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KBÞvBqÿ ìdýÈ qüvQ ôOHlüê @ó Gú OpÞýHBR Aôèýú uBqðlû @ó kAok ôGB oyl WíÏýQ

ôìdlôküQ ìñBGÐ ÆHýÏþ, Oßñõèõsÿ @ðrüî ìþ|OõAðl GpAÿ GvýBoÿ Aq¾ñBüÐ WùQ
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@ðƒrüƒî AðƒlôÞýPýñƒBqcƒB¾ê Aqüà uõ} GBÞPpüBüþ|(|A4B snecsecram

aitarreS(|| AqKvƒBJ AuPhƒpKƒpôo} ìýãõWlAuBqÿ yl ôkoGBÞPpÿ ||iloc

aihcirehcsE||WùQ kuQ üBGþ Gú OõAèþ ÞBìê só ÞýPýñBqôìÛBüvú @ó GB OõAèþ Þl

Þññlû ÞýPýñBqGBÞPpÿ|øBÿ küãpøívBðú uBqÿ âpkül. Kw AqSHQ OõAèþ koKBüãBû

AüñPƒpðPƒþ, ìƒÇƒBèÏƒBR GýõAð×õoìBOýßþ GpAÿ OõAèþ øívBðú|uBqÿ ylû ¾õoR
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Abstract 
Chitinase has many applications amongst which

is its chitinolytic activity towards environmental
clean up and converting the chitin into its building
blocks. In a world with fast growing population and
limited natural resources, the enzyme technology can
be helpful to a lot of industries, helping to overcome
to the future problems. For this reason, a near full-
length endochitinase gene from Serratia marcescens
B4A, was isolated from shrimp farming pond waste
water and cloned in Escherichia coli. Subsequent to
the deposition of sequence information in GenBank,
further bioinformatic analyses were performed. J.
Vet. Microbiol. 7,1:41-50, 2011.
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ìÛlìú
ÞýPýƒò  |n)N5O31H8C(|KéýíƒpKéƒþ|uƒBÞBoülÿ Glôó yBgú

ìþ|GByl Þú Aqìõðõìp|øBÿ ||N||– AuPýê– âéõÞr| @ìýò Ozßýê ylû

AuQ, Aüò KéýípÒýpìdéõë ko@J ô Aq@æüñlû|øBÿ ìdýÈ qüvQ

ìƒdƒvƒƒõJ ìƒƒþ| âƒƒpkk. ìƒÛƒlAoÞýPýƒò uhƒQ KƒõuPƒBó koÞƒê

ìƒdƒýƒÈ|øƒBÿ koüƒBüƒþ 0651 ìƒýéýõó Oò Ohíýò qkû ylû AuQ

|(43ô04). ÞƒýƒPƒýƒò uƒõGƒvƒPƒpAÿ @ðrüî ÞýPýñBq, ÚvíQ kAgéþ

küõAoû uéõèþ ÚBob|øB ô Kõy{ gBoWþ ðíBOõk|øB ô Ohî ô ÞývQ

ðíƒBOƒõk|øƒB ô øí̀ñýƒò Kƒõyƒ{ gBoWþ uhQ |KõuPBðþ ̂õó

ìýãƒõô Öéƒw ìƒBøƒþ|øƒB oA Ozßýƒê ìþ|køl. @ðrüî|øBÿ ÞýPýñBq

ðƒõÎƒþ âéýßõqüê øýloôæq|GB ÚloR ÞBOBèýrìþ|GByñl Þú ÚBkoðl

Kƒƒýƒƒƒƒõðƒƒƒƒl âéƒƒýƒßƒƒƒõuƒýƒƒƒlÿ |4,1-b| oA koGƒýƒƒƒò ôAcƒƒƒl|øƒƒƒBÿ

||N||–AuƒPƒýƒê–âéƒõÞƒr@ìƒýƒò |(|cANclG|)| Gƒzßññl (33ô61,11|).

|Gƒlüƒò OƒpOƒýƒI ìƒþ|OƒõAðñl KéýípÞýPýò oA Gú AèýãõuBÞBoül|øBÿ

ÞýPýñƒþ, kÿ|AuPýƒê| ÞýPƒõGýƒõqô ||N||AuPýƒê–âéƒõÞƒr@ìýƒò OXrüú

Þññl|(93). ||
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ÞýPýñBq|øB koOXrüú ìõAk ÞýPýñþ ô KBÞvBqÿ ìdýÈ qüvQ,

Oùýƒú ìƒõAk Kýƒ{|ìƒBkû, Oƒõèýƒl KƒpôOƒõKçuƒQ ÚƒBôƒþ ô Oƒõèýƒl

KpôOEýò|||øBÿ Oà uéõèþ GpAÿ cýõAðBR ô OÓnüú ìõWõkAR @Grÿ

ÞƒBoGƒpk kAoðƒl (64ô51). kogƒ¿ƒõÁ ÞƒñƒPpë ÚBob|øBÿ KBOõsó

âýBøþ ô @ÖBR kAoAÿ AøíýQ ôütû|Aÿ ìþ|GByñl (14 ô 42, 32, 2).

@ðrüî ÞýPýñBqÞBoGpk Îílû|Aÿ koqìýñú|øBÿ ÞzBôoqÿ, kAìlAoÿ

ô yƒýƒçR, Kƒryƒßƒþ ô ¾ƒñƒÏQ kAok. AoâBðývî|øBÿ Oõèýl| Þññlû

ÞýPýñBqkoÖp@üñl |øBÿ OHlüê ìõAk qüvPþ ðËýpÂBüÏBR KõuQ

ìƒBøþ Gú Gh{|øBÿ Oà WrDþ ô koGluQ| @ìló ìd¿õæR GB

Aoqyþ ̂õó ÚBob| Þ{ qüvPþ AqKõuPú gp̂ñä ô ìýãõcB¾ê

AqÂƒBüƒÏƒBR koüƒBüƒþ ðƒÛƒ{ kAoðƒl (12). ÞƒýƒPƒýƒñBq|øB oA koìñBGÐ

GBÞPpüBüþ ìPñõÎþ ìþ|OõAó üBÖQ Þú Gú ÎéQ Oõèýl GBæÿ ÞýPýñBq

Gú ylR ìõok ìÇBèÏú øvPñl (Wlôë 1). ||

||snecsecram aitarreS|| üà GBÞPpÿ âpï ìñ×þ, ìPdpá,

GƒBuƒýéƒþ yƒßƒê ô Gƒþ|øƒõAqÿ AgƒPýBoÿ AuQ. ÚÇpìPõuÈ Aüò

GBÞPpÿ 8/0-5/0 ðBðõìPp|ô Æõë @ó 2-9/0 ðBðõìPp|Gõkû ô AqðËp

OƒBÞvõðõìýßþ ìPÏéÜ Gú gBðõAkû ||eaecairetcaboretnE|| AuQ

(Wlôë2). Þéõðþ|øBÿ GBÞPpÿ oôÿ ìdýÈ ðõOpüñQ @âBo, Þlo,

âƒpk, ìƒdƒlJ GƒB cByýú ¾BÙ ô Gú oðä u×ýl, ¾õoOþ üB Úpìr

ìƒþ|GƒByƒl. Aüƒò GƒBÞƒPƒpÿ koÆƒýØ ôuýÏþ AqkìB (04-  5 koWú

uƒBðƒPƒýƒãƒpAk) ô  |Hp|| (9-5) oyƒl Þpkû ô koìdýÈ|øBÿ ÆHýÏþ

(gBá ô @J) ô kouÇe âýBøBó üBÖQ ìþ|yõk.

