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ABSTRACT

Thas study reports Pemicillium jamthinellum strain, producing high levels of a-L-arabinofurancsidase (AFase) as well as other
compenents of hemmcellnloytic enzyme system (endoxylanase, P-xylosidase and acetyl xylan esterase) on nece straw and wheat bran
containing sobdified culture medium. Optmization of culture conditions was camed out using Box-Behnken design of experiment to
study the influence of process vanables (ammonium sulphate, pH and moisture level) on AFase production. Analysis of data showed B*
(0.9967) and adjusted B* (0.9925) indicating model to be good fit and robust to predict culture conditions for AFase production. Under
optimal culture condiions P. janthinellum produced high levels of AFase (212 umis/z dw substrate) in addition to xylanase (1800
units'g dw substrate), f-xylosidase (3] unis/g dw substrate), acetyl xylan esterase (231 umts/s dw substrate) and ferloyl esterase (27
units'g dw substrate). AFase from P. janthinellum culture extract was purified to homogeneity and characterized to be a 64 kDa protein
with a pl of 3.8. The peptide mass fingerprinting showed the AFase belonged to family GH34. The enzyme was optimally active at 50°
C at pH 5.5 and its activity was positively modulated in presence of Fe'"ions. The enzyme preferentially catalyzed the hydrolysis of
PNP- arabinoforanoside (pNPA) with Em and Fmar of 0 4mM and 260 unit mg” protein™, respectively. Hydrolysis with purified AFase
(3.0 umts'g substrate) released arabinose from rye arabineecylans (295 mg'g substrate) and wheat arabinoxylan (13 4 mg'z substrate), as
the sole product mdicating P. janthinellum as the important sowce of o-L-armbinofirancsidase for bioconversion of agro-residue to
valie added products.
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INTRODUCTION

Arabinoxylans are mtegral hemicellnlosic components of cereal crop residues
and bioprocessing by-products from nice, wheat, rye, sorghum, barey, efc.,
Lagaert et al (2013). Arabinoxylans are heteropolymeric with xylan backbone
compnsed of f-14 linked xylose residues few of wiuch are singly or doubly
substituted with arabmosyl residues. While arabinosyl residues are further ester
Inked to ferulolyl moieties of hgnin. Additionally xylose is also linked to acetyl
residues at C2 posthion. Ohwnng to its complex stucture efficient hydrolysis of
arabinoxylan requires collective action of an amay of hemucellulolytic enzymes
namely, endo-14 B-xylanase (EC 3.2.1 8) that cleaves the xylan backbone and
releases xylo-oligomers, whereas, B-xylosidases (EC3.2.1.37) mediated catalysis
results in release of monomenc xylose from xylo-oligomers. The o-L-
arabinofuranosidase (EC 3.2.1.55), o-glicuromdase (EC 3.2.1.39), acety]l xylan
esterase (EC 3.1.1.72) and feruloyl esterases (EC. 3.1.1.73) are imvolved in
debranching of the heteropolymeric structure (Shallom and Shoham, 2003;
Dodd and Cann, 2009). The arsbinoxylans demved from wheat and ryve kemsel
are rich source of arabinose with xylose to arzbinose ratio ranging between 0.49-
0.5 Guerfali er al (2010). AFase plays an important rele m hydrolysis of (1, 2),
(1, 3) and (1, 5)-o-L-arabincfurancsyl moieties hnked to xylan backbone of
hemicellulose polymer and mufizate the stenic hindrance for xylanase action
(Sorensen et al., 2006). AFase denved from different mmerobial sources have
been clasafied in GH families 3, 43, 51, 54, 62 and 93 (Fang er al., 2015). AFaze
produced from Awreobazidium pullulans, Trichoderma reessi (Numan and
Bhosle, 2006) and Penicillium purpurogemm (Ravaal et al, 2012) have been
reported as useful in bioconversion of lignocellulosic biomass to biofuel, paper
and pulp mdustry and in wine industry for enhancement of wine flavor,
respectively. This paper for the first fime reporis P. janthinellum, 1solated from
montane alpine forests of Shivahk hills (Monga and Chadha, 2014) India, as
rich source of AFase and other components of hemmeellnlolytic enzyme complex.
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Culture condibons for achieving optmal AFase produchion were studied
employing response surface methodology. The enzyme was further punfied and
characterized ifs role in efficient hydrolysis of arabinoxylans denved from wheat
and rye for production of arabmose was established.

MATERIAL AND METHODS
Production of hemicellulazes by P. jarthinellum

P_janthinellum 1solated from decompesing leaf litters of oak trees from montane
alpine forests of Shivahk hlls (India) was identified on the basis of
maorphologicall melecular approach (Sharma er al, 2008). The fungus was
grown at 30°C for 5 days on yeast potato sohible starch (YpSs) agar (Cooney and
Emerson, 1964) and maintzined on the same medium at 4'C. For production of
hemicellulases P. jamthinellum was grown on solidified culture mediuom
containing nce straw and wheat bran (3:2) as carbon source and 15 ml basal
medinm (EHPOy 0.4%, CHCOO0NH, 0.45%, and (NH,),504 1.3%, pH 7.0). The
flasks were moculated with 2ml spore suspension (6x107 spores/ml) prepared
from a 7 days old YpSs agar slants and incubated at 30 *C for 7 days. The
enryme was harvested by addmmg 50 ml of sodmm citrate buffer (50 mM, pH 6.0)
to the flasks and kept at 30 °C for 1 h under muld shaking. The resultant shury
was filtered and centrifoged at B000:g for 20 mm and the enzyme extract was
used for assay of hemucellulolyhic enzymes (xylanase, AFase, B-xylosidase and
acetyl xylan esterase) as well as profihng AFase expression by SDS PAGE and 2
of enzyme.

The optmization of AFase was camied out using Box Benken Design of
expenments employing response surface methodology. The production was
studied uwsing ammonium sulphate, pH and moistore level as independent
vanables at three levels (-1, 0, +1) using 17 flasks expenmments. The experimental
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data was analyzed using Statistical sofiware (Design- Expert v 8.0.7, Stat-Ease
Inc., USA) to caleulate regression coefficient and generate respomse surface
graphs.

Two dimensional gel electrophoresis (2DE)

The enzyme extract obtained after schdified culiunng was subjected to
ultrafiltration /desalting using 10 ED}a membranes {Amicen). For 2DE protein
sample (130 pg) was loaded onto IPG sitmps (7 cm) that rehydrated in buffer
{(150ul) containmg & M urea, 2% CHAPS, destreak reagent, 1% IPG buffer (pH
3.0-10.0) and 0.005% bromophenol blue (BFB), for 16 b at room temperature.
Ettan IGPhor 3 system (GE, Healtheare Biosciences) was used for [EF 1
voltage program that increased linearly in a stepwise manner: 100 V, 4 k; 300 W,
2 b; 1,000 V, 2 h (gradient); 3000 V, 3 h (gradient); 5,000, 3 h {zadient);
5000W, & b (step). Following IEF separation, PG strips were equibbrated for 15
min in 7 ml of 0.05 M Tns Cl (pH 8.8), 8 M urea, 30% (v/v) glycerol, 2% (w'v)
SDS, 60 mM dithiothreitel (DTT) and traces of brome-phencl blue (BFE)
followed by equilibration for 15 min m the same buffer where DTT was replaced
with 50 mM iodo-acetamide. For second dimensional electrophoresis equibibrated
IPG stnps were placed onto 12% SDS, polyacrylamide gels and overlaid wath 0.5
% low meltimg agarose solufion that comtans traces of BPB. The second
dimension separation was camed using Hoefer mim VE system (GE Healtheare
Biosciences) at a constant voltage of 25mA (Kaur er al., 2013). The protem spots
were developed using sibver staining method.

Identification of Protein

The well separated protein bands on SDS5-PAGE were excised and subjected to
peptide mass spectrometry analysis by 2D Nano LO/MS (Agilent 1100 senes) at
the TCGA (The Centre for Genomic Application, New Delhi). The data obtained
by Mass spectrometry was compared with that present in Swiss Prot databases
usmng the Mascot search algonthm.

Purification of AFasze

The concentrated and desalted protein sample was loaded onto DEAE- Sepharose
(fast flow) 10n exchange colomn (24x2.6 cm; Pharmacia) pre equlibrated with
sodium acetate buffer (S0mM, pH 5.5). The column was first eluted with 2 bed
volimes of equibbration buffer followed by a hnear gradient of 1M NaCl m
sodium acetate buffer { 50mM, pH 5.5) at a flow rate of lmlimin using (AETA
FREIME, Amersham Biosciences). Fractions comesponding fo  ao-L-
arabinofuranosidase active peak obtained during MaCl gradient elution were
pooled, concentrated, desalted and equibbrated with 1.7M (NH),50;
phosphate buffer (30mM pH 7.0) and applied onfo phenyl sepharose (Amersham
Biosciences) hydrophobic interaction (HIC) pre-packed column (5ml) that has
been equibbrated with same buffer. The apphed sample was eluted with a linear
gradient of (NH,),50, (1.TM-0A) mn phosphate buffer (30mM, pH 7.0) at a flow
rate of lml'min. The fractions confaming AFase actwvity were pooled
concentrated and desalted. AFase was further punfied using sephacryl HE-200
(Amersham Biosciences) gel filtration (1.8 %0em) column eqmhbbrated with
Tns-Hel (20mM, pH 7.0) contaming 0.15M NaCl. The protemn in the fractions
was defermined by taking absorbance at 280 pm usmg Shimadwa-1240
spectrophotometer the frachions comespondmg fo purified AFase were pooled and
charactenzed.

Aszay of bemicellulolytic enzyme

Hylanase activity was assayed using 1% birchwood xylan (sizma) prepared in
sodium citrate buffer (30mM, pH 6.0) as substrate. The assay was performed by
meubatng reaction mixture {1 ml) that contained equal amounts of appropnately
diluted enzymes (500 pl) and mubstrate solution (500 pl) at 50 *C for 5 mm. The
reaction was terminated by addmg 3ml DNS reagent and boiling for 10 minutes
and developed colour was read at 540 nm. The reducing sugars were quantified
usng xylose as standard. Onpe wnit of xylanase activity was expressed as the
amount of enzyme required to release 1 pmole of xylose per mm under the assay
conditions. The substrates, pNP-B-D-xylopyranoside, pHP-o-L-
arabinofuranoside, (3 mM) prepared in sodium acetate buffer (50 mM, pH 5.00
were used to assay f-xylosidase, a-L-arabinofiranosidase (AFase), respectively
using microtitre plate based method (Sharma er al,, 2011). A reaction mrcture
(100w} contaiming 50pl of sodium acetate buffer (50mM, pH 5.0), 25pl of
suitably dihrted enzyme, 25 pl of substrate (3mM) was meubated at 50° C for 30
min The reachion was ferminated by adding 100ul of NaOH-glycine buffer
{040, pH 10.8) and developed color was read at 405 nm using an ELISA plate
reader (BioFad). The Afase and B-xylosidase activity was expressed In units as
the amoumt of enzyme required to release 1 umole of pHP per minute under assay
conditions.
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Characterization of AFasze
5DS PAGE and Isoelectric focusing (IEF)

The homogeneity and molecular mass of AFase was determined by SDS-
PAGE (12% gel) using Mim-Protean II system (BIORAD). Iscelectric
focusing (IEF) was performed using a 5% acrylamide gel that contained
2.4% broad range pH range (2-10) ampholine camier servalyte (SEREVA,
Germany). L-lysine (0.29%) and L-arginine (0.35%) were used as cathode
buffers whereas ortho-phosphoric acid (10 mM) was used as anode buffer.
IEF was camried out at constant veltage of 100V (1k) and 200 V (1h) and
500V for 30 min (Badhan et al., 2004).

Detection of AFase activity im gel using 4-methylumbelliferyl o-L-
arabinofuranoside (AMUA)

AFase activitiy in the gel was detected usmg 10 mM MIUUA as substrate (prepared
in 50 mM sodium citrate buffer pH 6.0). Upon completion of electrophoresis, the
gels were meubated in renatwation buffer [(20mM piperazine-MN N-bis (2-
ethanesulfonic acid), 2mM dithiothreitol (DTT), 2 5mM Call; | 2.5% Trton X-
lm]ﬁtlhatrﬂommwahmauithenmgﬂat4°Cmﬁﬂhmm
buffer. After incubation the gel was thoroughly washed with stenlized double
distilled water and meubated with overlaid substrate selution for 30 min at 50° C.
The AFase activity spots were observed under UV light using gel documentation
system (Gene Genius, Cambndge, UK).

Temperature and pH optima

The actvity profile of the punfied AFase was determined at a temperature
between 30 and 20 °C wath pHNPA as substrate prepared in sodmm acetate buffer
(0.05 M, pH 5.0). The optimal pH was determumed by measuning AFase activity
between pH 2 and 10 usmg 0.1 M HCI-EC] (pH 2.0}, sedium citrate (pH 3.0 to
6.0), sodium phosphate (pH 7.0 and 8.0), and Glycine-NaOH (pH #.0 and 10.0
buffers at 50°C.

Thermal and pH stability of AFaze

The aliquots of purified AFase were incubated at 50 'C and 60 'C at pH 5.0
and 6.0 for 0 - 4 h, and subsequently assayed for residual enzyme actrvity.

Effect of the metal ions and other reagents

The punfied AFase was incubated in 5 mM solutions of NaCl, EC1 MnCl,,
MgCl: CuCly, ZnCl,, FeCly, CaCl,, EDTA DTT, p-mercaptoethanol MBS
and SD5 for 30 mun af room temperature in sodium acetate buffer (0,05 M,
pH 5.0). The residual AFase activity in the ahquots was assayed thereafter.

Substrate specificity

Substrate specificity of punfied AFase was determined against 3mM p-
nitrophenyl substrates, pNp-a-L-arabinofiranoside, pNp-o-L-arabmopyrancside,
olP- ﬂ—D\-xjiaﬂ;pum.&*_ pNP-f-D-xylopyranoside pNP-§-D-glocopyrancside,
oMP-B-D-galactopyranoside, pHP-B-D-glocoside, and pMP-cellobioside, pNP-a-
D-mannopyranoside,  4-mtrophenyl-2-o-feruoryl-o-L-arabinofuranoside,  4-
nitrophenyl-5-O-feruoryl-o-L-arabmofuranoside. (A reacthion mibdure (100ul)
containing 25ul of substrate, 25ul of punfied enzyme and 50yl of sodium acetate
buffer (50mM], pH35.0) was meubated at 50" C for 30 min). The K., Ve and K.
of punified AFasze was determuned agamst pMPA as substrate using Lineweaver
Burke plot.

Amalysiz of Hydrolyziz by Thin Layer (TLC) and High pressure Liguid
chromatography (HFLC)

900 pl of 1% wiv rye arabinoxylan (FAY), wheat arabincarylan (WAX) and
debranched arabman (DA) prepared mn sodmm crirate buffer (30mM, pH 6.0)
were incubated with 100pl of purified o-L-arabinofuranosidase at 50 ° C for 72
b Samples were withdrawn at mterval of 24 h freeze dried and redisselved m
methanol. Thin laver chromatography (0.25-mm layers of sihica gel F-254 plates,
Merck, India) was camed out using ethyl acetate: acefic acid: water as solvent
system im a ho of (3:2:1 viv). The TLC plates were then sprayed with
heating plates at 100" C for 1-2 mumutes. (1% wiv) Arabinose and xylose were mn
as standards. HPLC was camed out with DIONEX system (USA) using
differential refractive index detector (RI-101, Shodex). The temperature of the
Arminer column HPH-E87TP column (Bio-Rad) was maintamed at 85°C and water
was used as mobile phase at a flow rate of 0.6ml'min (1% wv) arabinose, and
xylose were used as standards.
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RESULTS
Production of Hemicellulolytic enzymes by Pemicillium jarthinellum

The resulis (Fig 1} show hemicellnlolytic production profile of P. jonthinsllum
grown on wheat bran'nce straw contaming solidified culture medium. Culture
produced maximal levels of xylanase (1079 wnits/gds), AFasze (140 umits/zds), p-
xylosidase (154 wnits'zds) and ANE (136 unit='gds) after 7 days of meubation
SDS-PAGE and comesponding activity profilmg of AFase by developing
zymogram also indicated to gradual mnerease in AFase expression as observed
from mtensity of bands (Fig 2a). AFase active protein band was observed
comesponding to 65 EDa (Fig 2b). The resolution of secretome by 2-dimensional
gel electrophoresis (pl 3.0-10.0) revealed well separated protein spots (Fig. 2c)
and zymogram developed usmg MUA as substrate, showed three distinet AFase
active spots of high molecular weight and acidic pl (Fig 2d). The spots were
1dentified using Peptide mass fingerprinting using LC-MS/MS approach in which
two spots were 1dentified as AFase belonzing to GH 54 fanuly showmg close
similarity to AFase from 4. miger{ E=I¢™). The peptides matching were
ADEWATRGES, NSASVSLSTY.

300 2000
1800
1600
1400
1200
1000
o B00
600
400
200

I

AXE, B xyl, AFase (Units/gds)
g
Xvlanase (Lnits/gds)

Dhays of incubation

—— Ara —8— Xylo —— AYE —8— ¥ylanase
Figure 1 Production profile of hemicellulolytic enzymes (Arbinofurancsidase
(AFase), P-xylosidase (B-xyl), Acetvlxylan esterase (AXE) and Xylanase)
produced by Pemicillium jamthinellim under unoptmized conditions. Error bars
mdicate SE (@ 5% level
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— AP

(e} (4}

Figure 1 a) SDS-PAGE showing proten profile produced by P. janthellivm
under sohid state fermentation under solid state fermentation at different day
interval b) Zymogram showing mmltiplicity of arabinofuranosidase developed by
renatwration of SDS-PAGE. ¢) 2-DE secretome pattern of P. janthinellum grown
on rice straw: wheat bran (3:2) confaiming sohidified culture medivom. Spots 3, 4
and 5 detected m 2D gel represents AFase activity d) Locahzaton of a-L-
arabinofuranosidase activity in 2DE gel.

Optimization of AFase production

TheBBDExpmmﬂnnldatashmmgefﬁeﬂuprmeshnelevdami{NH;}gSG.
on AFase production along with mean predicted and observed respomses 1s
presented 1n (Table 1. Thenmdalmmp‘lmdbasadunﬂledatas]mrwadl{l(ﬂﬂ?}
and adjnsted B* (0.992) along with hizh model F vale of 23643 and non
significant lack of fit indicated it to be good fit to explain influence of effect of
these variable on AFase production (Table ). The production of AFase was
significantly affected by (MH,),50,, pH and measture level in hinear terms and
squared terms (p=0.005). The 1so-response confour plots (Fig. 3a, 3b) showed
that maximal production of AFase (215 units/zds) could be achieved when the
initial pH was in the range of 5.6-6.0, (NH;):50: concentration between 2 25-
2.75 and moisture level was between 67-72%. In order to determume the accuracy
of the model and to venfy the optmization resulfs, experiments were repeated
three times under optimized culfure conditions and AFase production of 21132
(umits/gds) was achieved that was 1.51 folds higher when compared to that
achieved under unoptimized conditions. In addition to AFase, under optimmzed
conditions production of other hemicellulobytic components (xylanase 1800
umits/gds, f-xylosidase 3] umats'gds, HAFE 231 umits'zds) (Fig 4) were also
improved coresponding to 1.66, 2.01 and 1.73 fold increase, respectively. Table
3 shows the henicellulolytic activiies of different fungal strams under SmF and
55F. The enzyme activities obtained by P. jonthinellum were comparatively
higher to Penicillium janczewskii, P. oxalicum, Aspergillus wortmanni,
Talaromyces thermophilus, T. wortmami (under SmF) and P. brasilianum and 4.
niger NERL 328 (under 55F).
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Table 1 Box-Behnken design along with actual and predicted values of a-L-arabinofiranosidase.

Independent vanables Response 1
A B C A-(NH42504 BpH C*‘i‘:‘zﬂ‘ Arsbinofuranosidase
Sitd Ya Ya Uegds
Coded levels Artual leval Arctual Predicted
1 -1 -1 0 0.5 4 &7 4820 4304
2 1 -1 0 35 4 &7 170.10 17559
3 -1 1 0 0.5 10 &7 T0.10 6461
4 1 1 0 35 10 &7 29.00 89.16
5 -1 0 -1 0.5 7 59 4240 4364
3 1 0 -1 35 7 59 121.60 117.1%
7 -1 0 0.5 7 75 T7.80 8221
g 1 0 1 35 7 75 162.00 16046
g 0 -1 -1 20 4 59 119.00 117.50
10 0 1 -1 20 10 59 99.00 10325
11 0 -1 1 20 4 75 183.50 17925
12 0 1 1 20 10 75 123.00 12407
13 0 0 0 20 7 &7 203.00 20620
14 0 ] 0 20 7 &7 205.00 20620
15 0 ] 0 20 7 &7 205.00 20620
16 0 0 0 20 7 &7 212.00 20620
17 0 ] 0 20 7 &7 206.00 20620
o ] i [ESTGRER FERT Fist
Table I ANOVA statisties for fitted medel for o-L- ambinofiranesidase .
produced by P. janthinellum FoE oH
Fwalie  p-value T Grmestie
Potesl Fagor 0 o)
e [NH3Z304 = 2 08
Prob =F Sigmaficant T
Source 1T
Model 23643  <0.0001% AFam g
A- (NHA)2504(%) 4318  =0.0001% e
BpH 91.01 =0.0001#*
C- Meisture level (%) 13596  =0.0001% .
AL (NHA2S04(%) 79261 =0.0001%
BipH 26213 =0.0001%
G =176
€% Moisture level (%) 18425 <0.0001* s
AxB 99.01 =0.0001#* (a)
A
AxC 0.23 06438
Bx=C 1531 00058
R* 99.67
AdjR® 9925
Lack of fit 027 01066  non-significant BEHENSLFERT Bt
AFase
* signficant at p=0.05, 278 e zs0e
# not-signficant at p=0.05 Actual Facei I
C: moistura = 12,50 :
1728
131 58
AFaze F5E104
FRRT
ano
(b

Figure 3 a) 3D contour plot showing the effect of inferacton between a) pH and
moisture level and b) ammonium sulphate and pH on a-L-arabinofurancsidase
(AFase) production by P. janthinellum.
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300 2000
1800
E B0 1600
DET
£ 1200 %
% 150 - 1000 =
< L 500 E
3 100 @ 3
g 50 400
200
0 0

Days of incubation

—+—AFase —F—p-Hyl —=—AXE —8— Xylanase

Figure 4 Production profile of hemucellulolytic enzymes (Arabincfurancsidase
{AFase), B-xylosidase (B-xyl), Acetylxylan esterase (ANE) and Hylanase)
produced by P. janthinellum under optinnzed conditions. Error bars mdicate SE
(@ 5% level

Table 3 Hemicellnlolytic enzymes produced by different fiungal strams under
SmF and S5F

. - aL- Peferen
Fmgi Xylanase f-xylosidase ARAF AXE FAE .
SmF (U/mi)

Penicillium 152 016 0.67 - - etal
Jamcnews ki 010
Guerfali
Taiaro e 22 12 085 - - etal
? 2011
Panicillium Liso et
i 1152 oo 004 - - 1 2012
Aspergilluz
nizer 7134 0.0 021 - - ﬂmmﬁ
(Endoplyte)
Talaromyces
wartmanni 485 285 091 - - ﬂmmﬁ
(Endoplyte)
S5F(Uigds)
Panicillium
. ] - 35 - 15 ou et al
Brazilianm 006
Aspergilluz Montibe
niger NEFRL 950 - - - - ler et
328 al 2014
s thmalium 1800 3l 212 33 7 3

Purification and characterization of AFasze

AFase from P. janthinellum was purified to homogenerty using ultrafiliration, ion
exchange, hydrophobic and gel chromatography. The punfied enzyme exhibited
specific activity of 9 pmol'mg protein” comesponding to 4.5 fold purification.
The purified enzyme had a molecular mass and iscelecine pomnt of 64 EDa and
38 T ig 5a & 5b).

0T 4 iy e
6610 T35

430 ek

200
143

() )

Figure 5 a) SDS-PAGE of purified o-L-arabinofuranosidase from P. janthellium.
Lane M: standard protem markers of mereasing molecular mass: soyabean
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trypsin mhabitor (20EDz); bovine serum albumin (43EDa); bovine semum
albumin (66EDa); phosphorylase (974EDa), Lane 1: purified a-L-
arabinofuranosidase. b) Isoelectne forusing of punified a-L-arabinofurancsidase
(E). Lane M: standard pl markers(sipma) Lanel: punfied o-L-

Temperature, pH optima and Stability

Punfied AFase was optmmally active at 50° C (Fig 6a). Further increase m
temperature resulted in appreciable dechne in its actvity. The AFase from P
Jjanthinellum was optimally active at pH 5.5 (Fig 6b). The AFase retamed 98% of
its activity after 2 hours at 50* C. (Fig. 6c). Furthermore, the AFase was
appreciably stable showing half- life of more than 150 min at 50° C and pH 6.0
(Fig 6¢). Table 4 summanzes the comparative properties of AFase from different
fungal strams.

120 a

LS

R Lathoe actmaty (%)
5 8 8 8

=4

(=1

30 40 30 60 0 30 o0
Temperatura

120

2

BD
60
40
20

Relative activity (34)

120

8

B0
60

Reltive activity (%)

20

0 T T T T T T T 1
0 30 60 90 120 150 180 210 240

Time [min)

—&4—pHS50 —B—pHS55 —A—pHGO

Figure 6 a) Effect of temperature. b) pH on o-L-arabmofuranosidase activity. ¢}
Stability of a-L-arabinofirancsidasze at pH 5.0, 5.5 and 6.0 at 50 *C as a function
of time_ Error bars indicate SE (@ 5% level
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Table 4 Properties of o-L-arabinofiranosidases (AFase) from different fingal strains

Microoganizm (t[[::) ga pH,, Family References
Fungi
Penicillium canescens gg - - 'T:F Gusakow et al. 2013
Penicillium janczewskii } 75 a0 _ Terrasan et al 2010
Penicillium purpurogemm (ABF1) 58 50 40 D Incmes of 212000
Penicillium purpurogemm (ABF2) 70 60 5.0 51 Fritz et 212008
Penicillium crysogernum 52 - 3355 - Sakamota and Eawasak: 2003
Pussicilivom Beussilicmume . 255 6.0 - Fanagiotou et a1 2003
Chastomium sp. 529 [/] 5.0 - Yan et al. 2012
Fawicola insoles . 40 6.0 43 Sorensen et al. 2006
Penicillium janthinellum 64 50 55 54 Present work

Effect of metal ions

The activity of purnified enzyme was positively modulated m the presence of
Fe™ (Fig 7). The activity of purified AFase was inhibited in the presence of
Zn™ and Cu™ N-bromosnccinate resulted in complete loss of enzyme
actmvity.
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Figure 7 Effect of metal 1ons and other chemical reagents (10mM each) on the
actrvity of a-L-armbinofuranosidase from P. jamthinellum. Emor bars indicate SE
(@ 5% level

Subsztrate specificity and Enzryme Kinetics

The AFasze from P. janthirellum was maximally active against pMNP-o-L-
arabinofuranoside (pHNPA) but was not able to degrade other pNP substrates. The
purified enzyme did not show activity agamst p-nitrophenyl 2-0 and 5-0-feruloyl
o-L-arabinofuranoside. The AFase from P. janthinellum was more active on
arabinoxylan (Wheat and Eye) than on debranched arabman. AFase did not
catalyse the hydrolysis of brchwoodxylan, CMC (low and high wiscosity), and
avicel The purified AFase exhibited K and F,_ of 0.4mM and 260pmol mum”
'mg proteinagainst pNPA respectively.

Hydrohysis studies

Thin layer chromatography (TLC) and HPLC analysis of hydrolysis products of
that AFase from P. janthimellum releases L-arabinose as the mamm sugar. The
HPLC based quantfication showed that hydrobysis with punfied AFase (3.0
umts'g substrate) released appreciable amounts of arabmose from ve
arabinoxylan (29.5 mg's substrate) followed by wheat arabmoxylan (13 4 mg/s
substrate), and debranched arabman (3.8 mg'z substrate mg/g) indicating exo-
activity of AFase.
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Figure 8 Thin layer chromatography and HPLC showing hydrelysis products
obtained by action of o-L-aebinocfurancsidase from P. janthinellum on a) RAX,
b) WAX and ) DA

DISCUSSION

P janthinellum stram grown on solidified medmm contaimng nce staw and
wheat bran as substrates produced high levels of AFase along with other
hemicellulosic components (xylanase, f-xylosidase and acetybxylan esterase).
The crude enzyme extract resolved by 2 Dimensional electrophoresis and its
zymogram developed by using MUA as substrate revealed three distinct spots of
high melecular weight and acidic pl. The observed mmltiplicity of AFase may be
due protechysis of the enzyme during processmg that has also been observed
previcushy for multi-domam enzymes such as GHY p mananase (Takasuka er al.,
2014) or may be due fo cross reactvity of B-xylosidase that can recogmse MUA
as substrate (Wagschal er al,, 2009). This 1s the first report for detection of
AFaze on 2DE gels by zymogrzphy techniques. Further the optimized culture
conditions were established for enhancmg AFase production. The model
computed B and adjusted B* for AFase production were 0.997 and 0.992. The
B? value closer to 1 indicates that the model is robust to predict the response
(Babu and Satyanmarayana, 1995).The regression equation obtained after the
analysis of vanance (ANOVA) mives the level of enzymes produced as a function
of mihal vahe of (NH4)R504, moisture level and pH. By applying mmltiple
regressions amalysis on the experimental data the second order polynomuial
equation was found to explam the enzyme production (Jatinder er al., 2006).
The punfication and charactenization of AFase from P. janthinellum were forther
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mvestigated. The results after punfication suggest that the punfied enryme 15 a
monomer with a molecular mass of 64 KDa, whereas AFase from Penicillium
strams (P. pwrpurogenum, P. chryzogenum and P. camescems) showed a
molecular weight of 58, 52 and 60 EDa, respectively (De Ioannes er al, 2000;
Sakamota and Kawasald, 2003; Gusakov er al., 2013) indicating diversity of
AFase produced by different Pmrﬁfhum strains which possibily influences their
biochemical characterstics (Saha 2000). The maxamal activity of the enzyme was
observed at 50° C which iz in concwmrence with AFase from Fusarium
expsporium (30 * C), A pullulans (55 * C), T. thermophilus (55 * C) and
Clostridium themocallum (30 * C) (Chacon er al., 2004; Dewet er al., 2008;
Guerfali er al., 2011; Abhmed &f al., 2013). The AFase from P. janthinellum was
optimally active at pH 5.5, similar pH profiles have also been observed in AFasze
purified from P chrosegemum, P. pwpwrogemum and Chastomium sp.
(Sakamota and Kawasaki, 2003; Fritz er al, 2008; Yan et al., 2012). The
activity of purified enzyme was positively modulated in the presence of Fe™,
Simlar results were previcusly cbserved m Arthrebacter sp. (Khandeparker er
al., 2008) whereas the addition of metal ions such as Zn*™* and Cu™ inhobited the
AFase activity sigmficantly, suggesting that it 15 a thicl-sensifive enzyme because
these heavy metals promote the cxidatrve process with thiol group and affect the
native structure of enzyme thus destabibzmmg the conformational foldng of the
enryme or lead to formation of disulfide bonds at mregular positions (Dhumiva er
al., 1995). Inhibition in the presence of Cu™ has also been previously cbserved
(Sakamota and Kawazakd, 2003; Guerfali er al,, 2011; Yang er al., 2012}
Complete loss of the activity in the presence of N-bromosuccinate indicates to the
role of fryptophan in the active site of the enzyme (Adsul er al., 2009). The
purified enzyme was maamally active agamst pNP-o-L-arabinofuranoside as
substrate bowever 1t did not recognize p-nitrophenyl 2-0 and 5-O-feruloyl o-L-
arabinofurancside which are suitable substrates for defermination and
differentiation of FAE activity (Mastibubova er al., 2010). The AFase from P.
Janthinellum was more active on arabinoxylan (Wheat and Eye) than on
debranched arabman. Expectedly punfied AFase did not recogmsed
methylglucowronyl and acetyl substifuted Birchwood xylan as substrate. The
substrate specificity of P. janthinsllum AFase is sinular to GH family 54 AFase
from P. purpurogenum and P. fumiculosum (De Ioannes er al., 2000; Guais e

1010 that catalyzes the removal of o-L-arabmofuranosyl residues from
singly substitated xylopyranosyl residues (Sorenszen er al., 2006). The observed
Es (0.4mM) 15 lower than that of AFase from P. pwpurogenum (1.23mM),
Aursobasidium pullulans (3. TmM), T. thermophilus (0.77TmM) and Chaetomium
sp. CQ31(1 43mlh]) (De Ioannes ef al., 2000; Dewet et al., 2008; Guerfali er al.,
2011; Yam er al., 2012). Lower ki mdicates much higher affinity for the
substrate. Furthermore the punified AFase showed higher rate of catalysis (Vi)
when compared to AFase from Chaetomium sp. (Yan er al., 2012). The AFasze
hydrolyzed rye arabinoxylan, wheat arsbinoxylan and debranched arzbinan
releasing arabinose, siomlar results have previously been observed in AFase of
Clestridium sp. by (Ahmed er al., 2013) whereas GH34 AFasze from A. pullulans
(Dewet er al., 2008) was able fo release arabinose from amabinoxylans but not
from debranched arabman Debranched arabiman is mammby comprised of cham of
a, 1,5-lnked arabincfurancsyl residues whereas, arabinoxylans possess a xylan
backbone that is substituted with arabinose and acetyl moieties through a,1.2 and
a,1,3 Inkages. The enzyme used m the present study seems to cleaves arabinose
from al, 2 and al,3 linkages. The above resulfs also indicate the exo-actmaty of
AFase which has immense potential m bioconversion of agro-residues fo value
added products (Guerfali er al., 2010).

