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ABSTRACT
Chitinase and protease are two enzymes which exhibit potential virulence factor against insect cuticles and
causes the dead of insects. Chitinase and protease produced from three entomopathogenic fungi against pink cassava
mealybug which were Aspergillus flavus L2 1 A, Beauvaria bassiana LARTC2 and KK3A were selected to study.
The results showed that 4. flavus L2 1 A and B. bassiana LARTC2 can produce maximum activity of chitinase and
protease on 16" and 12" day of the culture growth, respectively. The partial purified chitinase and protease by ion-
exchange chromatography exhibit 4 and 7 purification fold, respectively. The chitinase and protease activity higher

than 70% was observed between pH 4-6 and pH 6-9, respectively. The broad pH stability was found in both chitinase
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(pH 3-8) and protease activity (5-10). The optimum temperature of chitinase and protease activity was detected at 60

and 70°C, respectively. The protease exhibited the temperature stability higher than chitinase which were 50 and

37°C, respectively. The effect of metal ions and reagents on those partial purified chitinase and protease were also

investigated. Both chitinase and protease activity were activated by Ca”" and B-mercaptoethanol. However, only

chitinase activity was activated by Ba’" and Sodium dodecyl sulfate (SDS).

In contrast, 5 mM Hg2+ completely

inhibit both chitinase and protease activity. These results are insight to help in experimental design to use chitinase

and protease enzyme as virulence enzymes against pink cassava mealybug.

4
sy aenduiudnendidauy laduda Tilsdoa

Keywords: Phenacoccus manihoti, Chitinase, Protease

4
wasil AV¥UW (Phenacoccus manihoti) q
' k4 H
msszaTaena I Tununlgnidudnlzndives

Fa
Uszmea'lne Tagd w.a. 2551 ATV IAVBUNAEY

2

4
uflasiiatiogagunss Inademenassygnalu

@ 9

2 ]
nnnavesiuNgniudilzuas lunisteaniu
o w dy @ o = [ o Y
sazmivamaoniuindrlzdyunndaairlden
P o o X = Y
ilesnawdinrveunaoudsdrunazilnaquaie

=3 a o I
Ts@u udla ladw wag v 1udu (St Leger et al.,
2
1986) i I enaensiiate msmdamasuilaiu
drlzndsdsuy Taona T 1Farsaiilunisdoeiu
o w ' 9 s dyd
wazmida uadgrinmslsasaininiiing
PINNIY 1FU UNAANAANUAIUMIUADETIAT AT

¥ ~ ] o o2& a
LlWﬁ']iLﬂiJm@Qm“]f ANDAVUTNUAYN Lmzmﬂﬁtym

a a L4
miwwﬂﬁ'mmﬁ%wamamuﬁzuuunﬁuﬁﬂj GO

Yo

IS} A Jd v

Y dyd ydy a o
T remaiiseatinnuaulaldiyegaunidiiig
a S J a A a a
HYad MsIzgauNIgnatesialilsz@ansninga

o o A A
T/I"IﬁWfJLﬂ‘WWZLUJﬂ\‘]ﬁﬁEW"]J'T]L‘]JHLﬂWWJJ"IEJ nag

Yaoasvaed1d yaunidn ldsumswannlunsdia
' o { Y o ) { '
Aplsauuas Tnilunddnlaenaldn Geonin

U

Y
Entomopathogenic fungi iﬂuﬂquﬁ%ﬂmmﬁwmw
912N LN 1AeAT 9
I T
uuasiniledrduiesrslunisdniles
pi2zA199 Negneludida nazsretloanunis

a3

9
FIFUIU09519010 TAsRITIFUUDNUDILUAY

Yo

nang Useasudreas laau Uszana 40% Tasau
o A J A 1 o
20-50% uazdatiosndsznoudus wu luiu uag
g o s a
fuoa Hudu Jogiiuinsdnsuou laifnaasn
v
w@wunId iy nuaiGe dad Tafa saues
Taomwiznguueseu lsdfiaiuisodeslady
Tus@u uag lusdu'ld eron Toarnuanugunselu
1 a a d A
msne lsavedganione lsaluuuaaiiosain
L4 1 dy o Y A ' v o o
ou lydimariinhnlumsdesmisdrdinuas
Aoun ldase s luduuauivensniadula
=} =2 s a '
lseaumsanyeu lysinnanlassine Tsaly
HUAY WUIUNITHAR extracellular enzyme 141A
T 9
lada Tdsawe uaz lanla e 19teemistuuen
o q ¥ & ) 2,
voauuas M lvi¥esransaily wazniusiuau
9
nelunnaald (sakac et al., 2005) #91UA1T1E7
o Y A A Yy o 2 A
ManeunasiuiinnuneItesnueu lod lndwa
waz lsaea
Aa a I
o lad laaa (BC 3.2.1.14) ladmaidlu
S ' )
tou laiinoglunqu hydrolaselagazaaiowu sy
glycosidic Hunumlumsisalgasomsaaienuse
B-l ,4-glycosidic Nirouan N N-acetlyglucosamine
a I
voalaau'ldu N-acetylglucosamine (GlcNAc)
(Henrissat, 1999; Merzendorfer and Zimoch, 2003;
Andersen et al., 2005)
o a [ '
ou lani TsAroa (EC 3.4.21.40) oglungu

