Research Paper (Biological Control: Fungi)

Sl Ghal) (asal duilal) dadlsal) 8 Bacillus licheniformis B307 Lsd) detd
Botrytis cinerea Jhall (& cuuiall ablakllfs) gail) 4
R s 'Ok b ke b

tyakeed79@gmail.com : s A1 2l cdijgm ¢(3hiad dnals “aslall LIS cdalal) slall ple and (1)

uadlall

& sl Cal) Gajal 48LaY) Aadisall L Bacillus licheniformis B307 LAl Adeld 2019 . U algy (hpb¥) 8 ¢ jubs cube
.334-327 :(4)37 Apupd) i) 4,089 A .Botrytis cinerea shdl) (o quaial) alalakallf3, gaid)

Adaall A Ol i dlage 8 @3 385 cnalaall (o waell gl ilinnss (e Tasly c(gola)l aall (e s Botrytis cinerea [l as
DSl A e Aiaiy Chuagil Auh)l sda cual .Chitinase JumlSl aiY lgalil DA (e (mpeall Hhill 423K JalaS Bacillus licheniformis B307
o Sl 2 ) @ ablelal/ssnndl cils e gaboll tall Cusall Hladll st € 8 plad) sV Galiiadl 556 (sae aaty ADL o2 (e il
Gl o Aal) Al i copgll L defsany 14 laylaze Lpaiil &lled o Jgean) &3 Cum eysanall del)3)) &k B. licheniformis B307 ADLd)
LS LA Galiiual fafsang 0.24 ae A5aall gafsang 1.00 Lesi ddled e Joanll &5 Gun (Jund) @il %65 Lty dapiial asisal) il
Jlaxins il Lall pudooms il el L sl st 8 Gullad oo il Wi 050 5142536 s Gss e 39ng Oofigpal) dims il cpglal
(Lag) dusgpaall Bypnill il 5ok e doaloail) Alladll (ggml) ausil) il Cpglil L sasisl€sn (52018 295 1500 anas daja sels CHI4 5 CHIO (ol
=40.66 L)viar i) paliiudl dlaleall Ll 8 Lpalidily %56.9-48.9 e LKL dlalaall clbilall 8 e (aliasl (s caibole
deld s agads o ai¥) lgaldionas B, licheniformis B307 aDLull Kadl ¢e 4l il 038 (e aldins of ey - 2oLl Alelaas 43)le %50.87
V) gl g B307 LSl lany 1aag dsligh dadladdl 8 gk (Ko 4 LS cdpndlall Alalad) Ziylay (solojl) (il i Al ¥) Aadl<all 3
Aphdll Gl e oty slosll nll g AadlSe b Al Al sl Jlasinl e aall Sdina Sy (685 o A Bacly LIS

5l il Al 4a8\<a (Botrytis cinerea <Bacillus licheniformis :dsalida cilals

-

¢Ana et al, 2015) aujll blos Sudlly ablekll/s)saidls 4adial)
Lixs Botrytis (uiall jshé (s .(Edwards & Seddon, 2001
LSy el el of Janll 8 Gy U8 Jlalls SLally Slasi
oadls (Bhe¥l e ddide clas lad cus o oS
zoal dcapeid) o ddeaall J eell desimd)l bl
Botrytis cinerea bl s (Lolail .(Holz et al., 2007)
Lo ¢ oallall (gginaall o 8 Bonbiait) ity 8u Ll
el Y53 Slle 1005 10 0 b dsasall o3l g pumd]
legunge OIS ails bl 138 ZuaaY 1ylais .(Boddy, 2016) Ly
G Al abel) dadlSes Ay il g L saae cilu)l

-(Elad et al., 2007) dasadll cllall (e aal)
Ca 23a] LELaY) 2SS 8 adal) elal) (e waall pasid

Glaal o € < pald) 0 B Gse il el
AN (e ant dBy cJualaall Lali) 50051 AileS Cluaddlly
L) & Gl Eigan de)) 31 A8LasSl) gall Jasaiall e g Ja sl
Al e Gl Gasan ) aly bl daa B L
Anidlag Y iy dlagd (o daall il adag edael)3l) )
¢Paul, 2012) dilueSl Andlall Jlasti (o 2all (zal a1y ls)
-(Pal & Gardener, 2006
ey dpdajall Dluwal o 22y LD Sl (jaje
gray mold (ssle) Ghe <& seday Cus (B, cinerea kil
leish e 8036 Dois Ll alinl das dbeadll Al e

. . Cinll S Ol 590 200 e ST hadll 1 canar .0k
Sl o Ao ane gl ol o3a o5 Cum sl ) T S 8 200 00 SR e s

https://dx.doi.org/10.22268/AJPP-037.4.327334
Avrab Society for Plant Protection <bill 438 5l 44 21l 42aall 2019 ©