CONCLUSION

The study reports P. jamthinmellum as highly efficient source of AFase as well as
other components of bemicellulolytic enzyme system. By employing response
surface methodology optimal culture conditons for AFase production were
established which were higher than reported earlier. Secretome analysis revealed
P. janthinsllum o-L-arabincfurancsidase belonging to family 54. This is the first
report on identification of a-L-arabinofuranosidase on 2DE gels by zymography.
Also punified AFase efficiently hydrolyses rye and wheat abincxylan to
arabinose. Thus this AFase can be of great importance to food and biocomversion

mdustry.
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The goal of this study was to charactenze diversity of fungal biota m sml roots and green leaves of omon plant. Seventy- nine fungal
species belonging to 32 genera were isolated from soil (29 genera and 72 species), rhizosphere (25 and 52), rhizoplane (24 and 38),
phyllosphere (17 and 41) and phylloplane (17 and 35) on PDA medium at 19 and 28°C_ The number of fungal genera and species in sl
was higher than those on roots and leaves, whale those on the surface of roots (thazosphere) or leaves (phyllosphere) were higher than

those adhenng to roots (duzoplane) or leaves (phylloplane). Adspergillus (4. niger and 4. rerveus), followed by Penicillium (P.

Regular article

OPEM am{!s:

Sumiculozum and P. chrysogenum), Rhizepus (B stolonjfer) and Fusarium (F. oxysporum) were the most commeon fongi. A new record
species 15 reported for the first fime to Egypt namely, Zopfiella latipes (from phylloplane of omon).

Keywords: Soil, omon, Allium cepa, rhizosphere, rhizoplane, phyllosphere, phylloplane, Zopfiella latipes

INTRODUCTION

Omion (Allium cepa L., Allaceae) 15 one of the mam important and oldest
vegetable crops grown in Egypt. Onion although pnimanly growm for food, 1s alse
used in fraditional medicine, meluding the treatment of chicken pox, the common
cold, influenza measles and rheumatism. Antimicrobial charactensties of the
Allium are related to the effect of sulfur compounds produced in its tissues. Onion
may help to prevent arteniosclerosis and other cardiovascular diseases (Schwartz
and Mohan, 2007). The phyllosphere of plants 15 a dynamic ecosystem inhabated
by specific bactena and fimg Their activity 1s related to vanous mteractions
between the biotic and abiotic factors of the environment (Behrendt e al, 1997,
2002). Saprotrophic leaf surface fimg perform key ecological roles in the plant
and aenal plant surfaces provide a suitable habitat for epiphyhic microorganisms,
which are influenced by the nutments present on the leaf surfaces (Tyagi er al,
1990; Abdel-Hafez er al, 2015). Phylloplane provides a smtable habatat for the
growth of microorganisms which can compete with the pathopen for nuinents
and mhibit pathogen mmltipheation by secreting anfibiotics or toxins (Yadav er
al, 2011; Thakur and Harzh, 2014). Several studies were camied out to
characterize the mycobiota of root surface and secil adhenng the roots of cnion
plants. Penicillium, Aspergillus, Trichoderma and Cladosporium were detected
Emmtherhlmsphemufunmseed]mg {L}'ndsa}', 1973). Iuanu'HHstmiy 5
Zygomycetous species, 9 Ascomycetous species and 59 Hyphomycetous species

were 1solated from the rhizosphere of Allivm cepa (Bertoldi er al, 1973). Abdel-
Sater (2001) identified twenty fungal species from leaf surfaces of cnion plant of
which Alternaria altermata, Aspergilluz nmiger, A. sypdowii, 4. versicolor,
Cladosporium  herbarum, Cochlicbolus Iumatus, Pleospora herbarum,
Setosphaeria restrata and Ulecladitm botrytis were the most prevalent. Montes-
Belmont er al. (2003) 1solated also Fusarium, Rhizoctomia, Curvularia, Phoma,
Alternaria, Sclerotium, Bipolaris, Aspergillus, Rhizopus and Penicillivm from
omon mursenes. Fusarium culmorum, Penicillium and Collstotrichum circinans
were also reporfed as pathogens for omion bulbs and 1t is recommended to use
eco-fnendly root and leaf swrface microorgamsms to manage plant pathogens
{Abo-Shady er al, 2007; Soria er al, 2012; Abo-Elyousr e al, 2014). Hence, it
15 necessary to determine the fongal populations m the soil, root and leaf remons
which could have positive or negative impact on onion growth and development.
This study ammed to provide comprehensive information on the fungi associated
with soil, rfhizosphere, rhizoplane, phyllosphere and phylloplane of onion (Giza
6} durng the penod from planting till harvesting.
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MATERIAL AND METHODS
Collection of Samples

Two localities m Assiut Governorate were selected for the present study;
Botanical Garden of Faculty of Science, Assit University and Refa Village (12
Em south of Assiut city). Samples were collected monthly durmg the growmg
season which extended from September 2005 to Apnl 2006.

Soil samples: Twenty-six soil samples were collected at a depth of 5 inches, put
n stenlized polyethvlene bags and moxed thoroughly and transferred directly to
the laboratory (Johnson er al., 1959).

Eoot samples: Onion roots (20 samples) were uprooted from the soil and shaken
gently to collect the adhening soil. Then the roots and soil were placed separately
in stenlized polyethylene bags and transferved to laboratory.

Samples of green leaves: For determumation of phyllosphere and phylloplane
fungi, 20 samples of green tubular leaves of omion were collected by cutfing

using stenhzed scissors and packed dwectly into polyethylene bags and
transferred to laboratory.

Izolation of Fungi

S0il borne fungi: Potato Dextrose Agar medium (PDA) supplemented with rose-
bengal (0.067gT) and chloramphemicel (025 gT) as bacteriostatic agents (Smith
and Dawson, 1944; Booth, 1971) was used The dilution-plate method was
employed fo determme soil fungi (Johnson er al, 1959; Moubasher er al,
1977). One ml of the desired diluton was transferred dectly mto each of
sterilized 9 cm diameter Petn dishes, then, ~20ml of PDA were poured in each
plate and stired gently for homogenous distribufion of soil suspension. The
plates were incubated either at 19°C and 28°C for 7 days (five replicates for each
sample). The developing colomes were enumerated and identified.

Rhizosphere fangi: The dilotion plate method was used to isolate rhazosphere
fungi. The FDA plates were incubated at erther 19°C or 28°C (five rephicates for
each sample) for 7 days dunng which the developmg fingi were counted and
identified
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Rhizoplane fungi: The previously uprooted roots of omon plant were subjected
for a series of washings with steribized distilled water, dried, cuft into equal
segments (1 cm long). Five segments were placed on the swrface of the PDA
medium plates. The plates were incubated at 19°C and 28°C (3 replicates for each
sample) for 7 days durng which the developing colomies were counted and
dentified

Phyllozphere fungi: Green leaves of omion were cuf mto segments (1 cm diam
each). Twenty g of these segments were placed in stenle comical flasks
contaiming 100 ml stenle distlled water and were shaken for 20 mimmtes. Final
desired dilntion (1/500) was prepared One ml of the final dilntion was
transferred into steribized Petri dish, and then 10-15 ml of melted PDA medium
was poured and shaken gently. The plates were mcubated at 19°C and 28°C for 7
days (5 rephcates for each sample). Developing colonies were identified and
counted

Phylloplane fungi: The previous segments of omon green leaves were washed
between stenhized filter paper. Five segments (1 cm diam ) were placed on the
surface of PDA plate. Five replicates were used for each sample and the plates
were Incubated at 19° and 28°C. The developmg finm were counted and
dentified

Identification of fungi

The fungal colomes were identified based on macro- and macroscopic characters
following Raper and Fennell {1965), for dspergillus species; Elli= (1971, 1976),
for Dematizceous Hyphomycetes; Booth (1971); Leslie and Summerell (2006),
for Fusarinum species; Pitt (1979), for Pemicillium species; Moubaszher (1993),
Pitt and Hocking (1997) and Domsch er al. (2007) for fimg in general.

Statistical analy=is

Hierarchical clustermg analysis using free online software statistical analysis
(werw.wessa nit. com) was used and Detrended Correspondence Analysis (DCA)
was performed wsing Canoco 4.5 (Ter Braak and Smilauer, 1998) to ordinate
sources based on their fungal compositon.

BRESULTS AND DISCUSSION
Collection of Samples

Two locabities m Assmt Governorate were selected for the present study;
Botanical Garden of Faculty of Science, Assiut University and Refa Village (12
Em south of Assiut city). Samples were collected monthly during the growing
season which extended from September 2005 to April 2006.

Soil samples: Twenty-six soil samples were collected at a depth of 5 inches, put
m stenhized polyethylene bags and mixed thoroughly and transferred directly to
the laboratory (Johnson ef al., 1959).

Root samples: Omion roots (20 samples) were uprooted from the soil and shaken
gently to collect the adhering soil. Then the roots and soal were placed separately
m stenhized polyethylene bags and transferred to laboratory.

Samples of green leaves: For determinafion of phyllosphere and phylloplane
fungzi, 20 samples of green tubular leaves of omon were collected by cutting
using sterilized scissors and packed directly info polyethylene bags and
transferred fo laboratory.

Izelation of Fungi

Soil borne fungi: Potato Dextrose Agar medium (FDA) supplemented with rose-
bengal (0.067g1) and chloramphenicol (0.25 gT) as bactenostatic agents (Smith
and Dawsom, 1944; Booth, 1971) was used. The dilnton-plate method was
employed to determume soul fung (Johmsom er al, 1959; Moubaszher er al,
1977). One ml of the desired diluton was transferred directly mto each of
stenhized 9 cm diameter Petn dishes, then, ~20ml of FDA were poured in each
plate and shured gently for homogenous distmbution of soil suspension. The
plates were incubated either at 19°C and 28°C for 7 days (five replicates for each

Rhizosphere fungi: The dilufion plate method was used fo isolate rhirosphere
fungi The PDA plates were mncubated at either 19°C or 28°C (five meplicates for
each sample) for 7 days during which the developing fimm were counted and
dentified

Rhizoplane fungi: The previously uprooted roots of omon plant were subjected
for a series of washings with steribized dishlled water, dried, cuf into equal
segments (1 cm long). Frve segments were placed on the swrface of the PDA

1146

medium plates. The plates were incubated at 19°C and 28%C (5 replicates for each
sample)} for 7 days dunng which the developing colomies were counted and
identified

Phyllosphere fungi: Green leaves of omon were cut mto segments (1 cm diam
each). Twenty g of these segments were placed m stenle comical flasks
contaming 100 ml sterile dishlled water and were shaken for 20 minutes. Final
desired dilution (1500} was prepared. One ml of the final dilution was
transferred info stenlized Petni dish, and then 10-15 ml of melted PDA medium
was poured and shaken gently. The plates were incubated at 19°C and 28°C for 7
days (5 replicates for each sample). Developing colonies were identified and
counted.

Phylloplane fungi: The previous segments of omon green leaves were washed
between sterilized filter paper. Five segments (1 cm diam )} were placed on the
surface of PDA plate Five rephicates were used for each sample and the plates
were incubated at 19° and 28°C. The developing fongi were counted amd
identified

Identification of fungi

following Raper and Fennell (1965), for Aspergillus species; Elli= (1971, 1976),
for Dematiacecus Hyphomycetes; Booth (1971); Leshie and Summerell (2006),
for Fusarium species; Pitt (1979), for Pemicillium species; Moubasher (1993),
Pitt and Hocking (1997) and Domsch er al (2007) for fimg1 in general.

Statistical amaly=iz

(www.wessa mt com) was used and Detrended Cormrespondence Analysis (DCA)
was performed using Canoco 4.5 (Ter Braak and Smilauner, 1998) to ordnate
sources based on their fungal composition.

RESULTS AND DISCUSSION

Seventy-nine species belonging to 32 genera were identified from sodl (38 species
and 25 genera), tuzosphere (47 and 23), rhizoplane (30 and 16), phyllosphere
(37 and 15} and phylloplane (28 and 14} on PDA medium at 19°C. While lower
recovered at 28°C from soal (26 genera, 60 species), rhuzosphere (19 genera, 40
species), rhizoplane (13 genera, 28 speces), phyllosphere (14 genera, 36
species) and from phylloplane (12 genera, 25 species) (Table 1)

Fungi izolated from zoil zamples

Seventy-two species apperfaimng to 29 genera were isolated from soal cultivated
with onion plant en PDA plates incubated at 19° and 28°C. dspergillus,
Penicillium, Cochliobolus, Fusarium and Rhizopus were the most common
genera at both 19° and 28°C. They were recorded in 6538 - 100% of total
samples tested (Table 1). The gross total fungzal count was hagher at 19°C than at
28°C as shown m table (1).

Aspergillus was represented by % and 8 species compnsing 33.30 and 50.21% of
total fung at 19° and 28°C respectively. 4. miger and 4. terreus were 1solated m
high frequencies (ranging between 73.08% and 100% of total samples tested). On
the other hand, 4 sydowii was recorded only at 19°C with 11.54% frequency of
ocomrence, while two species (4. carbonarius and 4. eryzas) were 1solated only
at 28°C. A. miger was reported as an abundant soil-bome fungus and may be a
source of black mould of cnion (Tyzon and Fullerton, 2004).

Penicillium occurred in 84.62% and B8 46% of total samples at 19° and 28°C
respectively. It was represented by 12 species of which P. fimiculosum was the
most common, followed by P. chrysogenum at 19°C and P. oxalicum at 28°C. P.
islandicum and P. mirabils were detected only at 19°C, but P. pinophilum was
isolated at 28°C.

Cochlieholus (3 species), with its predomunant species C. spicjfer, was detected
in 76.92% of total samples. C. hawaiisnsiz was 1solated from 3.85% of total
samples at only 28°C (Table 1).

Fuzarium was represented by 6 and 5 species at 19° and 28°C respectively. F.
oxysporum was the most common species, followed by F. solami. F. eguiseti, F.
tricinctum and F. xylaricides were isolated only at 19°C, and F. oxysporum var.
redolens and F. subglutinans were isolated rarely at 28°C only.

Rhizopus stolomjfer appeared in 34 .62% and 65.38% of total samples, accounting
6.56% and 6.43% of total fung at 19° and 28°C respectively (Table 1). The
remaining genera (20 genera at 19°C and 21 genera at 28°C) were recorded
moderate or low frequency of occwmrence (Table 1)

Several fungal genera and species were commenly isolated from soil m Egypt
({Abdel-Hafez er al., 2000; Zohri er al. 2014; Elkhateeb er al., 2016).
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Rhizosphere fungi

Fourty-seven and 40 fungal species belonging to 23 and 19 genera constituting
679945 and 572980 cfu'z were isolated from 20 rhizosphere samples on PDA at
19% and 28°C respectively (Table 1). The number of species in the rhizosphere
(52 species) was less than that in the soil away from it (72 species). Thas 1s
probably due to that exudates secreted from onion roots prevenhing non-
rhizosphere fung to gain access fo the fizosphere. Chur results are in harmony
with those of Sule and Ovweyiola (I011), wihile In contrast wath those of
LIehJ'utra and Kakkar (1971) who recorded greater oumber of fingi in the
than in the soil Aspergillus (8 species) compnsed 54.49% and
63.32% of total fimgn at 19° and 28°C respectively. 4. miger was the
predomunant species followed by 4. rerreus and A versicolor were isolated
moderate frequency at 28°C and in low frequency at 19°C. A flmvipes was
1solated only at 28°C and 4. miveus at 19°C only (Table 1). Penicillium was
represented by 10 and % species matching 14.75 and 15.18% of total fang at 19°
and 28°C respectively. P. fumiculosum was isolated moderately, wihile the
remainmng Penicillium species ocowred mn low frequency. The results showed
that P. chrysogenum, P. mirabile and P. pinophilum were recorded at 19°C only,
whereas, P. citrinum and P. izlandicum were isolated at 28°C only. Rhizopus
stelonijfer occurred in 65% of the total samples tested, matchimg 6.26% and
6.75% of total fungi at 19° and 28°C respectively. Our results indicated that,
Acrophialephora fusizpora, Bomtis cimerea, Humicola grizea, Rhizoctonia
solani, Setosphaeria rostrata and Stemphylium botryosum were isolated at 19°C
only, while, Cumminghamella schniulata and Macrophomina phaseclina were
1solated at 28°C only.
The above species were frequently recovered from rhizosphere and non
rhizosphere soils of vanous plants cultvated in different locahties of Egypt as
by several workers (AMoubasher and Abdel-Hafez, 1956; Abdel-Hafez
eral , 1990, 2000; Elkhateeb er al, 2016).

Rhizoplane fungi

Thirty and 28 species belonging to 16 and 13 genera were collected from onion
roots at both 197 and 28°C respectively on PDA medium (Table 1). The gross
fungal count was shghtly higher at 28°C (1327 cfu25 root segments) than at
19°C (1276 efu25). It is worthy to mention that, the rhizosphere of onion roots
hosted a broader spectrum of species than that of the rhizoplane (53 and 38
species respectively). Thas 1s 1n harmony with the results obtained by Sule and
Oryeviola (2012) who isolated 30 and 18 different fungal species as rluzosphere
and rozoplane fungm respectively. Also, Porras-alfare er al (2011)
demonstrated that muerobial nehness in fuzosphere and soil samples was nearly
three times greater than the nchness desenbed for fungal communities associated
with roots of plants at the same site. Aspergillus was represented by 5 species,
compnsing 90% and 100% at 19° and 28°C respectrvely (Table 1). 4. miger was
the most prevalent species at 19°C and at 28°C. 4. sydowii was isolated only at
19°C, while 4. echraceus was detected only at 23°C. The remaming species were
recorded in low or rare frequencies. Fusarinm, with its dominant species F.
oxpsporum, was represented by 2 and 3 species, comprising 19 98% and 12.51%
of total fungi and ccowred m 90% and 70% of the samples at 19 and 28°C
respectively. F. aguiseti was isolated rarely at 28°C omly. Fusarium oxpsporum
and F. zolani altogether with other fingal species were 1solated from omon roots
and bulbs in Northeast of Iran (Rabiei- Motlagh et al, 2010). Pamicillium (9 and
8 species) and Rhizopus (R stolomjfer) were recorded in high frequency at 19°
and 28°C. Botryptis cinersa, Chaetomium globosum, Cunminghamella echinulata,
Emericella nidulans, Epicoccum migrum, Phoma leveillei and Rhizoctonia solani
were 1solated at 19°C only, but Acremowmium strictum, Macrephomina
phaseclina, Setosphaeria rostrata and Sordaria fimicola were isolated at 28°C
only (Table 1). Several of these species were mfrequently recovered from
rhizoplane of some plants cultivated in Egypt (Moubasher and Abdel-Hafez,
1986; Abdel-Hafez e al , 1990, 2000).

Phyllozphere fungi

Fifteen genera and 37 species (at 19°C); 14 genera and 36 species (at 28°C) were
recorded as phyllosphere fangi from green leaves of onion (Table 1). The total
counts were shghtly higher at 19°C (133500 cfu'g green leaves) than at 28°C
(131300). Aspergilluz (8 and T species, compnsing 33.4% and 38.54% of total
fungi at 19° and 28°C respectively), Cladosporium (3 species, 23.1% and 21 .25%
of total fung), followed by Pemicillium (10 and 9 species, 10.8% and 16.76% of
total fungl) were the most common genera (Table 1). Cladosporium spp. are
actrve at low temperature and high humidity and are known as important
pathogens to plant leaves (Kwon ef al, 2001). Other four fungal species were
wolated at 19°C only (4. ovyzas, Gliecladium roseum, P. waksmanii and
Stachybotrys chartarum), while 3 species were detected at 25°C emly (C
hawaiiensis, F. verticillioides and Mucor circinslloideas).

Ahbdel-Hafez et al. (2015) 1solated 58 fimgzal species belonging to 25 genera as
phyllosphere fimgi from healthy leaves of cnion plant. Altermaria alternata,
Aspergillus miger, A terveus, Cladosporium cladosporicides, Penicillium
Simiculosum, and Trichoderma harzianum were recovered in high frequency,
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while Aspergilluz corbomarius, A flavipes, Cumminghamella echinulata,
Epicoccum migrum, Humicela grizea, Myvothecium verrucaria, Nigrospora
sphaerica, Penicillium citrinum and other fung were rarely 1solated.

Phylloplane fungi

Fourteen and 12 genera imcludmg 28 and 25 species and contributimg 811 and
944 cfu25 leaf segments were isolated at 19° and 28°C respectively (Table 1)
Aspergilluz (7 species) was recorded in all samples matching 36.50% and 49 68%
of total fungi at 19° and 28°C respectively. 4 miger was the most common
species, detected in all samples, contnbuting 28 24% and 40 39% of total fung at
19" and 28°C respectrvely. A. versicolor was 1solated at 19°C only, while 4. wusms
was recorded at 28°C only. The remaining species were infrequent (Table 1)
Penicillium was isolated in moderate frequency (65% of samples) at 19°C
representing 12 59% of total fungi and high frequency at 28°C (13.56% and 70%
respectively). It was represented by 7 and 6 species at 19° and 28°C respectively.
P. fimiculosum was 1solated moderately ocewred in 40% and 55% of total
samples, compnsing 3.26% and 1081% of total fimgm at 19° and 28°C
respectively. It 15 worthy to menfion that, P. corylophilum, P fellutamum, P.
mirabils and P. waksmanii were recorded at 19°C only, wihale P. citrinum, P.
duclauxii and P pinophilum were isolated at 283°C only. The remaming
Penicillium species (P. chrysogenum and P. oxalicum) were recovered in low
frequency at both 19° and 28°C (Table 1). Cladosporium (2 species) and
Alternaria alternata were 1solated mm moderate occumence, wiule Rhizopus
stolonjfer was 1solated in moderate and low frequencies at 28% amd 19°C,
respectively. In most reports, thm:samm‘ked&:mmnfanammphcﬁmg:,
mostly of ascomycetous affinity, and the main genera found in the phylloplane
are Cladosporium, Aspergillus, Altermaria, Awreobasidium and Epicoccum
(Pereira et al, 2002; Guimaries eral, -'l'lll] Fesults in Table (1) revealed that,
Beawveria baszsiama, Macrophomina — phaseolina, Phoma leveillsi and
Rhizoctonia solani were recorded at 19°C only, while dcremomium strictum and
Zopfiella latipes were 1solated at 28°C only in rare frequencies. Acremonium
strictum, Altermaria alternate, Aspergillus flavus, A, fumigates, 4. niger, 4.
sydowii, A terreus, Cladesporium cladosporicides, C. sphasrospermum,
Fuzarium oxysporum, Gliocladium roseum, Penicillium duclawxii, P. pinophilum,
Stemphylium botryosum and 5. vesicarium were 1solated previously from
phylloplane of healthy green leaves of omion (Abdel-Hafezr er al, 2015).
Aspergillus miger and Cladosporium cladosporicides were also the most common
species of leaf surface of onton as recorded previously by Abdel- Sater (2001).
In the present study, the number of phyllosphere funm of zreen leaves (41
species) exceeded that of phylloplane fungi (33 species). This means that about
22% of fungal species are not really inhabifants of the leaf swrface, but are
deposited from the air. These results are in agreement with those reported by
Abdel- Sater (2001) and Abdel-Hafezr er al (2015), who exammed the leaf
surface fung of onion plants and reported that the number of phyllosphere fung
(58 and 20 species respectively) outnumbered those of the phylloplane (25 and 9
respectively). Results of the present study revealed that, the lowest number of
genera (17 and 17) and species (41 and 35) was almost isolated from leaves as
phyllosphere and phylloplane mycobiota respectively. This 15 probably because
the leaf swface is exposed to mpidly fluctuatng temperature and relative
bumidity, as well as repeated alternation between presence and absence of free
moisture content dew. Also, the leaf itself is smrounded by a very thin laminar
layer in which moisture emufted through stomata may be sequestered, thereby
alleviating the water stress to which epiphytes are exposed (Lindow and Brandl,
2003).

Temperature is one of the hmafing factors in fungal growth and spread In the
present study, some fung were 1solated erther at 19°C, such as Humicola grizea,
P. mirabile, Rhizoctonia solami; or at 28°C, such as Cheatominm brasilienze and
Zopfiella latipes. However the optmum temperature for Rhizoctomia solami
growth ranged between 15 — 30°C (Orozco-Avitia er al, 2013).

In chuster analysis, the 5 sources (so1l, fhuzosphere, rhizoplane, phyllosphere and
phylloplane) and two incubation temperafures (19° apd 28°C) were grouped
based on total counts of fungal species (Figure 1). The analysis showed that,
fungal species isolated from soil at 28°C and rluzosphere at both 19° and 28°C
cluster closely together and they are the most simular to fungal commumty in sol
at 19°C. Also, fingal communities isolated from phyllosphere at both 19° and
28°C were clustered together m the same group (C). The closter analysis m figure
(2} was used to compare different sources according fo their number of genera
and species. The cluster classify sources mto four groups of which groups A and
B are closely related, while fungal genera and species 1solated from soil at both
19° and 28°C (group ) showed the least similanity with those 1solated from other
sources (Figure 2).

Figure 3a exlubited the distnbution of genera 1= =mignificantly different, for
example dcrophialophora and Setosphaeria were closely related and showed
sigmificantly difference from Adltermaria, Fusarium and Trichodsrma. On the
other hand, fizure (3b) shows differences mm compositon of fingal genera
isolated from different sources at 23°C using detrended correspondence analy=is
(DCA). Interestingly, Macrophomina and Rhizoctonia are closely related and
significantly different from Alrernaria, Fusarium and Sordaria.



http://link.springer.com/search?facet-creator=%22Brij+Rani+Mehrotra%22
http://link.springer.com/search?facet-creator=%22R.+K.+Kakkar%22
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lindow%20SE%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brandl%20MT%5Bauth%5D

J Microbiol Biotech Food Sci / Abdel-Gawad et al. 2007 - & (3) 1145 - 1151

Table 1 Percentage total counts (*TC) and percentage frequency (%oF) of fungi isolated from soil, rhizosphere, rhizoplane, phyllosphere and phylloplane of omon
plants on PDIA medium at both 19 and 28°C. (n: the number of samples collected)

Soil (n = 26) Fhizosphere (n = 20) Fhizoplane (o= 20} P"F"“‘,’;;“ (®= Phylloplane
Fungal taxa 19°c 8¢ 19°C 18°C 19°C 8°C 19°C  28°C  19°C  18°C
WTC %F *%WTC %F WTC WF WTC WF %TC %F WTC %F WTC %F %WTC %WF % TC %F W T %F
Acremonium strictum W. Gams 01 145 08 192 099 1500 0.74 1000 - - 008 500 01 5 02 50 - - 03 50
Acrophalophera fusispera (Saksena) Samson - - 01 115 010 500 - - - - - - - - - - - - - -
Alternaria alternata (Fnies) Keissler 19 577 25 615 121 4000 0.61 3000 7134500369 3500 21 25 29 350 73 350 48 35
Aspergillus P. Micheli ex Link 935 100.0 50.2 100.054.49100.0063.32100.0025.6320.0039.64100.00 33.4 100 38.5 95.0 36.5 100 49.7 100
A. carbonarius (Bamier) et al. - - 02 115 - - - - - - - - - - - - - - - -
A flavipes (Baimer & Sartory) Thom & - - - _ _ - 012 500 _ _ _ _ _ - _ _ _ _ _ _
Church)
A. flavus Link 332 346 20 462 0.78 2000 065 1000 2191000226 1500 24 25 21 350 43 30 43 325
A. fimizats Fresenms 08 145 01 7.7 516 2500 031 10.00 03 10 05 100 02 50 04 100
A. miger van Tieghem 241 100.0 349 10004493 95.00 55.70 95.00 21.7120.0035.57100.00 27.1 100 209 950 282 100 40.7 100
A. miveus Blochwitz - - - - 036 500 - - - - - - - - - - - - - -
A. ochracens Wilhelm 242 192 02 192 047 3000 007 500 - - 063 1000 21 25 432 250 17 5 30 15
A. oryzae (Ahlburg) Cobn - - 01 77 - - - - - - - - 01 5 - - - - - -
A. sydowii (Bammier & Sartory) Thom & Chuorch 02 115 - - 006 500 037 2000 0.16 500 - - 01 5 02 50 02 5 05 10
A. terreus Thom 56 731 120 846 196 3000 381 5500 1412000075 1500 09 15 14 300 16 20 05 15
A. usius (Bamier) Thom & Church 56 1% 00 38 - - - - - - - - - - - - - - 02 5
A. verzicolor (Vullemin) Tiraboschi 08 308 08 308 083 3000 229 5000 016 500 038 1500 03 5 03 50 01 5 - -
Beauveria bassiona (Balsamo) Vuillenun - - - - - - - - - - - - - - - - 01 5 - -
Botryotrichum piluljferum Saccardo & Marchal 08 145 00 38 - - - - - - - - - - - - - - - -
Botrytis einsrea Persoon 05 145 - - 249 1500 - - 0391000 - - 95 30 18 250118 35 20 15
Chastomium Exnze 06 145 01 3% 02 150 01 50 02 50 - - - - - - - - - -
C. brasiliense Bat. & Pontual - - 01 38 - - - - - - - - - - - - - - - -
L. globosum Exnze 06 145 02 150 01 50 02 50 - - - - - - - - - -
Cladosporium Lk 334 615 54 577 90 600 39 300 06 100 02 350 231 70 212 B0O 109 50 99 45
C. cladosporioides (Fresenius) de Viies 202 4632 44 346 59 450 24 200 06 100 02 50 142 60 138 750 72 40 81 45
. herbarum (Pers) Link ex 5. F. Gray 81 145 05 115 08 100 05 50 - - - - 10 15 20 250 - - - -
C. exysporum Berkeley & Curfis - - - - 03 50 - - - - - - - - - - - - - -
C. sphaerospermum Penzig 51 308 05 192 19 200 09 150 - - - - 7% 35 55 150 37 15 18 10
Cochliobolus Divechslar 113 769 64 769 17 450 20 450 40 300 55 400 19 25 13 300 - - - -
C. hawaiiensis Alcom 00 38 01 50 03 50 01 50 - - - -
C. lumatus B_ Nelson & Haasis 61 433 12 500 03 200 03 150 16 150 26 250 04 15 03 100 - - - -
. spicjfer Nelson 53 731 51 769 13 250 18 400 24 300 26 2350 15 30 09 200 - - - -
Cumninghameslla echrmiulata (Thaxter) Thaxter 46 318 00 77 01 50 03 100 - - - - - -
Emericella Berkeley & Broomse 17 385 32 615 01 50 01 50 02 50 - - 03 o 02 50 - - - -
E. lata Subramaman 08 115 01 115 - - - - - - - - - - - -
E. midulans (Eidam) Vmllermin 03 231 17 500 - - - - 02 50 - - 03 o 02 50 - - - -
E. rugulosa (Thom & Faper) Benjammn 06 308 14 346 01 50 01 50 - - - - - - - - - - - -
Epicoccum migrum Link 06 154 01 77 - - - - 04 50 - - 04 15 03 1000 - - - -
Enrotium amstelodami Mangin - - 01 7T - - - - - - - - - - - - - -
Fusarium Link 135 7659 82 692 53 500 23 350 200 900 125 700 27 25 31 400 37 25 28 30
F. chlamydozporum Wollenweber & Renking 45 38 01 38 - - - - - - - - - - - - - - - -
F. eguizeti (Corda) Saccardo 01 38 - - - - - - - - 04 150 - - - - - - - -
F. oxysporum Schlechtendal 40 692 63 615 53 500 17 350 189 900 114 700 16 20 18 250 37 25 28 30
F. oxysporum var redolens (Wollenw.) Gorden - - DD 38 - - - -
F. solani (Martrus) Saccardo 43 192 18 423 01 50 05 50 11 150 08 150 10 10 12 2350 - - - -
F. subglutinans (Wollenweber & Reinking) } _ o0 3if - ) } } ) } } ) } } o
Helson ot al ’ ’
F_micinerum (Corda) Saceardo 05 318 - - - - - - - - - - - - - - - -
F. verticillioides (Saccardo) Nirenberg - - - - - - - - - - - - - - 02 50 - - - -
F. xylarigides Steyaert 01 318 - - - - - - - - - - - - - - - - - -
(riocladium roseum Baimer 02 154 00 38 01 50 01 50 - - - - 04 10 - - 04 10 01 5
Humicola grisea Traaen. 02 35 - - 0o 50 - - - - - - - - - - - - - -
Macrophomina phaseolina (Tass) Goidanch 00 318 - - - - 01 50 02 50 - - - - 02 5 - -
Mucor circinelloides van Tieghem 00 145 01 77 06 300 10 150 07 100 35 150 - - 14 100 - - - -
Mycothecium Tode 53 4331 23 385 11 100 12 100 - - - - - - - - - - - -
M. roridum Tode 29 115 08 77 07 50 - - - - - - - - - - - - - -
M. verrucoria (Albertini & Schwemits) Ditmar 24 346 15 346 05 50 12 100 - - - - - - - - - - - -
Nigrospora sphaerica (Saccardo) Mason 22 115 02 115 01 50 00 50 - - - - - - - - - - - -
Penicillium Link 252 B46 97 B85 147 650 152 650 172 650 206 750 108 75 168 750190 65 136 TO
P. chrysogemum Thom 97 2% 12 115 04 150 - - 02 50 - - 04 15 13 30001 5 05 10
P. citrinum Thom 14 145 02 77 - - 0l 50 02 50 - - - - - - - - 01 5
P. corylophilum Dierckx 01 38 01 115 02 100 O3 150 O3 50 03 50 03 10 03 100 07 10
P. decumbens Thom 02 318 09 154 25 150 03 50 - - - - 04 5 06 100
P. duelmni Delacroix 02 318 00 3% 03 100 0O 50 02 50 035 50 14 25 0B 150 04 35
P. fallutanum Biourge 30 231 41 154 47 150 24 200 38 250 09 50 04 5 05 50 02 5
P. fimiculosum Thom 66 615 18 615 58 400 118 600 71 350 119 600 58 450 97 400 83 40 108 55
P. izslandicum Sopp 36 318 - - - - - - - - - - - - - - - - - -
P. mirabils Beliakova & Milko 01 318 - - 01 100 - - - - - - - - - - 01 5 - -
P oxalicum Cume & Thom 01 38 05 308 04 150 01 50 - - 26 200 01 50 08 150 55 20 13 5
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P pinophilum Hedgeock - - 08 231 01 50 13 150 06 100 13 150 26 300 - - 04 10