hydrolase Tagag aaneriuszi/l Ing dunumlums



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

U aaa 4 = I
159 Rnsentslalasladldsau (Protein) 11 u
= s a 4 a
TnandIng vie Tnawesvoansaoiilu (Amino
& A 9 &
acid) Wi Inaneneduas ennsany 1dna el
Y
Wy da uazi¥oaunid 11NAUUANAIIUD Y
. . o 7 &R
active site tazgUunvveIn1siiauou lag g
Y
1w o [} @ s
Juognuamrusvesnuszid Indludaie
. ' Y 3 1 o A
polypeptide am15ouUseen Il 2 ngundng Ao
endopeptidase Fanoniusz)l Inanteluaie
T15AUNNAANINNTIINAIVBIAY polypeptide L1aZ
exopeptidase Iz onmmnIzNaIUlaregavo
a [ ] I
nsAozdl 1u 15011115600 oligopeptides YUIALAN
(Rovensky et al., 2011)
INTIYIIUIVGVDINNTN LS AML (2555)
Y ' 2
I@ihmssausniyesiniidneninlumsianamae
v
uifedudrdzvasdruy Taoldsimanua 30
' 4 9
ToTasian e ures1ia 30 lelaan ldviins
a 1 14 dy dy
nadgeURANUTITHUIUAEAUDSIFOT 1AV UINGY
utfafudzvds@yuy wuar 17 leTanan @
Y
anuamnsolumsne lsanumaesutdsdsuy Tae
A A o q ¥ A a a s d o
wosawsam Idmasuilsdruyiinlosidua
nsa1ega 3 e Taan 1&un dspergillus flavus
L21A, Beauvaria bassiana LARTC2 110y KK3A 9
na'lnmsidviianeunas I51e0m 3N NANY
Y
sunsalumsne Tsavesn lunquiliinnuduius
@ A o a 4
futsunaeulyilisaee (Protease) taziou o]
lafiue (Chitinase) uazeturenalnmsiaelae
sznaneulxiiiedesniiadidiuuainouiie
aunsongaadImemisd e Tnsaale
A '
d@1v041H0189 epidermis 111 germ tube 11150
] 9 o @ Y
unangga lumeludrdrvesunas idulon:
urvene 103 ay Ta wagldarsennsludduuag
A a a o Y a d A
mosan Ia i liuuasne (MweIA, 2535)
MNNNAINT AU ANBIRUAUTAYEA
4 a a A a A A
ulal laduanaz Tdsaeannanainsing
o o £ o o v =
dnennlumsanemaesudaiudilendt iy
2 A =~ 3|
Usziwuniauladny Taedeyan ldvziiu

-383-

BMP2-3

uuanelumsesuienalnnisiiiiaisveunas
uilaiudlenda uazianudu 118w 14
ulminsaesrialumaiuanuguusslums
o 1 v o o A ¥
maemasuilaiudrlevdauennilonnnis 14

mzatesveesiosiufen

v Jd
ngiszaan
A = a ¢ o B Pl
WofnyInTHanew ta i1 lwon la
r'd
VIgNFUNIU wazAnuIuaNtAL1NlTEMIveq

oulamiladmauaz TUsfod 9103103

@

nennluy

=)

msﬁmmw‘gﬂuﬂqﬁuﬁwmwmﬁwm
IBAUHUMIIVe
1. il

1.1 91 Beauveria bassiana LARTC2 m1(9%}?:"J‘]_I
AMOYIATIZH AN HA. AT. 01D Fesziiou
go1uldenasineusunisinyasaldg
urIneaena lu lags1susna

1.2 31 Aspergillus flavus L2 1 ALl &

v v A

KK3A sowug ndaden lannanuisouesunan
AN301 AU WnAnyufafiafnyinain
malulad¥ 11w avzimalulad
PHINGFIVDULAY

= dw d‘ a
2. MsANEIMISIZRIN v IISIaNeNan
oulasilafe vazlilshoa

¥eea1 o5 V01351 B. bassiana LARTC2,

A. flavus L21A 1na e KK3A #728 0.1% Tween 80
1y nauadlu®14151M a7 Sabouraud’s dextrose
yeast extract (SDY) U31105 25 iadans Taelwil

9y 9 6 1 a aa oA a
ANyt 1x10° aosaoladans Uungunyil

= VA I <
30 earsaFod a1 150 rpm (Huan 48 42 T4
Y Y

NMiune luEasunauaadlue1misivad Basal
salt broth N 2% (w/v) colloidal chitin NV R
Iimsnaaou el ladue tazasluemisimad

Basal salt broth 713J 1% (w/v) skim milk powder 1o

mienhldumsndaeu lsildsfea Tuilsuas



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

200 fiaddns Vufiguyigh 30 ersaiFed wed
200 rpm tAUAIDEINA 2 T Funan 22 Fu vhien
aruveunar laduiluarsazatoonlel (crude
enzyme) ¥11109nTsNveueY lai ladme uaz
Tsdoe
3. MydANTinansINvee sl

