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Halasems : ANILARY LLazﬂ’mLamaanmaa‘[ﬂsamsﬁagLaamnﬁamﬂﬁa%‘
(Pomacea canaliculata)

Fawnivy : 912138 @3, sunidszm duasladn uas
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‘S&Elzt')ﬁ']fﬂiﬂﬂ']i: 1 NINgHIad 2549 — 30 ﬁqu’mu 2551

Iumuﬁﬁ'ﬂﬁ"lﬁﬁuméné’uﬁamﬁia"lﬂﬁﬁawsﬁ AnEanBMeaNTd AR
SA39eIiuLaANBINMILEAIaaNUaIEH glycosyl hydrolase family 10 Tunasiras
(Pomacea canaliculata) :nnMsAaTzRaauiiadlalnanudiu 2 lalawasu (GHF10-
Pcl ua GHF10-Pc3) Suwna 1300 bp uaz 1277 bp mudey laws 2 lelawedud
open reading frame (ORF) ﬁauyitﬁﬁmm@ 1188 waz 1191 bp MG TIFN10
noasvalllsanidonie 395 was 396 nsmesiln eideunieazdlusosduan
Wisuifsuanumiawtuiuidsnenuliwuindreusesnsaesdlusesduiladanm
ﬂﬁﬁmﬁuﬁuLéﬁagLaalu%aﬂ Ampullaria crossean 98% W& 82% @NAIAY WazNAIWY
ﬂa”mﬁ'umagt,aalumjw glycosyl hydrolase family 10 (GHF10) 31nANIANEINNTIALIE
G22898UNWLIN GHF10-Pc1 Wae GHF10-Pc3 Haw1a 4937 was 4512 bp Usznaueas 9
exon Uz 8 intron ANNEIAL NMIATIIFEUMILEAIBanasdulunasiTaITTazang 9
i lines uazgnasaiy 1 uaz 10 Tu wuirlifinsusaseanvesiwnssesluszesld
wae wazwuiiiniIuaadaanues  GHF10-Pct lugnnasszez 1 uaz 10 Ju drubu
GHF10-Pc3 wuiimiuaasaanluszz 1 4 1nnsd@nsniuaataanvasbmaagiadly
E. coli TapmhorihlwiAenisuansaanvasfnes IPTG uazitamsisnouiuuns
ldsfiudae SDS-PAGE  wuiriinsuaassanvadinauduuurilysiuaglusdiu inclusion
bodies %ammmﬁﬂﬁu‘%qﬂ'ﬂﬂ@ o/l Ni-NTA column chromatography Lila3iasnziuay
lus6ue28 SDS-PAGE wuiisnaudunuilusauiléiaua 44 kDa Goiiiavinaow
ﬁLmuﬂﬁsﬁuvlﬂmaaaauqmauﬁ'@maaLauvl,snﬁwmﬁﬂauﬁLLuuﬁIﬂiauﬁLLaﬂaﬁéﬂlad

Lawlod endo-f3-1,4-xylanase

@MAan : Pomacea canaliculata, Lsﬁag;}ma, Iﬂau, mmma‘%,



Abstract

Project Code : MRG4980168
Project Title : Molecular cloning and expression of cellulase protein from
golden apple snail (Pomacea canaliculata)
Investigator : Dr. Chanprapa Imjongjirak and
Associate Professor Dr. Siriporn Sittipraneed

E-mail Address : chanprapa.i@chula.ac.th
Project Period : 1 July 2006 — 30 June 2008

Two cellulase cDNAs (GHF10-Pc1 and GHF10-Pc3) belonging to glycoside
hydrolase family 10 (GHF10) were successfully isolated and characterized from stomach
tissue of golden apple snail (Pomacea canaliculata), a kind of herbivorous mollusca.
Sequencing analysis revealed full-length cDNAs of 1300 and 1277 bp in length,
respectively. The open reading frame (ORF) of cellulase cDNA was 1188 and 1191 bp,
encoding 395 and 396 amino acid, respectively. Sequence alignment revealed that
GHF10-Pc1 and GHF10-Pc3 shared high identity with glycosyl hydrolase family 10
(GHF10) and had an overall similarity of 98 and 82% to those of Ampullaria crossean
cellulase EGX. A neighbour-joining tree showed a clear differentiation between each
species and also indicated that GHF10-Pc1 and GHF10-Pc3 from P. canaliculata and A.
crossean EGX are closely related phylogenetically. The genomic organization of
cellulase GHF10-Pc1 and GHF10-Pc3 genes was also investigated. The GHF10-Pc1
and GHF10-Pc3 genes spanned over 4937 and 4512 bp, respectively. Both genes
contained 9 exons interrupted by eight introns. The result verified the endogenous origin
of the GHF10-Pc1 and GHF10-Pc3 genes. Analysis of RNA by RT-PCR from several
ages of P. canaliculata revealed that neither gene was expressed in eggs. GHF10-Pc1
was also expressed in 1- and 10-day-old juvenile snails whereas GHF10-Pc3 was
expressed only in 1-day-old juvenile snails. The result showed that two GHF10-Pc
transcripts were developmentally expressed. The mature GHF10-Pc1 was cloned into
the expression vector pET28b with an N-terminal hexa-histidine tag fused in-frame, and
expressed in E. coli as inclusion body. The recombinant (r)\GHF10-Pc1 was successfully
purified by Ni-NTA chromatography. The purified rGHF10-Pc1 showed activity of endo-

[-1,4-xylanase.

Keywords : Pomacea canaliculata, cellulase gene, cloning, golden apple snail
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4.1 N
= A & & A | o o
iaglad (cellulose) iulalunadudnanlsdapassvasimanglosdadanudin
wuszlnaledanidunis B-D-(1-4) Tqmauddldazarsi nudedjATevasawlsd
. A A v a A A A &
N30 uazd19fieas aglagdaidulnfwainwuuinfigalusssnod waziiu
sautiznaunanvainikimadie lasudiadnulouan (xylan) wazdniu (lignin) Tun1s
dapaanoiraglasdosltionlminarfianiauiiunu ldun wagias (cellullase) o
Usznauqay exo-f3-1,4-glucanase (E.C.3.2.9.11) Lt baya endo-f3-1,4-glucanase
. A
(E.C.3.2.1.4) iaulmsf B- glucosidase (E.C. 3.2.1.21)  UazLaw o IBUAKLIRTI
1/32naueay endo-B-1,4-xylanase (E.C.3.2.1.8) wazLaw bl B-xylosidase (E.C.3.2.1.37)
A P a A4 o ' ' o A ' [ 6
anuaudidunidaTlimansndesisaglagldiftasanlimansnaioewled
1 n&’ (2 1 (d‘ C7Z2K 3 A A A 1
daviaaglastuldias wdtenlodfliteswaglasazlduinnuuafiSonegluszuy
NN9LAKEIHNT (symbiotic gut microorganisms) (Cleveland 1924) ¥ihl#n133387/1uan
= =2 ! A Ada A « a AA g |
dunsdnsiaulodlunguisaguasludiifiandugainwin 7 uazuuaiiGodudiu
Tl ualaliwinanilednonuwnsdunwuiawled endo-p-1,4-glucanase  luaad haiil
nIzgnaunAIMaIoTia 13U Uain wuauainan wuassny fahia wuasdnuds uazlu
way MenumTewlsilunduaagiaslunasiznainlull 1977, Purchon as1anue
adddvasawlmiimagaaluwideslunisinizrasmlifianinnasaadr Tull 2000 Xu
wazame lausnuazAnuanuueauavadawlsd endo-p-1-4-glucanase  A70 blue
mussel, Mytilus edulis uazlull 2003 Wang uazameldvnslaauduisagiasainney
Ampullaria crossean Waz¥inMIuaadaan (expression) iNanfasnanduunrilysdn uaz
=1 aad 6 o 1 1A a dq‘d - A
anwuandiduasanladaindny wuhdwsagialunassiiaiill 3 activity fa exo-p-1-

4-glucanase, endo-f3-1-4-glucanase e endo-B-1-4-xylanase

¥y v
A °

A . A | A v A + A =

noYLwaY (Pomacea canaliculata) wiavasldasmld wiaithaesinda Wunes
didandnagluasdifsanunanlys (apple snail, Pila spp.) wauiraidnuiialuniy
auiimld wwinsznegnidei@unedimadlu ldniu uasAfdtug ludsinalned
ﬂ%ﬁ’]&l’]‘ﬂ’]U@]WN%’]WZZI"IJ&’]L@%%BU&’JEN’]N Lﬁamm‘*ﬁa’%ﬁqm@hmammsga Tapudldsan
gdﬁa 34-53% %dﬁmiﬁmﬁmwmmﬁ'ufuauwm’é‘mLﬂumiéﬁ weitia laldsuanusiaw
ﬁﬂﬁﬁmiﬁmaﬂﬂdaUlﬁLst'aagjl,ma'aﬁnmuﬁﬁu‘maamﬁ@mﬁzm@ﬁwmmT’rﬂum
I RswI s LA eI waneuin

mmma%mmsmﬁﬁryL@UI@LLawmvﬁ'uﬂﬁaziwmm%a TauviaweLlyauIIn
Milildaaaadl Qﬂ%aﬂaﬁﬂqLﬂﬂd 2-3 Lhan mmm%’uﬂwauﬁuﬂﬁ LLawé'ﬁrmwauﬂ'uf
v o ' A o PR A ' & o
adgazaaiwldgldenunudamiatiiluainaisdn lazwWnaaniduamaanialy 7-

12 % %aﬂma%ﬁuﬁ%ﬁ"n"lmﬁaunnmﬁ@ LT LA WALLAY 123N AN HANTELan



NG99 BaABaUENALTI lasganTainkldadeTaiLazinldasaaian e
iminomsfiRu 50% vasimiindasdeti

ewladlunduizagiaasiuninutsean ldnaengulasaiduanuuandiivas
lavsashi 3 HAvasdrauninezlluluniian catalytic domain luifagdudilaifseau
m‘sﬁﬂmmjmau"lfnﬁl,magLaaluﬁam*’ﬁa%f' Tuamefizudn paunsAunutenladlungs
Lénagtaaiu%awﬁ@ﬁu 5 doiululasamaiseil %oaulaﬁazﬁﬂmﬁwmgLaaluﬁawﬁa'%'
lasvinmslaaw marauiiaalalng ﬁﬂﬂﬁé’ﬂﬂm:auﬁ'@maaﬁumag}mm’mﬁam‘*ﬁa’fﬂu
Usznalng wazdnsnsndaanloilasmainsaauduuurilysiu

%

agilszaed

—

ﬁumﬁwé’uﬁaﬂﬁia%ﬁﬁamgiﬂi (full length cDNA) maoﬁul,szjagl,am'mmﬂma% Wae

?mmé'ﬂ'ﬂmzauﬁ'amaaﬁmﬁnaﬁmaiummmé

2. WEN LRZAAIITHNIINTLIAIVBIEY (genomic organization) lusIuwas exon WAz
intron maaﬁul,snagt,aalummma% lagldinafia PCR

3. Anwmsuaassanvasdwimagiaslu £ coli aneinauduuurilysdu (recombinant

a ng { ) wa
protein) LLa:LLﬂﬂmqwmﬁ'amvl,a.l?mmqmauumaal,auvl,eﬁﬁl,magl,aa

4.2 A5NIANRRINWIVY

4.2.1 MILAIPNAIDENI

\ufagineniTasananty (Pomacea canaliculata)  wazinanGagIued
nyziwzams uraslwlulasiawmad (liquid nitrogen) uazifiv'l3f —80  °C wivaldluy
mMIAnE6e b
4.2.2 &1 total RNA 1az mRNA 91nN3ENNZ0TM13209%a8I5aS

§Na total RNA ﬁ]’md’mﬂiuw]z"na\‘maUL"IJQ‘%@?’JE} Trizol Reagent (Gibco-BRL,
usA) Tagsindiaifiorasdretsanualasidy liquid nitrogen uazuadasnslwazidon i
iloifeftuaudanlalunasa 1.5 ml uazidu Trizol Reagent lusaain 1 ml o9 Trizol
Reagent saLiiaifiatlszanm 50-100 mg lurisuiualiazidonsnass uaziinly vortex
s 2-5 witslutui 12000 rom 7 4 °C 1w 10 wfl iefdairsiaas
@iamnfugwmsa:mmmuuusl,ﬁﬂuma@ 1.5 ml ln3iuazi@s 0.2 ml vad chloroform ¢ia 1
ml 989 Trizol Reagent uazth'li vortex 1fluian 2-5 wdt wi'luiuit 12000 rpm 7 4 °C
duwnan 10 wifl gassszasdinuulalunasn 1.5 mi naealna il uwinugs
niuanaznan RNA lagidiy 0.5 ml vo4 isopropanol ¢a 1 ml ¥ay Trizol Reagent Uufi
220 °C Wt 30 w17 ' luiind 12000 rpm 7 4 °C 1Hwna 10 Wf AeanTazauFIRLG
§19 RNA pellet Tagidiu 1 ml 289 75% ethanol ¥ lUiTuil 10000 rpm 7 4 °C {wnan 5

