[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

et el e
\Y"\A };\g: gr GJL@:' ‘\“ 092

b= ISSN 2717-0632 (55 2SIV ISSN 2716-9804

- e . é . hd . o 5 - b4
Lb.bﬁ)ts‘g ..\...Jy o Gl g )\SJL« J"l?u g)‘}& 4.3 W}S‘ @j"‘
* Salo S5 ¥ Sele g S SeS Ol
‘CJS ‘U“;é-? cK&.}\: ‘Q;.Mla C:L.aj 6)')}[.15 oS gé)'uL.':S wﬂ.)&..@.») 6}1& 0SSl LL;A:")?AS ajjf cé»;ﬁﬁh‘.«f 61}53 =\
{_)lﬁl
Ol Ol Ol a3 5 (S35 b3 55 e o J 5850 SOL ¢ g L) bl )l8 =Y
R Sl (Dl Olesl Ol (5355LES (65555 5 o3y s S 585K i« J 50 K55 5lakel -1
Qlﬂl ‘CJS 46)')}\.15
aksadeghi@abrii.ac.ir

W /TV 2oy sl QAP e il s fa

\=Y7 a>an

adlie laoms gla 25 L S5l (slad fome 055 anilil 5 A5 L dg 558 lap 5515 S0

iy s e (6 by thiblons ol 5 el S5l glad s clissl iy tage 3l o ST S o
ol i Slam 5 ke b a8 s slas )8 s w5811 05 S ol L
S bl ol K Ol5i 4 055 3,8 et by allie ol 3 el 4 55 5550l
Ol o581 Kos slas )8 pizmas sl ol 03l o 0 o 5 i e €I L 055
S ol pesdhe ol 4B S I3y 3, se il lagslen Sl b b s Bl s iSo
(S 2opm o el andl il s ke IS 5 ad S5 Sl sl Ol 4 0 5]
2> oSl Sl e 5T eiS ey Glads ol o e3ls 8w b 4 VU les 5 (St
b bl 3 o 05l O i s Al ol 53 15 13 ectABC i adpt
Lol b (550555 53 05 ST A 55 sl ol Jl 5o el 485 13 ) 2050 et 5 5bay
95 ol KaS L syls 3 g 5 (leaky mutant) ois g 5 oL SU (bio-milking) ooy o595 .8
el 0 o)Ll gy 35 ol Sais sdms 4 Ll 53 35 e A g5 o sS] o cptir AVl iy,
Slae Sl Koo OB s (s (B2, (25 g 0 5S) g hIST glaell


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

3 She Lo 5 ol (Denature)
Slemle o 5l izan S o s
s —Shes O JLiis 4y 5 55— o5
(1) dias e e 511 355 5550018
slagsbydba ST sy =5 ol Ly
slaboe 3 Jobw SO a8 5
Col S slaan s wole 5l Sl
Sl 45 Sy e opl 4 (F) Lsd e
DY Y70 5l G e A 5 0ile ol
Sl aoyls 5L (NaCl) asl Js R

0) 345 o 42iS (Halophile) & 55
5 aklis Gl il 5o S by
a3 e glalase b S5l
Sl b8, Sl se e S
ol sl 3l 3 (Lo ST 5 s
s (High-salt-in) s 55 55,5 Sl ges
Low-salt-) &NVS S0 Sl 040
e LlSal, nl 53 e ls obin)
5 el e s (Sl L2 15
Sk dsk J1s OF 0ad bt
3 S Sl Jokw dol hss 0o o
o 355 g 0953 1) el
Jsbo bu s O3 53 ol odr JlMie s

03 3 ge a0 cble o S

doio
P TS S 1T SIS [ ST S
il Wiy oS ol b 53 aan
Aol A dls iy Sl g ge (S5 (2 5
L baroe SO L3 Jsn SO oS ol
S 58 e 515 S SV
ol glad 553 5 T3> = S
ol Tor= 3= e ke (G 5y S
Jee Ol 0 Bl sl ool
S ol 5o 5 ddw 5, s s
bme 550 53 D 50 e Jshe
Shime SRS Jalse e A 5l S
PRI INWHE G PP ERPUNPC RN
352 U s SOy sl
0 S Ol ol e (V) s o Sl 3
G S Cnl ol 85 sl
bl L adilis 5 g panl JLAS o B
el ol sl J s 5 Sl YL
G el l_arJ-_:_’,l_{o ol sl eslaal
oo (V) el Jshe b 5 505 (655
03 S e ol sl e 0 S ol
S 3 2l ol o sl
Sladeal Joho fpor 53 s o o
i pely ad S0 Sl Kos 5 SIS 5


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

S 303 Ol e (655 Ol oS
IS5 m s 2L S sl S
osli sl low-salt-in (LS « ST s
s s S s o=l el S e
(Compatible ;Lo L ad Jos
»3 (Osmolyte) < ol L Solutes)
L ol Jsles baim g Jske J51
S e 48 gazma Sl ge ol (V) ol Las
Gis Vo e Ly T oS 5
P | B PN e S PN e
i S5l a3l 5l eslasl Che L dias
Slchle 53 o sl ol &S ool s
Al Jdw sl s o VL
aS 5,ls sy gl (WSe LI
S e dS Il ol s slse ol
Syt Js |57 5 S 5 SLe
5 OAddled b (ddslee pl 53 L5
Sye ol S o Cdablows OALEazE ul
Laas wsle oo glad lajlsle )
(Polyols) Ladl L «(5lae 5 5 55,5 o)
035 il Ly oS 5 Ly
J s s odg S Al oS 5 0
Asile el gladul ¢ piln oJ il

cO.:-.?}”) u.:.AUj.Lf ¢CJLAUjJS/ twjjﬂ:

S ol HLES Olie) J sk Sl bl e
ﬁ)_;f Lo gases 5 Lo opSs o 5,05 (o
e 03 e (sl S glos
L)oo o ble Sy o
53 Slodzmy 5w lap K s
SOV PRI I R PR I Y
Shool Loy med 4 Ol55 o abor
S5 on St prer 25 oL
Sl = s S slad s
(Hydrophil) e sl slaaieldul
S sl Ladieltul ol 554y diten
MJ&QMQ%V_AFJJ,LL_L\
S e gl 3 LS
s s Sl slagt s s
Slobems 53 oo Shoamn oo 2575
o eoml s e Sl LL e
sl il pladass gl s Kl
iy a0l 53 (Giemml SIS 5 (5500 S
cjjj L ol Vo Sl &) e
= Lael il bioiw 0 SKas 51 S S
5l HALOBACTERIACEAE (jl,
Lai,sSL 5| SALINIBACTER (s S i

o—! 3l 3l s—a ,.& Halanaerobiales


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

o (sl of 8ol 5 plebs e

HPLC t Ao g 4 | s

(@)