3.1 P13AIIzYinanIsNUeate 1 4l
Tadma

Mesazaeeulyd 100 1ulasans

WANNY 10 mM p - nitrophenyl N — acetyl — B -D-
acetylglucosaminide (pNG) 511015 100 luTnsans
ita e 0.1 M citrate phosphate, pH 6 U5u1a35 300

a =

a oA 3
luTnsaas unNguwgl 37 ossuwaidod 1iuad
Y
60 U1 91N UUIAN 1.0 M Na,CO, 50105 500
luTasans engalfnser i ldsadinmsganan
HAINAINEIIAAY 405 U TUINAT AIUIUN
a L4 4 a =
nonssuenlyy Tagou el 1 giia (U) naneds
a e Aa ~ '
fanssuveueulwy ladmianaiisolanilase
pnitrophenol 1 a@ Tua (mmol) meldaniizh
HUA
a da d

32 MsAsizvinanssnvoueu e

Tsfrea

o 4 a aa
mmiazmamu%u 1 Uaaans Way

N 2% (w/v) casein Naza181y 0.1 M citrate

]
[} =

phosphate buffer, pH 7 USu1as 1 Uadaas vun
a = < =

gun gl 37 oA usaimed 11ual 10 w1 vga

U§A38197891592019 0.4 M Trichloroacetic acid

a A aa g o & A A
(TCA) Y5u195 2 ¥aaans a1nduv1dwmiean

A o v

10,000 rpm L’idJ“L!L’JZﬂ 5UIMN mmiazmﬂmui’d
UY30105 05020805 NIWANAY 0.4 M Na,CO,

USuas 2.5 Hadans manlididuududy 1N

a

9 v
. . = an v A k2
folin-ciocateu reagent Y311m5 0.5 adaas Aena 13

a Y o

a g <3 = Y
Nounnies 1Wual 10 uIn umm"lﬂmmmi

a U

A = 4
AANAULTINAITINYIINAU 6601!']11!!,3\”5]3

9

° a @ @ N
ﬂWH’Jﬂ!‘I’HﬂﬂﬂiﬂﬂJ’t‘)\uﬂull“’ﬁM Tﬂmau"lcﬁu 1 gua

a 4 4 1
(V) nueaalSuveueu lsinaiuisodee

-384-

BMP2-4

duaasnIi ludlunlsdu 1 TulasTua (umol)

meldanznimmvua

¢
a ) '

o 0 v
4. msieulaildusgnsvediu
msnueu loi ladmanay Tsdoaly
< 1 ad =
vignsvndiulaslsisIasurinnsiiluuy
uanulaouilszy (lon-exchange column) A281AT 04
Fast protein liquid chromatography (FPLC)
o Y a a A
41 msildeulstlnfuausqns
V198U
o 4
Tasl¥noduyl DEAE sepharose FF
[ o 4
YSuauaanoauil (equilibrate column) 1Ay 0.05 M
1 4
citrate phosphate buffer pH 7.0 lamsazaeen layl
o ¥ ¢ v Iy
avluaeduil viniuvzieu laieenvinaeduiinle
sodium chloride concentration gradient (319 0 74
1 M) 11 0.05 M citrate phosphate, pH 7.0
42 mynildeuleillsAeanigns
198U
Tagldaeduii cM sepharose FF 1l5v
auganoauyl Taold 0.05 M Phosphate buffer, pH
1 o o g’;
6.0 ldmsazarmoulaiaslunodund antiuye
ouleioondnAod N @3¢ sodium chloride
concentration gradient (910 0 a1 M) Tu 0.05 M
citrate phosphate, pH 7.0
= A a
5. msAnmgaaniAvesey 1wl lnfe
=S a a 3 \J \l
5.1 fAnwaniwavesnNuilunsaaisae
Uszanimmmssalfnserveseulasiladia
w3suansazateey lad ladwe uas
duamsn 10 mM pNG Tuansazanefwvles pH 4,
VoA a = I
5,6,7,8 1Az 9 UNNQUUYN 37 passarmeoa 11y
a A Ia a
a1 60 Wi AT zHnanssuvesen lni ladiua
=S U a d‘
5.2 fnmanunsdiveseulanilafen
anuilunsanis g
wisuansazaaeu sl lumsazas
@ o a
wios pH4,5,6,7.8ua 9USu1a3 100

TuTasaas i lldunquugil 37 essusaidoe



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

aa Ia a
UIU 30 UM ’JLﬂ51$Wﬂﬁ]ﬂiill"llﬂ\i!@uvlclmwlﬂmuﬁ

N0% 6 tazUuNQUNnN 37 DA UFAITIA

CY

53 Ainyi1dnEwavesQquvigae

Uszansmumasalfnsenveseulalladua
vrarsazateeu lasl fAY 10 mM

pNG Uufigu v gl 20,30, 37, 40, 50, 60 g 70
pam-aFed 1J119a1 60 WIN UATILHNINTTY
vouou i ladnia