P. purpurgenum Stoll 01 318 01 77 02 100 01 50 12 50 20 1lo0 03 100 ©3 50 - - - -

P. waksmanii Zalesk: 01 318 00 38 - - - - 31 150 20 150 01 50 - - 3% 20 - -
Phema Saccardo 03 145 04 193 - - - - - - - - - - - - 14 10 - -

P. exigua Desmarieres 01 38 - - - - - - - - - - - - - -

P. herbarum Westendorp 03 145 - - - - - - - - - - - - - - - - - -

P lsveillei Boerema & Bollen - - 03 192 01 100 01 50 20 50 - - - - - - 14 10 - -
Rhizoctonia solani Enhn - - 01 150 13 150 - - - - - - 21 10 - -
Rhizgpus stolonjfar (Ebrenberg) Vuillemin 66 B46 64 654 63 650 68 650 145 70O 104 600 36 250 40 250 04 5 106 35
Sstosphaeria rostrata Leonard - - 02 115 01 50 - - - - 06 100 - - - - - - - -
Sordaria fimicola (Foberge) Cesat & de Notans 63 318 01 38 - - - - - - 01 50 - - - - - - - -
Stachybotrys Corda 02 154 02 154 01 100 02 150 - - - - 04 150 - - - - - -

5. chartarum (Ehrenberg) Hughes - - 01 77 01 100 - - - - 04 150 - - - - - -

5. slegans (Pidopl ) W. Gams 02 154 01 77 01 100 01 50 - - - - - - - - - -
Stemphylivm Wallroth 09 192 02 154 03 50 - - - - - - 09 250 26 350 39 15 39 15

5. botryosum Wallroth 05 154 01 77 03 50 - - - - - - 07 200 17 300 35 15 33 10

8. vesicarium (Wallr) E.G. Simmons 04 318 01 77 - - - - - - - - 01 50 09 100 05 5 06 5
Sterile mycelia - - 01 115 - - - - - - - - 01 50 - - - - - -
Trichodsrma Perscon 30 308 30 385 08 200 23 250 56 400 310 100 100 450 59 450 59 20 24 10
_T_hamanm (Bonorden) Baimier 15 38 - - - - - - - - - - - - - - - - - -

T harzignum Bifa 08 192 19 308 02 50 10 100 56 400 30 100 84 350 32 300 59 20 24 10

T. koningii Cudem 09 318 11 38 - - - - - - - - - - - - - - - -

T. longibrachiamum Rifai 07 38 00 38 07 200 12 150 - - - - 16 150 27 200 - - - -
Zopfislla latipes (N. Lundg ) Malloch & Cain - - - - - - - - - - - - - - - - - - b3 10
Total counts 1863876 552360 679945 5T2080 1276 1327 133500 131300 811 G944
Ho. of genera 32 25 26 230 19.0 160 13.0 15 14 14 12
Mumber of species 79 58 60 47.0 40.0 30.0 28.0 37 36 28 25

R New record species in Ezypt
—
— A A fimgal species was recorded in this study from phylloplane (green leaves of
1 onton plant at 28°C) for the first time in Egypt, namely Zopfiella latipes . It was
l ? isolated from samples and accounting 0.32% of total phylloplane fung (Table).
1 Zopfiella latipes (Lundgvist) Malloch and Cain 1971
' B Synonym: Tripterospora latipes Lundgvist, 1969

Increasing similarity

>

Figure 1 Chuster anahysis of 5 sources; soil at 19°C incubation temperature (1),
seil at 28°C (2), ruzosphere at 19°C (1), rhizosphere at 28°C (4), rhiroplane at
19°C (5}, ruzoplane at 23°C (), phyllosphere at 19°C (T}, phyllosphere at 28°C
(8), phylloplane at 19°C (9) and phylloplane at 28°C (10) based on the simmlanty
of their fungal commumities using species total counts. The sources  cluster into
four major groups (A to D). Sowrces of group C are similar to those of group D,
while groups A and B have low similanty with groups C and D.
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Macroscopic features: On PDA and glucose-Czapek's agar, colony grows fast,
attaining 9 cm in diameter after 10 days at 28°C, greyish brown to olive brown,
velutinous; reverse dark brown.

Microscopic features: Ascomata pale greyish brown or dark brown to black,
globose or subglobose, superficial, non-osticlate, nregularly dehiscing, 120-205
pm m diameter, and covered with byphae. Pendmm semitransparent, with soft
skin, composed of three or four lavers of imegular or angular thin-walled
peendoparanchymatous cells (Figure 4 A B). Asci are 8-ascosporous, thin walled,
clavate, broadest in the mmddle, 80-120=14-18 pm_ apically truncate (Figure 4C).
Ascospores bisenate, ellipsmdal, globulate, becoming one-septate m the lower
third, shightly constricted at the septum, 2-celled; large upper cell 16-25 x 12-15
pum, ellipsoadal, apex comical or umbonate, base tnmeate, olivaceous to brown,
thin-walled, =mooth, with a subapical germ pore, | pm in diameter, lower call
small, 4-8 x 3.5-Tum, broadly cylindrical, apex truncate, base broadly rounded,
hyaline (Malloch and Cain, 1971; Furuya and Udagawa, 1973) (Figure 4B-D).
Zopfiella latipes belongs to Phylum:  Ascomycota, Subdivision:
Pemzomyeotma, Class: Sordaniomycetes, Subclass: Sordanomycetidas, Order:
Sordanales, Famuly: Lasiosphaenaceas.

I was 1solated from soil and wood immersed m sea water (Malloch and Cain,
1971), from freshwater habitats in Florida Peninsula (Raja ef al, 2009), from
three mangrove plants m India (AManimohan e al , 2011).



http://www.marinespecies.org/aphia.php?p=taxdetails&id=438538
http://data.gbif.org/species/11314322
http://www.marinespecies.org/aphia.php?p=taxdetails&id=437297
http://www.marinespecies.org/aphia.php?p=taxdetails&id=437254
http://data.gbif.org/species/11315342
http://www.marinespecies.org/aphia.php?p=taxdetails&id=100064
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S¢ adcro
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Rhizoc

Figure 3a (leftf). Testing of differences mn fimgal genera composition of soil,
roots and green leaves of omion isclated at 19°C; DCA ordinzhion diagram
showing the positon of fimgal genera mm different sources; Acrophalophora
(Acro), Altermaria (Al), Aspergillus (As), Botyotrichum (Botryo), Botrytis
{Botryt), Chastomium (Ch), Cladosporium (Cl), Cochliobolus (Co),
Cumninghamella (Cu), Emericells (Em), Epicoccum (Ep), Fusarvizum (Fu),
Gliocladium (Gl), Humicola (Hu), Macrophomina (Ma), Mucor (Ju),
Nigrospora (M1), Penicillium (Pe), Phoma (PL), Rhizoctomia (Rhizoc), Rhizopus
(Bhizop), Setosphaeria (Se), Sordaria (So), Stachyborys (5t), Stemphydium
{Stem), Sterile mycelia (Ster) and Trichedsrma (Tr).

Figure 4 Zopfiella latipes: Mon ostiolate ascoma (A and B); Clavate asel, wath 8-
ascosporous & mafture and immature ascospores (C); 2-celled ascospores (D)

CONCLUSION

The fungal compesitions of soil, root and leaf surfaces fing associated with
omon plant were defermined, resulting in collecting 79 species belonging to 32
genera, of which Zopfiella latipes was recorded dunmg this inveshization for the
first m Egypt. The fungal species isolated from soil at 28°C and ruzosphere at
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3

Figure 3b (nght). Testing of differences in fungal genera composition of soil,
roots and green leaves of onion isolated at 28°C; DCA ordination diagram
showing the position of fungal genera m different sources; Acrophalophora
(Acro), Alternaria (Al), Aspergilluz (As), Bosyotrichum (Botryo), Beoytis
(Botryt), Chaetominm (Ch), Cladosporium (Cl), Cochlioholus (Co),
Cunminghamella (Cu), Emericells (Em), Epicoccum (Ep), Ewrotium (Eu),
Fuzarium (Fu), Gliocladium (Gl), Macrophemina (Ma), Mucor (Mu),
Mycothecium (My), Penicillium (Pe), Phoma (Ph), Rhizoctonia (Ehizoc),
Rhizopuz (Bhizop), Setosphaeria (Se), Sordaria (So), Stachybomrys (5t),
Stemphylium (Stem), Stenle myeeha (Ster) and Trichodsrma (Tr).

19° and 28°C are similar to fungal commumty m seil at 19°C. Also, fungal
communities 1solated from phyllosphere at both 19° and 28°C are bazically
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OPEM am{!s:

Yeasts, associated with secondary flora of many cheese types, are mportant microorgamsms for cheese npening process. The am of
this study was to identify the yeasts isolated from traditional Mihalic cheese and to determume their enzymatic activities as a tool for their
technological charactenstics. Phenotypic identification was performed by using API ID 32C test system and some complementary
marphological, physiclogical and biochemical tests. Enzyme profiles of the isolates were determined by using API-ZYM stnps. In this
study, 72 yeast isolates were obtamed from 29 Mihahc cheese samples. Fifty-six (78%) of the 1sclates could be identified at species
level, and one izolate at gemms level. The identified veast species belonged to three genera; Candida, Geotrichum and Trichosporon. It
was determimed that Candida famata var. famata was the domumant species in Mihahe cheese. The yeast 1solates had vanable enzyme
activities inchiding acmid phosphatase, esterase, esterase lipase, hipase, B-galactosidase, leucine arylamidase, valine arylamidase and
cysteine arylamidase which could have important attnbutes dunng cheese npening. O famata var. famata M22, Candida guilliermondii
var. membrangfaciens M54 and Candida tropicalis M2 were selected to be supenor strains on the basis of their enzyme profiles.
Identification and enrymatic characterization of the veasts ongimated from Mihalic cheese was parformed for the first ime 1n this stady.

Keywords: Mihalic cheese, yeast, 1solation, identification, ensymatic characterization

INTRODUCTION

Mihalic cheese is one of the traditional cheeses of Turkey, widely produced in the
provinees of Bursa, Balikesir and Canakkale (Kamber, 2008). The name
“Mihalic™ 15 an old name of Karacabey, county of Bursa, and it 15 known that the
cheese has been produced in these areas for at least 250 years (Havaloglu er al_,
2008). Among the ihabitants nfﬂ:.ereg.un,ﬂledleesena]&ukmnb}'mdl
different names as Maghe, Mahlic, Eelle or Manyas cheese (Aday & Karagul
Yuceer, 2014). It 15 assumed that Mihahc cheese was adopted from Greek
cheese-making traditions (Kamber, 2008). It 15 a brined cheese made from raw
sheep’s or goat’s milk and charactenzed by hogh levels of salt and dry matter
(Kamber, 2008; Aday & Karagul Yuceer, 2014). It 15 npened in wooden
barrels at 15-25°C for three months in brine (Aday & Karagul-Yuceer, 2014). Tt
15 tough, fightly-structured and ranges from cream to hght yellow m color. It has
a charactenstic sharp taste and odor and has 3-4 mm diameter pores gradually
decreasing from the center to the sides in 1fs cross-sechion (Kamber, 2008).

It 15 known that compesition and activity of the mmeroflora in cheese play a
crtical role in the formation of cheese, leading to production of diverse range of
cheese vaneties (Jany & Barbier, 2008). It was reported that the recovery of
vyeasts in high numbers from cheeses (e.g. 10°-10° cfu/z) and their ability to
hydrolyse milk fat and proteins hawve suggested that they mfluence the
organoleptic characteristics of cheese. Even m cheeses inoculated with bacterial
starfers, yeasts are reported fo be detected at counts as high as 10° cfu's (Capece
& BRomano, 2009). Yeast species usually represent secondary microbiota m
cheeses and among them Elhgverompces marxianus, Debaryomyces hansenii,
Saccharomyces cereviziae, Yarrowia lipehtica (Golic er al, 2013),
Ehgveromyces lactiz (Gardini e al., 2006), Trichosporon cutaneum, Candida
zeylaneides and Geotrichum candidum (Padilla et al., 2014a) were reported to be
dominant species In vanous cheeses. Hhasbamrm‘tadﬂutﬂleyaaslsﬂayan
mportant role m proteclysis, lhipolysis, fermentation of residual lactose, and
assimilation of lactic and citne acid during the npemng of cheese, contmbuting to
aroma development and to the rheological properties of the final product
(Gardini er al., 2006; Padilla et al., 2014b) . Additionally, some cheese yeasts
have been recogmized by thewr probictic character and DMNA -bioprotective action
against model genotoccins (Padilla er al., 2014b).
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With regard to tradihional cheeses m Tuwrkey, with exception of a few vaneties,
most of the tradifional brmed cheeses have not yet been industnalized. It has been
reported that relatively kifle is known about the basic and microbiclogical
characteristics of the brined cheeses native to Tuwkey (Havalogla er al., 2008).
There are a few reports about the chemical and microbiological properties of
Mihalic cheese (Seolak & Alkin, 2013; Aday & Karagul Yuceer, 2014). The

reports concerming mucroflora of Mihabe cheese were wsually focused on
paﬂmgml.chat:tlma{ﬂ'ukalﬂd 2012). To date, there is no reported study about
the veast flora of Mihahc cheese. The amm of this study was to determine the
predominant yeast species in the mucroflora of Mihalic cheese and to characterize
their enrymatic activities.

MATERTALS AND METHODS

Cheese samples and chemical analy=iz

Thurty-one samples of Mihalic cheese were randomly collected from the markets
in Ankara and transported to the laboratory. Most of the cheese samples were
packaged m polyethylene bags, and the others were aseptically taken from the
newly opened tin boxes in the markets. Water activity, pH, dry solid content and
salt content of all samples were analysed in duphcate. Water activity was
measured based on “dew point” method (Fontana, 1993) by using a water
actvity measurement device (Agqualab Model CX2 Decagon, USA). Dy sohd
content was determimed according to Bradley (1998) and salt content was
determined by Mohr method desenibed by Hendricks (1998).

Izolation of yeasts

Cheese samples were cut info small preces under aseptic conditions and 25 grams
from each block (sample) were homogenised with 225 ml of 0.1% (w%) peptone
water in a stomacher (Seward Stomacher 400 Type BA 7021, UE). For 1selation
of the yeasts, appropriate dilutions were inoculated on Yeast Extract Dextrose
Chloramphemicol (YDC) agar (Lab M, UK} and Dichloran 18% Glycerol (D{G18)
agar plates (Deak & Beuchat, 1996; Pitt & Hocking, 1997). After incubation at
28°C for 2-7 days, the colomies grown on both media were randomly selected on
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the bamis of their macroscobic morphology. Colomes with different morphology
were moculated mio Yeast Extract Malt Extract (YM) agar (Lab M, UK) and
pure cultures were obtamed at 28°C for 48 hours. The pure cultures were
maintained at 4°C, until use.

Identification of the yeast isolates

Yeast 1solates were identified by using API ID 32C, a rapid numiaturised
identification system (broMéneux, France), and some complementary tests. API
ID 32C stnps were used according to the suppliers mstructions. The results of
APT ID 32C was evaluated by using Apilab Plus, a specific computer programme
developed for API ID) 32C stnps and mini APT analyser (bioMeérieux, France).
The complementary identification tests used were as follows; macroscobic and
microscobic morphologies (Pitt & Hocking, 1997; Kurtzman er al., 2003),
growth characteristics in Lgwd medium (Kurtzman er al., 1003), glucose
fermentation (Harrigan, 1998; Yarrow, 1000; Kurtzman er al, 2003), urea
hydrolysis (Deak & Beuchat, 1996; Yarrow, 2000; Kurtzman er al., 2003),
nitrate assimalzfion (Deak & Beuchat, 1996; Yarrow, 2000} growth at 50% and
60% glucose concentrations (Yarrow, 2000; Kurtzman et al., 2003), zrowth at
37°C, growth mn media inchiding 0.5% and 1% acetic acid (Pitt & Hocking,
1997}, psendohyphae and ascospore formations (Yarrow, 2000). For some of the
1solates; galactose fermentation, growth in medmm without vitamin (Yarrow,
10y and zrowth in medium including 16% Mall and 5% glucose were also

mvestigated.
Determination of enzymatic activities

Enrymatic activities of the yeast isolates were screened by using mimatunzed
APT-ZYM test system (broMeénew:, France), which enables screeming 19
different enryme actrvities. After activation of the veast cultures on YM agar at
30°C for 24 hours, they were suspended m distilled water until suspensions
reached 5 or & McFarland twindity. The suspensions were mmoculated m the
microwells on the API-ZYM stnp at a level of 65 L for each cupule. After
meubation at 37%C for 4 - 4.5 bowrs, ZYM A and ZYM B reagents were added to
each cupule and after five munutes, strips were put under 1000 W lamp for 10
seconds for prevention of vellow colour formation caused by Fast Blue BB. For
evaluation of the results, each enzyme activity was graded from 0 to 5 by
companng developed colour with the API-ZYM colour reaction chart The
approximate amount of free hydrolysed substrate (nmol) could be cbtained from
the colour strength: 0, no activaty; 1, hberzfion of 5 nmol; 2, 10 nmel; 3, 20 nmel;
4, 30 pmel; 5, = 40 pmol. The grades were evaluated as no activity (0), low
activity (1), intermediate activity (2-3) and high activity (4-5).

For screeming enrymatic activifies, 30 of the 56 identified i1solates were used
Tharty 1solates were selected according to their iochenmeal and physiclogical
characteristics. All strains belongimg to the same species with different
biochemacal and physiclogical characteristics were enzymatically charactenzed

RESULTS
EResults of chemical analyzis

The analysed thirty-ome Mihahe cheese samples differed In some chemical
properties. Water activifies and pH values of the samples were found to change
between 0.7850.001-0.954+0.00] and 3.62=0.08 - 4 582010, respectively. Dry
solid content of the Mihahc cheese samples were in the range of 55. 762012 -
7167018 (%), while salt content on dry basis was determined to change
between 3 46+0.01-13 99+1 63 (%) (data not shown).

EResults of yeast isolation and identification

Isolation experiments resulfed in obtaining 72 yeast isolates from 29 of the 31
cheese samples. The isolates were coded with “M” and oumbers. According to
the identification results obtained with APT ID) 32C, 43 of the isclates could be
identified at species level. In species idenfification, an identification category of
“excellent” as estabhished by the mamufacturer was obtained for 4 of the isolates.
The identification profile was defined as “very good” and “good” for 24 and 15
of the 1solates, respectively. Eleven 1solates could be 1dentified at genus level as
“Candida”, 2 1solates as “Geotrichum”. Identification categonies of 11 of the
isolates were defined as “unacceptable profile”, one of the 1solates as “acceptable
profile”, two of them as “doubtful ” profile, one of them as “low discrimmation”,
and one of them gave no 1dentification result with the use of API ID 32C strips
(data not shown) As a result, ID 32C stmps did not give satisfactory
identification results for 16 of the 1solates. According to the identification results
obtained with API ID 32C, species identification levels of the yeasts were
changed between 96.6-99 9%, Identification at genus level was achieved between
the range of 67.5-94.4% (data ot shown). The identified isolates were mn the
species of, Trichosporom asakii (1), Candida wopicaliz (3), Candida
insconspicuanorvegensis (3), Candida famata (29), Saccharomyces cevevisiae
(1), Candida catenulata (1), KEodamaea ohmeri (1), Candida krusei (2) and
Candida zevianoides (2).

The complementary identification tests were used for the isolates which could not
be identified or identified only at genus level with API ID) 32C. The results of
these tests were represented m Table 1.

Table 1 Eesults of some complementary tests used for the identification of the 1solates

P i
- B = -] =
u 3 § 3 H = = B = ; £ =
S0 T T T T T A B A
Tests 4 i £ B [ £ g 3 5 B 5 E 2
= 5 = B & = g Z Z B 5 =
G > & § §% ¢ g g & 5w
S ¢ § i} U 5w 8
Glocose fermentation - + v v + + + B + + v _ -
Urea bydrolysis - - - - - - - - - - - +
HMitrate assimlation + - - - - - - - + - - -
Growth at 50% glucose + + v + + - - + + - - - -
Growth at 60% glucose v - v + - - v - - - - -
Growth at 37°C - - - - - v v - - + - v +
Growth at 0.5% acetic acmd - - - - - v - - - - - -
Growth at 1% acetic acid - - - - - - - - - - - - -
Ascospore formation - - - - - - - - - - - - -
Pzendohyphae formation - + v v + + v v - + v + -
Growth on media without vitamin' * * * ¥ ¥ * * * ¥ ¥ - *
Galactose fermentation' * * + * * * * * * * * *

{+): Positive. (-): Negative. {v): Varable. (') These tests were used for only some of the isclates. (*): Mot used for these isolates

When the assimilation fest results of AP ID 32C system and complementary
identification tests were evaluated together by using identification keys of
Barpett &t al. (2000), Payne e al. (2000) and Kurtzman & Fell (2000),
identification at species level was achieved for some of the 1solates. By this way,
some of the 1solates which could not be identified or 1dentified at genus level
could be identified at species level. For example, among the 1solates which were
identified at germs level as “Candida”, the stramns M53 and M63 could be
identified as Candida bertae by using identification keys of Payne er al. (2000).
By the same way, four isolates (M32, M48, MT79, M38) could be identified as
Candida paludigena, while the other four (M73, MT7, MTE, MS31) were
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identified as Candida cylindraceas. For identifinng C. cylindraceas isolates,
galactose fermentation test was used m addition to other complementary tests as
recommended by Pavme er al. (2000). For the stramns M3, M52 and M36,
identification result of API I} 32C strips were grven as . inscomspicua or O
norvegensis. They were 1dentified as C. norvegensis because of thewr ambty to
ferment ghocose, as descnbed by Meyer er al. (2000) and Barnett er al. (2000).
Thurty 1solates which were 1dentified as C. famara, were in the vanety of C
Jamata var. famata according to Meyer er al. (2000, smee they could not grow
at 37°C. The profile of the izolates M6 and M15 were defined as Geotrichum =pp.
by the API ID 32C sirips. They were further identified as & candidum by using
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the test of growth on the media without vitamin as recommended m the
identification keys of Payne er al. (2000). By using the ascospor formahion tests,
the 1solate M5 whach was 1dentified as K ohmeri by the strips, was determined
to be 1ts anamorph Candida guillisrmondii var. mﬁfm’rﬂqﬁrﬂm Similary, the
wsolate M8 was idenhified as Candida robusta, the anamorph form of S5
ceravisiae.

The final identification resulis were given in Table 2. By using complementary
tests in addition to APTID 32C strips, 56 (78%) of the isolates could be identified
at species level, and one isolate at genus level as “Candida”. I was determined
that C. famata var. famata (30) was the dooumant species in Mihalic cheese. O
cylindracea (4), C. paludigena (4), C. tropicaliz (3), C. norvegensis (3), C. brusei
(2). € zeylamoides (2), &. candidum (2). C. bertae (2), C. catemulata (1), C.
guillicrmondii var. membramagfaciens (1), C. robusta (1) and T. asahii (1) were
also among the detected species in the microflora of Mihalic cheese

Tahle X The species and number of identified veast 1solates

EResults of enzymatic characterization

The results obtamed by API-ZYM strips were given in Table 3. It was found that
none of the isolates had o-galactosidase, B-glucuromidase, MN-acetyl-f-
ghicoamimidase, o-mannosidase and a-fucosidase activities. Fifty-percent of the
strains had P-galactosidase activity. The highest activity of this enzyme was
observed for O paludigena M32. Only two strams; Trich. asahii Ml and C
tropicaliz M2 had p-glucosidase activity. Seventesn (35%) of the isolates showed
o-glucosidase achvity. Alkaline phosphatase activity was detected for most of the
isolates and all of the C. famata var. famata strains. All of the 1solates except two
C. norvegensiz strams, showed acid phosphatase actrvity. The level of amd
phosphatase actvity was hagh (3) for Trich. asahii M1, C. tropicaliz: M2, C.
kbrusei M37, C. guilliermondii var. membrangfaciens M54, & candidum M15 and
C. zgplancides M16 (Table 3). All of the 1solates had esterase (C4) and esterase
lipase (C8) activifies. However, only C. sropicaliz: M2, C. famata var. famata
M22 and & candidum M15 were found to have lipase (C14) activity.

Yeast species Number of izolates The enzyme lencine arylamidase was detected m all of the isolates, while valine
WY 5 anitystﬂnemhmtdasiesmﬂmmimh:ma&wmhtuattmhﬂ[lmd}

Camdida catemulata 1 Amgmus,hmanichymmmwhﬂhmmﬁefﬁecmﬂym

Camdida cvling 4 alealine pH valoes, were not detected in most of the 1solates of Mihahe cheese, an

Candi fagmmw:ﬁmm 30 aﬂﬂzm@._FimlmmthpacmgeofﬂmymmESwiﬁm

Candida guilli dii var membranafaciens 1 enzyme actvities detected by API-ZYM. The enzymes esterase (C4), esterase

Candida Erusei 3 bpase (C8), leucine arylammdase, acid phosphatase naphtel-AS-BI-

Candida is 3 phosphobydrohse and also alkaline phosphatase were common among the

Candida pa.i.ud'gigma 4 isolates of Mihalic cheese (Table 3).

Candida robusta 1

Candida tropicalis 3

Candida zeylancides 2

Candida sp. 1

Geotrichum candidum 2

Trichosporon asahii 1

Mot identified 15

Table 3 Enzyme activifies of the yeast 1solates
Lsolate Yeast species IE
no. o 1 2 3 4 5 3 7 8 9 11 12 13 14 18 1s 17 18 19
M1 T. asahii 0 3 2 2 0 3 0 0 0 0 5 5 0 0 0 0 2 0 0 0
M2 C. tropicaliz 0 0 1 2 1 4 1 1 0 0 5 2 0 0 0 4 2 0 0 0
M43 C. tropicaliz 0 0 2 1 0 3 1 0 0 0 4 2 0 0 0 3 0 0 0 0
M25 C. catenulata 0 2 3 2 0 4 1 1 0 0 2 2 0 0 0 0 0 0 0 0
M3 C. norvegensis 0 0 1 2 0 3 0 2 0 0 0 1 0 0 0 0 0 0 0 0
M358 C. norvegensis 0 0 2 2 0 3 1 2 0 0 0 2 0 0 0 0 0 0 0 0
M57 C. krussi 0 0 1 2 0 3 1 2 0 0 5 3 0 0 0 0 0 0 0 0
C. guilliermondii var.

M54 mombranafscians 0 1 2 1 0 5 0 0 0 0 5 1 0 0 0 3 0 0 0 0
MI18 C. famata var. famata 0 3 3 2 0 2 0 1 0 1 3 2 0 2 0 2 0 0 0 0
M91 C. famata var. famata 0 2 2 2 0 2 0 0 0 0 2 4 0 3 0 1 0 0 0 0
M21 C. famata var. famata 0 2 2 1 0 3 0 0 0 0 3 1 0 2 0 1 0 0 0 0
M39 C. famata var. famata 0 2 2 2 0 3 0 1 0 0 3 3 0 1 0 1 0 0 0 0
M22 C. famata var. famata 0 3 3 2 1 3 1 1 1 1 3 2 0 2 0 2 0 0 0 0
MT0 C. famata var. famata 0 3 2 1 0 2 0 1 0 0 3 1 0 2 0 1 0 0 0 0
M45 C. famata var. famata 0 1 2 1 0 2 0 0 0 0 1 1 0 3 0 2 0 0 0 0
M12 C. famata var. famata 0 2 2 1 0 2 0 0 0 0 3 2 0 2 0 1 0 0 0 0
M31 C. famata var. famata 0 3 1 2 0 2 1 0 0 0 4 2 0 0 0 0 0 0 0 0
M4 C. famata var. famata 0 1 2 1 0 2 0 0 0 0 1 1 0 2 0 1 0 0 0 0
Mé& & condidum 0 0 1 2 0 3 1 1 0 0 4 1 0 0 0 0 0 0 0 0
MI15 & condidum 0 1 2 3 2 1 1 0 1 0 5 1 0 0 0 0 0 0 0 0
M3 C. robusta 0 1 2 1 0 2 1 0 0 0 2 1 0 3 0 2 0 0 0 0
M6 C. zeylanoides 0 0 2 2 0 2 0 0 0 0 5 1 0 0 0 0 0 0 0 0
MT8 C. zeylanoides 0 0 1 2 0 1 0 0 0 0 3 2 0 0 0 0 0 0 0 0
MT73 C. cylindracea 0 1 3 2 0 4 1 1 0 0 1 1 0 0 0 0 0 0 0 0
MT77 C. cylindracea 0 2 2 2 0 5 1 1 0 0 2 2 0 0 0 0 0 0 0 0
M33 C. cylindracea 0 2 2 1 0 1 0 0 0 0 3 1 0 3 0 1 0 0 0 0
M7 C. paludigena 0 1 2 1 0 2 0 0 0 0 2 2 0 3 0 0 0 0 0 0
M32 C. paludigena 0 2 2 1 0 2 0 0 0 0 3 1 0 4 0 1 0 0 0 0
M&3 . bertae 0 1 2 1 0 2 0 0 0 0 3 1 0 3 0 1 0 0 0 0
W53 . bertae 0 3 3 2 0 2 0 0 0 0 3 1 0 3 0 1 0 0 0 0

1: Alkaline phosphatase, 2: Esterase (C4), 3: Esterase lipase (C8), 4: Lipase (C14), 5: Leucine arylamidase, &: Valine arylamidase 7: Cystine arylamidase, 8: Trypsin, 9: a-
chymotrypsin, 10: Acid phosphatase, 11: Maphtol-AS-Bl-phosphohydrolise, 12: a-galactosidase, 13: - galactosidase, 14: B-glocuromidase, 15: o-ghicosidase, 16: B-
glucosidase, 17: N-acetyl- B-ghicoaminidase, 18: o-mannosidase, 19: a-focosidase
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Percentage of the isolates (%)

1 2 3 4 5 8 7 8 8 0N

Enzymes

Figure 1 Percentage of the yeast 1solates (%) having the certain enryme actmvity

1: Alkaline phosphatase, 2: Esterase (C4), 3: Esterase lipase (CB), 4: Lipase
(C14), 5: Leucine arylamidase, 6: Valme arylamidase, 7: Cyshn.earylamtda.w,ﬂ
Trypsin, 9 o-chymotrypsin, 10: Acid phosphatase, Maphtol-AS-BI-
phosphohydrolize, 12: a-galactosidase, 13: B- galacl:n-si.dase, 14: B-glucuromdase,
15: a-ghicosidase, 16: B-glucosidase, 17: M-acetyl- B-glucoamimdase, 18: a-
marnosidase, 19: o-focosidase

2 13 ™ 15 198 17 18 19

DISCUSSION

C. famata var. famata was defermined as the dominant yeast mn Mihahe cheese.
Although the prevalence of different yeast species depends on the type of the
cheese considered, D). hansenii (anamorph: O famata) was reported fo be the
most common species found in almost all types of cheeses, espemally 1n most
Mediterranian ewes” and goats’ cheeses. This was atimbuted to s abality to grow
m the presence of salt at low temperature and to metabolize lactic and crinic acids
(Capece & Romano, 2009; Padilla er al., 2014b). D. hansenii was also an
mmportant component m the microflora of young whate pickled cheeses of Serbia
{(Golic er al., 2013), Pecorine di Filiano chesse (Capece & Romano, 2009),
Peconno Crotonese cheese (Gardind er al., 2006), Spamsh blue-veined Cabrales
chease (Alvarez-Martin et al., 2007), Gorgonzola-style and Damish-style blue-
veined cheeses (Viljoem er al, 2003) and Damsh swface-ripened cheeses
(Petersen et al., 2002). D. hanzenii was defined as a “salt loving™ veast by Prista
& Louerio-Dias (2007) and this charactenstic of the yeast was explamed by the
capability of membrane potassium carmiers to transport potassmm into the cells,
even in the presence of high concentrations of sodium. It was not unexpected for
D). hansenii to domunate in the mucroflora of Mihalic cheese, which 1s known as a
salty local cheese in Turkey.

