[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

et el e
\Y"\/\ bL"«.\d’U ‘* GJLQ.M:" 5\" OJJJ
b= ISSN 2717-0632 (5 5 <31 ISSN 2716-9804

s Sy s S g g0 53 OF slas 58 5 889 A

Vsl ads s 6ok e 4ebl
Ol Ol s 0l s ol (53 5LiS aaSLiils S pualS 65 8 Slslead )
Ol 03 (Ol s olSLils (53558 0 uS2ils (S 3alS 055 (6555 S mtils =Y
shahryari@znu.ac.ir
QYT+ 5y el = QA F/0Y Sl s b
V=Y i
o

JUaS] gl a8 ol o3 Sl g o pled L5 (510 b me oS (555,50 olie 51 S ool
35 5 Sl J sl Connks 3 (FE?) s ol i 5L 550 (S plie ladial b 5 05 xS
s LSS LS 5 ol 35S Ll 3 5 el o zad LB e (VYOV/F) (0550 50 5 4 A
Ly 8 gk gt o a5l Lo 58 51 5 Lags S 3 (ol a5 Loy gh gy il ]
oL slas )8 bl sl gladle 53 Ll 3l ula b ol Cls o ool bl
S359551 53 by s Sl o LoDl a5l 3 e 55 Cilise (slaaa) )3 Loy s sy
e 530 5 L e SiST BB e Sl s 5l (3l Bl L) Rl o se s Ss
Sl gl p 5 olS L, S e Ol e (65,538 3 Laj gy den s S 09 Sos Comax
gt e sl ALS sLali sl ol J Sy bele by ol il s ol 515 Shee
BT A | PV P PR U IR [ P P | P PP PRNI
s ol 55 0 3,0 50 s S Olsear 5 S Sl 03 1 ok ped oV

i o Olo ol adiSHAUS glad 5 se ol Cilises glas )18

2 V5 s S (IS e 5500 S5 ol s S glaesl


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W"\/\ bl:....:L? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

g0 gladade LB 4 ba, QTJ_E_‘)

03 3 dseme L @S 5 S jals

Cale xS 5 A Ol JalS 4

() ol Wt ST I a0

(Siderophore) b 5399 youw
S5 sl oS S s L8
Lol s el SY o i
g s 53 e 53 al 5peS
sla SU 5l ol e 55855000

U] SRS Ry [P S - | w—

NETES S (- PPN LS PO
3 Lozl e Sl 5 05O 52

LS o A 55 5 ssde OLALS slaaiy

aygbg e L L a s al (Y)
Vel meS) S S sl d S

(0) dzees ol sauS GUS (O 4ls
ols am Lshssd Jool il s ax S
ROt IR LR P OO BN R ERR S R
B G els pla b eSS
5 (Mn) j=Kas ((C0) 5,5 (Ni) |
e 3 o35 s daeee (MO) O 5
35 J e s B 5

doio
ot et e 53 Sl Sl el
el pamen Al 5 e (03051
aan 53 5 (A3 0/F) ol _ae
ki 53 ol (V) s g e Bl LS
(oS e 51 (S ple a3
O g pd (05, Il o ;i 5
() ol o i st 5 alAlS]
daimalis bpin o Tow s (o o
Lo s S s dba S 5 Lo S35 5
SlS 5 e SIS e b gl

Loy |, oS 5 gladad 5 Siley )T

e
(F) LS s

s olalS bw g cal sl eslazal cllls
53 ol il gla 2 e 5 Ol
sy ol ple 5 S an il (S
s b aw ol Sl oS gy ol
S el 53 Sl Bl a1y e gl
SR o de b oS Rl e Ll
SN sa OF 3508 S s pal
5 ol gl JShe (n Jpee oS
sydme |y OlalS us aS el [Sal
lacdlo s sl Oy > S s

ol b el se olS g S5 5


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy a5 g0 3 OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

03 st e e 2l SL gl
Lsile Ly gd g e 51 ot Sl
5eSLgs s 5 (Pyoverdine) s ;55—
Sl slaa_J (Pseudobactin)
ol sy Sl S g a5 JSSLS
dile Loy b s de 5l o
o= s 5 (Agrobactin) ooSU_ 5 S|
Seol LSS o5 s (Pyochelin)
s sl glls (s L JsSLs)
S 5ol Bl s s s
O b 5l Al sdS NS sla jis
L e Jate SGASG 4 S
e3¥ SBllanil 5 g dn fias 550 0w
Vi) s sk ol 0s SeUS (¢l
T RCUYVE PRSP PSR W I IS
= );—’UJ-’\W—Q—“T Sl Sl glacans
Olgmean A Sl ails 545 Conl S
(Cepabaction) -.oSULew ;585,000 Jle
o> Burkholderia cepacia ¢ =S
UM P PPN WEVERT- VRt RN JCI
oo s s Gl S
$> el 53 055, oSl oz e
) Sl Y sl dsS s

u_i}_?dj‘)—:ﬁ LACJLAK_..MS}).X.:A (\b

sl sbrpldsl g5y Kbk B
so, oS S s L s el LS
Sl 5ol olS Sl Sats ) sba
s bl (BT de caslie LAl
Sos—s 3 Sz sl e
3 slos gla sy ol 3y 5
Cmnplie LA slasS 5l o 5 e
S 055G LA sl Lay5h gy Lo 55
gs TV Sl s sy g5 00 Sl
Q) el sa oLl S ke O
g S Sl e b Sl s (1
S o) 45 S e W e
LSPE PPN NSRSy V) JUE [V
g5 5 S5 slrle plal sl
O B P SV VT PSR W P o
Nyl SOl s (e s&Y)

