Journal of Water and Soil
Vol. 34, No. 1, March-April 2020, p. 73-83

&%"Au}:; ;,

(55791 @ilio 3 pale) S g O @ i
YY-AY .o YA Sl sl — (29599 I o )los F'F ulo

A S e Jbje gk oS 4 a5 slag S s U HS 1 05 2o,

RRE S

T GBB O1 Al =T g 48 lslu il - (g 55 5L

WAV /1Y 3l 5 b

daS

a3 U9l 05T 038 50 05 b3, 9 e (ISim 3blio S I ok oS w35 slas 5L Sk wingh ol e
5 s Lol ol Lo nSsy)S cutS Laso 3 3,558 ) 5 onlizel b j¥ sk oo cloalis . caul 038y (¥ shoo colled s YL sl
locs 8L 695 ololiss 0 (6831l sl Slndluog 5 (65 Bymo b oad oljT (sliol 4B e i (g5 b gl (53018 95 g0l cllad 300
s 8 B oso) 90 ilies (05, Ll > o i > a5 A5 ccoizpan 15 ool 16 TDNA Ly JIs5 5 S5 o b |
ol 1 g 4 g 39y (65U 515 900l Sl 1 5YL daly 4 L SL wieS Cilises (sla dygu 53 JUo 5l o5 slo Jlg 55 b
Lot A dawlie D9 g0 b Jlgi b 55 SOl o onds ST dalad  Jlgv 00,8 5 585 G peulys (b s pladl sl Cawy 4y leMb
sl (VAY UIMINMI) A2 clivg o oslewl clndlis a late oy & 650 55 sl clled o VL oS ol olis a3l clled
B2 udirgw uslwl L5 5001 o5 Jss0 b5l g (VY UMMinuml) H3 o wslesl 5 (V20 Ulminml) B2 dise
Al U ISl A e (e 5 L |y ekt 55 25 ek s (B1GS) S5 951 05 b 5oy VW el
i ) US55 (5 g 392 e 20,85 S5 i 5V L s PH sk it (S508 20 3 2.5 A alé 13 B2 ol pushicl
35 58 il 390 SiglS Slanl pote s Wi gn 5 45 palls 5 55 asllne () s I S5 lsie @ ol

elgS « S (cla g yiSh  purlispw puslewl LIS 515051 : golS” s Wdo31g

b Caleg 52 sl 29550 Sl Sgmshs § 3,65 oo )18 dle>
(V) 290 slgrhan S5l slayagige @ jhujes S
2 odlisl 3)90 53 ixio slam 3l | w3l regd 5 ¥ sk
(>luws Caio Wle  dlisee Sixiuo (sl )8 a5 Wi &)l
o § RS Cariao ] g Sllge gl M5 dncin 5> g
Hslow bas 2D 3 JYske 6yl Jouily )3 i cE 5w
P aadld e dn by oluw oyl diags o) sl pogige 4
Ol ot iy Jg il o JabasS ) gl a5 e
U9y Al L g oo 485 jlai 5 (lewd Chgw iy (iRl
B9y )3 3929 JUT s silshe 035 s el (ilisee (sl
B e Sl (6)a0k 5 G oo L (65 e 4y a5l
b ¥olow (gtmio 3L ol )3 JSio (038550 A8l o W)
5 Sllllas o cul iy 3l oo ool 35 o8 Glodily 5 YL Coid
YL ol 15 o g (58 5 sk (53, 2 ligios
a8 29y o Hlassl S53 wdige I oS 5 L e 0yl doll

dodbo

@ ¥l il eia ¥ L el (slausleS oYl

JSE o L ¥ 9) 5551 (5 g,0mamolwguil) LI ol
@ e dw opl oled 25l oo lajeS oS Ly g (5Y 5,05k 5ST)
4o ol el an |y Pobw jou B aiiS oo oo 2l8len )90
Gjgmo UGS (L ¥ g ) gl a8 s 1S5S (o jegige
L oa S bl slalesl 038 Jos (sloho (slayud (o (B2l
3y9 Y9 monplwg ST bawg 4S5 WS o Sl oaiiS sl e

09,5 bl 5 (Fpdgng See Ayl (i)l otily i an =V 9 )
Ol el (oSl Sl3T oSl ¢yl 9Y6 sy (55 5lr9Sie
(Email: naghavi@iaufala.ac.ir 2 ghane 0 g3 — %)
5 pole 03ty (wlidiog)Sem 5 JoVge 5 ok (culidcans ) 09, bl ¥
Olrl el ool ol8islsy (s slacs)glid