| |só|øƒBÿ ÞƒýƒPƒýñBqqüBkÿ AqìñBGÐ ìhPéØ âýBøþ, ÚBôþ ô

GBÞPpüBüþ WlA ô øívBðú|uBqÿ ylû|Aðl (7) |(Wlôë3). kouBë

7991 Gƒƒú ìƒñƒƒËƒƒõoAÖƒƒrAüƒƒ{ ÖƒÏƒBèƒýƒQ cƒzƒpû Þƒzƒþ GƒBÞƒPƒpÿ

||sisneigniruht sullicaB||, só ÞƒýƒPƒýƒñƒBqWƒlAuƒBqÿ yƒlû Aq

GBÞPpÿ ||lPT simrofinehcil sullicaB|| kouõüú|Aÿ Aq||iloc

.E||øƒíƒvBðú|uBqÿ yl ô Gú ||iawazia.psbus sisneigniruht

sullicaB|| AðPÛBë üBÖQ ô gB¾ýQ czpû Þzþ Aüò uõüú Gpoôÿ

æoô cƒzƒpû ||augixe aretpodopS|| ìƒõok ìƒÇƒBèÏú ÚpAoâpÖQ

(34). ðƒPƒýƒXƒú OƒdÛýÛBR Gpoôÿ só ÞýPýñBqGBÞPpÿ ||inatsikap

.psbus sisneigniruht sullicaB|| ðƒzƒƒBó kAk||FRO|| Aüƒƒò só

yƒBìƒê 5091 ðƒõÞéƒEƒõOƒýl ìþ|GByl Þú 536 Auýl @ìýñú (17 Þýéõ

kAèƒPƒõó) oA Þƒl ìþ| Þñl. ìÇBèÏBR ðzBó køñlû üà qüpuBgPBo

ÞƒBOƒBèƒýƒßƒþ ÖƒÏƒBë ô üƒà ìƒñƒÇÛú Auýl @ìýñú|Aÿ c×BÊQ ylû

øíBðñl qüpuBgPBoìP¿ê|yõðlû Gú ÞýPýò Gõk. ÞýPýò ÞéõDýlÿ

koøƒíƒƒƒBó AGƒPƒƒƒlA Gƒƒƒú ôuƒýéƒƒƒú Aüƒƒƒò @ðƒƒƒrüƒƒî Gƒƒƒú ôAcƒƒløƒƒBÿ

||N||–AuPýƒê–âéƒõÞƒr@ìýƒò øýƒloôèýƒrìþ| âpkk. Aüò âõðú ðPýXú

âƒýƒƒpÿ yƒƒl Þƒú Aüƒò @ðƒrüƒî AâƒrôÞýPýñƒBqAuƒQ (14).|gnauH|| ô

øƒƒíƒƒßƒƒBoAó kô ÞƒýƒPƒýƒñƒƒBq(||WC ihc||ô ||HC ihc(|| oA Aq||suerec

sullicaB|| WlA ðíõkðl ô @ó oA ko||iloc .E|| Þéõó ô GýBó ðíõkðl OB

ASƒƒpGƒƒBqkAoðƒƒlâƒƒþ @ó oA GƒpÎƒBìƒê GƒçüƒQ uƒõuƒò ||(acitpille

sityrtoB|)|ìÇBèÏú ðíBüñl (81). ||

OdÛýƒÜ cƒBÂƒpkooAuPƒBÿ ÖƒpAøƒî @ôokó qìýñƒú ìƒÇƒBèÏBR

@ðƒrüíþ, ìÇBèÏBR GýõyýíýBüþ ô ìùñluþ KpôOEýò, @ÒBqyl.

ìÇBèÏú GýõAð×õoìBOýßþ @ðrüî ÞýPýñBq, ÆpAcþ KpAüípô OßTýpsó

ÞýPýñƒBqAquƒõüƒú Gƒõìþ ||A4B snecsecram aitarreS|| AðXBï

âpÖQ.||OõAèþ ðõÞéEõOýlÿ ÞBìê só ÞýPýñBqWlA ylû AqAüò uõüú

GBÞPpÿ, Gpouþ ô koGBðà WùBðþ só SHQ âpkül. ||

ìõAk ôoô} ÞBo
1. AuPhpAZ||AND|| sðõìþ Aquõüú WlA ylû:

koAüò Ktôø{ GB OõWú Gú ÖpAôAðþ ÞýPýò, uõGvPpAÿ A¾éþ

Aüƒƒò @ðƒƒrüƒî, koAuƒPƒhƒp|øƒBÿ Kƒpôo} ìƒýƒãƒõ, GƒBÞƒPƒpÿ ||A4B

snecsecram aitarreS| GƒB oÎBüQ ÞBìê ypAüÈ ðíõðú GpkAoÿ

AuPpüê Gú ìñËõoAuPhpAZ ||AND|| sðõìþ AqAuPhpKpôo} ìýãõ

@GBkAó WlA âpkül. GBÞPpÿ WlA ylû, koÆþ OdÛýÛBR Aôèýú Gú

ÎñõAó uõüú Gõìþ Oõèýl Þññlû ÞýPýñBq, yñBuBüþ ô ìÏpÖþ yl

(45). ÞzƒQ AqOƒà Þéƒõó GƒBÞPƒpÿ koìdýÈ ÞzƒQ ||BL|| ìƒBüÐ

AuPƒpüƒê (GB OpÞýI 01 âpï koèýPpOpüLPõó, 5 âpï koèýPpÎ¿Boû

ìhípô 01 âpï koèýPpðíà ÆÏBï) kokìBÿ 03 koWú uBðPýãpAk Gú

ìƒlR 61 uƒBÎƒQ ¾ƒõoR âƒpÖƒQ ô AuPhƒpAZ ||AND|| sðƒõìƒþ GƒB

AuƒƒPƒƒ×ƒƒBkû AqÞƒýƒƒQ OƒhéƒýƒƒÀ ||AND|| AqyƒƒpÞƒƒQ (||ynamreG

,deirsnitraM( noibateM||ìƒÇƒBGƒÜ GƒB Oƒõ¾ƒýƒú ypÞQ uBqðlû

AðƒXƒBï KƒnüpÖQ. ÞíýQ ô Þý×ýQ ||AND|| sðõìþ AuPhpAWþ Gú

oô} AuƒLƒßƒPpôÖPõìPpÿ ô AèßPpôÖõoqGpoôÿ së @âBoq1ko¾l

OƒƒÏƒƒýƒƒýƒƒò âƒƒpküƒƒl. @âƒƒBoqAqyƒƒpÞƒƒQ ||satnemreF )adanaC

,notgnilruB(|| ô ìƒƒõAk yƒýƒíƒýƒƒBüƒƒþ ìƒõok AuƒPƒ×ƒBkû AqyƒpÞƒQ

(||ynamreG ,tdatsmraD( kcreM||Oùýú âpkülðl.

OßTýpsó ÞýPýñBqìpGõÉ Gú uõüú Gõìþ WlA ylû:

1– ÆƒpAcƒþ @ÒƒBqâƒp|øBÿ AgP¿B¾þ só ÞýPýñBq: GB OõWú Gú

OƒõAèþ só ÞýPýñBqkoâõðú|øBÿ ðrküà Gú GBÞPpÿ|snecsecram

aitarreS|(1.642357UE ,|1.759154FE ,|2.016040YA

:rebmuN noisseccA( || @ÒBqâpøBÿ ìpOHÈ GB  AuP×Bkû Aqðpï AÖrAo
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||)ASU,NMhtuomylP ,cnI ,secneicsoiB lanoitaN( 0.5

