt xylan (1%)¥} H7|&(1%) 7k &2 2+2} vl
39S W 0.2% birchwood xylan 7} &) £A)st= 3
AF2 23%2} 45%, 0.2% beechwood xylan 7FE3l&o)+=
24%2} 48% $Z9] o] A5t th. 134 birchwood
xylan2} beechwood xylan 7}E3]E(0.2%)2 A 713 vl X
oA EA YL Hlgo] UG HEEY w2 A2 Y
7]1&0] oat spelt xylan} T} birchwood xylani} beechwood
xylan 7M1 20] Qo] Zjo| RO BerElm, o|o} 4
A5 7142 3k2 9] BUG 8o beechwood xylan Btk
L birchwood xylan 7FpE-3fEo] 2Jdt a4 AAHAo] ¢ =

http://dx.doi.org/10.4014/mbl.1605.05004

7}5t A% birchwood xylan 748 3| AH-Eof B. safensis)
xylanase A4t A&A 02 Frdle 2d0 ddjFes
ol 2A517] YL 2 gAY

2 ATl A= xylan 7FeEE FolA ojHE 240
xylanase A= fr=she=A] SRIER] WA, Thermoascus
aurantiacus®) xylanase:= xylobiose®] 2|3 AJAto] G x|
o ES B FE9 xyloseo]| YA E Aito] FEHTIL
adHA Qom[4], Cryptococcus albidus® xylanase®
xylobiose®] FAHEZ o|H] AL} ] ¢hi= B-methylxylosided]
o3 FEEE AR BIET15].

Xylanase?] ¥ EA

YB-1301¢] 9J3] AYAtE xylanased] EAS A 9
3| xylanase?] AAHA o] &2 birchwood xylang 713t
LB Hj Ao A 42 wjfeHE LN O ARSI &
&5 BASHA ke Bz wigdT ol B-xylosidase, o-
arabinofuranosidase, acetyl xylan esterase, a-glucuronidase
4 ferulic acid esterase®} -2 xylan £3ljo] JHdl= T4
E9] 2T Z L xylanase?] ¥4 o] H&-S n|E 7HsA
< AT xylanase 4ol =2 A E AHEFLEN 1
754 & ol A Stk WG pHE} £E7} wleF 459
9 xylanase @/ WA= Y9Fe =AY 23} HH whs

Temperature (°C)

30 40 50 60 70
120 1 1 1 1 1

100 -

80 -

60 -

40 -

20

Relative enzyme activity (%)

4 5 6 7 8 9
pH

Fig. 2. Effects of reaction temperature and pH on the
xylanase activity. Temperature profile (-@®-) was obtained by
measuring the xylanase activity with a fixed pH 6.5 at different
temperatures. The reactions were done at various pHs and 55 C
for determining the pH profile. Buffers (50 mM) used were as fol-
lows: sodium citrate (pH 4.5-9.0, -O-), sodium phosphate (pH
6.0-8.0, -v-), Tris (pH 8.0-9.0, -0O0-). Each curve for pH and tem-
perature profiles represents the average of three independent
experiments within standard errors of 2% between them.



100 @
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20
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Fig. 3. Thermostability of the xylanase in culture filtrate.
Thermostability was determined by measuring the residual
activities of xylanase after pre-incubations for 30 min (-@-) and
1 h (-O-) at the different temperatures. Each curve represents the
average of three independent experiments within standard
errors of 2% between them.

z70] 55T pH 6.5-7.002 RIF 3 oH, JiteZ§-H
oA Hrthi= citrate FF5EHAA Aol w4 YEstth
(Fig. 2).

S 2AEE] oA ElFE TS o =004
308 1A T A4 WA Foll HEBAHEE ST 2
I Fig. 30 2 upe} o] 40T olstoll A= 1417 A7
Fol &= 95%2] FEZAEE BHP 2, 45T olstoflA 3023t

WA S s AY Aol EA] gttt 284 50T ©]
Aolxe FATA A= 50TAA 1A7F T8
< 1 50% FEEAHES B

B. safensis= 2006Q@ %0 AL EREQoER o] FF7}
A AFSHE xylanase HHSEA O tia] B vyt A9 glo
u, o]9} SALETL & =L B pumilus 732 xylanase
EXL dHA 87} Qlth. B. pumilus SSP-349) xylanase:=
50C<} pH 6.0014 Hof &4 Bo|H 50T ©|tellA 30
E7F XA w et H (23], &ZE| A B. pumilus
BYGY xylanase= 50C<} pH 8.0-9.090 4 HJBAHS B
o|aL 55TCOllA 307 WABHES wf ZhEg/d o] 55% m|gt
o]t}26]. K. lactis AZF wFZ2E AYAHE B. pumilus
MTCC 50159] xylanase= 50-60°C$¢} pH 9.0-10.00 4
&S Holil 60T olstoll A 1A A st &= AEHE| ]
ek o m[25], B. safensis M352] xylanase:= 60°ColA] vkt
71 oF 30EoZ HIE0j[24] B. safensis YB-1301¢]
xylanase= |5 Ao H|3] debggdo]l B2 Aog &<l
=lct. =3t B. pumilus 159 B. aerophilus KGJ w50
93| AALE]= xylanase= 70T pH 4.090 4 &S
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2ol YB-14012] 849 ¥H8 EAo] & ZolE RATHT.
o (o]
= =

FAE G2YOE ARGt S i AANTLEN =
W Ao A AlzE @S2 HE xylan B35 5T o
F5 293t £8+ YB-1301-2 DNA gyrase subunit
B $ A& (gyrB)®] F7|AEol A3} Bacillus safensis®
Z=A =t B. safensis YB-13012 W] E& oy £7%
9] xylango| F7Fd vjA| oA wjstHS | xylanase?] A3
Aol 548 574 vt §3] birchwood xylano] 7}
B LB jxo] 4 Sekaz ujere s o) Av 340 Ul
049 xylanase AJ4Hd-& E ¢lth. Xylano] H7hE 2] ¢F2
LB i R o A = tf ¢ &FF9] xylanase?t @] A& A4
Eo] Aoz YAEA, xylano] H7HE vjA] A= A
A 7] AN A xylanase?] AJ4to] 2A F=HUH H
T xylanase AL 7heEAEA 2 xylan Hrh
xylan®] B4 % 7k AHE 93 o w24 F== ¢
t}. TS B. safensis YB-13019] vjFArS Ao £A)5t=
xylanase= 55C%} pH 6.5-7.09] Y2z AoA &AL
Urebier.
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