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Purification , characterization of chitinase produced from
Bacillus subtilis and inhibitory activity on some fungi
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Abstract

Bacillus subtilis with highest production of chitinase was selected among other Bacillus sp.
Chitinase was extracted from culture media contain shrimp and fish-shell powder as the major
carbon.

Enzyme was purified by anion exchanger (DEAE) and Sephadex G-50 Gel filtration with
yield and Purification fold, 33.18% and 11.01 respectively.

Optimum PH for activity and stability was 6,5 and 5.5-8 respectively, The purified enzyme
had Mw. 37 Kd. Inhibitory activity was 100% against some molds after incubation for 2h with
sterilized chitinase solution (Unit).
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dadial)

JSG gy daphall & 3aa) 58 G e Hsbilall ey e gL BB e s Mo s 005 52 amie S (i)l
sl ) Aol o Leany e Adasi jall L0aY) N-acetylglucosamine (» dgbite Glasy (o o5& (g pae el s
acetylamino e geaa (e Cp 05 S adse (o (5580 3 ) shlull haa 40liia 43S 5 o) WeSe B(1-4) £ 55 (0o A sSOOIS
Gl pdall s 4y aall il )33 g 48 ) bl et ddlise QLS (8 a5y g ¢ [1]deS 5 o0el) Ao gana (e Y
Cun (o (5 sbene 4l 138 5 A5l se ) gl 5 el gall Al 5 LiliasS Wl Jlahy (U L [2] lladall g il phadl g iy 580
Jgrasll el 5 01 e Al o 3ha) i ety 1SS Je il Cag yla e 5 ) &y g ¢ pmalall JSEA 5 el
Jias e Jeny (13.2.1.14) Sl Jaill cilag 35l (e g5 i€ oy 33l Al g Jlay o) she W e s Jaladl) Als )
[3] A Y1 adhan 5 I Ll s (S

lpazy O (i Ay saaslll 450V 5 4 gual) Claliaall daglie iy hadll L S Jie daia jaall elal) e el mual
el PO i) Slabiadd) (e Gl g le (e ) o ) Slelaa¥) & LE Ml Alarioall 4 pal) Claliaddl S 4 5lay
I, [4] sbimal) (e gl 5 (530 m dn sl Ll 5 Law syl alle 6 cilianll S (305 1 (500 138 5 Al i
Gl JIas 8 ada odluY) Coags 4 jeaall clal) adWh g Adliaa jabias (o il 2L D &8sl calu) jall cagas)
W8 s kil el TaaaY) e Shab duaall Guead) @ Al bl samie <l Su aie iy sl
O an s Hras dlew) Gaa e skl Bacillus subtilis LS (e 3ailSll #lal [5] 4delea s(Wang)
Lol aasiill o 05 4l )5 Cellulosimicrobium cellulaus 191 L 5iSs (e 5l A g 2l e [3]  Jee Gl
Al 55,2l 4l Bacillus sp. b s oa ) i) ol 36 [6]

166



2012 / (ale / 2 ) asmd) - dilad) Alaall — dalad) ¢34 S Arals ddaa

Gl Jas 8 adia 30530 Bacillus sp. LS e Sl s 3 sy Al pall sdd el (Wl s e
Qhﬂ\@éﬂ@‘jbﬁ}h)@))dhmww\

