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Abstract

Project Code : MRG 5180185

Project Title  : Yeast surface display of chitinase from Bacillus circulans No.4.1
Investigator  : Dr. Siripan Limsirichaikul Faculty of Pharmacy, Silpakorn University
E-mail Address: limsirichaikul@hotmail.com

Project Period : June 11, 2010 — May 15, 2010

Chitinase, one of chitinolytic enzymes, mainly digests chitin which is a major component in
various organisms, including fungus and insect. Chitinase is promising for biocontrol instead
of chemical pesticide which produced many following problems about resistance and
environment contamination. However, the implementation of bacterial chitinase has some
constraints. We adopted new approach of utilizing chitinase for biocontrol application by
immobilized and presented chitinase on the yeast cell surface in consideration to enhance its
biocontrol efficacy. To display on surface of Saccharomyces cerevisiae, gene of chitinase
from Bacillus circulan was fused with 3’ half agglutinin and glycosylphosphatidylinositol (GPI)
anchored signal, and then expressed under regulation of GAPDH promoter. To monitor
surface expression, enhanced green fluorescent protein (EGFP) was conjugated at N-terminal
of chitinase. Yeast surface display of chitinase showed very high activity against 4-
methylumbelliferyI-B-D-N,N’-diacetylchitobiose up to seven-fold higher than parent strain of S.
cerevisiae. Yeast surface display of chitinase also hydrolyzed p-nitrophenyl-diacetyl-
chitobiose up to 3-4 folds higher than no anchoring fragment. It suggested that chitinase was
successfully expressed on yeast with active form and revealed higher activity than control. In
addition, chitinase on yeast surface display show an antifungal activity against plant
pathogenic fungi, especially, Fusarium oxysporum; this chitinase-yeast surface display may

prove as a potential biocontrol for plant pathogenic fungi.

Keywords : chitinase, biocontrol, yeast surface display, antifungal activity, Fusarium

oxysporum
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MINMNIINTTLEAIDDNVDI chitinase 31N Bacillus circulans No.4.1 UWNADIEAR

Executive Summary
imafiamsuaaseanvadldsduuniivesdad  lasltladiumiudletie  iWawam
v A A o v cg/ nal % 6
sluvvzasenladlifidszaninmmaihnuldinniuluewiae - lasEunnmishaonaas
uEAd8an (expression vector) NABWlAGLUE 9N Bacillus circulans aaulaslaai@a 6xhistidine
Wz EGFP (Enhanced green fluorescent protein) fdane N-terminal waz L@y secretion signal,
3’ half agglutinin Waz GPI anchor dutany C-terminal vadladiug  laomwualilusdnil
L§AI8aNUURITB4ERE Saccharomyces cereviseae MNIMNA 2 sNuWUTAD MT8-1 Lz CBO18
~ a Aa a a a o
TINTIIROUNANTUEAIBENVEI AR UaUBRITaIEadlay 4 35 (1) UrRnSnwnsranuaes
o bl ladiue (specific activity) lasiaUSunawadans 4-methyl umbelliferrone (4-MU) W&z p-
nitrophenyl NLAaa2837 spectrophotometry (2) MIastamlusdnladiug druinaiia western
blot W@z (3) NMIATIIRALALNARA immunofluorescent Ael@naas fluorescent microscope
Qg £ ¥ { 1 A a v 1 a
LAz (4) NMIATIVWONIMIAWTaARBLIA  TINANANMTIBNLILEAI8aNTBS lARLLALY
Rvasadmioindse@niamwmanusesenlod  wazdimanIndusimaasuidulaas
& A A o
dannnalsaludale

U
HABKRINTTIVY

anyszasAvaslasinis (Objective)

9
=) o A Aa = a & a '
ANBWILISANAWIITUUNIILRAIDdNY aﬂﬂ‘s@mwmmaa U&Gﬂ(ﬂ Ulﬂﬂ@u%mﬂ%@nﬂ 813

N13AUBWIIH I8 (Methods)
1 mapndnlafiug nieeiuaasaan uazaunulad

a a . . s 6 s 6 & a €
- U%VLﬂ@]L%ﬁ"ﬂ'm Bacillus circulans No.4.1 VL@]T]Jﬂ')’W&JﬂT{:LﬂS’]Z%ﬁﬂﬂ IA.ATAUNILNY AW