5.4 Anmanunsiaveseulyilndnad
QTN

a

uerasazasou lxd Uuuhgungi
I
20, 30, 37, 40, 50, 60 Az 70 PIFUTAITYE 1T U1IA1
v
30 U1 9INUUAN 10 mM pNG IA31EHNINT T
vouou lail lndid Nl 6 naztungungil 37
NIETIE T
6. msanmpaauAveserluillsiea
= a Aa <| ' d
6.1 Anwanswavasnunsaaiane
a A aaa . a
UszanEmmmsisalfisenvesoulailisdoa
G o a
wiendIsazatgen lai lUsAwd
o @ J
HazdUAAIN 2% (W/v) casein Tuensazaroimmos
pH4,5,6,7,8,9uag 10 UNNQUW L 37 0471
= I a a a
wadod (Junal 10 uIH Ans1zrnenTIuve
o laniTsdea
o ¢ a
6.2 Anmanuasveseulyillsfea
¢!‘ I 1 1
Annaniunsama g
= L4
wiouarsazatoou lad Tu
d15azaretwiles pH4,5,6,7,8 9uaz 10
YSuas 1 dadans Wil dunquugl 37 eem
= I a a a
wadod (HJunal 30 urh AnsiernInsIuves
J a A a oA a
oulaaiTisded Niey 7uaziuNgungl 37
NRIETIE T
63 ANYIBNTNaveIQMHIgHAL
a A aaa J' a
UszanEmmmsisalfnsenveaoulaailisdoa

° ¢ A a
hasazareeu sl Nay 2% (w/v)

casein YN QN 20, 30, 37, 40, 50, 60, 70 ,80

-385-

BMP2-5

= 3 a a L4
wag 90 oar I aITFea 11ua1 10 u1N IAITIEH
a o a
Avngsuveaeu lailisaee
[y d a
6.4 Anwinnunsiveseulasillstea
o o
Ngaumgiiaig
o L4 ] ~
Buerarsazateeu la luun
Qﬂ!ﬂ{]ﬁ 20, 30, 37, 40, 50, 60, 70, 80 tsaZ 90 DA
=\ I s Z‘, a
yatded 1111987 30 W1 NV UAY 2% (W)
. a sa 7 a A A
casein JA1ZH NI THURURU Taii 1) 5o Nl
199 7 uazluNgUn Y 37 pIrsaIe
= a d v
7. finywavedleoauvaslarizuazsoaune
fonssnvoseulaillafiua nazldsdoa
o o a A a a QJ
o lai lndiuanse TsAeausgns
v1aIu wiuilessuveslane laun Na', Ca>,

2+ 2

2+ +
Cu, Zn, Fe,

2+

cd”, Co”, Hg™, Mn”,

2+ + 2+ 2 7 9 '
Mg, K, Bauaza1sitetaua laun
Ethylenediaminetetraacetic acid (EDTA), Sodium
dodecyl sulfate (SDS) it @ ¢ ﬁ-mercaptoethanol f

4

AT UTY 5.0 Hadaluals Nnouvnil 4 oaen-

a U

Y a Ia

warmea 1 umat 30w udar3inszHnInI sy
u'lml ladmauaz T1sAea

8. NITAIUIMHININTINTNWUS (Relative
activity)

Relative activity (%)

a o 9
= ﬂi]ﬂiimﬁ]ullqﬂ]“ﬂﬁﬂﬁﬂﬁﬂﬁﬂ x 100

Aanssuen laigaga

NaN15 I
dw d' a d
1. msnziagasnluervisivanienaneu el
a a o Y d A Qd
Iafiua sazls@ea nazinlFewlaiuigns
v 9
ANITH U INUANIN NNV UA 3
argwWu 13 ‘l ﬁJ WA Beauvaria bassiana LARTC2,
F
Aspergillus flavus 121 10 KK3A 1a g dluenas
manieadraeu sl laauauazTsdea Tagld
2% (w/v) colloidal chitin {ta ¥ 1% (w/v) skim milk
powder M1 a9y Tun1smileni v inisnaa

u'laniladua uaz Tils@emnudeganng 2 fu



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

A a s a Y A
ensaszinInenssuew lyd ladd uag
Tsaed wanisnaaesaanaaslunmi 1 aglla
91 Tu3uN 16 91 B. bassiana LARTC2 4@ g 31
A flavus 121A #@0 ladiuaganiga Taslinanssy
o147 0,094 U 1oz 3.5 U muddy @u31 KK3A
Hnanssuenlaigagae 02 U lufui 8 dqu
nanssuveenlxiTsdwadwanslunimi 2
a51/'187191 B. bassiana LARTC2 Tinanssuou lanf
gaga  187.4 U Tuduf 12 a9us1 4. flavus L21A 1
a ¢ o A £
nonssuwou ladgega 21.3 U Tuduh 8 uaziros

KK3A Unonssuenlad 128.3 U Tudun 4

4.0
3.5 4
3.0 4
2.5
2.0 4

10+

Enzyme activity (U/ml)

0.5
0.0

2 4 [3 8 10 12 14 16 18 20 12

05

Time (days)

A a a Ay v £ ¥

MAn 1 ﬂ"l]ﬂiillL@ullnlﬁ\ﬂﬂﬁluﬁﬂhlﬂﬂ']ﬂﬂ']i!W'lzlﬁENTWN
o o SN a

3 TYNUT GLU'[’]"IWW?LWQ’JLW@WQW!?Juvl,"]ﬁﬂ,ﬂﬂluﬁ

O A. flavus L21 A& KK3A,4 B. bassiana LARTC2)

200
180
160
140

100

Enzyme activity (U/ml)

] 2 4 [ 8 10 12 14 16
Time (days)

{ a 2 a { ¥
i 2 denssuen lud Tsdean ldnnmamiz@ess
H o & A a o a
W4 3 gewus luommsmauienaaen lxi Tsdoa