WA NIRNTRTALEIBLY 31 RNA pellet 11 air-dried lagld vacuum 1Juiian 3-5 W



azans RNA pellet §28) RNase-free water 1fiu RNA 7ila137 -70 °C SiamedUSaunnuas
AMNINYDY RNA dneinadla spectrophotometry MNUiTA DNA fenatwdauunlas
A3tias DNA @28 RNase-free DNase | wazanaiken mRNA 310 total RNA lagld oligo
(dT) cellulose column 37N QuickPrep mRNA purification kit (Amersham Biosciences,
USA) u,a;:"imm:ﬁﬂ%mmuazqmmwmaa mRNA a18inaiia spectrophotometry
4.2.3 ﬁuﬁﬂﬁutﬁaﬁtaafﬂﬂtﬂﬂﬁﬂ Reverse Transcription Polymerase Chain
Reaction (RT-PCR)
4.2.3.1 aanuuulnsinas

dauiinilalng Lmzé’lﬁum@a:ﬁiumaaﬁuLsﬁagLaaﬁﬁswmmvlﬂu GenBank
¥ alignment TaglZlUsunsu ClustalX iewuSiimfisnansaldaanuuy degenerate
primers fazvinanldvin RT-PCR
4.2.3.2 §91@ 912 first-strand cDNA

RILATILHA first-strand cDNA laold ImProm-IITM Reverse Transcription System
(Promega Corporation Medison, Wisconsin, USA) %dﬁlzﬂimauﬁ’m 2 ng mRNA, oligo
(dT)42.16 primer uazianlosl reverse transcriptase ﬂuﬁqm%ﬂﬁ 42 °c \Huaan 1 %L’JI&JG
nndwhan PR laglflwnwesieanuunly Tasvifnsen PR lusunas 25
lulasdas GeUsznousas 10 mM Tris-HCI, pH 8.3, 50 mM KCI, 2 mM MgCl,, 100 puM
283 dATP, dTTP, dCTP azdGTP, 0.4 uM YDIUARE primer LWaz 1 U Ud3 Tag DNA
Polymerase ﬁ'm’mﬁwﬂ%mm DNA lasfl PCR profiles ﬁdf:ﬁa Predenaturation 94 °C
1Juaan 3 wifl uazenueae Denaturation 94 °C 11381 1 wfl Annealing 48 °C 1w
1281 1 w17 Extension 72 °C 111381 2 w17 371421 5 381 WAz Denaturation 94 °C 1w
187 1 W19 Annealing 58 °C LIuaa1 1 w19 Extension 72 °C  1Huian 2 wfl $auau
35 38U @N628 Final extension 72 °C 1Juiia1 10 w1l 97434 1 58U 313129 PCR
products Aletles 1.4% agarose gel electrophoresis Lazfaua8 ethidium bromide

AIIIFAUNNTLIDILFEIVAI DNA Iml UV transilluminator

4.2.3.3 L%@Nda§uﬁutﬁagLaaﬁnwmaﬁm pGEM®-T easy

AALRaNLOL DNA Lazaalayu DNA maaﬁuLsﬁaQLaaﬁvl@Tmﬂmiﬁ’] RT-PCR aan
9nazmlssan wunsu DNA anniaa lagld Qiaquick gel extraction kit (Qiagen, USA)
nsuihanyinmslaaulasi® TA-cloning lasidaudarumaiaiia pGEM -T easy ui
ﬁ’lLf’]gfLﬁﬁaéi{ E. coli 10837 electroporation
4.2.3.4 Aaldansnanduwwrilaan Lazn1IuIaIautIadlalng

ﬂﬂﬂluﬂﬂmad%u DNA insert I@Uﬁj&lﬁ/mﬁaﬂ recombinant clones VIR IVUIAVD
cDNA insert lagldinefia colony PCR lawlglwswas puUC1 primer:
5/-CCGGCTCGTATGTTGTGTGGA-3/ Wae pUC2 primer: 5/-GTGGTGCAAGGCGA
TTAAGTTGG-3/ WRZNIIAAAIE restriction enzyme JaTeAUUaVad DNA insert 1u



1.4% agarose gel electrophoresis MNIBERANAFIAGLTWLEVDIIABNTUUATAGY Ui
i ldmdauinadlenalasld automated DNA sequencer (ABI377, PE Applied
Biosystems, USA) ‘ﬁ’]msaaﬂLLUU"LWSL&Ja‘fﬁnnﬁa;&aéwé’uﬁaﬂﬁiavlﬂﬁﬁ"lﬁ tivovin T4
fauiiandlalng full length vasBuLTaAS
4.2.4 n15%" full length cDNA maoﬁumagma Taglfinania Rapid Amplification of
cDNA End (RACE)-PCR
4.2.41 3 RACE-PCR

i first-strand  cDNA  #ilefanvin 3 RACE-PCR (SMART RACE cDNA
amplification kit, BD-Biosciences Clontech, USA) Tagldlwsiwasiasnuunanangiaui
sealelndusiom 5 UTR maaﬁmsﬁagmaﬁvl,ﬁua: oligo(dT)-Not | primer ¥n1sLfia
1Suno DNA lasfl PCR profiles fia Predenaturation 92 °C 1Hutia1 3 w1 wazanuéay
Denaturation 94 °C 1fJuiian 45 5u1# Annealing 65 °C 1lJuiian 45 Sun#i Extension 72
°Cc Iuan 1.30 w1l 1w 5 38U wae Denaturation 94 °C 1fuiian 45 3w
Annealing 60 °C 1Jut1an 45 3% Extension 72 °C  1Juwiian 1.30 wfl $1ua% 25 JoU
AXA8 Final extension 72 °C 11381 10 w19 $1121 1 380 F1A312% PCR product 14
agarose gel electrophoresis ATIAFOUMNITBILEI28d DNA lag UV transilluminator
4.2.4.2 Aaldansaanduwwrilaan uazdiaziniainuiiailalng

@auny DNA maaﬁumagmamﬁmﬂmiﬁﬁ 3 RACE-PCR sanainazniliaias
LLEm%u DNA 21038 bagld Qiaquick gel extraction kit (Qiagen, USA) ﬁ]'mﬁ?uﬁ’lm
Fandauwaaia pGEM®-T easy UWINgITad E. coli 1a837 electroporation #1
211Av895% DNA insert lag3a colony PCR LazM3Aa@78 restriction enzyme 31a31e%
21avad DNA insert las3T agarose gel electrophoresis anawanaiadlduiazadinay
Junurilaan warh ldmdauiinalanalasls automated DNA sequencer (ABI377,
PE Applied Biosystems, USA)
4.2.4.3 viiay/3a1 a0 full length cDNA VOIBWLBARLAE

sanuuylnswesanaufiiedlandusiom 5 UTR wazuSiam 3 UTR 2898

\agLas uazianyin PCR lagld first-strand cDNA A3 UNIINNTLANZONA TV B
Lﬁﬂ%L‘ﬂu template Ja7=9 PCR product Tu agarose gel electrophoresis LLﬂﬂ‘%u DNA
284 full length Va3BUITARIAREANIINEZNNLIAIAA wEh B audaiuNA e pGEM® -
T easy ud1hWINgiaas £ coli inmsdaideninauduuuilaau Aamziaunaves DNA
insert 1@eA% colony PCR uaz agarose gel electrophoresis snasnanNdunuinaIziia
wazAenzdirdauinilalng
4.2.5 Anmansuzantavasdwisagiad

‘3Lﬂﬁ:ﬁﬁagamaaﬁwé’uﬁmﬁia%ﬁﬁ%ﬂﬂUlﬂﬂmﬂsu GENETYX  software

(Software Development Inc.) wazldsunsy  SMART analysis (http://smart.embl-




heidelberg.de/)  aniwihdayai ldh luwSsuisuiudayaindlandniinoanulu
FUIATE (GenBank) laglalysuns BLASTX WaY BLASTN
(http://www.ncbi.nlm.nih.gov) waziToufisuanunilenvasinaunsaazilulasls

1U5un3¥ Clustal W Laz&ILNUMINANNFUARTLTIITRIUINNT (phylogenetic tree)
4.2.6 N3UAN WAXANBINIIATBIAIVBIBWITAQLAE
4.2.6.1 ann3lwinALdnia
ahaaLduangInvesmaniwaslasldds phenol-chloroform-sodium  dodecyl
sufate (SDS) "3mezﬁﬂ%mmua:@;mmwmaaaLﬁma@hﬂmﬂﬁﬂ spectrophotometry L&y
agarose gel electrophoresis
4262 waniwzagaalaaldinaia PCR
sanuuylwamaiandauiiindlalndues cDNA vasbulmagias e lglu
mitﬁwﬂ%mmmaaﬁumagl,aai@UlﬁiuﬁﬂﬁLSuLamamawﬁaéLﬂu template  ¥11n"3
A1a312% PCR product luaznmlsaias uazdauny DNA wvaiduiaagiagaaniinazmlss

= < { @ A ® v o o
198 LENT% DNA 88N1NLAR INBUININLTNGBNUNANFAA pGEM  -T easy Wa1i11dN
g’maﬁ E. coli vnmIaaldanInaudunurilaan SiazBauwiauad DNA insert lagad
colony PCR W@y agarose gel electrophoresis &Na3naNduuuinaIaia wazinszinn
o ¥ A A [
fauiindlalng
4.2.6.3 @nsansmzanAvasdniaagiad

=< o e a o o @ A = & A o

ﬂnmaﬂwmmwmawuwnaaLaaﬁnﬂmayamadm@umﬂaia%@ﬂ@ﬂ@sflﬁn
lisunsu GENETYX software (Software Development) mﬂﬁuﬁﬁa;&aﬁ"l@mﬂﬂ
Wisnifisuiudayafiandlalndniineanulusuiansiu (GenBank)  lagldlusunsa
BLASTX way BLASTN (http://www.ncbi.nlm.nih.gov)

4.2.7 A3FIUNSUAAIDDNVIHWALNATRA RT-PCR

ana total RNA MARRLLTEI 1BIZHA1d 9 11w linas uazgnwawany 1 uaz 10
[ o . o ™ .o °
4 8319 First-stand ¢cDNA lagld ImProm-Il " Reverse Transcription System Laz#)
cDNA flduAndSinamsnaiia PCR lagldlnswasilasanuuuly Siasz% PCR
products lu 1.8% agarose gel electrophoresis lasdSoufsunuin EF1-a
4.2.8 @nwnsusasaanvasdmaagiadl E. coli
4.2.8.1 TnauBudwioagiadiang expression vector Lazi1L21gLaaa E. coli Rosetta
(DE3)pLysS

[ 6 a 3 ¥ v o o~ A A 6

FILATIZA full length vasBuLmagIaseas PCR lasldidayadiduiiaailainduas
Bwaagashld lavaanuuulwamasllisduiiiadlalndmadulats 3 289 cDNA §
6x histidine tag Nazudasiaidunsnaziludadon 6 residues NIAULUaE C-terminal

a A o eL A a £ a o PN a

vasBuigagaandianeiau ilatiolunmsuenuIgnsvesldsdn dimaiadsanm
cDNA vas8uagaalaslduffiien PCR 1 PCR product #ilduFandanuianiaas



PET28b uaziningiaad E. coli Aatianinanduuurilaaulasis colony PCR aniaw
Aa A& a a o o 04 a A 6 o A a 6

aaladdwevasInenduuudilaan wazihldmdrey  diedlalng isaauduuurin

aaliaf liid1guoad E. coli Rosetta(DE3)pLysS

4.2.8.2 M3BeIM IMAANTudAIaanVaIE®

a

YM3R89@a E. coli 1ha1w1318891%8 LB Namangdl 37 °C uazniein i

MILFAI0ONVEIIUAIY IPTG aNuTuT® 1 mM ﬂm%aﬁqmwgﬁ 37 °C w4
a9 TuanaznowTas LazATIaEaUNITLEAIBBNTBIE Uy SDS-PAGE 9 niiu#n
ﬂ’]iLLElﬂ%ﬂaNﬁLLuuﬂiﬂiauiﬁU%qﬂfg wagdanehlusiuly SDS-PAGE  aTiamauuny
lUsGulasnnsdandas Coomassie Brilliant Blue
4.2.8.3 mstmn‘[ﬂsﬁ%‘lﬁ’n%qﬂg

AZANUAZNAULTARGIE binding buffer (20 mM sodium phosphate buffer, pH 7.4,
500 mM NaCl, 10 mM imidazol) uazvinliisaauanlasls sonicator LLUﬂIﬂiaulﬁU%qﬂ?;
lag/ld Ni-NTA column chromatography inmypzlusinaanannaaanitas elution buffer
(20 mM sodium phosphate buffer, pH 7.4, 500 mM NaCl, 500 mM imidazol) L8z
IarzAlysauly SDS-PAGE 'ﬁ,ﬂﬂiﬁuﬁLwﬂu'%qw'%{vl,ﬂemﬁ]aauu,aﬂa"?ﬁ Folusandle
157 4 °c
4.2.8.4 Sianzrsnandunuildsaunanisuansaanais Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoreis

NaNlUIAUENY sample buffer (50 mM Tris-HCI, pH 6.8, 10% glycerol, 1%
SDS, 0.01% bromophenol blue, 50 mM DTT) ﬁﬂﬁﬂs@mﬁuamwﬁqmwgﬁ 100 °C
uwan 5 wifl Sianeinavesldsdule 10% SDS-PAGE amiarauuauldsfualanis
fiaua8 Coomassie Brilliant Blue
4.2.8.5 AlanziantiAvaIInanduwwrilusan

ﬁﬂmauﬂ‘amﬂﬁmﬁﬁ%mmaﬁﬂauﬁuuuﬂﬂsauu‘%qwﬁ@ﬂmﬁ'ﬂmmﬁ%ww:@ia
§usnsa  (Kluepfel, 1988) lan@Tiaauuandiaues endo--1-d-glucanase lagld
agarose plate ﬁﬁ 0.2 g/l carboxylmethyl cellulose sodium (CMC-Na), 100 mM NaCl wae
100 mM acetate buffer, pH 5.2. ﬂuﬁqmﬁgﬁ 30 °C 1wan 48 Talus udafoudas 1 gil
Congo red u&a3s destain lagld 1 M NaCl wszamameuuend3ues endo-B-1,4-
xylanase lag/la agarose plate ﬁﬁ 1 g/l xylan 370 birchwood, 20 mM NaCl, 100 mM
phosphate buffer, pH 5.8. ﬂuﬁqmﬂgﬁ 30 °C lwe 48 Talug udadeudas 1 g/
Congo red Ld134 destain lauld 1 M NaCl



4.3 HANNINARBILAZITDE

4.3.1 N138NA Total RNA

AU ag19R LTI ALENTY LATAASIBYDINTLINIZOTNTT WTaIbUES
Tulasiawnan uaztAu3A —80 °C ¥innsana total RNA 91N8I%N32IW1SU09%0 8L Ta
Taol% Trizol Reagent wazfina DNA fionatuitlausnlasnseion DNA &g RNase-free
DNase | uazanausn mRNA lagld Quick Prep mRNA purification kit 3ta31zAUTN M
LAZAMMNINYES MRNA datinaiia spectrophotometry I@slLﬁﬂﬁﬂﬂi’@@hﬂﬁg@ﬂﬁmmﬁ
ODye WUNTUSNaiwe9 mRNA #ildviswuayszanm 3-5 ug Lﬁaﬁw"lﬂi'@mms@@ﬂﬁu
W&IA OD.gy / OD s ldeaglugatszanm 1.9 - 2.0 ugaii1 RNA ‘ﬁvlﬁﬁau%au%qﬂ%r
4.3.2 msﬁ’%mﬁm%a@Laaﬂ%wam%aé (P. canaliculata) agnaia RT-PCR
4.3.2.1 N1IHILAIILH first strand cDNA

1 MRNA fiuanldannnszsinizaIm1svesne i3 un§ain ey first-strand cDNA
Tagld ImProm-IITNI Reverse Transcription System (Promega Corporation Medison,
Wisconsin, USA) %aﬂszﬂauﬁw 2 pg mRNA, oligo(dT)-Not | primer wazlaw ol
reverse transcriptase ﬂuﬁqmwnﬂﬁ 42 °c 1flwan 1 Talae AensilTinauazgmnw
28y first-strand cDNA @28LNA%A spectrophotometry
4.3.2.2 RT-PCR analysis

lun13dunn cDNA vasBuimagiaadisinaiia RT-PCR lasihdauiaadlalng
LLa:éw‘Tmma:ﬁImaa‘i’mmagLaaanrmasl A. crossean (accession no. AY285999) L8
ﬁumagmmnn‘éoﬁ%%ﬁlnﬁﬁmﬁ'uﬁﬁswsmu"lﬂu GenBank %10 alignment  lagld
11sunsu Clustal W Lﬁ‘amu’%nmag%'m; (conserved region) AsunsasanlEluns
aanuuulwsiues %quiﬁmmsmﬁaﬂaammu degenerate primers L& specific primer
NN 5 UTR LLa:U'%nmmﬁmsfmsfl,uﬁul,sﬁagl,amﬁaslﬁﬁ’] RT-PCR lasld cDNA
NNIWIZETM3VBIM 0 LT3 T% template NNNINARBITUG BRI INTINaTEI 9 uas
wEnERINzaNEInSUNIT PCR Wit Liath RT-PCR product AlFundassi
a8 agarose gel electrophoresis WULOUALEWaTWIAU Tz 500 bp %uﬁmmmmua

LAULaVUIA 500 @;Luaﬁﬁmmﬁzﬂﬁﬁnﬂ RT-PCR 88n391n agarose gel Lazinuoiauea

A pGEM®-T easy WURWWINGITas E. coli DH50C lau3T electroporation ¥imygal
AALAaN recombinant clones ¥MAIVWIAVBY insert Va3 cDNA lagld colony PCR (pUCA1
primer: 5.CCGGCTCGTATGTTG TGTGGA-3 uaz pUC2 primer: 5-
GTGGTGCAAGGCGATTAAGTTGG-3/) WRZILATIZALY 1.0% agarose gel
electrophoresis WUINAWOL DNA insert uw1adszunts 530 bp 9NiUIN recombinant
clone AN&R@ plasmid et llmdduiiealalng waanmsdnmiiasaulasnsvin
RT-PCR ;ﬁ?ﬁlwuﬁﬁm‘ﬁagmﬂu%aUL“HaéﬁvLﬁﬁﬂ’nlmﬁ”lUﬂadﬁuﬁmsﬁagmﬂu%aEJ A.

' = a e A @ i\ Ao ¥ A a & A |
crossean aﬂ']ﬂvljﬂ@nll"ﬂ’]ﬂﬂqi']LﬂiqzﬂﬂuﬂLLUﬂVL@WTJ'JAINﬂ'T@]Uu']ﬂﬂIBVLV]@LWUG?J'N&']%



(partial cDNA) f3laasusuysol 'fﬁaﬁ']msaaﬂLmuvl,wma%mnﬁagaéwé’uﬁaﬂﬁiavlwﬁd'
& i Tl Evnganiaealeng full length VoIDWTAYIAT
4.3.3 N15@WH" full length cDNA 2as8winagiad laglzinaita RACE-PCR

lea$s 3' RACE 910 mRNA fignaanifiatfianszinnzenmisuasmasises iiam
full-length cDNA 38 ULTAYIAS Tt lwswasiesnuuuunanusnmiinmuseuiang
1alnd 91m¥31a3712% PCR product WULAUALAUL@TWAUT=N 0 1000 bp 34 ldAaLaLa
BwaNlaan wazuisauiinalalng naannmsiensianauiiaailainglassinly
Wisufipuanumiionsuiuidsesnwlsly GenBank wudanunilaunuduimag
L& bUABE A. crossean

nnnuisldaanuuyinswesanieuiinndlelndusiim 5 UTR  (Iwswes
5UTR-EGX) ¢inulnsiaes 3RACE-EGX Fasvldusiim 3-UTR VoI BULTAYAT UAZIAN
¥n PCR lagld first-strand cDNA flLe3uaannnIziwizanwiszasvanisaiiiu template
i asinan 1@ uwnn full-length cDNA maaﬁumagmasﬁﬁnﬂﬂﬁﬁw PCR WULOUALOHLE
21915z 1250 bp (gﬂﬁ' 1y 39léugnsu DNA 289 full length vodduiTagiagean
nozmlsaias uahvdoudeiunanadia pGEM®-T easy uwdnhdgimad £ coli
nnnsaatdanInenduuurilaanlasdinnziauiaues DNA insert lae3 colony PCR

¥ v A a 6 a A o a 6 o ¥ A a [
LRIFNAIADNULLUBBNANITRUALN Elu’]le]'J Lﬂi’]:%‘lﬁ’]ﬂ’]@uu'ﬁﬂaiﬂ‘l‘ﬂ@

;s‘l.lﬁ 1 Agarose gel electrophoresis U84 full-length cDNA madﬁwﬁagmmﬂﬂmﬂma’%

Lane M fia 100 bp DNA ladder gnﬂs% LRAIIWIOVEY RT-PCR 2410 1250 bp



4.3.4 Mmyhanesianauiaaala(nAwas full length cDNA 2asininagiad
ndayavasiauianilainduas  cDNA maaﬁul,sﬁagl,aamﬂ%amma% (P.
canaliculata) ﬁvlﬁﬁwﬁmmzﬂm oltlUsunsy GENETYX  software (Software
Development  Inc.) LLa:Lﬂ%‘ymﬁUuﬁuﬁagaﬁaﬂ?ﬂa"lmﬁﬁﬁﬁsmu‘l,uﬁmmiﬁu
(GenBank) laglflusunsa BLASTX waz BLASTN (http://www.ncbi.nim.nih.gov) Wu3ni

d’mﬁ homology ﬁ'u‘fml,magl,aamamaﬂ A. crossean NNMTIATREAUAIAR 8 ING
maaﬁumagmmamamm‘% P. canaliculata wudwmmsmmﬂﬁuﬁauystﬁ (full-length
cDNA) 1¢ 2 isoform #8 GHF10-Pc1 waz GHF10-Pc3
NNMTIeNzRaauianglalnduas GHF10-Pct (gﬂﬁ oA) Aledwuinfuua
1300 bp Usznausis 5 waz 3' UTR 0278817 52 Waz 60 bp MuUSGU saunstany 3
WU putative poly (A) signal consensus sequence (AATAAA) a%iﬁ’m%ﬁ’]ﬁ]’m poly A tail
18 bp deufirealelndludiufitilu open reading frame (ORF) fuu1a 1188 bp &9
gasnnaaadunsnoziluld 395 residues Taiiiasrurtsany molecular mass azlw
TUsGuamaiszuno 44438 Da wazilen p/ 6.49 INMTILATIZA GHF10-Pc3 (gﬂﬁ' 2B)
wudrSuua 1277 bp Usznausios1uditiln open reading frame (ORF) Suu1a 1191 bp
%\‘1anﬁmamﬁalﬂum@a:mﬂﬁ 396 residues %uﬁaﬁ’]mmmu molecular mass 3%
IRlUsGuuuIaU TN 44820 Da wazlidl pl 6.75 anmsangilaslslysunsy

SignalP  (http://www.cbs.dtu.dk/services/SignalP) Liwunsaasdlulugiwdidn signal

peptide 31NNNTWY N-glycosylation sites (NXT uaz NXS) wuirduimagLaailadl putative
X . o | { A o ' A , &

N-glycosylation sites 1 futks Anaaziiludunits 393 (NIS) Tausasihbuwaagiasin

glycoprotein uaziilaindauiiindlalnduasBuioagias GHF10-Pc1  waz  GHF10-Pc3
i = A A v A Aa Y A A [

289 P. canaliculata TUhdIoufsuanumlaunuiuninsnulinuindanunisuny

ﬁumagmfﬂu A. crossean 98% Was 82% ANNAIAU



A AGEACCAGARIQAGSECA TCAG TTTTGT TR TOGADAACSC TTCAGT CAAGCACATRCC A0 ED
H P A
TEETGCTECTGETEE TEEIETRACCAGCARC AT AACAGARC TARGRA ARG COACATAAC 120
z A A G A G ¥ T &8 D I D E L EER E D I T
T TGETRG TARCAT CARCCACGET CARG TERGCATTCG TG TG TTACA l&0
¥y H v B v @ & W I W HG Q v B I R ¥V L @
AR EARRRA G A TT oG TT R A A TR T TG PO TG CTAC AR CRATHRETE 240
K K K A F P F G T C W A A W A ¥ N D G &
CRARGERGEATAC COREATTT CATC CACCAE CACTACARCTGAGC O TH OO ARARCT C 3ab
K d A ¥ R D F I H o H Y H W A WV P E N &
ACTCRAGTEEGCTAGCATCGARC CTALR CAEGEE R RARAGAAT TATCAGCC TG CT AR 350
L K W A §8 I E P N B & g K N Y g P G L H
CATECTT CACGERACT RARAAA TCACEEEA TTARAGE TERRAGAGET CACARC CTEFE TG TGETC 420
M L H G L R B H &« I K ¥ B G H N L ¥ W 3
TETOGARCAR TACGET FCAGRA CTEHET CRARMFCTC TG LR THEHA TRRG CTEOGARRTGT 480
v o H T ¥ g W W v K A L H G I B L E K ¥V
TETOCATEACCRCA T TAHRARACCAT CARSAEATTTAREGGC CTAG THSAS S RO TOE0HR Ldb
¥ R bR I v E T I H T F K @ L W E R W D
TETEAMACRACGRER A TECA TGEC CMETEE TACCAACA TEARCTGARA TGACAATGECTA EdD
¥ W N E N L H G @ W Y ¢ H o L H D H & ¥
CAACCTOEAACTATT OCETAT DA CACA DA o CAAC OO CAACGTCAARCTCT TCCT CAA BED
N L EL FR I A H A A D PFMN YV E LT F L H
CEACTACARACGTTETETOCARCAST TATT CAACARRCGRCTAT CT TCERCARGET CRACA T20
oD ¥ W W Vv 58 W § ¥ E T N D ¥ L kR @ G §© g
GTTTAAGECOGCTAATETGEE TCTT TACGET TTEHFTEE TCAR TGRS TT TEHFOEACGEA TAD
F KK A A N WV & L ¥ @4 L 4 A g € H F d B E
A CGRC OO RGRA OO CGET AT TARG CARCET CTEEATAC TT TAFC TC ARG TEHFOETECC 40
A D P E P @ T K QR L D TIL & a ¥ 3 ¥V P
CATCTEAECCACTEAET THEA TH THET AN CTTEGHA TGRGAACAGACGAGCGHATTTCTA 5a0
I "W A T EL I V ¥V A 5§ 0D E N ER ATDF Y
CRAECARCEEGETAACRA T CTETACEE OCAT CATA OO G TERAGEE CATE CTGA TE TOEGE BEL
E H AL TV¥ L ¥ ¢ HR HAV E ¢ I L M W G
CTT T EEEACARGEC R TR ETEE T AGAA CT G T TG T TG TOGAAGACARTCT 1bz2n
F W DK A H W E & A R A A L ¥ W & D N L
GOARCTGROERGOGRC OGEACE TCROFTRCTEEAEC TC TT TEAG CACKE TG TGRTAGHR 1080
@ L T A A @ R R ¥V L EL F E H R W M T D
CEAGRRCICACAACCTERACARCEIECACCCAGTTCACAGTACE GO TTTC CATOGCGACTA 1140
E T H N L A & G T g F T ¥ R &G F H G I Y
CEASSTGCARG T AT O TECASGET CAAG G CACACE ARG TORGECAARCET TETCETT 1a24n
E ¥ @ ¥ I v @ 3 © E H T H L B @ T F B L
GEECARCGGTCCCCRCACCETCARCAT TRACAT TRGC TRAEAGCGACACTCAGAGFECAAT 1260
g N 8 P H T ¥ W I ¥ I 8§ =
AAR GCTTGARTATERACRCARCARAAAAARRAA AR RAARRA 1390