ogilO ÆpAcþ âpkül (Wlôë 4). ||

2. OßTýpsó ÞýPýñBqAqAND sðõìþ AèãõWùQ AuP×Bkû ko

ÖƒpAüñƒl Þéƒõðýñä:||ìhéõÉ ôAÞñ{ ||RCP|| GB AuP×Bkû Aqìdéõë

|2lCgM )Mm 52(| Gƒú cXî |5/1 ìýßpô|èýPp, üà ìýßpô|èýPpAq

ìdéõë |sPTNd )Mm|| 5)|5/2 ìýßpô|èýPpAqGBÖp|RCP x01||, üà

ìýßpô|èýPp@ÒBqâp1cEf| |(lomp02(||, üà ìýßpôèýPp@ÒBqâp|2ceR|

(lomp02|), |5/0 ìýßpô|èýPp@ðrüî ||qaT|| KéýípAq| )lm/tinU5( kô

ìýßpôèýPp| ô üà ìýßpôèýPp|AèãõÞú GB AÂBÖú ðíõkó @J küõðýrû

Gƒú cXƒî |52 ìýßƒpôèýPpouBðlüî, @ìBkû yl. ôAÞñ{ ||RCP|| ko

kuPãBû OpìõuBüßépGB GpðBìú 5 kÚýÛú ko49|koWú uBðPýãpAk |GpAÿ

ôAuƒpyƒQ uƒBqÿ Aôèýƒú ô 53 uýßê Gú ¾õoR 03 SBðýú kokìBÿ

49|koWú uBðPýãpAk |WùQ ôAupyQ uBqÿ, 03 SBðýú kokìBÿ 55

koWƒú uƒBðPýãƒpAk||WùƒQ AO¿Bë @ÒBqâp|øB ô 09 SBðýú kokìBÿ 27

koWƒú uƒBðPýãƒpAk WùQ ÖpAüñl OßTýpOßpAoyl. 5 kÚýÛú kìBÿ

|koWú uBðPýãpAk||GpAÿ Öp@üñl âvPp} ðùBüþ GpðBìú oürÿ yl ô ko

ðùBüQ kokìBÿ 4 koWú uBðPýãpAkupk yl. Kw AqAðXBï||RCP| |,

ìd¿õë @ó Gpoôÿ së @âBoq|)v/w(| üà ko¾l AèßPpôÖõoqâpkül

ô Kw Aqoðä @ìýrÿ GB AOýlüõï GpôìBül, OßTýpsó ÞýPýñBqGpouþ

yl. |

3. OhéýÀ ìd¿õë ôAÞñ{ qðXýpû|Aÿ KéýípAq||(RCP|)|:

GƒƒBðƒƒl AgP¿ƒB¾ƒþ Aqsë GƒB AuP×ƒBkû AqÞýƒQ ||noitacifiruP

tcudorP RCP eruP hgiH|| AqypÞQ (||ASU ,silopanaidnI(

ehcoR||ìƒÇƒBGƒÜ GƒB Oƒõ¾ƒýƒú uƒBqðlû, OhéýÀ yl ô GpAÿ AðXBï

Þéõðýñä @ìBkû âpkül. ||

4. AðXBï ôAÞñ{ AèdBÝ ìd¿õë ||RCP|| GB Kçuíýl:

ðBÚê Kçuíýlÿ  |T/R75ZTp| kô ìýßpôèýPp,  | GBÖpAèdBÝx|01

kô ìýßpôèýPp|,|ìd¿õë ||RCP|| OhéýÀ ylû 31 ìýßpôèýPp,  7/0

ìýßpôèýPpAqüà ||m/tinUesagiL AND||4T|ô 3/0 ìýßpô|èýPpAq

|Mm 01 PTA|| GƒB @J küƒõðýƒrû Gƒú cXî|02 ìýéþ|èýPpouBðlüî,

ôoOßƒw Þõ̂ßþ AðXBï âpÖQ ô ìhéõÉ ||noitagiL|| kokìBÿ |41

koWú uBðPýãpAk Gú ìlR 61 uBÎQ AðßõGú yl.

5. OpAðv×õoìBuýõó ìd¿õë AèdBÝ Gú GBÞPpÿ ||iloc .E||:

||Aquƒõüƒú ìvPÏƒl yƒlû a5HD|| GBÞPpÿ ||iloc .E||Gú ÎñõAó

ìýrGBó koìpAcê Þéõó uBqÿ ô WùQ OßTýp||AND|| Kçuíýlÿ

AuP×ƒBkû âƒpküƒl. Gƒú GBÞPpÿ|øBÿ ìvPÏl, ìÛlAo| 02 ìýßpôèýPp

ìd¿õë AèdBÝ Gpoôÿ üi AÂBÖú yl ô ìýßpôOýõJ|øB Gú ìlR 03

kÚýÛƒú koôó üƒi ÚƒpAokAkû yƒlðƒl.||Kw AqânyQ Aüò qìBó, Gú

ìñƒËõoAüXBk üà yõá cpAoOþ, ìýßpôOýõJ|øB 2 kÚýÛú koôó

Gƒƒò ìƒƒBoÿ 24 koWƒƒú uƒƒBðƒPýãƒpAk ÚƒpAokAkû yƒlðƒl.||GçÖƒB¾éƒú

ìƒýßpôOýõJ|øB Gú ìlR 5 kÚýÛú koôó üi ÚpAokAkû ylðl .| 005

ìýßpôèýPpAqìdýÈ ÞzQ ||BL| |Glôó @ðPþ GýõOýà Gú øpÞlAï Aq

OƒýõGùB AÂBÖú yl ô Gú ìlR üà uBÎQ ko73 koWú uBðPýãpAk

AðƒßõGú âpkülðl.||KéýQ|øBÿ ||BL| | @âBocBôÿ @ðPþ GýõOýà @ìLþ

uýéýò GB ÒéËQ 05 ìýéþ âpï koìýéþ èýPpGú ìlR 03 kÚýÛú ÚHê

AqAuP×Bkû kokìBÿ 73 koWú uBðPýãpAk AðßõGú ylðl.||ìdPõAÿ

ìƒýƒßƒpôOƒýõJ|øB Gú ìlR 03 SBðýú GB upÎQ |0007 kôokokÚýÛú ô

kìBÿ 02 koWú uBðPýãpAk uBðPpü×ýõsyl ô clôk| 003 ìýßpôèýPp

AquõN oôüþ GpkAyPú yl, Æõoÿ Þú| 003-002 ìýéþ èýPpAqìdýÈ

ÞƒzƒQ Gƒú øƒípAû Oõkû GBÞPpüBüþ GBÚþ ìBðl. Oõkû GBÞPpÿ GBÚþ

ìƒBðƒlû Gƒpoôÿ uƒÇe ||BL| | @âBoôAWl @ðPþ GýõOýà @ìLþ uýéýò

Kh{ âpkül.||KéýQ|øB kokìBÿ 73 koWú uBðPýãpAk Gú ìlR 61

uƒƒBÎƒQ AðƒßƒõGƒú yƒl. AðƒPƒhƒBJ Þéƒõó|øƒBÿ cƒBôÿ Kƒçuƒíƒýƒl

|T/R75ZTp| ðõOpÞýI GpAuBx Ozßýê Þéõðþ|øBÿ @Gþ ô u×ýl

¾ƒõoR âƒpÖƒQ. Þéƒõðƒþ|øƒBÿ @Gþ oðä ÖBÚl Kçuíýl ðõOpÞýI

øvPñl; qüpA @ðrüî ||b|| -|| âBæÞPõqülAq||(Z cal) Oõèýlÿ @ðùB ||lag-X||

oA Gƒú ìd¿õë oðãþ øýloôèýrìþ| Þñl. Þéõðþ|øBÿ u×ýl cBôÿ

|esuneG secnerefeR

sanomoreA )9002 ,.la te niL ;6991 ,.la te orihS ;5991 ,.la te tirtiS(|

sanomoretlA )3991 ,.la te obijusT(|

sullicaB )9002 ,.la te gnaY;9002 ,.la te gnaW;9002 ,.la te afatsoM(|

aitarreS
)8002 ,.la te yakO ;8991 ,.la te laG ;7991 ,laG ;5991 ,.la te

grebrurB(|

oirbiV )8002 ,.la te mootnaP ;8002 ,.la te adnoH ;7991 ,.la te litivS(|

retcaboretnE
)5002 ,.la te ayihaD ;7991 ,.la te ninrehC ;5991 ,.la te

ninrehC(|

secymotpertS )8002 ,.la te onaY;4002 ,.la te ikazakO ;3002 ,.la te miK(|

sanomaduesP )1002 ,nnazuS ;9991 ,nesneroS dna nesleiN madneieN(|

Wlôë 1- OÏlAkÿ Aq ìñBGÐ GBÞPpüBüþ Oõèýl| Þññlû @ðrüî ÞýPýñBq.Wlôë 2- OBÞvõðõìþ GBÞPpÿ |snecsecram aitarreS.