GAadl OS5 S 5 DlllS s ue
LSS ol Oa JSs) Ly s
Jare 65 e s S b dsSNse)
03 e (s eSS LSS 5 el
oS 5l slay sh 5,

5 ((Enterobactin)

e S

Sl — 551 5 (Ferrichrom)

Ly 4 S U055 4 (Aerobaction)


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W’ﬂ/\ C}t.w.:u A GJLQ-: NY [PEL) ‘d:.wd_.)' ;;'w.}“ 4.19.56"

ol Gl el & S5 e VG
l—.’. LAC)")L_MS}:JS (\\) el o‘jj_f
Rhizobium ) La :SU ;5 s SUs s
uG)B o (.Staphylococcus spp s .Spp
OY) L3 e A5 (Mucor spp)

. Jj-*%)

a)
OH oM
Io A|::
hydroxycarboxylic acid hydroxamic acid
b) OVOH )j\ ~on

Aerobactin

Escherichia coli
0,

Q«rx

Pyochelin
Pseudomonas aeruginosa

R e L R P R NV P ERR e
s Ao S sy chle g i S
5l Sh il glael bow g LS
R D )
Lo edd LS5 e, sd s iy
LSO .(00) el 55 cnl 5l Lo ,5
5 N L8 ol Glag S by
CL

catechol

Ferrichrom Enterobactin
Streptomyces spp. Escherichia coli

fr h
o N
|

OH

Cepabactin
Burkholderia cepacia

ST slaes S oL U Caliss sla,sb gy dew slitle (A) ol slS OIS Lol oy, 8 an 1) K2

(Y) (B) Llods

S S U_AT s eSS

(Vo) Ly s s sden ciliss ol 51 0aiS ) 5 (gla e 515,80 ed 1) Jpr

Types of siderophore Name of siderophore

Siderophore-producing microorganism

Hydroxamate Ferribactin

Unknown
Dimerum acid, fusigen,

coprogen, ferricrocin

Pseudomonas fluorescens

Pseudomonas fluorescens

Trichoderma spp.



https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy SRR g5 g0 9 o OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

Catecholate

Fusarinine A&C
Fusarinine B
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Ferrirubin
Ferrichrome
Desferrioxamine B
Desferrioxamine B,
desferrioxamine E
Ornibactin
Desferrioxamine mesylate
Unknown
Unknown
Unknown
Unknown
Unknown
Photobactin
Vibriobactin
Unknown
Enterobactin
Unknown
Pyoverdine

Salmochelins
Bacillibactin
Bacillibactin

Petrobactin, Bacillibactin
Bacillibactin
Vibriobactin

Unknown

Unknown

Unknown

Enterobactin

Photobactin

Unknown

Fusarium roseum

Escherichia coli
Pseudomonas putida
Bacillus silvestris
Aspergillus niger
Rhizopus oryzae
Candida albicans
Paecilomyces variotii
Ustilago sphaerogena
Streptomyces pilosus

Streptomyces coelicolor

Burkholderia cepacia
Streptomyces pilosus
Penicillium chrysogenum
Penicillium funiculosum
Aspergillus nidulans
Aspergillus niger
Aspergillus ochraceus
Photorhabdus luminescens
Vibrio cholera

Rhizopus sp.

Escherichia coli
Escherichia coli
Pseudomonas aeruginosa

Salmonella enterica
Bacillus anthracis
Bacillus subtilis

Bacillus cereus, Bacillus anthracis
Bacillus thuringiensis

Vibrio cholera

Pseudomonas fluorescens
Aspergillus flavus

Rhizopus sp.

Streptomyces sp.

Photorhabdus luminescens

Synechococcus sp.



https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W’ﬂ/\ bl:....:L? A GJLQ-: NY [PEL) ‘d:.wd_.)' ;;'w.}“ 4.19.56"

Unknown
Unknown

Carboxylate Rhizobactin
Staphyloferrin A
Staphyloferrin A,
Staphyloferrin B

Unknown

Unknown

Unknown
Rhizoferrin

Rhizoferrin
Rhizoferrin

Rhizoferrin

Acinetobacter calcoaceticus

Mesorhizobium sp.
Rhizobium meloti
Staphylococcus hyicus

Staphylococcus aureus

Halococcus saccharolyticus

Halorubrum saccharovorum

Haloterrigena turkmenica

Rhizopus microspores, Basidiobolus microspores
Mucor mucedo, Phycomyces nitens
Chaetostylum fresenii, Cokeromyces recurvatus

Cunninghamella elegans, Mycotypha africana

d?-)l_ﬁ- ;l_;_b o.,\..ajﬂf LSLAw'S)ﬂ J.ALJ:
=59 5 S (Fep A 3 Fec A)
(s L2 ;5 TonB-ExbB-ExbD
3 M 03 ek fate e S
FecC,D,E-Fep C, D, E sla- 54,
ABC (ATP-  JU&] oo 4 el

Lie ,» (binding cassette transporter
Ly, s (O0F) (Y JK2) cul J=1s
A 55 st Sl 3 S
Ly eds .8 slad s3SI pe slaes 5 LS s
3l Gju La ) gd 5 0w cdas o ol 53l
FIEFETER WV ISUCY WX KU R A
s oShaS Cns (sl_f 05 ey s