ATULAFTANTANS URIINLIRUNRAR

- ﬁaﬁﬁl‘ﬂumiﬂ@aadﬁﬁ 2 msﬁ'ufﬁa Saccharomyces cerevisiae a’mﬁuf MT8-1 (MATOQL,
ade, his3, leu2, trp1, ura3) waz CB018 (MATa, pep4::HIS3, prb1::hisG, prc1::hisG, ade2-1,
can1-100, his3-11,15, leu2-3,112, trp1-1, ura3-1) S‘fiaLflumﬂﬁufﬁﬁm‘sﬂ%'uﬂgaLﬁ'aa@]msﬁw
owlodldsfioalwioas

- NNLABTULRAIBEN (expression vector) ﬁl“ﬁlﬁ'aLL&@Naaﬂ"uaﬂﬂiauﬁﬂwadﬁaﬁ (expression
vector) 1A pERS i URA3 Lilufiudaidon (gene marker) 1niaasiiaaulasann pRS406 &

ld3uanuanLasz#an Professor Mitsuyoshi Ueda wniinenapifinala dszinadyu



2 m3laaniuladiug

laauduladumalasldinafia PCR uaziinitiiniaas pJET (Fermentas, USA).
- espnduladiualas PCR lasfinaalinvasbuladiuaarn B. circulans (i template uazld
primer 2 f18fa ChiSacll-EcoRI-Fo (5" GTT TCT GCC GCG GAA TTC ATT AAA GAG GAG
3') uaz ChiPstl R2 (5' GCG ATC GTC AGC AAG TAT TC 3') uastind windas Pyrobest
(Takara, Japan) S'fiau‘flu high fidelity DNA polymerase &18 DNA mad‘lﬂamaﬁiﬁﬁadﬁmm@
Uszanm 1.5 kb Sadanadiu 5 § 6xhistidine
- time PCR lalaauldlwaniaas plet uazifindrwinlu Escherichia coli lanRdudm
ampicillin Juduaaiaen (gene marker)

- ATIIRDLUALAALRDNLAAUN bAe8 restriction analysis

3 mim%ﬂuﬁuvlﬂaLualﬁagj‘lunﬂL@a%ﬁf%m%'uLLa@daaﬂmaﬂﬂiauuuﬁaﬁa@T
mileaufinladmaiiadouldnnda 2. Wneed pIRs dusndudassudeuius
2838 laAuaIARNZENAL expression vector 1au¥in DNA cassette mutagenesis lag3t
PCR lagfinpazidoamadasuwuasesi
- WapuseULwETes Sacll fighunie 1127 vasBwladiug lagSs DNA cassette mutagenesis
Fsadoinedia PCR waz primer 4 duesft (1) ChiSacll-EcoRI-Fo, (2) ChiPstl R2, (3)
ChiSacll* R1', waz (4) ChiSacll* F2'
- laauane DNA ﬁ"L@TmniT’méTuLiTﬂgiL’mL@la‘? pIRS A umus Sacll uaz Xhol
- s maunanadefilaln E. coli suWUS DH5 alpha lasiidud1u ampicilin .ududaidan

- @5NFBLLAZAALRANLARUNA bAee restriction analysis Laz DNA sequencing

P &l
139N 1 91373 LLﬁ@GVLW‘SLN ﬂiﬂi"fﬂuﬂ’]‘iﬂ@ BN

%QVLWﬂNB‘E iﬁ']ﬁﬂlﬁi.lﬁ EKI'JW’]J?N?J%
ChiSacll-EcoRI-FO 5' GTTTCTGCCGCGGAATTCATTAAAGAGGAG 3' 5'-fragment of chitinase
ChiPstl R2 5' GC ATCGTCAGCAAGTATTC 3' 5'- fragment of chitinase
ChiSacll* R1 5'GTTTAAAGTTGCCACGGATCGGTTCATC 3' Mutagenesis Sacll luauas 5-

fragment of chitinase

ChiSacll* F2 5' GATGAACCGATCCGTGGCAACTTTAAAC 3' Mutagenesis Sacll lusguag 5-

fragment of chitinase

ChiPstl 1400 F3 5' GAAATTACACGCTGCTCCTG 3' 3’-fragment of chitinase
ChiNonstopXhol R2 5" ATACTCGAGGGCTTTAAAATGACACG 3’ 3'-fragment of chitinase
yEGFP/Sacll F 5 GCCGCGGATGTCTAAAGGTGAAGAATT 3’ yEGFP
yEGFP/Sacll R 5 TTCCGCGGCTTTGTACAATTCATCCATAC 3 yEGFP

Kpnl/stop R 5- CGGTACCtcaAATGACACGACATATTCCGT 3’ Deletion of 3’agglutinin and GPlanchor