(High Performance Liquid
NMR =_.cib 5 Chromatography)
L (Nuclear Magnetic Resonance)
VAV s 5l d e ealital YU - 55
Sl= NMR gl py; ¢l 5l 0SS
Ly AL glad o glulis
S L;L_AD:;L_Q\};?A Lo el
shlacsl ys o ul s esla ol Cwgs
oSl sluls Cgr 13C NMR 5,
sl gl 5 (V)
,> Di-Myoinositol-  1,1'-Phosphate
= odlital Cewpale S glap 38l S
S A sla sy ol (VY) L
Jsbas gduss NMR 5 1H NMR b
oS Sl g 5 6
Alesls Jasl sl 1 8500 slad sl
o=/ TH NMR %, 3l esla ol o o
J= e el 5L 05 as el
SLad sl Slie 5 55 015 n ] Sl
ais J ke i8S s o 1 851

dS o Giis 5 (Ectoine) 5 oS
(Hydroxyectoine) ;s 5| S 5,008 O]
S L S sl ol A Lilods |23
OA— s 3 LS

Lolss slad 5050 51 Sausclasloe
S R e sl
a0 s el andl 5 YL gles
()

S)—2-Methyl-1,4,5,6-)) Lo .5 s=S|
Tetrahydropyrimidine-4-Carboxylic
sladsh=s 5 Aol 51 S Acid)
500 calag L 5o 55250 L850
awslin s (i ghdles ol (6l ls
St WS ale LB slad sl ai L
Aol e Sk 4l s s il
2 e Sl o 1 Jske S
S oy s S gan UV wil ;)
O s clasle

53 VL slachle s e el ax 5]
J=95 e Npde ot 5 A8 b
U ST ST
K05 sl i <5 JpSTe 5 )

.La‘j..;daﬂ\SC,wu\ u.,pl.?— o3le u_i_:‘).) u..al.?—


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

Sel i La dags Of 51 e .(V0)
S e gl St s esle (pl 2SS
Methylarcula 45l (Methylotroph)
Methylophaga s M. terricola narina
Ol sl @l e L(VF) U5 5D
e 0,8 U Sl S S
S 55 55 g0 Streptomyces parvulus
03 63 Ol 4 o ST L(VWY) S e
Alpha and ) La SL5s 0 LalS 5 LA
La :SL eS| 5 (gamma proteobacteria
aib ;5 555 » AJ g5 (Actinobacteria)
3 oS0l o et ol g
el el Olgie 4y 1y 3 ST S 55
S il DLS ) S 2 la

e oo 5l adl= ool LSLAV":‘

e e liie Loy (s Cilises

(VA) 5,8 glnaadb a4l ds e
Ly bl s a s wlesls olis ladlas
Aot by oSt g Ol )
Brevibacterium s JUis Ol s—eas 550>
Seod 2l 4 s & 551 A 55 Ol e
Sl s S Jshr 05 o
Al g (22lea Olsae 5 (2 S o g5

ol 5 Sl G, SO sl
SIS Fss 53 5l S 5 eslinad
I S el pais s Gl ol
— S <—u| (Pulse Amperometric)
= L oS b placd penl Kl
el e o adl> s Sl d
S el LS G 0 By, pl S
lal s ¢ S e ¢l = of 5l Ol e
(V) 5 S eslaxad LT g,

Al gi Sl 355519 50 9 L iy g
LT sws”

LS S Ol 4 0155 e ST
S gy Sead gl sL olls ¢l
s b L3 esle ol 03 S eslinl
o e 5 Gy S slas SL
20 sl s asd e A S o
oS g S 3 S s S

s\ Halorhodospora halochloris
L st clle Jolaog,s 2l
Lap 5508 515 S 31 (35 sl (5, 2
! el 5 ST aS U esls LS

Sl odcS e 528 8 (3l a slags SL


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

Sl gladgdoe Lo sd Loty o
Seebinsgef sla Sy spd e s
o SBle 5lOl il 4 e by
Skl b b aslie ;5 D> IS 02
Ay Al e Slil Gl gl e
Sl s e Sl s
Al S lad o e
53 L85 glad o sl s SVl
Sl Dl e e mha
Sl ol s e Gds 5l 3G sl
o3 ol Gl sSse Jls pme iolshl Jaw s
SLa il 3 s e 0l Latis Gl bI
s S S L e 50 Bl e
Lol Ol yen 5 cmad Oy o 4y
Sl ol s (b Vs 4 e g
Sl I lad 550 a5 0 00
03 0Ean ek A L DAl 4 eS ol
el s el ol e el
O HILL a5 5 3 sl gl
Byhee 35 ek JSE 03 2850
S ey QLS 550 Soals oluand
oIS L Gkt e 5 S Ji
OLLS eomen lea a5y 5 5l Lols
s sbas HB 5L glad gos 45 0sls

sl (S 5 oS A A
s S 25> JI e Ol s
o= S| Chromohalobacter israelensis
Lo 8L as osd o L85 S50 50 g

)J}(ﬁ)lj)) LSJ.OL@" .L;) 4'L>'j‘)>

(Y0
Ol Jos p il

S culenly olis 4 sd8 Oladlas
5 o =S b HE 5L slad sl
O A S| S
Cod gles Ll il L s s Cosb
Laol Oudacs wly 51 Jsbe oty
G S Jos gl S e (6 S sl
slaas,p Jy conl olls asls o
s Sagdse Jiel Ll gadae
L b onl dls 3l ) s 5
5 s GLa i STs 05, S 53
488 Glad Bl el el S
Olps a5 Conl ol b p g 03 205 ) 5b
S e S s b S
Preferential ) — S Gl Jo o
o2 e ol s s sls <=U (exclusion

2o e Ol plaad Lowily oS sl


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

3 G el e Gl 3l
S lie L SL s S T el
e eST eSS a5 sl (YY) sl
S8 =5 (Cluster) ai 3 S &y 50
el Jele SO daml s (V) Lyl
sl ol sl aw b,
o oleb 8 5l s e a) s DABA
3 35 o2l cpl 05,8 sdins Ol
o=l ectB L S ,ans 5 sel DABA o 35l
il ol AS e PSS sl
035 5 a—eal AWl ¥YY L s s
Sl 4SS cnl 05l IS FP IS
K™ 05 4 5l a5 6555006 el
o Jeil 05,8 S sl e s sl
el 058 sias 353 0 5lsl DABA
(Acetyl-CoA) | ﬁ)ﬂj_f el J 583 50
Je! DABA 01 suS IS o551
L =S aS culectA L 5l e 5
STV IS 035 5wl aiul 1Y
Py (PUR T IO YRS PRI U |
Jerl O il o se ectC L Sl

Sy e S| LS55 s DABA
5 Al Al VTV L S s s ectC V’”Jj

o=l el Ogdls HS0N0 IS g O3

v_b MJ‘-}_A_’ &Sb L’“J‘-:-.”)ﬁ cla_.ul_:
S slad y Sy Sasl, wl
Cadgdome ol g e 0T g Sl
ol i 5 o gl s o

(V) 358 e Lo gy S
Al S g el (55 sLm e 3]

514 5 e .| (DABA)

s+~ DABA ((Acetyltransferase)

o= =S| s (Aminotransferase) 3l &0 5
ool 5 (Ectoine synthase) jlee—.
A e s L (55
U2 =L (U P={JJNCPPRWS
e IR B
<=L>,L3\ ectD L, (Ectoine hydroxylase)