3UN 2A §raufiandlalng (full-length cDNA) uazdrauninaziiluasBuvesbumaagias
GHF10-Pc1 283%aglaa3 P. canaliculata @18N®IFANTULEAIGILAUS polyadenylation
signal (AATAAA)



B TTETEGACH RESE TT CAST CRRE O RGOS B BuEd T CTHE T CTEE T A TETEMIE R L
M P A G A A A A D V 5§
GOARAAT SRR RETHAARAGRAACARS A TAGTOET TEACETER CMSC THETEE TSR 1z2i
5 E I » R L R R 58 FR I ¥ ¥ HWVY T h-A -GG H
TCAGC CACGETEAAN TARAACA TACCHRATOET ACA AR MEARG R AT O TT OE O TT OGEAR lap
I 5 H &§ BE ¥ W I R ¥ W D KE K K 1§ F F F &
COGCTETEGECCFCCTEGFC CTACARCAARTGATT CCAMRACARRAT ACCGEEAT TTCATCC 240
T A WV A A W A Y W N D 5 K T K Y E I F I
ARG UR T ARG AR TG TR DO AGARAR CGRR CT CARG TREOECACCA TOEARC UTA a0
H o H Y H W aA ¥V P E N EL K WRT I E P
R L A A T AR AR TR T A 0 TR C TR A TRA TT A CGER CTRAA ARG T A 5D
T R G H KR #F ¥ @ FP A L T WM I H #H# L K §F H
GEATTAME TARGAGET CACARS CTEAITA TAET CTET CAAT TCAACGETEEAGRG CTEHE L i
2 I K ¥ R § H W L ¥ W 3 ¥ W & T W Q 5 W
TCAARRFOTC TGCA TEEGEA TGAGCTFORAANSE TTGT CCATEACCACAT TE TERARM OO 480
v K A L B &4 D E L B K W W H IO H I v BE T
TEARCACAT TT AR TTAG T AR oA TR ACE TRRAACAR DG AGRR DCTG A T L 240
YW N T F K &4 L ¥ E H W b v N H E H L H &
PG TG TA L AG AR CAR CTRAATRA DG LGAAR CTACAR A TRGEARCTG TT DOET AT LG AL FQD
g W Y 0 g 0 L N Db P WY WIETULVFUERTIA
ACACTEEOAREOECARCET CAAMCT CTTCCT CARCARCT REAACH TAETRACT TACIHETE BED
H A A D P F ¥ KL FL I Y N ¥V ¥ A T &G
COGCARCCARTECCTAT CT TCAGCARGET CARCRA TT TARGEC G CTAR TG TARGTETTT T2D
A A T W A Y L Q Qg 44 Qg @ F K A A N ¥V E L
ACGETTTGGETFCCCAGTGOCAC TT TEE0GA TRAAMFE TARC CC AR RCET COCTEREATGR TAD
¥ & L & A p ¢ H F & O E A N P N ¥ A O M
AECRA LA TC TGGA TA TT TTRG CT CRAG TR T T DO CA TETHA: DORCTRARG TTERATE 840
E @ H L » I L A g ¥ GG L P I W &2 TETL D
TETTAGE TR OGN OO A RR CARR, OO R OCHER CTTOTA OE RGO O CE CTEA DA EE CETAE T SA0
vy L. AT D E N KR AD F T EHRH AL TBA L
ACREC A TR TE OO TR AT A TAATETEAHEA CT TE TGEE A A RRE N CRCTEAD L L6
¥ 8 H H A ¥ BE &€ I L M W G F W P K A H W
GEFCATEARCEAGC TQCT CTTC TTET O3EAGACARC CTECAG CTEACGFOEI COEEACETC 1oz
kR H E R A A L L ¥ & b N L p L T A A d R
GO TR T EGRGUT CT AT AR A ARG TG ATEA CAGA CORGARCECACAR DU TERCRG LS 1080
kFR ¥ L E L ¥ EH R KM TDETH N L A A
A CAG T TEAS AN TA D COSTTT DA TR DHACT A D AGETRE ASETEA TCTADC AR 1iap
G T @ F T ¥ R & F H G I ¥ E ¥ H ¥ I ¥ @
G TEAGEAFCEFCRCCARCCTERAACRERCQ TT CROQ TTEHECARCE CRASC OCAC R DG TC R 1200
@ E R T H L K @ T F T L & N A A HT ¥
ACATCRACATTRGCTARAG CGRC AT TC ARG RGEECART ARAG TTRAATRA TGRC ACARCAR 1260
H I W I B *
AARARARARARAAARAD 1277

31U 2B §auiiindlalng (full-length cDNA) uazdrauninaziiluvasBuvasbumaagias
GHF10-Pc3 283%aglaa3 P. canaliculata @18N®IRANTULEAIGILAUS polyadenylation
signal (AATAAA)



4.3.5 N1331A3129 function domains WAz conserved motifs waaﬁmsﬁaiﬂma
LﬁaammsﬁagLaammmLtﬂaaaﬂ"l,@?l,ﬂumwmju lauanduaINNLANAIIVD

laseass 3 AfvassrauninazdluluuSiao catalytic domain (Beguin and Aubert, 1994)

%aluﬁaqﬁummsmmﬂ@ﬁﬂu 106 WNWNR (CAZY database; http://afmb.cnrs-

mrs.fri~cazy/CAZylindex.html) Laza1NN1THIE10UNTAaz T I lalasn1InaaInaan

cDNA  vasduimagiaai ldundanzilaslisunsy SMART analysis (http:/smart.embl-

heidelberg.de/) WU primary structure maﬂﬂiﬁmsﬁagmaﬁm@iﬂma:mm‘hl,mmﬁ 84
19 336 ﬁmmﬂﬁwﬁumagmﬂumju glycosyl hydrolase family 10 (GHF10) @9%4343@
Lsnagmaﬁ"lﬁa%ilumju glycosyl hydrolase family 10 @4 glycosyl hydrolase luﬂﬁjwﬁlﬁuﬁ
A a | . o caa Aad '

Ta13un71 cellulase family F Usznaualsiawloiniuandlifdne 9 1w xylanase (EC:
3.2.1.8); endo-1,3-beta-xylanase (EC: 3.2.1.32) uae cellobiohydrolase (EC: 3.2.1.91)
MNMTAeNzAaaunIaacilunuinintaesilunaiainazidu conserve  catalytic
nucleophile Uz proton donor @vilANdALEaNIIIU[ATEN fia Glu26s Taatilu
u’%nmavﬁnﬁ WDVNNE 18y Glu167 ﬁa%ﬂuu’%nmmﬁnﬁ TELD @N&1QU 31nN13
a [ . e A AV oA o o vA

ILAIIEA neighbor-joining  tree ‘W‘mﬁﬂulﬂjagLaa‘ﬂvlﬂumwauwuﬂﬂa"m (close

relationships) ﬁ'UL“ﬁag}Laaﬁl’m A. crossean



A)

Clostridium AlRY SNIZS SO LKGLTGDALMKA
Bacillus AIY ANIRPE LRSLPNHEVYEA
Hordeum LY HT) VOO, KNLNKDQLRSA
Triticum LY HTIRA QO [VKNLNKDQLRSA
Arabidopsis LFWYWTEPEQ IQNMNQTDLNNA
Nicotiana
Oryza
GHF10-Pcl [VKALHGDELRKV
Ampullaria KALHGDELRKV
GHF10-Pc3 [VKALHGDELRKV
Clostridium IDARLESVVPHE DEFFKSRLG-ESIWPYMFKRAREL]
Bacillus MKKRLEHAGNHEF' SFFKDREFG-KNIWKWMYEETKKI|BIZOAL)
Hordeum MOSRLEGLVSRY REFFRDRLGDEDVPAYMFKEVARLIMEE P
Triticum MQOSRLEGLVSRY. REFFRDRLGDEDIPAYMFKEVARLIDZEP.
Arabidopsis VONRLTDLLNRY. SFYODKLG-KDIRVNMEFKTAHQLIMIZSAT)
Nicotiana VONRLTGLLTRY. SEYQODRLG-KEIRVNMEFKTARQL|DIZSPI
Oryza VASRINGLLTRY. SEYQODKLG-AGARAAMFRAASELIDEDAL)
GHF10-Pcl VHDHIVETINTE QWYQHQLNDNGYNLELFRIAHA. INVEKIRng |
Ampullaria VHDHIVETINTE OWYQHQLNDNGYNLELFRIAHA. NVKIRgL
GHF10-Pc3 VHDHIVETVNTE QWYQQQLNDPNYNIELFRIAHA NV L
. .. . .. * * K’k e Kk
Clostridium PMNIITYV-———-— EGDAMIRQIEWLLONGAEIDGI[€V(EGEFDEDVEP-—LVVKARLIBNEA
Bacillus MNVISYG-———— EHHAMKAHINELROQLGAPIEAI[@V[ECEFEERVDP--VIVKERLIBVIRA
Hordeum IMNVECGN-DPNATPEKMAEQVAWLOSCGAVVRGI[ELECEVONPVGE--VICAA-LIBRIBA
Triticum IMNVERAN-DPNATPEKMAEQVAWLORCGAVVGGI[ELEGCEVONPVGE--VICAA-I|BRIBA
Arabidopsis IMHIEDGC-DPKSCPEKMTEQILDLOEKGAPVGGIEI(ECS I DSPVGP--IVCSA-LIBKING
Nicotiana IMHVEDGS-DTRSSPEKMIEHILDLOEHGAPVGGIEI(EGC I DSPVGP—-IVCSA-LIBKIRG
Oryza MNVEGACVDVRATPEAMIAQVTGLOEQGAAVGGVELECENV TAPVGA--VVRAA-LIBRIBA
GHF10-Pcl IMNVVSNS--—--YSTNDMLROGOQFKAANVGLYGL{EAECHFGDEADP-EPGTKORLIBTIRA
Ampullaria IMNVVSNS--—--YSTNDMLROGOOFKAANVGLYGL{EAECHFGDESDP-EPGTKORLIBTIRA
GHF10-Pc3 DLNVVAYG————AATN‘ELQQGQQFKAANVSLYGL ASCISIFGDEANPNVAGMKQHLIB THA
* % * *** * K
Clostridium SKTPDVNKIRAENTIINTLYRTIAFSEIPENWEET T MNSFNAGNHWINGODAATV
Bacillus SVHPDPNRIRADNT VLMUEAWAGAHWRGEHAATV
Hordeum MPEYDVGLER¥KDL IVFEaMOGCTMWIN-ONAWLV
Triticum \VPEYNVS LIRAKDI IVFIER 1. OGTMWI - ENSWLV
Arabidopsis VSSVNEHTIRADDI IMLNEWETL FMSI8-DNSHLV
Nicotiana VSSGNEY IR\DDI IMLNEWEL FMS|8 - PNAHLV
Oryza VSSANEHVI® VVLIEAWE L SMSI - DDAHLV
GHF10-Pcl 'VVASDEN. ILMU&AWDKAHWRGARAALV
Ampullaria 'VVASDEN. ILMUl&AWDKAHWRGARAALV
GHF10-Pc3 VLATDENKRS\DEFYMHALTALY SlgiHENYE€ T LMW DKAHWRHERAALL
ek kK *
Clostridium DHD-WTVNEERNEKRYQALL
Bacillus NYD-WSLNEERNE----——-—
Hordeum DAD-GTVNEIEOMEFLNLQ
Triticum DAD-GTVNEEREOMFLNLO
Arabidopsis NAE-GDVNEREKRFLAVK
Nicotiana NAE-GDINERNEKRYLALK
Oryza DAE-GEVNERERRLLOLK
GHF10-Pcl VGDNLQLTARERRVLELF
Ampullaria VGDNLQLTANEGRRVLELF
GHF10-Pc3 [ERRVLELY