|airetcaB uévéú

|airetcaboetorP yBgú

|airetcaboetorP ammaG okû

|selairetcaboretnE oAuPú

|eaecairetcaboretnE gBðõAkû

|aitarreS Wñw

|snecsecram .S âõðú
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Kçuíýl|øBÿ ðõOpÞýI øvPñl, qüpA GB ôoôk ÚÇÏú ||AND|| ølÙ Gú

WƒBüãƒBû Þéƒõðýñƒä, OõAèþ Þl Þññlû @ðrüîb|| - âBæÞPõqülAq|(|Z

cal(|| ìhPê ylû ô GBÞPpÿ küãpÚBkoGú OXrüú ||lag-X|| ðhõAøl Gõk

(8). |GTPI||AürôKpôKýêb|| - OýõâBæÞPõKýpAðõqül, M8/0,||V/W||

02 ko¾l Gú ÒéËQ ðùBüþ 230/0ko¾l koøpKéýQ ô Gú ÎñõAó AèÛB

âpGýBó só ||Z cal|| Gú ìdýÈ|øB AÂBÖú yl ô |laG-X|| (5– Gpôìõ–4

Þépô– 3– Aüñlôèýê âBæÞPõKýpAðõqül,||V/W|| 2ko¾l)||Gú ÒéËQ

ðùBüþ 2300/0ko¾l Gú AqAÿ øpKéýQ ô Gú ÎñõAó uõGvPpAÿ oðãrA

Gú ìdýÈ|øBÿ ÞzQ ||BL|| WBìl(GB OpÞýI 01 âpï koèýPpOpüLPõó,

5 âpï koèýPpÎ¿Boû ìhíp, 01 âpï koèýPpðíà ÆÏBï ô 51 âpï ko

èýPp@âBo)  AÂBÖú yl.

6. OBCüýl Þéõðþ|øBÿ ðõOpÞýI ¾dýe:

koAüò ìpcéú Aqoô}|øBÿ @qìBü{ AgPçÙ cpÞQ Gpoôÿ së

@âƒBoq, oô} øÃƒî @ðƒrüíƒþ ô ôAÞñƒ{ |RCP|| AqKçuíýƒl|øƒBÿ

ðõOpÞýI AuPhpAWþ GpAÿ ÒpGBèãpÿ Þéõðþ|øBüþ Þú cBôÿ ÚÇÏú

||AND|| ølÙ ¾dýe Gõkðl AuP×Bkû yl.

7. oô} øÃî @ðrüíþ:

GƒpAÿ Aüƒò ìñËõoKçuíýl |T/R75ZTp|| Kw AqAuPhpAZ Aq

Þéƒõðƒþ|øƒBÿ ìTHƒQ, ÆHƒÜ ôAÞñ{ qüpìõok øÃî @ðrüíþ ÚpAo

âpÖPñl. Kçuíýl ðõOpÞýI Gú cXî |6 ìýßpôèýPp, |üà ìýßpôèýPp

GBÖp||ognaT||| x|01, üà ìýßpôèýPp(01 ôAcl koìýßpôèýPp) |IcaS| |, oA

GB AÂBÖú ðíõkó @J küõðýrû Gú cXî GývQ ìýßpôèýPpouBðlüî ô

uLw kokìBÿ 73 koWú uBðPýãpAk AðßõGú yl. øí̀ñýò GpAÿ

øÃî øírìBó OõuÈ kô @ðrüî ô gBoZ yló só Þéõó ylû, |6

ìýßpôèýPpKçuíýl ðõOpÞýI, üà ìýßpôèýPpGBÖpx01 ognaT||,

|5/0 ìƒýƒßƒƒpôèƒýƒPƒp@ðƒrüƒî (01 ôAcƒl koìýßƒpôèýPƒp|( IcaS||, |5/0

ìƒýƒßƒpôèýPp@ðrüî (01 ôAcl koìýßpôèýPp)III|dniH|, oA GB AÂBÖú

ðƒíƒõkó @J küƒõðýrû Gú cXî |02 ìýéþ èýPpouBðlüî ô uLw Gú

ìlR 3 uBÎQ kokìBÿ|73 koWú uBðPýãpAk AðßõGú yl. uLw

ìƒdƒ¿ƒõë øƒÃî @ðƒrüíþ Gú øípAû|2 ìýßpôèýPpAqKçuíýl Òýp

øÃî ylû Gpoôÿ së @âBoq| |)v/w(| üà ko¾l AèßPpôÖõoqâpkül.

8. OÏýýò OõAèþ só ÞýPýñBquõüú Gõìþ:||||

1– OƒhéƒýƒÀ Kƒçuíýl ðõOpÞýI GB ÞýQ AuPhpAZ Kçuíýl

WƒùQ OÏýýò OõAèþ: ÆHÜ kuPõoAR oAøñíBÿ øípAû ÞýQ AWpA

âƒpküƒl ô ðƒíõðú GpAÿ OÏýýò OõAèþ Gú ypÞQ (||luoeS ,aeroK(

neg orcaM||AouBë âpkül.

2– Gƒpouƒþ OõAèþ cB¾ê AqOÏýýò OõAèþ ô OBCüýl @ó: Kw Aq

koüƒBÖƒQ ðPýXú OÏýýò OõAèþ, Þý×ýQ OõAèþ Aqoôÿ AoO×BÑ AìõAZ

SHPþ cB¾ê Gpouþ yl. uLw OõAèþ cB¾ê GB AuP×Bkû Aqðpï

AÖƒrAo||TSALB|| koKƒBüãƒBû AüñPƒpðPƒþ ||IBCN||, WùƒQ AÆíýñBó Aq

Wlôë 3- Kýzýñú OdÛýÜ koìõok Þéõó uBqÿ só @ðrüî ÞýPýñBq.

oÖpAðw ølÙ ìýrGBó Þéõó uBqÿ ìñHÐ @ðrüî

|7991 ,.la te hcinavamitnaT AÖrAü{ ÖÏBèýQ czpû Þzþ GBÞPpÿ|sisneigniruht sullicaB| |)a5HD( iloc .E| |lPT simrofinehcil sullicaB|

|0002 ,otomihsaH
Gpouþ gõAÁ GýõyýíýBüþ ô uBgPíBðþ qüpuBgPBoìP¿ê yõðlû Gú ÞýPýò|)DBhc(|

ko@ðrüî ÞýPýñBq
|)a5HD(iloc .E| |21-LWsnalucriC sullicaB|

|1002 ,ikarAdna ihcubaM
Gpouþ gõAÁ uBgPíBðþ @ðrüî ÞýPýñBqô ìÛBüvú OõAèþ|øBÿ Auýl @ìýñú|Aÿ GluQ @ìlû GB