4 myaslefiug Aaany EGFP dwiany N-terminal YAauNsaLaasaaniiIzas
fad walusunsouansaaniinvesiadle
- EGFP dmiuuaaiaanluiaasiad L63UANaaTIz#aINn Dr. Tomohiro AKASHI  amu
UWNNBARAS  NWINEaswlngn Ui:mﬁﬁjﬂu wsztvswanlas PCR - daslwswes
VEGFP/Sacll F uaz yEGFP/Sacll R nawshdnniaasludo 3 fighunis Sacll a2ldlaand
fUNI0UEAIa8N EGFP fRnvasias
- misdulaawiisuisaugasasnaasldsiwledug  udlimuisouaasaanfinavesd sl
lasnsaasIuaad 3 half vaddu agglutinin Waz GPI anchor signal sequence lag/ld lwsiaas
ChiPstl 1400 F3 uaz Kpnl/stop R Lm:mﬂﬁuLiﬂg’:wmaﬁ@%aﬁuﬁﬁ%mm Pstl waz Kpnl

- asvmaulaani laee restriction analysis LAz sequencing

5 muhasBuladiusdgiad
- wanadafldannda 3 uaz 4 sndadniasuesiad MT8-1 Laz CB018 lau3T electroporation
lagld cuvette vw1a 2 Tadiuas arunszualwin 1.5 Alaliad, 12 lulaswaa
o A 2 A A Aa . A A ~ A @
- AalRanuazianBadluamsiainzaw (SD Nl uracil) Namannd 30 aseiaaiBos (el
wneladnldiu waalafigndasausaaiyidvlald uazawsauaaseanianloiladus
NRYEUREN mﬂﬁmsmuqmaa GAPDH promoter

- mnaauua:ﬁ@Lﬁaﬂiﬂauﬁgﬂﬁaoﬁwmﬂﬁﬂ colony PCR iNaatiamay lafiuasea DNA

6 ATIIFDUNANTUAAIBDNVBILEW ksl badiuareau Ui

- aTAmIMsUaEAdIaanvad ladiuaasinaiia Western blot analysis  Lunsasiamysunm
lasasvtuazasraanansalved ladiuanuaataanlaslfinaiianisyin Western blot analysis
uazlfuaudvafde EGFP (1:500) Aidane N-terminal 284 ladiua nefasnIvinlaaautasann
MINANBIVBY Kato, Kuzuhara et al. 2006 G288147 1B IUNTUONEIUVDINILILTAR LA §I%
A a kg & A A A A < @
u laniuan RpawaddadiuemnInanzauigunnil 30 aseoaiGog 20 Talus 1y
° ' o ' { [ 8 @ i o [y 4 &
NUIULTARVDILARZAIBENILNDLAUTARA LG 5x10  LTAAAEAIDENY  WALAIIMLINFDINTS
MU DULTARGENTLEWTI 913 lysis buffer (5 mM EDTA, 50 mM Tris HCI pH 7.4, 2mM
PMSF) uaz glass bead tJuian 1 wnfiuazwnluiinds 1 wnf aaunk $1uIm 10 JaU NHL
Jwdesn 1000xg 10 Wi duvesaznawdile usiuvasnmaoas siauladuunilu
WA aMIEANLSY 20000xg 15 WA LALEIWIEN lasinuanaznawlls@ueis 20%TCA uaz
819618 acetone naun lnasause western blot analysis

Aa = 6 v o . ¥ a a g A
- ATYMILEAI88NNAIVBIDFAGIBNNTIN immunofluorescence MsuanfAvadda EGFP 7

faa11 N-terminal vasladiuaidu primary antibody (1:100) W@z goat-antimouse NAARATN



@28 Alexafluor 594 1T secondary antibody (1:500) #3I8&ILNANNIIIDILRIVEI EGFP
lasassmoldndasWgoatsamud

7 Mmamaseugnivaslefusiiuansaaniiandad
. msanasesunnsveslafiusiiuaeoanifnfadeis colorimetry lagld  para-nitrophenyl
diacetyl chitobiose Husnsnsdu (substrate) I@ﬂﬁ']ﬂg’jﬁ%mﬁqmugﬁ 37 29ALDALTR TIILIAN
@99 mnfui’wmmmﬁmmﬁmmsmﬂﬁu 405 wilmuaTueINAn minAnT uAe
nitrophenol WasuImnNd (Activity) lag