29893 4 dialy (T JES! (S mhuss

l.sgsjfb 39
L oodem w3l
OF b a8 ol (65 51 4 analy gl b
S s £l 51 a8 15 S
S i LS e e3lizal Al JUis|
e 5 Ce rjf slag =S e Jl!
asllbae | oS ;5 bas Escherichia coli
_)‘ LJ,:\_>U &'.’. L@.A.? LAJ).%))J:.M/ RGO PR
Al Uil (S 5 A e 3

$sSL o=l s Jlasl g DS 5


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journalofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

R G T T T P WIS U] NP EYYNR CRPUPP DU WP JWSPRP S PRA

S e SeS e O
5ol gllas 3,8 » <50 Ton B
e Gk Sl e 53 eSS
P SN IFCS DL S PIPESNIRTE

sl b s den J S50 (Sl den
oS5 — Ly NAD(P)H 3 b 3l Fe™
3 S e ¢l>.u'\ ! ENT A, B, C, E
Jebes Fe? eyl e a5 b el 5o
ES RS WS FINVESPE PER WoIr VIT-EITS

Fa™
¢ Siderophore Outer membrane

Siderophore Fe® Complex

sFec A - s clie slaens
e ad> 0 55 535 s Jeaze Fep A
Fec C, D, Jali ABCJUS! i SaS
slas o WSS Fep C, D, E HE
33 Odd i e Jie ey i
S ol Gt R (p) 2
3 63l Olesen oIl LSS
oY (65,50 el g ATP 35500
FIRUSRN QL SINTE SN JE R PR P
O Loy ol st (slad 4y JLaxl

0353 ssbsode—wm o al LS oS

Receplor

‘A“{Tj'é )j}t))v\.:.w 4.}4.&‘}4; JAT U.I\P.- LSJ‘ZSL) DL ))3})1:..&—&&] w.il._\.qs JU.:.J\ w:sjj .l;?: V.;..\M.:..\A’ -y J.S.ﬁ
Rl s Joh ey G5 pal JWESH et sl 51 i Wb g o oSl 0 S 5 (5550 4 el
TonB-ExbB- .55, SLaS Fep A 5 Fec A > :lis oli S la iy Juls s 2l DS 5

ATP 4..{42....;.‘} ,Fep C,D,E E) Fec C,D, E L.J"-?“":jﬁ E) L}‘“‘”Mﬁ@sﬁ o.,Uj.f:JﬁA.La n;":“‘;)ﬁ 4&\};@)& ExbD

(YY) el


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W"\/\ bl:....:L? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

(V) cal sad g5lulds g 5l (acid
TR S RT{T SPL PPN N I PURNEY
O35 4S5 I 5 el Ogdls YeooYeun
Lo o (AL las bl IS0 50

YY) ol gl Ve

S3gde51 S0395 30 999 3yl

9590
Ay el e e La g8 50
G iS5 B sl eSS
Ll , % > (unculture microorganism)
M in 5l S g e LT
Sl opl G5 s S e o o
Sladlame 5 S aslsr G 5l 45
Lol s 53 Lol dwoys N =) LS b
Fr—as labma 5, AL
Cror ;5 o g s 2SS 10
Sl oS 1B e SO w s S
T e
bS5 s S U5 e Jolme
slagiwsls 51 = 5 03,5 (._M)_é 33
Syl ey i Ll
Al glakoe s andn] 5 S sl

Bacillus = i) oo pf slag S s
sk .8 5 >, cLis 6L aS (spp
PSS JUasl s s sl
e sl (D aloysh s i
sl 55 i g 53 0l Jate
ShsS rr 3 S o S se sk
Il ot Lo 5 (D) o 5355 A
i p S sla SL wlie ABC

OA)s 52 oo Jazie oD yoons

P S 999 0w
Cosd g 0 S s asl S 0bLS
3ol 55,8 g al 58
L ool sdiS oS SlS 5 od sl e
A5 s - el

4S 48 o~ AJ 5 (phytosiderophore)
D) ol b g8 olant] gl SLaS
3 s (O8) s e LSS
wrls aLS gt p S d sl
SS 50 SsSsnmt del sl o
(Y+) ¢! (Mugineic acid) o—.l
sl S OLalS 516 s sla g
51 (Avenic acid A) T aul Kool ks

Distichonic) .L:..»\ &.:.:WJ 9 u_é‘yj.l


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy a5 g0 3 OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

A odal Cwsa CL’ ool a5
odian s SLlS 458 V0 el 65,5 YA
oo S (Y0) Las ey S
D P R oy Fpu
e e 7 S e O A
23 iy o) S e A5 s e
TP YPURNIWISERUCWEPTE ISPT PRS v
o=l s Cenl wslite Wl g gs s cilite
blss Slals Cogr Al e £
35 oslial 6 S Ciline slaassS
(Y$)

- 2195 zolg 9 999
SIS dde slag S5l ok
rele ol Rl ) el LA
aa_slyas oSl I olS bu g olde
Sl sa s Jod Sl pladnl
BEEPRISIFRNVICP R N GRE-FRRUI g
Lyt e 5 S 3 s e 0
Slicie oS ol 03130155 La sy gl
) S amalr Ll Ll e ol
as s gle bl LG s b
35S Ll s Sl Sl S
S asde 5 b (Fe¥'<10puM) ool
ool (D el b goll oShaS oS

Ol seans 53 dem 03558 A LT
slag S cls 5 us) glab>de LB
adlaas e sl |y cis BB e
wiwly CiS LB e slaa s 51 6ol
st OS5 gslela, 5 A5
23 s Gl Bl S b
Jlie jbay (VW) va 5o s
Micrococcus luteus =S LG g =S
U B U VU =— KLE1011
(acyldesferrioxamine) .ol .S1g 335
abode B 5 gy e 45 LS e A S
c—iS b boe sl sy
Maribacter polysiphoniae KLE1104