V_”’JJT LS)))'?“’\'":‘.’ (:L>u‘ Sladlas )}.M:L;a

SIS 4 G\J’.'“ sl S
S H. elongate s E. halochloris
03 15 o 51 e g e S5 4 315
Ul e i 5 ST L.(YY) el
(Aspartate semialdehyde) J_sul o
03 s o3l ol s e a

Ol 5 aceal ladeal Sl 5 ot


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

3 sy Sl L L s
(YP) ol 4 S

et g (GBS (610 gy did s
S !

i S s Streptomyces s ax S|

5 e 59y C—wsYL s (Promoter)
53 Ll (YY) U8 e ol 1, 55
St K iy 0 S0 sl S
Lyl 13 ectC caws NL (s 50 5 ectd
oS 3w g 05 s &S VL Calis
il L;L_AM;LSJ\};?A 23 oy 5S|
et ) 4S50 Of 5 olas s,ls S
Li- oud @ Sl s 53 plendss
(YA) sl s

as iy ssectd 05 VL s
in b3 0 0% 5670 o S, else
53 3,0 3L 0% aS it s s
BEIRE Y Sy W) | - ONRIH g Uo S B ]
0> @ Aol i 50 ectC 05 SawsVL
oyl Lty g = o=l syl 3
OS5, S a5 by po SOOS (o 505
(Y) s L

L;L;ar_.iﬁ.%l_gectABCu_.ﬁjjjjm_]é.u

38

daly s 0™ g0t

~ S Al el Bl G et i
(Carbon-oxygen lyases) ;LJ 055!
s el ol L as glislesl .ol
PN [P IR P BCH G S PN
T N I S AT RTSTIN Y
> .l NaCl S s s
Ho U les Jle Ol soas 55 Lyl s
s sla s sS1 51 gl de elongate
o RGPS S e ) el
HU eetD w3l hwys S|yl S
TYY L s S ol s
SIS TV IS 05 s ael Al
o3l 5l 05 S 5 4 late a5 ol 0505
ol 5 Heme o3, 6L Jy LaLss
55 S e bty i )
o SLI 51 e 1 (OH) S 50
(YO) ws
Lo ectABC 5 5=S) o g sLals
(Helo 2588, Helo 2589, Helo 2590)
s So o3 Jeme Hsbay 5 L5l U
O slams 8 51,5 Kus, LS s S5
=S 95,4 « S (Helo_4008) L (ectD)
DS 53 LS e s e ST S S

)Jéé)&#)blﬁ‘juyﬁ‘


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

LLis 4 axnsly (Transporters) sla |56
S 1 5] s L e e
e LT s cplaas 5 sl
Ssl Jsbo 2ol Sl S slad s
L s mro gl 53 O 5S) e Sl
g s il gl > Sl o
e RN P OIS ash 4 g
4_>“_-J§\ Las e R ERPTRR LY le.au':._aj};
Iy ectC 3l s 5555 s sS1 5 Sl
5 S il Ll Ly e il
530 = P S S s
(YW el i Sl wectD (g5 3
9 RS =0 Olgas 4 igas( 3 ool
S5 5

‘LAD.:;L_?)UJ.K.:» ol aasie S
ool Y Sl il
LS 5 olad 4050 Lap 5518 515 S
chr L o SL s b g el g
Co iy Ol s |y Glbl s 31 add
an Ol oo dge pl das 51 AS O as
35 o8l ST S ppden 5 S
S 3P e Olped (55 5581 B paas
S il glaai S s 05 s

WS) e by St io il eds (55158

slag s j sldedalin S5 5b
Corynebacterium — J—_5b s

Halorhodospira o glutamicum

o—l 53 35l Sl e S<e halochloris
S ol enls LS Lap il Sl S
5 o b L5 slad sl
o= B0 St L il S
03 059, Ol e a Sl W5 ol a L
) ol IS 36 0T 5 e 2

5 B g 53 03 5P S s
P R PU P PN S ] JUNI[FY
(Transcriptome) N.:ﬁj_i_w'\js Sl
Lo oS c—wlesls glis H elongata
VY o #/0SEIS d alsl
05 S35 3 edddd § mRNA Ol 5t o
o s ldlectC  ectB ectd sla
Jdoss 5 a5l 5 e mlSisS
aS sls olis (Proteomics) Ko 555 0
ol 3l L ectABC sla 5 0 2ol 58]
o Cdlad el ol en be (655
Sles Sl Sleas ous a4 o
(YY) 2,8 o D e 5 el
IS L S8 5l slad slaes JLax)

b 3l e s s il


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

d e sln 5y sl 5 5500 5525 L
Sl (Affinity) ol LU WLOT Cds
e 3 il s slse pl 4y YL
b L B ol i by e sl
oo ssban Iy L pd oo W s s
) el YL s o W el
OFF) 2,1

WS | Ly By Jog09 5l 3 Cble>
S aodr 5 5 5SSl e e
Ui 5l il gl malS s o 5]
Db L5155 oo 3l onl 208 5 sos
o ) U e sla STl s
Sladlsisly (S (S b S
sduSand puly Jolpe 505 5 o sl (05|
sblic 5 s s gl dan S 5
(FF) 1S claslos 5k

Bl L e o ool b asn
S =2 5P ST S oA 5 S
5 2l a4 Ol e e Sl el 4 S
3,5 o LAl

il 0d S8 sbeSsn l pd S
L0l GadaS| e 5 e (OLSey
5 b e s s Ol S5
S (Y0) A e o lablne S35y

be 53 eSS 5 0558l S by
e S 53 (Gl 0 Ly s )l
R IO P S W TS X N
e Bl S Lo 5 L5 e S S
5ok S e SW b OF j3 &S
YY) 558 G e
SLS 5 ol AlE e e 558 1 S
el sl ;05 Ole 11 Aaed )l
25 Jem Glaptans SeS w5008
PP I WV W U T FPC PR M By
ABC-system | 3U 553> A0S | axe
Sinorhizobium meliloti ;> EhuABCD
J—3L 5 (7Y)

soo155 (YY) R. pomeroyi ;3> UehABC

TRAP transporter

NGO RPN W

i ool Sy 551 45 ol
O s Jlail Jsans j5ba 5 ol
ol 35y Lag SUL Oselp aes 5o
sla BBUas by o glad) s
et 5 b ST S s 5 5 5S]
S an O e IS J e (5la0
(VYY) Lgd o J xS

cble 5 el Sl s praeens

AL Gl bl b s 0l Sl gla


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)LSJJ:J}; ‘;:unﬁw.Jlijd J}JN&‘};&QO:;}:S‘ ;éj’.d gb‘)m"éw"

3y s S Il s slallp bu
SLed 05,8 Blal b s S e )8 eslanal
asdss 1018 o ok s pls sl w
03,5 1S b s s YL O
!4& sl 5 (Feed pelleting) <=\> STy e
sl a3 A0 gles S 4
Al olakd o VL LGS 5 o b,
3B e ol Jls S5 S
eI 5l sobal oladas pl 5l szl
S U Sl ol b s ol sysm
ol S s s vﬂ}ﬂ S SLEPTE
o315 O Wa jtassy 548 e Jlad e YL
Cmoslio L 4 e 5551 05,8 Blol L oS
S e Ty a5l YU les 53 o 5
105 5 il sdasdes s oS
(YA) 553 o 3LS1 Lo o

S eST Lrasgi 10188 slsLo Lai
cslae andl 51 25U ool o S|
oelS SsolS s gladshe o 1
O, 5 Biinger oladlas caas s
L0183 53 i Olpe 4 sl 0L
Ol G gy slad gl LS 2
oo elysle axsl b 5l 84S oK
s g e dd Sle o gST s (UV-A)

"

s el sl 51 o S Bl
Cwl odd Ol asly 5 baw s o 55
(¥?)

