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ABSTRACT

Chitinase ( poly -1,4- (2-acetamido -2- deoxy ) - D - ghucoside
Giycanohydrolases EC 3.2.1.14) was extracted from Culex pipenes,
Spod littoralis larval stage and M i ica, Periol ”
adult stage. The optimumconditionfoxmmdmumchiﬁmeacﬁvitywm, at
40 pH ,35°C as a reaction temperature using chitin (an insdubic lincar B-
l,&ﬁnkedpolymerofN-aeetylglucosanﬁne)asenzymm:L

' An attempt was made to evaluate the ability of the tested Pesticides
to inhibit the chitinase activity from different sources. The Isp values of
diuron were 4x10-5, 3x10-5, 3.7x105 and 6x10-M for S. littoral, P.
americana, M. domestica and C. pipienes, respectively, and the 15, values of
chloropropham were 3.7x10%, 4.6x10°5, 5.1x10-5 and 1x104M for s
littoralis, P. americana, M. domestica and C. pipienes respectively. However
propanil incrase the chitinase activity more than control. On the other hand
the percent of chitinase hhibitionbydehamix;whowb.ﬂdiwh,

paracxon and DNOC were 21,20,18,17 and 15 respectively.

The data shows interactive of different compounds studied on some
biological parameters of treated insects depending mainly on the effoct of
these compounds on the chitin biosynthesis. '
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INTRODUCTION

Chitin an insoluble lincar B-1,4-linked polymer of N-
acetylghicosamine.is 8 common constitueit of fungal cell walls and of the
exoskeletons of arthropods.All organisms that contain chitin also contain
chitinase (poly-B-1,4-(2-acetamido-2-deoxy)-D-glucoside glycanohydrolases,
EC 3.2.1.14),which are presumably required for morphogenesis of the cell
walls and exoskeletons (Gooday,1977),.Other organisms that do not contain
chitin may produce chitinase to degrade the polymer for food, c.g. soil
bacteria that ‘secrete chitinase in response to chitin in their environment
(Oranusi and Trinci,1985)and the digestive tract of fish (Danulat and
kaursch,1984) Plants also have been found to contain chitinase, often after
enzyme synthesis has been induced by microbial infections or other injuries
(Pegg and Young,1982; Boller ct al, 1983; Boller, 1985) . Since plants do
not contain chitin in their cell walls, it has been postulated that they produce
chitinase to protect themselves from chitin-containing parasites (fungi,insects)
(Abeles et al ., 1970 ; Bel, 1981; but direct evidence supporting this
hypothesis has been laking (Boller, 1985) .

Vertebrates unlike invertcbrates, have an internal bomy skeleton
however invertebrates have exo-skeleton. This exo- skelton might constitute
2 useful target site for insecticidal cemicals ( Gunnar et al. 1974). The special
vulnerability of the insect cuticle is associated with the need to moult. Most
oftheqcmicalskthatacttoh'ﬂinsectsbyaﬁ'ecﬁngthecmicledosoby
compromising the insects ability to moult. It might be a good target for the
development of selective insecticides ( Landureau and Grellet, 1975).

Most conventional insecticides are neuro-toxicant in their action,
However, a numbet of agents are known or to have their primary effects on
the cuticle as inert dust ( Chen and Mayer, 1985), . Also IGR’s are
commonly disrupt moulting process. Certain chemical insecticides as acylurea
acts by preventing, synthesis and deposition of normal cuticle during the
preparatory period of the moult — cycle that precede ccdysis( Deul ct al
,1978) . | |
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MATERIALS AND METHODS

Chitinase was prepared from its sources as reported by Deul ef af
(1978) where 3.3 g tissue was stored at.0 - 2 OC the remainder as

homogenized in 10-3M Clelands reagent (dithiotheritol), DTT) (viw =2).
The mmgum:wasocnn'lﬁlgedforISnnnaﬂZOOOg An equal volume of -
saturated ammonium sulfate ‘solution was slowly added to the supernatant.