DOI: 10.22067/jsw.v34i1.77293



1WA Sl )l - (19059,8 I oyleds FF uls (S g ol 4,05 VY

Sl (gl 1ok 208 4500 (L (gLl
S 325 CdS o me & diged GVl w3l Wge (sl St
o Jian eSS 15 5 S5 b el (CMC) ko o
pielS' £)5 IV 5 Slilges porigel 25 <10 oz o)las )5 +/0
S slalame 8l Uil (1) ke ST (o Ve 2 )86
Voo S Cepu b olS b a2 Yo glod 50 celio VY e
by oo s mle (SLaCulS o b (55 AL S 4883 )3 90
33558 1 1) 5 ST sl Pl St S0 e S
celw YA Gao 4 g cdl Jisl gilwalb cqs (CMC+CR)
Oid (bl e b (6185wl ) S o8 il dn d Y led o
ol Sy ol Ll GBIl > o8 a5 pmulisSi oo
claaslis (V) Bass olsal gom claialojl (ly dg 00
33l 5 £S5 SESy (g See Sluogad Lo jlond Juye
(F) 28,5 )18 (b)) 390 sl (olondon sl

Vol 0aiS g5 slos S 15U gl Cllad yioiaw
@y ol e aSgrsS Lo, cbidgs o bl Ms &5
o, 5 ol asd ¥e glod jo el VY Cide 4y g 505 00 cusS
590 b cuiS lalasie o S8l A5y 4l 3 90 Ve S L
=9y &lo 9400,5 Saud ylo 4BBd Vo o 4y 4@ 3 Ve e
o2l Colled o b (5slaer mol Culld Jtov Caz ]
slpmgn bl 28 Mg (i 5 pSojlal ulul 2 LISl
o\ oS 5 ol @ (1) CES Sge Jabo o S8
S Pl St oS oo ) o V b 5y ol 1 5
Lo =l PH L Yo /N @l 8L Jslons 51yl oo V 5 00y
A ¥O sled b (gilogy 50 4ddn Y Cdo & g A balses ¥/
@ Jsbxe 5 st oo ¥ s A 4508 ol 55l
a5 YIB g pyS Ve iS5 Ly (DNS) tpuslSilyunglusg 2
2 Sy > s Sl 25 <10 5 J5 2] L Y DNS
g 2 lsl ladg) 51 om0 T colled LB (ol ladio
488D Cae dy g gyl oy cewlio K5y 2l jslaie
3 3 L5l Lglsn 2 & ke ol o dea D o 51 o 28,53
Ly e 53 10,5 Sl siogls OF zgn Jsb 5 (639 s
Sl bz lacdale g5 Cls d)lulinl bove 4 anslye
ojlasl bglsee y o 4> 0 ol51 B a0 Y g, b odd jiomiw
S st 4 468> 251y 5 1 T S8 Jpns o o 15 (55
2 (Uminml) o 51 Jsle ) o o 3 w3l colld sl
s U SIS 50l b 3V U gl (A) 0 b 5 L
A5 Ol w3l 0aiiS 30y o5 (LD,

sl 15¥ gl 005 Mg (S5 Sk (Jege (bl
5 5 5555 51 S 155100 dgn (slos 55 555 38 ke
L DNA gl 5l 4 o3l I6SIRNA 01850, 05 il

2 Cesd Gl sl yi )3 9 L9 Mg5 olsl5 ke ;3 baj¥ ol
(V8 5 8) 89y )5 & 2Vl o

il Lo ySL g gy Y5k oaiS g Lol wlie
s Les Lol szt gl M55 4y 38 (90b5 lapeusSlg Sn
oo A8 o 1 ) w3l ol 5l s B juolie g1 a8
9y allae i ol 04 S 4 o5 il Lo SL
Sl I 3 2l (V) ol 003 plosl pprutypiads”y oliposlpl
My lp o cwl QoS cpyiare | kg uphal &S
S 5l B Voke Ol rimen wlosd 485 ) 4 5Yole
puinygilé oligogdgu ushaol SadisS Job 5l (b ySL sl
SLodisS 3l (S izpen 5 uskipe olisepar g bl Listad)
NS s omsiol budyg 5 desgpu punlog) Blo Jod 5l oo
Csl 0ads ()15 Lo)25507 9 sl S 3l (2 )8 sloaisS
ol (M olso lai 5l g 8 S 4 S clasSs (4)
Mge BgySeyn (Lapusls)lgSen silubiz (sl bzme
o b olddlae (B > plpl ) Jle plyie 4 lesgy Yol
95are slacames glue 3 (9,5 Soigw 55 by
sladle g el ons aidl,y S S jlous (oluls
ol Gimgis Baa LI (W 5 V) asloscsl o o (gaiaslys
Ol (x> oS I Jobo 008 425 s xSt S ye
5 22 9 90 s 1y (B9 595t Camen (p St o ol 05le
35 ol llad ot b alaalin ) US55 S