S— (Immunotoxin) S s & sanl
Db S S el e 5
Sadsle s ;s G, 5l e S
3958 ) e st e S S
DA 4ES el Sy sl b5yl
—Ssodker Sy Sl J
= =lr 0 eSS ol S s
Bl S il 5 Sas 5l 2
S o aS| bl e (YD) AS
oty 5 gyl ol 53 Jsle cLid
(YY) el el UL 50 (Surfactants)
B Lasgi g 5T O

YU lales S ban 3T o ll & S
sl iy b g 05 81 e s
s Ol g5 oo ador 51l oy DU 4
o,Ls!1 (Phytase) ;L r—i)j R oessSth A
Sl s e phd S sl s S
L 4«5 ¢l (Phosphomonoesterase)
53 35> 5o (Phytate) &l 55,0
Lol I e clius (ode 5 o pne

WJ)LA_’ Slid ol S e o5l


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

(FY) 55 dial s OF 05,5 andad anks
sy 4S5 Sl sl S Cl s
Polymerase Chain ) 5L 5 .55
Vﬁ)—ﬁ ol ulsl Eel (Reaction
,> (DNA polymerase) ;| ,—edy 1Ol (s>
s sl el s YL gl sl
93 Lol s ,> (Melting  temperature)
(FY) 558 0 GC 5l o8 glas,
OB Flosd b

Sldlas ST Slays olg 5,50 s
350 Ko 0 oS Sl 4 S S0 (6005
35y Sola (s 355 e ooLal O
Laol oyl 5550 ol Jole a5 5405
(Misfolding) Lol S5, 5

N TCSCY [ GNP U SOTCOIN | I S
sbwl 5 ol o aslsl Cel a5y
Lads sheel 35 o (Amyloid) A5 gheal
el Tl ola s lan sboul J st
S Ol an Al e S A
Lads ol K25 51 Jge oliylasl Jols
ol Oless bs s Eol 5035 (o5 5l
L ol mmen (FY) 550 (g5 as

S (Acute Pharyngitis) sL> <o 5,0

5wl e Lol ea e ns Solen

'Y

Sladsh b aglin s em 55 16 Ol 5o
(F4) 54 xeS dals

LLie 5 Lty 5l Sl oI5
st Lot ey i pS) e
Gl oSt o bl ol s .ol
L amslie 53 bad oS 0 5 o 0 JLaS]
Ceely oS Jmles ol ol O J S se
S ash e Seelas e S S sl
i 5 La s olinl il s
oS s G b 51 (Q) A4S e oS L
ol Jslye 51 5 3Ll
o A LUV ail s ol 345 5
Ses Slas B ol pegdle (Yr) das
S Sy sl Ol Sl p e )l
S (Heat shock proteins) g, ,> S s
ol s L e W 8 ST e 5
Gl UV anil ol s J gk Clablons
(FY)

35 Slalllas 2208 a5 i b s
Sl o e ST sba Sl ae 5o
Sladlas ol ool b S s L0l
Ll Cel 5S|4 S 515 0L
534S 35 e LOLss sl s Sl e

530 LS kil glaw 5T il


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

ol A8 S sl il s S oK
slassess JoSis L Uls e olan
4 (Granuloma) NJ)J\JST ol o S
sliwdl 5 00 sl o&ws o LS
UC s law a3l ol an 3,158 oKaus
i an b bl ol S
039 Jyene ysbas a5 il ony, bk
ol B U Cad 1 e 4l 5 S
Sl So S s ol 3 s e
LS el B S e
lads T 4 Od eyl o
welasls 53 sl ey, sl S
3950 o5 ol (pl Ol ¢l &S
Dolaze (plgdl Glopaly JolS or e
S oS e b e s Sl 035
Lassls pl s o0 Oy sl slad sk
Sl Sl sole gl Sl
L sl el ole bl o tins
Bl Sl as Ll s e Wl
344 o (Ceramides) ladul oo 0L 5151
cldl s el S5 Oles 4 ol ol
03 oSt Sleys Canls LS s s
e s La e ) Soles 93
O S i 5 oy sS1 el 4l

'Y

Ol Lacss g 5T L oS el @,
Sl @i sk 4 ST o 58 e
s L asles 53 olen Ve 8,
Cledl ol 353 o0 Jsene gloa
e 551 SaS 4 50 (Laryngitis) s
Sl Csens 5 sST il Ol LB
3395 oS 4 Golew 52l Olys 2
e 3 e ) S Oledl 5 (5
crl Ol L3 ST Jae ol 5 e
Sl o 5 S ) Oles gl
35500 JUS B 5 ol Ngm Sl S
(S e el RIS
Gl bl s Ol Jy S S o S|
Sely Jor il s S8 S5
dLie ey Olentla OUld lasl
s5d o Ll oLl Jials 5 ol

(¥0)
slagolen oo oS! Slos ool
ol o Gaalasl s 55058 olKeus
L (Ulcerative Colitis) ;4,5 < JsS
(Crohn’s Disease) 05,5 s lew 5 UC
035, 2 glagolan 5= CD L
s solben S& CD ola Lizes


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

£S5 esls 0L 3 Slalae (YY)
B AU 5 I P PV WA B S g
Gl bl S e clablos oo 52
pwﬁcbjf\s;\;owoij\w
3 =5 sl b sST S5l O sed 50!
Ol 5ok Cusll Gy ol Lo Cunls
Shoolsst rlds o s ST g %S
L S 5 658 oS sk e SO S
3 S5 LA sl e YU LB L
St Ly S0 (PSSl
ool N sladshe ol 0T g mds
3 ol e O el slad e
s ladn ol sl s Sy
sl Lo pasin 5 (e 3131 sy
Aolails 13 Ay et 8 o me 3 4S
oSt 5l eslizal LG e ralS Sl 4
o3 e 03 GBS 1B S B ek w
S sl W she pl SIS 51 ks
o dS A5 glad g 8 S 15 0S8
~ > (Keratinocytes) v s 51 S
UVA; 320-400 ) o5 sa0 5 Lol 35 5
B oo L O3S | SKS Cel (nm
Sl S S e Jl O3S

V¥

Jsbo (SolSe 5 Cpeled 551 50m
s AS e bim 1y ey, Jlda) gla
slacew 38 ol Ble ronen
O5eS1 33T SISl 51 5L gla i
e osba S pen Gl andl sl