VGDNLQLTAR
: . * x

31]‘7; 3A Multiple alignments °11aoa"wﬁunwazmumaaﬁuvﬁagma GHF10-Pc1 g
GHF10-Pc3 91NWaslwa3 P. canaliculata USZITAQLAREUIIN A. crossean (AAP31839),
Oryza sativa (BAD52808), Arabidopsis thaliana (BAB83869), Populus tremula x Populus
tremuloides  (AAX33301), (AAZT79232),
(AF156977), Hordeum vulgare (AAB51668), Bacillus pumilus (AF466829), Clostridium

Nicotiana tabacum Triticum  aestivum
thermocellum (EAMA47104), Thermotoga neapolitana (Q60041), Actinomadura sp.
(AAA17888), Penicillium purpurogenum (AAF71268), Cellumonas fimi (AAZ76373), and
Thermoascus aurantiacus (AF127529) FIANEIFAUTUUAZUILNIULENI conserve catalytic
nucleophile W&z proton donor NELAUI Glu268 ﬁa%ﬂuu‘%nmag‘%’ﬂﬁ (WDVNNE), Was

Glu167 fagluviameaniny (TELD)



B) Populus tremula ™
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;sﬂ‘ﬁl 3B Neighbor-joining tree maaﬁulfnagma GHF10-Pc1 1Lz GHF10-Pc3 31nN13¥in
bootstrapping 1,000 ﬂ% P. canaliculata, A. crossean (AAP31839), Oryza sativa
(BAD52808), Arabidopsis thaliana (BAB83869), Populus tremula x Populus tremuloides
(AAX33301), Nicotiana tabacum (AAZ79232), Triticum aestivum (AF156977), Hordeum
vulgare (AAB51668), Bacillus pumilus (AF466829), Clostridium thermocellum
(EAM47104), Thermotoga neapolitana (Q60041), Actinomadura sp. (AAA17888),
Penicillium purpurogenum (AAF71268), Cellumonas fimi (AAZ76373), and Thermoascus
aurantiacus (AF127529)



4.3.6 NITLYN BWATANBINITIALILINIVDY Huloaglad

luﬂWSLLmﬂﬁuLsﬁagLaamamamma%ﬁmmﬂﬁﬂ PCR levinnsaanuuvinsiuas
wms g mnﬁagaﬁwé’uﬁmﬁia%ﬁmaa cDNA  UBITULTARLAR el w1y
ﬂ%uwmﬁuLsﬁagLaaI@stﬂﬁﬂ PCR 37nM33LA318% PCR product WULALALAMaUUNA
1523124 2200, 1500 waz 1200 bp 39 ldaaunu@duianlaautaziaszrmarauinag

6 a 6 o o A = (5 [ [ ' =
lalndg anmsesiaeuiiiedlalnend 3 fragment WuinUsznaudisaInvaIdn

d' > = (% [ =) 1 d' % n' a =
\TRQLART overlap Mt A ldaanuuyinsiuasan 1 q WWalgiAuLSuno full length 2898u
\TRALAE NMTILATZA PCR product N b6 kazrinnsaauauftduiaswadszunm 5 kb

I lAauLazNAIaURINA LA NG

nmylenzisauiiedlaindwuinBulsagias GHF10-Pel ez GHF10-Pc3
YWaLTa3 P. canaliculata SUW1@ 4937 uaz 4512 bp MU (U7 5A uaz 58) il
ﬁwé’]ﬁuﬁaﬂﬁia%ﬁmaoﬁmeﬁagmaﬁvlﬁmLﬂ'%'sjmﬁﬂuﬁuﬁwﬁuﬁaﬂﬁia%ﬁmm cDNA
VOIDULTAYLAE Lﬁ"a"iLmﬂ:ﬁmmﬁ@ﬁmﬁwaaﬁumagLaa wu*j’lﬁumagmaﬁy‘aaad
U5znauey 9 exon War 8 intron laudl start codon ATG a%ilu exon ﬁ 1 uazil stop
codon TAG agjli exon 7 9 e ekrmavasiinalalnedluudas exon was intron
wohdweagLasliauiaued exon agILning 46 bp (exon 2) — 234 bp (exon 9) LAz
intron ﬁmm@agjsz%’m 234 bp (intron 6) — 1071 bp (intron 8) waziiladanzius i
JouAaTEnINIuAaT exon wae intron Wuinduldan GT/AG rule



A)

CGACGCTTCAGTCAAGCGCATGCCCGCTGGTGCTGCTGGTGCTGGGGTGACCAGCGACAT
M P A G A A G A G V T s D I
CGACAGACTGAGAAGAAGCGACATAACGGTTCAgtgcgtgctgctttcaatatataacaa
D R L R R S D I T VvV H
cctcacttagttctgcattgataaaatatctcgtcagtagtgtaccaattctgtgtgtat
caagaaagtaacaccgttgttataccatttttaaagtaaagcgaatttaatctggaatag
tacaatacttgtatgtaatgcatatataattcatgattttggtagtaataataagtataa
ttgtaacataaacggatagaatattaataacaatcttatgtcacgggtcatttcaagttt
gcacgatatcctggaatcaagaaccgaaatagtaattaaggccgaacgttgcggecgtaga
aaatcgtgtgcagcccgtcatgggatgttaatactaaagaaacacaataacatccggcag
ccgtcgtcaagtgtgtaaaatctgacctgaaatccattcacgaagttgatgatttcttat
atcagCGTGAATGTTGGTGGTAACATCAACCACGGTCAAGTGAGCATTCGTgtaagtecat
v N VvV G G N I N H G @ VvV S I R
agatgagagcatcatccgcctgaggacagggggcaataaaaagagcaagctcatcaaagg
tgtcaacctcgagaatgtgccttaagtaaacttgattgcgaggtacagttgaccacgtga
acagataggagagaagagagacaaaaaatgaaggatacaatagaagatgtaggaataata
ttaattttaatacttattttatattttaatgttaatgtataaaagccacccagactaaat
ctttgttcttcaaggtaactgtcgttgattacagGTGTTACAAAAGAAAAAGGCATTCCC
v L 9 K K K A F P
GTTCGGGACATGTGTGGCCGCCTGGGCCTACAACGATGGGTCCAAAGGAGCATACCGGGA
F G T C V A A W A Y N D G S K G A Y R D
TTTCATCCACCAGCACTACAACTGGGCCGTGCCAGAAAACTCACTCAAGTGGGCTAGCAT
F I H Q H Y N W A V P E N S L K W A S I
CGAACCTAACAGGgtacattttttattaatgagatttataaatttaacataaattgatag
E P N R
tatattaataaaaatcttctttaacgttttacttccagtttgcacgatagtctttaatca
agaactgaaatatttttcaatactgaatgttgctgcgcataaaatcgtttgcagectgtce
atttgatgttactactaaagaaatacaataacatatattgaaatgatgtttaaggggtct
tctgatttatatctgttcagggagagaatagtttaaaaggtactccattcacagcaagga
aagacaaagttacccgttgtcatattcatagttttactttctaaatcgtgtgtgtgtgtyg
tatatatatttatgtctgagcgcgcttgaatgcttaagtcgacaacttaatgtaacagat
tagttttattaagagtatactaaaaactgggttgttcctgctagccaaagaaatggggtt
ttgggggtatttgataatcgcacgtgtgtcttccttgtgaataaaataaacaagtaaaaa
ttctggagggaacatacttttgaggcactcgacattgaggcttccgttatgatcgececatt
taatgcttgcctctcecctcttggacatatagaaggggaaaatataatgactgttgattgtg
LttttcagGGACAAAAGAATTATCAGCCTGGCCTAAACATGCTTCACGGACTGAGAAATC
G 0 K N Y O P G L N M L H G L R N
ACGGgttagtaaacattaggatactgcaacccccatcaccgacattataatcatcatcgt
H G
cgacttcattatcgtataataatgaaagaattggcgaattttaattatttaagaattatt
aacataaatttaattaacatttaataaatcaaagaaagtttagcgtttcagagattgctc
ctcccccatgtattttactatttctatcacttcgttaaaagcaagtctcagactcagttce
tgtctttttgataattccttaaaatagtcctacaaatgaaatagtaactgaaatgtctca
cattgatacgaaattaagaaaatattcacttacactaagagttaacacatgtcgtgtaca
gaggtgtttgtagaaatgtttgttatagttttcttgcatccactcgagatgtttaaaaca
gGATTAAGGTGAGAGGTCACAACCTGGTGTGGTCTGTCGACAATACGGTGCAGAACTGGG
I K vV R G H N L V W S V DN T V Q N W
TGAAGGCTCTGCATGGGGATGAGCTGCGAAAGGTTGTCCATGACCACATCGTGGAAACCA
vV K AL H G D E L R K V VvV H D H I VvV E T
TCAACACATTTAAGGGCCTgtaagtttatatcatttgttactttctttctaaaatgtcag
I N T F K G L
tagtttattttttattttttatcttgttatttggagaaacaaaatttactgttctacata
caccaaaccagatgataccagttacaatactgaattttatgttgtaaaaatatgtttgaa
ccttatagcaatagactgccactaatttaagaagtcacgttgtcaagtgttagtttttaa
ctcactcatcaacagatcaagcaagaggttttttctgttttgaccagAGTGGAGCACTGG
v E H W
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GATGTGAACAACGAGAACCTGCATGGCCAGTGGTACCAGCATCAACTGAATGACAATGGC 2640
b v N N E N L H G Q W Y Q H @QQ L N D N G
TACAACCTGGAACTGTTCCGTATCGCACACGCCGCCGACCCCAACGTCAAACTCTTCCTC 2700
Yy N L E L ¥ R I A H A A D P N V K L F L
AACGACTACAACGTTGTGTCCAACAGTTATTCAACAAACgtgagtgaatgagaaaacttyg 2760
N D Y NV V S N S Y S T N
cttctacatcacctgagaacaaatgtttgcaagcatcgtatgctttatttctgectaaaa 2820
tatactcttgttgtctttagcattatagtcttctgtgecttgctatgttgeccgaacaatg 2880
caacttgtactgctccatactagtctgtagtgtctattttttttatctgtaaaaacgaat 2940
atcatcttcacaagtctttgcggtgtgtgacagGACTATCTTCGACAAGGTCAACAGTTT 3000
D Y L R QO G Q Q F
AAGGCCGCTAATGTGGGTCTTTACGGTTTGGGTGCTCAATGCCACTTTGGCGACGAAGCC 3060
K A A NV G L ¥ G L G A 9 C H F G D E A
GACCCAGAACCCGGTACTAAGgtaagaaaaataatataaacatccttcgectttctecatt 3120
D P E P G T K
ccccattttattattattctaaaaaataaaacaaaggtacgcacaacaatgaattagttc 3180
tacaatgcagtaagatacaagatttcagcttctgtccgtatccttttttctatttagtta 3240
tttgcatttttttactattatttgttaatttacgttaaatggaataacatatctttatgt 3300
tgagaaatcaaaaagtcttcattttatagctgtggatgtaaaaaatactcatctaacgtc 3360
ttctatactccaaaagctgttttagctacatgtgggtttttttctaatctcagCAACGTC 3420
Q R
TGGATACTTTAGCTCAAGTGGGCGTGCCCATCTGGGCCACTGAGTTGGATGTGGTAGCTT 3480
L b T L A Q V GV P I W A T E L D V V A
CGGATGAGAACAGACGAGCGGATTTCTACGAGCACGCGCTGACAGTCCTGTACGGCCATC 3540
s D E N R R A D F Y E H A L T V L Y G H
ATGCCGTGGAGGGCATCCTGATGTGGGGCTTCTGGGACAAGGCCCACTGGCGTGGTGCCA 3600
H A V E G I L M W G F W D K A H W R G A
GAGCTGCTCTTGTTGTCGGAGACAACCTGCAGgtgtgttgggttacaattaacctaatgg 3660
R A A L VvV V G D N L QO
gaatcttacaggtattatagcacagccagcatccagacagacatttaggaatcactgtca 3720
tgatgagaacacattggattcttcttttattagaatttctacccagaactacccttgact 3780
tcaactttttcttttccttataagagacatctgacaaatgcttactcagtgtacctatgg 3840
ttagtccagattatgcgtgtatgtttttccattttagaattactttagcacaaacacgac 3900
caaaacgattaccatctatgtgaggacaaagatacgtgttctgcttgtttataatgaata 3960
atattgttatgataaaactgcaaaatactcagtttgaagtagacattttttccatgaaaa 4020
ttcgcaaaaaaaagaaagaccggaaatgaacccatttgaacgagtttaaaaaattgttta 4080
cagcaaagtcctttatctctgctataaatgtgttgaaggtaaatgtatattcacatcagt 4140
attatttgactgagaatgttttcggctgttttcttcatatataatcaaaagtatcacaat 4200
gttcattgaagaaacgaggacacctggttgtagccaacgacattgtttgacattaatgca 4260
aataataacgtgttacaacaatctaagcggtactttgacagaagtgtaaaaattaatatt 4320
gagacttcatcaacgcttaaacaattccaagactttaaaattgcaagaatcaagcttgceg 4380
cgctttttttcacatcgataaggatgatgttataatgtaaccagctggtaaagtgaaaca 4440
ctgtttaaattactattggttgcggcagaagagttatgacgttgtaaaggacattgtctt 4500
acttaaggattgcttcattcgaaatacttctgatagtgaatgcgaaacgcacattccatc 4560
aataataaaagtataagatatgagaattgttactgaaatatgtctgttttagtctccatg 4620
attagccaaatgattgctttcgttaaagttcatgaaacaccgggtgtttgtggtagacat 4680
aaaataaatgtttgattctatagCTGACGGCGGCCGGACGTCGCGTGCTGGAGCTCTTTG 4740
L T A A G R R V L E L F
AGCACAGGTGGATGACAGACGAGACGCACAACCTGGCAGCGGGCACCCAGTTCACAGTAC 4800
EH R W M T D E T H N L A A G T Q F T V
GCGGTTTCCATGGCGACTACGAGGTGCAAGTCATCGTCCAGGGTCAAGAGCACACCAACC 4860
R G F H G DYy E V Q0 VvV I V Q0 G Q E H T N
TGAGGCAGACGTTCTCGTTGGGCAACGGTCCCCACACCGTCAACATTAACATTAGCTAGA 4920
L R ¢ T F S L G N G P H T V N I N I s *
GCGACACTCAGAGGGCA 4937