L g, 9 dlge
0118 15 slais S spglaon yokaio 4 3051, diged
lioile il cilises blio sla | Sis sLacsls 5l j¥sha
Gos 3 «SB (g s (95 S 5l g el Jos 4y (55 g0
A g A A dges el (oS I S gyt il Y-
Il Gy ig i slac xSh b)lad can 3,5 Jitie olKiislojl
A Lol (Ghglsnied oy Sk A0 4 S diged 2l )5 Ve
s 4 33 K €0, b gl b 255 gl st 4
405 (S55lgeed p oy ciliee slad) Jols (grailisge 51 ]
ST Loy e gedaus o &l yob 4 8y b 5l sl e +/0 5 0
sled o celn ¥F G & culS slaloss 08 isy plde
oSl sl IS g b (1SS &b, 31,5 s 4oy ¥
b 3 IS oainy St slaisly uSike g 15 Lbylesd ol
0l (Sjdle po g By Cluisl L S &gei yo I (CTU/G) )5
P95 Carer (n ke &5 QLB uw 03)5 Al
oalawl )Y9l_w p.:)_j J‘J}a dLmd,SL d)lml» LS‘)’. Ldg ‘)l.) ‘)



VO ol alile AR GBS 3l ond JUyé Hpbu ouiiS 4335 (slaes 555l yo S5 9l )3

R-endoG 4 (GGATCCGAAACGTTCTATCTCTATC-3'
0,00 yuiSly 5> (S-AAGCTTGTTCGGTTCGGTAC-3')
M5 (Bl x> A0 (slod 0)55 Sy Jolis ()l asliyy b jlye Sy
a0 Sl Sl Lioygd Y0 o] 5l e g 4685 0 e 4
9 45l O Gdo 4 2SSl da 0 £l £ e @ )5 Sle
VY lod 0y9d S Culps 10 g asli Fr ke 4 01,8 Sle sy VY
oolwl yasly ol s pool ddds & e 4 ol )5 ke 45y

23,5 (gilwaigs S 5lel sd (lod

Lo SL hlad @l g 8L (5lwlaa 5 (o5 )lowd
2 By g pn slacs g8 S (il 2929 odmI LS By g yim
SR A ol ol g () Jgi2) 39 Wlew K> B ol
M oy ey A i SR G o] 9 WSl
g Ll 1y By gy slas S

A olasi i odnlie V Jod 50 oS Conine (K oKl A
L5 CMCHCR S Lams 5 Yoo 008 As5 5 aslis
& oIS ul e Jlad e 5 lasuin (gjlulis e &7 Lu
w2 ] b oy YL osiad LS ol ol odal ¥ g 3 Lyl
29 H3 g A2 B2 cbaaslis iy 4 (550 685wl

16SIRNA 5 1S5 toaeiie Sbaslia JoSIgo (o lolih
J5 595 2 558975l ey 63k iz VO L LSS 4 odie
oIS POR egaina iy g ol () JS2) 22,5 3,81
o3> (Slaa SSb Lo Jlgs (o 9 J5 5l 0 55l
788 Ly A2 9 B2 sladalis ol i (NCBI) (6595 g0
nlie (- omen Sdg g sl 465 4 Blaie Caplia
Cl B gy sl uslwl 865 & lite caplie 798 | H3
Cowd 4o Jighd Cb50 Oyao & MEGA-6 158l 55 50 laaylis
(Y JSs) el

16SIRNA (5 iS5 1c8din sbalas J9s0 (o lwlis
J5 95 2 509995 3l ey 3k i V00 Wl LSS 4 e
A PCR c¥game b g ols (il ) JS3) 4,5 5,51
ooy Slga SO LaJls 5 sooi s g J5 5l 0ad (g5l
788 Ly A2 4 B2 cLaa s oy s (NCBI) (5555
e (pizred W39 ediige uphaol 865 4 Blate Cpplde
Cl B gy s uslwb 865 4 lite caplie 798 | H3
Cowd 4y (S €8 )3 ©y90 4 MEGAG ljdle ) )5 baelir