1 unit = U331 nitophenol fitiadudatalus de 10° Lrasvasdad
- M8 standard curve 284 nitrophenol (N7600, sigma) lagazaslutwiwes uasinns

a A a
(ﬂ@ﬂﬂuLLﬁd‘ﬂﬂTﬁJUWﬁﬂﬂu 405 miumm

£ o g
8 NIATIIFALONDINIIULTET
U dgl/ d' 1 A L > o o A [

- miavsaulfizeniinalsaluisdinveslszinalnsludagduandinidowaming
213NNT NIWATIMINBAT NRNTIUNBATNIANG 5 suWuTaaih (1) Fusarium solani
(Mart.) Sacc., (2) Fusarium oxysporum, (3) Fusarium moniliforme Sheldon, (4) Rhizoctonia
solani, (5) Collectotrichum gloespoloides 1agLREIUUIMTIRELTE potato dextrose agar

{ Aa o o & @ { A o @ £
(PDA) figaennl 25 °C fwiumaiuinm uaz Ngaannil 30 “C MnITuNINIaTIsaugnd
MIABLTEIN
- WWzlRsuTadad 6 suWwlAa parent strain a9 CBO18 Uaz MT8-1, chitinase-EGFP with
GPI unfniad CBO18 waz MT8-1 uaz chitinase-EGFP without GPI luiwasuaitiad CBO18
war MT8-1 lua w1y SD Niinsaaziluaddt Trp, His, Leu, Ade &uliparent strain Gt
Ura Ngasnnil 30 °C 1Jwan 40 Talud
- YadSuoanse 1Ale 5 OD JuiiuiTaiizdn lolasspread Ua1%1s PDA 27014 inoculate 458

@ 6 1 A A dy dq’ o v 1 A a (o] v o A
TMURBTAI 9NLATINRIATINANUUD MRS shdUungawndl 30 °C dateiizains

windulavenganniu nefiwanasedldnnmnasasateas 3 A3



WA AT (Results)
a Aaa a a @ Aa A ea v A
1 ﬂ’]iL@]‘JUNIﬂauﬂﬁJiluvlﬂ@]L‘H:E?(LWE]l‘ﬁLLﬁGNE]E]ﬂ‘Y]N’J?lﬂﬂilﬁ@]&liﬂidﬁi’]ﬂwuﬁ’]%

Nawlane N-terminal 3cia@Iuva9 hisitidine 6 Imaqa@iaﬁuvlﬂamamﬂ Bacillus circulans
J Aa d o 1 . T !
FIUUININARINNTEN EGFP Milladnunid (upstream) 284 histidine &udans C-
terminal ¢iany 3-half VaIE® agglutinin L8z GPI anchor signal sequence Walilaasaand
ﬁl%ﬁ’)ﬂlﬂx‘iﬁﬁ@ﬂﬁ I%ﬂifﬁ"ﬂa\‘i‘]ﬂ\‘m’ﬁ“{l(ﬂﬂE]\‘iﬁE]E]ﬂLLUUIﬁﬁﬂ’ﬁLLa@]\‘iaﬂﬂma\‘ivLﬂaL%ﬁLLGiVL&i
fInTnIean luaainfiinuwriilalas nshildnaiuues  3-half 28984 agglutinin Waz GPI

anchor signal sequence lunanadia

[ =} n:lld a a ) a n:lln = 6

2 NINTIVFAULAZAALR DN LA UNTLUTZENTAINAIIFNT U AR LUWRN RV DI J6
A ~ ~ o A A a A a ° a Aa A &
mMInaraUallIuuAsULazAALRan laawN LU TERNTATNANIHNI T8 AR NIV 9D &6
198NNINARALNNIL BUENTAINH 4-methyl umbelliferyl diacetylglucosaminoglycan (4-MU

=) a = IQ J .

GlcNac,) wazSousudSunmnaanunniiaduda  4- Methylumbeliiferone lasydszano
v { o { & 1 1 1 1 g; v Ui
@28LA3ad Ettan DIGE mLLa@ﬂugﬂﬁ 1 SawunleawsmlngaansndesaIasan laa
IINNT 10 WL allTouigUnUERAN b TNTUEAI0aNTDI AALWRNND Wi mock NN

g; v =) = & ] = 3 ra g; v
1IN 1378 URADEILAED LL@]VL&I&IR’ﬁ@I\‘i@l%

a MT8-1 with full chitinase MT8-1 Mock
1 2 3 4 5 13
substrate + + + + + + + + + + + - +

b 10

1t of 4-methyl
s}
L

@ 1 2 3 4 5 6 7 8 9 10 clone

]
=

gﬂ‘ﬁ' 1 nmsasedavazaadanlaaninlsz@nsnwmsinowaaslafumainivasiad
1515 25 mM 4-methyl umbelliferyl diacetylglucosaminoglycan (4-MU GlcNac,) Lﬂua’ﬁ@?\‘iﬁu
(@) WAMI309UEI89 4-methyumbelliferone voslaaufi 1-10 (lane1-10), Haenlidns
wsasaonvaslafiuaidansasdu (ane 11) ualufiansasdn (ane 12) (b) USumanudy