APT-ZYM system was used for detecting general enryme profiles of the veast
strams. The partbicular enrymes which are important for cheese npenmg are B-
galactosidase, o-ghicosidase, P-glucosidase, acid and alkali phosphatases,
esterase, lipase, trypsin, o-chymotrypsim and arvlammdases. According to the
enrymatic profiles of the veasts, the presence of B-galactosidase, a-ghicosidase
and f-glucosidase suggests thatﬂmyaasrsummulatedﬁumhﬁhahcchme
prefer glucose and lactose other than mannose, fructose and
carbon and energy sources (Heperkan et al., 2014; Zeng er al., 2014). And a::l.d
alkali phosphatases are given amnngﬂ:ﬂlmpmlanieuz;mﬁfmcheﬁerq}mng
It 15 known that although both acid and alkaline phosphatases are present m
cheese, acid phosphatases are more active due to their relatively low optimmm pH
(Maghoul & McSweeney, 1999). Acid phosphatase has a greater thermal
stabality and it 1= most active at pH values typical of cheese npening (Chavarri er
al., 1998). It has been suggested that phosphatase activity could mfluence cheese
flavor because of its effect on proteclysis. Acmd phosphatase, acting
synergistically with proteclytic enzymes, had been shown to hydrolyze casem
maolecule (Aknzawa & Fox, 2004). Phosphopeptides in milk have been reported
to be resistant to proteclytic attack, and the combined action of acid phosphatases
and proteclytic enzymes in cheese was thus required for extensrve production of
small peptides and free aminoacids (Chavarri er al., 1998; Akurawa & Fox,
2004). Tt was reported that the high amd phosphatase activity of microorganisms
mught be useful m metabolzng phosphates and contnbuting to flavor formation
m acidic external environment prevalent in cheese maturation (Akuzawa & Fox,
2004; Georgieva et al., 2009).

The strains having esterase and bipase actnabes are known to have potental to
mvolve m the hberation of free fatty acids during cheese npening (Zeng er al.,
2014). It was estimated that yeast stramns having high esterase, esterase lipase or
bipase activities maght contnbute fo lipelysis in cheese npening. Lipolysis plays
an mmportant role in cheese npening, and a large number of studies dealng with
the acceleration of lipolysis have been published (Kheadr er al, 2002; El Galion
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et al., 2013). The free fatty acids released during lipolysis contnibute, together
with the volatle compounds and the proteclysis products, drectly to cheese
flavor (El Galiou er al., 2013). The presence of microorgamisms with high
aminopeptidase activity was reporfed as advantageous for cheese ripening and
flavor development (Georgieva er al., 2009). Arvlarmdases (aminopeptidases)
catalyze the hydrolysis of N-terminal ammoacids from peptide, amide or
arylamides (Dodor & Tabatabai, 2007). According to Zeng er al. (2014),
aldehydes, alechels and acids, which have very low treshold values, wsually
mgmareﬁumﬂ:.edegnda‘umnfleumg valine, phal}ialanm.eandmﬂnomm
Amanopeptidases were also reported to have a debittermg effect dunng cheese
ripening (Herreros et al, 2003). It was also reported that flaver development
dunng npenmg favor the detection of yeast strains with aminopeptidase actvity
(Zeng et al., 2014). The absence of proteases (trypsm and chymotrypsin) and the
high activities of peptidases and phosphatases among the strains tested were
reporfed as desireable framfs for flavor and texture development in milk
fermentations (Mathara er al., 2004; Thapa er al., 2006). I was also reported
that starfers with low proteinase and strong peptidase activities were useful in
reducing bitterness and mmproving body and texture defects (Mathara er al.,

1004). Zeng et al. (1014) reported that the ensymahc potential ucf
microorgamsms can effectively reproduce the charactenstic flavour of fermented
food rapadly, leading to more diverse flavours. Therefore, enzyme profiling can
be used to select suitable stramns as starter cultures.

When enzymatic activity results were evalnated in the present study, some yeast
strains were found to stand out with thewr multple enryme activities. For
selection of the superior strains, both enzyme activities and quantities should be
taken mto account. I 15 thought that the premier yveasts having particular enzymes
important for cheese ripenmg could be subject of firther inveshizations for ther
adjumet starter potenhial, which could be demonsirated by other technological
properties of yeasts in addition to their enzymatic activities. The strain C. famata
var. famata M22 had most of the enzymes (esterase, esterase lipase, lipase,
leucine arviamidase, valine arvlamidase, cvstine anvlamidase,  trvpsin, -
chymotrvpsin, acid phosphatase, [-galactosidase and [ -ghocosidase) which may
have important attnbutes dunng cheese npening. However, enryme activities of
thi= stram were generlly low. Although low levels of proteases are
recommended In some studies, other enzymes such as acid phosphatase and
arylamidases may have more entical roles dunng npemng Strams lack of
proteases, but having lgh acid phosphatase and arylanmidaze activities could be
also suggested to be potental adjunct starters for further studies. Thus, C
guilliermondii var. membrangfacien: M3 with very hogh (Jevel 3) amd
phosphatase and leucine arylamidase activities could be also selected. Besides, O
tropicaliz: M2 may also be supenor because of having all three arylammdases m
addition to its igh acid phosphatase actnaty.

CONCLUSION

Thas study demonstrated the yeast flora umique to Mihalic cheese which 15 one of
the most important traditional cheeses of Turkey and also attracted attention n
recent years as slow food. Identfication and enzymafic charactenzation of the
yeasts originated from Mihalic cheese was performed for the first fime m ths
study. C. famata var. famata was determined as the dooumant yeast. The yeast
isolates had vanable enryme activifies mcluding acid phosphatase, esterase,
esterase hipase, lipase, P-galactosidase, lencine arvlammdase, vabme arylamidase
anicystmarylam.dasg whach could have mmportant attributes dunng cheese

rnipening. Enzymatic profiles of the yeast isolates revealed some of ther
tenhnolaglcalplq}erhﬁ Effects of these strains on cheese quality as admnect
starters and change of their enzyme activities during npening could be
investigated in fimther studies.

Acknowledgements: The authors thank to Scientific Research Unit of Hacettepe
University, Ankara, Tuwkey, for providng finaneial support (Project no.
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In today’s world, the problems due to the nsing pollution are mpevitable. A major contmbutor to this pollubion 15 due to the effluents
released by texhle mdusines, chemucal factories and others. They adversely affect the agricultwral lands nearby leadng to the
accummlation of xenobiotics and heavy metals in the sedl followed by bamrenness. A great amount of effort had dected towards the
exploration of remedhal approach by vanous workers. Employing the mdigenous microbes with degradative capabilities in sitw had been
a solution to it. Engineering of microbes is the latest trend for degrading a vast spectrum of compounds. The present study amms to

isolate bacteria capable of degrading Phenol, Hexane, Toloene and Xylene to test their synergism with the test plant, Figna radiata. We

Regular article

OPEM am{!s:

collected our soil sample from petroleum stafion. Three-gram negative bactena (Proteus sp. Preudomonas sp and Aevomonas sp) and
two-gram positive bacteria (Enferococcus sp and Streptococcus sp) were isolated and idenfified with fest compound degradative
potential They were further used to assess their synergism with the study plant by emploving hydropomies techmique at 100 ppm
concenfration of test compound. Streprecoccusspand Protensspgave a promising result followed by Enterococcus sp. The seedhngs

expenenced a negative mhibatory effect with deremonas sp and Preudomonas sp.

Keywords: Henobiotics, Hydroponies, Synergism

INTRODUCTION

A country’s major economic backbone is 1fs natural resources, human rescurces
and the agncultural empire 1t possesses. It was reported that over 70% of the rural
homes depends on the agnculfure as prime means of livelihood Econommeally
speaking this sector accounts for almost cne-third of the country’s GDP and 15 1ts
single largest contnbutor (India Brand Equity Foundation). It makes it clear that
anything that affects the mentioned sector would duectly result m a major
downfall of Indian economyy (Bhat, 2015). Ower the decades due to the
mereasing luman mtervenfion and for a race of development 1t has In many ways
disrupted the ecological balance Degradation m the quality of seil, low
agnculfural cutput and rapid spreading of the bamren land belt 15 a reflection of
this anthropogenic activities. Werldwide, soil is being sericusly degraded as a
result of increasmmg mdustnal, agnicultural and enal actvities. Soil contanumation,
both diffuse and localised, can lead fo damage to several soil fimctions and
contamination of surface- and groundwater (Vamerali er al 2010). Paki, a district
of Rajasthan 15 the largest erstwhile hand processmg closters, now gradually
moving fo power processing machines. The effluents discharged from these units
canse environmental pollution. Textile effluents discharged from various textile
processing units of Pah, flow about 55 kilometres downstream, making the
groundwater in several nverbank villages unfit for domking and imgation and
also cause an adverse effect on crops productivity and health of people residing
m those areas (Srivaztava er al 2014). Pollution of soils by radionuclides may be
of different kinds. An mmportant type of radionuchdes onginates from the
emission to the atmosphere, e nuclear explosions (*H) or reactor operations
{(*Er). The subsequent fallout of radionuclides with precipitation and infilration
canses pollution of different aqueous and ferrestnal ecosystems (Groudev er al
1001). The consumption of this radioouclides and heavy metal-contammated
food can senously deplete some essential nutrients in the body that are further
responsible for decreasing immnmological defences, intrauferine growth
retardation, mmpawed physio-social faculhes, disabihfies associated wath
malnutrition and high prevalence of upper gastromtestinal cancer rates (Khan er
al 2008). Researchers worldwide are finding ways to cope up with this problem,
and a sigmficant amount of work has been done. Phytoremediation, the use of
plants for environmental restoration, 15 an emerging cleanup technology. It uses
plants to reduce, remove, degrade or immobihse environmental foxins, primanly
those of anthropogenic ongin, with the aim of restoring area sites to a condition
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usable for private or public apphcations (Mukhopadbyay and Mait, 2010).
Fesearch on natural plants 15 mainly focused on detecting heavy metal byper-
accudmulator plants and the mechanism of absorphion by analysmg heavy metal
content in the dominant plant (Wang er al. 2004). Ol spillage or o1l pollufion on
so1l has adverse effects on bodies of swrface water used by dnnking household,
industrial purposes aquatic bife and the vast tract of agneulhuoral lands. Emuh
2010 reported that mmshroom inoculated in locally sourced substrates showed
promuse m bioremediation of crude ol pollufed the soil. Cuwrment evidence
suggests that in aquatic and terrestrial emvironments microorgamsms are the chief
agents for the liodegradation of melecules of environmental concern, inchoding
petrolenm hydrocarbons. Hydrocarbon-degrading bacteria, yeast and fing are
widsly distnbuted in marine, freshwater and scil habitats (Balba er al 1998).

In this study, we aim to isclate those xencbiohc-degradng bactenal species
which shows synergism with our test plant, Figna radiata, so that the
physiclogical 1l effects observed due to stress mduction by xenobiohc
compounds m seedlings can reduce to a greater extent for better productrvity. Up
to the best of our knowledge, it 15 the first report on the use of bacteria fo reduce
the abiotic stress on Figma radiata due to xenobiotic (Phenol, Toluene, Xylene
and Hexane) stress.

MATERIAL AND METHODS
Collection and processing of sample

The scal sample collected from a petroleum stabon expecting to heawily
contaminated with vanous hydrocarbons and xenobiotics. Soil suspension was

Enrichment of the bacteria

The ennchment of the bactena was camed out by using Trypticase Soy Broth
The media was supplemented with crystal violet-phencl red to selectively ennch
gram-negative bactena and sodium azide was added to ennch gram-positive
ones. Supplemented with 100 and 500 ppm of xenobiotic (phencl, toluene,
xylene, and hexane) with respect to control.
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Identification of the isolates

The isolates were idenfified through the biochemacal test, and morpheological
characterization and the results were validated by Bergev's manual of
determinative bacteriology.

Hydroponics analvsis of the test plant

After two leaf stages of mungbean plants, culturing media were established
which consisted 10{ppm of xencbichic supplementation (test group) along with
biotic (bactena+media+plant) and abictic confrol (xencbiotic+media+plant)
group respectively. The culture bottles were divided mto four groups wherein
each group Sdifferent bactena along with bictic confrol and aliotic control. The
germinated seedbmgs were then transplanted in these culture bottles mn the
hydroponic system. The mouth of the bottles 15 wrapped with alominmm foal
The seedhings are placed on the foal by prercing it and mserting the root ensuring
it touches the mediom. All the culfure bottles were then incubated at 267+ 2° C,
2000 hex dlwmination in fissue culture rack for two weeks. The root shoot lengths
of the seedings are noted, and the physical health of the seedhings is also

RESULTS AND DISCUSSION

The present study aims to 1solate and 1dentify those bacteria possessing the potent
degrading capacity of the xenobiotics (test compounds) ie.; Phenol, Toloene,
Hylene and Hexane. Bactena possessing degradafive capability may affect the
physiclogical health of the plant and hence were tested for the synergism of the
bactenal 1solates with study plant through the hydroponic system.

A total of 20 isolates were obtained. Among them, nine were gram positive, and
eleven were gram-negafive bactena based onGram staiming. Morphological and
biochemical charactenzation test was performed, and the isolates were 1dentified
by Bergey's mammal of determunative bactenclogy (Table 1). The isoclates

identified are Proteussp., Psendomonas sp anddsromonassp. (gram negative) and
Enterococcus sp and Streptococcus sp (gram positive) (Table 2). These isolates
were tested for their ability to survive and degrade our test compounds at 100
rem of xenobiotic concentration. Pseudomeonas sp was found fo folerate and
degrade xylene, phenol under i witre condihons A simlar evidence
ofPseudomonas degrading phenol and monochlorophencls from the soil samples
adjacent to texhile, pharmaceuticals, indusines and auwiomobile workshops has
been reported (Jame ef al 2010; Buitron and Gonzalez 1996; Razika 2010). In
another study, Preudomenas was able to degrade toluene and xylene, but benzene
was not metabohsed (Oenio er al 2005; Worsey and Williams 1975;
Hemalatha 2011; Nahar 2000). Pseudomonas possess XYL, a Nonconugative
Hylene-Degradative Plasmid whach helps 1t to degrade xylene (Friello er al,
1976). .Aderomomassp. Degraded hexane, toluene and xylene. Asromenasis
capable of good growth on foluene in the range of 6.25 to 386 mg/l (Nahar,
1999) . Proteus sp was able to grow on bexane and toluene. It is also able to
degrade Benzene, Toluene, Ethylbenzene and Xylene (BTEX) from heawvily
polluted sites. Streptococcus sp was able to grow on toluene, xylene and phenol.
I 15 used in the degradation of phenol from ol contaminated scal (Bhavoa er al
2010). ¥ is also used for the efficient biotransformation of phencl and its
denrvative by Catechol 2 3-Thoxygenase metabohsm (Mohite, 2010 and 2015).
Enterococcus sp was able to grow on bexane and xylene It can degrade CL
Eeactive Red 195, an arodye that is extensively used in textile dyeing, paper,
prnting, colouwr photography, pharmaceufics, cosmetics and other ndusines
(Mate and Pathade 2012).

The test of synergism between the isolates and the sdy plant was performed by
Hydroponics. Protens, Emterococons and Streptococcus were being found to be
more synergistic with the seedlings helped the plant mproved the phenotype in
the presence of the xenobiotic [Fig 1].The effect of the isolated bactenia on the
root-shoot length of the seedlings was also evalnated [Fig 2].Streptococcus sp.
was found fo be performing maximmm degradation followed by Protens sp. and
Enterococcus sp. respectvely[Fig 3]

Table 1 Morphological and Biochemiacal Charactenization Test for the idenfification of bacterial isolates duning the study conduct

Microscopic Biochemical
Lsolate Shape kS 514
cE g8 2 § . . 3 g § Shat Buf Gas HS Identification
HNo. =2 B E 2 g = = g . =i
= ©O3Z = 0 s & U
A Fod BN N N P N N D P P WAL WA N N Psendomenas
B Fod P N N P N N P N P WAL YA 3 P Proteus
C Rod P N F P ] Asromonas
D Fod BN N N P N N D P P WAL WA N N Psendomenas
E Fod I3 N N P N N P H P WAL YA I3 P Proteus
F Rod P M F P ] _Asromonas
G Coera N I3 N N Entsrococcus
H Coccl N 3 N N N P 3 _ Streprococcus
i Fod I3 N N P N N P H P WAL YA I3 P Proteus
J Fod BN N N P N N D P P WAL YA N N Psendomenas
E Coera N I3 N N N P I3 Streptococcus
L Cocel N 3 N N Entsrococcus
M Coera N I3 N N N P I3 Streptococcus
N Coccl N 3 N N N P 3 _ Streprococcus
[¥] Fod PN N N P N N D P P WAL YA N N Prsudomonas
I3 Coera N I3 N N Entsrococcus
Q Fod P N N P N N P N P WAL YA 3 P Proteus
2 Coera N I3 N N N P I3 Streptococcus
5 Coccl N 3 N N _ Entsrococcns
T Fod PN N N P N N D P P WAL YA N N Psendomenas
Table 2 Microbial isolates obtamed at vanious concentrations of xencbiofic
Menobiotic Concentration Gram Positive Gram Negative
Hexane 100 ppm Enterococcus sp Aeromonas sp
500 ppm Enterococcus sp Proteus sp
Toluene 100 ppm Streptococcus sp Aeromonas sp, Proteus sp
500 ppm Streptococcus sp —
Hylene 100 ppm Straptococcus sp Aeromonas sp
500 ppm Enterococcus sp Pseudomonas sp
Phenol 100 ppm Straptococcus sp Pseudomonas sp

500 ppm
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Figure 1 Hydroponically raising seedlings mn the presence of xenobiotic and
1solated bactena (test group) a- control (plant & media), b- Emterococcus, c-
Protens, d- Streptococens
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Fiureg 3 A glimpse of the efficacy of plant synermstic bacteria (a-
Streptococcussp., b- Proteussp., c- Enterecoccussp.) on the root-shoot length of
the hydroponically grown seedlings{Red bars- root length (in cms) and Green
bars- shoot length (n cms)

-

CONCLUSION

There 15 a nsmg demand for the ncrease in agrnicultwal output to feed the
exponentially growing population in India. This comes by compromismg with the
good agriculture practices such as using orgamc mamure and plant denved
pesticides. Dhue to the inereased use of chemical pesticide and fertibisers for an
mstant benefit, we are disrupting the homoeostasis of the soil biome. The
effluents from the industry also directly contmbute to this process which in fum
elevate the level of xenobiotics and heavy elements in the soil The worst
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happens when the land becomes bamren due to the persistent use of the chemcals
leading to 1fs accumulation and bio magnification i the food chain. The remedial
approach for bioremediation, which offers a great promise in future fo deal with
thiz= problem. Subsequent explorafion and desigmng of mucrobes capable of
degrading spectum of compounds can be a wise approach to regamn the loss of
agncultural resources we are InCUITINg Now.
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ABSTRACT

Thirteen microbial 1solates were evaluated for green symthesis of Mg and Mn nanoparticles. The isolates were come from soil and
isolate By yu was selected as highly exiremo-tolerant for Mz* and can grow between 800 to 15000ppm (80-1500%0)and was
identified as Psendomonas snurzeri, By mgw. Fungal isolate Fy mw s was selected as extremo-tolerant for Mn™ and grow in the range
B00 to 45000ppm (30-4500%) and was wdentified as Fusarium nygamai, F; uw 5. Biosynthesis of the Mg and Mn nanoparticles was
acheeved in both cases extracellular and mtracellular. The nanoparficles were characterized usmmg atomac absorption spectrophotometer
(AAS), dynamic light scattering (DLS) and transmission electron microscope (TEM). Prsudomonas stutzsri, B, yyw nanoparticle size
was ranges from (2293-553.2 nm) with different mean number for each size, the maximmm mean mumber 33.7% was that of the
particles with size 356.2 r. nm and atomic absorption spectrophotometer (AAS) revealed uptake percentage of the metal was 35.17%.
Fuzarium mygamai, Fi me 5 nanoparticles ranges from (61.21-127.5 to 4125 nm) with different mean pumbers for each size, the
maximum mean oumber 23.1% was that of the particle size 32.09 nm and range from 23.1 to 281 % and AAS was 27.07%.
Antinicrobial activity against Strepfococcus pyogenss RCMBOL10015, 31.25 and 62.5 nm followed by Candida albicans RCMBO3035,
15.63 and 62.5; then Staphylococcns aurens RCMBO10027 and Eschericia coli RCMBO10056 gave? 8land 62 5mm for both, whale for
Aspergillus fumigates RCMB02564 gave the least amount of mhibation 1.95 and 15.63mm; moreover Preudomonas aeruginosa
RCMBO10043 was very resistant for both Pseudomonas stuizert, By myw and Fusarium nygamai, Fs mas inracellular nanoparticles,

respectrvely.

Keywords: Anfimicrobial activity, extremo- metallotolerance, Fusarium nygamai, nanoparticles, Preudomonas stutzeri

INTRODUCTION

Manotechnology considered powadays as essenfial basic science due 1=
mmportance and involvements in all field of technology (Rai er al., 2008). Every
day there 15 more and more new achievements in the produchon and
characterization of nanomaterials and its applications (Sharma e al., 2009).
Swynthesis of nanoparficles can be done using several physical and chemical
methods but these methods have lmitations due to the use of toxie chermeals and
controlled conditions as high temperature and pressure (Rai er al., 2008; Birla er
al., 2009; San and Rogach, 2010). Biolomcal synthesis of nanoparticles has
been proved using microorganisms meluding bactena (Husseiny er al., 2007;
Shabverdi er al., 2007 & 2009), fimgi (Kumar er al., 2007a&b; Parikh er al.,
1008; Gajbhiye er al., 2009; Govender et al., 209, actinomycetes (Ahmad er
al, 2003a&hb), hchens (Shahi and Patra, 2003), alzae (Singaravelu er al.,
1007; Chakraborty er al., 2009),.. etc. It was found that, microorgamsms have
their own mechanizm for production of nanomaterials as secretion of enrymes
responsible for reduction of metal ions (Thakkar er al, 2010). The field of
nanotechnology mproved rapidly and this require more reasonable thimking to
make use of the extracrdinary charactenstics of the produced nanomaterials m
the most required applications (Heiligtag and Niederberger, 2013).

The objective of owr smdy was to synthesize magmesium and mangznese
nanoparticles by metallotolerant microorganisms as benign technique m chance
to produce metal nanoparticles with umque properties. Also, charactenzation of
the produced metal nanoparticles was essential. In addition, the produced metal
nanoparticles were used as anfimicrobial agents as required Important
appheation.
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MATERIALS AND METHODS
Izolation

The Supplemented Metal-Muinent (SMMN) agar medmm which has the same
nmxposmmasunmuﬂagmmdmmmthﬂma&ﬂmmufdﬁﬁumtmmm
of the metals (Mg™ and Mn™) separately viz. (50, 100, 200 and 500 ppm) was
used for the isolation. The medmm was poured under aseptic condifions in stenle
plates. The plates were inoculated with erther 0.1 ml of s01l suspension or 0.1 ml
of wastewater came from detergents processing wastes from (Savo Factory) mn
Alamereia, Cairo. The plates were meubated at 30°C for 2 days in case of
bacterial isolates and 7 days for fungal isolates.

Extremo- Metallotolerance ability examination of the isolates

The isolates obtzmned were punified and then, fested for thewr ability to grow on
SMN agar medivm contaming higher gradient concentrations of the same metal
from whach it was previously 1solated The maxmmum concentrafion was achieved
after which no growth was determined.

Biosynthesis of the metal nanoparticles
Supplemented-hetal - Nutnent (SMMN) broth medium was prepared and the

selected metallotolerant isolates were allowed to grow on  sub-lethal
concentration of the metal. Incubation was camed out as usaal.
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Separation of intracellular and extracellular nanoparticles

At the end of the incubation penod for bacterial and fungal isclates the
extracellular filtbrate was separated by centrifugation and filtrabon and cells were
washed with distilled water The intracellular confents were obtaned by
ultrasomic distuption of cells with an ultasonic processor (Cole Parmer
Ulirasonic Homogenizer CPH 400) over three 15 5 penods, and with an inferval
of 45 s between penods. The sonicated samples were centmfuged at 15,000 rpm
for 30 min at 4°C to remove cell-debris. The supernatants were then used for
characterization of mtracellular nanoparticles (Kalimuthu er al., 2008).

Characterization of metal nanoparticles

The mtracellular and extracellular nanoparticles were charactenized and examined
using atommc absorption spectrophotometer (AAS), dynamoe light scattering
(DLS). According to the companson of all the results of metallotolerance ability
and DLS measurements, the TEM examination was camied out for the samples
giving the most relevant resulfs.

Characterization of the selected bacterial and fungal izolates

The morphological and physiological characteristics of the isolates were studied.
The selected fungal isolate was identified genefically based on 185 ribosomal
EMA gene, infernal transcribed spacer 1, 5.85 nbosomal EMNA gene, internal
transenibed spacer 2, and 285 nbosomal EMNA gene sequences and the bacterial
1solate was identfified genetically also based on 165 nbesemal BEMNA With A
number of the biochemical tests were made nsing The GEN III MicroPlate test

panel.

Studying the antimicrobial activity and MIC determination for the
extracellular and intracellular nanoparticles

The anfinmcrobial activity was dope by measunng the minmmum mhibrtory
concentration MIC for the selected infracellular nanoparticles of Fusarium
nygamai, ¥y . and Pseudomonas stutzeri, B, g nsing broth micro dilntion
method (Saini ef al, 2005) against Aspergillus fumigams (RCMEB 02564),
Candida albicans (RCMB 05035), Staphylococcns aweus (RCMB 010027),

Streptococcus pyogenes (RCMB 010015), Pseudomonas asruginoza (RCMB
010043) and Eschericia coli (FRCMB 010056).

RESULTS AND DISCUSSION

Isolation on SMM agar medmm lead to selection of six bacterial magnesium
1solates, six bactenal and ope finpal manganese 1solate (Table 1). A metallo-
tolerance abihfy examination for the selected isolates was performed by
mereasing metal concentration up to lethal concentration The most resistant
mucrobial 1solates were selected and grow at sub- lethal concentration (Table 2
and 3).

Table 1 Isolation of different microorganisms on media contaiming Mg™ and
Mn™

Table 2 A summary of the mefallo-tolerance ahility of the selected Mz isolats

Izolate Source of Concentration from which Metal used
code isolation izolate selected (ppm)
B MW water 500 ME'+2
B: MW water 500 ME'+2
B: oW water 500 Mgﬂ
- water ?
Binys Seal 500 Mg
Binys Seal 500 Mg™
Biwars soal 200 Mn™
Brnerw water 500 Mn™
B w water 200 Mn™
| Soal 200 Mn*?
Bopww water 200 Mn
Birws Seal 500 Mn™
Bryns Soal 200 Mn™

Where: W means water, 5 means soil, B means bactena, F means fangi.

Kaul er al. (2012) revealed that, Pochomia chlamydosporium, and Aspergillus
Jumigams were tested to be grow on three different magnesium salts ie
magnesium  sulphate, magnesium chlonde and magnesiuom oxide at two
concentrations viz. 1000 and 10000 ppm of magnesium salts. The growth of all
fung and bacteria was very poor in the media confaimng magnesmm compounds
at 10000 ppm concenfration Companng to the present stody, the
metallotolerance exammation of the isolates at different gradient elevated
concentrations of Mg*? step by step has shown that, there was great ability of the
selected four Mg™ bacterial isolates Fiz. (B 2 mgw, Ba mgw, Bs ays and B ) to
tolerate Mz™ at concentrations up to 15000 ppm (617.157 mM) which equals to
152.11 g salt of Mg50, TH,O (152110 ppm). As a result the growth of By mgw
isolate on magnesium represent as extremo metallotolerant.

On the other hand, one Mn™ fungal isolate (Fdy,5) was selected to zrow in a
range 200 to 45000ppm (12.3%) as extrme-metallfolerant Concerming the
metalltolerance of Mn®™ a metal resistant Bacillus sp. strain, isolated from seil
was used m an earlier study. The effect of manganese concentration om its growth
was monitored at 100 mgl™, 150 mgl™ or 200 mzl™ manganese (Sinha er al.,
2011). In addition, Cheung et al. (1982) reported that, the growth rate of Bacillus
stearothermophiluz cells in a chemically defined medium was mversely
proportional to the concentration of Mn®* between 15 and 300 pM. As the Mo™
concenfrafion was increased from 0 to 10 pM the growth was increased
proportionally. K was found that, manganese mhubited growth at all
concentrations above 15 pM and the optimal Mn™ concentration for growth of
vegetative cells was in the narmow range between 10 and 15 ph.

Selection was made according to mefallotolerance abibfy of the microbial
isolates, DLS measurements and the easier isolates fo manipulate were prefemred
in selection. The two isolates (Bywgw and Fiuw =) were allowed to grow at 10000
and 30000 ppm of Mg™ and Mn™, respectively. Both isolates (Bs mgw & Fs mas)
were chosen for infracellular nanoparticles production.

Growth of selected Mz isolates

Izolate code ME concentration !Ppm)
— B00 1000 12040 1400 1300 2000 3000 S000 T 9000 11000 13000 15000

BJW‘W + + —_— e —_— —_—t [ [ -ve T e -ve -ve

Bangw it it —_— — —_ it it it —_— s i S ++

Binww e e B ++ -ve ve e -ve e -ve -ve

Bungw et it — — —_ it et it — s i 4 ++

Bupgys St it —_— — —_ it St it —_— e i = ++

BGH 5 it it —_— — —_ it it it —_— s i S ++
Tahle 3 A qucfthe metallo-tolerance abi]izzucfﬂm selected Mn 1solats

Growth of sebected Mn* isolates

Lsalate Hmlt“usﬁnlﬂﬁ
code E00 1009 elooll] 3000 4009 all] &000 T 8040 2000 10008 15000 1] 25000 30400 E=i] 400040 43000
Brawrs [ — -— -— e -— — ++ ++ + e s e s - - s -
Bonmrw HH +H+ +H+ + +H + + ] I - EEY e - ] e - ] -
Baww e e e e e e T T T T
Fuuus P -— -— P -— A A -— P =+ =+ ++ +
R
Bows P T -— -— e -— —_ ++ + e e = - e - e - =

Studying the intracellular nanoparticles samples with AAS has shown that, the  metal (12852ppm). The isolate Fyuw 5 15 capable of uptake of only 27.07% of the
1solate By wyw 15 capable of uptake of 35.17% of the used concentration of the used concentration of the metal (24860 ppm).
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Studying the intracellular nanoparticles samples with DLS has shown that, the
size distribution of the nanoparticles m the intracellular sample of 1solate By wgw
ranges from (229.3-553.2 nm) with different mean number for each size, the
maximum mean mmber 33.7% was that of the parficles with size 3562 nm. The
size distribution of the intracellular sample of 1solate F; ., ; ranges from (61.21-
995.1 r. nm) with different mean oumber for each size, the maximuwm mean
number 23 1% was that of the particles with size 32.09 r. nm, table (4 & 5) ,
figure (1 &2).