(Y JSs) el

SIS o) b (o) 55 J5) ol 8 b 2o 51 o3l
a5l 5l oslisl L 16SIDNA 5 .o Lol DV01100
1492R 4 (5-AGAGTTTCCTGGCTCAG-3') 27F 05 as
o595 iSly ) (S-ACGGCTACCTTGTTACGATT-3')
o, 5 ol a0 A0 (glod 090 S Jols Syl dsbip b e b
a0 ()l Jole Lioygd Yo o] 5 a9 4885 0 Sde &
4l YO e 4 3,8 Bl 4> B/ gl ¥Y e 4 o5 ol
= doby ol ad ploul adb Ar Cne 4y 01,8 il a3 VY
1 005 5 S5 dalad 03,8 (5linge S5l g (slod ol
J5 3 gl 51 e o St 5l g 05 559,801 7Y 58T 5
V¥ SJUIS 0yl b (10,6]) 58 8 a5l odlisl |
o g s 23,5 Jlol ologls 55 853 & by e
o> Sl STl o o5 Je ad plosl adyls S &0
S 65 5 13 duslio 5290 sl I | (NCB) (55955
W90, asde o (g jlolis

9 PH (S grin o oyl & 2095 b 2 oawliadin 35T o llao
Vsl 59y = Jelye 025,58 ade 5l S
e $9y = Jelge ol 8B (O 9 Y) Whoad (byme b3S,
solate a8 )8 ), 8 dalllan 350 cotite (581 3wl Ay
515525 155 5 e 2,8 S 5 PH (5 o 1 (s
alo ol Jite (555 ctS lalams jl o alix by
Jte (S92 i ppS Ve g AS TV glackle b ey 4
MO N EDE DO D FPH 1olis S e lgie 4 Jolu
i P prS N 9N DY o clacdale gV 5/ & MDA
S e 0005 odlaiel Blas gyl o prdw W,
lod o Celw VY Gt g a5 Siaule (6L VAKX A dlaws
b, S A dBd ;0 590 Ve LSS ey U ol,S il 4 Y-
sloolas )3 miil el i Glalofl Gl 50 a5 )liS
IS5 ¥ 3 L ileg] 4l a5 (650l 335§ o ko
3ahb gel LaeSilie BMS] (gl 5 45 plos
o Lagygasl plas .08 )5 )15 oalisl 390 (udly = JISsg S
A a8y L > doyn b lles

toobaid] g, S el 51 aaliiw! b jU 5 gl (5 oSS
SV el VL saly & oL pSL &S oWolid )
Sl SSb o ol il cladyges 3 B5IS01 o5 g g
GIL 2oy b o I 5 44 s (NCBI) (5550555 oo
1 )351eT ol cows 4y SleMbl bl 1 s ol o 4y 4L
s, HIindIl 5 BamHI 55, o5yl L ol yan Oligo7 sl s
Sldm lagass o flen U sad (sl gaeuwdl slaygull
o 55T o) 390 03litsl 35 (o jlotiluads (glys oy iS5 dulad
5'-) F-endoG JL 5 olais]

(€5




AR ol dyl = 9059, ) oyloud FF wle (S g ol w5 VP

adllle 3550 (S (5l ol )3 B9 59 50 (S5 L IS 8l - Jga
Table 1- The results of total heterotrophic bacterial count in the studied forest stations with maximum heterotrophic

population
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Table 2- Cellulase producing bacteria screened by congo red screening and their characteristics
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Figure 1- A: Gel electrophoresis of 16SrRNA gene PCR product on agarose 1% gel. Lad well: 100bp marker, well 1: a sample

of the amplified band. B: The result of gel electrophoresis for analysis of endoglucanase gene PCR product on agarose 1%
gel. Lad well: 100bp marker, well 1: negative control, well 2: the amplified band using specific primers for endoglucanase
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Figure 2- Phylogenic tree of the cellulase producing bacterial isolates including Bacillus subtilis and Bacillus cereus
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Figure 3- The effect of different concentrations of carboxymethyl cellulose carbon source on endoglucanase production rate

by B2 strain in carboxymethyl cellulose broth medium
No significant differences were seen between the groups showed with the same letters.
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Figure 4- The effect of culture medium pH on endoglucanase production rate by B2 strain in carboxymethyl cellulose broth

medium
No significant differences were seen between the groups showed with the same letters.
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Figure 5- The effect of different concentrations of sodium chloride salt on endoglucanase production rate by B2 strain in