Aﬁerstmmg for 1hr, ﬂxeaspensnonwascaﬂxfngedbrlOmathOOOg,
The precipitatc was washed with half- si‘mmmmnnmteaonmn
aod was recentrifuged, afier which it was suspended in a small volume of

water, followed by dialysis against runming tap water for 20 hr. Any
occasional prec:pnatewasrennwdbycemlﬁgamnuﬂwaSWasu
proved to be enzymatically inactive. Aﬁudﬂmmwaddedtotb
oqgmltatn (viw =2). All mmpulammwuewmdomat 0 -20C.

.I.o.........,,«l as f""‘ﬁﬁ‘l h R‘.;...... f.‘ﬂ- \l’).‘))ﬁf'—‘—"-_“ | J_._AAJ(

by Pegg and Ym(l%)mmmmmdoﬂ‘mm,
buffer and wave-leangth 416 nm was used instead of 544 nm. 25 ul of chitin
(20mg/ml), 100 ul of enzyme prep and 225 ul of sodium acetate buffer, pH
4.0 in total volume 350 ul. The enzyme substrate mixture was incubated at 35
OC for 60 minthen the reaction was-stopped by adding 100 ul of 0.8 M
borate buffer pH 10.0 followed by detemination of N-acetylghacosamine by

the method of Reissig, et al. (1955) . By adding 1.5 ml of DMAB reagent.

The samples were placed in a shaker water bath at 35°C for 20 min the
samplumms:mdq;ectmpbotomtermﬂyatmlmgthﬂ6mn

Inthemhibmonm:dm,ofdmnme actrvny lOOu!ofthemym

presr—— sevnesbund aw ] Aaffilha Ll B AN el AL
pvyui'a‘;ﬁﬁ %ﬁﬁumﬁ‘dw‘ﬁhieu}ufﬁwumwx 30T SV -, WiC COZyTo- -

inhibitor - mixture was used to measure the remaining activity. ’nlepueeun
vitro inhibition was calculated using the following formula:
%_m_v_m:zmhibmon-y_\nxloo

v R
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A series of s@dﬁﬁwﬁummnm“wﬂhnnvahmoflzs ‘
3, 35,4,45 5, 5.5, 6, 6.5, and7rapecnvelyweteprepued.m
sohitions weré used to mwmmammpnvam
Table (1) shows that pH 4.0 ,is anoptmm;)l-lvahmforchnweacuvny
for extracted samples from Musca domestics , Periplancty americand,

Spodoptera i , Culex pipenes, Which mm‘ﬁﬁfc}uwwmty
preparedﬁ'om mbylmnaandiolm,lm

To uwy&a‘*ymmhmmlmofthechmsamny the
enzyrmnc reaction was carried out at 15, 30, 45, 60, 75, 90, and 150 minutes
as 4 time mmmmMmmmmof‘

NAGAwasmmdateachofﬁneMmAmwa
al method(wn) Table(l),repreea!ts the time course of the hydralysis of
chitin it the persence of chitinase - from different insect sources during this
study.The results indicated ﬂﬂthehydrolynsofchnmwasakmalmw
to 60 mimitcs . m..avmmnmmfoundthaﬂhcm-combrchnh
hydrolysis by chitinase washnenmﬂ!hrthadxﬂ‘ummayhenmed'
to the differemt sources of chitinase - whtchwereusedordsffemm inthe
conditions of the enzymatic reaction.

lhccmnmseactrvﬁmmmﬂazdxﬁsmtmmanmm~
tested were 5, 15, 25, 35, and 45 °C. The activities of chitinase
wm@kumadfa;d&ﬂ%&w“mtmm It is quite clear-that the
rate of chitinase-catalysed reaction reaches a maximum with increasing
temperature. Tboﬁmmmemme,ﬂwhwhﬂnmmmwbcny
occurs, was about 35°C. AlamandRoby(l982)snggwtedthattbopmnn
temperature forthemebnseedlmgschnmsewmﬂoc While the optimum
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temperature for Trichoderma harzianum chitinase was 40 OC, as was
reoordedbyUlmadeolm(lM)

Thexelanonsmpbetwemtbcchmmseactlvnyandthcpmm

contents of different sources preparation was tested. The rate of chitin

hydrolymswasmmedndtﬂ"mwotcmoomemmonakmmsw
that the chitin intial hydrolysis rate was directly proprotional to the protein
concentration. An increase in activity of the chitinase was more evident

within a range of 20-40 ug protein of Musca and Pexiplaneta chitinase and
was 10-20 ug protein for Spodopters and Culex chitinase |