GÛýú ÞýPýñBq|øBÿ GBÞPpüBüþ
|FRM eulB-1LXiloc .E| |HC suerec sullicaB|

|3002 ,arorA
|ìÇBèÏBR GýõyýíýBüþ @ðrüî ô Gpouþ gB¾ýQ czpû Þzþ GpÎéýú

æoô ðEõðBðQ |arutil aretpodopS|
|)3ED( 121Biloc .E |B1 -DH sisneigniruht sullicaB|

|3002 ,.la te adeU ìÏpÖþ ðõÑ Wlülÿ AqÞýPýñBqøBÿ ÖBìýê 91 AqWùQ  uBgPíBðþ ô Îíéþ |)3ED( 121Biloc. E| |42-sol.oN .ps sanomoreA|

|4002 ,.la te ikazakO
Gpouþ uBgPíBó ðõÞéEõOýlÿ ÞýPýñBqô Wéõâýpÿ AqOõuÏú øýØ|øBÿ

ÚBob |ieseer amredocirT|
|)3ED( 121B iloc. E| |3-31 -J .ps secymotpertS|

|5002 ,.la te iL Gpouþ ÖÏBèýQ Âl ÚBôþ ÞýPýñBqoôÿ|sedioiropsoeolg muhcirtotelloC| |)3ED( 121B iloc. E| |gnastoekwa suciF|

|9002 ,gnaYdna gnaW Gpouþ gõAÁ GýõyýíýBüþ ô uBgPíBðþ @ðrüî ÞýPýñBq |)3ED( 121B iloc. E| ÚBob|muerpuc muimoteahC|

|mT OõAèþ @ÒBqâp ðBï @ÒBqâp

|C°|55 |'3-GTCGCCAAATAATTTAAACGCGTA-'5| |1cEF|

|C°|55 |'3-CCGTTATCGCGGCCGCAAGTTATT-'5| |2cER|

Wlôë 4- @ÒBqâp|øBÿ ìõok AuP×Bkû ko||OßTýpsó ÞýPýñBqìpGõÉ Gú uõüú Gõìþ Aürôèú ylû.
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ÞvƒI ÚÇÏú OõAèþ ÞBìê Þl Þññlû @ðrüî ÞýPýñBq, ìõok Gpouþ

ÚpAoâpÖQ. ||

ðPBüY
1. AuPhpAZ ||AND|| sðõìþ Aquõüú Aürôèú ylû ôOßTýpsó

ÞýPýñBq:

|Kw AqOùýú ÞzQ OBqû Aquõüú Aürôèú ylû, ||AND|| sðõìþ GB

AuP×Bkû AqÞýQ OhéýÀ ||AND|| AuPhpAZ yl (yßê 1). Kw Aq

OƒÏƒýƒýƒò Þƒýƒ×ƒýƒQ ô ÞƒíýQ ||AND|| GpAÿ OßTýpGú oô} ôAÞñ{

qðƒXƒýƒpû|Aÿ KéýípAqô GB AuP×Bkû AqKpAüíp|øBÿ  |1|| |cEF||ô |2|||cER||

ìõok AuP×Bkû ÚpAoâpÖQ ô GBðl AgP¿B¾þ ìÏBkë| pb1071 || kooôÿ

së @âƒBoqìzƒBøƒlû âƒpküƒl (yßƒê2). ôAÞñƒ{ AèdƒBÝ Gýƒò só

ÞýPýñBqOhéýÀ ylû Aqsë ô Kçuíýl |T/R75ZTp|| AðXBï âpÖQ.

2. øívBðú uBqÿ Kçuíýl ðõOpÞýI koGBÞPpÿ |(aa5HD iloc

.E(||:

|Kçuíýl ðõOpÞýI Gú uéõë|øBÿ ìvPÏl Oùýú ylû AqGBÞPpÿ

|(|a5HD iloc .E(||| GƒB AuƒPƒ×ƒBkû Aqoô} yƒõá cpAoOþ ìñPÛê

âƒpküƒl. Þéƒõðþ|øBÿ ðõOpÞýI Þú Gú oðä u×ýl Gõkðl, AðPhBJ

ylðl ô Kw AqOßTýpðBÚê |T/R75ZTp|| koGBÞPpÿ (a|5HD iloc

.E(||| koìƒdƒýƒÈ ||BL|| cƒBôÿ @ìLþ uýéýò, AuPhpAZ Kçuíýl GB

ÞƒýƒQ AuƒPƒhƒpAZ Kƒçuƒíƒýƒl AðƒXBï yl ô Aqoô}|øBÿ @qìBü{

AgPçÙ cpÞQ Gpoôÿ së @âBoq(yßê3), @qìBü{ øÃî @ðrüíþ

(yßê4) ô ||RCP|| AqKçuíýl|øBÿ ðõOpÞýI GB @ÒBqâp|øBÿ ôÞPõo| |

yßê1 – AèßPpôÖõoq|AND| sðõìþ. ̂Bøà 1– ðíõðú |AND| sðõìþ GBÞPpÿ, ̂Bøà |M|–
ìBoÞp|bK 1|.

yßê2- ôAÞñ{ |RCP| GB @ÒBqâpøBÿ |1CEF| ô|2CER|. ̂Bøà 1– ÚÇÏú |AND| OßTýpylû,
^Bøà 2– ÞñPpë ìñ×þ, ̂Bøà |M|– ìBoÞp.|bK 1.|

yßê3 |–@qìBü{ OÏýýò AgPçÙ cpÞQ Gpoôÿ së @âBoq|)v/w(| 1ko¾l. Kçuíýl
ðõOpÞýI uñãýò|OpAqKçuíýl ÒýpðõOpÞýI ìþ|GByl, GñBGpAüò ko¾õoR øívBðú yló,
ÚÇÏú ìõok ðËpGBæOpAqKçuíýl ÒýpðõOpÞýI ìþ|AüvPl. ̂Bøà 1- |T/R75ZTp|
Òýp|ðõOpÞýI Gú ÎñõAó ÞñPpë ìñ×þ, ̂Bøà 9– øívBðú ðõOpÞýI, ̂Bøà|øBÿ 2-3-4-5-
6-7-8– øívBðú|øBÿ Òýp|ðõOpÞýI.

yßê4 |– ôAÞñ{ øÃî @ðrüíþ WùQ OBCüýl øívBðú uBqÿ. ̂Bøà 1– Kçuíýl
|T/R75ZTp| Òýp|ðõOpÞýI, ̂Bøà 2– øívBðú ðõOpÞýI øÃî ðzlû Gú ÎñõAó ÞñPpë ìñ×þ,
^Bøà 3– øívBðú ðõOpÞýI øÃî ylû GB @ðrüî |caS| ôìzBølû ÚÇÏú 6844 W×Q GBqÿ
(ìXíõÑ Æõë Kçuíýl |T/R75ZTp| ôsó ÞýPýñBq), ̂Bøà 4 ô5– øívBðú ðõOpÞýI øÃî
ylû GB @ðrüî|øBÿ)I|caS| ô|III dniH(| ôìzBølû ÚÇÏú|øBüþ Gú Æõë 1071 W×Q GBqÿ (Æõë
só ÞýPýñBqøívBðú ylû) ô6882 W×Q GBqÿ (Æõë Kçuíýl |T/R75ZTp|), ̂Bøà |M|–
ìBoÞp|bK 1|.
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T/R75ZTp|(yßƒê5), Gƒú ìñƒËõoOBCüýl ìpAcê øívBðú uBqÿ

AuP×Bkû yl.

3. OÏýýƒò OƒõAèƒþ ôSHƒQ só ÞýPýñƒBqÞéõó ylû AqGBÞPpÿ

||snececsram aitarreS||koGBðà WùBðþ:

Kƒƒw AqOƒƒBCüƒýƒƒl Þéƒƒõó yƒƒló ìƒdƒ¿ƒƒõë ||RCP|| cƒƒB¾ƒê Aq

Aüƒƒrôèƒƒú||snececsram aitarreS|| koKƒçuƒíƒýƒl T/R75ZTp||,

Kçuíýl|øBÿ ðõOpÞýI OhéýÀ ylû, WùQ OÏýýò OõAèþ AouBë

âƒpküƒlðl. GpAÿ OÏýýò OõAèþ AqKpAüíp|øBÿ WùBðþ GpAÿ ôÞPõo|

|T/R75ZTp|AuP×Bkû yl. só ÞýPýñBqÞéõó ylû AqGBÞPpÿ Gõìþ

|((|A4B snecsecram aitarreS| koGBðà WùBðþ SHQ âpkül

(|381374|||MH:rebmuN noisseccA||).  øíƒBó ÆõoÞú AðPËBo

ìƒƒþ|oÖƒƒQ OƒzƒƒBGƒƒú qüƒƒBkÿ GƒƒB @ðƒƒrüƒî ÞƒýƒPƒýƒñƒƒBq|8-8C niarts

snecsecram aitarreS|| kAyQ.