Jandl (3l sk g 3 gal
Cada s Olas )l ) 58) clalaall dlaleay @l [7] 48k aun s sl 8 e 4y agl) Cliliall (§ e gudaal -
. (100-140) mesh b Jaia & Jiig gadaga 60 dan 08 (A caia ey taal) slall ae (Hlansy)
A dua 4y geanll g Jae 555 peal g liall (3 gul (& Slan) Saa 8 83 g gall &y 1l (e e 8 ;A J e -
70 A0 e plas 8 il 5 (10,196 ) pbaal) () st ele (g Jo 90 (e (g sla Gludld b Caanm g5 die IS (a2 10
by e gging b o iy et IS e de 0.1 380 Laany | (5 AY) 4 pdall Cadlall) & juas 54880 30 Bad 6
. [8] Aelus 24 524l & 37 4,y (]l s Nutrient Agar
K2HPO, , 0.7 ;KH2POy4, 0.3 ; MgSO,, (D o) e oSl seddl) oy Jenin) 3 gl Ay -
e ple 10 48l ae 0.5;FeS0O4, 0.01; ZnS0O4,0.01; MnCl,, 0.01; (NH4)2S04,0.25; Yeast extract ,0.2
Ao pany  [9] 7 s a8 die JSIal e 15 5 (101 Al Chvall g Gl )l 88) emaad)l Claliall (3 saase
3aall @ jall i 3 [10] clearing zones(cz) 43 sSiall Ll plad e Malade) caly e &Y sl | bl 3 334l 5 30
Slo gsls Ja 250 Ao Sludl Jleainly Caais 4be SISV dlagind lae odle) b Sall i e (g gind) Y1 Jas s
Alaill 308 Gl O saals 388 / 553 150 Ae juuss o 30 G, 5318 abals b gy Jilad) sl e Ja 100
p ) S L e Ay 331 Alladl) e 5 (bl 30LS (g gl (Sl Jleainse [6] (Lee) dish con Laay 53V
A il Cag yla et dads JSI N-acetyl glucoseamine (s Jses sSile 1 sl 4a 330
Gomme IS O &) SN 318 ) (e a2 1 gaday Al [6] A b coun g piidall (A s 1 (g g Al (Sl pudaad -
200 Glaall Casal 5 | 2 4 Aa 5 ALlS A sadd elaling LA e aimngs S el HOL el (g o 20 4l Casaal
s all i) Jlaainly ol Bl geae o 25 Aa s delu (12) 3 gyl @l il aa (% 95) 2ol JSEY) e da
a5 (PH 7) Jobaie (55 50) Sl Jaad e elo Jaxinls Just o5 4882 20 52 43 / 5550 5000 e s
i) gaad a4 4a )2 (A 5§ sase S8
[11] Ayl s a8 ;g ) JuS 5 S -
[12] dsinsaSl s A pekial) ciloa sadll e labaie ) 5300 daiiall A jal) Cacadid 3 audiatil) -
25,20 ,15,10 Oxic saill Jows g I CHlaliall (5 smusa (pe A8 Cansd G 5o ¢ g Y LY Tl g plal) A o -
5300 4585/ 552 150 de yus JI3 e 8,7.5,7, 6.5, 6 s 508 o850 37, 35, 30 s s die i/ o) 2 5,
. [10] deLs 96:72:48:36:24
20 52 12000Xg de s (58 pall 2ail) Jlamidlyy Gmall B2 sl day Ao jall gudl ) (e ma V) B a3 480 -
(12 2m 530 Cuyyal ey o 4 A0 9 90-20 e A die o518 5] iy € Jlentinly il ) 3 5 &3 dida
DEAE Jalull ebilu\..\ ‘;—Iﬁ‘i\ Jalatll ddabo ge <y 2y (a.a_)."}“ ‘f" (95_)‘2(}4 ‘E,JA 50,pH 6) (aﬁ&}..aj\ Cildu 68
G-100 Sl mudi il o2 (ein/de 5 adlgg deln / Ja 30 Cbs Jaras 2.5x45cm)Sephadex A-50
- [13] 2l Slea Jleninly S 5 daa 3 lladl) A e 4y glall o) 52 Cinan (s 38/d0 5 @ 525 4l .5%80)
. SDS-PAGE 235> 5: [14] 38k s 538 1 ) 0ol i
Can gl i 5ol s Gila s Jlextinls [6] ARyl s oy 1 A ) Aaladl) (B a5 g 280 9 50 Al il Al jo-
2ny Aiial) Alladl) e dlaie Wl <yl oy 530 4y ) sl A58 ( pH 7 oY se e 50) ldassill (5 5)a (8 2 80-35 o
(9-4) o a3 AdliAe dyia 5 yua a8 ) e Alladl) ¢ a8 SIS 14580 60 32ad 4 70-50 (0 522 (paal)
AL (3 e | (5 5nd) GBS (e ()5S (196) Adlide bl 3l 5a pe (s ) oy 35V 2 (i) Bala Juad) Al 3 -
) die o 50 guall Cldis g (5 ) Ga 5HY 50 (e 50 (& Al Ll 5 ) CMC Jsbbis e (S 50 )8 Ol slSI 4,
. [6] 428245 324l s 553 x4 )356.5 g
Na*, Fe*?, Mg*?, Ca’, Cu™?, Zn*? | K* <V Ailaal Gy : dsa 331 Adladl) o Ldumal) cilip¥) 580 A o -
. [6] deliid ladla N (5 5Y 5a a4 S i
alaie ) Lgumpdidii s 4 il (e Led Jo 2ay AU ey pladl) a9 iy phadl) Gl paa JIad (A ABlall ay 3N (gaadati -
Rhizopus sp. , Mucor sp. , Penicillium sp. , Fusarium sp., 25 [15, 16] (? s:inall apiiiaill miiléall e
JS ety @l g Sl 53V Jlerinly Ledanii 48 jaal [3] 44 )k caaie) 5 Aspergillus niger , Trichoderma sp.
glsVU o )l gl 81 &1 W) (585 amy |2 28 da Bl 7 52 PDA b e gsls il B eas e b
JFeS04.7H,0 ; 0.05 ,MgS04.7H,0 ; 2 ,NaCl ; 2, KNO3 ; 0.3, S ; 10 ,csihs L (Uil j2) (e 0 sSall
150 & s p 28 31 Aau et Lol 50 Ja 50 (e (s sts Jo 100 das @3l Jlaxinds 0.02 ,CaCOs ; 0.01
e G it psalstlall | 0 5 s jay (3383 6 52e] 3000XQ de o 5 )S e i dilee Cy jal | el 20 B2al 4883 /5 90
bl Bl o Ja 0.5 Jii bans, (5.8 s a5 55 50 0.2) Slausill (551 b Gle s hial oLl aa