327 Arab J. Pl Prot. Vol. 37, No. 4 (2019)



@l dinall Jhidl lalls Cutindll e esdl slaall
205 8 e X100 G5l wiShe (0 (panfera) %01 e
Sl ey Aabea) Aalal dauldl dllusy lelss (e §ls)
Glaall s (a5 IS 7)) & phae gl (3 Blaall e
s aly cdaaiiall Jagad Was (5 AY s (iLs Jlexinds il
Neubauer improved el dss i Jlasivls w3l sleall 8 ¢15:50
phadl i)l clalls Cadill Joficsy P10 die daxdll Lawiag
-( Ménaco et al., 2009)
e & A B. licheniformis B307 DLl Cieadiul
A (et b 5eliS Cglil um iyl sl o Leglanls
-(Akeed et al., 2019) B. cinerea _hdll olail duilai dladg
Gy 00 4 pha s el eV e ADL sda aliia
o S Gladll jumas 2300 20— 8l die %20 Jg yelal)
da 100 3ys2 3 (NB) (saall Gpall (10 Ja 20 pns eitls Pl
(pasg B. licheniformis B307 4Pl b.a.d\ Cutiwal e dsia
i 428553 200 Olyg0 deyus 5° 30 Bl die delu 18 s
Wy asili 600 dase Jsh xie 0.15 dfgn B N Jsuasl)
.(Ammoneh et al., 2014) Je/syaxiusall 43550 5255 *10%2 Jalas

AN e Galiiall juaady Sl ¢ )
42k B. licheniformis B307 Dbl (e ul€l) syl #1)
Jag )i jaa Submerged Fermentation (SMF) jsaaall juednl)
G (Gl e Al dlsje A L) dseagll & A il 2 LY
(5 Bedl) (aliiney (10 O (JfE) n el hasy (35
Lageal) dajy Glana gy 6 S %0.5 3¢5 agagall 1)<y
deyug clags 14 Cpian 8305 (0 30 (pmall Blyag pH 6 2ic
a8l /5)93 150 e

copaall Baa elgiil s plall ail) Galdiual) s
(s 10 sad dadllfsysn 8000 depun Cuviiveall Judf &5 Cus
) e (glall Gl giall aans

Y aldiual) B 5alsl) Alad s
btlug iy gaes diphy Sl a3y el s 5
G 8358 (g9ual) (i) Jlaatinls (DNS) dinitrosalicyclic acid
Jdelall Javg o< . Jaaill ans ae (2001) Sadfi et al. dayk
(eaie Jslae) 5185 3 %1 gl GASN 55 G e 0.5 10
0o de 0.4 5 pH 6 Lmsen dayn Noe 0.1 asageall i
328 30 530 5° 60 B 2t el miie s ai¥) olas
:(Jfg) oo 0sSall DNS Jslae e Jo 1 ddlaly Jelinll il

@3l &5 131 (Sihem et al., 2011) Alal) Llledl) ld de giial)
e lehies dadal) olal) aca ST 5lS cld saas 4 ol oo
¢Errakhi et al., 2007) L) Ay il e ddbiie gl
oaall gl a3 . (Mellouli et al., 2003 <Gupte et al., 2002
Gl le cuupy ) Aslal) Aadd) dalse om0 Bacillus
Ul Gorplal) clatiall o wall € Hame 23 Jlly ol
ClsSadl g waall Bladl gl codl us clilal
Yuan et al., ¢Nayak et al., 2017 ¢«Cukurovali et al., 2006)
adals ¢lsd IS e 5,08 Bacillus puisd) glsif eliis (2012
) (e S0 dialy Baska Bale fiady il (o pusdy Ciday
Dshll slaall 50 3es of (S -(Shoda, 2000) Al aUaills
lSie a0 ) Bacillus puiall glel Gy aShias (531 duapadl)
i ol Al il 8ylal) Sgally cdsuall cilaliaal) 1 fie
Gl Jlas Al 5l sl Bacillus pwia gls (e 2aal)
Dshdll aliadl (golall laall uSH Gl Gl a3
Jalga€ i€l clasyily HLaaa¥) 2yl Sl ((Sadfi et al., 2001)
P e @lall Galed dnwall jehill o paall dlal dail
.(Gomaa, 2012) (yayedd) yhadll jskiig gai (pe 2ally ol (ilas
Bacillus (uiall 2523 Al c¥iall e 220 Al o5 ¢ jUaY) e g
G cAyg (A 3hlie e didae i (e e (Al)e 378)
Sl 2 8 5e i el B. licheniformis B307 Al gl
O B cinerea_hdll olail ddle dnalaat Adled ae 85 (53
Gl Ll o cllaal¥l sda cija Sy Bynadd) ciiall
-(Akeed et al., 2019)