GdU ôðPýXú âýpÿ
@ðƒrüî|øƒB, AGƒrAoÎƒíéƒþ ìùíþ koKryßþ, ¾ñÏQ, yýíþ,

KpkAq} ìõAkÒnAüþ ô ÞzBôoqÿ ìþ|GByñl. kôñl køú AgýpGú

ÎñõAó ìñBuHPpüò ìBkû koOÓýýpô OHlüê OpÞýHBR ko¾ñBüÐ ìõok

AuP×Bkû ÚpAoâpÖPú|Aðl. koWùBó AìpôqGB AÖrAü{ upüÐ WíÏýQ

ô GB ì¿pÙ ÖpAâýpAÞTpìñBGÐ ÆHýÏþ, Oßñõèõsÿ @ðrüíþ KPBðvýê

Groâþ GpAÿ Þíà Gú GvýBoÿ Aq¾ñBüÐ AüXBk Þpkû AuQ. GvýBoÿ

Aq@ðrüî|øB Aqìýßpô AoâBðývî|øB AuPhpAZ ìþ|yõðl ô ko¾ñÏQ

ðýƒrÞƒBìç« ìPƒlAôë ô ì×ýƒl øvPñƒl. AqWíéú Aüò @ðrüî|øB Þú ko

ìƒÛýƒBx ôuýƒÐ Oƒõèýƒl ìƒþ|yƒõðƒl, ÞýPýñƒBqGƒBÞPƒpüƒBüƒþ AuƒQ.

||snecsecram aitarreS|| Þú koÆýØ ôuýÏþ AqkìB (04- 5 koWú

uƒBðƒPýãpAk) ô | |Hp|| (9-5) oyl ìþ| Þñl ô koìdýÈ|øBÿ ÆHýÏþ

(gBá ô @J) ô kouÇe âýBøBó üBÖQ ìþ|yõk, AqWùQ kAoA Gõkó

só ÞlÞññlû @ðrüî ÞýPýñBqkAoAÿ AøíýQ AuQ. GñBGpAüò koAkAìú

ìƒÇƒBèƒÏƒBR Aôèƒýƒú koìƒõok yƒñƒBuƒBüƒþ ô ìƒÏƒpÖþ GBÞPpÿ |A4B||

snecsecram aitarreSGú ÎñõAó ìýßpôAoâBðývî Gõìþ Oõèýl

Þññlû @ðrüî ÞýPýñBq| (45), WùQ kuQ üBGþ Gú OõAèþ ÞBìê só

ÞýPýñBqô ìÛBüvú @ó GB OõAèþ Þl Þññlû ÞýPýñBqGBÞPpÿ|øBÿ küãp,

c×Ì Aüò só Gú ¾õoR øíõsó koüà ìýrGBó OßTýpÿ ìñBuI

WƒùƒQ ìƒÇƒBèƒÏƒBR GÏlÿ ô Gú ìñËõo¾ñÏPþ ðíõkó Oõèýl Aüò

@ðƒrüî, GƒB ÆƒpAcƒþ KƒpAüíp|øBÿ ìñBuI, øívBðú|uBqÿ ¾õoR

KnüpÖQ.  ||

@ðƒrüî ||qaT|| KéƒýƒíƒpAqGƒú gƒBÆƒpkAyƒPƒò ÖƒÏƒBèƒýƒQ kAÞƒvþ

ðƒõÞéƒEƒõOƒýƒlüƒê OƒpAðƒv×pAqÿ gõk ìHBkoR Gú AÂBÖú Þpkó üà

ðƒõÞéƒEƒõOƒýƒl Gƒú AðƒPƒùƒBÿ ¯3 Gƒlôó AuƒPƒ×ƒBkû AqAèãõìþ| Þñl. Aüò

ðõÞéEõOýl AÂBÖþ ìÏíõæ« üà ðõÞéEõOýl @kðýò ||(A)|AuQ. GB AOßB

Gƒú Aüƒò gƒ¿ƒõ¾ƒýƒQ ||qaT|| KéýípAq, Kçuíýl OXBoÿ |||R75ZTp|

ÆpAcþ ylû AuQ. Aüò Kçuíýl Kw AqGluQ @ìló ìd¿õë

||RCP|| WùQ Þéõðýñä Gú oô} ||A/T|| ìõok AuP×Bkû ÚpAoâpÖQ.

OÏýýò OõAèþ só ÞýPýñBqG¿õoR kô ÆpÖú, kô ìpOHú GÇõoÞBìê

AðƒXƒBï âƒpÖƒQ. kô OƒõAèþ GluQ @ìlû GÇõoìXBqÿ koðpï AÖrAo

||renuRneG|| OpWíú ô ìÛBüvú âpkülðl. ðPýXú cB¾ê ðzBó kAk

Þƒú øƒýƒa AgƒPçÙ Gýò ìpOHú Aôë ô kôï ôWõk ðlAok. koOpWíú

ìƒXƒBqÿ OƒõAèƒþ só ÞýPýñBqOÏýýò OõAèþ ylû KpôOýEò uBèî @ó

GƒƒluƒƒQ @ìƒƒl. só ÞƒýƒPƒýƒñƒƒBqWƒlA yƒlû Aquƒõüƒú Gƒõìƒþ A4B

snecsecram aitarreS|| kAoAÿ 69ko¾ƒƒƒl øƒíƒƒõèƒƒõsÿ GƒƒB só

ÞýPýñBq|8-8|||C niarts snecsecram aitarreS|| ìþ|GByl. Îéþ

oÒƒî Aüñßƒú OƒõAèƒþ ðƒõÞéEƒõOýƒlÿ Aüò kô só 69ko¾l ||ytitnedi||

kAyPƒú AuƒQ ôèþ O×BôOþ koOõAèþ KpôOýEñþ ìzBølû ðãpkül ô

Aüƒò cƒBÞƒþ Aq@ó AuƒQ Þƒú ìƒõOƒBuýõó AðXBï ylû, ìõOBuýõó

gƒBìƒõ} Gƒõkû|Aðƒl. KýzñùƒBk ìƒþ|yõk kô ÞLþ Aqsó ìnÞõoko

Þpôìõqôï Aüò GBÞPpÿ øívBðú âpkk ô OBCSýp@ó koìýrAó GýBó só

Gƒpouƒþ yõk. AðPÛBë só ÞýPýñBq|øBÿ ìýßpôGþ Gú âýBøBó GpAÿ

AüXƒBk ìÛBôìQ Gú GýíBoÿ|øBÿ ÚBôþ ô @ÖBR ô AðXBï ìÇBèÏBR

uBgPBoÿ, GýõAð×õoìBOýßþ âvPpkû|OpGpoôÿ @ðrüî WùQ

Gpouþ kÚýÜ|Opg¿õ¾ýBR ¾ñÏPþ Aüò @ðrüî ìõok KýzñùBk

yßê 5|– ìd¿õæR ôAÞñ{ |RCP| AqøívBðú|ìTHQ cB¾ê AqOpAðv×õoìBuýõó, GB
@ÒBqâpøBÿ ôÞPõo|T/R75ZTp|. ̂Bøà 1– ÚÇÏú |AND| OßTýpylû OõuÈ |RCP| GB kìBÿ
AO¿Bë 05|koWú uBðPýãpAk, ̂Bøà 2– ÚÇÏú |AND| OßTýpylû OõuÈ |RCP| GB kìBÿ AO¿Bë
35|koWú uBðPýãpAk, ̂Bøà 3– ÚÇÏú |AND| OßTýpylû OõuÈ |RCP| Aqsðõï GBÞPpÿ |A4B

snecsecram aitarreS| GB KpAüíp|øBÿ só Gú ÎñõAó ÞñPpë ìTHQ, ̂Bøà 4– ÞñPpë ìñ×þ,
^Bøà |M|– ìBoÞp. 
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ìþ|GByñl.