(7)ol o35 (5 81 51 i 601
gy Ol 53 dslie Sleys sla )
3Pl s Slns et LS
Lot ol 51 plaS o o8 il 1>
55 i bl Lol aslse sl
b oL ) eslinal 42208 gbadlu
5 ool (AL slac Sk u b
s o5 Solem ol Obess oo oL st
=Ssodes 5 sS4 Sl
s L Sl slad e g5, e sS]
ol el 4B S S s e 5
D5t L 5581 4 anls 0lis colalias
sl Gss o slx o)l S
e s Sl 2Bl axdls L sl
s e g ot Gl e slad e
Ao la S e ol S 1 Lol
Sl glad sl 2iS oS esls LS
S L5l Goob Sl o 581 Ja 5

>j-":’L5‘ fl_>u‘ Y8 e LSJ—.’.)‘\—‘L’)" L;Sj'k""’


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

Shesl s (VW) cwled i Syl S
PGPR 0lycas i ol slaas S
(Plant Growth-Promoting
S > slag S L Rhizobacteria)
iy Slbl glas js s alS A,
SASL ol OY DY ) Wleds i3S
Ll 55 e 0blS ai, Wyl s esdle L
051 e 8 LS slag len JmS

(OF OF) LS Wl il g5,5les
L a3l 7oL« 0l e Jls Ol 5w
S& S Phytophthora drechsleri e
Yo 5 ol el olalS o3 s
3l Ol,slis o g o5 LU ool
Ly ablie sl 055 ,msl 05,5 o Lal S
bl gla iscsl zb !
S o osliwl (Ridomil®) Je s
53 ek ASEB cnl 5l e S eslin
a8 sbul Cel glaldS &Y yuames
R PR - U >
DL st ploil ainl ol 53 S (slandllas
w 50 Streptomyces 3| slaai S oS sl
i Sl ol IS 5 oS
bylie b oled 4 basS ol 5l eslinl
e ples gla ise sl L

\K

0305 el Sl G sl T ol 5
e A T
3o St b eslinal 5 o 2Ll sla
02 503,56 S sl b O3St LSS
o= U A3 S Ll Bl ans
(FA) 355 o At >

Jroum C'l_n — slac ble 5 5, S
St Sy glad s Do ke
Slap S 03 Ol e sST Cols
(F8) 55 slien] oS dui

Al (ol iy s o S
gy SISOl (SAS oy b
SSad vy olsl ol s cliblw
il o o ol Ol 4 Sy
loawlde 53 5 3505 5,50 S a1l
B M5 me

ST oS U aF (SIS L 1 ok
G-t

JS iz Streptomyces jox ladi S
Uls aS cl (zhe 0 S sla St
slabkse ;3 0k ol Gl = 215
Ly ol | s Sl bl
Ll 2 s Lag shy ol w0 5]

Sews YL sl e bale o3 e s


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

CPP A8 T

Jledsl esle S OF 5 o 58| ol
il il s s bl
Ol by S el az b gl
Js el s, s ud g plesd &
53 LS ol Ol bl iy 035 OIS
Jl= s el 0Ll s sl
Lol Cvn Sl sla SU 5l sl
J stea s Halomonas elongata
Conlad 3 558 e e3litul i 4S] i
LSL—N}:JL—-%UJ&A BUBTEISTIISEI e
b (ol sl pess s e S
esliul 5 LSty 5 ulice slasdas
(09) S

33 Py d e S s A 5
4S 3543 rL?L:\ (Bio-milking)
Fed-) i o) i s Lol
el glac ble 5 Y, b (batch
43 |y Helongata 1o ..l NaCl
e Il 5 VL ST 4 b s
cble b clisS b a | Lad b s

S L ol A e s s WLy ]

\R4

o pslie glaas S slaml 5l (6,8 S
5 b xiy S50 5168

r!

Streptomyces slasi S 31 & 5 A,
S 04;4:6);—5 SRt A IO
) @l ol st 3T Olelias oy
Laa oo cpl O35380 a8 313 OLas La 2ale sl
Vjui;_';g;pu"jéab.la_l\)ﬁijsol.:fa\_g
il 5 olS usy (il Coge
(00) w3 0T juilul 4S5 oS
Sos—s e 4 Streptomyces C_wb
ole )K)t_w LSL&J}M c«)u L: O‘Jo.k
OF 5SS 5oder 5 e 5S) OAd ala
o=l oo s Lol glasle i Sl
.)\_.f:) S U&(aj.:.:lf‘)‘jf{:» U'i‘ )\ oslaal
(OV) Gl sl C,_al_? J—i‘." r.l_.g ol_.“f
S aodd 5 eS| e Sl o
SIS 2oL 5 sl il Bl 5 8 5S)
P. drechsleri s Fusarium solani —
i 3l e ST slag SL b s
Sl g 3 o529 4 Pseudomonas

(OA) Sl s 5158


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

Slaol cxlu 5l om0 4 s 5gslasl

&\ s | 5

(@)

Tripartite ATP-independent

Periplasmic Transporter (TRAP-T)
i 35 5 Sl 5 0 5ae TeaABC
o=l ol s s La ST 5 Las xS
JUES sl 5 s 4550 ¢ 55 51 s J50
5«2l ATP s e o g3l 2l
L85 glad e LNa slao sy
2L L e Jime Olsen Oy se
3,03 555 75 TeaABCD oL L P
S Las o pmn 53 G S ) a8
G 3l als 15 S VL il
el b oSl s L BLII 5o Ko
e LS o e |y la kS Lyl
S S Ol 4 e o) S
ol S e e (8 el St (s
Sladsbe Sl 56 ol 5550 55 403
| esde S e Buw LS
o ol LB glad o sl U
L bl s s 58 b lis o500

Vv

Ladsho ccoiS hme S clle 055
u—ﬁ)b—a u—<"” 5)—5“ &idbﬂjb‘)
Shedd A58 8 Sl 5 Lol B s
a3 g SdS b o Jsh 0550
L osdm ol 5 oslpar o 5]
LS e Sooa sl s 4o o
e 5 e S LD VL oS
U5 @odm B 5 s cpl (SLLSAS
(P @) 2pd e plad

S S s sl31 iy S|
soedd U CiS i 1 O gl
Cale Lo s B S sl S SaS 4
Bt Al Ol i S SGS w
sladshe s e 055 2l 5l us
i lamee 4y o5l ol I (6 SL
oS eSS Aoy 03 (sl
o el oz b Al pl s g
(PN 550 580 olss Ll
Slaslsn oS Ll U urﬁgtfjljjiﬁ
53,5 e S5l slad e ot
L 511 Laol e i 5lse b5 Lo
0 5lS s S S o Dl 555 SBLb
S las same 4 3lse (pl ol Gl s


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;».;‘ 41?5.6"

Jl e 0 Sesle 4 Ol e ader
3,5 oslal s St sle el 5 s
35 i 3l £ (3L S s
Sl S slaal ol o S chale
dw 05,5 Ald @ b eomen L Cd
5 s Y Sl g S gl