S99 (PP b 9 0l5
Ol seas (siderotyping) KUy dew
Sl flol 4 ar g b ol St
3o e i pas Lol bu g ods A
BL] K;.:.;;“U)).l:_w 6‘4_:&.“}4» 3 (Y?)
Sy 58 e 5 S5 4 g Fov 5 450

jJ-JoJLiI-.w‘ u“'bj‘“};j—*” 6@4_.!}5


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W"\/\ bl:....:L? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

Jolds el gla Bs, Ly LS s
Jsbels 5 dyloms oS OS5 IS
s el Bl e s 5 e ol
s Sole IS (0358 S (a0
LS 5 O5asdes ke A5 L alS
ols Sl gl sl s s Sl
ol Lol s b A5 5 plds
sl S (Y Wi e olS s
P U ge 93 g i 4 Glate
Gt e S S Sla el e 3
oS diy o Sl Bl slag S
O 33 gy A 5 L AS s
i Sl S s Gl s gl e
MJHV_AJJJTAS@\JJJJ&T
o] — @L:.S AYV) as s o\_:f
5o OLalS ad) g Lsbd—
6 SUNSK2Y 4y oS 5l 0L £l
a—ulis y5 Pseudomonas aeruginosa
A s abls A80 a8l e e b
LS Al L3 65 e L LB
23 oussm IS L el cls
S Jals el aly ) Wl b
=l oy ads) Goy s 200 Corex

) AS iy 5]

33 oy B 5 Jsle & goas | O

JVC SV U | I S ) P
il S al i a8 15 e
S e IS Rl g
23 0Bk St nl gl s S
DL ool s 5 s 31 5s g 520
Q\j_?.g- Cg >\y Q—l‘ Q;;)_é\ aS Aas e
canl ulbu b glasls Saae sl
25 LBl S 0 WS L Ll s
Fre S ol St sl Sl o

(4) Wb
Plant ol oy &5 om0 S 55b9 3 )
Rhizobacteria

Growth Promoting

(PGPR)
Sy o Slas SL 5l s S
g oS A, Sl Eel &S
sdsall oS Uiy S e slas SL
PGPR I esliwl o) s el .(YV) L5 o
Rl s Olmsan GouslaS s
sl s sl (plad gl S sl
S35 51 S il elinly s L oS
(YA) ol il 531 Il 53 s o
ain, el SIS lag Sl

‘l—if.‘}i—‘”)ﬂ)uh"‘)qu:‘—L


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy a5 g0 3 OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

S ol 0blS ais, sbasles

Olls YL ) S9u@ 9 B 999 hw
Sslil abaulsa ol S LS
6 sleas Jle 5 S Sl o
sl sl i, b s s Sl
5 ,lS (b sladilony bl b
s S esl 5 ol glas,S ol
e Sluls il L sl
K5 o5l s Slakilony 5 dis 2y
A e s Rl e a8 L L OTY)
ol gt tes o 5l Sl slo
Ay S (S (5055
‘ (Cd)pﬁnlj sl po D Lo 3
(Pb*) e (CU) o (CPT) 5 S
Q-gj-?de—La (N1) J—§-;-» s (Hg) 0 g
RECCIN IR PP T | IENCCOCH FUE
Sl wslie 55 SLs s 340 50 O3
e3Y OlalS sl i s Ol s e
RSSO 51 R SR TG P P L
5 Sl o OLaLS 51 gl 8l
cdl als 5 SLs (Sa 0

"

S 5 slow <G Sgton J AT 9 5989 30w

g
ALS Ghssben Jlse Saslssl
S slacd sl & gdew e
L;‘Bl_;f WL\,& LS)LQ.:_! DL, \‘\~/\ dL«J DL,
s L b S 5l ok S 2 ke
ol 5 LS sn T a5 0w

S S SUSE PV ST P S—

Kb e slolss LSL“MK)UJS:"
NER uv_wn,;g)\j,g» sz (YY)
la S oban omms 511 ol g dem
G20 a5 5 LS e ol alS
Sl AS e e 1 oalS b0 sl
Js gl sty 53 il S8 5500
ol LS oSl ads (S5
(P Y 0) 1l
8 5o Lag U5l by sl s
0P s—azas L S a6 S5 s
Aoy Jled cs s dwg iy 4l
Sla ol go 5 4 Gdate la s SL
Pseudomonas |3 31 co o, 5ls
3 gsla—xs 5 P. putida fluorescens
Bacillus =~ | o sl i slaai S
J,__ =S 5B

subtilis 5 cereus


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W"\/\ bl:....:L? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

EEEE SR P. fluorescens s 5 du
esdie (FY) ULE A eslinal LG
LS Dot (5 Se sla) 5h s
o~ S s O s s a5
PSS sl st VL Ll )l
ke O LSS 1SS
Cd*> Ni*"> Pb*"> Sn*'> _5 5 .
AsO42>  AsOy'> Mn?"™> Co*™>
SLadsl o es ol Cu?™> Fe™

(FF) Lol O 5 AL L hrss Sl

3 (57930 o ¥T (Silusy
&7 Sy

23— S S gsd—a sy

M i 5 S g S s S|

9 < S :)’ la“ el Lﬁ'l ol

a Soles,l S G sl S5
5 Sy e 3 VL oL s
ot bl w1 sLoks o
el S (F0) Lt o 5355
S S ek bl 5 ege SE
D3 5ode—m Ay T Glalama
G b O i o S5l b s S
ol 2 5eS Ll 3 5o el Dl Loees