Table ( 1 ) Optimuum conditions forchhinasemzyntmivhy,cxuacted'ﬁom

Musca Periplaneta | Spodoptera | Culex pipiens
domestica | americana littoralis - .
PH 40 4.0 40 | 40
Time 80 80 80 80
Temp. 35 35 35 35
Protein 32 28 10 12

The optimum conditions for maximum chitinase activity for the four
different sources were upH40andumg35°Cuureacuontempemm
The enzyme substrate mixtures were incubated for 60 min i of

W mwre MEWREESY WA

optimum enzyme protein concentration for each source.

e A

The eficct of BSA on the chitinase activity was mmmedn
‘conoentnmons range from 0.2 to 10 mg protein/ml in the reaction mixture.
Chitinase activity was enhanced by the addition of BSA, maximum activity
occurring ataconcentrabonoflOmg/mlBSAmthcmchonmnnmﬁ)rthe
:}lnchnmwr:fs:sitnﬂumhsmnponedbyPeuMYm

\1704) ,WMWW!WOIWWOIBDAWMM
extracted mmmme&ctofdﬁawwm
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of Mg'? , Ca*2 and ‘Mn*2 on chitinase activity . No evidence for 8
requirement of metal ions (Mg*2, CazorMnﬂ)wasﬁ:md,ﬂﬁnugh
aclivity was enhanced glightly. So, the chitinase bas has no cation requirements
foractxv!!y These results -are paraliel withtlmsuggestedbyAndrewgg
(1982) ‘in their s.“u-dﬁmmmﬁmmﬁandchamtenzanon of chitinase from
the " stable ﬂy Their data mdmatedﬂmtchnmsehasnocutmnmq\memems
for uctivity. HovnverMarmmdSmson(l%l)fomdﬂntthepremof

Ca*z mhghchnmwwhybtmofmmmm'

Tabie (2) : Chitiaase specific .-.oﬁvitim from dlfferent sources.

M. f S , C
Poni { Domestica | amervicans Lindralis Pipienes
O g $16mg L protetedr | 1036 .| 2172 3213 | 22.59
y - 032 | 4340 | +120 | +020
Kmmg 0.006 0.005 0.004 | 0.002
Vmazmg 44 4.5 3.0 46
{or o - meuM -} 370 | 300 40.0 60.0
Lo KiuM 9.0 - 10.0 15. | 300
Kmmg 0.002 0003 | 0004 | 0002
Vmax mg - 44 42 | 31 4.6
159 uM 510 460 370 - 100
- KiwM « 17 20 10 y)

o inhibition of chitingse activity ‘
The chitinase enzyme activity was found to be higher in §. littoralis
than C. piplenes, P. m\mcam,andM domestica. The most sensitive assay
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for chitinase is a radiometric method by (Cabib, 1987) and that used in this
study mamdnﬁedverstonofﬂnmhodd&ecﬁbedbykmsstg.gn! (1955).
AsdmcussedbyBarrett-BeeandHamilton (1984), the state of sub-division of
chitin particies can influence reaction velocity. In addition. the specific
activities were ranged from 10 10 32 / a5 416 mg-1 protcmhr"depcndmg
on insect siage, if i is immature or mature, Tabk (2). Itisc'rcar;hatﬁ-f
tested insect cxtractswecapableofdegmdmgachmnmbstmtewlmhlnd
been exposed to such mild conditions during preparation that there is good
reason to believe it was relatively pure native chitin. The determination of
chitinase activity in the various extracts of adult and mthepnofmam
mectsmmesthequmnoftheﬁmchonoﬂhsenzymmaduhmct&

" The Iy valu&sofdxmonandcbmprophamagamstenzymem‘acted

LY. S e a2 Table £9) . 2 flente shat Loeene acd
from diffcrent SOUrCceEs as SOWND I 180X (<), mdcate tnat Qiuioll ana

chloropropham are potent inhibitors of chitinase . The effect of tested
mmmundsonsomeenzvmeoomtmmawhnsli.valucm presence of

diuron or chloropropham shows as a poterit competitive inhibitors in vitro
for chitinase from all sources. K; values were 15, lO9md30uMofdmnm

and for chloropropham were 10,20, 17 and 22 uM against'S. littorxdis.
_ P.americana, M.domestica and C.pipiens chitinase Jespectively. :

Chitinase enzyme extracted from Spodoptera littoralis larvae ‘ase

source was the most sensitive to chloropropham with 150 3.7 X10 M. Also
chloropropham shows a competitive inhibition potency. It is clear from these
results that the inibition constant valuesvariescomidcrably_fromsomcew
another source enzyme.