carboxymethy! cellulose broth medium
No significant differences were seen between the groups showed with the same letters.
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Introduction: Cellulase enzymes are the second largest group of the enzymes with many industrial
applications such as in textile industries, production of detergents, animal and human food processing, paper
industries and biofuel production. Many microorganisms are capable for production cellulases, but only a small
number of them produce significant amounts of this enzyme. The main sources of cellulases production are
microorganisms including fungi and bacteria. Among the cellulose degrading aerobic and anaerobic bacteria,
most of the studies have been done on Cellulomonas spp. and Clostridium spp., respectively. Also Bacillus spp.
has been used for production of cellulase in a homologous manner. Expression of cellulases in some bacterial
genera such as Bacillus, Pseudomonas, Ralstonia and Zymomonas, as well as some yeast species such as
Saccharomyces cerevisiae and some fungal genera such as Aspergillus and Trichoderma has been reported too.
Low levels of cellulase production has always been a major concern that leads to researches for finding of highly
active microorganisms strains and employing biological technologies for identification of their enzyme coding
genes suitable for probable transformation other organisms. The purpose of this study was the screening of the
cellulose degrading bacteria in Mazandaran forest soils and detection of the enzyme coding gene in the isolate
with the highest cellulase activity.

Materials and Methods: In order to isolate cellulase producing bacteria, soil samples were obtained from
different regions of Mazandaran province forests including Nanoacla (A), Siaocla (B), Someesara (C),
Namakabroud (D), Noor (E), Izadshahr (F), Sisanghan (G) and Sehezar (H) forests. Cellulase producing isolates
were selected on carboxymethyl cellulose agar using congo red dye and the amount of their endoglucanase
activities was measured by assessment of released glucose using dinitrosalicylic acid reagent. Each micromole of
released glucose in 1 ml of enzyme solution per minute was considered as an enzyme activity unit (U/min.ml).
Identification of bacterial species was performed by amplification and sequencing of a 1500 bp length fragment
in 16S rDNA by using 1492R and 27F universal primers. Enzyme production by the selected isolates was also
detected in different growth conditions. In order to investigate the effect of carbon source concentration, the
amounts of 2-10 g/L of carboxymethyl cellulose were added to bacterial growth culture media. The effect of
growth pH values in the range of 4 to 10 and sodium chloride at concentrations of 0 to 10 g/L were studied on
endoglucanase production by the selected isolates in carboxymethyl cellulose media. Then the endoglucanase
coding sequences in different strains of the bacterial sp. with the highest endoglucanase activity were
investigated in Gen Bank and the primers were designed based on the obtained data for the gene amplification.

Results and Discussion: The results of heterotrophic bacteria counting showed the highest number at station
B (Siakla forest). Subsequently, station A (Nanocla forest) and station G (Sisangan forest) had the highest
number of heterotrophic bacteria, respectively. From the eight selected forest stations, eight top cellulase
producing isolates were selected in carboxy methyl cellulose broth medium. The highest endoglucanase
activities were belonged to the isolates A2 (1.92 U/min.ml), B2 (1.65 U/min.ml), and H3 (1.51 U/min.ml),
respectively. The amplification of the 16SrRNA gene resulted in the formation of a 1500 bp band after
electrophoresis in agarose gel electrophoresis. Sequencing results of the purified PCR products showed that B2
and A2 isolates belonged to Bacillus subtilis with 99% similarity. H3 isolate also belonged to Bacillus cereus
with 99% similarity. In other studies in the forest soils of Iran for isolation of cellulase producing bacteria,
Bacillus had been one of the most active cellulase enzyme producers. The present study showed that Noor
forests are among the best places to isolate bacterial cellulase-producing strains. PCR amplification protocol was
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designed and the total sequence of endoglucanase with 1072 bp length was amplified. Molecular evaluation of
endoglucanase gene in Bacillus subtilis (B2) showed 77% similarity to the endoglucanase gene (elgS) in Bacillus
subtilis subsp. subtilis. Since the strain B2 had the highest production of endoglucanase among the isolated
bacteria, it was attempted to enhance the production of the enzyme using this strain by changing the growth
conditions. The isolate B2 was able to grow at different concentrations of carboxymethyl cellulose as a carbon
source, but the highest endoglucanase activity was observed at the concentration of 8 g/L with a significant
difference compared to other concentrations. The pH equal to 7 and the absence of sodium chloride salt was also
led to significant highest endoglucanase production by this isolate.

Conclusion: The endoglucanase gene obtained in this study was reported for the first time with a new
sequence. The enzyme showed more sustainable activity than other aerobic bacterial endoglucanases which had
previously been studied. This sequence can be introduced into high expressional bacterial strains and used to
produce high amounts of endoglucanase for bio-energy industries applications.

Keywords: Bacillus subtilis, Endoglucanase gene, Soil bacteria



