SIS (858 5SS 5 aloma
ISC 9 d':'"‘ﬁ}i_d“l“

< w1y

vl -2

5 S (Dlind (S8 o 0iiS ay 05 5 Wi S (ilelir 10lind oS Jo (slag S
Sl ol K55

36“5“}" |J:‘."'° ‘2“;3"?1.6 ;;LFM ‘l*d'l;'u_JL«- L@JJW
 (F e : . . N . N 1
R oKJJJ46)')_9\.;'50@\}4;5[?-&5))))&%}Lg))jﬁ)uat.w‘
. o s . Z 5 - W e 2
Sl S 5 S5 pwlige Jo oSl (AL (59580 50 o JLAD

. a . N .- La e . a3
Q‘ML\:MJL;LP}; AKM..:‘} g&))juou\.{w\b thL?- (.;Jjjj&jfﬁdjjjﬁ) LS\j:S) ‘_SJP:.\M.J‘J
1392/02/31 : 5 5y &b 1390/07/16 :csb s &b

s S

23 wd 5l oS eald SUs s aS ail e 0blS LS‘ﬁngubﬂt&j‘ S b
Lo, S PGPR L oS diy a8 SG oed slags ;S o5 o 3L s 5 JT S0 53 40 S
Ul A o0 SGS olS i @ il la S 5l b oS s OWALS dws s 5 S s 3
23 e S elind 5ol ke eslinal BB S 4 Jalouel i b 5 skite @ baelsslu s (A0
Bacillus Pseudomonas .. 3l slaw S 55 0 OLLS 5 Slas il Esl a5 L o PGPR
Il gl ol S8 g5l o sled 4 lind Qs | o S5 58 5| Rhizobium 5 Pantoea
53 1 ool i b3l el JT aud JISK1 Dol 3 5 ol JI ladiad W 55 Sume Slind
S5 an 6l e 5l ealial bags 551 51 atms ) (S3loli 53 o g e Sy S o 53k S
ol JJJ‘ Clis W5 Ll Gk sl e il e alr b mle glaclS laee 55 J kol b Jloe oS
3 omtl ae) S5 S a5 5 e S b s Galid s sdaliae b sle T 3 PH 58S
S Siols a8 i e Jos el S o 13 1550, Sl i oo 3 eslinal &y 3 (55
5 Lledd iludluan 5 ois 5 asiine S0laud SUS 50, 05 pbior (L3l o SWI g Slind Dl
PN ge obaias; la iy Cowl sdld (giluldr Sdme Slind Pl 55 855 05 ol
slag) oy 5 Jlasl il o LIS PGPR (slad 4 RS 05581 G 4 Gl Ak (65,559,
3 6l Ao Sl SO OlalS L s 8L s (Sdae b I lind) cliws JDsl s 5 s
Lol 25,50 S e Ol e 4 ae sl g5l 5 b b
S slodens] les GUlis (Dl oS o (slags ST 0IS slasjly

Email: 09173512394 :-als Sl Lo dese 1 st ok 55"
rsarikhani@yahoo.com


mailto:rsarikhani@yahoo.com

1393 QQ‘JKA.& 3 ‘;;uaijlm

LA 53 ied 8y Coeal 4 e g L wlend
e S o B s s ge el 3 6lS
b aes pl slulies gla gy 590 e
Pl 5 5800 syl 5 bag S
wlsl 55 5 3,8 S5 g syge e olivs
Il s S5 i) 5 Slaws Pl S5
DA o 25 Sosld S Lo Sl olads

S

oS sl O ol 5 S s Jaus -1
Sl s Gl wlies SLS 5 s
05l S8 1y s 5L s aed OlaLS
St Jslme 51 (HPO4Z L HoPOs) oolins
N A S 050 WS S e
BBz ol 55500 sled 4 Ol sdes e !
ol (Ezawa et al., 2002) sl o ais i
Sl R Sy pole Bt e
g Sl oS 5 S s S e Bl
o g JoSiS alls 5 8 LS sl old iy,
oS S LS 5 3l e T Sk
Sl ($3)1 50 asobo 43 0050 polie 5 Jyama
Fageria, ) . ,ls ofinns a2l ud LIS L &S
e 55,5 sl 5l S i (2009
gblis 5 SAs s glaad 5l iz 655!
3 sl ol Gladul pAdl o e
e Dld oy @ S 5 R oS
sphe Jdo of JT clmie L (PD)