Pmnnn" 33 increasing . cdmaen nMn':giy m a cemmh\nfmn donandant

manner, which is due to the different in structure configuration of propanil
from diuron and chloropropham. ‘

" On the other hand the percent of chitinase inhibition by deitametrin,
methocarb, aldicarb, paraoxon and DNOC were 21,20,18,17 and 15
st roaky ‘

IW‘IVVIJ-

" Propanil is increasing citinase activity in a concentration depandant
manner, which is due to the difference in structure shape of propanil from
dmronamlchloropmpham.
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Effect of Chitinase inhibitor compounds on the biology of treated
insects,
' Using ﬁﬁynd\msofhouseﬂymectsM.Qmmtedwu

Qh 1. Mmohn af clarnnennham divenn nhanvhires sennanil and veea

compounds Reared under normal condition and calculate the different
bmbwalparamtmdumgtwomegmnm.

Table (3): The effect on egg pmdueﬂon ‘of two sueccessive generation
produced afier ireatmeni of adulis of M.domesiica wiih tesied
compounds. " : ’ -
Comp. Noaof | Weight | Days | Time | Pupse % | Aduly

odult (of egglof  |of  |produced | pupetion | emerged
Control % faying | Hateh.

Fi 50 2076 120 |825-|2187 {972 |2117

F2 - 150 (2127 |21 96 2200 {980 2150
fi 150 {707 13 170 612 790 | 478
F2 50 |924 15 150 [819 827 |677
Chloropr , ,
;;"" 50 1921 15 |13.14 {652 809 {524
) 2. 50 (1040 |16 110 | 940 8.3 |811
panitFl 150 11979 |17 |83 2170 |97.6 {2117
F2 50 |2000 |18 90 2275 |982 |2235
Phenyl . _ :
{weaFl 150 11129 117 [1040 {1120 |921 |1032
F2 50 |1224 |16 95 [1280 938 1200
Ures

FI  |so |99 |17. |o7 1397 {949 1325
F2 50 1471 |17 78 1460 1973 | 1420
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Table (3), shows”’a prolongation of lapse time for all tested
compounds except urea compared with mother colony. The most effective
compound was diuron followed by cloroprophema then phenyl urea and
pmpanilAhodad\owsslmmmgmdaysofegghymg Thsagmethh

which found by Madore ¢t. al, 1983, An intereasting feature was the pattern

oftcrﬂeofdecﬂi:hpuuﬁngeofpupﬁnnofﬂnmﬂmmgemyof
F: , F; generations folowing treatments with afl tested compounds . This may
be due to interference of tested compounds with the ability of insect instar to

eat properly which is result from reduction of chitin biosynthesis (Abdel-

Monem ¢ 3l ,1980). Diuron was the most efficctive compound followed by

~ chloropropam then pbenyhna.mumdthcmeﬂ‘ecuveonewumpuﬂ

on the biology of treated housefly strain.
mnﬁecthohgedmmdepmdmmﬂmlyon theeﬁactof

thcsecompoum!sondxnm:ymmmibnwn(mgﬁ. 1980). The

P o . 2! Asewnotinn
ﬁuﬁ‘nﬂ lHl.‘l! 'ﬁ.‘uﬂlﬂlw bu&&'ﬁ GEPOSLIOn, Wuv M‘u

cmnsymhun. This effcct may due to the penctration of the treated
compound to the peritropic membrane and passsge through the gut
epithcium. Perhaps chitinase treatment . allows greater mumber of
nucleocapsids to penetrate the damaged peritropic membrane,pass from the

ﬁlmwuslmmw“mw&”‘"ﬁwmkﬁﬁﬁ%kvf

rephcahon.(Shapmogal l%?deetdmﬁﬂ,l”l).
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