DL e el Kl Cauag I Auball sda s
by (Swally sl sl e B. licheniformis B307
s Gl e B. cinerea ajedl) jhall slail sl oyl
- alalalall/3)523l)

aiihyhg Gl dga

de )3l ig g Aadal dad) el
Akeed etal., ) Al L (e B. cinerea gyl kil Jie o
Bl die (PDA) Ll 3o Uslladl Loy e Jaing (2019
ol dpanlly . 20- Hha 2ie %20 Jgpmalad) A5 o 4
Bha die 4iang PDA Ly o 4e)) g Dhill (2l Glad)
bl delu 12 oglina elial saay Loy 15 sad (W 25
S el s Ll el JKin panatl (Dl dels 12

(2019) 4 23 (37 alaa dy o) clll) 48 dlaa 328



B. licheniformis B307 Al (pa giiall juiilslt dujad) A8
ADL) e ppeddll Jansg & il lad) a3 A5a A5 sl &
astisa¥) by uwsll Jlexinls B. licheniformis B307
i) by o deh3l paldtiie AUl sl (gl sl
Cunill e it i Jlaatinly chadl) ae (10 4 Bl e
& %85 5 %75 %65 %55 T45 :die asisa) by,
10 524l d2dall/5)50 10000 dejusr Jaifill DA ol pen
DA Jslae (& bl &) sl & o° 4 ha ve 3l
oaldiiall aaal JBlee dens pH 6 Lases dajn asiseall
gl G OBl SR a8 dsad n @) paD) Yl
Omsall Jlexinls (1976) Bradford et al. dashal g cas sl
Gy SonlSl Al 08 (ga LS Akl AL 8 5l Jeas
G Sl B A gl Adledl) cnplal Tl A8 gen gal) 2y
pssisad) Clils e e 2S5 Jleinls lgle Jgeanll &
b Gyl Al Joadl e Joaall BV 350 ) dagiad)
O B3ne A Jlaxinls 50ulSl due g5 Aullad el il (53 g3l
s Al Ll e A5 Asje ) deadall asisel) cilil
dibide claloas (sartorius, vivaspin 2) S5 il g Jaxial
<30 kDa «10kDa :slifig ) (e dilide disia Ulysl ) 3 MWCO
my cey» JS oSl Allady Gigsll 385 wass o5 .50 kDa
S eudbsl Je %12 e o danlll ohadl dssi s
bl 33 flia Jlewinl Jinjll elgml aa dall gt

-(Coomassie brilliant blue R250, Sigma)

bl ola3) B. licheniformis B307 Al dpaliail) Aulladl) ayed
plalalall/3; gaial) il Ae B. cinerea
Calial 3 aladinly gaill A2 Cagyla e Al s cupal
fgp ) Aage ok ASHE 1) (e didaall Boud) (sa Byl (sa
Jolae Jlasials Tndans i) cupgla . Aaay ailojlay e,
Gl clie Q5 (Gl ued B3 %5 K agiageall Cupgloua
Aol palil (B cey) @ il Sl sl @i
lelhad avea’ (o adaall Coysill e (g5 (a 10 X 40 % 60)
e saidbE (e Galpal) s . ass JS 8 dasha 3 (e
%90-80 s dishyg del 16 5elia] 855 (1 25 B
Gl wlall JalS (5 Cus el jamy LA glac)
el Dl Gl didaxis (Jefdes *10) Dhill el
elaall J8 delu 48 a0 clldy bl el Loghally DUl
LAl dlalaall @lly say cupal L cail) paliiually LSl

329 Arab J. Pl. Prot. Vol. 37, No. 4 (2019)

2 Jyuilly (10 chiladlug s Gasns (10 psaseall 2S5 00
£ 0.05 asmpall i€ e 100 ISV Canal Jlasin) xieg
Ol 8 die pall (s 5 ¢ 20 aspagealls pslisdl <59
10 5 4284)/5)50 4000 Jelal) il Juin a9 38 10 5adl
540 dage Job vie dialiaial Caudy il giall 3y @il
A sl o Jlaxily (glnall inidl yumal . juasils
Laa3dY) sangll Cayan -(NAG, Sigma) N-acetylglucosamine (s
(= N-acetylglucosamine Jseg)Sae 1 a3 Al ﬁj\J\ S Ll

