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Characterization of Xylanase of Fungi Isolated from
Janggyeong Panjeon in Haeinsa Temple
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ABSTRACT : This study was carried out to investigate occurence of microbiales density and characteristics of xylanase
produced by those in Janggyeong Panjeon. Cladosporium cladosporioides H1, Penicillium citreonigrum H3, Penicillilum
toxicarium H4, Aspergillus versicolor H6, Acremonium alternarium H7 isolated from Janggyeong Panjeon produced
xylanase, which had different production rates and specialized activities in an acidic condition. Cladosporium cladosporioides
H1, Aspergillus versicolor H6, and Acremonium alternatum H7 produced xylanase at a faster rate than other fungi.
A xylanase of Cladosporium cladosporioides H1 and Penicillilum toxicarium H4 showed a high thermostability in
an acidic condition. As results, this study may lead to the development of a strategy for preservation of organic
cultural heritages.
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& Bl Bk 2§18 Bast Aek (3,200, AFE AAson 24 EHH welg Fgolgol A4kst

VAT 719 B 0 FYE B ASROL,  E ylmses] 24 29 St AREAE w2k
SPlA820x 93 o R Hof ek o] FAM Sl ool wEolxl BElelge] AT Wekg AFoln] 47

A o e AER 020 g AAAgo] HEslal B4l ) gl 72 A E_QTALL ]741 72 g
o] Zhwell= FA 7]5kA] AR nlAE] ofs) WA Fal 0 0= AU AAIHL 2] =S o]8dte] A
HAY 34 wom A2 o0 ] A ojA Ast Aol HeHl A o= lal] IS A
83 9GS gt (7 5, 2004). of 8] T ol vkl SV & HEY & AAThL HUREAL glom o]= &3
AfFehs YAS AW U= heteropolymero|™, AgrAlel A BES 98l T2 HAxES AFE AE 5 UA
LAl Ujrﬂ} T4 ARl g2tk HollM AEze~ o 157k 99 27k A7]9] F AES Ys] mjAEiE
s} Aol 7} glet. Y, 95 AT Sriebdolet s BEY AR Hu
ol gt FnAEZ 0 20 EAQ] thFF= xylano|H Zole} stk ME FEoe AW 27} qm 17k e
xylanase= xylang 7FHEallsh=d] 7HE 838 A% st 22 A3t oA, HAIHCZE 71 VRS R wjX]y]
(Dekker ef al,, 1985). Xylanasel= T Eo] AlZulo s Bulsl o Qo). Bat 7]152 9a) Fol ﬂ7]§ Yzl B
= extracellular enzymes9] SPI2A FFolo} Mgt 2 tE2A skal Zh etk S o] 53] & =HA kA
ow QK Fuiyg &l £33 SULE, AgS Eejo}
ZHIZ Y2020 F55 SIS s (3, 1999).
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AE = T eI e AT B 2 o
A% xHow e dad Wed F71EH7] M air T,
Millipore, USA)E ©|-&3t PlAES AHst] £ - &

A skt =" nAESS 747 JiAlS (CFU/
100 L : colony forming unit per 100 L)yE Ao 7]=3}3]
om 7hst 714 HEEE Fil R 478 AEs o
w, A FFES (F) Axdel st vt 2
WHoR HAIAES BAEY. 4 d oA FES
genomic DNAZE ITS 1 (TCCGTAGGTGAACCTGCGG)
7} ITS 4 (TCCTCCGCTTATTGATATGC) primerE ©]-&
3lo] PCR3}$1.2™, ABI BigDye terminator cycle sequencing
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ready reaction kit v3.1 (ABI)E ©]-8-3} cycle sequencing
o A7IMEE sl=3IiTth (3730XL DNA Analyzer,
ABI). Z}7}+9] primer2 A48 2719] A= 9] contig
=2 assembledt TF2-, BLAST searchdte] =4 E2]% H]
AEES sH AT =3 nAEEe] I 54
dolR7] 918l SEM (Scanning Electrin  Micriscopy:
JSM-5910LV, Jeol, JapanyS ©]-&3l &3l Alg &
H= wlgse 4759 ZAE vlEd HE] &<
carbon tape®l]l =381 T, gold coatingste] 3T B
st H2lE d5E0] Akl xylanase®] 5448 H|aLs}7|
3 Aspergillus niger KACC 435475 37| °]&3lit).
Aspergillus niger= 3R] £4E do7|= i AE
dslgdor dHA o A, e f71d E3iA
2 A s BaA o] F5 AP E gRlske AT
2 o] &= Ut