OzßpôÚlokAðþ
AqKtôøzãBû ìéþ ìùñluþ sðPýà ô qüvQ ÖñBôoÿ ô

ìõuvú OdÛýÛBR yýçR AüpAó  Þú Æþ Æpf yíBoû 883 Aq

AðXBï Aüò Kpôsû cíBüQ ðíõkðl; ¾íýíBðú ÚlokAðþ ìþ|yõk.

1. Arora, N., Ahmad, T., Rajagopal, R., Bhatnagar, R.

K. (2003) A constitutively expressed 36- kDa

exochitinase from Bacillus thuringiensis HD-1.

Biochemical and Biophysical Research

Comminucations, 307: 620-625.

2. Bakkers, J. W., Spaink, H. P. (1999) Function of

chitin oligosaccharides in plant and animal

development. EXS, 87: 71-83.

3. Brurberg, M. B., Eijsink, V. G., Haandrikman, A. J.,

Venema, G., Nes, I. F. (1995) Chitinase B from

Serratia marcescens BJL200 is exported to the

periplasm without processing. Microbiology, 141:

123-131.

4. Chen, X. D. G. P., Xie, Z. X., Shen, P. (2001) A

convenient and rapid method for genetic

transformation of E. coli with plasmids. Antonie

Van Leeuwenhoek, 80 (3-4): 297-300.

5. Chernin, L., Ismailov, Z., Haran, S., Chet, I. (1995)

Chitinolytic Enterobacter agglomerans

Antagonistic to Fungal Plant Pathogens. Applied

and Environmental Microbiology, 61: 1720-1726.

6. Chernin, L. S., De la Fuente, L., Sobolev, V., Haran,

S., Vorgias, C. E., Oppenheim, A. B., Chet, I.

(1997) Molecular cloning, structural analysis, and

expression in Escherichia coli of a chitinase gene

from Enterobacter agglomerans. Applied and

Environmental Microbiology, 63: 834-839.

7. Chye, M. L., Zhao, K. J., He, Z. M., Ramalingam,

S., Fung, K. L. (2005) An agglutinating chitinase

with two chitin-binding domains confers fungal

protection in transgenic potato. Planta, 220: 717-

730.

8. Clark, J. M. (1988) Novel non-templated nucleotide

addition reactions catalyzed by procaryotic and

eucaryotic DNA polymerases. Nucleic Acids

Research, 16: 9677-9686.

9. Dahiya, N., Tewari, R., Tiwari, R. P., Hoondal, G. S.

(2005) Chitinase production in solid-state

fermentation by Enterobacter sp. NRG4 using

statistical experimental design. Current

Microbiology, 51: 222-228.

10. Duo-Chuan, L. (2006) Review of fungal

chitinases. Mycopathologia, 161: 345-360.

11. Flach, J., Pilet, P. E., Jolles, P. (1992) What's new

in chitinase research? Experientia, 48: 701-716.

12. Gal, S. W., Choi, J. Y., Kim, C. Y., Cheong, Y. H.,

Choi, Y. J., Lee, S. Y., Bahk, J. D., Cho, M. J.

(1998) Cloning of the 52-kDa chitinase gene from

Serratia marcescens KCTC2172 and its

proteolytic cleavage into an active 35-kDa

enzyme. FEMS Microbiology Letters, 160: 151-

158.

13. Gal, S. W., Choi, J. Y., Kim, C. Y., Cheong, Y. H.,

Choi, Y. J., Bahk, J. D., Lee, S. Y., Cho, M. J

(1997) Isolation and characterization of the 54-

kDa and 22-kDa chitinase genes of Serratia

marcescens KCTC2172. FEMS Microbiology

Letters, 151: 197-204.

14. Gokul, B., Lee, J. H., Rhee, S. K., Panda, T (2000)

Characterization and applications of chitinases

from Trichoderma harzianum. Bioprocess

Engineering, 23: 691-694.

15. Hashimoto, M., Ikegami, T., Seino, S. H., Ohuchi,

N., fukada, H., Sugiyama, J., Shirakawa, M.,

Watanabe, T. (2000) Expression and

Characterization of the Chitin- Binding domain of

chitinase a1 from Bacillus circulans WL- 12.

Journal of Bacteriology, 182(11): 3045-3054.

16. Henrissat, B., Bairoch, A. (1993) New families in

the classification of glycosyl hydrolases based on

amino acid sequence similarities. Biochemistry

Journal, 293: 781-788.

17. Honda, Y., Taniguchi, H., Kitaoka, M (2008) A

reducing-end-acting chitinase from Vibrio

ìñBGÐ



||ìXéú ìýßpôGýõèõsÿ kAìLryßþ, kôoû 7|, yíBoû 1|, 0931 84

proteolyticus belonging to glycoside hydrolase

family 19. Applied Microbiology and

Biotechnology, 78: 627-634.

18. Huang, C. J., Wang, T. K., Chung, S. C., Chen,C.

Y. (2005) Identification of an antifungal chitinase

from a potential biocontrol agent, Bacillus cereus

28-9. Journal of Steroid Biochemistry and

Molecular Biology, 38: 82-88.

19. Kim, K. J., Yang, Y. J., Kim, J. G. (2003)

Purification and characterization of chitinase from

Streptomyces M-20. Journal of Steroid

Biochemistry and Molecular Biology, 36: 185-

189.

20. Kobayashi, S., Kiyosada, T., Shoda, S. I. (1997) A

novel method for synthesis of chitobiose via

enzymatic glycosylation using a sugar oxazoline

as glycosyl donor. Tetrahedron Letters, 38: 2111-

2112.

21. Kramer K. J., Muthukrishnan, S. (1997) Insect

Chitnases: Molecular biology and potential use as

biopesticides. Insect Biochemistry and Molecular

Biology, 38: 740-748.

22. Lawyer, F. C., Stoffel, S., Saiki, R. K., Myambo,

K., Drummond, R., Gelfand, D. H. (1989)

Isolation, characterization, and expression in

Escherichia coli of the DNA polymerase gene

from Thermus aquaticus. The Journal of

Biological Chemistry, 264: 6427-6437.

23. Leah, R., Tommerup, H., Svendsen, I., Mundy, J.

(1991) Biochemical and nolecular characterization

of three barley seed proteins with antifungal

properties. The Journal of Biological Chemistry,

266: 1564-1573.

24. Legrand, M., Kauffmann, S., Geoffroy, P., Fritig,

B. (1987) Biological function of pathogenesis-

related proteins: Four tobacco pathogenesis-

related proteins are chitinases. Proceedings of the

National Academy of Sciences of the United State

of America, 84: 6750-6754.

25. Li, Y. C., Yang, Y. C., Hsu, J. S., Wu, D. J., Wu, H.

H., Tzen, J. T. (2005) Cloning and

immunolocalization of an antifungal chitinase in

jelly fig (Ficus awkeotsang) achenes.

Phytochemistry, 66: 879-886.

26. Lin, F. P., Chuang, H. H., Liu, Y. H., Hsieh, C. Y.,

Lin, P. W., Lin, H. Y. (2009) Effects of C terminal

amino acids truncation on enzyme properties of

Aeromonas caviae D1 chitinase. Archives of

Microbiology, 191: 265-273.

27. Mabuchi, N., Araki, Y. (2001) Cloning and

sequencing of two genes encoding chitinases A

and B from Bacillus cereus CH. Canadian Journal

of Microbiology, 47: 895-902.