167



2012 / (ale / 2 ) asmd) - dilad) Alaall — dalad) ¢34 S Arals ddaa

\::M\’Mkmu\)ﬁﬁgsgﬂ);}asL»ZEMeSOﬁ)mwa;(dA/éLun) M\H}‘g\wghjlgzc‘iﬂ;}
A3l g 33V (s GBlaall Jarin) G| gl o il ol Allaiall

WM\JGM\

2 70 Aa ) o il cpdd A (e Adlide (SLY 5 45l (e Bacillus LS Je didee cyjal 1Ay adlg Jad
b LS a4l Jaall L 0 il 2 lasey | [8] dullall A y)al) ol JaaY 3 A gadll sl o elonill
S ieae i (sally KI5 paase e o stal) ciloall Ja (e Lgtats QYA (e a1 2L
O Jsn SV sl B gl 3 [7,10,17] sl (e waall 4380 138 5 a5V ZUY Ela Bale 435S e Dlaiad
o2a | Yl Culac | Jath Lgia 1] Jasgll o d0ali 3 panionn 46 ey Cus | ilSl Jlas e Lt jad e AV <) jenioal)
A LS5 T e shal Lo S A 5 1 (e 5S) Led oS 52mS VL i e halie) Cidion Byg I By slamall 5 <Y 32l
-l Lo ()l )5 Wbl By, Bos , Boz , Bg ¥ sl ilS (1) Jsaa (A e

S oy 3 ) 8 LS apanl Ay 00 Y all Al W AL il (1) 50

()]l AL L3 N s 25
0.56 B
0.71 Bs
0.54 Bg Az
0.99 B,;
0.83 B3
0.82 Bao
0.77 B,
1.24 Bg
2.31 By, RYES
1.94 Bs
2.28 Bs,

134.64 4c 5 ddlady BZZ@«“«JJ’; Juadl o) & yelad PO Apaliil Juzadl Calac b @ 5all de gl dulladll &y
(1) dSE L a5 LS s (5 AN Y all ae 4 jlia arle/sas

4 ~
160

140 -

120 -

100 -

80 -+

60 -+

(pidafBang) A 530 Aladl

40 A

o
B22 B54 B8 B25
\_ ERN ] )

Bacillus sp. LiSs (e 5l ay 5l z Ll (g8 Y 5all 308 (1) JS4

Bacillus LS L) o jelad (2 ) dsan b Al clial) ) 1aliin) Cuad g 3 jal) Cadie) o) 128 e
(2) J8d A mase s WS subtilis