=X} Bt Fo| W EEAN £5
N #FE A vy

F7] Sl 22 dgels FHlst
%t} PDA (potato dextrose agar, Difco)S ©]-&3+ AlHn)
AlM 7h #F5 HET the 28°ColA] widatitt. 2
7F §A HANCH HaErE HUlst fEle-g oS
o] XAE Fol AT th EdE o5 A=E oA
sto] EA AN S FHISIGIT AlE T dEle] 2}
4~ haemacytometer (Marienfeld, Germany)E ©]-&3}¢]
Z38 An7slol Alen mE g5l sl 2k 3x 10°
spores® =0} QA|| ujjFol] o] 8-}t

Xylanase assayS 3171 913l 0.5% oat spelt xylan©] 3
7Fe BAIA] (0.1% yeast extract, 0.07% K,HPO,, 0.02%
KH,PO,, 0.1% (NH,)SO,, 0.11% MgSO,7H,0, pH 7.0) 50 ml
of] EAAES HFatod 28°CollA 150 pme2 X' v
STk g Lol whe AR AFSH xylanase BE Z4
Sk AFE g2 4°CollA] 17,000 pmO 2 10% F<F
Al Fste] AAE AAT & F5AS FAsI &
248 Ssk=t o] &= AT

-

Xylanase activity 8

Xylanase activity= oat spelt xylang 7|2 Z 3} §4
S-S ¢ $oll f2ld $9E 3,5-dinitrosalicylic (DNS)
W Miller, 1959)0.% the3t 7o) AFslekog2x 278t
AT} 1% (W/v) oat spelt xylan 821 500 i@} 100 mM sodium
phosphate buffer (pH 7.0) 400 ul& 3718k 50°CollA 18
B AEAR T, a4 100 ke ZH2E FH7Esked 50°C
oA 30i & WHSAIAT. DNS Al2FS 3 ml H7tste]
W85 SATIAL, B =M 5 E<h WAAIZ T od
o2, ZHEollA] 2%l o 20 mle] S/HSE HUleke] 2
4ol ¥ UV spectrophotometer (UV-2550, Shimadzu)S
o]-&3ld 550 nmollX SE=E S35 xyloseE FTA
B ARgSle] FY st BAAA 2ARE S0t
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Hwsto 24 feld e F ZASATH (Khasin
et al., 1993). BlankE= ZEANS Zojx] o] &-al5]Th
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7 B0l Qo] AHe) phE Lokn] 913 pH 50, 70,

9.09] 20NN BHL ZAHAT. Z2be] e citrate
buffer, sodium phosphate buffer2} glycine-NaOH buffers
AgElglon T 9o 2L FAsk Fas £,
Zg o] APgAS dolrr] flal, 55°C. 60°CS} 65°CS)]
Lol Z2E 1, 2, 3A7F S ARk v, R S| &
4 SATCREA pHEF Aol tiE P& FAFSIAH
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2008 8ol AT Tl fIRIslaL = sl
AARAY NGB ZRE nAES
AES FEsiAth vAE A g7 dte] B ole
HEAZ Friepd 3 R olA o]Fojxom 21 A}
o|ES] AT RHOZRE F& ujAES AFsaL
AR W 12 ARIES ARSI 3] & i vAES
EREATE 2 A, vkt vteglokel wgo) 7t wAE
o wAYE2] 7§14 (Colony Forming Unitys <X
upe} ThEA e