In an earher study, Bacillus sp. (MTCCL0650) was reported for the abihity to
produce manganese oxide nanoparficles infracellularly. The particle size
distibufion examination showed that the average size of the particles under
mvestigation were 4.6 +0.14 nm_with some particles, having 6—8 nm size and a
very small percentage having diameter greater than 10 nm The particles were
1sofropic In nature and monodispersed withowt any agglomerafion. This was
further confimed by the TEM mucrograph of the cell taken at higher
magnification (Sinha er al., 2011).

The nanoparticles samples were studied with TEM and it was found that, for the
miracellular sample of isolate B, yyq the metal nanoparticles are spherical m
shape The size of the particles with respect to the sphenical form ranges from
from 290 mm fto 944 nm In addibon, Aspergillus Aaves strain TFR-12 was
found to have potential to synthesize monodispersed Mg nanoparticles with an
average diameter of 5.8 nm Mg0 nanoparticles were charactenzed using
dynamic hght scattermg (DLS). The crystal nature was confirmed by high
resolution transmission electron microscope (HE-TEM) (Raliya ef al., 2014).

Hoszeinkhani and Emtiazi (2011) reported in an earlier study the ability of
Acinetobacter =p. 1solate to produce extracellular Bixbyite-hke Mnpy0; NPs
Characterization of morphology, size and chemical structure of these particles
was determined by TEM, SEM, XED and FTIR. The data showed that, this
bacteriuom could produce NPs when growm aerobically in special medium
supplemented with 1 mM MnCl,. Studymg the morphology and size distnbution
of the Mp-omides showed clearly that, the biogenic Mn oxides nanoparticles were
less than 500 nm.

Table 4 Dhynamae light scattering measurements of mtracellolar sample of 1solate
By wgw showing size distnbution by number (%)

Size Mean Number 5t. Deviation Number
nm (*@) ()
2293 13 18
265.6 10.0 56
3076 263 45
3562 337 28
4125 23 6.0
4717 63 28
5532 02 0.3
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Figure 1 Dynamic light scattering measurements of mtracellular sample of isolate Bywyw showing size distnbution by intensity

Cs)

Raliya and Tarafdar (1014) reported that, magnesmm nanoparticles were

F.u,hrg Eslz;edlshﬂ:rutmuhyunmberﬂﬁj synthesized usmg isclated soidl fing by employing varous precursor salts of
Mean Number %t. Deviation Numhber sulfate salts, mrfrate salts, chlonde salts and omde salts vz (MgD, MzS0,,
nm %) (%) MegCl,, MgNﬂg) It was concluded that, 0.01 mM precursor salt concentration, 72
6101 16 3.2 b of incubation at pH 5.5 and temperature 28 °C resulted smaller nancparticles
70.89 139 72 obtained. Bio-transformed products were analyzed using vahd charactenzafion
£2.09 231 349 technique 1.e. dynamuce light scaftering, fransmission electron macroscopy, atomic
95.07 218 17 force mucroscopy, enargy dispersrve X-ray spectroscopy. The average size of Mg
1101 125 1.6 nanoparticles was 6 4 nm_ Besult shows vanabibhty in morphological features of
1275 41 19 biosynthesized nanoparticles In addition, earber studies in the green synthesis of
147.7 0.6 0.4 magnesium nanoparficles showed that, Nepheliumlappacenm L. peels was
5532 48 17 effectively used for the synthesis of magnesium cxide nanoparficles as a natural
6407 50 19 ligation agent. The XED and SEM revealed the crystallmity and sphencal
7419 35 12 maorphology of the biosynthesized panoparticles. The size of the particles was
£59.7 13 04 found to be 60-70 nm (Surezh er al., 2014).
9851 0.1 0.0
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Figure I Dhynamc hght scattenng measurements of mtracellular sample of 1solate Fy uys showing size distnbution by mtensity (%)

Waghmare er al. (2011) reported the synthesis of manganese nanoparficles by
actmonyycetes (Streptompess spHBUMIT1191) when exposed to 30 ml of
stenhized aqueous solution of manganese sulphate. The formation of whitish
vellow to yellow colour indicated the formation of manganese nanoparticles.
Transmassion electron microscopy results clearly showed the polymorphac

nanoparticles with 10 to 20 nm Indira and Tarafdar (2015) reported the
synthesis of magnesiom nanoparticles by Aspergillusbrasiliensiz TFE. 23 protem.
The produced nanoparticles were charactenzed usng appropnate techniques and

were having size (< 5.9 nm).
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The synthesis of manganese diccade nanoparticles (Mo, NPs) by

microorganisms from reducing pofassium permanganate was mvestigated m
recent study. The microbial supernatants of the bacterum Saccharophagus
degradans ATCC 43961 and of the veast Saccharempess cerevisiae showed
positive reachions to the synthesis of Mn(, NPs. Transmission electron
and sphenical particles with an average size of 34 4 nm (Salunke er al., 2015).

(a)
Figure 3 a TEM image of the intracellular Mg™ nanoparticles of Preudomonas
stutzeri, Bagw- Bar scale 100 nm

The Magnesmm nanoparticles were spherical m shape The size of the NPs
ranges from 11.90 nm to 43 29 nm_

A B b

distance was 5% between the isolate By gy and Preudemonas stutzeri, While
Mn™ fingal isclate Fi wws extremotolerant vanety of Fusarium mygamai,
Euclidean distance was 39% between the 1solate (Fy pws) and Fusarium mygamai
(Fig. 6 & 8).

Table 6 Morphological and liochemical charactenistics of the bactenial 1solate B,
My

Result
rod-shaped
have a single polar flagellom
Colomes are dise shaped with ndges
radiating from the center
reddish brown, typically hard dry and
tenacicusly coherent
motile
aerobic

Characteristic
Morphological characteristics:
Shape

Colomes shape and color

Mothiy
Aeration
Biochemical characterisies
Gram reaction Fram pegative
Catalase +
Cradase +
Utilization of carbon sources
Dlexirin +
D-Maltose -
D-Trehalose -
D-Cellobiose -
Gentobiose -
Sucrose -
D-Turanose -
Stachyose -
D-Eaffinose -
a-D-Lactose -
D-Melbiose -
B-Methv]-D-Glucoside -
D-Sabicin -
M-Acetyl-D-Glucosamine -
H-Acetyl-D-Galactosamine -
H-Acety]l Nenramamic Acid -
a-D-Glucose +
D-Mannose -
D-Fructose +
D-Galactose -
_3-Methy] Glucose

Figure 4 TEM image of the intracellular Mn™ nanoparticles of the isolate Fe s,
(a, b) - Bar scale 100 nm

The mangznese nanoparticles showed diversity m shape mostly were spherical
The size of the NPs ranges from 11.90 om to 4329 mm.

The F, yy 5 15clate identification was based on using Compendium of seil fung
(Domsch, er al., 1980), Atlas of clinical fungi (de Hoog er al., 2000) Smsing an
Image Analysis System. It was idenfified also base on genetic characteristics and
it was found to be more closely related to Fusarium mygamai according to the
collected data (Fig. 5}, Table (8).

(2} (&)
Figure 5 photographs of Mn™ (Fiuws) on microscopic examination

On the basis of collected data of morphelogical, physiclogical and biochemical
studies and the comparative study of the properties of Bayyw isolate Bergey's
manual of systematic bacteriology, (Krieg, 1984 & Holt er al., 1994) table (6
&7 ) and genetic identification also made based on 165 fBMNA sequencing, it
could be stated that, the present isolate By suggested to be belonzs to
Pseudomonas stutzeri. The present bactenal isolate (By wy w) suggested to be
belongs to Preudomonas stutzeri as a new extremotolerant vanety. Euchdean

D-Fucose +
L-Fucose +
L-Ehamnose -
Inosine -
D-Sorbitol -
D-Manmiol -
D-Arabrtol -
myo-Inositol -
Glycerol _ -
D-Glucose- 6-PO4 -
D-Fructose- 6-PO4 +

Characteristic
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o-Hydroxy- Bubmic Acid

Table 7 A comparatrve study of the charactenistics of bacterial 1solate BAMg"W,

B-Hydroxy-D,L- Butyne Acid - in relation to reference strain Prendomonas stutzeri (Burgey’s manual of
a-Eeto-Butvric Acid - systematic bacteriology), (Krieg, 1934)
Acetoacetic Acid + = =
— - ~ . acterial 1solate .
i@mmrﬂﬁﬂd — Characteristics B4Mz/W EReference strain
Formic Acid ~ Morphological ’
Utilization of nitrogen sources characteristics rod bz rod-shay
D-Serine - shape )
Gelatin - . FReddish brown, tvpically .
Glyeyl L Proline - Colonies shape and hard, dry and Ismt:rlmsl'_'.r Yf_]luw colonies,
L_Alanine x calar coherent typically hard, dry.
L-Arpimme - motlity Motile Motle
L-Aspartic Acd - Aeration aerobic aerobic
L-Glatarmie Acid + Biochemical
L-Histidine - characteristics
L-Serine - Gram reaction Gram negative gram negative
L-Pyroglutamic Acid + Catalase + +
D-Aspartic Acid - oxidase + +
Growth at different MaCl Utilization of
concentrations (%) Glucose + +
1 + trehalose - -
4 + glycerol - +
8 - L- alanme + +
lactate - +
L slutamate = -
L-malate + +
L arginine - :
cltrate + +
L-histidin - -
Crine acmd + +
D-Sorbitol - -
T A:znne - -
L-Histdine - -
Growth at 40 & 41 °C + +
Hydrolysis of gelatine - -
Growth at 4 °C - -
Growth at NaCl (12-
15%) i i
Growth at pH 3.6 - -

——

— [ t—

—

—t .

—

Figure 6 Dendrogram of Mz**" bactenial isolate (B uigy w) and reference Prsudomonas strains based on the similarity matrix of phonetic data

By

Peaudomaonas etuizern strain CCUG 11266 165 nbosomal RNA gene  complele saquence

Psaoudomonas stutzan AT601 185 nbosomal RMNA complets seoguanca

Preudomonas stutzern strain ATCC 17566 165 ribozomal RMNA gene partial sequence

Psaudormonas shilzan strain NBRC 14165 188 ribosomal RNA gena  parial seguanca

Psaudormonas shitzan strain ATOC 17588 165 nbosomal RMNA gena complate sequance

FPeeudomonas stutzern strain DSM &190 165 riboeosmal RMA gene partial sequence

Ps=udomonas knackmussii strain B13 165 rbosomal RHNA gene  parlial seqguence

Peeudomonas chlortdismutans strain AW 1 165 ribosomal RNA gene  partal sequence

Psaudormonas santhomanmna sirasn KM 1447 165 ribosomal RMA gane partial sequance

Psaudormonas montaili 1565 rbosomal RNA complata sequanca

Pasaudomonas iahwanemnsia airain BCRC 17751 163 ribosomal RMNA gene  partial ssquence

P=sudomonas entomophila stram L48 185 ribosomal RNA gene  complete sequence

Preudomonas monteilii strain MBRC 103158 163 ribosomal RMA gene  partial sequence

Pasaudomonas kuykendalls strain H2 182 ribosomal RHA gena  partial sequanca

P=oudomonas benzenmvorans strain DSk §528 165 ribosomal RNA gene complate sequanca

Faeudormonas stulzed strain VEM B 975 165 nibosomal RMNA gene partial sequance

Table 8 Marphological and cultural charactenstics of the fungal isolate Fi s

Character Examination

Culture Exam :

Growth charactenistics Colomes on PDA growing rapidly. Mycelium white beconmng violet with brown to violet reverse.
Microscopic Exam -

Microcomidia Micro-conidia, abundant, i short chaim of in heads, one celled, Fasiform 12003 pm
Macro-comdia Fusiform, 3-5 septate, not abundant, 25X4 .0 pm.

Chlamydospores Chlamydospores, abundant, almost intercalary, single or in chain
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Nanoparticls
g apgregation

L .

Figure 7 SEM image of Fusarium mgamai,-h wws Showing the Mn™
nanoparticles on the mycelmm of the fungns

Fibks

FuEsanm mygamal geaomic DR, conkaining 185 i gene 1T51 5 A5 IRNA pene: 1T52 and 285 AKA g&e
_[ Fusanum vericboides ol TV Fungal Cullors 3 inkemmal Iranerries spacer | partal saquence
El FLESIPUM Daysp0nim sian G

Fursanem cpsponum [ sp ooers sian FOCS mermal ranscribed spacey | partial sequenoes | E5 thosomal RMA gene and inkzmal rarescrited spacer 2 romplele sequenos. and 265 riosomal R gene: partal serquence: milochond rial
Fusxem =p Fs 15T S0 188 nbosomal RKA gene parial sequence: iskemal tramecrbed spacer 1 £ 28 nbosomal A4 gene and imlemal areibed spacer 2 compleie sequence and 288 nbosomal AR gene: partial sequence:
Fusanem megamal sirain T ICANZ inlemmal trarscribed spacer | patal sequence T B3 abasomal R gens and inlemal rassoabed spacer 1 complede sequescs: 3ad 265 iosomal RNA gene: parkal sequence

Fungal sp FRER LKS 135 nidosomal RKA gene partial sequence: indersal kranscribed spacer 13 28 nbosomal AN gere and miemal tanscnbes spacer 2 complete sequence and 235 ritosomal R4A gere partil sequence

- Ghiberpl moniomic. genomic DA comaining 135 (RMA pese ITS1 535 iANG pese IT52 and 385 A gese Sirain TUEFZE

Fusanem mygamal gesomi; DR contzining 1835 1RMA gene: TS0 583 RNA pese: (T2 and 255 FANA gene siran TUEFZE2

Fusanem megaimal sirain ATCC 12753 infemal fransoibed spacer 1 5 B3 sbosomal RNA gene and nlemal ransatbed spaces 2 compiete seqeence and 225 riosomal BNA gene pantal saquende

525 rbosnmal FINA gena and mlemal ransobed space 2 complete sequence and 235 miosomal FMA gene partal seqeence

2 kel rareioed spacer | partial sequence: 1 5 nboscrmal RMA gese: and iskmal iranscrbes sa0e 2 conplete sequence and 235 rizosomal ANA gene partal sequence

—  Fusarum oeysponum isolafe Faed® 165 nbosomal RKA gene parkial sequence: nismal fansmibed spacer 1 6 B2 rbosamal RAA gene: and intemal fanscobed spacer 2 compisle secuence and 285 rbosomsal RHA gene parkal sequence
Fusanum prodesaim isolte 110 wlzmal ransoized spacer | partial sequence T B3 besomal i gene and intemal ransonbed spacer 2 compiske sequence: and 165 rbosomal KA gene paral sequence

Fusanum profesaium isolie £ inlemal trarscnbed spacer | partal seqeence § B2 pbosomal RKA gene and intemal ransaibed spacer ] complele sequence: and 222 sbosomal Ak gene portial sequence:

Fusanum oaysponm isdate ForgBING 185 nbosomal RMNA gene pantil sequenos inkeral iranscrbes spacer | 335 feosomal RKA gene and istermal transcibed siacer 2 complete sequence: and 235 abosomal Ak gene partial sequesos
Fusanum profesaium siran THF 2 ntemal ransonbed spacer | parkal ssquence: § 85 nbesomal FMA gere and miemal trrsmbed spacer 2 complete sequence and 235 rbosomal RMA gese parial sequence

Fusanum sp CHJIF miemal ianscrbed spacer 1 panal sequence 335 nbosomal AN gene and inlemal Tansoibend spa0sr 2 complele sequenos and 255 ribosomal RNA gene: (el sequenos

Fusanum profiesatum Lol 181 inkeral barsorbed spacer | partal seqeence T 65 shosoma! AR gene and infemal Tansibed spaces 2 complel: seqeence and 285 shosomal AkAgene partial sequence

Fusanum oayspomm [ ep ocers Ei@in FOC0 inkmal Tansatbed spacer | parisl cequence 285 moosomal RKA gena and niemal ansorited spacer 2 compieds sequerce and 235 rbocomal FNA gene partal sequence: minchondrnal
Uncufure] Fusarum gione MK 2012 407 185 ribesomal RNS pene parial sequence intemal Tansoeted spacer 1 5 BS ribasomal RNA pene: and nkmal Tonsoioed spacer 2 complele sequencs nd 265 sbosomal Ak gens (@il sequesce
Fusanum profiesaium 125 ibosomal RMA gene partl saquence: imamal rasscribed spacer 1 9 85 hosomal PNA gase 3ad ntemal Tansored spacer 1 complele saquents and 155 sbosoma| ANA gene (artdl sequence

Figure § Dendrogram of Mn™ fungal isolate Fyyws and reference Fusarium strains based on the similarity matrix of phonetic data

The antimscrobial activity study of the nanoparficles samples has showm that, all
samples have anfimmcrobial activity against certamn test orgamsms indicated by
the inhibition of their growth (table 9.

Table 9 Minimum inhibitory concentration measurements of the produced microbial Mo®" and Mg"" nanoparticles by the most potent metal

el i
Nanoparticle zample Standard
Teted microoreanioms 1 3 (ppm)
Minimum inhibitory concentration
Fungi of nanoparticles amphotericin
i} _ (ppm)

Aspergillus fumigams (RCMB 02564) 15.63 195 [iKE3
Candida albicans (RCMB 05035) 62.5 15.63 39
ram positive hacteria icills
Staphylococcus aureus (FCMB 01002T) 62.5 781 0.015
Streptococeus pyogeneas (RCMEB 010015) 62.5 31.25 0.06
Gram negative bacteria (zentamycin
Pseudomonas asruginosa (FCMB 010043) NA NA 62.5
Eschericia coli (RCMB 010056) 62.5 781 0.12

Where (1)} Intracellular NPs of isolate Fusariummygamai, Torew 5 (-2}' Intracellular NPs of 1solate Preudomonas stutzeri, Bawgw

(MA): means no activity

Antimicrobial activity against Streptococens pyogenss RCMBO1001S, 31.25 and
625 mm followed by Candida albicans RCMB05035, 1563 and 62.5; then
Staphylococcus aureus RCMBOL0027 and Eschericia coli RCMBOL0056
gavel 8land 62 5mm for both: while for Aspergillus fumigares RCMBO2564
gave the least amownt of inhibation 1.95 and 15 63mm; moreover Preudomonas
aeruginosa RCMBO100M3 was very resistant for both Psendomonas sturzeri, By
wmgw and Fusarium nygamai, Fimes miracellnlar nanoparhicles, respectively.
Also, Moustafa er al (2015) reported that, Fusarium mypgamai was a Zn
metallotolerant and nanoparficles producer. The results revealed that, Zn
nanoparticles have antimicrobial activity agamst Aspergillus fumigans, Candida
albicans, Staphylococous aureus, Streptococcus pyogenss and Eschericia coli.

1186

Tindall er al (1980) stated that, magnesium concentration as low as 10 mM
exerts an inhibitory effect on microorgamisms 1solated from the Dead Sea It has
also found that, vaned results were obtained among & +ve and G —ve bactena
which may referred to the size of the produced nanoparficles as reported by
Sundrarajan eral (2011).

CONCLUSION

Manganese (II) nanoparticles have been synthesized by Fusarium mygamai, F,
mey exiremo-metallotorent fimgus and it was found that i can produce
nanoparticles intracellularly and extraceluellarty. Also, Preudomonas stutzeri, Be
wgw Was proved as magnesium (II) nanoparticles producer intracellularly and
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extracelnellarly. Only the samples with the best results were chosen. They
showed different morphology and mize on DLS and TEM examinations. All
nanoparticles samples have different hagh power abalities of antimicrobial actvity
against test orgamisms. The green synthesis of the metal nanoparbicles was
apphecations and may have more important impact in other fialds.
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ARTICLE INFO ABSTRACT

In the present work, microbiclogical profile of thirty-seven samples of labeled honey were collected in a Protected Geographical
Indication “PGI" area of Tadla-Azilal region, which is an endemic zone of Enphorbia resimifera plant. A profile was assessed using
conventionzl microbial methods, like enumeration, detection and'or germs identification, m accordance with ISO norms. Ths 15 the first
study m which a honey with Moroccan “PGI7 was tested, in order to assess its compliance with bacteriological recommendations.
Coliforms (Total and fecal Coliforms), Salmonella spp., Shigella spp., Sporus of Bacillus cerens and Clostridium perfringens were not
detected. The pumbers of Standard Plate Count “SPC™ were less than 10° CFUg” for all samples. The molds and yeasts were found
among samples and 32% and 40% of samples were positive, respectively. However, no samples showed a higher value than
recommended limit [10° CFU. g']. We conclude that samples of labeled euphorbia honey of Tadla-Azilal analyzed present good
commercial quality parameters (SPC, molds and yeasts “absence of uwnwanted fermentations™), a good samitary quality (absence of
coliforms and 5. aurews) and are safe (Slam., Shig., Sporus of B. cereus and C. perf’). Standardization (regulation and specifications) and
a rationalization of beekeeping techniques throughout Fuphorbia “PGI” area studied may firther sustamably improve the quality of thas
unique honey, and ensure it over the years.
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INTRODUCTION 21012) mchides several chemvcal and physical parameters but do not require

microbiological analysis.

The Euphorbia resinjfera is one of the specific and endemvic plants of Morocean
Atlas Mountains (Picture 1). Generally, the Euphorbia plants have high adverse
effect level (due to the Latex component, which 15 a powerful alkaload), so they
has been studied for their antifungal and antibactenal properties (Kamba er al,
2010; Benmehdi et al, 2013). In addihion, the honeys produced from these plants
confirms the antbactenial and anhifingal actvity (Malika er al; 2004,
Crousilles, 2014; Bouhlali er al, 2016 Likewise generally the imimms=ic
properties of honey (osmolalbty, pH, hydrogen percxade, phenolic components
and flavonoids) affect the growth and sumaval of mucroorgamsms by
bactenostatic or bactericidal action (Adeck, 1912; White et al., 1962; Inrlina
and Fritz, 2005; Ka¢aniovaer al, 2009; Adenelan er al., 2010). Furthermore,
the low pH, the low water activity and the high sugar confent of undiluted boneys
prevent the growth of many species of microorganisms (Snowdon and Cliver,
1996, Snowdon, 1999) In consequence, Euphorbia honey can be expected to
contain a small number and limgted vanetes of microorganisms. It can be noted
that vegetative forms of human disease-causing bacteria have not been found m
honey and, as bacteria do not replicate m honey, a high count of vegetative
bactena is mdicative of a recent contamunation from a secondary source
(Snowden and Cliver, 1996; McKee et al, 2003; Antinez er al, 2004).

The microorganisms of interest are those that withstand the concentrated sugar,
acidity and antimicrobial character of honey. These microorgamisms; mdicative
of samfary or commercial quality, inchide veasts, molds, coliforms, Salmenella,
Shigella and some microorgamsms such as sporus-forming bactena, like Bacillus
cereus (B. ceveus) and Clostridium perfringens (C. perf), whach under cerfain
conditions (e.g. germumation and growth in a non-heated-treated product) could
canse lnesses m lumans (Snowdon and Cliver, 1996; Al-Waili er al, 2012).
(Othermase, the Moroccan standards for honey quality (AMoroccan Norm
08.05.600, 2012) inspired essentially from Codex Almentarms Standards
(Codex Stan, 2001) and the specifications of the label "GPI" (Moreccan Order,
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However, the use of adequate kygiemic practices duning the product handhng 15
required (Moreccan Law 18-07, 2010; Moroccan Norm 08.0.000, 2008). In
addition, varnous stodies have been camed on the palynological and
physicochemical parameters of Moroccan Euphorbia bhoney (Chakir er al,
2011;Aazzra er al, 2014, Terrab er al,2014; Bettar er al, 2015), but a
microbiological contamination has not been extensively investigated.

Figure 1 El.q:hm‘bm resinjfera pla::lt of ﬂ:.e “FGI" Tadla-A=zlal regmon of
Maroceo. *Phote. Moyjarnmi
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Figure 1 Distnbution of samples of labeled monofloral Euphorbia resinifera
honeys in “PGIT produchion area of Tadla-Amlal

Euphorbia resinjfera honey of Tadla-A=ilal region is the first honey labeled
“Protected Geographical Indication —PGI-“in Morocco (Meoroccan Order, 2012;
ADA, 2014). Thos lzbel was published mm the ETJ Official Journal through the
public consultation documents on geopraphical mdicafions of the Eingdom of
Moroceo (Enropean Commission, 2013/C).

In this confext and in concordance, with the importance and good status of this
umque monofloral honey, we decided to investgate about s bactenological
Fecal coliform, Sporus of Bacilluz cereus amd Clostridium perfringens,
(Molds and Yeasts) which may cause undesirable fermentation Their counts
being indicative of honey's commercial and sanitary quality and safety.

MATERTAL AND METHODS
Sampling

Thirty-seven (37) samples of honey “GPT” mono-floral Euphorbia resinifera
were supphed directly by the beekeepers of the “PGI” area affihated to
U.CATAZ cooperative or working ndnidually (Picture 2). Their distribution is
mdicated in Figure 1.

The samples had not been heated or pasteunzed. The productions years of all
samples were 2013 and 2014 (Table 1). Upon collection, 250z or 500g of each
sample are put in clean commercial labeled contaner and stored at room
temperature pending analysis (Table 1.

Figure 2 “PGI
resinjfera plant
Tablel Information on honey samples studied
Sample Locality name Harvest Year
Pl FoumOudi 2014
2 FoumFlaancer 2013
] Aithlhamed 2013
P4 Tanougha 2013
s Tabia 2014
T6 Tabaroucht 2013
v At Hamza 2013
TR Elksibah 2013
] Tilougguite 2013
P10 Rfala 2013
P11 Afourer 2013
P12 Ben Drizs 2012
K] BemMellal 2013
Pl4 Timoulilt 2013
K Bin Elomdane AftQOuarda 2013
_Pl6 AitMazigh 2013
PL7 Anergm 2013
P18 Bzou 2013
P19 FoumFElzancer 2014
P20 AitOuaarda 2014
P Aatfamar 2014
_PD Tagzirt 2014
K] Anergm 2013
P4 Afourer 2013
P25 Beniflayat 2014
P26 Foumlemaz 2014
P17 BeniMellal 2014
T8 Azilal 2014
P13 Tanant 2014
D Cuaouizaght - Damnat 2014
_P3l Tagzirt 2014
ER AitAbbass -Aithassad 2014
_P33 Assaksi - Tagleft 2014
[EE] AitBouculh 2014
P35 FoumElaancer -Tagzrt 2014
Pi6 Cuzoulz-Aithhamed 2014
P37 Elksibah 2014
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PCI: Protected Geographical Indication
TCATAT: Union of Beckeepers Cooperative of “PGIT™ Tadla-Azilal Regon, Moroooo.

Microbiological analysis.

Ten grams of each sample were mixed with 90ml. of Buffered Peptone Water
(Biokar) to prepare the mitial dilufion. This was used at the mother dilution for
further senal dilntion.

Standard Plate Count (SPC) (IS0 Norm 4333-1, 2013): Appropriate serial
dilutions (between 10 and 100 colonies per plate)} of the samples m the Buffered
Peptone Water were placed on standard plate count agar (PCA) (Biokar, France).
The plates were incubated at 30°C for 72h

Coliform counts (TC) (I90 Norm 4331, 2006): Were enumerated on Violet Red
Bile Lactose Agar (VEBLA). Plates were incubated at 37°C for 24h.
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Fecal coliforms (FC) (NF Norm V 08 060, 2009): Were enumerated on Viclet
Red Bile Lactose Agar (VEBLA). Plates were incubated at 44°C for 24h
Staphylococcus aureus (5. anr.) (I50 Norm 6388-1, 2003): Were enumerated on
Baird Parker growth medium (Biolife). Plates were incubated at 37°C for 24h and
48h.

Shigella detection (Shiz) (Lampel KA, 2001): 25z of the sample was
homogenized in 225m]. of selenite broth (Biokar) and the volume was transferred
to an Erlenmeyer flask and incubated at 35°C for 20h. After this peniod, a loopful
of this broth was plated onto Petri dishes containing X1} agar (Biohfe) and
Salmonella—Shigella agar (S5, Biokar). After meubation for 48k at 35°C, five
characteristic colomes of Shigella were hiochemically tested on TSI agar
(Biokar) and API-20E Biomeneux). The colonies were also serologically tested.
Clostridium perfringens (C. perf) (IS0 Norm 7937, 2004): Pem dishes are
seeded with a specific quanfity of the mitial suspension. Other dishes were
seeded 1n the same conditions, using decimal dilutions obtamed from the mother
suspension. The fryptone sulfife cyclosenne (Biclife) was added and then a layer
of the same medium 15 added from above The dishes were menbated
anaerobically at 37°C for 20h. The charactenistic colomes are counted Finally,
the characteristic colonies are confirmed and the number of C. perfiingens per
gram of sample 15 calculated.

Bacillus cereus (B. cevus.) (IS0 Norm 7932, 2004): Seeding the surface of a
solid selective culture medmm poured mto Petn dishes (MYP Agar) with a
specified quantity of the initial suspension. Other dishes were seeded in the same
conditions, nsing decimal dilutions obtained from the mother suspension. The
plates are incubated asrobically at 30°C for 18 to 48h. The charactenistic colonies
are counted and the charactenstic colonies are confirmed by hemolysis fest and
the number of B. cerens per gram of sample 1s calenlated.

Salmenella detection (Salm.) (IS0 Norm 6579/Al, 2007): For the detection of
the presence of Salmonella, 25z of honey sample was homogemized in 225ml. of
peptone buffered water (Biokar), transferred to an Erlenmeyer flask and
meubated at 35°C for 24h. After the incubation peniod, lml. was added to 2 tube
contaming 10ml. of tetra-thionate broth (Biolife). The Rappaport broth (Bickar)
received [.lml. from pre-ennchment and the fubes were mncubated at 37°C and
41.5°C for 24h respectively. After this period, a loopful of each selective broth
was plated mto Pein dishes containing xylose lysine desoxycholate agar (XLD-
Biohfe) and CHREO-Magar (Rambach). After incubation for 24h at 37°C, five
typical colomes from each agar plate were biochemmcally tested om TSI agar
(Bickar) and API-20E (Biomerieux). The colonies were also serologically tested
with pelyvalent somatic and flagellar antisera {Probac).

= Mold and yeast counts (IS0 Norm 21527-1, 1008): Petn dishes prepared
usmng a defined selective culture medmm (Glucose Chloramphenicol Agar-
Bichfe) are seeded. In the mumber of colomes expected, a specific amount of the
mitial suspension or decimal dilufions sample / suspension are used. Additonal
Petri dishes can be seeded in the same condihions; using dilubions decimal
obtained from the inifial suspension. Plates are meubated aerobically at 25°C for
five days. Then, if necessary, the agar plates are allowed to stand mn daylight for
one to two days. Colunms.’pmpaguﬁﬁmﬂmcmniad,milfmessm}'(m
distimgmsh veast colomies of bactena colonies), the identfy of suspicious
colonies is confirmed by examination under the bmocular or microscope. The
number of yeasts and molds per gram is calculated from the number of colonies’
propagules/germs obtained on Petn dishes selected to dilution mtos to obtam
colonies that can be counted. Molds and veasts are counted separately.

Statistical analy=is

All deternmnations were made in tnplicate and the data was processed using
HILSTAT, 2015 softeare.

RESULTS AND DISCUSSION

Results of the microbiological analyzes are given in Table 2. The standard plate
count {SPC) also referred to as the aerobic plate count or the total viable count, 1=

one of the most common tests apphied fo mdicate the microbiological quality of
food.