.(Raghothama and Karthikeyan, 2005)

78

dedio
g e el (Comax 033055, S22lBI L
o O sl e LS Olge
Iy oldl el g8 4;;J§\ o ;')BMJ\ g Jal g
LSy das b Aol as5e glde (el s
e sl 4 5L 5 Carer Al 4 s Lo
T T
Lim 5 e Cn Jpeol Sole, ST
G oogde bl pie Wl Gl 5 sl
Ol el a5l ean] e 20 U uS (g, 5b
Khan et al., ) wsl i sl gas,s 50
woe 5 S L& 5w OMEl (2007
oIR8 S ol gl S
oy Sl Gl ) SlbLe W
Glp S el of 1y i 1 el Jlos
Sronk by al mbe b 5 WJy bis
s ety gl ASE L SIGL (g5oslis
Llas oslanad sl fgy 5l S aas s sladl s
Sy ol 5 L S cab L S
e, ol sl bis |y e 5 St
s sS Gl 4 s sS4 03,50 6
o 02 e B e sl ol
LSl @ g iy allS O
33 o3 bl el g Gglane ool saSeL
Gl 3 ke slagg S Sl eslinad o ans
S b 5 Ll Gladss glasls &8
e 2550 5 gy ewdige Olpe Lo

) s S il s il oyl Obi..i;.w};



(1393 [l d o)led 6 0,93) ($5,5LES (5485 g Aloes

L O BN N T BING PP E
Dbl St 3 o5 il dS s
S Lalps oS Sl ekiSul ey
S s oles oLy (Goldstein, 2000)
PRI C JF| VS 2 NP QU Qi
VRPN JE I I P (QURE P
.(Paul, 2007; Fageria, 2009) ..l (ous
bS LB s 8 Dlind 1 Gledas yslis
S dms o s S 3 LS S
G gz ol s b S e
Loolad sl 0 Wb Sl gl Sl
Ll s Fe¥ S APY L3 5l 5l o ssls
sl s Ca? oy Lo sdel oS
Gyaneshwar et ) 335 o by o Sal b s

al., 2002; Hao et al., 2002 ; Norrish and
4 3L .(Rosser, 1983; Lindsay et al., 1989

Slad sleod lasss gl cwlo J‘.Uf.".l;-
3 sl ealital il &8 35 e pelesl Sl
Sl s Saee Dbl pland glas S
Jos o3 )l elen 4 Ol e (6l
10-25 .. <lis shors las S assl
L& 5 (Isherword, 1998) Wil o dws
Lo asSly s S s of asys 75-90
LBt 5 sy Sose b b0l
«(Stevenson, 2005) s 55 o sl olS eslil

Vo My sl oY @55 s Skl

1- fluoroapatite
2- francolite
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5- immobilization
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3- inoculant

4- siderophore

5- phytohormones

6- membrane potential
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1- serial dilution
2- enrichment culture techniques
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Figure 1- The steps of sampling and screening of PSB in order to determine the high
efficeint strains.

35 A e 55 Sl oS o g SL bu g o S 5 Glis db w) g -2 IS
5 (2) Ky S 5 Sl Al wlg s E. coli 80 by Blad dle W5 conly oo K
Sl o R 8 o e JSE 53 1008 o0 0balie Ol et 53 Sute sLadilen 51 (S
Ny (G s g s 3 33 el sk 4 (P oputida P13) YU 55Ukl cudlad b sla g 00555
Sarikhani et ) cwl sdd a=L E. cOli DHS50 83U je 4 g 55 Gl50lS ol 5 93 0 s dalie BCIP

.@al., 2011

Figure 2- Production of clear zone and blue colony by PSB in the screening medium.
The production of clear zone in E. coli and blue phenotype of this bacterium which
contatining a phosphatase gene (the right picture). Genomic library screening of a strain
with high phosphatase activity (P. putida P13) was shown in presence of chromogenic
substarte (BCIP). The library has been constructed in E. coli DH5a (the left picture)
(Sarikhani et al., 2011).
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1- visual detection

2- plate screening method
3- clear zone

4- halo method

5- bromophenol blue
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1- paper chromatography
2- High Performance Liquid Chromatography
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1- buffering capacity
2- anion exchange
3- chelation