168



2012 / (eale / a ) aamd) - dlad) Alaal) — dpalad) ¢3S Araly ddya

e 55 il Bacillus sp. hJﬁﬂmeﬁ\}mM\uLm)uﬂ (2) ds>>

@Lu]\ claall c.a\.u]\ alaall | @
- sV # Ll 11 + o Siaua| 1
+ Sl gaadl (p S| 12 + Lall g [ 2
+ Kl 13 + oS5l Jlaal |3
+ JsSs80 |14 + Gl dlas | 4
+ EEN TS + il g | 5
- sl | 16 + ol Jal [ 6
n < | 17 ; Sl e | 7
+ JSYS| 18 + S~ |8
+ JsS | 19 + Sl gand | 9
+ CpieSa | 20 - ol Jadl) 1110

ol S domaly drnas 4 5 jeaall ai Bacillus subtilis b Sy (2)d<s

A ) Ly el i g pdal) Ay
pe o) cps A oarlefiang 147,31 Lo 5 Adlady jila) je 15 g8 CllAal (3 gaise (g0 Slias S5 daall ) aag
aginal 53 die [5] s3SIl 138 5 afiatiunall Ciley 1Y) o s Saiil€l ) e Jay 138 5 Fey 33 Allad o) gl ol (3 pmnsall dilial
e deln 72 335 6.5 (im0 550 35 (A 5l e da 0 Juadl ) WS Bacillus subtilis LiSs e giiall ay 33U
o m Y L 5005 shaa 3 [7] san s Wl alliia 138 5 aile/san 5 168.46 ) G il dglladll ladie ciliay )5 (sl
5w ad ) die (IS U Juadl o) LS las il 588 (3 saae 3 5 334 ) ae Serratia marcescens WF. b S

. Owaall e dela 725245 2 285, 2 da 2565

Jlaninly (&1 HA) e 5V Galiivad) Jiay 25 o 38 el 2l Jlaniaay dile J peanl) 5 de ) Jall il ) 0 a3 485
420.92 J e doe gl Adladll lia s I #3Y) Go paldill 5 3hall &5 0f 75 sl Ay a5 sa¥) iy 1Sy 58 il
pa i) i AN Aadl) calS o i) 8 shad 8 A0y aed GOE G jeda Cuae Qlld) (5 ¥ Jalial) aladind die aale/sas
Q) 3 glad 8 ey 3l Adlad (g Hedai ol s B (B)dsaall (3) JSG (B e a LSy i<l

25 —e— iasils 280 ApalaiaV) 140
—a— Joftan 5 day 33V Alladl)
-+ 120
- 2 A
>
‘3 -+ 100 g‘
. 1.5 =
v -+ 80 =
3 3
o 1 .
< 1 60 2
3 2
3,
-+ 40 )
X
0.5 A
[0} t t * T y * [0}
(o] 20 40 60 80 100 120 140 160
V) das

Baciullus subtilis LS4 By dalaall 4 jall (e mitall 5ilSl paladiad 5oV Jalill Ld) S s3la 5,8 (13) 84
285 Y 50 0.01 S 5% (oIl a g gaall il 8 J slaas (5 ) <)l DEAE Sephadex A-50 2 see Jleaivly
NaCl ¥ 50 1-0 (Ao z 35 B 50

169



2012 / (ale / 2 ) asmd) - dilad) Alaall — dalad) ¢34 S Arals ddaa

e a3 Adlaill (34t ) 31 a1 i V) A S Dl e ) e Ak OB el
()2l s (4) JSE (8 (ae LS ¢ [18] Audladl 35 e Jay 18 5 (g 50l

4 o e s 280 Aealaiayl )
: e Jof3an 5 Aay BV Adlail) =+ 100
0.6
3 + 80 _
4 05 3
3 =
Py 0.4 A + 60 ?
(=3 . -
g o3 +40 2
3 0.2 ey
1
+ 20
0.1 A
o] T o
o 10 20 30 40 50 60 70 80 920
GualiY) das
- J

Bacillus subtilis L_iSa By, dalaall A1 jall (e itall 3Kl Galidivad caMedl ol il La1 S gila g S (4)JS4
B i soua a8 )5 s ¥ se 0.1 1S b a0 peall Cldns 8 (5l ) el Sephadex G-100 2 e Jleninly