28. Mostafa, S. A., Mahmoud, M. S., Mohamed, Z. K.,

Enan, M. R. (2009) Cloning and molecular

characterization of chitinase from Bacillus

licheniformis MS-3. The Journal of General and

Applied Microbiology, 55: 241-246.

29. Neiendam Nielsen, M., Sorensen, J. (1999)

Chitinolytic activity of Pseudomonas fluorescens

isolates from barley and sugar beet rhizosphere.

FEMS Microbiology Ecology, 30: 217-227.

30. Okay, S., Tefon, B. E., Ozkan, M., Ozcengiz, G.

(2008) Expression of chitinase A (chiA) gene from

a local isolate of Serratia marcescens in

Coleoptera-specific Bacillus thuringiensis.

Journal of Applied Microbiology, 104: 161-170.

31. Okazaki, K., Yamashita, Y., Noda, M., Sueyoshi,

N., Kameshita, I., Hayakawa, S. (2004) Molecular

cloning and expression of the gene encoding

family 19 chitinase from Streptomyces sp. J-13-3.

Bioscience, Biotechnology and Biochemistry, 68:

341-351.

32. Pantoom, S., Songsiriritthigul, C., Suginta, W.

(2008) The effects of the surface-exposed residues

on the binding and hydrolytic activities of Vibrio

carchariae chitinase A. BMC Biochemistry, 9: 2.

33. Patil, R. S., Ghormade, V. V., Deshpande, M. V.

(2000) Chitinolytic enzymes: an exploration.

Enzyme and Microbial Technology, 26: 473-483.

34. Robertus, J. D.,  Monzingo, A. f. (1999) The

structure and action of chitinases. EXS, 87: 125-

135.

35. Sheng, L., Zhi-An, Z., Ming, L., Zhen-Rong, G.,

Chen, B. and Wei-Da, H. (2004) Purification and

characterization of a novel chitinase from Bacillus

brevis. Acta Biochimic et Biophysica Sinica, 34(6):

690-696.



WlAuBqÿ ôøívBðú uBqÿ só @ðrüî ÞýPýñBqAqGBÞPpÿ |A4B... 94

36. Shinshi, H., Mohnen, D., Meins, F. (1987)

Regulation of a plant pathogenesis-related

enzyme: Inhibition of chitinase and chitinase

mRNA accumulation in cultured tobacco tissues

by auxin and cytokinin. Proceedings of the

National Academy of Sciences of the United State

of America, 84: 89-93.

37. Shiro, M., Ueda, M., Kawaguchi, T., Arai, M.

(1996) Cloning of a cluster of chitinase genes from

Aeromonas sp. No. 10S-24. Biochimica et

Biophysica Acta, 1305: 44-48.

38. Sitrit, Y., Vorgias, C. E., Chet, I., Oppenheim, A.

B. (1995) Cloning and primary structure of the

chiA gene from Aeromonas caviae. Journal of

Bacteriology, 177: 4187-4189.

39. Suzann, E. T., Smith, M., Wilkinson, M. C., Peek,

K. ( 2001) Identification and Characterization of a

Chitinase Antigen from Pseudomonas aeruginosa

Strain 385. Applied and Environmental

Microbiology, 67: 4001-4008.

40. Suzuki, K., Taiyoji, M., Sugawara, N., Nikaidou,

N., Henrissat, B., Watanabe, T. (1999) The third

chitinase gene (chiC) of Serratia marcescens 2170

and the relationship of its product to other bacterial

chitinases. Biochemistry Journal, 343(3): 587-

596.

41. Suzuki, S., Nakanishi, E., Furihata, K., Miyamoto,

K., Tsujibo, H., Watanabe, T., Ohnishi, Y.,

Horinouchi, S., Nagasawa, H., Sakuda, S. (2008)

Chitinase inhibitor allosamidin promotes chitinase

production of Streptomyces generally.

International Journal of Biological

Macromolecules, 43: 13-19.

42. Svitil, A. L., Chadhain, S., Moore, J. A.,

Kirchman, D. L. (1997) Chitin Degradation

Proteins Produced by the Marine Bacterium Vibrio

harveyi Growing on Different Forms of Chitin.

Applied and Environmental Microbiology, 63:

408-413.

43. Tantimavanich, S., Pantuwatana, S., Bhumiratana,

A., Panbangred, W. (1997) Cloning of a chitinase

gene into Bacillus thuringiensis subsp. aizawai for

enhanced insecticidal activity. The Journal of

General and Applied Microbiology, 43: 341-347.

44. Thamthiankul, S., Suan-Ngay, S, Tantimavanich,

S., Panbangred, W. (2001) Chitinase from Bacillus

thuringiensis subsp. Pakistani. Applied

Microbiology and Biotechnology, 56: 395-401.

45. Tsujibo, H., Orikoshi, H., Tanno, H., Fujimoto, K.,

Miyamoto, K., Imada, C., Okami, Y., Inamori, Y.

(1993) Cloning, sequence, and expression of a

chitinase gene from a marine bacterium,

Altermonas sp. strain O-7. Journal of

Bacteriology, 175: 176-181.

46. Ueda, M., Miyabe, H., Teramachi, M., Miyata, O.,

Naito, T. (2003) Novel intermolecular carbon

radical addition to a nitrone: asymmetric synthesis

of alpha-amino acids. Chemical Communications

(Cambridge, England), 7(3): 426-427.

47. Wang, S. L., Chao, C. H., Liang, T. W., Chen, C. C.

(2009) Purification and characterization of

protease and chitinase from Bacillus cereus

TKU006 and conversion of marine wastes by these

enzymes. Journal of Marine Biotechnology, 11:

334-344.

48. Wang, S. L., Hsiao, W. J., Chang, W. T. (2002)

Purification and characterization of an

antimicrobial chitinase extracellularly produced

by Monascus purpureus CCRC31499 in a shrimp

and crab shell powder medium. Journal of

Agriculture and Food Chemistry, 50: 2249-2255.

49. Wang, Y. J., Yang, Q. (2009) Cloning and

expression of a novel chitinase chi58 from

Chaetomium cupreum in Pichia pastoris.

Biochemical Genetics, 47: 547-558.

50. Wen, C. M., Tseng, C. S., Cheng, C. Y., Li, Y. K.

(2002) Purification, characterization and cloning

of a chitinase from Bacillus sp. NCTU2.

Biotechnology and Applied Biochemistry, 35: 213-

219.

51. Xiao, Y. H, Li, X. B., Yang, X. Y., Luo, M., Hou,

L., Guo, S. H., Luo, X. Y., Pei, Y. (2007) Cloning

and characterization of a balsam pear class I

chitinase gene (Mcchit1) and its ectopic

expression enhances fungal resistance in

transgenic plants. Bioscience, Biotechnology and

Biochemistry, 71: 1211-1219.

52. Yang, C. Y., Ho, Y. C., Pang, J. C., Huang, S. S.,



||ìXéú ìýßpôGýõèõsÿ kAìLryßþ, kôoû 7|, yíBoû 1|, 0931 05

Tschen, J. S. (2009) Cloning and expression of an

antifungal chitinase gene of a novel Bacillus

subtilis isolate from Taiwan potato field.

Bioresource Technology, 100: 1454-1458.

53. Yano, S., Rattanakit, N., Honda, A., Noda, Y.,

Wakayama, M., Plikomol, A., Tachiki, T. (2008)

Purification and characterization of chitinase A of

Streptomyces cyaneus SP-27: an enzyme

participates in protoplast formation from

Schizophyllum commune mycelia. Bioscience,

Biotechnology and Biochemistry, 72: 54-61.

54. Zarei, M., Aminzadeh, S., Zolgharnein, H.,

Safahieh, A., Ghoroghi, A., Motallebi, A., Daliri,

M., Lotfi, A. S. (2010) Serratia marcescens B4A

chitinase product optimization using Taguchi

approach. Iranian Journal of Biotechnology, 8:

252-262.