HEA] g 571e] AlolEA 1682 air samplingdt
Az}, Ht 28.7+31.13 CFU/100L7F ER = o] X9l uje}
B2 HALE B3, srtebdst Agtebd2 2 24)o]
EoflA 62| air sampling® 2 17.5 + 6.28 CFU/100L}
16.3 £3.56 CFU/100Le] 7NAG7F ZAE ATt =3, 5
tebdat W] QRS E A EINEE & 9o
air samplingS S8 7 17.22 £ 5.43 CFU/100L2] WA
o] YU oluj o] HA 9} Haro] - Fi= 717t
I 7o} HEAA e s A 18.9°C, HIL 20.1°CE
Uepdom Aiisse HAA 57%, I 77%2 ZAEIT
SrthEbde] 2= 198°Ce 21.4°C, AHEEE 55%2
76%30™ MFtiEbge] 22 204°Ce) 21°C, A Es
58%2F 68%31 A OoE AR (B &, 2008). YRHAo®
A fE HE A 2 - % W= 18~20°Ce}
50~65%21 Aom AHA Ut} (BARESAe] BE A,
2004). 53], == EATEY] BEE JojA wig- Fas
A7} H=dl, U 20 A7) 3 YR vole HEEe
E790] Qo] AAAE AEH 02 fAJElokgit). 8 E AL
Al 9 L= it 23.5°CE 20°C eHro g AA A
FAEE W SR 3-4°C7HF B934T o] RAIR AE
Hol| QJol = thE Z171¢] o] 3719 552 dgsiA
sl 715 AAFTE UFe] 255 WA X 5 A
stk s RIS = St (2, 1999). B3k, 4733
T BN FUEEE i ST%E AR HEH)
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SRS UF 3719 27t 28 w2 How
UEbT. 53], MEds srebdce)e] SHEElA S
FE7F 75% Wel2 SAHAL By @B vl 23E
Aoz SRIFIT. o3 A= 4§ (2007)°] HEAL]
Aiuchs S 3 A7F FAe] F57F A &
71l e Aol YERaL KBl A1 bl
7SN AEH dsprt #EEvaL Bag eSS
WA e AR ALEET

olH% f71d EshAlo] BE B SloM T F H=
7t oA f713 ] Sl SR ] wiol
7Festth meb #7133k e] el glojd dapHow

[TEE e 2 - FE 2UE AT FAAA FE
Zolgal g 4= 9t
Xylanase M&t#o| 22| ¥ M

EHE tAEE oA xylanS EAIA 5712 £3}
E ENE 7FsAol e mAES EEsr] flsl A
FE& T8I 2R reES O o= &
2] 3t T2, xylan®] XEgHE H3F w =] A] congo red WH
7+ 73, 2009)0] ©J3) FrEgte] A E = 5 AEE
AEE JF= xylanase ALY HAEEA 5ERS
FolEolH Ztz} Hi, H3, H4, H6S HTZ 3t} o5
543171 $38lA ITS (Internal transcribed spacer)
region primersE ©]-83td PCRS 53l A7IAES gl
sttt o #5529 ITS 999 A7 Mg vlust 4
3, ¥ Cladosporium  cladosporioides,
citreonigrum, Penicillium toxicarium, Aspergillus versicolor
S} Acremonium alternatum=3} 99% ©1732] 35S LEr
ilch w2y ZZ-S Cladosporium  cladosporioides
H1, Penicillium citreonigrum H3, Penicillium toxicarium

Mo nE

tlo m T G
1 E o

Penicillium

H4, Aspergillus versicolor H6, Acremonium alternatum
H7Z ZHZF 3431599, KACC (Korean Agricultural
Culture Collection)ell 7|88l 55 HIEE HFofutgir).
Fed rEEe] 59 719 wae AFE a9 A
F Ao & - FEE Table 19] EAIEITH

H-=

wit, 22 2RolSel FHS S4E T4 A4
v 7 (Scanning Electron Microscopy)2 ©|-&3le] 23}
Gom A Fig 19] UepiSith Quta oz A gl

=3olo] i} Hwgd s o SolHQl Pt A
BT}, C cladosporioides H12] ¥A= ERIE 9] FH=
Aoz FAAEN Ao P citreonigrum H3SE P
toxicarium H42 A ol phialide(%3 A7 BIAR=
ReFo R wjdE] o F #5= AR FHE B
A. versicolor H62> XA ol Fd(vesicle)e] 3L 1
9ol phialides} 24#7F 2 st Fa(e) FH=
o) F JJT BB A, alternatum H7S] EA= H1Z}F -FAFs)
Al BN FEiE JEpleH dARs  E7100 B 4
o] A7} wojuprt HigaslA A8 e 54 Al
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Table 1. Fungi isolated from the Janggyeong Panjeon
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Fungi Reg. No. Sources(Site) Temperature (°C) Humidity (%)  Density (%)
C. cladosporioides HI KACC93098P Beopbojeon, between 43 and 44 shelf 18.9 71 36.8
P citreonigrum H3 KACC93100P  Beopbojeon, 4543 block in 46 shelf - - 10.5
P toxicarium H4 KACC93101P Beopbojeon, the front of 4 shelf 20.1 59 15.8
A. versicolor H6 KACC93103P Sudarajang (east) the front of 87 shelf 19.8 76 53
A. alternatum H7 KACC93104P Beopbojeon, the front of 4 shelf 20.1 59 5.3
A. B.