. % 33.18 4 Lpa 33 Al et 30 11,06 i) < ye 220 ialy 3 (3 ) Joan A Caadd Al 35k

Bacillus subtilis b5 (e paliiual 5ailSl 480 dadall 4aul o sha (3 )d s

ol | e [N el e S5 | s <l
% 4 X |l e (32a5) Lol | Gl | (Qafiany) (b
Al (prlofsany) | (Jo/prle)
100 1 5214 168.19 0.31 52.14 100 Al [aliiu)
61.03 2.50 3182.2 420.92 0.27 113.65 28 | alu S sl
& %75 astisaY
3 5kal)
56.69 4.43 2955.92 746.44 0.09 67.18 44 ¥ Jalal)
33.18 | 11.06 1730.42 1860.66 0.03 55.82 31 el i il

b 138 5 (5)JSS (A (e o LaS 53058 A3y pdea el (4) dsaa (8 Gl (sl 500 Adlall [ailiadld)
Jsanll s alall (aliival b o 30U 481 el Cilisi s ) IS e palaill Al 4al) cililas 32U 50 e daial 55 ) sea
Waie 315 o 55 5 s Ay i) o) LS ¢y 5ila S 37 s 035 [19] e 3idl Allad) 55600 e oy 350 (S 4dle
dgay 108 g cpanll (e el g e Alllad (1 9 47,32 38 43 YD sl (e Aol aal g abllad JalS o 35V dagial
U DA S i) s o Ale Al (i Alelitall iy jall 068 Jeliill il Sa A bl 350 ) il )
182.11 (I Alladll cila s 31 6.5 vie (IS Alladll s 5 50 o 5 Jumdl () LS [18] alhllad (o 6y 43108 5 Adisa o g
[19] o okl e g) Jladl) 48 sall 53 g gl Gl ALEN mpalaall (& 5 s 5 ) Q850 Gl 31 (Jaefors
Oe il Sl a3V el sl o) laas 3 [13] e a8 SIS dgiliie Clul 50 a4l gl L) o34
Bacillus sp. L (e ma 33 &) 53 [6] ae lldSe 02 5i0 Aol 93 g8 50 52 LS 35 54 Bacillus sp. LS
6.5 (Fan s m &8558 60 51 s Ax o el il

Bacillus subtilis LS (e (aliiual) 550K o 53 dalall Gailadll (4) 52

) uailadll

37 kD ol ool

e 55 ‘Qi“j\ EJ‘.)AJ‘

delusadd cli 5 55 die ) all cld
6.5 i souel) o))

8-5.5 1> 9 uell a8 )l s

170




2012 / (ale / 2 ) asmd) - dilad) Alaall — dalad) ¢34 S Arals ddaa

67 kD A Juaall

62 KD ozl cpagsl)
45 kD culld

A 30

14.4KD a3 33

Bacillus subtilis LS (e giiall aadlSll o 35 5l o)) ( 5) JSa

52 w3 Jaad Galad 3ale Jazmd) (5 229 3 (B) Jsan (B Gase 98 LSy Galia) Balall olad ay 33V (aiadS A ja o
& 49.8% Aiiie Aladyy aliiuall i) § s oamy Al LAY A 5 SH o) sall ae Al (gl G
O A SOSN8 5Ll Jlad e dery 4958 508l g8 2 39 () S5 13 5 LAl s CMC 25252 w33 dery o (s
Ll aglia il oda cilSy | [6,13] <lulall aixile a3 N-acetylglucoseamine sN-acetylglucoseamine-
LA G bl IS (el o) 5aS A0 5008 53 S 3 g0 B adiiul (g3 [17] o2a s

Bacillus subtilis L siSs (e giiall 3ilSll o) 531 Jaad Gaba) )5S Alantiondd) 431 0 5 811 3 sl (5) Jsan

0 Zuiiall 2o A S5l
100 s Al oalsl)

49.80 Claliall (3 saisa

31.29 Ol gl

0 sl dile a5 S

0 o) L

daa BV Alladl) (alads) s ) Gus (6) Jsds (A Al g doa 3V lladl) e Al Ul s 58l das
O, sl g Gaa Sl g o gaili gall § o g3 gaall 5 o gramiaall (e DS 2 ga gy G0l Cpa (A daall g Guladl) Sl gl 3 ga
s 4 (o Jladll ddga 8 ) w3V CaS 5 b iYWl eda il W1 o e (SaiY ay 3) Adlad 3 Jealal) (aaliaiy)
Ledl bl i) chelay | Gubast) 5alally a 3Y) ol ddle) ) g5 Cultina (S (g3 4ga (o alas¥) 5aLal)
Mg*2 s Ca™ 5 Fe'? 5Zn*? Ui il 58Sl 4ol el ) Adlal o)) ) [6] Ll 28 (o 58 culuad al 4gilia
, ol U gl 3 ga g0 Cuadd) s (8 Al a9 Adladl) B0l ) ) <ol 28 Bacillus sp. LSy (e Al s 3330
Bacillus LS (e giiall DSl 4llad e (5 ¥ 50 (Ao 5 Sy ddamall <l V) 580 agiul )2 2ie [2] La¥ ey,
L ZN" 2 s Al ) 3 gn 3 Ca*? 5 CU™ 5 MgH? Adlials a 30 dayis J saas cereus