(W A. flavus 121 A4 KK3A 4 B. bassiana LARTC2)

a 4 a
MANANITHAMIEY lwi ladiue uag
a Ao o 2 o
Tisaeannsnignoninlumssiatamwasudlaiu
o v ¥ v Y Yo A
d1lendans 3 areusg 1dnaidon 51 4 flavus

L21A 5 luniswan ladua uas B. bassiana

- 386 -

BMP2-6

LARTC2 i1 lumswan Tsaoa e ld

34 = a
vign3 TaoldlasunTansfluunuanilasuilsey
[ Y 4
(Ion-exchange chromatography) 1un1s M lvou laad
'd
ladua v3gnsurediu vz 1¥neduil DEAE
sepharose FF #AN15NAA0Y WUIIAININTTHUD I
PR 1 a = A A o
ou lasinaiu wazdsuallsAuanauiiofouny
A A 2 g
crude extract 1aadif1 purification fold ity 4
r'd
w1 wazmsildieu lad Tus@eauIgnsureaiu
9 @ 4 Y . .
vzldaeduiu CM Sepharose FF lann purification
] Y
fold 1NNAY 7 17
2. uandaveseuluillndna
2.1 answavesnnidu nsaaie Ae
dszaninimmss sl §o3e nazanunsiives
eulanllafnie
= a A 3
INNITANEIDNTNAVD IR U
1 1 a a U aaa 4
nina1 Aellszaninmmsisalfnserveuou lan]
lafauignsuadiau 91031 4. favus L21A 1
Wieas 3-9 WU Moy NAUTHaaN11391PATeN
vy laal lndmuadananlunini 3 Taefiey 5
=S a 4 1 =
Hanonssueulaigega nazsaeiiey 4-6
a o a 4
laamadalinanssuvoaeu laige 70% 1ns1ea1n
VD4 Farag et al. (2014) WU WOY 5 HUIZAUAD
nmnsalgasonenlyllndiuaiingaldain
Aspergillus terrus L& 1N T18I1UUYD I Mishra et al.
= wa sy ¥
o) Anvinuautaoulyinldaing,
B. bassiana (HQ917687) WU W10 5 1ML AUAD
mssalgasenen ledladiua anumnzauuea
1 v
feritinanemaislfnioneu e ladaiu

@ 1

UBGHUAINUANAIIVDID TIN5 N IF TUn15HER,

2De

Y
W1TMIA0T TN WU Y951 (Kang, 1999;

Kim et al., 2010; Mustafa and Kaur, 2010) a9u
I'd
msanuInnuaidiveueu lail ladauigns

VWAIUNHAANINT A. flavus L2TA WU UAWA

'
A ~

AINBIIND Y 3-8 (MW 3) 3INNITNAVDINDIN
' { o a 4
Tugaafitesngansedminnanssuen lai waz

= L4 < =
ﬂ’ﬂllLﬁﬂﬂiﬂlﬂﬂlﬁuhlcﬁﬂﬁﬂﬁﬂﬂﬁ]lﬂuWﬁlﬂ"l]1ﬂﬂ1ﬁ‘ﬂ



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

Taseadveoulainasu T Tasmmizusnu
ansansoontilszyuuTdsdulasuntasauli

IMINZANABNISII NI

80.0

60.0

40.0

Relative activity (%)

20.0

0.0 +

3 4 5 6 7 8 9

PH

7N 3 ansnavesnnudunsaaeaelssansnmmsiia
U5 nazanunsiveuen lalladauigns
VAU 91051 A. flavus L21A (4-Optimum pH,

--Stability pH)

60.0

40.0

Relative activity (“o)

20,0

0.0

20 30 37 40 20 60 70 80
Temperature (°C)

MW 4 INTwavesgangiaolszaninmmasalgnsen
< 1
uazanuasiveuen lmiladmaus gniuediu
91031 4. flavus L21A (- @Bptimum pH,

-B-Stability pH)