'Y

5 S Gamlol (s, Soe aalsr
Geman ((TA) 558 g0 DY seamms 3 Shos
S L S o glabss Sa 0
Ve sl slodide OIS K
S35 o) 58S S e bl 0L
sl e ol Bl ey
a5 (Fr X)) Col G0 s liSes Il
ol 03 SIS Lag syt ol iES
s by pssdn J ol bl G
3 s b 4 Jladl LB el
Cbl s e P K Sl
5 Aol Laol Sy il sl 5 Jl
L LB sl Ol pean A1 5 o0
sV Gl e
L Bl sl slaas s 1350
P 5SU e g 558550 (YY FY)
Lile Ol 51wy anls aeruginosa
Cd¥ Cr2t .Ccut ‘Hg2+ Ag* Co?*
5 Mn**
S S— S|

(Mo) 0ua—J 4s Azotobacter vinelandii

9 Ni2+ LPb2+ (.Zn2+ cA13+

B BRIy m—

SIS 5 UG ol i 156 i e


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy a5 g0 3 OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

Lewis ) wsd gladul a4 548 ,5ba
L Sla oSS Lulg 5 et (acids

LS5 K= 1010 o & golanl et

(O') .Ll,h:u.c
() g b s g

ol gl s sla S
o@éué}ﬂd@éjﬂﬁ

L (bioreceptor) 35 ol -

MS—is sl (transducer) slaJi s
ol s ol LIS alal Ll
L s g Sl sy o s Sl
ot el K3 St e
o L S s i iz e ol
Aile b o lando (S50 Cpo past
S O Sl JUS] candenl i
Lasl8 gsluslsT b ol coyl > Jlas!
A4S >4 dalgst o ae lals UL
JESm 5 plaled Joe Al e
el s s el b s SO sl
D e 03y QLA LS e O s
L s & o obddd 5 JUSw
Ll 4 pe 53 25 pe o JUT 2 lale
U I ] P ¥ WP
aladi 53 oIl i) S e

'Y

23 el S oS8l S gl —
CSLe 8 S oded S A
S elassbasdw 0SS (YF) wes e
< Sk ;1 (Petrobactin) xSy x o3
9 Marinobacter hydrocarbonoclasticus
Vibrio ;! (Ochrobactin) :poSL g S|
A s s aS Lled o oL Wl spp
FV) ol s i glay S A
(YA

St GBS gu Suimo S39T B
Plutonium-Uranium ) .5, Al b
s—>3, (Recovery by Extraction
Lot @lepalls Gl olant
Solas IS 4 a8 el glares SO
U el stme 6551 5 sk
s (Np) £ 5 5 b laes calls ]
= (P 5 b e esli ) (T) (il
La 35y ad S el Slallas ol
9 =Sl Gballans Ll Conls
A1 ) glates S sds 5]
slassh sl Sl Jle slaes S
S5 el (4SS L SLLS s

S|y L d O3S

RESEEEY

S L o K55 Sowe (0x0donors)



https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W"\/\ bl:....:L? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

50— wSibl (gl 54
AT 5 (OV) el O Sy

LS mlw IS0 e Sldeds
SlS 5 5 eslaal g, e Hladan
23 Dsb ot diile b e L 5L
slasls sl as s Ve L JelS cs
Sals ) olwdtn ¢l Y olesd
Sy J—le C)u (OA) Aas
St bolse et 5 S8 slesd
s coldlas 5 = cmul O
g oblas gy v 51 ala,ysh 0w
Csm St ol ol bu s JSSS
Sl =S\, (Gloephyllum  trabeum)
Sl S s Jte gl Al S
ol sl pUls Z06 cpl 5l eadlas
(redox) L=l 5 O sl St gas = >
Lot sl al Loslaze w305 1
O3Sl 5 das oo STy O dendenS]
Pl S 55 e ad 5 )
S o ds 1 sl iS5 L
bl G Ol adys T
S et S 3 03 S dekes 53 5 5 e

(B0 D) conl giilS

V¥

slaysi g dn (OF OY) ol Sl
(D 2l b opllae 5510k <ol sl
DA e e e g L5
L oslizal bs o pl3l T L LS s
R385 s 5ot eSS .(0Y)

(I11) Q—‘J - P. aeruginosa s ;S\

ssd>= 5o Yl ol b ol g sl
) S ) L(0F) cwl K = 1072
clle) sl Sl 5 1) 4 ses Ll g5 e
cble) SLo L OV ng/mL [ ais
s 5 plwls (Wng/mL o Lss,
S Gl s ld Corge el cul S Lo
23 ) S Sl gl e
SR sod Gpr e (00) 55l b Sk
A= S 5l

slansl b oslualic cg vinelandii

Azotobacter

eSS e Olpe s SO ol
(08) sl o oslizal (IID) ool (5,5

AELT (Sl o (S 5 (Sl

dﬁ—w‘.l:.ws‘ crﬁu" :‘)' < SON o


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy a5 g0 3 OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

S5 @2V (s S

slas SH8 an as o L s Cj.la.»