Pamiiasusilulaaudg



3 MIATIIRAUMIUFAIaanTaIlUsAulaGiuamainaiia western blot analysis
A Aa e & - a & A & A A
MIATIIFOUMITURAIBANYRI lGuanfvadTastas laaldSouisuirasuaidad 3 sliade
A eda A Aa A eda Aa W A
(1) faaninsuaaisanvadla@uanin (2) DaaninsuaniaanvadlaAiuaue bBilaadiaand
RALmas waz (3) Daan iiinsuaaseanuadladiug NIiltladumandenuiu EGFP uazailg
NAaTRELAUALBAAE GFP (sigma) laswuindnsusadaanvadladuanaeny EGFP @wii
' o & A edd o Al Aa K~ M . a ]
fuvadnsTasvasladnnansldinsuaatsaanfinrinns  weliwuladiualusiuues cell
free lINnBadsiala nitoratitasannanudutuluinadiiasiinninnazasiany

3 U g; a { & v [l 1 a
lunsnuildamaseunimawug MT8-1 (U 2) uaz CB018 Tlwnaluuanereniu

MT8-1 with full EGFP- MT8-1 with non-secreted
MT8-1 chitinase EGFP-chitinase

whole  cellwall cellfree whole cellwall cellfree whole cellwall cell free

gﬂ'ﬁ' 2 WesternBlot analysis 2a¢ lsaulafumanaadannulsan EGFP ludadans
W3 MT8-1 Alwinsuansasnvoslafiuafiiavesdasd (MT8-1 with full EGFP chitinase) Was
TWuaslefiusudlioananfifinuasdad (MT8-1 with non-anchored of EGFP chitinase)
LU%UUL“?'IUuﬁ'umﬂﬁufﬁ"l,sﬂdwmaﬁ@ MT8-1) laglduaudvefide EGFP anududw 1:500

(Sigma)

4 MIATIFALNTUEAdanVadllsiuladiuaalanaiia immunofluorescence

mInragaumILgaseanvaslafiusiinivasdadaamaiinnmar
immunofiuorescent laglduaufvafida EGFP fidenulafiuadnudas N-terminal uazld
secondary antibody fideniy Alexa594 LLa:@mfﬂ@mﬂﬁﬂﬁaawgamimmué WUINAMISe9

LRILANIZUSII IO UM NVAILTAREIFE

51N 3 Immunofluorescent of EGFP-chitinase Ni128388d MT8-1 lasltnstaneae
waufvuefia EGFP (Sigma, 1:500) wazlf waudvafda mouse fidany Alexafluor594
(Invitrogen, 1:1000)



5. NNIATNAIRBUNIITaILEINAIDaduad EGFP lauass
EGFP 7uawladiuadin N-terminal Th8101IDI0ILEIUIIMRIYDIEREA LALRNIE
Asth MiTandany 3 agglutinin WAz GPI anchored signal ¥inwih ludaad Wdaiuves

anchored signal 9z ldaanInuaasaanifia | asuaadlugyl 4

BF EGFP DAPI

EGFP-chitinase-full

EGFP-chitinase-without

anchoring fragment

31]"7; 4 Msuangaanvay EGFP-chitinase Tuiadaianus CBO18 RS DEA N adLuEd oy
EGFP &z anchoring fragment (EGFP-chitinase-full) Was AR Re NS lafinadany EGFP ug
1aid] anchoring fragment (EGFP-chitinase-without anchoring fragment) Qﬂ@ii%ﬂﬁﬂlﬁﬁaad
ﬁgamiﬂﬁwuaaammﬁnua?ﬁﬁﬁwmﬂ 100x WazLUNNAW BF= bright field, EGFP = enhanced
green fluorescence ﬁawﬁ’m‘lﬂamﬁ‘ﬁlaﬂﬁu EGFP, DAPI = 4'-6-Diamidino-2-phenylindole
fMIudauaIt DNA

A€ a dl dla a 6
6 NIATARBLONTVDI b UaNLEAIaaNNA D ad
£ a A Aa A & v . ¥
- MIATIFBLONDIVR laGLuaNLRAIBaNNRIERAA 8 colorimetry lasld  para-
nitrophenyl diacetyl chitobiose Duansasan (substrate) WaRTmNa1289 specific activity
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