31 4A M390396110984 (Genomic organization) WBIDULTARLAT GHF10-Pcl ¢8N®3
RunlngjuaasiauinndlainduazsaunsaazilunSiim exon @INWINIWLANLAZLILN

LRAILILITH intron GRaNWILTULEAY start Waz stop codon



B)

CGACGCTTCAGTCAAGCGCATGCCCGCGGGTGCTGCTGCTGCTGATGTGAGCAGCGAGAT
M P A G A A A A D V S S E I
CGACAGACTGAGAAGAAGCAACATAGTGGTTCAgtgcgtgctgctttcaatatataacaa
D R L R R S N I V V H
cctcacttagttctgcattgataaaatatctcgtcagtagtgtaccaattctgtgtgtat
caataaagtaacactgttgttataccatttttaaattaaagcgaatttaatctgactatt
acaatattgtatgtaatcatatataattcattattttttattaataatatttataatttt
aacataaatggatagtatattaataacaatcttatttcacggcttatttcaagtttgcac
gatgttctttaatcaagaacttaaatatttttcaaatcagaatgttgctgcgtataaaag
cgttttcagcctgtcattggatgttactactagacaaacacaataacatcttcatcctte
gttaaatgtgtaaaatctgacctgaaatccattcacgaccttgctgattttgttttcagC
GTGACAGCTGGTGGTAACATCAGCCACGGTGAAGTAAACATACGGgtaagtcatagttga
v T A G G N I S H G E VvV N I R
tatcatcatccgcctgaggacagagtacaacaaactaaagagctactttaccgcaagctc
cacctggtgtcacccccgatttgecttcgttatggectttagtagttatttgaatattcett
tgtcactttgtcactagagacatctgtagcgacaagaccaaaattcagcatactcttatg
ttgaaacataatcatttcaattctaatacatgtgtaaactgtgttgtgaggcacatttga
ccacgtgaacagttagtagagaagagatacacaaaataaaagatacagtagaagatttgg
ggttaatattaattttaatacttattttatatttttaatattaatgtataaaaatcaccc
agactaagtctttgttcttcaagctaactgtcgttgattacagGTGGTACAAAAGAAGAA
Vv V. Q0 K K K
GTCGTTCCCGTTCGGAACCGCTGTGGCCGCCTGGGCCTACAACAATGATTCCAAGACAAA
s ¥ P F G T A V A A W A Y N N D S K T K
ATACCGGGATTTCATCCACCAGCACTACAACTGGGCGGTGCCAGAAAACGAACTCAAGTG
Yy R D F I H Q H Y N W A V P E N E L K W
GCGCACCATCGAACCTACCAGGgtacactttttattaatatgatttataattttaacata
R T I E P T R
aattgatagcataatgataacaatcttatttaacgttttacttccagtttgcatgatagt
ctttaatcaagaacttaaatatttttcaatgctgaatgttgctgcgcataaaatcgtgtg
cagccgtctttgtatgttactactaaagaaatacattaacatacattgaaatgatgttta
aggggtcttgtgatttgcatttgttcaggtaatatagtttaaaaggtacagattaatttt
attaagactatactaaaaactgggtagtttctgctagccaaagaaatggggttttggggg
catttgataatcgcacgtgtgtcttccttgtgaataaaataaacaagtaaaaattctgga
gaaaaatacttttgatgcactcgacattgaggcttccgttatgatcgccatttaatgcett
acctctcctcttggtcacatcactccacaaatagaggaggaaaatataacagttgattgt
ggttttcagGGACATAAGAACTATCAGCCTGCCCTGACCATGATTCACGGACTGAAAAGT
G H K N Y Q0 P A L T M I H G L K S
CACGGgttagtaaacattaagatttagcaaccaccatcaccgacattataatcatcctct
H G
tcgacttcattattgtatgataatgaaagaattggtgaattttagttataaaacatttat
taaatgaaagagagtttagcgtttcagagattgctcctcccccatgtattttactatttt
tcgtacttcgttaaaagcaagtcgcagactcagttctgactttttgataattccttaaag
tagtcctacaaatgaaatagtaactgcaaatgtctcacactgatacgaaatgaagaaaat
attcgcttacactaagagtcagcacatgtcgtgtacagaggtgtttgtagagatgtttgt
tatagttttcttgcattcactcgagatgtttaaaatagGATTAAGGTGAGAGGTCACAAC
I K VvV R G H N
CTGGTGTGGTCTGTCAATTCAACGGTGCAGAGCTGGGTCAAAGCTCTGCATGGGGATGAG
L v w s v N S T V Q S W V K A L H G D E
CTGCGAAAGGTTGTCCATGACCACATTGTGGAAACCGTCAACACATTTAAGGGCTTgtaa
L R K v Vv H D H I VvV E T VvV N T F K G L
gtttatttcatttatttctttctaaaatgtcagtagtttatttgtttatgttttgtattyg
ttgcgttatgtggagaaacaaaatttactattctacatacaccaaaccagatgataccag
ttacaatactgaattttatgttgtaaaaatatgtttgaaccttttagcaatagactgcca
ctaatgaaagaagtcacgttgtgaagtgttagtttttaactcattcatcaacacatcaag
taagagtgttttctgttttgaccagAGTGGAGCACTGGGACGTGAACAACGAGAACCTGC
v E H W D vV N N E N L
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ATGGCCAGTGGTACCAGCAACAACTGAATGACCCGAACTACAACATAGAACTGTTCCGTA 2640
H G Q W ¥ 0 ¢ 9 L N D P N Y N I E L F R
TCGCACACGCTGCCGACCCCAACGTCAAACTCTTCCTCAACGACTACAACGTGGTGGCTT 2700
I A H A A D P NV K L ¥F L N D Y N V V A
ACGGTGCCGCAACCAATgtcagtggatgagaaaacttgcttctatatcacctgagaacaa 2760
Y G A A T N
atgtttccaagcatagtatgcttcatttctgcataaaatatactcttgttgtctttageca 2820
ttatagtcttctgtgccttgctatgttcccgaacaatgcaacttgtactgctccatacta 2880
gtctgtagtctttgttttaatctgtaaaaacgaatatcatcttcacacagtctttatggt 2940
gtgtgacagGCCTATCTTCAGCAAGGTCAACAGTTTAAGGCCGCTAATGTGAGTCTTTAC 3000
A Y L Q9 Q G Q Q F K A A N V S L Y
GGTTTGGGTGCCCAGTGCCACTTTGGCGATGAAGCTAACCCAAACGTCGCTGGGATGAAG 3060
G L G A Q C H F G D E AN P N V A G M K
gtaagaaaaataatatcataaacatccttcgcctttctcattttceccttctectattatta 3120
ttattctaaaaaatgaaacaaatgtacgcacaacaatgaagtagttctacaatacagtaa 3180
gataaaagattttagattttgtctgtatcattttttctttttagttatctgcatttttta 3240
ccattttactttacatggaataacatatctttatgttgagaaatcagaaagtcttcattt 3300
tatagctgtggatttaaaaaatattcttctcacttcttctatactccataagectgtttta 3360
gtgacatctgggttttttctaatctcagCAACATCTGGATATTTTAGCTCAAGTGGGGTT 3420
Q H L D I L A Q V G L
GCCCATCTGGGCCACTGAGTTGGATGTGTTAGCTACGGACGAGAACAAACGAGCGGACTT 3480
rp I W A T E L D V L. AT D E N K R A D F
CTACGAGCACGCGCTGACAGCCCTGTACAGCCATCATGCCGTGGAGGGCATCCTGATGTG 3540
Yy E H A L T A L Y S H H A V E G I L M W
GGGCTTCTGGGACAAGGCCCACTGGCGGCATGAACGAGCTGCTCTTCTTGTCGGAGACAA 3600
G F W D K A H W R H E R A A L L V G D N
CCTGCAGgtgtgttgggttacaattaaccaaatagggatcttacaggcattatagcacag 3660
L 0
ccagtatccagacagacgttttgtaatcactgtcatgatgagaacacattggattcttct 3720
tctattagaatttctacccagaactatccttgacttcaacatttttttttctataagaga 3780
aatccgacaaatgcttactgagtgtacctatggttagtccaaattatgcgggcatgecttt 3840
tttccattctagaattactttagcacaaatacgaccaaaatgattaccatctaagtctca 3900
acattagtttttacatttttcatcaacgcttaaacactttaaagacttttaaattgtaag 3960
aatcaagcttttcacagcgataaggattcttttagatgtaaccagctggtaaagtaaaac 4020
agtttaaattactattggtagaggcaaaggagttatgatgttgtaaaggacattgtctta 4080
cataaggaatgcttcattcaaagtacttctgatagtgaatgcgaaacacatttcattaat 4140
aataaaaaaataagatatgagaattgttactaaaatatgtctgtttagtctccatgatta 4200
ataaaatgtttgcttcgttaaagttcatgaaacaccgggtgtttgtggtagacataaaat 4260
aaacgtttgattgtatagCTGACGGCGGCCGGACGTCGCGTGCTGGAGCTCTATGAGCAC 4320
L T A A G R R V L E L Y E H
AGGTGGATGACAGACGAGACGCACAACCTGGCAGCGGGCACCCAGTTCACAGTACGCGGT 4380
R w MM T D E T H N L A A G T Q F T V R G
TTCCATGGCGACTACGAGGTGCACGTGATCTACCAAGGTCAGGAGCGCACCAACCTGAAG 4440
F H G DY E VvV H V I ¥ 0 G O E R T N L K
CAGACGTTCACGTTGGGCAACGCAGCCCACACCGTCAACATCAACATTAGCTAGAGCGAC 4500
Q T ¥ T L G N A A H T V N I N I s *
ACTCAGAGGGCA 4512

31 4B n3901389621098% (Genomic organization) V8EULTARLAE GHF10-Pc3 ¢ansy
Rudlngusasiiauiiandlolnduazdaunsnasiluuiiio exon @I8NBIRIWLENLAZLTLN

LEAILILIT intron 28NWILTNLEAY start Waz stop codon



4.3.7 M3ATEBUNSUEAIBNVBIENAI8INARA RT-PCR
NMIATIVFAUNIUEAID8NVEIEY  GHF10-Pot uaz GHF10-Pc3 lunasiras
szozeng 9 ldun lonaire’d annapany 1 uaz 10 1 lasldinafia  RT-PCR  uasld
EF10L \iw internal control (3‘1]"?’1' 5) wanuir linuiimsuaaseanvesduragosluszesla
way uazlilown PCR product #ldandasotowlod Rsa | Sssunsoluenainy
WANAT9TZAI19 GHF10-Pct uaz GHF10-Pc3 b6 Nawuininsuaadaanaad GHF10-Pct

lugﬂmm:u: 1 4az 10 7% i GHF10-Pc3 wulinsuaadaanluszos 1 34 (31 6)

6 7 8 9

h

(A) M 1 2 3 4
3000 bp
— GHF10-Pc

1200 bp

500 bp

100 bp

(B)

3000 by
1200 bp

500 bp

100 bp

317l 5 NIURAIBaNVBIBU GHF10-Pc1 uaz GHF10-Pc3 wadnaniteuszos ey (lane

1-3), MBaua1e 1 3% (lane 4-6), A18ananty 10 1 (lane 7-9)
(A) M 1 2 3 M 4 5 6 M

1200 bp —

GHF10-Pc3 GHF10-Fcl

500 bp —

ALY

395 bp

T —

I
ALY

|
I

196 bp ,
124bp—»

. 1ib
121bp | 100mp— 122 h]]:

® ===

311 6 3UuDDNIA@ PCR product 628 Rsa | U83d18a%a1g 1 3 (lane 1-3), Agamn

218 10 % (lane 4-6)



4.3.8 @nwnsuansaanvasdmaagiadl E. coli uaznﬁﬁw"‘sqﬂ'ﬁ{mm%ﬂau
Junwnildsen

PNMFANIINITLEadIaanvasTnanuuwurillsdn GHF10-Pc1  lauld pET28b
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Abstract

Two cellulase cDNAs (GHF10-Pc1 and GHF10-Pc3) belonging to glycoside hydrolase family 10 (GHF10) were successfully
isolated and characterized from stomach tissue of golden apple snail (Pomacea canaliculata), a kind of herbivorous mollusca.
Sequencing analysis revealed full-length cDNAs of 1300 and 1277 bp in length, respectively. The open reading frame (ORF)
of cellulase cDNA was 1188 and 1191 bp, encoding 395 and 396 amino acid, respectively. Sequence alignment revealed that
GHF10-Pcl1 and GHF10-Pc3 shared high identity with glycosyl hydrolase family 10 (GHF10) and had an overall similarity of
98 and 82% to those of Ampullaria crossean cellulase EGX. A neighbour-joining tree showed a clear differentiation between
each species and also indicated that GHF10-Pc1 and GHF10-Pc3 from P canaliculata and A. crossean EGX are closely related
phylogenetically. The genomic organization of cellulase GHF10-Pc1 and GHF10-Pc3 genes was also investigated.
The GHF10-Pc1 and GHF10-Pc3 genes spanned over 4937 and 4512bp, respectively. Both genes contained 9 exons
interrupted by eight introns. The result verified the endogenous origin of the GHF10-Pcl and GHF10-Pc3 genes. Analysis of
RNA by RT-PCR from several ages of P canaliculata revealed that neither gene was expressed in eggs. GHF10-Pc1 was also
expressed in 1- and 10-day-old juvenile snails whereas GHF10-Pc3 was expressed only in 1-day-old juvenile snails. The result
showed that two GHF10-Pc transcripts were developmentally expressed.