Fig. 1. Observation and structure of fungi by SEM. A: Cladosporium cladosporioides H1; B: Penicillium citreonigrum H3; C:
Penicillium toxicarium H4; D Aspergillus versicolor H6; E: Acermonium alternatum H7.

MEHIM 9 pH Hs}
EelE vEEe] AEE oty flate] « 594 3%
=41 Bt pH WskE skt %L-r/l e AEd o
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o] FATS A5 AR ok, xylanase B4 4
T A A, w g F 5Uel 5.03 unit®] Ho) SEEE
UepA o 3047F4] A&EATE 28] 3L viF ] pHE
S AR w e 2l W AF pH 644714 ST
sttb7h 39 o] FHE fHaslr] AlAbste] wiF 2047 <l
pH 4.39) o]25 o o] thA] F7tste] 30¢ Ael= pH
8307 F7kehe S YERNATE. 4. versicolor H6S
A o] Aol Hare) o] & wiF 7l pH 4.7671A] Ro}
A7t ol A &2 0 &2 Z7bslslnh. BEgh, 794 3.73 unit©]
RS xylanase®] SAE= o] 28] o] F7ksle] 15¢
Aoll= 842 unit®] BAEE HEPHNOM o|FEE o]
Az A& AT vIARIC R C cladosporioides H12] 73,
A o] 7ol 71 WEA o] FojH om ujgfele] pH7}
e #5sde vEA g A5EH ASHeE St
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(pH 5.1914 pH 6.47) xylanase2] = A] vl 3UA)
2.27 wnits YERe] 7HE £ S4EE YERIH. C
cladosporioides Hl= TF2 d-TEHT WS $2402 B2
Jeo] #AE AR xylanased] S EE THE FFEC]
ol HIRIA] B3I, C cladosporioides H13 S|
A. versicolor H6%} A. alternatum H1= UE 4-FE°| 13|
HjoF AJZf & WE £5 2 xylanaseS AABRE AO® XA}
EHATE o PIBEES A2 o] 2AE T f71He
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o|A9 C. cladosporioides H1E A2t YHZR] A8 #45=
52 #A|9] F2]o] o] FARHEA] vl ] pHe HA| Hob
A= AFAJA A7 e JepASITt. B3k, vl wet
xylanase S =5 vljFN 9] pHe} vl S o, vt <] pH
7} oA S Re A xylanased] 4% 9] SHA| 7}
she S UERAITE ol 2 #FEe] A
pH W3} 2 xylanase 4 =E Fig. 29} Fig. 39 YERAATH
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ZA AFE uiRo R FUs &x 24 EEE vA
EES s AY 24 w3 A1 thE xylanase®] EA=
= AT 2 A3, 20°C} 28°Coll A wiekste] b7k A
%] xylanase®] G == 28°CollA] vl st mlAEe] S=
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Fig. 2. Growth and pH of test fungi in PDB media at pH 5.1,
28°C for 30 days. H1: Cladosporium cladosporioides
H1; H3: Penicillium citreonigrum H3; H4: Penicillium
toxicarium H4; H6: Aspergillus versicolor H6; HT:
Acermonium alternatum H7.
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Fig. 3. Change on activities of xylanase produced from test
fungi during 30 days in 0.5% xylan media at pH 7.0.
H1: Cladosporium cladosporioides H1; H3: Penicillium
citreonigrum H3; H4: Penicillium toxicarium H4; H6:
Aspergillus versicolor H6; H7: Acermonium alternatum
H7; A. niger: Aspergillus niger KACC 43547.
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Fig. 4. Xylanase activities of fungi in 0.5% xylan media (pH

7.0) at 20°C and 28°C for 5 days. H1: Cladosporium
cladosporioides H1; H3: Penicillium citreonigrum H3;
H4. Penicillium toxicarium H4; H6: Aspergillus
versicolor H6; H7: Acermonium alternatum H7.