I LN S S R
laolKi 5l Loy b gl oo
5 a0l (s Glas! b (i o
JE -V ) SNCHIV S v PO L CP
03 oot Sl Fs e eslan w6l
e Bl e S s 5 2V
e e 53 a0l 28 Sl

25 s

References

& 5 domi
sy go sy Sl s ol
sdaze Jybe sladn b bl ) 0
3ol e 55 Loy 85 A
Bl o el 5 LS
bl A 5 s e A5 a3 paS
s S0 S oy 5 e cpl ol o
amdad 5o gl as baysd s Al
Sl S GblS 5 e85 S
535l B el el se Ol e a

¢L§)')jL~'ZS gwuw; aliss LgU:a)')}

1. Sharifi R., Alizadeh H.R., Ahmadzadeh M. and Rasouli Sadaghiani M.H.. (2017).
Investigation of different methods in siderophore measurement in indigenous fluorescent
pseudomonads. Biological Journal of Microorganism. 21: 97-106. (In Persian with English
abstract).

2. Fardeau S., Mullie C., Dassonville-Klimpt A., Audic N., Sasaki A. and Sonnet P. (2011).
Bacterial iron uptake: a promising solution against multidrug resistant Bacteria. In: Méndez-
Vilas A. (Ed.), Science against Microbial Pathogens: Communicating Current Research and
Technological Advances. FORMATEX. pp. 695-705.

3. Messenger A. and Barclay R. (1983). Bacteria, iron and pathogenicity. Biochemical
Education. 11:54-63.

4. Saharan B.S. and Nehra V. (2011). Plant growth promoting rhizobacteria: a critical
review. Life Sciences and Medicine Research. 21:1-30.

5. Ahmed E. and Holmstrom S.J.M. (2014). Siderophores in environmental research: roles
and applications. Microbial Biotechnology. 7:196-208.

6. Bellenger J.P., Wichard T., Kustka A.B. and Kraepiel A.M.L. (2008). Uptake of
molybdenum and vanadium by a nitrogen-fixing soil bacterium using siderophores. Nature
Geoscience. 1: 243-246.

\K


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W"\/\ bl:....:L? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

7. Braud A., Jézéquel K., Bazot S. and Lebeau T. (2009). Enhanced phytoextraction of an
agricultural Cr- and Pb-contaminated soil by bioaugmentation with siderophore-producing
bacteria. Chemosphere. 74:280-286.

8. Justyna P.G. and Ewa K. (2013). Induction of resistance against pathogens by [3-
aminobutyric acid. Acta Physiologiae Plantarum. 35: 1735-1748.

9. Jin C.W.,, Ye Y.Q. and Zheng S.J. (2014). An underground tale: contribution of
microbial activity to plant iron acquisition via ecological processes. Annals of Botany.
113:7-18.

10. Saha M., Sarkar S., Sarkar B., Sharma B.K., Bhattacharjee S. and Tribedi P. (2015).
Microbial siderophores and their potential applications: a review. Environmental Science
and Pollution Research. 23:3984-3999.

11. Dave B.P., Anshuman K. and Hajela P. (2006). Siderophores of halophilic archaea
and their chemical characterization. Indian Journal of Experimental Biology. 44: 340-344.

12. Dave B.P. and Dube H.C. (2000). Chemical characterization of fungal siderophores.
Indian Journal of Experimental Biology. 38:56—62.

13. Matzanke B.F, Berner I., Bill E., Trautwein A.X. and Winkelmann G. (1991).
Transport and utilization of ferrioxamine-E-bound iron in Erwinia herbicola (Pantoea
agglomerans). Biology of Metals. 4: 181-185.

14. Shahryari F., Khodakaramian G. and Heydari A. (2006). Characterization of
Pseudomonas fluorescens biovars isolated from main potato growing in Iran and evaluation
of their antibiotic and siderophore production. Iranian Journal of Agricultural Sciences. 36:
849-857. (In Persian with English abstract).

15. Bou-Abdallah F. (2010). The iron redox and hydrolysis chemistry of the ferritins.
Biochimica et Biophysica Acta (BBA). 1800:719-731.

16. Krewulak K.D. and Vogel H.J. (2008). Structural biology of bacterial iron uptake.
Biochimica et Biophysica Acta. 1778:1781-1804.

17. Noinaj N., Guillier M., Barnard T.J. and Buchanan S.K. (2010). Ton B-dependent
transporters: regulation, structure, and function. Annual Review of Microbiology. 64:43—60.

18. Davidson A.L. and Nikaido H. (1991). Purification and characterization of the
membrane-associated components of the maltose transport system from Escherichia coli.
Journal of Biological Chemistry. 4: 181-185.

19. Kraemer S.M., Crowley D.E. and Kretzschmar R. (2006). Geochemical aspects of
phytosiderophore promoted iron acquisition by plants. Advances in Agronomy. 91: 1-46.

20. Takemoto T., Nomoto K., Fushiya S., Ouchi R., Kusano G., Hikino H. Takagi S.,
Matsuura Y. and Kakudo M. (1978). Structure of mugineic acid, a new amino acid
possessing an iron-chelating activity from roots washings of water-cultured Hordeum
vulgare L. Proceedings of the Japan Academy. B 54: 469-473.

21. Nomoto K., Mino Y., Ishida T., Yoshioka H., Ota N., Inoue M., Takagi S. and
Takemoto T. (1981). X-ray crystal structure of the copper (II) complex of mugineic acid, a

\R4


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy a5 g0 3 OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

naturally occurring metal chelator of graminaceous plants. Journal of the Chemical Society,
Chemical Communications. 7: 338-339.

22. Gamit D.A. and Tank S.K. (2014). Effect of siderophore producing microorganism on
plant growth of Cajanus cajan (Pigeon pea). International Journal of Research in Pure and
Applied Microbiology. 4:20-27.