The Morocean legislation (Moroccan Order, 2004) does not set values for SPC
in honey but establishes only that you follow good hygiene practices in handhng
and processing of this product because entire microbial load i honey can
indicate the possible presence of pathogens (Moroccan Norm 08.5.6040, 2010).
The SPC were 1solated from all samples of honey. Their number vaned between
10 and 340CFU g with a mean value aqual to 76 76482 93CFU g, This result
was infenior to those obtained, for the same type of Moroccan honey, by Malika
et al, (2005). Compared to other foreign honeyvs, ouwr results are below
Argentinean and French honeys which had main SPC values 244CFU g and 227
CFU.g" respectively (Turlina and Fritz, 2005; Tysset er al, 1981), while
Porfuguese commercial honey had better SPC levels [2.10'CFU.g"] (Gomes er
al, 2010). This vanation of SPC values could be related to the type of sample,
the age and the honey harvest ime. In addition, these vegetative forms can be
made by secondary contamination which would alse explain the high counts
somefimes found in honey (Snowdon and Chver, 1996).

Coliforms (TC and FC) are indicators of fecal confamination and poor hygieme
processing conditions. In this study, TC and FC were not detected (Jevel of
quantification is 10CFUg") and suggest a respect of good practices for
extraction and processmg of honey were followed. Cur results comroborate with
data found by Rall er al, (2003), Gomes er al. 2010, Iglesias er al., (2012}, Rios
et al, (2014) and Kunova et al., (2015). The absence of these microorganisms n
analyzed honey was expected since bacteria growth needs water activaty more
than 091 (Ribeire and Seravalli, 2004). Snowdon and Cliver, (1996) already
reported that the population of FC in honey vared from 10 to 10°CFUg". In
contrast, m 70 samples of honey analyzed in Migena Coliforms and E. coli were
isolated at rate of 95.7% (Kokubo er al, 1984). Also, Diimen er al ,(2013) and
Sherwani er al .{2013).reported respectively that 16% of 80 honey samples were
contaminated by coliforms m Tukey and two Pakistaman honey samples over
six presents coliforms (0.2x10" and 0.4=10' CFU.g")

5. aureus 1s the causative agent of the pumercus cutbreaks of foodborme disease
worldwide. Polsonmgs generzally occur after an infake of enferotoctins through the
alimentary track. The absence of this bacterium in this study constitufes another
samitary index m faver to the quality of this product. In a smmlar study done on

Turkish honeys, 13.4% of the 67 samples analyzed contained 5 aureus (Dhimen
eral, 2013).

B. cerens and C. perfringens, as producers of spores, are considered as health
indicator includmg unconfrolled land-based, environmental or buman
contamination. High levels of B. cerens in honey constifute a nisk to the
consumer, as ingestion of 10° spores can result in food-bome illness (Stenfors er
al, 1008). The results of this study demonstrate a negative result regarding
detection of sporus of B. cerens and C. perfringens. However, Puecciarelli, (2014)
found the incidence of Clestridium and Bacillus (42 .85 and 39% respectively) in
yatei honey from Argentina. In addifion, Ragazani er al, (2008) studymg honey
marketed n several Bramlian states found 11% were Clostridium genus and 28%
of the penus Bacillus. Erkan erf al,{201%) and Sherwand er al,(2013) reported
respectively 5.5x10'+63x10" B. cereus mean count in Tuwkish honey and
presence of B. cerens in all (z1x) samples of Pakistams (Earachi) honey tested.

In respect to safiety, none of the 37 samples contamed Salmonslla and Shigella.
The absence of these pathogens was expected smnce in addifion to 1ts anhibactenial
properties, honey has low water activity and a pH, which are not in favor to the
development of such bactenia (Smowdon and Chiver, 1996; Alves et al., 2015;
Matuella and Torres, 2000).

In the same way, study of the microbiologic quality of honey samples produced
in the swroundings of a large garbage dump m Braml showed the absence of
Salmonella. These results confirm the conclusion of Anses that the Salmonella
survival duration m honey does not exceed one month (Anses, 2012).

Tahble 2 Dismbution of mucroorganisms detected in “GPT” Moroccan Euphorbia resinjfera honeys

N® Microorganizms count (CFU.g™) Per 25z Sporus
SPC TC FC S aur Yeasts Molds Salm. Slag. Cperf  B.cereus

Pl 50 =10 =10 =10* =10 =10 Abs Abs =10 =10
P2 340 =10 =10 =10* 10 =10 Abs Abs =10 =10
B3 330 <10 <10 =10 70 90 Abs A= <10 =10
P4 270 =10 =10 =10* 20 =10 Abs Abs =10 =10
P5 250 <10 <10 =10 93 60 Abs A= <10 =10
P& 60 =10 =10 =10* 10 =10 Abs Abs =10 =10
BT 90 =10 =10 =10 =10 =10 Abs Abs =10 =10
Ps 30 =10 =10 =10* =10 =10 Abs Abs =10 =10
P9 30 =10 =10 <10* 30 10 Abs Abs =10 =10
P10 70 <10 <10 =10 30 10 Abs A= <10 =10
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Fl1 40 =10 =10 <10? =10 =10 Abs Abs =10 <10

P12 30 =10 =10 =10* =10 =10 Abs Abs =10 <10

P13 40 =10 =10 =10* =10 =10 Abs Abs =10 <10

Fl4 10 =10 =10 =10* =10 =10 Abs Abs =10 <10

P15 110 =10 =10 =10 20 20 Abs Abs =10 =10

Flé 30 =10 =10 =10* 10 =10 Abs Abs =10 <10

P17 E:1i] =10 =10 =10* =10 =10 Abs Abs =10 <10

P18 20 =10 =10 =10* =10 =10 Abs Abs =10 <10

P19 30 =10 =10 =10* =10 =10 Abs Abs =10 <10

P20 0 =10 =10 =10 50 10 Abs Abs =10 =10

P21 60 =10 =10 =10 20 10 Abs Abs =10 =10

P22 40 =10 =10 =10* =10 =10 Abs Abs =10 <10

P23 120 =10 =10 =10 &0 20 Abs Abs =10 =10

P24 10 =10 =10 =10* =10 =10 Abs Abs =10 <10

P25 70 =10 =10 =10* =10 =10 Abs Abs =10 <10

P26 10 =10 =10 =10* =10 =10 Abs Abs =10 <10

P27 50 =10 =10 =10* 50 =10 Abs Abs =10 <10

P28 50 =10 =10 =10* 20 =10 Abs Abs =10 <10

P29 10 =10 =10 =10* =10 10 Abs Abs =10 <10

P30 20 =10 =10 =10* =10 =10 Abs Abs =10 <10

P31l 50 =10 =10 <10? =10 =10 Abs Abs =10 <10

P32 50 =10 =10 =10* =10 10 Abs Abs =10 <10

P33 50 =10 =10 =10 =10 10 Abs Abs =10 =10

F34 10 =10 =10 =10* =10 =10 Abs Abs =10 <10

P35 60 =10 =10 =10* =10 =10 Abs Abs =10 <10

P36 110 =10 =10 =102 &0 20 Abs Abs =10 =10

P37 E:1i] =10 =10 =10* =10 =10 Abs Abs =10 <10

Mean 76.76 =10 =10 <10? 3820 23.33 na na =10 <10

5D B293 na na na 27.20 2535 na. na. na na

Min 10 na na na 10 10 na. na. na na

Max 340 na na na o3 90 na. na. na na

nux.: not applicable- Abs: dbsence

Level of quantification = I(F CFUg for 5. murenus

Level of quantificarion = 10 CFU g for all microorganimms fested

Lavel af guandfication = 10 sporus for O perf. and B caneus
Table 3 Comparning the results of molds and yeasts counts in honey from different countries

Nb. Lé"‘;:’::; :—Ee::t Incidence Limit
References samples Country Positives/ Tot mgn
Ml Max Mean alamabyzed 7 i

Turlina and Fritz (2005) 23 0 47100 1.64=10% Argentina 9% 1.0=10°
Fimola et al, (2007) 23 =1 0x10" =1.0=10" - Argentina - 1010
Rios eral, (2014) 58 - - - Argentina 17% (%) 1.0=10°
Pucciarelli er al,, (2014) 28 12# 47% EX e Argentina - 1.0=10°
Rall ex al, (2003) 100 <1.0x10* 1.5x10° - Brazl 64% 1.0=10°
Sereia er al., (2000)[k] 11 19=10° 1.1=10° 5.3x10% Brazl - 1.0=10°
Sereia er al, (20010)[c] & 1.8=10" 2.5x10° 1.0x10% Brazl - 1.0=10°
Poniara et al, (2012) 12 =1 0x10" =1 0x=10" - Brazil - 1010
Ananis er al, (2013) 35 =1.0=10 5.0:10° - Brazl 45.71% 1.0=10°
Alves er al, (2015) 15 2210 3.4x10° - Brazl 20% 1.0=10°
Giraldo eral, (2013) 7 1] 0 0 Colombia 0 1.0=10° [d]
Mahmoudi er al., (2016) [e] 34 - - - Iran 5. 8%-32.3% -
Ayanszola, (2012) [1] 108 1.0=10" 2.0=10° - Migeria - -
Ummulkhair, (2014) 15 1.0 =10* 12 =10° - Migeria 26.66% -
Malika et af, (2005) 10 =1 0x10" 3.0:=10" - Moroceo 30% -
Present study (veasts) 37 1.0=10" 9.3:10' 3 82x10" Morocco 2% =
Present study {molds) 37 1.0:=10" 9.0:10" 2.33=10" Morocco 40% =
Sherwani, (2013) 6 0 =1.0=10" Pakistan 20% -
Rézanska and Osek (2012) 245 =5.0=10 2.0=10° Poland - 1.0=10°
Gomes eral (2010} 5 1.1=10" 2.1=10" Portugal 0% 1.0=10°
Feis er al, (2010) 45 1.0=10" g.0:100 22100 Partugzal 100% 1.0:=10°
Duman Aydin eral, (2008) 20 1.0=10° 1.0=10° Turkey 40% 1.0=10°
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Diamen er al, (2013) 500 - - - Tuarkey 16%-32% -
Erkan er al, (2015) [g] 50 1.0 =10 1.2:=10° 3 5=10° Tuarkey 26% -
Erkan er al, (2015) [k] 50 74 =10° 1.4:=10° 5.4=10° Tuarkey 46% -
*Cownt i log CFULE

a: The value recommended iy MERCOSTR (dgroement on the Southean Common Marker) and CNEF.A

b: Organic honay

¢ Inorganic honey

d- The value speciffed By Colombian Resolucion N°1057

e Count gf fimgi (dspergillus, Pemiciliium, candida and other yeasis)
S Count qf total heterotrophic fimgi

£ Coumt for Mold vegetaia form

ke Count E Teast W  form

The results obtamned for standard counting of molds and yeasts showed that 32%
and 40% of samples were positive respectively for molds and yeasts.

However, the detection of veasts and molds remains at low levels ([1.0x10'-
8 3:10'CFUg"] for veasts with mean=3 82x10'+2 72x10"CFU.g" and [1.0x10'-
8.0:10'CFUg"] for molds with average 2.33x10'22.53=10'CFU g"). Withal,
note that no result excesds the recommended threshold for yeast (10° CFUg™),
nor the formentation honey lme (5.0<10° CFU.g") (Fléché et al, 1997).
Furthermore, total most and yeast counfs can vary greatly, typically between 0
and 10° CFU.g", although high counts are not palatable becanse of the increased
rate of fermentation and the honey is unhkely to pass quality control (changing
the taste and the flaver of honey) (White, 1975). From that point a view, a few
humdred CFU.g" of yeast are more likely to be found in honey samples.

Table 3 below gmves a compansen of the valwes found m several studies,
conducted m the world relating to molds and veasts in honey. It appears from
reading the table that our resulis ame close to those of Malika er al, (2005),
Gomes er al, (2010) and Feas er al, (2010). Finola & al, (2007) and Giraldo
er al, (2013) reported po or low values (=1.0=10'"CFUg™) of molds and yeasts
for respectively Moroccan, Porfuguese, Arpentinian and Colombian honeys.
However, Rozanska and Ozek, (2012) from Poland, Mahmoudi er al, (2016)
from Iran, Rall er al, (2003) from Brazl, Erkan er al, (2015) from Turkey,
TUmmulkhair, (2014) from Migena and other authors reported a higher counts of
molds and veasts (Table 3).

CONCLUSION

At the end of this study, it was observed that Euphorbia resinjfera honey has an
a{:{:eplahlemmmbmlugu:alpmﬁle Infaﬂtmnfﬂ:.emalymdsample
confamed any microorgamsms that have an impact on buman
Ad.d:hma]lyﬂmlcwlma]snfmuhalnmhmmhmmt&dtuamhw
rate of mold and yeast indicate that this honey does not undergo any s1gnaficant
degradation and, therefore, this product always keeps its commercial qualify.
However, 1t is has fo be emphasized the mportance of contimous monitoring
throughout the honey processing, to ensure the marketing of a reliable food. It 15
also recommended for governments and producers, to ensure a contimuous
confrol and to set up specification condifions during storage (moderate
temperatures, mereased bomidity, granulation of the honey and elevated yeast
counts).

Fmally, standardization, by national and'or “PGIT specifications, of microbial
confamination hmits 1s very important to further mmprove the quality of honey,
and ensure 1t sustainability over the years.
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The polysacchandes biosynthesized by the oucroorganisms had emerged as an important class of bicactive compound from the last two
decades. In the present study, an attempt was taken to evaluate the i wire anhomdant actvity of EPS produced by Micrecoceus luteus
SHIST-CM02. The scavenging assays mmvelving 1, l-diphenyl-2-pierylhydrazy]l (DFPH), superoxide radicals, hydroxyl radicals,
chelating ability and inhibition effect of hipid percsndation, for the biosynthesized EPS were studied in order to evaluate the in vitre

anficeaidant activity. The EC50 value of EPS for DPPH, supercocide radicals and hydroxyl radicals was found to be 8.11 mg/ml., 8.00

Regular article

OPEM am{!s:

food as a povel antioxidant.

mg'ml. and 10.25 mg/ml. respectively. The EPS had a lower mlibition effect of liptd perccadation than that of ascorbic acid and
butylated bydroxytoluene. At a concentration of 12.0 mg'ml., the inlhabition was only 70.00%. These results suggest that the EPS
synthesized by Micrococcus lutens SNIST- CMO2 can be used as a good potential anficocidant and can be added to different fypes of
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INTRODUCTION

The free radicals canse the harmfil effect to living system either by the onset of
degenerative diseases or by cansing the ageing phenomena very fast (Cross eral,
1987; Beckman and Ames 1998). Generally, these phenomena are known as
oxidative stress (Alichiels er al., 1994). There are so many compounds which
present in the living cell, sigmificantly cease this oxadative stress and these all are
collectrvely known as anticendant. Although, the cells have 1ts own mechanism to
protect itself from the stress, but in some cases the indigenous or exogenous
sources saddle of the free radicals lead to the imbalance the redox potential of the
Iving cell In order to overcome this, the cells need the other alternatmve
antioxidant from outside as a supplement Therefore, natumlly occurmring
antioxadant molecules have drawm a great attenfion m the field of medicine and
food Recently, the polysacchande produced from the microorganism has been
explored as the novel anhiocadant (AMichiels er al , 1994; Tiwari 2001).
Generzlly, EPS synthesized by mucroorganisms are non-foxic, non-immunogenic,
non-carcmogenic and biocompatible in nature. Dhfferent types of application
related to the exopolymers are like food packaging, capsule coating, gene
delivery, dmug delivery, molecular chaperon synthesis have been camed out by
vanous authors (Duan er al, 2007; Gheorghe er al. 2008; Yoshihire er al.,
2000).

The EPS is biosynthesised m the cytoplasm and then secreted mto the
extracellular environment facilitating its recovery (Li er al, 2006). The
biosynthetic pathways and its real mechanism of synthesis of vanous EPSs are
not clearly understood. Few years back, some authors (Duan er al, 2007) have
proposed a iosynthesis pathway model for the EPS synthesis The
exopolysacchande bio-synthesized by microorgamisms, including bactena,
moulds and yeast, represent an unexploited market (Sutherland, 2001). But at
the same time, the limiting factor of EPS production by microorgamsms is hnked
to its production cost. The main costs consist of the pnce of the carbon and
nitrogen sources in certain cases (Donot er al, 2012).

In the present study, the anticxadant activity of the crude exopolysacchande
(EP5) from a newly isolated strain of Micrococeus lutews SNIST- CMO2
(screened from the natural habitat) was studied Carbohydrate based anhiccadants
are hawving better applicability over other antioxidants as they are neutral, water
soluble and non-toxic to the living cells.

MATERTALS AND METHODS
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Microbial strain, culture conditions and eps production

The produchion and charactenzation of EPS was performed in our previous study
(Mishra er al, 2016) from the isolate of Micrococous Iufeus SNIST- CMO02. In
this process, EPS was produced in the 250ml. Erlenmever flask. The compesition
of the medium for the production of EPS was as follows: Sucrose 600 g
EHPO, 7.5 g, HaCl 1.5 g, Mg50, THyO 0.4 g, Yeast Extract 0.4 g and dishlled
water 1 000 mL. The pH of the medium was admsted to 6.5 by addmg 0.1 M
MNaOH. After preparation and stenlization of the medmm | ml of the prepared
inocubum was inoculated to 100 mL of the produchion medmm and was meubated
for 6 days under agitation (150 rpm) at 25°C. The microorganism was mamtained
on Nutrient agar at 4°C and sub-cultured every 2 weeks. The 1solated strain was
inoculated to the production medmm (Sucrose 60.0 g, K2HPOL 75 g NaCl 1.5
g M504 TH?D 0.4 g, Yeast Extract 0.4 g and dishlled water 1000 mL) and was
incubated for 7 days under agitation (150 rpm) at 28 “C. The recovery process for
the EPS production was camed out first by removing the cells by centnfugation
at 7,000 rpm, for 10 mun followed by its precipifation with adding twice the
volume of cold isopropyl alechol (Singh e al, 2009).

Preparation of exopolysaccharide (EPS)

Crude EPS was punfied by dissolving the precipitates with the water. Further,
the solution of the EPS was reprecipitated with ice-chilled 1sopropyl alechol. This
methodology was followed up to attammment of the 3rd frachon. Each fraction of
EPS obtamed after the precipitabion was made to wash with the acetone before
reprecipitation. The pure EPS obtamed i 3rd fraction was further subjected to
dialysis in order to analyze the in-vitro anhoctidant activifies.

IN FITRO ANALYSIS OF ANTI-OXTDANT ACTIVITY OF EPS
Scavenging of 1,1-diphenyl-2-picrylhydrazyl (DFPH) radicals

The antioxadant analysis was camed out by using 1 ml of EPS solufions was
made at different concentrations (0, 2.0, 4.0, 6.0, 8.0, 100, 12.0, 140 and 16.0
mg'ml) and was added to 4.0 ml of 0.004% solution of DFPH in ethanel. After
30 min, the absorbance was measured at 517 onm. Scavenging ahlity (%6) of
DFPH radicals = {1- (A wee ! A commt)} *100, wheve & oy 15 the absorbance of
control, and A gl 15 the absorbance in the presence of the tested samples. The
ascorbic acid (Vitamun C) and butylated were taken as positive
controls for this study (Shimada ef al , 1992; Guo eral, 2010).
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Scavenging of superoxide radicals

Antioxidant analysis was forther analysed by adding, 4 ml. of Trns—HC] buffer
(pH 82) and 1 ml of EPS sample soluton with different ranges of
concentrations (0, 2.0, 4.0, 6.0, 8.0, 100, 120, 140 and 160 mg/ml) were
meubated at 30 °C forl 5 min, followed by the addihion of 200 pL of pyrogallel to
the mixfure, and the reaction was allowed to proceed for 4 min. The reachion was
made to stop by adding 0.5 ml. of HCL The absorbance of the mixiwe was
measured at 320 nm Scavenging ababty (%) of supercxide radicals = {1- (A e
I A ey} #100, where A . 15 the absorbance of control, and A is the
absorbance in the presence of the tested samples. The ascorbic acid (Vitamin C)
and butylated hydroxytoluene were taken as posifive controls for this study
(Marklund and Marklund, 1974).

Hydroxyl radical seavenging actvity

The reaction mixture contaiming EPS (0, 2.0, 4.0, 6.0, 3.0, 10.0, 12.0, 140 and
16.0 mg'ml) was mmeubated with decoynbose (3.75 mM), HyO, (1 mM), Fell,
{100 M), EDTA (100 mM) and ascarbic acid (100 mM) in potassmm phosphate
buffer (20 mM, pH 7 4) for 60 mun at 37 °C (Halliwell er al., 1987). The reaction
was terminated by adding 1 mL of thio-barbitune acid (1%, wv) and | ml of
trichloroacetic acid (2%, w/v) following the meubation m a boiling water bath for
15 min. The absorbance of the mixture was measured at 535 nm against reagent
blank. The Scavengmg abality (%0} of bydrowxyl radicals = {1- (A wgle / & )}
=100, where A s 15 the absorbance of control, and A weg. 15 the absorbance in
the presence of the tested samples. The ascorbic acid (Vitamin C) and butylated
hydroxytoluene were taken as positive controls for this study.

Chelating ability of eps on ferrous ion

The chelating ability of EPS with the ferrous ion (Fe'*) was studied according to
the protocol given by Decker and Welch (1990). The Fe'" chelating ability of
EPS from Micrococous lutens SMIST- CMO2 was studied by measuring the
FerroZine mon complex at 562 nm Here the EDTA was used as a positive
control.

Inhibition effect of lipid peroxidation

The anticxidant analysis was finally confirmed by the standard method as given
by Exmuya et al. (1981} for effect of lipid percndation was followed in which
0.8 ml of egz yolk mixed with 0.1 moll phesphate buffer (pH 7.45) and
resulted homogenate was added to 0.5 ml of EP5S sample solufion with different
concentrations (0, 2.0, 4.0, 6.0, 3.0, 10,0, 12.0, 14.0 and 16.0 mg'mL). In order to
mitiate the hpid peroxadation process, 0.5 mL of 25 mmolL. of Fell, was added
to the above mixture. After menbation at 37°C for | hour, 1.0 mL of 20% (w7}
trichloroacetic acid and 1.0 ml of 0.8% (wv) thucbarbituie acid were added to
stop the reaction. The mixture was heated at 100 °C for 20 mm, and cenimfuged
(2400g) for 10 mm. The upper layer was collected, and the absorbance was taken
at 532 nm. The ihibition (%) effect= {1- (A gupe’ A ooy <100 was caleulated,
m which A e is the absorbance of control and A g 15 the absorbance in the
presence of the tested samples. The Ascorbic zcid (Vitamin C) and Butylated
hydroxytoluene were taken as positive controls for this study.

RESULTS

In vitre anti-oxidant activity of EPS
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Figure 1 Scavenging of DPPH radicals (Vahies were representative of three

The in-vitro anticxadant property of the EPS had been assessed wath DPPH
scavenging, superoxide radicals scavenging and hpid perceadation inhibition
assays. These antiocndant activifies were compared with those of ascorbic acmd
and butylated bydroxytoluene. Less scavenging of DPPH and supercxide radicals

was observed with EPS than wath ascorbie acid and butylated hydroxytoluene at
concentration < 12.0 mg/ml., but at the same time the scavenging ababifty was
smmilar to those of ascorbic acid and butylated hydroxytoluene at concentration =
12.0 mg'ml as found m figure 1 and figure 2.
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Figure I Scavengmg of superoxide radicals (Values were representative of three
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The scavenging efficacy of the hydroxyl radicals for EPS was found to be same
with ascorbic acid and butylated hydroxytoluene at concentration = 8.0 mg/ml. &
was observed that, the scavenging abality of EPS sharply increased when the
concentration changed from 8.0 mg'ml to 12.0 mg/ml as shown m figure 3.
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The chelating activity for EPS was also estimated and 1t was found nearly equal
to 70 % at concentration = 6.0 mg/ml. of EPS as shown in figure 4. The chelatmg
ability of EPS was lesser than that of EDTA. Previously the chelating activity of
some of the carbohydrates Like sulfated polysacchandes, acetylated
pol and lated polysacchandes from Ramuluz mori was
found to be 74.5%, 67.2% and 58.7% at 2.1 mg'ml., respectively (Zhang er al ,
2008).
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Figure 4 Chelating ability of EPS with farrous 1on (Values were representative of
three separated expenments

The EC.; value of EPS for DPPH radical is 8.1]1 mg/ml. and for superomide
radical 1f 15 8.0 mg/ml.. For the bydroxyl radieals, the EC o value was found to be
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10.25 mg/ml. The EPS had a lower inlibition effect of lipid peromidation than
that of ascorbic acid and butylated hydroxytoluene At the concentration of 12.0
mg'ml. the mlubition was 70.0% as shown m figure 5. These results suggest that
the EPS synthesized by Micrococcus luteus SNIST- CMO02 can be used as a good
potential anficoadant.
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Figure 5 Lipid peroxidation Inhabation (Values were representafive of three
separated experiments)

DISCUSSION
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The results of the present findings depact that EPS from Micrococous luteus
SHIST- CMO2 have good antioxidant and amtiradical activities. From the
different types of expenments, 1t was found that EPS exhibited the concentration
dependent antioxidant activity. The antioxidant activity of the microbial EPS
probably related to the monosacchande component, molecular size, conformation
and due to s bicactrity. K has been reported that the bicactivities of
polysacchandes are closely associated with the type of glycosyl units, the
confipuration of glycosidic bonds, and the substiuents of the polysacchandes.
Additionally, the spatial structure and relafive molecular mass of polysacchandes
conjointly have an effect on the bioactrvity (Tsiapali er al., 2001). Therefore, the
antioxidative actrvity of the EPS is not the results of any single factor. It 1s the
results of several factors combined within the vanaton of carbohydrate
composition, stuctural confisurzfion, and mode of attending ghecosidic bonds,
molecular weight and other stuctoral charactenstics. Moreover, the
monosaccharides m the EPS can be acted as reductive agents and these can add
hydrogen, which when combined with radical forms a more stable radical to
terminate the free radical chain reaction.

The model of scavenging the DFPH radical 15 a widely to evalnate the free
radical-scavenging activities of polysaccharides (Soares er al, 1997; Naik er al ,
21003). The method 15 based upon the decrease m the absorbance of methanolic
solution of DPPFH at 517 nm in the presence of EPS whach acts as a proton-donor
as showm m figure 1. EPS may be reacting with DPPH radicals to convert them to
maore stable products and thereby terminate radical chamn reactions.

The supercxide radicals are generally formed first in the cellular ocxidation
reactions and ifs effect can be a precursor for the generafion of other types of
cell-damaging free radicals (Lin and Ng, 2000). The supercxide radical was
generated by the autooxidation of pyrogallol and it can form a coloured
compound resulting purple to yellow colour. The absorbance at 320 nm mereased
when the superoxide radical was scavenged by an antioxidant. The increment mn
the absorbance represent the content of supercocide amons and also indicate the
antioxadant activity of the sample (Chen er al, 2008). The results suggested that
the EPS can be used as effective scavenger for superccade radicals (figure 2}, and
1t mught be advantageous for preventing inpury caused by supercmde radicals in
adverse pathological condifions.

Hydroxyl radicals are known as lnghly potent oxidant, which can react with most
of the biomacromolecules in hiving cells and mnduce severe catabolic actvities to
the adjacent biomolecules. Therefore, 1t is important for removing hydroxyl
radical for anticxadant defence in cell or food systems. The present results proved
that the EPS i1solated from Micrococons Iurews SNIST- CMO2 was a good
seavenger for hydroxyl radicals as shown in figure 3.

Chelating apents may serve as secondary anbiocadants because they reduce the
redox potential thereby stabilizing the oxidized form of the metal 1ons. It was
conchided that the macrobial EPS could be used as a novel chelating agent from
this studies. The chelatmg ahility was comparable with the EDTA as shown m
figure 4.

The lipad peroxadation 1s a process, n which the free radicals steal the electron
from the hpids of the cell membrane This results in cell damage. This 1=
generally ocowred in vanous pathological events hke mflammation and cellular
aging (Wiseman and Hallwell, 1996). In thes study, a volk of egz suspension
was used to evaluate the inhabitory activities of lipd perccadation wath EPS. The
egz volk hpids undergo rapid peroxdation when meubated with Fell: The
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inhabitng effects of the EPS on the lipid perccodafion was found fo be a
concentration dependent process as shown mn figure 5.

CONCLUSION

In this paper, we have studied the anticendant aspect like scavengmmg of DFPH
radicals, scavenging of super oxide radical, scavenging of hydroxyl radical
chelating of metal 1on and lipid peromadation imhibafion studies of the EPS
synthesized by Micrococcus leus SMIST- CMO02. The present investigation
suggested that the EPS 1solated from Micrococeus Iutens SNIST-CMO02 could be
helpful and beneficial to alleviate the ccudative damages i cell induced by
oxygen radicals and decelerate the progress of many chrome diseases m buman
body. However, the in vivo anficcadant activity and the antiocndant mechanizm
of EPS need to be analyzed in fisture.
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ABSTRACT

Agquatic organisms are a rich source of novel and bicactive compounds. Cyancbactena and microalgae being a nch source of bicactve
compounds have recently found mmmense appheafion in human and animal medicme. The present study was attempted to find out the
effect of the various extracts of Spiruling platensiz, Chlorslla vulgaris, Saragaszum wightii and Saragassum latifolium usmg different
solvents (methanol, ethanol, ethyl acetate and chloroform) as antmmicrobial agents against five bactenial pathogens; 5. aurens, E. coli, P.
aeruginosa, Salmonella sp, Shigella sp. Results mdicate that among the various extracts used, methanol extracts of tested cyanobacterial
and algal species appeared to be the most effective opes showmng maximum antbacterial achvity against the selected bacterial
pathogens. Spirulinag platensiz appeared to be the most effective agammst all the pathogens stdied. The antbacterial substance was
punfied uang column chromatography. The nature of the punfied active fractions was detected using different chemical analyses {UTV,
FT-IE, 'H MME. and GC-MS) which indicated that it i= an aliphatic compound and has different active groups (-0H,-C=0.-CH, and —
CH;). The results of this investization proved that the tested cyanobactermm could be a good source for the producton of proousing
anfimicrobial agents.

Keywords: Spiruling platensis, Antimmcrobial activaty, H-MME, FT-IR, GC-MS

INTRODUCTION

Bactenal mmfechion causes high rate of mortabify in luman populafion and
aquaculture organisms (Kandhasamy and Arunachalam, 2008). Preventing
disease outbreaks or treating the disease with dmgs or the screening programs for
selecting therapeutic chemmcals tackles this problem. The search for natural
compounds with antmierobial activity has gained importance in recent years due
to growing worldwide concern about alarming increase in the rate of infection by
antibiotic resistant microorgamisms (Kaushik and Chauhan, 2008). Vanous
strams of cyanobactena and algae are known to produce infracellular and
extracellular metabolites with diverse biclogical activities such as antalgal,
antibacterial, antifungal and antiviral activities (Noaman er al, 2004; Kumar er
al, 2011; Al-Wathnand et al, 2012). Numerous substances were identified as
halogenated aliphatic compounds, ferpenes, sulpbur contaimng beterccylic
compounds, phenohe mhibitors efe. (Lavanya and Veerappam, 2011). It 1s
generally considered that compounds produced naturally, rather than
environmentally acceptable (Ozdemir er al, 2004; Colla er al, 2007).

Attention 15 now being forused on the natural components produced by aguatie
organisms. Cyznobacteria are potenfial sources of high vale chemicals and
pharmacenticals (Tamn, MW7), The cvanobactenaum, Spiruling platensiz has
mﬁg&dﬂmﬁﬂﬁmﬂmagﬂﬂsﬁmﬂ:ﬂmpﬂb&nﬁaﬂ}rm
therapeutic compounds. K is known to produce infracellular and extracellular
metabolites with diverse biological actnities such as apfifungal (AMachlillan er
al, 2001), antiviral (Hayashi and Hayashi, 1996) and antbactenial activities
(Kaushik and Chanhan 2008; Kumar et al, 20110

The aim of the study 15 to: (1) measure im vitre the anbbactenal actrity of
different extracts of some cyancbactenal and algal extracts agamst different
aquatic mecrobial 1solates collected from surface water of Al-Bahr El-Pherony,
Menoufia, Egypt and (2) characterize the stuctore of active compound using
different methods inchidimg; H-NME_ FT-IR. UV and GC-MS analy=is.
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MATERIALS AND METHODS
Bacterial isolation

The microorganisms used m the antbacterial assay were 1solated from surface
water of Al-Bahr El-Pherony, Menoufia, Egypt. The obtained isolates were
identified as previcusly explained by Sabae er al (2014). One Gram-posifive
bacterium namely Staphylococcus aurens, four Gram-negative bactenia namely
Eschervichia coli, Pseudomonas asruginosa, Salmonella sp, Shigella sp. were
tested for the anfibactenal actity.