() cs 55k 3 4 Lol ols S

oo [ ol 3 (2liygd

oo G ST A5l s !
3 S Rt s 93 5l e
ooy 33 ol sl e eslial miS e
Sws Jlis Olge ol 58 slacas
LS o St a5 W gl o as Sl
AU eslinal 555 glaelKiws 5, SI0°
axw 35 = 53 O i a5l o pldasls
3o oy 5O D3 aS W d,
O =SV gl Gl e i
S S ] Ghas cpl 355 e eslinl
(BY) A8 o 5,15 S Jams
DRI 5 S RIS s RS0 S
ol st uiL"“-"Jg S0 son 3
Il 53 5 S oo i 5 J b 0

YA

Sl Do e 53 3t e Lol LU
ol o lee 51 S5 lad s
S0 Sl da S il 5 bk
SAL Sl e bl falS slse
Gl e L 4 La 6 ol Ls
ol o Lee 51 S5 o] s
S sp) ookl s S dnes
S sle ol (e b 0LL 3153 (5 smmd
3T s Bes 4 el i I
H. elongata 5,4 ;> ¢ =25 gl s
L TeaABC 3L jmr conl G3lo 3
slasl e 4 s sbwl el AteaC el
D3 eddd i e Sha S sy 3 o
o S S e ) el
Leaky ) i fgr sy o=l S

(2Y) s,ls el (mutant
S g 55 el Gl b
3131 Eel s & TeaABC 5L s anl,
S o o el st S ot ST O
Olpme 4 01 3 5 5551 A5 Ol e
e ol Sl eslial VL e 5 LG
s sl ,— H elongata « 3L ¢
G0 A S e el 53 8 S

Sy el la e em s s 0


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)ts"u\:}}; ‘;:unﬁw.Jlijd J}JNQ‘};&QO:;}:S‘ ;éj’.d gbbm"éw"

L el 5 4 sl B, ) eslical
I e s gl b gsledie sl
S b 2l SL sdshe 5o olse ol
s (Systems Biology) ls e ol
sy opl ab o 4 O A8 sl Ll
Cdls 1S SIslke gladde s S
L Al e A3 e 2 Lo
Lohil laane sl plal
c— 523

s 5 G

S5 d e S
ST,) Sy sSy SLe
3 (P55 Slasos pu) Sy S

sl By abw sy el 4 sl ol580
slasal,y o, Ses iluag 5 L

(FE) s pd b Al g

14

ol o3 eslial )5 Gladi S e e w
o Ody, Ll oL Ll e A,
o sl el | Jile VL K
o 53 A Gl ol A
oA ramen ol ()10 LS s
VT S NN JO P
L Glag s 0L Gl Sash ol
5 e Slo e L ST ediSud g
M5 Gl KD wdige arw i iomen
2o S S chle 4 5B L b 5
Lafass paeed 3015 aslsl 5 s
ol Gl_;.o eSS slag s W55 (6l
5 aS eslizal (CHy 5 COz aile) o S
S sl Sl e miy (S5 4T



https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;a.;‘ 41?5.6"

References &bo Cw 58

1. Logares R., Brate J., Bertilsson S., Clasen J.L., Shalchian-Tabrizi K. and
Rengefors K.J.Tim. (2009). Infrequent marine—freshwater transitions in the microbial
world. Trends in Microbiology. 17:414-422.

2. Oren A. (2002). Halophilic microorganisms and their environments. Dordrecht:
Kluwer Scientific Publishers.

3. Bolhuis A., Kwan D. and Thomas J.R. (2008). Halophilic adaptations of proteins.
In: Siddiqui KS, Thomas T, editors. Protein adaptation in extremophiles. Nova
Science Publishers Inc USA; New York. 71-104.

4. Boetius A. and Joye S. (2009). Thriving in salt. Science 324:1523-1525.

5. DasSarma P., Coker J., Huse V. and DasSarma S. (2010). Halophiles, industrial
applications. Encyclopedia of industrial biotechnology: bioprocess, bioseparation, and
cell technology. John Wiley and Sons, Inc, Hoboken, NJ.

6. Oren A. (2008). Microbial life at high salt concentrations: phylogenetic and
metabolic diversity. Saline Systems 4:2.

7. Waditee-Sirisattha R., Kageyama H. and Takabe T. (2016). Halophilic
microorganism resources and their applications in industrial and environmental
biotechnology. Microbiology. 2: 42-54.

8. Graf R., Anzali S., Buenger J., Pfluecker F. and Driller H. (2008). The
multifunctional role of ectoine as a natural cell protectant. Clinics in Dermatology.
26:326-333.

9. Kunte H.J., Lentzen G. and Galinski E. (2014). Industrial production of the cell
protectant ectoine: protection mechanisms, processes, and products. Current
Biotechnology. 3: 10-25.

10. Galinski E.A., Pfeiffer H.P. and Triiper H.G. (1985). 1, 4, 5, 6-Tetrahydro-2-
methyl-4-pyrimidinecarboxylic acid. A novel cyclic amino acid from halophilic
phototrophic bacteria of the genus Ectothiorhodospira. European Journal of
Biochemistry. 149:135-139.

11. Sydlik U., Gallitz 1., Albrecht C., Abel J., Krutmann J. and Unfried K. (2009).
The compatible solute ectoine protects against nanoparticle-induced neutrophilic lung
inflammation. American Journal of Respiratory and Critical Care Medicine. 180:29-
35.

12. Ciulla R.A., Burggraf S., Stetter K.O. and Roberts M.F. (1994). Occurrence and
role of di-myo-inositol-1, 1'-phosphate in Methanococcus igneus. Applied and
Environmental Microbiology. 60:3660-3664.


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)LSJJ:J}; ‘;:unﬁw.Jlijd J}JN&‘};&QO:;}:S‘ ;éj’.d gb‘)m"éw"

13. Motta A., Romano I. and Gambacorta A. (2004). Rapid and sensitive NMR
method for osmolyte determination. Journal of Microbiological Methods. 58:289-294.

14. Riis V., Maskow T. and Babel W. (2003). Highly sensitive determination of
ectoine and other compatible solutes by anion-exchange chromatography and pulsed
amperometric detection. Analytical and Bioanalytical Chemistry. 377:203-207.

15. Galinski E.A. (1995). Osmoadaptation in bacteria. In: Advances in microbial
physiology. Academic Press, London, England. 273-328.

16. Doronina N.V., Trotsenko Y.A. and Tourova T.P. (2000). Methylarcula marina
gen. nov., sp. nov. and Methylarcula terricola sp. nov.: novel aerobic, moderately
halophilic, facultatively methylotrophic bacteria from coastal saline environments.
International Journal of Systematic and Evolutionary Microbiology. 50:1849-1859.

17. Czech L., Hermann L., Stoveken N., Richter A.A., Hoppner A., Smits S.H.J.,
Heider J. and Bremer E. (2018). Role of the extremolytes ectoine and hydroxyectoine
as stress protectants and nutrients: genetics, phylogenomics, biochemistry, and
structural analysis. Genes. 9(4). pii: E177.