4- ligand

5- acid strength
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1- 3-phosphonatase
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Figure 3- Hydrolysis of phosphorylated substrate in presence of phosphatase enzyme.
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Figure 4- Hydrolysis of phytate in presence of phytase enzyme.
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Figure 5- Different mechanisms in solubilizing inorganic phosphate and mineralization
of organic phosphate (Roderiquez and Fraga, 1999).
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2- recombinants

3- Genomic library

4- Pyrroloquinoline quinine
5- holoenzyme

90
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1- Mineral phosphate solubilization
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Table 1- Inorganic phosphate solubilizing genes from different bacteria (Rodriguez et
al., 2006).
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Figure 6- Genes related to soilubilization of organic and inorganic phophsate (Sarikhani
et al. 2010; Roderiquez and Fraga, 1999; Thaller et al. 1998).

99



1393 QQ‘JKA.& 3 ‘_;;uaij‘.w

'

Sarikhani ) Lgl e 51 ot S Sy el en 4 od wbd il o L slsks -2 Jsux
.(and Malboobi, 1389

Table 2- The known bacterial phyatses and their biochemical characteristics (Sarikhani and
Malboobi, 1389).

_ SN 053
o =5 O < e PH (°C) aug bes
ol a5l (kDa) . :
Bacteria Local of Optimum Optimum
enzyme Molecular pH temperature
Weight
Pantoea agglomerans Periplasmic 42 4.5 60
Aerobacter aerogenes nd nd 4-5 70
Bacillus subtilis Extracellular 42 7 55
Bacillus subtilis nd 36.5 7 55
Bacillus subtilis (natto)  Extracellular 38 6.5 60
B.laevolacticus nd 45 5,41 7 70
B.amyloliquefaciens nd 44 7.5 70
B.subtilis 168 Extracellular 44 5.5-6 55
B.licheniformis Extracellular 47 5-7 65
Bacillus sp. PHO1 Extracellular 30 6 65
Kelbsiella sp. Bind to the cell 42 5 50
wall
K.terrigena Intracellular 40 5 58
K.oxytoca Bind to the cell 40 5,6 55
wall

K.aerogenes nd 700 4.5-5.2 60
Pseudomonas syringae Intracellular 45 55 40
Pseudomonas sp. Extracellular nd 5 40
Pseudomonas sp nd nd nd nd
Yersinia intermedia nd 45 4.5 55
Obesambacterium nd 45 49 45
proteus

Citrobacter brakii nd 47 4 50
Lactobacnl_us nd 50 4 45
sanfrancesis

Escherichia coli Periplasmic 42 4.5 55
Selemonas ruminantium nd 46 4-5.5 55
P.putida P13 (PPP1)* nd 27 5 60
P.putida P13 (PPP2)* nd 50 4.5-5 60
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Figure 7- Conventional methods in isolation of phosphatase and phytase genes
(Sarikhani et al., 2010; Cho et al., 2005).
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Abstract:

Phosphorus is one of the major plant nutrients that is least available in the soil. There
are two components of P in soil, organic and inorganic phosphate. Plant growth-promoting
bacteria (PGPR) are soil and rhizosphere bacteria that can benefit plant growth by different
mechanisms. The ability of some microorganisms to convert insoluble P to an accessible
form, like orthophosphate, is an important trait in a PGPR for increasing plant yields. The use
of phosphate solubilizing bacteria as inoculants simultaneously increases P uptake by the
plant and crop yield. Strains from the genera Pseudomonas, Bacillus, Pantoea and Rhizobium
are among the most powerful phosphate solubilizers. The principal mechanism for mineral
phosphate solubilization is the production of organic acids, and acid phosphatases play a
major role in the mineralization of organic phosphorous in soil. The main method for isolation
PSB is carrying out by using insoluble organic and inorganic phosphate source in solid or
liquid media with monitoring of production of free orthophosphate and decreasing pH in
liquid media or production halo zone around colonies or production green, blue and yellow
colonies in presence of chromogenic substrates in solid media. Although knowledge of the
genetics of phosphate solubilization is still scanty, several phosphatase-encoding genes have
been cloned and characterized and a few genes involved in mineral phosphate solubilization
have been isolated. Molecular biology methods are a benefit approach to access and
characterization of improved PGPR. Transfer and expression of phosphate (organic and
inorganic phosphate) solvent encoding genes in bacteria or plants, is a new way for improving
of microorganism capacitance as an inoculant.
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