23. D’Onofrio A., Crawford J.M., Stewart E.J., Witt K., Gavrish E., Epstein S., Clardy J.
and Lewis K. (2010). Siderophores from neighboring organisms promote the growth of
uncultured bacteria. Chemical Biology. 17:254-264.

24. Bosne S. and Levy Frebault V. (1992). Mycobactin analysis as an aid for the
identification of Mycobacterium fortuitum and Mycobacterium chelonae subspecies. Journal
of Clinical Microbiology. 30:1225-1231.

25. Meyer J.M., Geoffroy V.A., Baida N., Gardan L., [zard D., Lemanceau Ph., Achouak
W. and Palleroni N.J. (2002). Siderophore typing, a powerful tool for the identification of

fluorescent and nonfluorescent pseudomonads. Applied and Enviromental Microbiology.
68: 2745-2753.

26. Schalk I1.J. and Guillon L. (2012). Pyoverdine biosynthesis and secretion in
Pseudomonas  aeruginosa: implications for metal homeostasis. Environmental
Microbiology. 15(6):1661-1673 .

27. Picard C., Di Cello F., Ventura M., Fani R. and Guckert A. (2000). Frequency and
biodiversity of 2,4-diacetylphloroglucinol-producing bacteria isolated from the maize
rhizosphere at different stages of plant growth. Applied and Environmental Microbiology.
66: 948-955.

28. Etminani F., Etminani A. and Harighi B. (2016). Role of endophytic bacteria in
sustainable agriculture. Plant Pathology Science. 5:71-80.
URL: http://yujs.yu.ac.ir/pps/article-1-120-fa.html.

29. Glick B.R. (2014). Bacteria with ACC deaminase can promote plant growth and help
to feed the world. Microbiological Research. 169: 30- 39.

30. Seong K.Y., Hofte M. and Verstracte W. (1992). Acclimatization of plant growth
promoting Pseudomonas strain 7NSK2 in soil: effect on population dynamics and plant
growth, Soil Biology and Biochemistry. 24: 751-758.

31. Husen E. (2003). Screening of soil bacteria for plant growth promotion activities in
vitro. Indonesian Journal of Agricultural Science. 4:27-31.

32. Beneduzi A., Ambrosini A. and Passaglia L.M. (2012). Plant growth-promoting
rhizobacteria (PGPR): their potential as antagonists and biocontrol agents. Genetics and
Molecular Biology. 35:1044—1051.

33. Shahryari F., Khodakaramian G. and Heydari A. (2006). Characterization of
Pseudomonas fluorescens biovars isolated from main potato growing in Iran and evaluation
of their antibiotic and siderophore production. Iranian Journal of Agricultural Sciences. 36:
849-857. (In Persian with English abstract).

Vv


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"W"\/\ bl:....:L? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

34. Olorunleke F.E., Kieu Phuong P. and and Hofte M. (2015). Recent advances in
Pseudomonas biocontrol. In: Murillo J., Vinatzer B.A., Jackson R.W., Amold D.L. (Ed.),
Bacteria-Plant Interactions: Advanced Research and Future Trends. Caister Academic
Press. pp. 167-198.

35. Shahryari F., Khodakaramian G. and Heydari A. (2005). Assessment of antagonistic
activity Pseudomonas fluorescens biovars toward Pectobacterium carotovorum subsp.
atrosepticum. Journal of Science and Technology of Agriculture and Natural Resources. 8:
201-211. (In Persian with English abstract).

36. Yu X., Ai C, Xin L. and Zhou G. (2011).The siderophore producing bacterium,
Bacillus subtilis CAS15, has a biocontrol effect on Fusarium wilt and promotes the growth
of pepper. European Journal of Soil Biology. 47:138—145.

37. Khalid S., Shahid M., Niazi N.K., Murtaza B., Bibi I. and Dumat C. (2017). A
comparison of technologies for remediation of heavy metal contaminated soils. Journal of
Geochemical Exploration. 182, 247-268.

38. Flora G., Gupta D. and Tiwari A. (2012). Toxicity of lead: a review with recent
updates. Interdisciplinary Toxicology. 5: 47-58.

39. Pierart A., Shahid M., Séjalon-Delmas N. and Dumat C. (2015). Antimony
bioavailability: knowledge and research perspectives for sustainable agricultures. Journal of
Hazardous Materials. 289: 219-234.

40. Xiong T., Austruy A., Pierart A., Shahid M., Schreck E., Mombo S. and Dumat C.
(2016). Kinetic study of phytotoxicity induced by foliar lead uptake for vegetables exposed
to fine particles and implications for sustainable urban agriculture. Journal of
Environmental Sciences. 46:16-27.

41. Nair A., Juwarkar A.A. and Singh S.K. (2007). Production and characterization of
siderophores and its application in arsenic removal from contaminated soil. Water, Air, and
Soil Pollution. 180:199-212.

42. Rajkumar M., Ae N., Prasad M.N.V. and Freitas H. (2010). Potential of siderophore
producing bacteria for improving heavy metal phytoextraction. Trends in Biotechnology.
28:142-149 .

43. Edberg F., Kalinowski B.E., Holmstrom S.J. and Holm K. (2010). Mobilization of
metals from uranium mine waste: the role of pyoverdines produced by Pseudomonas
Sfluorescens. Geobiology. 8:278-292.

44. Ruggiero C.E., Neu M.P. and Vanderberg L.A. (1999). Plutonium and uranium
interactions with siderophores of aerobic soil microbes. Journal of Inorganic Biochemistry.
74: 282.