18. Inbar L., Frolow F. and Lapidot A. (1993). The conformation of new
tetrahydropyrimidine derivatives in solution and in the crystal. European Journal of
Biochemistry. 214:897-906.

19. Onraedt A., Walcarius B., Soetaert W. and Vandamme E.J. (2003). Dynamics and
optimal conditions of intracellular ectoine accumulation in Brevibacterium sp.
Communications in Agricultural and Applied Biological Sciences. 68:241-246.

20. Regev R., Peri I, Gilboa H. and Avi-Dor Y. (1990). 13C NMR study of the
interrelation between synthesis and uptake of compatible solutes in two moderately
halophilic eubacteria: bacterium Bal and Vibro costicola. Archives of Biochemistry
and Biophysics. 278:106-112.

21.Yu I, Jindo Y. and Nagaoka M. (2007). Microscopic understanding of
preferential exclusion of compatible solute ectoine: direct interaction and hydration
alteration. The journal of Physical Chemistry 111:10231-10238.

22.0no H., Sawada K., Khunajakr N., Tao T., Yamamoto M., Hiramoto M.,
Shinmyo A., Takano M. and Murooka Y. (1999). Characterization of biosynthetic
enzymes for ectoine as a compatible solute in a moderately halophilic eubacterium,
Halomonas elongata. Journal of Bacteriology. 181:91-99.

23.Lo C.C., Bonner C.A., Xie G., D'Souza M. and Jensen R.A. (2009). Cohesion
group approach for evolutionary analysis of aspartokinase, an enzyme that feeds a
branched network of many biochemical pathways. Microbiology and Molecular
Biology reviews. 73:594-651.

Y


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;a.;‘ 41?5.6"

24.Sadeghi A., Soltani B.M., Nekouei M.K., Jouzani G.S., Mirzaei H.H. and
Sadeghizadeh M. (2014a). Diversity of the ectoines biosynthesis genes in salt tolerant
Streptomyces and evidence for inductive effect of ectoines on their accumulation.
Microbiological Research. 169: 699-708.

25.Bursy J., Pierik A.J., Pica N. and Bremer E. (2007). Osmotically induced
synthesis of the compatible solute hydroxyectoine is mediated by an evolutionarily

conserved ectoine hydroxylase. The Journal of Biological Chemistry. 282:31147-
31155.

26. Kuhlmann A.U. and Bremer E. (2002). Osmotically regulated synthesis of the
compatible solute ectoine in Bacillus pasteurii and related Bacillus spp. Applied and
Environmental Microbiology. 68:772-783.

27.Sadeghi A., Soltani B.M., Jouzani G.S., Karimi E., Nekouei M.K. and
Sadeghizadeh, M. (2014b). Taxonomic study of a salt tolerant Strepfomyces sp. strain

C-2012 and the effect of salt and ectoine on lon expression level. Microbiological
Research. 169: 232-238.

28. Schwibbert K., Marin-Sanguino A., Bagyan I., Heidrich G., Lentzen G., Seitz H.,
Rampp M., Schuster S.C., Klenk H.P., Pfeiffer F., Oesterhelt D., Kunte H.J. (2011).
A blueprint of ectoine metabolism from the genome of the industrial producer
Halomonas elongata DSM 2581T. Environmental Microbiology. 13:1973-1994.

29. Martinez M., Palacios J.M., Imperial J. and Ruiz-Argiieso T. (2004). Symbiotic
Autoregulation of nifA Expression in Rhizobium leguminosarumbv. viciae. Journal
of Bacteriology. 186: 6586—6594.

30. Wolf A., Krdmer R. and Morbach S. (2003). Three pathways for trehalose
metabolism in Corynebacterium glutamicum ATCC13032 and their significance in
response to osmotic stress. Molecular Microbiology. 49:1119-1134.

31. Jebbar M., Sohn-Bésser L., Bremer E., Bernard T. and Blanco C. (2005). Ectoine-
induced proteins in Sinorhizobium meliloti include an ectoine ABC-type transporter
involved in osmoprotection and ectoine catabolism. Journal of Bacteriology.
187:1293-304.

32. Lecher J., Pittelkow M., Zobel S., Bursy J., Bonig T., Smits S.H., Schmitt L. and
Bremer E. (2009). The crystal structure of UehA in complex with ectoine-A
comparison with other TRAP-T binding proteins. Journal of Molecular Biology.
389:58-73.

33.Rice A.J., Park A. and Pinkett H.W. (2014). Diversity in ABC transporters: type I,
I and III importers. Critical Reviews in Biochemistry and Molecular Biology.
49:426-437.

34. Lentzen G. and Schwarz T. (2006). Extremolytes: natural compounds from

Yy


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)LSJJ:J}; ‘;:unﬁw.Jlijd J}JN&‘};&QO:;}:S‘ ;éj’.d gb‘)m"éw"

extremophiles for versatile applications. Applied Microbiology and Biotechnology.
72:623-634.

35. Barth S., Huhn M., Matthey B., Klimka A., Galinski E.A. and Engert A. (2000).
Compatible-solute-supported periplasmic expression of functional recombinant
proteins under stress conditions. Applied and environmental microbiology 66:1572-
1579.

36.Bersch S., Vangala M., Schwarz T. and Kaufmann M. (2000). Protection of
antibodies against proteolytic degradation by compatible solutes. In: 2nd international
conference on protein stabilisation/biomolecule stabilisation, Lissabon, 2000.

37.Bunger J. (1999). Ectoin added protection and care for the skin. Europian
Cosmetics 7:22-24.

38.Zhang L., Wang Y., Zhang C., Wang Y., Zhu D., Wang C. and Nagata S. (2006).
Supplementation effect of ectoine on thermostability of phytase. 102:560-563.

39. Biinger J., Degwert J., Driller H. (2001). The protective function of compatible
solute ectoine on the skin cells and its biomolecules with respect to UV-radiation,
immunosuppression and membrane damage. IFSCC Magazine. 4, 1-6.

40. Buenger J. and Driller H. (2004). Ectoin: an effective natural substance to prevent
UVA-induced premature photoaging. Skin Pharmacology and Physiology. 17:232-
237.

41. Botta C., Di Giorgio C., Sabatier A.S. and De Méo M. (2008). Genotoxicity of
visible light (400—-800 nm) and photoprotection assessment of ectoin, L-ergothioneine
and mannitol and four sunscreens. Journal of Photochemistry and Photobiology. B,
Biology. 91:24-34.

42. Malin G., lakobashvili R. and Lapidot A. (1999). Effect of tetrahydropyrimidine
derivatives on protein-nucleic acids interaction Type II Restriction endonucleases as a
model system. The Journal of Biological Chemistry. 274:6920-6929.

43. Lapidot A., Ben-Asher E. and Eisenstein M. (1995). Tetrahydropyrimidine
derivatives inhibit binding of a Tat-like, arginine-containing peptide, to HIV TAR
RNA in vitro. FEBS letters. 367:33-38.

44. Arora A., Ha C. and Park C.B. (2004). Inhibition of insulin amyloid formation by
small stress molecules. FEBS letters. 564:121-125.