Keywords: Pomacea canaliculata, cellulase gene, cloning, golden apple snail

Database accession number: DQ848667, DQ848668, DQ848669, DQ848670

Introduction

Cellulose, a main component of plant cell walls, is the
most abundant biopolymer in the world (Nathan et al.
2003). Cellulose is a linear biopolymer of D-glucose,
linked by B-1,4-glucosyl linkages. The degradation of
cellulose is considered to be achieved by the
synergistic action of three types of cellulase com-
ponents: exo-B-1,4-glucanase (EC 3.2.1.91), endo-3-
l,4-glucanase (EC 3.2.1.4), and B-glucosidase (EC
3.2.1.21) (Beguin and Aubert 1994).

Cellulases belong to the large group of glycosyl
hydrolases, of which there are several families based
on amino acid sequences similarities. Over the years,
the number of glycosyl hydrolase families has grown
steadily and currently there are 106 known families
recorded in CAZY database (http://www.afmb.
cnrs-mrs.fr/~ cazy/CAZy/index.html).

Cellulase has been shown to exist in plants
(Brummell et al. 1994), fungi (Tomme et al. 1995),
bacteria (Tomme et al. 1995) and protista (Moriya
et al. 1998). Recently, the cellulose hydrolytic enzyme
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has been also reported in herbivorous invertebrates,
such as arthropods (Watanabe et al. 1997; Xue et al.
1999), nematodes (Smant et al. 1998) and molluscs
(Xu et al. 2000). Although, the origin of the
invertebrate cellulases was initially explain as being
the product of symbiotic microorganisms in the
digestive tract, endogenous endo-$3-1,4-glucanase
genes have been cloned in some herbivorous
invertebrates such as the endogenous endo-3-1, 4-
glucanase NtEG belonging to GHF9 from termites,
Nasutitermes takasagoensis (Tokuda et al. 1999),
endoglucanase C¢EG belonging to GHF9 from
crayfish, Cherax quadricarinatus (Byrne et al. 1999),
endoglucanase HG-engl, HG-eng2 and GR-engl, GR-
eng2 belonging to GHF5 from nematodes Heterodera
glycines and Globodera rostochienesis (Yan et al. 1998),
endoglucanase belonging to GHF45 from blue
mussel, Mpyrzilus edulis (Xu et al. 2001), and
endoglucanase HIEG66 belonging to GHF9 from
abalone, Haliotis discus hannai (Suzuki et al. 2003).
It seems likely that most reported cellulases from
animal belong to GHF9, GHF5 and GHF45.
Recently, the GHF10, a multifunctional cellulase
generally involved in microbial degradation of
cellulose and xylans was isolated from Ampullaria
crossean (Wang et al. 2003). This gene was the first
multifunctional cellulase gene that was isolated from
animals. It exhibited the endo-B-1,4-glucanase, exo-3-
l,4-glucanase and endo-B-1,4-xylanase activity.

The golden apple snail, Pomacea canaliculata, is
native to South America. These snails were spread out
and introduced to Philippines, Malaysia, Thailand,
Indonesia, China and the other Asian countries in the
1980s as an aquarium pet and food source. However,
the commercial market demand for the snail was poor,
many snail-farming projects were abandoned and in
many instances the snails escaped and subsequently
became a pest to crops causing serious damage to
paddy rice and the other vegetables in Asia.

In Thailand, P canaliculata was first discovered in
the wild in 1984 (Keawjam and Upatham 1990).
Because of its high rate of reproduction, the number of
snails consistenly increases. The genetic diversity and
species-diagnostic markers in the introduced
P canaliculata were investigated by PCR-RFLP
analysis of COI (Thaewnon-ngiw et al. 2004). Serious
destructive damage of rice crops by P canaliculara has
been reported since 1996 and it is now regarded as
being the most harmful pest to rice seedlings in
Thailand.

P canaliculata are herbivores with an ability to
consume large amounts of several kinds of vegetation
such as rice seedlings, algae, azolla and other succulent
leafy plants. In addition, several enzymatic activities of
polysaccharide-hydrolysing enzymes against lami-
narin, cellulose and xylan in snail viscera have
previously been reported (Suzuki et al. 1986). This
implies the possible potential composition

of cellulolytic enzymes in golden appple snails.
However, the molecular information on gene sequence
and an unambiguous origin for the corresponding
genes in R canaliculata has not been established.
Identifying and characterizing the genes involved will
be a crucial step in better understanding the cellulase
system in the golden apple snail, P canaliculata.

Therefore, the objective of the present study was
to clone and characterize the full-length cDNA of
cellulase GHF10-Pc1 and GHF10-Pc3 genes from
the golden apple snail, P canaliculata in Thailand and
to evaluate mRNA expression at various stages of
development. The genomic organization of cellulase
genes was also determined.

Materials and methods
Biological specimens

Golden apple snails (P canaliculara) were collected
locally (Bangkok, Thailand). The stomach and foot
tissue of each snail was dissected out, immediately
placed in liquid nitrogen and stored at —80°C until
required. Fertilized eggs and juvenile snails were
stored at — 80°C until the RNA was isolated.

RNA isolation and genomic DNA extraction

The total RNA was extracted from P canaliculata
tissue using the TRIzol Reagent (Gibco-BRL, USA).
Contaminant DNA was eliminated by incubation of
the total RNA with 1 unit of DNase I for 15 min at
37°C. mRNA was isolated with a QuickPrep mRNA
purification kit (Amersham Biosciences, USA). Foot
muscle was homogenized followed by incubation with
lysis buffer [100 mM Tris—HCI, 50 mM EDTA, and
100 mM NaCl; pH 8.0, 1.0% sodium dodecyl sulfate
(SDS), 200 pg/ml Proteinase K]. Genomic DNA was
extracted with phenol/chloroform/isoamyl alcohol
(25:24:1), and then re-extracted by chloroform/iso-
amyl alcohol (24:1). The aqueous phase was
transferred to a new tube and precipitated with two
volume of ice-cold absolute ethanol. DNA pellet was
collected by centrifuging, washed with 70% ethanol
and dissolved in 50 ul of water. RNA and DNA
concentration was assessed by UV spectrophotometry
and agarose gel electrophoresis.

Isolation of cellulase GHF10 cDNA by reverse-
transcription PCR (RT-PCR)

Single-stranded cDNA was synthesized from two
micrograms of total RNA with an oligo (dT),; primer
and reversely transcribed according to the manufac-
turer’s instructions (Improm-II Reverse Transcription
System; Promega, USA). The first-stranded cDNA
was subjected to PCR using oligonucleotide primer
(GHF10-1F and GHF10-1R; Table I) designed from
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Table I. Sequences of oligonucleotide primers used for amplifica-
tion of GHF10-Pcl andGHF10-Pc3 cDNAs.

Primer Sequence (5'-3/)

GHF10-1F AGGACCAGAGGAGGGCATCAG

GHF10-1R ATGCAGRTTCTCRTTRTTNACRTC
GHF10-2F CAAAGCTCTGCATGGGGATGAGCTGCGA
GHF10-3F TGTCGACGACGCTTCAGTCAAGCGCATG
GHF10-3R ACTTTATTGCCCTCTGAGTGTCGCTCTA
EFla-F CGAGAAGGAGGAAGCCCAGGAGGAAATG
EFla-R GCATCAATGATGGTGAATGTAGAAC

5" untranslated region (UTR) of A. crossean EGX
cellulase genes (accession number AY285999) and
conserved region (DVNNENLH) of GHF10 cellulases.

The amplification reaction and PCR condition are
described in Imjongjirak et al. (2005). The amplifica-
tion products were cloned and electrotransformed into
Escherichia coli XL. 1-Blue. Plasmid DNA was
extracted from each recombinant clone and double-
stranded sequenced using an automated sequencer
(ABI377, PE Applied Biosystems, USA). A core
fragment of 600 bp of P canaliculata cellulase cDNA
was isolated by RT-PCR.

Cloning of cellulase GHF10 full-length cDNA by RACE-
PCR

To obtain the full-length GHF 10 cDNA, a specific
primer GHF10-2F corresponding to the cDNA
sequence obtained from the internal amplification
was synthesized. The 3'-rapid amplification of the
cDNA end (RACE) reactions was performed with a
SMART RACE cDNA Amplification kit (BD-
Biosciences Clontech, USA) according to the manu-
facturer’s instructions. RACE-PCR amplification was
described in Amparyup et al. (2007). Amplification
was composed of 92°C for 3 min followed by 5 cycles
of 94°C for 45 s, 65°C for 45 s and 72°C for 1.30 min,
followed by 25 cycles of 94°C for 455, 60°C for 45
and 72°C for 1.30 min. The final extension was carried
out at 72°C for 10 min. The expected DNA fragments
of 3’ RACE-PCR product were cloned and sequenced
in both directions.

Amplification of a single fragment representing the
full-length cDNA of cellulase GHF10 was performed
using Pfu Turbo® DNA Polymerase (SRATAGENE,
USA) and the specific primer primed at 5 UTR
(GHF10-3F) under the following conditions: 3 min
initial denaturation at 95°C; 25 cycles of a 94°C
denaturation step for 1 min, a 65°C annealing step for
1 min and a 72°C extension step for 4 min. The final
extension was carried out at 72°C for 10 min. The
PCR product was electrophoretically analyzed
through 1.6% agarose gels and visualized under a
UV transilluminator after ethidium bromide staining.
The resulting PCR product was cloned and sequenced
in both directions.

Isolation and characterization of genomic structure
of cellulase GHF10-Pc1 and GHF10-Pc3 genes

According to our experimentally determined GHF10-
Pcl and GHF10-Pc3 cDNA sequences, the GHF10-
Pcl and GHF10-Pc3 genes were cloned by a PCR-
based strategy. The full-length genes were obtained
from the amplification of genomic DNA of the
P canaliculata by using the primers GHF10-3F and
GHF10-3R located in the 5’ and 3’ UTR. PCR was
performed with the BD Advantage™ Genomic PCR
Kit (BD-Biosciences Clontech, USA) that allow
amplification of long DNA fragments from genomic
DNA. The amplification reaction was described in
Imjongjirak et al. (2007). The PCR condition was
composed of 94°C for 3 min followed by 5 cycles of
94°C for 1 min, 55°C for 1.30 min and 68°C for 4 min,
followed by 25 cycles of 94°C for 1min, 65°C for
1.30 min and 72°C for 4 min. The final extension was
carried out at 72°C for 10 min. The expected DNA
fragments of PCR product were cloned and
sequenced. Internal sequencing primers were sub-
sequently designed and used for sequencing along the
entire length of the insert.

DNA sequencing and data analysis

Plasmid DNA was extracted from each recombinant
clones and sequenced for both directions. Nucleotide
sequencing was performed by Macrogen Inc. (Korea).
DNA sequences were further edited with GENETYX
(Software Development Inc.) and blasted against data
in the GenBank using BlastN and BlastX (http://www.
ncbi.nlm.nih.gov). Potential functional motifs in the
ORFs were searched using the PROSITE database
and SMART  analysis (http://www.smart.
embl-heidelberg.de). Multiple sequence alignments
of nucleotide and translated amino acids were
performed using Clustal W. Aligned sequences were
bootstrapped 1000 times using Segboot. Sequence
divergence between different families of cellulase was
calculated based on the two parameter method using
Prodist. Boostrapped neighbour-joining trees were
constructed using Neighbour and Consense. All
phylogenetic reconstruction programs are routine in
PHYLIP and phylogenetic trees are appropriately
illustrated using TREEVIEW (http://www.taxonomy.
zoology.gla.ac.uk/rod.html).