7h 25 O EXAR HlaA Z xjolE HolA] Tt
(Fig. 4). 8y & #5=3= Y24 C cladosporioides
H1-2 20°ColA mglS wf 28°CollAEt} 0.183 unite]
=7t o =4 SHEJ ol thE FEolEe] His
C. cladosporioides H17} %473 8] WH- 2% Z7d0lA
AEs7)o B At $do] € 7 dvkar AZHE o]+
1 52006y Cladosporium sp.2) 7 2% 27L& 20°C
ezt Bgh &3 fAksh Al A7 S m
AE Fo\A C cladosporioides H10] XA 3= H]-E&©] 36.8%
2 7P w952 S sk Aolt) (Table 1).

BESE, 20°CH 28°CollA vl Fate] 2] gt xylanaseS 20°Cell
A WEAIRL A, 50°CollA WEEAIXT B4 =g H]aslsitt,
2 A3} C. cladosporioides H1-2 ZVZF 66.45%2F 99.18%,
P citreonigrum H32 94.23%2} 99.37%, P toxicarium HA=
63.26% 81.69%, A. versicolor H62 79.18%3% 66.41%
2|3 A alternatum HTS 72.85%9} 66.73%2] SAEE
Uehfo] A2dMx Zhgt FES 2he 24E AAkst
ATk mEbA AN FEE nAEES 2 S50
AESHAA L3RS S TFsAel F AR A7)
= o2 $ecle] 2ES Bl o5 A B S
AlojafjoFd o= Alg¥Th

Xylanase B4 =0 CHSt pHS| A&k

xylanase®] &/l &t pHO| F3FS ZALSH] flste
Al 7EK12] pH 27 (pH 5.0, 7.0, 9.0 &4 848 243}
STk 2 A3, A alternatum H72] xylanase SAE==
pH 7.0914 U ¥, Y2 BE 7552 pH 5.00014
7P¢ E=2 xylanase 45 YERRT pH 5.0014= pH 9.0
o] zAxRT 28jollA FHh 308 7I7ko] EUT A HAFE
ZollA P citreonigrum H33} P toxicarium HA7}F 7Y £
xylanase =S HOoH o5 B EE YRTOo=E
0|83+ A. nigere] xylanase BTt Z}z; 1.364], 1.45817}
=2 Zholth (Table 2).

g Eo] A= xylanase®] 2 pHE ZARH A+
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Table 2. Effect of pH reaction on xylanase activity in test fungi

Fungi pH 5.0 pH 7.0 pH 9.0
C. cladosporioides H1 3.79 2.88 0.41
P citreonigrum H3 7.17 3.38 0.78
P toxicarium H4 7.66 4.05 0.26
A. versicolor H6 3.25 2.69 1.63
A. alternatum H7 1.61 2.48 1.28
A. niger KACC 43547 5.26 3.35 1.84

HuAe w2H, & 5 (2007)2 F palustris’t A=
xylanase®] % pHE 743 23 4.0~5.04<12] pHolA
A o] =S Flsiiom uf 2k A (1989y= XB-33 &
12.9] xylanase GA] 4.0~5.09] SFAHA HSol| lThar B 1S
T}, Wong 5 (1988) thie] w77} Aiksle= xylanase]
A pHe= YiHH o2 4] pHE YERITIL st 28y
oletl = A. nidulans KK-99 (pH 8.0 : Taneja et al., 2002),
Streptomyces sp. S-510 (pH 8.0 : Rhyum et al., 1993) 2
A. terreus (pH 7.0 : Ghane et al., 2000)3} o] oFdd2]Ag
2 F4 pHE Z+= xylanase®} Cryptococcus sp. (pH 2.0 :
lefuji et al., 1996) & Penicillium sp. (pH 2.0 : Kimura ef al.,
2000)2 zFe] 73 pHE A5 AT
B E A

o|FA HAEC o3l A groE A= xylanasew=
2 Z/30] pH 2710l B FES vkt 7wl e
H 80]9] xylanase= - A714Q0 200M 2 o]
AslEle A0 VR on dnkr o Fgol= o]l
ZolA & A= Aoz dEA ot wmEA f71E
A e] HESH A wAES] TS dAlEtal £ o
U2 Zse] BE A E Haiie v Ee] EA4S F
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