Inoculum preparation

The bactenial isolates were inoculated on Miller Hinton broth and meubated for
24 b at 30°C then suspended in saline schution 0.85% NaCl adjusted to yield
approxcimately 1.0 x 10°-1.0 = 10* CFU/ml by using spectrophotomater (25%
transomttance at 530 nm).

Cultivation of tested species

Spirulina platemsiz and Chlorella vulgariz were obtamed from the culture
collection of the Botany Department, Faculty of Science, Tanta University,
Tanta, Egypt. Zamrouk s medimum (Zarrouk, 1966) was used for cultivation of 5
platensiz while, Euhl's medium was used for cultivation of Chlerslla vulgaris
(Euhl, 1962). Culture temperafure was mainfamed at 30 £1°C. They were grown
until the late exponential phase of the growth at which the cultures were
harvested. The collected iomass was dned in a hot air oven at 80°C for 1 b

Collection of macroalzae

Saragazsum wightii and Saragaszsum latjfolium samples were collected from the
rocky areas surface mn Eed sea beach, Senz, Egypt during sprmg 2013. After
collection, samples were washed with seawater to remove epiphytes and other
marmne organisms. The seaweeds were transported to the laboratory in stenle
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plastic bags. In the laboratory, samples were rinsed with tap water, idenfified
following Abbott and Hollenberg (1976); Aleem (1993) and Taylor (1985) and
dned on shadow at room temperature (25 to 30°C) Dned sample were cut info
small preces and powdered m a2 muxer grinder fo get fine powder. Obtained
powdered samples were stored in tight plastic bags.

Preparation of various exiracis

Antibactenal extracts were prepared according to the method adopted by
Kaushik and Chanhan (2008) by mixing 10 g of dned cvanobactenal and
microalgae biomass to 150 ml of sohvents (methanol, ethanol, chloroform and
ethyl acetate) for 5 h at room temperature and sonicated for 15 min, for sea weeds
the air dried samples were mixed with the respective sobvent (1:15 wiv) for 72 h
at room temperature with occasional shaking (Ozmamn er al, 1013} and then
filtered through Whattman filter paper No.1. The obtammed extract was freed from
solvent by evaporation under reduced pressure and then resuspended m the
appropriate solvent fo make the solution of known concentration of 30 mz/ml.
The extract was stored at 4°C in amrtight glass bottle for the anfibacterial assay.

Antibiotic susceptibility testing

The susceptibility of the recovered bactenal 1solates to 24 different antibiotics

representing 14 different classes was performed by modified Enrby-Bauner simgle-

disk diffusion technique on Miller Hinton agar (Rebert er al, 2003). Ampicilling

ucx:u:l]]m.,ca:bmm]]m,aztemnm mpm]]m—f:ulbm;upuamﬂlmnmbm
cefatizidime,

511lI'a.1':|:|.Eli:h:lxaa|:rlv|=1 nitrofirantoin and du:l.dam_'.m were used for
determination of antibiotic resistance profiles of the isolates. The resulis of the
susceptibilify tests were interpreted according fo the critenia established by the
Clinical and Labeoratory Standards Institute (CLSI, 2010). Selected mulhdrug
resistant bactena were used mn anfibactenial assay.

Antibacterial assay

Antibactenal activity of the extracts was determumed by microplate reader assay
method according to Bechert er al (2000) with some modifications. Aliquot of
100 pl of bacterial isolate (10¥ CFU/ml) in Miller Hinton broth medium was
transferred to each well of 26 well plate. Volumes of 50 pl of extracts were added
to each well in tnplicate The plates were incubated at 37°C for 24 h. After
meubation, the absorbances of the plates were determuned using automated
ELIZA mucroplate reader adjusted at 620 nm. In every microtifer plate, one raw
was set for positive control (A0) without tested extract agamst DMS0 and fresh
Miller Hinton broth medmm as negative controls (A2). While, the used extracts
mixed with fresh medivom was used as a blank group (Al).The mhibition
percentage of tested extracts was calenlated according fo the following equation
(Mulyono er al, 2012).

Inhikition percentage = 100 - —_—X 100) Where,
A :  The absorbance of the treatment group
Al The absorbance of the blank.
A2 : The absorbance of the negative comtrol group.
AD The absorbance of the positive control group.

Determination of the chemical structure of antagonistic material
Column chromatography

The methanol extract of one gram of Spiruling platensiz was applied in a silica
gel column (60-120 mesh), and eluted with a mixture of toluene and ethyl acetate
(10:1 to 1:10). The collected fractions were freed from solvents by evaporation
unfil complete dryness in a rotary evaporztor. The dried samples were dissolved
in pure methanol to a final concentration of 5% and assaved for thewr antbactenial
actvity against P. geruginosa and 5. aurens using agar well diffusion assay.

Ultra-Violet spectra (UV)

The UV-spectra of the tested matenal were determined wuwsing UV2101/pe
spectrophotometer. The wavelength ranged from 200 to 800 nm_

Fourier transform-infrared spectroscopy (FI-IK) analysiz

The actrve frachions were analyzed using FT-IE spectroscopy. The unuthzed
balance fraction samples were encapsulated in EBr at a ratio of 1:100. The IR
spachaw;&re:ulbcl:ednsing a Shimadwn spectrometer within the range of 500-
5000 em™.

Proton Nuclear Magnetic Resonance ("H NMR) spectra

The sample was dissolved in deuterated chloroform. The different fanctional
groups were idenfified using NME (Vanan Mercury VI-300).

Gas Chromatography -Mass Spectroscopy (GC-MS) analysis

A sample of the extracted fraction was subjected to GC-MS (Perkin Elmer)
analysis. Phytoconstituents of the sample were analyzed using Perkim Elmer
Clarus 580 senes gas chromatographic system and capillary columm. Ftx-5ms
(3% phenyl, 95% dimethylpolysiloxane-Colomn length: 30m Colomn ad: 250
um) was used with hebum at a 1.2 ml'oun as the camer gas and the GC oven
temperature was programmed at 270-280°C. Idenfification of the individual
components was performed by companson of mass spectra fragmentation pattern
with the profiles from the Wiley GC-MS 275 libranes.

Statistical analyzes

The results are presented as mean + standard deviation of the mean (n = 3). The
stafistical analyses were camed out using SPSS program version 15. Data
obtained were analyzed statistically to defermine the degree of sigmificance
between treatments using one and three way analys=is of vanance (ANOVA) at P
= 0.01 and P = 0. 05 levels of significance.

RESULTS
Sereening for antibacterial activity

Dhfferent recovered bacterial isolates possessed mulfi-dmg resistant (MDE)
pattern to different used antbiotics Table (1). Hence, the MDE isolates were
selected for the antibacterial assay against tested exfracts. Antibacterial activities
ﬂmmuufthetmdcymbaﬂmﬂmandalgumdﬁemﬁmdhy
ELISA microtifer plate reader and the results are summanzed mn Table (2). The
extracts showed varving degrees of antibactenal activity agamnst all five
pathogenic bacteria tested On a general note, methanohe extracts exhibated
higher degree of inhibitory activity than other used solvents. The stated result=
indicated that the most promising orgamsm for the production of the anhibactenal
agent was 5. platensiz agamst all tested bacteria. Therefore, 1t was selected for
further mvestizgations.

Table 1 Percentage rates of resistance of different bactenal 1solates to different antimicrobial agents.

No. (%) of resistant izolates

. . E coli Salmonella sp. Shigella sp. & anrens P. asruginosa
Antimicrobial agent @=T) m=T) (n=T) =T) @=T)
Ampicilhn 6 (857 %) T (100 %) 6 (85.7 %) - -
Carbineillin 7 (100 %a) 7 (100%) 4 (57.14 %) - T (100 %a)
Crezcillin - - - T (100 %a) -
Amoxacillin - - - 5(71.4 %) -
Azteronam - - - - T (100%)
Ampicilhin' Sulbactam 0 (ﬁt%} 3 (42.86%) 1(14.3 %) 0 (0 %) 0 ﬂ; %)
Pipracillin/Tazobactam - - -

Cephalothin 4 (57.1%) 4(57.14%) 5(71.4 %) 6 (85.7 %) -
Cefatizidime 7 (100%%:) 7 (100%) T (100%) - 6 (85.7%)
Cefotixin 7 (100%%:) 7 (100%) 6 (85.7 %) - 6 (85.7%)
Impenim 0 (%) 2 (28.6%) 1 (14.3%) 0 (0 %a) 0 (0%a)
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Gentamyein 0 (%) 0 (0%e) 0 (0%) - 0 (0%a)
Tobramycin 0 (%) 2 (28.6%) 2 (28.6 %) - 0 (0%a)
Streptomycin - - - 3 {42.7%) -
Fafampn - - - 6(85.7%) -
Ciprofloxacin 1 (14.3%) 1(143%) 2 (28.6 %) 0 (0 %) 1(14.3%)
Oflexacin 0 (%) 0 (0%e) 0 (0 %) - 1(14.3%)
Norfloxacin 0 (%) 1(143%) 2 (28.6 %) - 0 (0%a)
Co-tnmoxazole 0 (%) 2 (28.6 %) 2 (28.6 %) 2(28.6%) 3 (42.86%)
Chindamvyein - - - T(100%:) -
Erythromyein - - - T(100%:) -
Nitrofurantom 6 (857 %) 6 (B5.7 %) 3 (42,86 %) 4(57.14%) -
Chloroamphenical 0 (%) 3(42.9 %) 5(7T1.4%) 6(85.7%) 5 (71.4%)

0 (0%) 0 (0%%) 1(14.3 %) 1(14.3%) 2 (28.6 %)

Dioxyeyeline
n: mumber of bacterial isolates

Table I The mean mhibition percentage of different cyancbacterial and alzal extracts against bactenal isolates recovered during summer from study area.

Bacterial izolates

Tested extracts E. coli Salmonella sp. Shaigella sp. & anreus P. geruginosa
Inhibition percentage (%)

Spiruling platensis
Methanol 9787441 98.07+9.0 958444 5 93 67487 951746
Ethanol 91.0745.1 75.3646.7 83.11+27 90.7£7.0 £6.39+63
Ethyl acetate 77.79+4.8 §1.94480 91.37+53 88 74462 81.18+7 6
Chloroform 743366 82.53+6.4 §7.09+4 5 90.83+£5.6 66.97+62
Chlorella vulgaris
Methanol 9227468 926150 90.29+52 85.79:74 §2.01+53
Ethanol 8751475 90,645 1 86.43+72 81.96+55 71.89+6.4
Ethyl acetate 67364335 8637428 66.71+6.7 55,8043 4 81.19+68
Chloroform 6584263 §7.5149.1 66.21+54 8531484 T8.36+53
Saragassum wighni
Methanol 89384356 8493465 8456445 92 6148 6 8803447
Ethanol 814363 871251 7413457 67.7£5.5 83.57+63
Ethyl acetate 75.016.7 81.64477 7904441 7171461 §7.14447
Chloroform 7321459 T1.26+7 4 788741 89.1:78 75454
Saragassum latifolium
Methanol 88.8945.7 §7.94+5 1 89 83+103 92 86+82 85.39+5.1
Ethanol 79 8416 6 6874433 88 74445 90.94+7 2 8367480
Ethyl acetate 8144176 86.99+73 8304465 83.56:4 4 T0.57+63
Chloroform 7391458 67.31+6.1 81.51+27.1 8457481 841452

Each value 15 the mean of three readimgs + Standard Deviation Punfication and charactenzation of the laghly active crude extract of Spirulina platensis
Column chromatography

The methanol extract of Spiruling platensiz was applied m a silica gel column

and it was eluted with a mixfure of toulene and ethyl acetate (10:1 to 1:10). The

obtained 45 frachions were collected, tested for their anfibacterial activity against ~ Table 3 The antimicrobial activities of the different fractions obtained from the
P. asruginesa and 5. awrens using agar well diffosion. Only fowr fractions had = sihiea gel column chromatography against Preudomonas aeruginosa and
antmicrobial activity as shown m Table (3). The UV absorption spectra of these  Staplplococous aurens.

fractions were determined sing spectrophotometer (UV 2101/ pe) at range of 200 Diameter of inhibition zone (mm)

to 800 nm. The obtained resulfs are shown in Figure 1. The results indicated that ; , \
No. of active fractions

the four fractions had the zame absorption peaks (three absorphon peaks at 285, & aurens P. grruginesa
365 and 510 nm). Therefore, they were pooled together and subjected to vanous 10 1340.04 110,03
chemical analyses to reveal its strocture as far as possible. . .

11 20+0.03 11.5+0.02

12 124006 None

13 14+0.06 12+0.03

Total mumber of collected fractions= 45
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Each value is the mean of three readings = 5D
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Figure 1 UV spectrophotometer scanning of different active frachions separated by column chromatography. A: frachion 10, B: fractionll, C: frachonl? and D:
fractiom13.

spectrum of the compound under mvestigation showed signals (ppm) at: 50.9 (i,
Chemical characterization of the purified active compounds 3H, CH:), & 1.3 {t, 2H, CH;). & 2.3 (s, 2H, CH;) and 57.2 (COOH group).

FT-IR spectroscopy
The FT-IR spectrum showed three absorption bands (Figure 2); the first band

appeared at 3424 em™ due to OH group, the second band appeared at 2958 cm
referred to the C-H aliphatic and the third band appeared at 1729 cm™ attributed

to the carbonyl group (C=0).
L

-
g8
-
| il

8 :

& Figure 3 "HNME. spectrum of the antibacterial substance obtained from 5. platensis

methanobc
. B8 535 56 coam .
w0 S i . Gas Chromatography-Maszs Spectroscopy (GC-MS) analysis

Waverumbar cm-1

Based on the GC-MS results, thirteen bicactive compounds were identified from
the partially punfied fracthions of the cyanobactermam 5. platensis. The relative
Figure X FI-IR spectrum of the purified antibactenal substance produced by 5. percentages of the compounds are grven in Table (4). The most prevalent

compound was n-Hexadecanoic amd (34.28%). Mass spectum indicated that the
platensiz. molecular weight of the compound under Investigation was 256 Dalton (Figure

4). Finally, on the basis of UV, TR, "H-MMF. and mass spectral data it was

concluded that the compound was n- hexadecanoic acid with chemical formmla:

Nuclear magnetic rezonance spectra Cs Hyy Oy

The 'H NMFE. spectum of the compound under mvestigation is measured
deturated chloroform (CTHCL) as a solvent. The characteristic signals within the
'H HMR spectrum was represented graphically in Figure 3. The proton NMR
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Table 4 GC-MS is of different m active fractions of 5. platensis methanohe extract.
Peak Rt (min) Area Name
(%) )
1 5.929 2798 Butane, 1-sthexy-
2 7.589 1419 2 2 -Dimethoxybutane
3 15.162 0515 Oalie acid, 1sobuty] pentyl ester
4 32624 0817 5-Isopropyl-6-methyl-hepta-3,5-dien-2-ol
5 33.056 1438 2-Pentadecancne, 6.10,14-trimethyl-
6 33.905 0961 Pentadecancic acid, 14-methyl-, methyl ester
7 34.105 19438 cis-9-Hexadecenoic acid
8 34,275 30.604 n-Hexadecanoic acid
9 34590 1993 Octanoie acid, 4-methyl-, ethyl ester, (fi)-
10 35.861 1.030 3.7.11,15-Tetramethyl-2-hexadecen-1-o0l
11 36.051 1.179 Ethanol, 2-{%-octadecenyloxy)-, (Z)-
12 36.601 1.008 11,13-Dimethyl-12-tetradecen-1-ol acetate
13 38.807 0.684 1.2-Cinmohnedicarboxyhe acmd, 1,2.3,5,6,7,8_ 8aoctahydro-
4-mmethylsilyloxy-, diethyl ester
“FT. retention fme
current study, methanol seemed to be the best solvent for extracting the bicactve
compounds.
In this study, the cyanobacterium 5. platensiz had the most effective anhibacterial
148 actvity against both Gram positive and Gram negative bacteria compared with
104 other screened alzae and these msults are In agreement with the findings by
Abdo er al. (2012) and Kaushik and Chauhan (2008). The collected frachions of
- the methanol extract of 5. platensiz using silica gel chromatography showed a
o high mhibitory activity agamst 5. aurews and P. asruginosa. Physical and
a P chemical characterizations of the most achive frachons were apphed. From UV
50- 1oa T Y e analysis, maximmm absorption spectrum at 285 nm was observed. Accordingly,
the composition of the active antimicrobial matenial was suggested to contain an
" a]:phatu:chamTheFIIRspemusaupymdumdﬂmMeufmm
PP . functional groups: the first band appeared at 3424 cm™ due to OH group, the
J II&J] J M5 4op ]_ R my mmibmﬂamrea:eﬂatE?SBm"hetuﬂmC-Ha]i‘phaﬁ:Iandﬂ:.eﬂu':ﬂhami
ol ymaasns ;,:I-Lu Iua-&pr;»-.--“‘l:; - 1?-;-51—,;&4.-4-\!;04;-.-.2& i appeared at 1729 cm™ due to the carbonyl group (C=0). The "H NME spectrum

Figure 4 Mass spectrum of the anfibactenial substance obtamned from 5. platensis
(n-Hexadecanoic acid)

DISCUSSION

Al-Bahr Fl-Pheroany 15 an important watershed and a crucial source of imigation
water. It 15 considered ome of the imporfant sources of fishenes in Menoufia
Government, Egypt. Plants and fishes living m these water bodies, when
poisoned with harmful chemicals and metals can’t swvive (Ghannam er al,
2014). The crops and vegetables imgated with such polluted water become
harmful for buman bemgs. The level of pollution 15 swelling day by day due to
non-avalability of proper drainage system for industnal units and housing
societies established along the banks. The ever-growmg level of pellution m
water 1s posing serious threats to human health besides making the water harmful
stream revealed the presence of nch commumities of both indicator and buman
pathogenic bacteria (Sabae eral, 2014).

Microorganisms have developed adaptation mechamsms against the action of
antmicrobial dmgs (Al-Haj er al, 2009). This problem 15 one of the mam
reasons for contimued research imto antimicrobial compounds, mchloding
maolecules from cyancbacteria and manne algae (Kim er al, 2007; Al-Wathnani
eral, 2012). Much attention is being paid towards plant extracts and biologically
actrve compounds 1solated from natwal resources m the present. Aquatc
ofganisms are a nch source of structwally povel and biclogically active
metabolites (Ely et al, 2004). Secondary or pnmary metabolites produced by
these organisms may be potenfial bicactive compounds of interest in the
pharmacentical mdustry (Prakazsh er al, 1011). Most of the secondary
metabolites produced by seaweeds have bactencidal or the antimicrobial
compounds denved from seaweeds consist of diverse groups of bacteriostatic
properties terpencls, sterols, polysacchandes, dibutenclides peptides and proteins
metabolites. Compounds with anhbactenal actrvity have been detected 1n green,
brown and red algze (Yuan er al, 2005; Bansemir er al, 2006; Chew er al,
2008). Lipid soluble extracts from manne macroalgae have been mvestigated for
their antibacterial properties.

In the present investgation, a high antibacterial activity of the studied
cyanobacterium, namely; Spirwling platensis and algal species namely
Saragassum wightii, Saragassum latjfolium and Chlerella vulgaris have been
reported agamst both Gram posiiive and Gram negatrve bactena. These resuli=
were In accordance with the data obtamned by several workers (Sastry and Eae,
1995; Priya, 20121; Kumar e al, 2011; Al-Wathnani e al, 2012).

Several different organic solvents have been used to screen algze for antbacterial
activity (Jeyanthi Rebecca er al, 2011). Simular to the results found in the
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signals (ppm) at: 0.9 (t, 3H, CH,), 51.3 (t, 2H, CH,), 5 2.3 (s, 2H, CH,) and 572
{COOH group).

According to the results of UV, IB, 'H-NMR and mass spectral data, it was
concluded that the compound was n- hexadecanoic acid. The resulis obtained
herein are supported by Colla er al  (2007) who reported major fatty acids
extracted from the 5. platensiz as palmitic acid (C16:1), steanc acid (C13:1),
oleic acid, linoleic acid ete. Al-Wathnani er al (2012) observed that GC-MS
analy=is of the volatile components of 5. platensis resulted in the identification of
15 compounds which constituted 96.45% of the total The volatile
components of 5. platensziz consisted of heptadecane (39.70%) and tetradecane
(34.61%) as major components.

Antinmerobially active hpids and active fatfy acids are present m a high
concentration n Skeletonema costatum (Lampe er al, 1998). It was hypothesized
that lipids kall microorganisms by leading to disruption of the cellular membrane
ez bactena, fangi and veasts (Bergsson, 2005).They can also penetrate the
extensive meshwork of pephdoglycan m the bactenal cell wall without wimble
changes and reach the bactenal membrane leading to its disintegration. This can
probably be explained by the strong fabric of the cell wall of Gram-posifive
bactenia, which maintain their strocture in spife of substanfial hydrostatic torgor
pressure within the bactena (Bergssom er al, 1001; Shanmugapriva and
Ramanathan, 2011).

CONCLUSIONS

From the presented results it can be concluded that the extract of cyanobacterium,
5. platensis, contains potential bicactive compound with an effective anhbacterial
actvity. This compound can be utlized for the development of natural antibiotics
agzinst mulh drog resistant bacteria.
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Pasteurella multocida 15 a Gram negative bactermm causing severe disease in a multiude of hosts; the A: 1 stram of this bacterium is
extremely virlent to hosts. In thas study, the viralence of P. multocida A- | strain was assessed in one month old ducklings, six months
old ducks and eight weeks old albino mice The groups of expenmental animals were mmoculated with the different dilotions of the
bactenia through subeutaneous route. The control groups were sham inoculated with stenle phosphate buffered salime via respective

OPEM aﬂ!s;

of pasteurellosis and attempted re-isolation of the organism on blood agar from their internal organs. The median lethal dose was
calculated using Reed and Musnch method. For ducklings, the median lethal dose was 13 colony forming units and the dilution giving
50 % end point with 0.1 ml subcutansous dose was 107, The median lethal dose could not be arrived at for mice and adult ducks as the
strain killed all the inoculated mice even in the lowest dilution tested, while most of the adult ducks were resistant to nfection.

Keywords: Pasteurella multocida, Lethal dose, Vimlence, Duckling, Mice, Gross pathology, Lesion score

INTRODUCTION

Pastenrella multocida {P. multocida), the Gram negative bacterium 1s responsible
for numerous economically sipnaficant diseases in a vanety of hosts hke catile,
buffalo, sheep, goat, domestic fowl, turkey, horse, camel, wild animals and wald
birds (Snipes er al., 1988; Boyce er al., 2004). Pasteurellosis 1s a persistent
problem in developing counfries especially in South East Asia and Africa P
multocida have many serotypes, of which Serotype A 15 manly responsible for

cansing Fowl Cholera or Avian pasteurellosis.
Several virulence studies had been conducted by many researchers to quantify the

virulence of Pastenrslla through various routes (Rimler and Glizzomn, 1997). All
the studies echo one thing that the vimlence of bactena is complex, mmlh-
factonal and if can vary depending on the strain used, host studied, route, dose of
admimistration and many other unknown confoundmg vanables. Virulence of a
pathogen is measured in suitable experimental animals, the end result of which 1=
death. Viulence testing forms an mtegral part of vaceinology and pharmacology,
especially for computing the challenge dose during potency testing of vaccines
and vanous drugs. Fifty per cent lethal dose or LDs; 15 defined as the oumber of
bactena required to kill half of the exposed hosts and 15 shown fo be a prachical
and reliable measure of pathogenicity (Thomas and Elldnton, 2004).

The study was done to assess the viulence of avian ongin Pastewrella multocida
A:- ] strain m three different animal host models (1) one month old ducklings (2}
six menths old ducks and (3) eight weeks old albine mice.

MATERIALS AND METHODS
Bacterial strain

The P. multocida A: 1 strain was i1solated from a very severe outbreak of
pasteurellosis at Niranam Dhack farm Pathanamthatta District, Kerala State India.
The 1solate was biochemically identified and serotyped as P. muliocida serotvpe
A biovar | at Indian Veteninary Research Institute (IVEI), Izatnagar, India. The
1solate was named as DP] and maintained i freeze dried form at the Department
of Veterinary Microbiology, College of Vetennary and Animal Sciences
(COVAS), Mannuthy, Eerala, India.
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Experimental animals

Unvaccinated one month old ducklings (=534} (dnas plagripnches, Euttanad
vanety) and & months old Euttanad ducks (o=34) were procured from a private
breeder at Thnsswr, Kerala, India. Swiss albine female mace (Mus musenlus),
ughtmeksufage(n—ﬂ}mmedﬁmntheSmaﬂﬂmmaledmg
Station, COVAS, Mannuthy. The ducklings were randomly assigned mto mme
groups, with six ducklings m each group. The ducks and mace were also sumalarly
armranged mto nine groups. The first eight groups served as the test groups whale
the ninth group served as control group, in all the three tnals. Each group of bards
was housed separately in locally made 1solator cages (of dimensions 6:3x3 cubic
feef) which were amanged in two adjacent rooms (4 cages in each room). The
control birds were kept in a separate room in crder to avold any chances of cross
contamination. Each cage had separate waterers and feeders and the floor being
covered with saw dust as litter matenal The birds were provided with
commercial dock feed (formulated at University Poultry Farm, COVAS) and
water ad libitum. The groups of mice were kept m plastic shoe box cages and
provided with commercial mice feed (formulated at Small Animal Breedmng
Station, COVAS) and water ad likinmm. The animals were housed in their
respective cages one week prnor to the begpinning of the expenment for
acclimatization. The animals and birds were observed for signs of any disease
before the start of experiment.

All the animal experiments were performed with the prior approval of the
Institufional Amimal Ethies Committee (IAEC) of COVAS, Mamnuthy, which
follows the gpmdelines lmd by Commuttes for the Purpose of Control and
Supervision of Expenments on Amimals (CPCSEA), Mmistry of Environment
and Forests, Government of India.

Median lethal dose (LDs) testing

For determination of LD, the freeze dred P. multocida A: 1 was reconstituied
in 0.1 ml Tryptone soya broth (Himedia, Mumbai, India) and cultured on to
dextrose starch agar (DSA) (Himedia, Mumbai, India) at 37°C for 24 h. The
growth on DSA was harvested, washed thrice in phosphate buffered sahne (FBS,
pH 7.4) by centmfugation at 3000 = g for 15 min and re-suspended m the same
buffer to contain 3 * 10° CFU ml” using McFarland standards (600 nm). Then
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serial tenfold dilntions were made which were quantifatively assessed by plate
counting retrospectively.

The test groups of ducklings were inoculated with the prepared dilutions of the
bactena at the rate of 0.1 ml] per bird subcutanecusly at wing web regpion. The
adult ducks were also inoculated via wing web route but with an increased dose
of 0.5 ml The first eight groups of mice were moculated with the diluhions, 0.1
ml per mice, intrapentoneally. The control groups were sham moculated with
comesponding volumes of sterile PBS (pH 7.4) via respective routes. Mortality
was recorded up to fwo weeks post inoculafion (PT).

All the dead birds and animals were examined for specific gross lesions caused
by P. multocida and attempted re-isolation of the orgamism on blood agar from
heart blood, liver and spleen under 5-10 % carbon dioade tension. The hive birds
and ammals after 14 days PI were enthanized and bactenologically exammmed.
Blood smears and organ impression smears (spleen and lLver) were also
examimed following Leishmans staming.

The method described by Reed and MMuench (1938) was used for 1Ds
caleulation from the recorded cummulatrve mortality rates. Median lethal dose was
calculated from the proporficnate distance (PD) using the formmla listed below.
The calculation of median lethal dose from PD 15 as follows,

(% mortabify at dilnhon next above 50 %) - 50 %%

=

(% mortality at dilution next above 30 %) - (% mortality at dilution
next below 50 %)

Log LDug = (loganithm of dilution next above 50 % mortality + (FD = log
dilution factor)

Leszion scoring

To assess the lesions, a comprehensive post mortem examination was performed
on each bird and the lesions were scored (0-3) for six crgans inchidng mtestine,
Iings, pericardmm, heart, liver and spleen as per the criteria listed m Table 1. The
same personnel scored the lesions of all dead birds to bring down the error while
udging the lesions and care was taken to do the scoring under sunhight Statistical
analyses for lesion scores were conducted nsing one way Analysis of Vanance.
Dhuncan’s mmltiple range test was used fo compare means (Cuncan, 1955).

Table 1 Median lethal dose of DF] in one month old duckhngs

Table 1 Sconng system for lesions induced by P. multocida in different organs
Organ Score Description of lesion

Mo lesions
Catarrhal enfenitis
Extensive serosal and mucosal haemorrhage
Mo lesions
Congestion of hangs
Pulmonary oedema
Pneumonic lungs
Mo lesions
Transhecent pericardium, moderate pericarditis
Mo lesions
Congeston of liver
Pin point necrosis, hepatomegaly
Extenzively necrosed and pale liver
Mo lesions
Congestion of spleen
Mild pecrosis and spleenomegaly
Mottling /‘haemorrahge m spleen
Mo lesions
Hypertrophy of heart/shght haemomhage
Moderate haemothage on epicardium

Intestine

Lung

Pencardium

Liver

Heart

L b b D b e D b e S B e D L b e L B e

RESULTS
Median lethal dose in duckdings

The dilution giving 50 % end point with 0.1 ml subcutanecus dose was 107
The LDy of the 1solate was 13 colony formung umits (CFU) when tested m one
month old ducklings. The percentage of animals dead and alive in each group of
ducklings 15 furmished in Table 2 and the detailed caleulations are presented m
legend section of Table 2.

The gross lesions observed m expenmentally mnfected ducklings were
haemorrhages on epicardium, serous yellow fluid in pericardium (Fig. 1A) pm
point and extensive pecrosis of bver (Fig. 1B), pm point and echymotic
haemorrhages 1o intestinal serosa and mmeosa (Fig. 1C), necrosis and petechial
haemorrhage in spleen and pulmonary cedema. The gross pathological lesions
observed in different groups of moculated ducklings and the lesion scores are
presented in Table 3. Bactenological examination revealed bipelar crgamsms
from blood and crgan impression smears and colomes suggestive of P. multocida
from infernal organs of all the succumbed ducklngs. The control bards did not
reveal any bactenal growth following crgan culfure.

CFU per Mo of Mo No: Cunmlative®
Group 0.1 ml birds dog ﬂie Mortality rate % mortality
inocubim tested Dead Alive Total

1 29:=10° & & 0 41 0 41 41741 100

2 29:10° & & 0 l 35 0 35 35/35 100

3 29:10° & & 0 29 0 29 20429 100

4 29x10° & & 0 23 0 23 23723 100

5 29:<10° & & 0 17 0 17 1717 100

6 29x10° & T & 0 11 0 11 11/11 100

7 29x10" & 4 2 5 2 7 57 T1.4

£ 29x10" & 1 5 1 7 8 18 12.5
Legend: *Cumulative total value for dead and live birds was obtamed by adding in the direction of lowest to the highest values (shown by
sobd amrows).
Table 3 Lesion score of the ducklings post moculation with DP1
Group  Intestine®* Lung=** Pericardium** Heart ** Liver®* Spleen®
1 2 670 82 1.83:041% 1.3320 52 3000007 2170.75 0.50+0 55
2 233052 1.50:0.55% 05040 55" 2.83+0.41% 300000 1.50:+1.38%
3 2.67+0.52* 117075 1.83:0.41* 2 504055 2 000 89° 2.00+1.10"
4 2.17+0.41* 1.3320. 57 0.67+0 52" 2.83+0.41% 217+0.41* 0.830.41°
5 2 B30 41 1.00=0_ 630 1.170 98 2.3340.52% 1.67+0.82% 0.50+0.55
& 2 83L0.41* 0.330.52° 0330 52¢ 1.17+0.41° 300000 1000 63
7 1.50:0.58" 05020 58 0.25+0 50" 1.50+0.58° 1.500.58* 0.50£0.58°

Legend: Vahies expressed as mean = smﬂuddmm(-ﬁmgrmps 1-6, n=6 and for group 7, n=4)
Letters with different supersenpt within a column differ significantly. ** (P = 0.01) and *{P = 0.05).

1210




J Microbiol Biotech Food Sci / Rajagopal et al. 2017 - 6 {5) 1209-1212

Flml&ﬁslﬁmmsmth:ﬂkhﬂgsﬁbﬂmmgmulahmwﬂlP mubhcdﬂ{ﬂ}
Epicardial petechize and serous pericardial effusion (lesion score 1) (B) Liver of
Mommal heart from a control bird (D)) Liver from control bird showing no gross
lesions (E) Extensively necrosed and pale liver (lesion score 3) (F) Multiple
haemorrhagic spots m infestinal serosa and mucosa of dead duckbngs (Jesion
score 3) (5) Intestime of control bird without any gross lesion.