el Jagyd e (5980 S B3,

WDlll Gl U 2 k) agl A gas
B. licheniformis B307
(<€) s Jadiuly audn; sl DNA LYl gadlan) o
@, (Cat. NO. 69104) Qiagen Sy (e oadlaiuy)
dasa Jelii e 8 (PCR) mdnaill Jelis (gl 4,80 ciladail
Hotstar Taq zujall (e il Kue 10 10w OsSe silg jSae 25
Hotstar Tag Jle sslally Qiagen 4<,s (1 puasll Master Mix
degyie Clhwgdll  ABE AaY) CladalSenlly hseds
pill Jeliy paldd) sl Joladly ((dNTPS) (mnSsY)
i) DNA e 5y Saa 2 5 ¢MgCl2 (e 3M s« PCR
1 5 padl Hhad) oWl o g K 11 5 (100 ng/pl)
ol Jleind & L(10UM) AL OIS g ids S
CHI4 (5’-AAGCTTTTTCCTCCCATACCAA-3’) CHIO
ol (5 -GATGTTTTAATTTTAGACGAACGGAC-3 ’)
open reading frame: ) sehall Wl HUaY) (e dihaie aa cDlSs
-(Driss et al., 2005) Sl dual dea 5illy (ORF

389 PCR sl Sles Jlexiuly PCR mdozill Jelss
55235 ¢ 94 Bl dic Aady 2 adl Basly 8y50 1 U malisall
505 (DNA I Lol Juail (1 94 8)))a 2ic 4uli 45 :lgaa JS
(o 72 B vie Al 50 &8 cliald) aadal (b 50 Bha e 4l
D) AU (1 72 Bylpa die 38 5 saal Baalg 5ye |pual
S1.5 55Vl Al e PCR I Jelis cilatiie Jas i o5

OYie sy LAl aldia. g L“;A..... wls Jlaxiul A~
GLbl e ol s e 5,8 el ol ) Bacillus (st
dilas e 5,58 gl 1 3l iy Alall dlape DUa (gl
o)



1500 bp

M 1 2

CHI45 CHIO ¢alall Jleatinds Juduciall 3 jelil Jelds zils 1 J8
(al L =M e ) A dedas ol
DL L) Galiiee =2 ol Ll Gl aliiee =]
.B. licheniformis B307
Figure 1. PCR products using CHIO and CHI4 primers that
amplify the chitinase gene. M= DNA molecular ladder, 1=
DNA extract from the negative control. 2= DNA extract of
B. licheniformis B307 strain.
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Figure 2. Chitinase activity and protein concentration of various fractions after precipitation of crude enzyme with different
concentration of saturated ammonium sulfate.
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Figure 3. Chitinase activity and protein concentration of various fractions compared with the fraction obtained following
precipitation with 65% saturated ammonium sulfate.
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Table 1. Effect of treatment by bacteria and enzyme extract
on the inhibition of Botrytis cinerea growth on tomato plant.
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Figure 5. The inhibitory effect of B. licheniformis B307 (a)
and its enzymatic extract (b) on B. cinerea growth.
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Figure 4. SDS-PAGE analysis for partial purification of
chitinase from B. licheniformis B307. M= molecular weight
ladder, 1= Fraction which passed through MWCO 10kDa
tube, 2= fraction which passed through 10-30 KDa tube, 3=
fraction which passed through 30-50 KDa tube, 4=
supernatant of MWCO 50 KDa tube, 5= distilled water, 6=
product of precipitation with 65% saturated ammonium
sulfate.
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Abstract
Akeed, Y., F. Atrash and W. Naffaa. 2019. Efficacy of the bacterium Bacillus licheniformis B307 as a biocontrol agent
against tomato gray mold caused by Botrytis cinerea. Arab Journal of Plant Protection, 37(4): 327-334.

Botrytis cinerea, the causal agent of gray mold, is a pathogen that attacks many crops. The local strain B. licheniformis B307 was
previously selected as a possible control agent for this fungus through its chitinase production. The current study was conducted to characterize
and purify chitinase produced from this strain, and determine the extract enzymatic antifungal inhibitory activity against gray mold fungus on
tomato plant. Chitinase enzyme was produced from the B. licheniformis B307 strain by the submerged fermentation method, with an enzyme
activity of 14 U/ml. The results of the partial purification showed that enzyme precipitation with 65% saturated ammonium sulfate was the
best, since specific activity reached 1 U/mg compared to 0.24 U/mg for the raw extract. The results of the precipitated proteins electrophoresis
showed that there were two fragments with a molecular weight of approximately 36 and 42 kDa associated with chinolytic activity. The results
of genomic DNA amplification using CHIO and CHI4 primers amplified a 1500bp band. The bio-assay results of antagonistic activity against
B. cinerea on the three tomato varieties (Rome, Marmande, local) showed a reduction in disease incidence of 48.9-56.9% in the bacteria-
treated plants and 40.66-50.87% in plants treated with enzymatic extracts, compared to the control. It can be concluded from this study that
the bacterial strain B. licheniformis B307and its enzymatic extract can be an effective biocontrol treatment against gray mold, which makes

this bacterial strain a potential alternative to chemical fungicides for the control of gray mold and possibly other pathogens.

Keywords: B. licheniformis, B. cinerea, biocontrol, chitinase.
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