a

2.2 anEwavesgungiineszanian

u

masalfisenuazanunsirveseulailafng

MINNSANEIBNTNAVEIQUNYTAD

U

'
Uszansnmmsisalgnsonou lmiladuansgns
VNAIUNWAAVINT 4. flavus L21A NNl 20 -

70 o9 B AIFEA Han1TNAaoIuandluaIng 4

1 @ 1

WYUK YUNANAUTNAnoN131331 AT 81v03

1 a

a ada 4

o lad ladme guugiintisnonssuueaen T

AUyl 60 BIRIFAITIA 1INMIANYIAIIY
4

asdrvoueu lmiladmausqniurediu nun i

ANAIAINTIIQUNYI 30 — 50 DIFITATYA Tag

-387-

BMP2-7

aa o J a o
HAvnssuveuou lanigandi 70% 910518911390
Y94 Xia et al. (1997) WU QUUYNNMH UL TUUD
ou Iyl ladniannan Taes1 Aspergillus sp. F-817
WaLINT A. fumigatus YI-407 0N n gl 60
IR TALT 1Az HIaAAGDINUITIIIIUYBI De-
hui et al. (2011) WU 319 93 60 B IA1E QLT oo
minzauaemasalgnsoneu lmiladuaings 14
910 Bacillus sp. HU1
A 3 a
3. paanvAveweulwillshea
31 answannmdunsaaiane
Usz@nsammmsissl §nsen nazanunsdives
ulaillsha
= a a I
INMIANYIDNT WAV IAWT U
1 1 a a 1 aan 4
nina1 Avtlszannmmssalfnserveaen lu]
< 1 a
Tis@eauSTqnsUI9dIU WANINT B. bassiana
LARTC2 Hanisnaaouaaslunini s Weovh
1 v A 1 1 aan o a
annuiinanemsisalgnserveaeu lai lisaod
Taoardites 9 Hanonssuen lanigaga uag lusns
Mo 6-9 1ou laidaRinaNITNNINATN 70% Namrata
etal. (2011) 318911 NIDF 9 IMUIZHUADNITLT
aaa " a { a
UgnseneulmilUsaoannanlaning dspergilius
I [ a
tamari EF661565.1 taaalimiuinen lai11/5@ie
~ 1 1 aan Y A A I
alinnumunzauaomaselgnsenlaanion iy
a1 nsdleulgillsfeanwaaldaing
Aspergillus fumigates NOFNMUIZTUADNITLTI
ﬂﬁﬁ?mmu”lmﬁﬂﬁama Wow 8 (Hernandez et al.,
2011) @IUNITANYIAIINAIAIUD 10U Tara]
4 ' VoA o A
Ts@eausgniuaIu WU IANUAIAINGI

Wo% 5-10 (MW 5)



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

100.0 -

3
=
e

Y
=
=

=
=
=

Relative activity (%o)

=3
=3
=

s
=

6 7 3 9 10
pH

=
n

mun 5 ansnavesanuilunsaddelsza@niamms
5al§zen nazanunsdveseu lnillsaed
VIGNTUNAIU 99031 B. bassiana LARTC2
(4@ Optimum pH, - Stability pH)
3.2 dnswavesgutginelszansan
1 aaa o ¢ a
Mssal§isen nazanunsiveseulaililsdea
UIgNBUINAIM
INNSANBIDNTHAVDIQUNYIAD
J aaa o a
awmsisel§nserveseu laniTusaed
V19T IU 91N31 B. bassiana LARTC2
QUMY 20-90 DIA AT WU QUUYANANNY
= 1 1 aan o a ~
Tnanemasslgnseweaou lanilisand gegan
70 oA UFAIFoA uazlininanssuve e lal
¥INNI1 70% 081U ¥I9 60-70 DAY AT Y
(MW7 6) Bin et al. (2009) WUN gIrgNMHIZ Ay
' 7 a A a
aotoulaillsaoaNnanv1n Hirsutella

a

rhossiliensis OWVT-1 ﬁmmmmzauﬁqmwgu 75
DIAUFAITOE UALVINT B. bassiana CG432
qmwgﬁ‘ﬁmmzam 60 DaALsALFod (Ito et al.,
2007) taaaldifuduenlaniTls Ao miueu laafi
ausaisalfaseiiqungiqeld wazmsdnu
anuasdveaeu lrilasaed 91031 B. bassiana
LARTC2 W31 §1Aua36# 20-50 parissaifos

(MNA 6)

-388 -

BMP2-8

1000 W----m----
R

"

\

80.0

60.0

40.0

Relative activity (%o)

20.0

0.0
20 30 37 40 50 60 70 80 90
Temperature (°C)

7NN 6 INTHaveQangiaelszanimmmaTalgnsen
< 1
uazanuasiveuen lmiTsdeasgniuiediu
91151 B. bassiana LARTC2 (4@ Optimum pH,

= Stability pH)

= = Jd v
4. Msanywavedlesanvadlarizuaz3eauane
fonssnveseulatlafauazlishea
= Jd
4.1 wavadlevauvadlarizuazseauA
1T a a
aononssuulalafine
NMIANYINATDI loBoUVDI lany
Z P Y v A a PR
109 12 ¥ila NANUTUTY 5.0 Uad lua13aenanssuy
4 a a Q‘{ 1
oulyl laduauSgniudiu waniinaaeslu
@1519% 1wy leseuved Na', Co*', Cu®’, Cd,
+ =) ~ < '
Zn®, Mn>, Mg" 1tae K inatfiesdniiosno

@

a 4 a 1 2+ A
Aanssueu lailadiua d2u Fe Hnaduda

ee 2pee

Y

nonssuveueu tuil 36.5% ua He 1 &4
Y
Aonssueu lmi lafanavua diu Ca® uag Ba>
Y a A =
nszquianssueu Il ladue wazanmsdnuina
YOITRUANTADNINTTUEU Tl Iadiud Wy
Y

v v Aa = I~ [
EDTA §udananssueu lmiiesdniios a1 SDS
Y a 4
uag B-mercaptoethanol ﬂix&{]‘uﬂfﬂﬂiiumull%u
Tade 910318911999 Maria et al. (2012) AnyINa
vodlosouveslanzninadoou laiilada
N5 Aspergillus niger LOCK 62 WU 1o00UV04
Tanziinadenisissljnsorvesen el lnfua

v

fm Mg™ 71 Ca’" @1u He'' tag Pb”" Iimsgueans

t4

isalfnsevesou lmiodaauysal



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

1 1 a
M3190 1 waved lovsuvealans Has3onuananIngIi

Al A L
vouou laf ladwauignsursdiu Taos

A. flavus L21A
Relative "laaem Relative
looaulas
activity Tany activity
(5mM)
(%) (5mM) (%)

No metals 100.0 Fe' 36.5
Na' 98.2 Hg' 0.0
ca’' 101.1 Mn”’ 97.9
cd”’ 66.7 Mg 93.0
Co’ 90.7 K 90.6
cu’’ 99.1 Ba' 105.6
Zn” 97.7