Lethal doze 50 in adult ducks

Only one duck died, which was inorulated with 3x10° CFU/ml subeutansously.
The other ducks did not succumb and hence 1t was not possible to amve at the
median lethal dose. The dead duck revealed similar gross lesions as those
observed m the case of duckbngs. Additonally, extensive petechiation of the
pentonsum was noticed (Fig. 2). Despite the successful isolation of the orgamsm
from the dead duck, none of the live birds from test groups revealed any of the
gross lesions. Mo growth was observed for Irve bards on the media following
organ culture. The moculated birds showed some mifial symptoms of dullness
and drooping which subsided after one day pest-moculation.

>

-

ig:lme! Extensive necrosis of liver and petechiae in peritoneal cavity of ducks
experimentally mfected with P. multecida (2B) compared to no gross lesions m
control birds (24).

Lethal doze in mice

Pastenrella multocida A- 1 stram killed all the inoculated mice within 2 days,
even In lower dilufions, while all the mice in the contrel group remained
unzffected. Because of the extreme pathogenicity of the bacteria in mice, the
moculated mice were flmd accumulafion i penfoneal cawvity, petechial
haemorrhages in the epicardium, pulmonary cedema and general congestion of
all the wvisceral organs. I was interesting to note that the muce consistently
showed pentoneal effusions unhke duckbngs and the severe mtestinal lesions
shown by duckbngs were not consistent mm muce. Bipolar organisms were
detected from blood smears, organ impression smears and the organism was
successfully isclated from the internal organs of dead mice. The euthanized
control mice revealed no gross lesions and no organisms isolated.

DISCUSSION
Pastenrella multocida possess a mmltitude of specific voulence factors hke

hyzhwronic acid capsule, hpopolysacchandes, iron regulated outer membrane
proteins (IROMPs) ete. This makes the host-bacterium interaction very complex
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and the virulence depends on the bactenal strain being studied host model used
and many other events occowming in vive, most of which are yet fo be elucidated.
The gross lesions observed in ducklings were m agreement with Mbuthia er al.
(2008) and Shilpa er al. (2005).

Collins (1973) opined that an overwhelming increase in the number of orgamsms
in wisceral organs was the camse of death of omee when expenmentally
inoculated. Ramdani er al. (1990) cbserved that on injecting a P. multocida tvpe
B stram info BAIB/c mice, as few as 20 CFU produced an overwhelming
septicasmia m mice m less than 30 b, thereby revealing a very rapid in wive
mulfiplication rate. The P. multocida A: 1 strain used in this study killed the mice
with less than 3 CFU and consequently we could not ammve at a median lethal
dose, depicting a very high pathogenicity. Sotoodehmia ef al. (Sotoodehnia er al.,
2004) also reported simmlar results with mability to amive at median lethal dose
because of very high virulence of avian P. multocida in mice The post mortem
Antony et al. (2007). They also observed that the Pasteurella strains 1solated
from ducks m Eerala which did not even posses any virulence plasmid, killed
mice. Ramanatha (1994) determmed LDy, of P. multocida A: 1 in mice and
obtained a mean value of 1432 + 0,083 CFU.

seventh group for which it was lower. The lesion score was inconsistent for
pencardmm and spleen. Heart lesions were more severe in the groups inoculated
with more number of orgamisms. Liver was equally affected mn both lower and
less concentrated inoculoms. It was interesting to note that hmg lesions induced
by our stramn were not that severe compared to other organs and this 1s unusual as
P. multocida 15 regarded primanly as a respiratory pathogen. We could draw a
correlation between the mumber of crgamsms in the mocuhim and the lesion
severty for organs like heart, mntestine and hrver.

Colonization and disease causation in a particular host tends to be associated with
how well the bactena get adapted to the host and 1ts abibiy to overwhelm the host
defenses. Resistance to infections 1s dependent upon a complex equilibrmom
between many constitutive as well as adaptive defense mechamsms which may
be different for each host or even anatommcal sife of mfechon and for different
pathogens (Shilo, 1959). Hunter and Wobeser (1930) demonstrated that mallard
ducks older than 11 weeks are less vulnerable to P. multocida infection than
younger ones. Smmlar age suscephbility was reported in faomly ducks by
Mbuthia er al. (2008) and opmed that more number of chnical signs with
increased severity were shown by 4 and 8 weeks old ducklngs than the older age
groups. This clearly indicates that birds above 4 months have considerable
resistance to pasteurellosis and lower doses of bactenia will be cleared by the host
immmne system. P. multocida loses 1fs virulence on storage and multiple sub-
culturing. The virulence can be enhanced by an in vwivo passaging in a hving host
like mmce. In the present study, m vivo passaging was done prior to moculation to
ducklings but not before moculation fo ducks. I may have mfluenced the
cutcome of the study, but it 15 unsure whether that alone contnbuted to the large
vanation I virnlence in one month and six month old ducks According to
Matsumote and Strain (1993), P. multorida serotypes were able to increase
their pathogenicity by bird to bird transmission. In thewr study, the encapsulated
original isolate revealed a mean infectious dose of more than 10** CFU which
after five passages produced 67 per cent mortality with a 10° CFU dose. In the
present study, only one duck died even m the highest dose of challenge. From
this it 15 obvious that Euttanad ducks are fairly resistant to pasteurellosis as age
advances and they plausibly harbour some disease resistant genes which provide
inherent immumity to diseases prevalent in Enttanad, Eerala. Perusal of available
literature did not reveal any genefic studies on disease resistance of Euttanad
ducks or resistance of ducks in general to pasteurellosis and so it warrants
The only adult duck that died PI revealed smmlar gross lesions as that of
ducklings but additionally revealed extensive petechiahion of mucous membranes
of abdomimal cavity.

CONCLUSIONS

The median lethal dose of P. multocida A:] isolated from Miranam was 13 CFU
in one month old ducklings. Due to mherent disease resistance and extreme
lethality of the bactena, it was not possible to amve at a medial lethal dose in
adult ducks and mice respectively. The dead birds and muce revealed all the
classical lesions of pasteurellosis on post morfem examination and organism
could be re-isolated from the visceral crgans. The amimal model should be
carefully selected while performing lethal dose studies for it will hugely and
smgle handedly influence the outcome as evidenced in this study. Mouse 1s not a
snitable model for highly virnlent strains of P. multocida and if used can lead to
futile wastage of money, resources and animal hives. The age of the animal host
should be optmally selected and corectly judged as it can also act as a cnitical
determinant in obtaming good results.
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Microwave mutagenesis of Brevibacillus parabreviz for enhanced cellulase production was attempted Though microwave treatment
could alter the cellulaze actrvity of the test bacterium, none of the mutants obtained were found to be genetically stable, indicating the
reversible nature of microwave-mduced mutation(s). Thermal stability of the B. parabrevis cellulase was also investigated. This enzyme
was found to be capable of retaming 1fs activity even after heat treatment (50-121°C, for 30-60 pun). Fluorescence spectrum revealed a

red shift in the emission maxima of the heat-treated enzyme preparations, indicating some structural change upon heating, but no major

Regular article

OPEM am{!s:

loss of activity was observed. This enzyme was found to be active over a broad temperature range, with 90°C as the optimmm femp,
whach 15 interesting as the producing organism is a mesophile.

Keywords: Cellulase, Microwave nmtagenesis, Thermostabality, Fluorescence spectroscopy

INTRODUCTION

The part of electromagnetic radiafion comesponding to the frequency range of
300 MHz — 300 GHz 15 known as the microwave (MW) region. Thermal effect of
the MW radiahon is well established However, there has been a heated
confroversy regarding the possible athermal (MW specific electromagnetc
effects) effects of the MW radiation (Trivedi er al., 2011). Literature contzins
reports indicating presence (Porcelli er al, 1997) as well as absence (Sasakd er
al., 1995) of the athermal effects of the MW radiahon. Few reports (Gosai et al.,
2014) have also appeared describing the mutagenic potential of MW radiafion
Brevibacilluz parabreviz 1s a gram-variable, aerobic, rod shaped (Logan and
Voz, 2009) bacterum known for its cellnlolvtic actnaty (Singh and Banzal,
1013). Cellulases are enrymes of ligh industnal sigmificance, particularly
thermostable cellulases are of special interest. Either the cellulolytic thermophihe
mucrobes or the punfied thermostable cellulases can be of great use in alcoholic
fermentation of lignocellulosic wastes (Vam Maris er al, 2006). The present
study ammed at obtaming a cellulase overproducing mutant of B. parabrevis nsimg
MW rzdiation as mutagenic agent. Besides this thermostability of the cellulase
produced by the wild type B. parabreviz was also mvestigated.

MATERTALS AND METHODS

Test Organdsm

Brevibacilluz parabrevis (MTCC 2708) was procured from Microbal Type
Culture Collection (MTCC) Chandigarh

MMicrowave Treatment

Bactenal suspension was prepared m sterile normal saline, from an active culture
growing on nutnent agar (HiMedia, Mumbai). Inoculum density was adjusted to
that of 0.5 McFarland standard 1., 0.08-0.10 at 625 nm_ Test eulture (5 ml) n
stenle screw capped glass wials (15 ml., Merck) was exposed to MW radiation
(90 W: 2450 MHz) in a domestic MW apparatus (Electrohee® EM3IOECI0SS).
MW treatment at 90 W waz given for three different time durations viz. 2, 4, and
6 mun. Vials inside the MW apparatus were placed in an ice-containng beaker, so
as fo avoldminimorze any thermal heating Temperature of the mucrobial
suspension after MW treatment at 90 W did not go bevond 14°C; when %0 W
freatment was given for 6 oun, temperature of the freated mucrobial suspension
was found to be 13.3 + 0.5°C. The whole MW freatment was performed in an air-
conditioned room Untreated moculum was used as control Before MW
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treatment all, the inoculum vials (meluding control) were put m ice for 5 min to
mulhfy any vanafions in mifal temperature. Test organism was immediately (In
less than 5 pun) moculated onto the medmm for screeming of cellulolyhe
potential (Gupta er al, 2012), followmg MW treatment. This growth medium
contained 0.5 gL EH,POy (Merck, Mumbar), 025 gL MgS0:. THO (Merck).
02 gL congo red (5.4 fine-chemi Mumbai), 2 gL cellulose (5.d. fine-cheni}, 2
gL gelatin 15 g/l agar-agar (HiMedia, Mumbai), pH 6.8-7.2 Incubation was
made at 35°C for 24 b

Estimation of cellulase activity

B. parabreviz was grown m a CMC (cartboxymethyl cellulose; Merck)
supplemented broth (Peptone 0.5 gL; MaCl 0.5 g/L; Beef extract 0.5 g'L; Yeast
extract 0.5 gL; CMC-Na 20 g/L). Incubation of the experimental tubes was
carmied out at 35°C for 65 b, under shaking condition (30 rpm). The cell free
supernatant obtained after centnfiugation of the culture broth (10,000 pm; 2,390
g for 15 pun) was used as crude cellulase preparation. 0.5 ml of the supernatant
was mixed with 0.5 mL of 1% CMC, followed by neubation at 50°C for 30 mun
The amount of glucose released as a result of cellulase activity was quanfified
using DMSA colonmetric assay. The infernational unats (TU) of the cellulase was
caleulated as: IU= (ug of ghicose)’ 180 x 30 x 0.5 (Nigam and Ayyagari, 2008).

Sereening for mutants

Followmg the MW treatment of B. parabreviz suspension, the treated moculum
was streaked on the screenmg medum plate (150 mm) containmg congo red, and
incubated at 35°C for 42-45 h. After the incubation 3 colonies from each plate
correspondmg to different MW treatments were picked (selection of the colonies
was made based on the diameter of the zone of cellulose hydrolysis sumounding
the colony), and each colony (3 separate code was given to each picked colony)
was streaked on to a separate nuinient agar (supplemented wath 0.5% CMC) plate.
Daughter populations thus generated (after 42-45 h meubation at 35°C) from a
simgle parent colony were then inoculated info the hquid medium deseribed in the
preceding section for estmation of enzyme activity, followed by incubation at
35°C for 65 h under shaking condihon (B0 rpm). After inewbation, cellulase
actvity was estimated for all the MW freated moculums. Then the plafes
correspondmg to the MW freatment yielding higher cellulase activity were
selected for firther experiments. Subculfurning was done from the plates of
cellulase overproducng mutant(s), and danghter population resulting from each
subcultunmg was checked for ifs cellulase actrvity (in companson to the wild
type), up to 5 generations.
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Partial purification of the enryme preparation

B. parabrevis was moculated info CMC confamimg broth, m 500 ml flasks.
Volume of the growth medmm in the flask was kept 250 mL. Incubation was
cammied out at 35°C under shaking condiion (80 rpm) for 65 b Cell free
supernatant obtained after centrifugation of the B. parabreviz culture broth was
subjected to ammonmum sulphate (CDH, New Delhi) precipitation, whersein
ammonium sulphate was added at the rate of 690 g'L. While adding ammonium
sulphate [(NH,),50,], the vessel containing the supernatant was kept surrounded
by ice, and following that a 20 min incubation inside refrigerator was camed out.
This was followed by centrifugation at 7.500 mpm for 45 min at 4°C. The
resulting pellet contaimmng the precipitated protein content was dissohved m 25
mM phesphate buffer. This sclution was subjected to dialysis (11 ED pore size,
33 mm wide; Sigma Aldrich), wherein the dialysis bag was kept suspended m
25mM phosphate buffer for 12 b under refngeration. At the end of dialysis the
contain inside bag was centnfuged at 10,000 rpm (15 mon; 4°C), and the resulting
supernatant was nsed as partially purified cellulase preparation.

Finding the effect of temperature on enzryme-substrate interaction

0.5 ml of the parhally punfied enryme was mixed with 0.5 mL of 1% CMC,
followed by incubation for 30 mun at different temp m the range 40-100°C. The
amount of glucose released as a result of cellulase actrvity was quantified using
DMSA colorimeinic assay, and from that the infernational units (IU) of the
cellulase was caleulated. Appropriate controls containing onlby substrate (with no
enryme), and only enzyme (with no substrate) were also mcluded I the
experiment.

Investizating thermostability of the enzyme

The partially purified enzyme was subjected to heating in water bath for 1 h at
different temp wiz. 50°C, 80°C, and 100°C. Besides this it was also subjected to
autoclaving for 30 min. One batch of these heated enzyme preparations was
mmedhately subjected to estimation of cellulase activity. Another batch from the
same lot was allowed to cool and undergo renaturation for 2 b Following
renaturation this was also subjected fo estimation of cellulase activity.
Additionally the renatured sample was also subjected to flurometnic analy=is to
find out whether the reantured sample has undergone any structural change as
compared to the unheated control. Fluorescence spectroscopy experiments were
performed usimg cary eclipse flucrescence spectrophotometer, Agilent technology
(US). Excitation wavelength used was 280 nm, and the emission was recorded m
the range 300400 nm.

Statistical analy=is

All the expenments were performed in tnplicate, and measurement= are reported
as mean + standard deviation (SDY). Statishical sigmificance of the data was
evaluated by applying r-test using Microsoft Excel®. P values less than 0.05 were
considered fo be statistically sigmificant.

RESULTS AND DISCUSSION

MMicrowave mutagenesiz

Following MW freatment of the B. parabreviz moculum, 1f was streaked on to
congo red contaming sereening mediom, and the colomes surounded by zone of
cellulose hydrobysis bigger than that of control (Table 1) were selected for forther
experimentafion. Each of the mme colomes showmn mn Table 1 was streaked on to a
separate puirient agar (supplemented with 0.5% CMC) plate. Damghfer
populations thus generated (after 24 h incubation at 35°C) from a single parent
colony were then moculated mto the hquid medium descnbed mn the section for
estimation of enzyme activity, followed by incubation at 35°C for 65 h under
shaking condition (80 rpm). After incubation, cellulase activity was estimated for
all the MW treated moculums (Table 2). Then the plates comesponding to the
MW treatment yielding higher cellulase activity were selected for further
experiments. Subculfuring was done from the plates of cellulase overproducing
mutants (Le 44 64, 6B, and 6C), and danghter population resulting from each
subculturing was checked for its cellulase activity (In companson to the wild
type), till any signaficant gher cellulase activity was observed (Table 3). Cut of
the four opmtant strain selected, none could maintzin the trart of cellulase
overproduction after third subcultunmg. 541l we contmued the expeniments till
fifth subcultunng, and found all the omtants to revert back to the parent
phenotype with respect to cellulase activity.

Though the MW radiation could exert its mmtagenic effect on B. parabrevis
cellulaze actvity, the mutants obtaned were not found to be genetically stable. It
can be said that the MW induced mutations in the cellulase synthesizing/secretion
machimery observed in the study were of reversible nature. Liferature contains
reports indicatng the MW induced mtations to be stable, as well as those
mdicating otherwise. Paziuga et al. (2007) reported disappearance of low-level
MW induced effects after few generations in Drvosophilla malenogaster. Kothari

et al (2014) also showed mutagenic effect of MW radizhon on
exopolysacchande production in Xanthomonasz campestriz to be of reversible
type.

Whatever alterations in growth and cellulase activity of MW exposed B
parabrevis were observed in the study, seem largely owing to the non-thermal
effects of MW radiation, as MW treatment m the study was provided at relatively
low power (%0 W) and the temperature of the MW treated suspension did not go
bevond 14°C. Much cannot be said with certainty regarding the mode of achion
of MW radiation on bving systems. Bollet er al. (1991) reported alteration in the
cell membrane permeabality owing to MW freatment, which i part may
contribute to the non-thermal effects of MW on microbial cells. Besides thermal
and pon-thermal effects, micro-thermal effects incorporating “undetectable’
thermal mechamism may also be responsible for the biclogical effects of
microwave radiafion (Shamis erf al., 2012).

Table 1 Results of qualitative screening of the cellnlolyihic potential on congo red
medmm

Duration of MW ) Colony D]::]h:?::]ii‘:“ %% increase
h\e.atmtnt at 90 W th‘ (mm) compared to
{ndn) (Mean = SD) control
0 (Control) 8=l 0.0
28 15 875
7 28 13 62.5
2c 15 875
448 11 375
4 4B 10 25
4C 10 25
64 10 25
3] 9 125

6C 10 25

Table X Cuantficaton of cellulase activity of the population generated from
selected colomes

Cell density at

Colony st et sty compared
(Mean = 5D) to control (IU ml) to comtrol
Control 0.716=0.04 0.00 0.020 0.00
24 0.613=0.06 -1438 0.017 -15
28 0.614=001 -1424 0.018 -10
2c 0.623=0.01 -12.08# 0.023 15
44 0.729=0.05 181 0050 150%+
4B 0577001 -19.41# 0021 5
4C 0.695=0.00 -283 0.023 15
64 0.749=0.06 4.60 0.039 g5%*
3] 0.737=0.02 293 0.047 135%#
6C 0.693=0.00 -3.24 0049 145%#

1214

p=0.05; ¥¥p=0) 0]; mms sign mdicates a decrease over control
Effect of temperature on the activity of B. parabrevis cellulase
Finding the effect of temperature on enzryme-subsirate interaction

Thas experniment was done in two sets. For the first set organism was grown in a
medinm contaming 0.5% cellulose as the major carbon source, and Whatman
paper discs (5 dises of diamefer 5 mm, amounting to 10.68+0.16 mg, m each
expenimental tube)} were used as the substrate during enzyme assay. In the second
set, organism was grown n a medium containing 2% CMC as the major carben
source, and 1% CMC was used as the substrate dunng enzyme assay.
Temperature at which an incubation for 30 min was made allowmg the enzyme to
work on substrate ranged from 40-100°C. Cellulase activity obtained at different
temp for both set of experiments 15 shown in Table 4 and Figure 1. In the first
expenimental set the cellulasze actmity was found to be maxdmmm at 20°C.
Enzyme activity at 40°C was statistically equivalent to that of 20°C. At all other
temperatures the enzyme activity was found to be lesser (30-70%% of that found at
90°C). In the second set of expeniment=, maximum enzyme activity was observed
at 90°C, however the cellulase activity mn the whole range of 40-100°C was
obtained at 30°C and 60°C. This expeniment was also performed with wnpunfied
crude enzyme (1.2, the cell free supermatant used directly as an enzyme source),
and maxinmm activity was cbserved at 90°C (data not shown). The level of
cellulase activity m second set (using CMC as the substrate for enzyme assay) of




J Microbiol Biotech Food Sci / Khambhala et al 2017 - 6 (3) 1213-1217

experiments 15 almost double than that observed in the first set (using Whatman
paper as the substrate for enzyme assay). This may possibly be due to different
affimifies of the B. parabrevis cellulase for two different substrates. Many factors
contrnibute 1n determining bow challenging cellulase activity assays can be. Few
among these factors are the degree of homogeneity and punty of the cellulase

sample; solubility of the substrate; the complicated relationship between physical
heterogeneity of the cellulosic materials, and the complextity of cellulase enzyme
systems (synergy and’or competition) (Zhang er al., 2015).

Table 3 Cellulase activity over multiple subeulturings of selected overproducing nmtants of B. parabrevis

Colony Cell density at harvest % Change compared to . % Change compared to
designation (ODges ) control cm}'}{?;‘j}t‘jb control
(Aean = SI¥)
1” peneration
Control 0.71=0.04 0.00 0.020 0.00
44 0.72=0.05 1.81 0.050 150%=*
64 0.74=0.06 4.60 0.039 Q5%+
23] 0.73=0.02 2493 0.047 135%=
6C {0.69=0.00 -3.24 0.049 145%*
= generation
Control 0.37=0.00 0.00 0.029 0.00
44 0.42+0.00 13 5%= 0.026 -10.34
64 0.47=0.01 26.32%% 0.045 5517
23] 034002 -930#* 0.043 4827+
6C 0 48=0.00 30.05%* 0.036 27.58%
£ generafion
Control 0.66=0.00 0.00 0.030 0.00
44 0.53=0.07 -19 88 0.042 40+
64 0.61=0.00 -T.61%% 0.042 40+
23] 0.52=0.02 -24 B+ 0.039 30
6C 0.52+0.00 -24 74%* 0.045 50
4" generation
Control 0.71=0.00 0.00 0.015 0.00
44 0.76=0.02 711 0.017 13.33
64 0.68=0.02 418 0.023 5333
23] 0.68=0.02 404 0.022 45.66
6C 0.71=0.01 -0.13 0.020 33.33
5" generation
Control 0.52=0.00 0.00 0.021 0.00
44 045002 -5.7 0.022 476
64 0.50=0.02 -3.23 0.022 476
23] 0.48=0.00 -T.61 0.026 23.80
6C 0_50=0.02 -3.61 0.026 23.80

*p=1).05; *¥*p-1_01; minus sign indicates a decrease over control.

Cellulases capable of acting on their substrate at ligh temperatures are of mterest
for vanous industnal applications, as process 15 employing cellulases at hagher
temperature are less prope to contapmnation. Cellulolyfic activity at high
temperature 15 of special mterest wath respect to alcchol producton from
hgnocellulosic wastes (Van Maris e al., 2006). In the present study, we have
found the cellulase activity to be optimmm at a temperature as high as 20°C, this
15 paricularly inferesting considenng that the cellulase producing orgamism used
here 15 mesophilic with an optimum growth temperature of 35°C. Thas will also

Table 4 Cellulase activity as a function of femperature.

be interesting to imvestigate why a mesophilic bactermim need to produce a
thermotolerant enryme. Genes coding for such enrymes may also be useful while
prachicing genetic engmeenng for construchion of other supenior cellulase
producing strains. Many microorgamsms are known for their good cellulolyhe
potential, but thewr cellulases are funchoning optimally at mesophihe
temperatures. For example, Li e al. (2010} have shown optinnm temperature
CMCase activity from Trichoderma viride to be S0°C.

SET I SETII
Temp - IU/mL % of maximum (considering
IU /ml. %% of maximum (considering -

') (Mean=5D) TU 2t 90°C a5 cent percent) (Mlean=5I)) IU at 90*C as cent percent)
40 0.050=0.000 9259 0.104=0.000 9541

50 0.037+0.000 68 5]1%* 0.103=0.001 94 49*

60 0.038+0.001 T0.37%* 0.101+0.001 92 B6*

70 0.018+0.001 33.33%+ 0.105=0.000 96.33

80 0.016=0.000 20 62%+ 0.102+0.003 93.57

50 0.054=0.001 100 0.108+0.000 100

100 0.0230.002 42 59%= 0.099+0.000 90.82

p=0.05; *¥*p=(.01;

Set I: Cellulose as growth substrate, and Whatman paper as substrate dunng enzyme assay.
Set II: CMC as growth substrate, as well as substrate durng enryme assay.
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Figure 1 Cellulase activity as a fanction of temperature.

Set I Cellulose as growth substrate, and Whatman paper as substrate during
enryme assay.

Set I1 CMC as growth substrate, as well as substrate dunng enzyme assay

Investigating thermostability of the enzyme

After observing that the optinmm temperature of the B. parabrevis cellulase 15 on
any stroctural modification after being subjected to heating. These experiment=
were performed m three different sets. Set I emploved cellulose as the growth
substrate, and Whatman paper as as the substrate dunng enzyme assay. Set II
employed CMC as the growth substrate as well as substrate dunng enzyme assay.
Set Il employed CMC as the growth substrate, and Whatman paper as the
substrate dunng enzyme assay. Here, we subjected the partially punfied enzyme
solution to heatmg at 50°C, 80°C, 100°C for 1 b, and 121°C (autoclaving) for 30
min Eesulis of the cellulase activify assay for the enzyme preparation(s)
immediately after the beat treatment, and following coohng are presented m
Takle 5-7. Fluorescence spectrum of these cooled enzyme samples (for set I and
II) were also generated.

Table & Cellulase activity of the heat denatured. and renatured enryme preparation (set I).

Denataration ) .
{in water bath for 1 b) Eenaturation (2 b at 35 C)
. o %% activity
Denaturation Temp { C) IU ml retained U/l % diff. comparedto % compared to
compared to denatured Conirol
Native
50 0.04+0.02 66 0.05+0.00 25 833
30 0.05+0.02 3313 0.07+0.01 40 116.6
100 0.06+0.01 100 0.05+0.00 0 1000
121
(30 min) 0.01+0.00 16* 004000 300+ 66

Cellulase activity of the control sample (not exposed to heat) was 0.06=0.00 IU/mL; *p<0.05

Table 6 Cellulase activity of the heat denatured, and renatured enryme preparation (set II).

Denaturation .
(in water bath for 1 ) Renaturation (2 h at 35°C)
. %% activity
Denaturation Temp ('C) U fml retained I0/ml % diff. compared to % compared to
compared to denatured Control
Native

50 0.099+0.001 50.00* 0.104+0.002 505 9454
80 0.096+0.001 87.27=* 0.100=0.003 416 90.90
100 0.098+0.001 8909+ 0.101+0.002 3.06 9181
121

. 00960000 87.27=* 0.100=0.002 416 90.90
(30 min)

Cellulase activity of the control sample (pot exposed to heat) was 0.1 1000021 mL; *p=10.05.

Table 7 Cellulase activity of the heat denafured, and reantured enzyme preparation (set IIT).

Denaturation .
(in water bath for 1 k) Renataration (2 h at 35°C)
%% activity
Denaturation T g i
enaturation Temp (*) 0 /ml :“m:::i T/ml 4% diff compared to %% compared to

um:::j denatured control

control
50 0.223=0.000 8350+ 0.245+0.04 111.65#% 9325
80 0.229=0.007 85.76* 0.219+0.012 9563 82.02%
100 0.182=0012 68.16% 0.202+0.025 11098 75.65
121 30 mum} 02370015 88.76 0.229+0.001 9662 85.76%

Cellulase activity of the control sample (pot exposed to heat) was 0.267+0.005 ImL; *p=10.05; **p=0.01

Dhring the experiments of set [, enzyme activity in the samples heated at 50-
100°C was sigmficantly not different than that in unheated confrol However the
autoclaved enzyme preparation suffered a loss of 83 34% activity compared to
the control; this sample regained activity equrvalent to the control after cooling.
Thus except for autoclaving, the enryme actrvity was not affected by heating.
Though the activity of all the heat freated enzyme samples (after cooling) was at
par to that of unheated control, stuctures of the reantured enzyme samples did
not seem to be the same, as indicated by a shift in their fluorescence spectrum.
Floorescence spectrum of the mative (unheated control) enzyme preparation
exhibited an emission maxima at 341 nm, whereas this value was higher for the
renatured enzyme samples (which were previously subjected to beat treatment)
mdicating a red shaft (Fiz. 2). For the expeniments of set I, there was a minor

121

(11-13%) decrease mn the enzyme activity measured immediately after heat
treatment; however following renaturation upon cooling the experimental enzyme
preparzfions showed no significant difference with respect fo thewr actrmity
compared to the control Fluorescence spectrum obtamed m this set of
expeniments (spectrum not shown to avodd redundancy) was similar fo that
obtained for set I exhibiting a red shift in the emwssion maxima of the heat
treated enzyme preparations. For the third set of experiments, enryme actrvity
after heat treatment suffered maomum (32%) decrease at 100°C, however
following cooling it regained the actmity equivalent fo that of control.

From the above descnbed expenments regarding thermostability of the
EB. parabreviz cellulase, 1t 15 evident that this enzyme does not show any major
significant reduchion In its activity when measuwred immediately after heat
treatment {Le. retains considerable activity even after heat treatment), and upon

&
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renaturation (after cooling) regains activity almost at par to that of natmve
(unheated control). However the structure of this enzyme does underso some
change{s) upon heat treatment. as indicated by the flucrescence spectrum. But
this altered structure also exhabits catabytic efficiency almost equivalent fo that of
native structure. i may be assume that the active sife of this cellulase 1= not
getting distorted even after struchural alteration(s) owing to heat treatment,
neither 1z accessibility to the substrate 15 reduced much In our smdy the
flucrescence spectrum of the heat treated enzyme preparation exhibited am
merease in the emission maxima as compared to that of native, and the magnitude
of this shift increased with increase in femp (Fig 2). This phenomenon of red shift
can be considered as an mdication of unfolding and denaturation of the enzyme
strocture, and revelation of meore hydrophobic amine acid to the surface. The
mdole group of tryptophan i1s the domunant fluorophore in proteins, which
absorbs near 280 nm, and emits near 340 nm. The emission of indole may shift to
longer wavelengths (red shiff) when the protein 1s unfolded {Joseph er al., 2006).
The mdele group of tryptophan residues in proteins 15 a solvent-sensifive
flucrophore, and the emission spectra of indole can reveal the tryptophan residues
m proteins. The emassion from an exposed surface residue 15 known to occur at
longer wavelengths than that from a tryptophan residue in the protein’s mtenor.
This phenomenon apparent m Figure 2 is charactenzed by a shaft in the spectrum
of a tryptophan residue upon unfolding of a protein, and the subsequent exposure
of the tryptophan residues to the agueous phase. Before this unfolding, the
residue is likely to be shielded from the solvent by the folded protemm Such
unfoldng of a cellulase may not always affect its substrate binding properties.
Binding behavior of Trichoderma reessi celullases was shown not to be
adversely affecting at temperature above 50°C (Andreans er al., 1999)
Tryptophan residue has been indicated as key amuno acid m the stucture of T
reesei cellulase (Nakamura er al, 2013), as well as in cellulase of Bacillus
species (Dzakd er al., 1991). An increased frequency of exposed aromate
residues is bebieved to underhne a stabihizng effect in enhancing thermal stability
of proteins (Chakravarty er al., 2002).

HATIVE LRI

Indwmniby iy

0w i M) M M o H Lol 4 10
Wareleanth (mm)

Figure I Structure of enryme preparation after renaturation (Set I).
CONCLUSION

The study attempted at MW mutagenesis of B. parabreviz for enhanced
produchion of thermostable cellulase. Though none of the four overproducing
mutant lines obtained were found to be genetically stable, cur study positively
mdicate the posmible contnbution of athermal MW effects towards ther
mutagenic pofential Investigation on the thermostability of the cellulase activity
(performed with the wild type) revealed that the enryme activity is not destroved
much even after heat treatment, despite certain structural changes (revealed from
flucrescence spectrum) taking place owing to heat treatment. This enryme was
found to be catalyfically active over a broad range of temperature. To the best of
our awareness, this 15 the first descnption regarding thermostability of the B
parabreviz cellulase. More detailed investigation on this cellulase 1s warranted to
understand the molecular basis underlning the thermostable pature of this
protein. Cellulases capable of working at lagh temperature and retamming activity
even after considerable heat exposure can find many mteresting mdustrial
appheations (Hald er al., 2003). It is noteworthy that this thermostable cellulase
15 not from a thermophilic organism, but from a mesophile. Mesophiles are easier
to handle in lab as well as dunng large scale fermentative processes.
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