45. Das N. and Chandran P. (2011). Microbial degradation of petroleum hydrocarbon
contaminants: an overview. Biotechnology Research International. 11: 1-13.

46. Barbeau K., Zhang G.P., Live D.H. and Butler A. (2002). Petrobactin, a photoreactive
siderophore produced by the oil-degrading marine bacterium Marinobacter
hydrocarbonoclasticus. Journal of the American Chemical Society. 124: 378-379.

YA


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

e Gy a5 g0 3 OF s 5,8 5 5585 50ew (83,0 5 5oL 4"

47. Gauglitz .M., Zhou H. and Butler A. (2012). A suite of citrate-derived siderophores
from a marine Vibrio species isolated following the Deepwater Horizon oil spill. Journal of
Inorganic Biochemistry. 107: 90-95 .

48. Hickford S.J.H., Kiipper F.C., Zhang G., Carrano C.J., Blunt J.W. and Butler A.
(2004). Petrobactin sulfonate, a new siderophore produced by the marine bacterium
Marinobacter hydrocarbonoclasticus. Journal of Natural Products. 67: 1897—1899.

49. Birkett J.E., Carrott M.J., Fox O.D., Jones C.J., Maher C.J., Roube C.V., Taylor R.J.
and Woodhead D.A. (2005). Recent developments in the purex process for nuclear fuel
reprocessing: complexant based stripping for Uranium/Plutonium separation. Chimia
International Journal for Chemistry. 59:898-904 .

50. Jarvis N. and Hancock R. (1991). Some correlations involving the stability of
complexes of transuranium metal ions and ligands with negatively charged oxygen donors.
Inorganic Chimica Acta. 182: 229-232.

51. Chiado A., Bosco F. and Marmo L. (2011). Preliminary studies for the use of
bioluminescent bacteria in the development of wireless biosensors for environmental
monitoring. Chemical Engineering Transactions. 24:1351-1356.

52. Gupta V., Saharan K., Kumar L., Gupta R., Sahai V. and Mittal A. (2008).
Spectrophotometric ferric ion biosensor from Pseudomonas fluorescence culture.
Biotechnology and Bioengineering. 100: 284-296.

53.  Chung Chun Lam C.K.S., Jickells T.D., Richardson D.J. and Russell D.A. (2006).
Fluorescence-based siderophore biosensor for the determination of bioavailable iron in
oceanic waters. Analytical Chemistry. 78: 5040-5045.

54. Kurtz K.S. and Crouch S.R. (1991). Design and optimization of a flow-injection
system for enzymatic determination of galactose. Analytica Chimica Acta. 254: 201-208.

55. Yoder M.F. and Kisaalita W.S. (2011). Iron specificity of a biosensor based on
fluorescent pyoverdin immobilized in sol-gel glass. Journal of Biological Engineering. 5: 4—
16.

56. Sharma M. and Gohil N.K. (2010). Optical features of the fluorophore azotobactin:
applications for iron sensing in biological fluids. Engineering in Life Sciences. 10: 304 —
310.

57. Singh G., Ahuja N., Batish M., Capalash N. and Sharma P. (2008). Biobleaching of
wheat straw-rich soda pulp with alkalophilic laccase from gamma-proteobacterium JB:
optimization of process parameters using response surface methodology. Bioresource
Technology. 99: 7472-7479.

58. Bajpai P. (2004). Biological bleaching of chemical pulps. Critical Reviews in
Biotechnology. 24: 1-58.

59. Arantes V. and Milagres A.M.F. (2007). The effect of a catecholate chelator as a
redox agent in Fenton-based reactions on degradation of lignin-model substrates and on
COD removal from effluent of an ECF kraft pulp mill. Journal of Hazardous Materials. 141:
273-279.

14


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.2.5.0
https://journalofbiosafety.ir/article-1-313-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-23 ]

[ DOR: 20.1001.1.27170632.1398.12.2.5.0 ]

"\YQA bl:.....sL? A GJL&-: NY [PEL) ‘d:.wd_.} ;;'w.}“ 4.19.56"

60. Xu G. and Goodell B. (2001). Mechanisms of wood degradation by brown-rot fungi:
chelator-mediated cellulose degradation and binding of iron by cellulose. Journal of
Biotechnology. 87: 43-57.

Siderophore and Its Applications in the Field of
Bioenvironmental Researches

Fatemeh Shahryari “!, Roghayeh Moradi 2

1- Assistant Professor, Department of Plant Protection, Faculty of Agriculture, University of Zanjan,
Zanjan, Iran.
2- Ph.D. student, Department of Plant Protection, Faculty of Agriculture, University of Zanjan, Zanjan,
Iran.

shahryari@znu.ac.ir

Abstract

Iron, one of the essential micronutrients, is needed for electron transport and
metabolic processes in almost all living organisms. The ferric form (Fe*") of iron is
insoluble in nature and inaccessible at physiological pH (7.35-7.40). Under iron-limited
conditions, metal-chelating agents such as siderophores are synthesized by many
bacteria and a few fungi. Siderophores have a high affinity for iron or other metals. In
recent years, siderophores have been considered due to their potential applications in
different aspects. Siderophores have applications in microbial ecology to enhance the
growth of several unculturable microorganisms and can alter the microbial
communities. In agriculture, siderophores are used as plant growth promoters by
enhancing the Fe uptake by plants and as potential biocontrol agents against
phytopathogens. Therefore, they are suitable alternatives for chemical pesticides. Also,
siderophores can be applied in the bioremediation of heavy-metal- contaminated
samples and as a biosensor. In this article, the different uses of these iron-chelating

molecules are highlighted.
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