'%mmuﬁ (5mM) Relative activity(%)

EDTA 95.6
SDS 102.5
B-ME 108.0
4.2 wavodleseuvaslarizAenanssu
d
ulasilisfea

Y
NNTANHINAYDI loooU Tangna
A A Y v A a s 1 Aa
12 %A NANWIUTY 5.0 Uad Iuals aenanIsy

o a a Q‘{ 1
mu”l%ﬂﬂsmaﬁmqmmqmu AHAN1TINAAD

2+
b

A \ + 2+
naaslunisien 2wy leeeu Na', Co™, Cu
v
cd™, Zn™", Fe™, Mn™", Mg™, K" 11a2 Ba™ UWadu 83
= < 1A a J =
eudnosnannssueu lui Tusaoa ua He 3
1 Y 3’; a 4 a
Hapen1sdudInanssueu lsi ldsaealae
4 2+ ' Y a
AuYsal uag Ca’ UNAADNIINTZAUNINTTNYD
o a =3 a I
ulmiTUsAee taznmMsAnYINaYIIIUAT
NaenanssueulaiTUsAea Wui1 EDTA uas
9
SDS fnanenisfudinanssueu lyiiTdsaoa
a £ 1 =) < '
yigmiusdautiesantos aau
B-mercaptoethanolﬁwaﬂ'ﬁﬂﬁﬂizﬁuﬁ%ﬂiiu
L4 a .
ou'lai T1/s@ea 910518911 U09 Kim et al. (2003)
WU P-mercaptoethanol INAARBNITNTZAUNINT T
u 'l lisAeaiingn 1d91031 4. niger LOCK62
AIGRDR mercaptoethanol ﬁ?ﬂg" sulfyhdryl alUsyuu

. . Y o qy o v W ya Z
active site ua’mﬂmau"l«nmunwwmmw'lﬂmu

-389-

BMP2-9

a a s
M1319N 2 lem'laaamlaﬂam LHAZIIBIAUANUND
a P2 a a < '
ﬂﬂﬂiiusllf)\uﬂullclfllIﬂim'ﬂﬁﬂﬁq'ﬂ’ﬁﬂﬂﬁ?u

1A8351 B. bassiana LARTC2

lovou

Relative Relative

losoulany activity Tane activity
(5 mM) (%) (5mM) (%)
No metals 100.0 Fe'' 744
Na' 98.7 Hg' 0.0
ca” 101.4 Mn’" 88.4
cd” 81.3 Mg 98.2
Co” 81.6 K 942
cu” 76.8 Ba”' 96.6

Zn” 774

'%mmuﬁ (5 mM) Relative activity (%)

EDTA 93.2
SDS 82.3
B-ME 110.2

asudnanmsIve

@

= d’d a
nmsaneIsidneamlunisnaa
o a a U
u ol lndmanaz Tdsaed WU 91 4. flavus
a 4 a 4
L21Awdaaeu ladladiualdgega nag 51
a o a y
B. bassiana LARTC2 wantou lani Tils@ee ldgaga
< 1
saznnmsiueu lsiliuigniuiaiu uagdnm
wa 4 J o a
auaviaveuou lad wudneulad lada nag

aan 5]

Tis@ed awsnsalfnsen uazianuadeslu

' ' o 7 A
aamznsaaalugianning uazeu lyid llsaeal

) =

ANwatesNguygiige nstl looouvesTangdl
2ol da o 2 . aas
@I He' imuuninsdugansisalgnsenves
ou'lyil lndwauaz Tusawealaganysa dao
wa PR A o 1 = v
Auantfavowou lainiaesrtiadinanieagylla
' PR Aa A o o
ou lainsaosstiaiidnenmlumsihlinaaes
1¥5wiuatesvessuiemuanugunsalunis

o dy U 9o L=
Waowasuilaiudzndadamny



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

a a
fnanssulszma

v
aAauv A @

Y] o Ia
msIveil I8sunuaivayuangudive
MIndaeiuyan Inan M N19N1TINY AT
aazmna 11 1a8 YH1INVOULAY LAY