Expression analysis of cellulase GHF10 by reverse
transcription-polymerase chain reaction

The RT-PCR was carried out to examine the
expression profile of GHF10-Pc1 and GHF10-Pc3
genes in different developmental stages. Six individuals
of each stage (e.g. 1- and 10-day-old juveniles) of
P canaliculata were examined. The first-stranded
cDNA was synthesized from 1 pg total RNA and used
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as a template for RT-PCR analysis. The GHF10
primers (GHF10-3F and GHF10-3R; Table I) were
designed and used in the PCR reaction. As an internal
control, elongation factor la was amplified by PCR
with the primer EFla-F and EFla-R (Table I).
Composition and amplification conditions were
identical to that described above. Ten microlitres of
the amplification product was electrophoretically
analysed through 1.8% agarose gel electrophoresis.
To differentiate GHF10-Pcl1 from GHF10-Pc3, PCR
product was digested with Rsa I and analysed in
agarose gel electrophoresis. The expression level of
GHF10-Pcl and GHF10-Pc3 transcripts in different
developmental stages of P canaliculata was normalized
by that of elongation factor la.

Results and discussion

Isolation, cloning and characterization of cellulase
GHF10-Pcl and GHF10-Pc3 cDNAs

Two full-length cDNAs of P canaliculata cellulase
designated as GHF10-Pc1 and GHF10-Pc3

were successfully isolated from stomach tissue by
RACE-PCR method. The full-length cDNA of
GHF10-Pc1 was 1300bp in length containing
52bp of 5’ UTR, and open reading frame (ORF) of
1188 nucleotides, and 60 bp of 3’ UTR. A consensus
sequence of polyadenylation signal (AATAAA) was
located 18bp wupstream of the poly (A) tail
(Figure 1A). The ORF encodes for a 395 amino acid
polypeptide with a calculated molecular weight of
44,438 Da and an estimated isoelectric point (pl) of
6.49. The nucleotide sequence of GHF10-Pc3 was
1277bp in length and contained a 1191-bp ORF
coding for a sequence of 396 amino acid residues. The
calculated molecular mass was 44,820 Da with an
estimated pl of 6.75 (Figure 1B). These structural
characteristics indicate that the cellulase GHF10-Pcl
and GHF10-Pc3 cDNA are not derived from
prokaryote like intestinal bacteria.

Analysis of the putative signal peptidase cleavage
site by SignalP software indicated no potential signal
peptide cleavage site. The predicted N-linked
glycosylation site (NXS/T) was observed in deduced

A AGGACCAGAGGAGGGCATCAGTTTTGTTGTCGACGACGCTTCAGTCAAGCGCATGCCCGC 60

M P A
TGGTGCTGCTGGTGCTGGGGTGACCAGCGACATCGACAGACTGAGAAGAAGCGACATAAC 120

G A A G A G V T s D D R L R R S D I T
GGTTCACGTGAATGTTGGTGGTAACATCAACCACGGTCAAGTGAGCATTCGTGTGTTACA 180

vV H 'V N V G G N I N HG OQ V s I R V L Q
AAAGAAAAAGGCATTCCCGTTCGGGACATGTGTGGCCGCCTGGGCCTACAACGATGGGTC 240

K K XK A F P F G T C V A A W AY N D G S
CAAAGGAGCATACCGGGATTTCATCCACCAGCACTACAACTGGGCCGTGCCAGAAAACTC 300

K G A Y R DVF I HQ HY N WAV P E N S

ACTCAAGTGGGCTAGCATCGAACCTAACAGGGGACAAAAGAATTATCAGCCTGGCCTAAA 360
L K W A S I E P N R G Q K N Y Q P G L N

CATGCTTCACGGACTGAGAAATCACGGGATTAAGGTGAGAGGTCACAACCTGGTGTGGTC 420

M L H G L R N H G I

K VvV R G H N L V W S

TGTCGACAATACGGTGCAGAACTGGGTCAAAGCTCTGCATGGGGATGAGCTGCGAAAGGT 480
v D N T V Q NW V K AL HGDE L R K V

TGTCCATGACCACATCGTGGAAACCATCAACACATTTAAGGGCCTAGTGGAGCACTGGGA 540

V H D H I V E T I N T

F K G L V E H W D

TGTGAACAACGAGAACCTGCATGGCCAGTGGTACCAGCATCAACTGAATGACAATGGCTA 600
V N N E N L H G Q W Y Q H Q L N D N G Y

CAACCTGGAACTGTTCCGTATCGCACACGCCGCCGACCCCAACGTCAAACTCTTCCTCAA 660
N L E L F R I A H A A D PNV KL F L N
CGACTACAACGTTGTGTCCAACAGTTATTCAACAAACGACTATCTTCGACAAGGTCAACA 720
DY NV VS N S Y S T ND Y L R Q G Q Q
GTTTAAGGCCGCTAATGTGGGTCTTTACGGTTTGGGTGCTCAATGCCACTTTGGCGACGA 780
F K A A NV G L Y G L GA Q C H F G D E
AGCCGACCCAGAACCCGGTACTAAGCAACGTCTGGATACTTTAGCTCAAGTGGGCGTGCC 840
A D P E P G T K QR L D TUL A Q V G V P
CATCTGGGCCACTGAGTTGGATGTGGTAGCTTCGGATGAGAACAGACGAGCGGATTTCTA 900
I w AT EUL DV V A S D ENIRIRAD F Y
CGAGCACGCGCTGACAGTCCTGTACGGCCATCATGCCGTGGAGGGCATCCTGATGTGGGG 960

EH AL TV L Y GHUHA AV E G I L MW G
CTTCTGGGACAAGGCCCACTGGCGTGGTGCCAGAGCTGCTCTTGTTGTCGGAGACAACCT 1020
F W D KA HW R G AR AAIL V V G D N L
GCAGCTGACGGCGGCCGGACGTCGCGTGCTGGAGCTCTTTGAGCACAGGTGGATGACAGA 1080
Q L. T A A G R RV L E L F E H R W M T D
CGAGACGCACAACCTGGCAGCGGGCACCCAGTTCACAGTACGCGGTTTCCATGGCGACTA 1140
E T H N L A A G T Q F T V R G F H G D Y
CGAGGTGCAAGTCATCGTCCAGGGTCAAGAGCACACCAACCTGAGGCAGACGTTCTCGTT 1200
E vV . Q v I V. Q G Q E H T N L R Q T F S L
GGGCAACGGTCCCCACACCGTCAACATTAACATTAGCTAGAGCGACACTCAGAGGGCAAT 1260

G N G P H T V N I N

S *

AAAGTTGAATGATGACACAACAAAAAAAAAAAAAAAAAAA 1300



Downloaded By: [2007 - 2008 Chulalongkorn University] At: 02:17 6 May 2008

228 C. Imjongjirak et al.

B TTGTCGACGACGCTTCAGTCAAGCGCATGCCCGCGGGTGCTGCTGCTGCTGATGTGAGCA

M P A G A A A A D V S
GCGAGATCGACAGACTGAGAAGAAGCAACATAGTGGTTCACGTGACAGCTGGTGGTAACA
s E I DR L RUR S NI V V HV T A G G N
TCAGCCACGGTGAAGTAAACATACGGGTGGTACAAAAGAAGAAGTCGTTCCCGTTCGGAA
I S H G E V N I R V V Q K K K S F P F G
CCGCTGTGGCCGCCTGGGCCTACAACAATGATTCCAAGACAAAATACCGGGATTTCATCC
T AV A A W A Y N ND S K T K Y R D F I
ACCAGCACTACAACTGGGCGGTGCCAGAAAACGAACTCAAGTGGCGCACCATCGAACCTA
H Q H Y N W AV P ENEL K W R T I E P
CCAGGGGACATAAGAACTATCAGCCTGCCCTGACCATGATTCACGGACTGAAAAGTCACG
T R G H K N Y Q P A L T M I H G L K S H
GGATTAAGGTGAGAGGTCACAACCTGGTGTGGTCTGTCAATTCAACGGTGCAGAGCTGGG
G I K vV R G H NL VW S V N S T V Q S W
TCAAAGCTCTGCATGGGGATGAGCTGCGAAAGGTTGTCCATGACCACATTGTGGAAACCG
vV KX AL H G D E L R K V V HDHTI V E T
TCAACACATTTAAGGGCTTAGTGGAGCACTGGGACGTGAACAACGAGAACCTGCATGGCC
vV ~N T F K G L V EH WD V NN E N L H G
AGTGGTACCAGCAACAACTGAATGACCCGAACTACAACATAGAACTGTTCCGTATCGCAC
Q W Y 9 Q Q L ND P N Y N I E L F R I A
ACGCTGCCGACCCCAACGTCAAACTCTTCCTCAACGACTACAACGTGGTGGCTTACGGTG
H A A D PNV KL F L N DY NV V A Y G
CCGCAACCAATGCCTATCTTCAGCAAGGTCAACAGTTTAAGGCCGCTAATGTGAGTCTTT
A A T N A Y L Q Q G Q Q F K A A N V S L
ACGGTTTGGGTGCCCAGTGCCACTTTGGCGATGAAGCTAACCCAAACGTCGCTGGGATGA
Yy G L. G A Q CHF GDEA ANU&PNV A G M
AGCAACATCTGGATATTTTAGCTCAAGTGGGGTTGCCCATCTGGGCCACTGAGTTGGATG
K Q H L b I L A Q V GL P I WA TE L D
TGTTAGCTACGGACGAGAACAAACGAGCGGACTTCTACGAGCACGCGCTGACAGCCCTGT
v L A T D E N K R A D F Y E H A L T A L
ACAGCCATCATGCCGTGGAGGGCATCCTGATGTGGGGCTTCTGGGACAAGGCCCACTGGC
Yy S H H AV EGTIILMWGF WD K A H W
GGCATGAACGAGCTGCTCTTCTTGTCGGAGACAACCTGCAGCTGACGGCGGCCGGACGTC
R H ERAAULULV G DNUL Q L T A A G R
GCGTGCTGGAGCTCTATGAGCACAGGTGGATGACAGACGAGACGCACAACCTGGCAGCGG
R v L EL Y E HRWM T D E THDN L A A
GCACCCAGTTCACAGTACGCGGTTTCCATGGCGACTACGAGGTGCACGTGATCTACCAAG
G T Q F T V R G F H G D Y E V H V I Y Q
GTCAGGAGCGCACCAACCTGAAGCAGACGTTCACGTTGGGCAACGCAGCCCACACCGTCA
G Q E R TN L K Q T F T L G N A A H T V
ACATCAACATTAGCTAGAGCGACACTCAGAGGGCAATAAAGTTGAATGATGACACAACAA
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Figure 1. The full-length nucleotide (above) and deduced amino acid (below) sequences of cellulase GHF10-Pc1 (A) and GHF10-Pc3
(B) cDNAs from P canaliculata. The start codon, stop codon, putative polyadenylation signal (AATAAA) and N-linked glycosylation site

(NXS/T) are in bold and underlined.

GHF10-Pc1 and GHF10-Pc3 protein (NIS, 393rd)
and (NIS, 394th), respectively. Two cysteine
residues were observed and suggested the presence
of one disulfide bond in proteins. The full-length
sequence was deposited in the NCBI GenBank
under accession number DQ848667 and
DQ848668.

A database search performed with the BLAST
software shows that the P canaliculata GHF10-Pcl
and GHF10-Pc3 deduced amino acid sequences
shared an identity of 98 and 82%, respectively to
those of A. crossean cellulase EGX (accession number
AY285999). The cellulase EGX of A. crossean is a
multifunctional cellulase with the activity of exo-3-1,4-
glucanase, endo-B-1,4-glucanase and endo-B-1,4-xyl-
anase (Wang et al. 2003).

When the predicted GHF10-Pcl and GHF10-Pc3
sequence was analysed with the SMART software,
it appeared that it contained a characteristic domain
of family 10 of glycosyl hydrolases (GHF10).

In GHF10-Pcl, the domain started at position 84 aa
and ended at position 336 aa. The corresponding
E-value for the glucanase-like domain prediction was
5.3 X 10 '2. In GHF10-Pc3, the domain started at
position 84 aa and ended at position 337 aa with the
corresponding E-value of 3.4 X 10~ %, Itis noted that
both GHF10-Pc1 and GHF10-Pc3 appears to consist
of only a single catalytic domain and lack both a
cellulose-binding domain (CBD) and a spacer
sequence. This is in agreement with some fungal
cellulases (Yan et al. 1998), A. crossean EGX cellulase
(Wang et al. 2003) and in endo-fB-1,4-glucanase from
marine blue mussels, M. edulis (Xu et al. 2001). The
absence of a CBD and associated peptide linker has
been observed in some endoglucanases and this
appears to affect substrate specificity but does not
prevent enzyme activity (Gilkes et al. 1991; Wang and
Jones 1995a,b).

By multiple sequence alignment (Figure 2A),
residues paticipating in catalytic action as proton