5K a5 Aa 31 Aladl e Gaal) il ) G (6)dsos

%5 Aisiall ALadl) gyl
100 Control

112 Mg**

103 Na*

107 K*

92.34 Fe*

88.20 Cu*™

125.43 Zn**
128.92 Ca™

171



2012 / (eale / a ) aamd) - dlad) Alaal) — dpalad) ¢3S Araly ddya

Lday i) A lladl)

el cia laa oF Al 5 Sl kil e uliad 6 b 8 LGN Bacillus subtilis LS (e (i) o 33U () an
ZA5aiS il 3wy (M5 5 ylanll e A lEe Al a4 5Y) Adasd 50 Rhizopus sp. kil dIss (6) JS& a3
La gl dus s AY) @l yhadll ae 45 s Penicillium sp. s Rhizopus sp. ki & ddlle JIail) 4 CilS = ll
e il a3V O 3 A5 S JSal g sl gaall cand dua gadall dala 311 ) il 6 sslilall (e Allaia ) 3ol
-l yhadl) Japls 8 o 333U 4 gaad) AN iy 13a g Al by yadll LA O jaa (83 s sall Gl s ) il Jla

Ol S i 8 Jhaill A dum e (s AY) il il e JB) 4 a3V i S8 Agpergillus niger ské L)
Alend G 3| w31 Jae (Sle Lagy 138 5 LA () paa (S 55 & DB ) 5 gay 38 138 5 2 33V ae Alelaall ey LA
s Rhizopus sp. dla (& laaly (58 @A) Cudlgisoll yad e miy 5uilsll dady o sl alaa 5 Jladll
O WS dplaall by phadll 8 ANl (gl dglae  5hai 5 480 ) 5l e ganall (paandl AU 3 age 52 5 Penicillium sp.
A7) (psaloiball) 2l Lo gual) G0aS e 5 Cilimall o 5391 38 58 Lo a3 5 5 yaiall a5 l) 20aS

DSl ) A [20] LaaY a8 by pladll il il dpaa) e coaS) ddlis <l ) g bl s2a i)
Aspergillus fumigatus, Aspergillus flavus , Aspergillus niger , 25 Sl Jlie¥) w auls G2 2
Aspergillus foetus , Candida tropicalis , Candida albicans , Rhizopus arrhizus , Sclerotium rolfsii,
Rhizoctonia solani , Phytophthora infestans , Fuusarium oxysporum and Phanerochaete
. chrysosporium
Fusarium moniliforme, Aspergillus niger, Mucor rouxi (2 s olée¥) (e (slial day ) Jaslii (40 [17] oS X
L (e [5] glainl | Enterobacter sp. NRG4 LS (e el uiidSl s 33 Jleadins and Rhizopus nigricans
, )5 a5 83005 Bacillus subtilis LS (e gitell 5ilSl) e guasdlaie 9% 100 4wsiy Fusarium oxysporum cse
Novozyme 234 s el oladll a3 alasialy Gkl Glhaa Jdad e clee il jo i o) WS
.[3,21]

Bacillus subtilis L e (il il oy 5l dlaleall a2y 5 Al J3 Rhizopus sp. sk o s 7253 (6) JS&

Slalitiuy

508 ias Jleniuly slaie dlae 4,5 A e e A A 2 3Y) e J sanl) A0S0 Al Al jal) (e iy
8 Ade ool (S Ml 5 by pladll Caliie s sl sl ol slae a3Vl LS Al lae e jisies e
Aaliad) liglal)

172



2012 / (e / a ) asmd) - dlad) Alaall — daladl o304 S daals ddaa

JALAAM

1-Kurita, K.(2001). Controlled functionlization of the polysaccharide chitin . Pro.polym. sci.,26:1921-
1971.