o a @

UNAINGIDY UHIINGIAIVDULNY

19NE591909
ﬁ‘WET’J?] BITIDDITUN. Iiﬂ%‘ﬂﬂﬁl@\illllﬁﬂ IDNTITNI
31015, MATHINY ING ABZINBATNEAS
UHIINOIFUINHATAIAAS TNV YA
Mty uasdyu: vl w]; 2535
Snsm fwhiug, mssadendeniiilszansm
“lumimuamwéﬂuﬂaﬁww” (Phenacoccus
manihoti) Tuud1dgvias. aruseaguy
ABINTVHIINGITOVOUUNY TNIUVA
HU2INY ﬂ%\iﬁ 2; 30 FIIAN - 1 NUE1YU
2555, WodUszyuioundsraed
nwﬁwm’éfﬂﬂmuuﬁu %VIEJ']HWI“H‘LI’EN?]']EJ:
NUDINY; 2555.
Andersen TR, Hessen DO, Elser JJ. and Urabe J.
Metabolic stoichiometry and the fate of
excess carbon and nutrients in consumers. J.
Amer 2005; 165: 1-15.
Bin Wanga, XiaoyingLiu, WenpingWu, Xingzhong
Liu. and Shidong Li. Purification,
characterization, and genecloning of an
alkaline serine protease from a highly
virulent strain  of the nematode
endoparasitic fungus Hirsutella rhossiliensis .
J. Microbiol. Res 2009; 164: 665-673.
De-hui Dai, Wei-lian Hu, Guang-rong Huang. and
Wei Li. Purification and characterization of
a novel extracellular chitinase from

thermophilic Bacillus sp. Hul. Afr. J.

Biotechnol 2011; 10(13): 2476-2485.

-390 -

BMP2-10

Farag, M. Aida, Al-Nusarie, S. and Taghreed.
Production, optimization, characterization
and antifungal activity of chitinase
produced by Aspergillus terrus. Afr. J.
Biotechnol 2014; 13(14) : 1567-1578.

Henrissat B. Classification of chitinase modules.
Chitin and Chitinases, Burkhauser Basel
Switzerland, 1999; 137-156.

Herandez-Martaneza R, Gutirrez-Sanchezb G,

Bergmannb CW, Loera-Corrala O, Rojo-

Dom nguezc A, Huerta-Ochoaa S,

Regalado-Gonz lezc C. and Prado-Barragna
LA. Purification and characterization of a
thermodynamic stable serine protease from
Aspergillus fumigates. Proc. Biochem 2011;
46:2001-2006.

Isakac M, Kittakoop P, Kirtikara K, Hywel-Jones NL.
and Thebtaranonth Y. Bioactive substances
from insect pathogenic fungi. acc. chem. res.
2005; 38: 813-823.

Ito Eliana Tiemi, Geni Varéa-Pereira, Dalva Tomoe
Miyagui, Maria Helena Pimenta Pinotti,
Pedro Manoel Oliveira Janeiro Neves.

Production of extracellular protease by a

strain of Beauveria bassiana

brazilian

reactivated on  coffee borer,

berry
Hypothenemus hampei. Braz. arch. biol.
technol 2007; 50 : 217-223.

Kang, S.W, E. H, K, Lee, J.S. and Kim, S.W. Over-
production of -glucosidase by Aspergillus

niger mutant from lignocellulosic biomass.

Biotechnol 1999; 21: 647 650.



The National and International Graduate Research Conference 2016

Graduate School, Khon Kaen University, Thailand and
Universitas Muhammadiyah Yogyakarta, Indonesia

Kim, JS. and Je, YH. A novel biopesticide

production: attagel-mediated precipitation of

chitinase from Beauveria bassiana SFB-205

supernatant for thermotolerance. Appl.
Microbiol. Biotechnol 2010; 87: 1639 1648.

Kim Kyoung-Ja, Yang Yong-Joon. and Kim Jong-Gi.
Purification and characterization of chitinase
from Streptomyces sp. M-20. J. Biochem.
Mol. Biol 2003; 36(2) : 185-189.

Maria SB. and Urszula J. Production of antifungal
chitinase by Aspergillus niger LOCK 62 and
Its potential role in the biological Control.
Curr Microbiol 2012; 65:666—672.

Merzendorfer H. and Zimoch L. Chitin metabolism in
insects: structure, function and regulation of
chitin synthases and chitinases. J. Exp. Biol
2003; 206: 4393-4412.

Mishra, S, Kumar, P. and Malik, A. Effect of process
parameters on the enzyme activity of a novel
Beauveria bassiana isolate. Int.J.CurrMicrobiol App.Sci
2013; 2(9): 49-56.

Mustafa, U. and Kaur, G. Studies on extracellular

enzyme production in Beauveria bassiana

isolates. Int. J .Biotechnol. Biochem 2010; 6:

701-713.

-391 -

BMP2-11

Namrata Sharmal and Kantishree De. Production,
purification and crystallization of an alkaline
protease from Aspergillus tamari [EF661565.1].
Agric. Biol. J. N. Am. 2011; 2(7): 1135-1142.

Nawani NN, Kapadnis BP. Optimization of chitinase
production using statistics based experimental
designs. Proc. Biochem 2005; 40: 651-660.

Rovensky J, Stancikova M, Svik K, Bauerova K. and
Jurcovicova J. The effects of B-glucan isolated
from Pleurotus ostreatus on methotrexate
treatment in rats with adjuvant arthritis. J.
Rheumatol 2011; 507-511.

St. Leger J, Cooperr M. and Charnleay K. Cuticle-
degrading enzymes of entomopathogenic fungi:
mechanisms of interaction between pathogen
enzymes and insect cuticle. J. Invert. Pathol.
1986; 47, 295-302.

Xia Guoqing, Dong Zhiyang, Miao Xuexia and Jia
Xincheng. Some properties of the chitinase
from Aspergillus sp. F-817. Agric. Biol. J. N.
Am 1997; 5(1): 79-82.