2-Wang, S.L. ; Chao, H. ; Liang , W. and Chen , C. (2009). Purification and Characterization of
Protease and Chitinase from Bacillus cereus TKU006 and Conversion of Marine Wastes by These
Enzymes. Mar Biotechnol , 11:334-344.

3-Fleuri, L.F.; Kawaguti, H. Y. and Sato, H. (2009).Production , Purification and Application of
Extracellular Chitinase from Cellulosimicrobium cellulans 191 .Brazilian Journal of Microbiology
, 40: 623-630

Andia 736,23 dxala, G0 5 sl Hla A5 ySuall 4y soal) sl (2008) dgana 5 R, AWAN 4
5-Wang, S.L.;Lin, T.U.;Yen,Y.H.;Liao,H. and Chen, Y.J.(2006) .Bioconversion of shellfish chitin
wastes for the production of Bacillus subtilis W-118 chitinase. Carbohydrate Research , 341:
2507-2515.

6-Dai, h.; Hu, L., Huang, G. and Li, W. (2011). Purification and characterization of a novel
extracellular chitinase from thermophilic Bacillus sp. Hul. African Journal of Biotechnology,
10(13): 2476-2485.

7- Saulés , J. E. Mejia , Waliszewski , K. N. (2006). The Use of Crude Shrimp Shell Powder for
Chitinase Production by Serratia marcescens WF. Food Technol. Biotechnol., 44 (1) :95-100.

8-Benson,(2001). Microbiological application :Laboratory manual in general Microbiology.(8th
Edition).The McGrow-Hill Companies.

9-Khiyami , M. and Masmali, I. (2008). Characteristics of Thermostable Chitinase Enzymes of

Bacillus licheniformis Isolated from Red Palm Weavil Gut. Australian Journal of Basic and Applied
Sciences, 2(4): 943-948.

10- Faramarzi,M.A.;Fazeli,M.;Yazdi,M.T.;Adrangi,S.;Alahmadi,K.J.; Tasharrofi N. and
Mohseni, F.A.(2009). Optimization of cultural conditions for production chitinase by a Soil isolate
of Massilia timonae. Biotechnology, 8(1) : 93-99.

11-Lowry, O. H.; Rosebrough, N. J.; Farr, A. L. and Randall, R. J. (1951).Protein 173easurement
with the folin phenol reagent. J. Biol. Chem., 193: 265-275.

12-Buchanan,R.F.andGibbonsN.F.(1974). Bergeys Manual of Determinative Bacteriology 8"
William And Wilkinsco Baltimore.

13-Woo ,C. and Park, H. (2003). An extracellular Bacillus sp.  Chitinase for the production of
chitotriose as a major chitinolytic product. Biotechnology Letters 25: 409-412.

14-Laemmli , U . K . (1970) .Cleavage of structural proteins during the assembly of the Head of
bacteriophage T4 . Nature , 227 : 680 — 285 .

15-Hoog, G.S.; Guarro, J. ; Tan, C.S. ; Wintermans, R.G.F. and Gene , J.(1995). Atlas of clinical
fungi . Centraabureau voor ~ Schimelcultures ,Netherlands. 707p.

16-Pitt, J.I. and Hocking , A.D. (2009). Fungi and food spoilage. Blackie Academic Professional.
New York, 519 p.

17- Dahiya, N.R.; Tiwari , R.P. and Hoonda , G.S. (2005). Production of an antifungal chitinase
from Enterobacter sp. NRG4 and its application in protoplast production . World Journal of
Microbiology & Biotechnology , 21:1611-1616

18-Whitaker, J.R. (1972). Principles of enzymology for the food science. ~ Marcel Dekker. Inc. New
York, USA.

19-Segel, 1. H. (1976). Biochemical Calculations. 2" Edition, John Wiley and Sons, Inc. New York.
20-Bhushan, B. (2000). Production and characterization of a

thermostable chitinase from a new alkalophilic Bacillus sp.BG-11. Journal of Applied Microbiology,
88, 800-808.

21- EL-Bondkly, A. M. and Talkhan , F.N. (2007).Intra-strain crossing in Trichoderma harzianum
via protoplast fusion to enhance chitinase productivity and biocontrol activity. Arab J.  Biotech.,
10, No. (2)):233-240.

173