45. Miiller D., Lindemann T., Shah-Hosseini K., Scherner O., Knop M., Bilstein A.
and Mosges R. (2016). Efficacy and tolerability of an ectoine mouth and throat spray
compared with those of saline lozenges in the treatment of acute pharyngitis and/or
laryngitis: a prospective, controlled, observational clinical trial. European Archives of
Otorhinolaryngology. 273:2591-2597.

Yy


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y GJL«‘: AY 693 s;;.m.}_j d;a.;‘ 41?5.6"

46. Castro-Ochoa K.F., Vargas-Robles H., Chéanez-Paredes S., Felipe-Lopez A.,
Cabrera-Silva R 1., Shibayama M., Betanzos A., Nava P., Galinski E.A. and Schnoor
M. (2019). Homoectoine protects against colitis by preventing a claudin switch in
epithelial tight junctions. American Journal of Digestive Diseases. 64:409-420.

47. Sheikhpour M., Sadeghi A., Yazdian F., Movafagh A. and Mansoori A. (2019).
Anticancer and apoptotic effects of ectoine and hydroxyectoine on non-small cell
lung cancer cells: an in-vitro investigation. Multidisciplinary Cancer Investigation.
3:14-19.

48. Grether-Beck S., Timmer A., Felsner 1., Brenden H., Brammertz D. and
Krutmann J. (2005). Ultraviolet A-induced signaling involves a ceramide-mediated

autocrine loop leading to ceramide de novo synthesis. The Journal of Investigative
Dermatology. 125:545-553.

49.Yao C.L., Lin Y.M., Mohamed M.S. and Chen J.H. (2013). Inhibitory effect of
ectoine on melanogenesis in B16-FO and A2058 melanoma cell lines. Biochemical
Engineering Journal. 78:163-169.

50. El-Tarabily K.A. (2008). Promotion of tomato (Lycopersicon esculentum Mill.)
plant growth by rhizosphere competent 1-aminocyclopropane-1-carboxylic acid
deaminase-producing streptomycete. Plant and Soil. 308:161-174.

51. Sadeghi A., Hesan A.R., Askari H., Naderi Qomi D., Farsi M. and Majidi Hervan
E. (2009). Biocontrol of Rhizoctonia solani damping off of sugar beet with native

Streptomyces strains under field conditions. Biocontrol Science and Technology. 19:
985-991.

52. Sadeghi A., Koobaz P., Azimi H., Karimi E. and Akbari A.R. (2017). Plant
growth promotion and suppression of Phytophthora drechsleri damping-off in
cucumber by cellulase-producing Streptomyces. BioControl. 62:805-819.

53.Karimi E., Sadeghi A., Dahaji P.A., Dalvand Y., Omidvari M. and Kakuei
Nezhad M. (2012). Biocontrol activity of salt tolerant Streptomyces isolates against

phytopathogens causing root rot of sugar beet. Biocontrol Science and Technology.
22:333-349.

54. Abbasi S., Safaie N., Sadeghi A. and Shamsbakhsh M. (2019). Streptomyces
strains induce resistance to Fusarium oxysporum f. sp. lycopersici race 3 in tomato
through different molecular mechanisms. Frontiers in Microbiology. 10:1505.

55.Esmaeil Zade N.S., Sadeghi A. and Moradi P. (2019). Streptomyces strains
alleviate water stress and increase peppermint (Mentha piperita) yield and essential
oils. Plant and Soil. 434: 441-452.

56. Bursy J., Kuhlmann A.U., Pittelkow M., Hartmann H., Jebbar M., Pierik A.J. and
Bremer E. (2008). Synthesis and uptake of the compatible solutes ectoine and 5-

Y¥


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"Lkbﬁ)LSJJ:J}; ‘;:unﬁw.Jlijd J}JN&‘};&QO:;}:S‘ ;éj’.d gb‘)m"éw"

hydroxyectoine by Streptomyces coelicolor A3 (2) in response to salt and heat
stresses. Applied and Environmental Microbiology. 74:7286-7296.

57. Akbari A.R., Gharanjik S., Koobaz P., Karimi E. and Sadeghi A. (2016).
Evaluation of mutual effect of ectoine(s) producing Streptomyces and wheat at salt
conditions. Crop Biotechnology. 13: 57-68 (In Farsi).

58. Kamaly A., Ahmadzadeh M., Sadeghi A. and Karimi E. (2016). Effect of
exogenous ectoines on some antifungal activity of Pseudomonas fluorescens UTPF5
under salt conditions. Biological Journal of Microorganism. 17:35-48 (In Farsi).

59. Kamekura M., Hamakawa T. and Onishi H. (1982). Application of halophilic
nuclease H of Micrococcus varians subsp. halophilus to commercial production of
flavoring agent 5'-GMP. Applied and Environmental Microbiology. 44:994-995.

60. Zhang L.H., Lang Y .J. and Nagata S. (2009). Efficient production of ectoine using
ectoine-excreting strain. Extremophiles. 13:717-724.

61. Oren A. (1999). Bioenergetic aspects of halophilism. Microbiology and Molecular
Biology Reviews. 63:334-348.

62. Grammann K., Volke A. and Kunte H.J. (2002). New type of osmoregulated
solute transporter identified in halophilic members of the bacteria domain: TRAP

transporter TeaABC mediates uptake of ectoine and hydroxyectoine in Halomonas
elongata DSM 2581T. Journal of Bacteriology. 184:3078-3085.

63. Schiraldi C., Maresca C., Catapano A., Galinski E.A. and De Rosa M. (2006).
High-yield cultivation of Marinococcus M52 for production and recovery of
hydroxyectoine. Research in Microbiology. 157:693-699.

64. Pastor J.M., Salvador M., Argandofia M., Bernal V., Reina-Bueno M., Csonka
L.N., Iborra J.L., Vargas C., Nieto J.J. and Canovas M. (2010). Ectoines in cell stress

protection: uses and biotechnological production. Biotechnology advances. 28:782-
801.

Yo


https://dor.isc.ac/dor/20.1001.1.27170632.1398.12.3.2.9
http://journalofbiosafety.ir/article-1-307-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-30 ]

[ DOR: 20.1001.1.27170632.1398.12.3.2.9 ]

"\“QA };\g’ Y OJL«‘:’ AY 693 s;;.m.}_j d:«w_.‘ 41?5.6"

Introducing Ectoine as Compatible Solute: Biosynthetic
Pathway, Production and Applications

Arghavan Kamaly', Maryam Sadeghi?, Akram Sadeghi*

1- PhD in Biological Control of Plant Disease, Department of Plant Protection, Faculty
of Agricultural Science and Engineering, College of Agriculture Natural Resources,
University of Tehran, Karaj, Iran
2- MSc in Biochemistry, Molecular Bank, Iranian Biological Resource Center (IBRC),
ACECR, Tehran, Iran
3- Assistant Professor of Molecular Genetics, Department of Microbial Biotechnology,
Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural Research,
Education and Extension Organization (AREEO), Karaj, Iran

aksadeghi@abrii.ac.ir

Abstract:

Halophilic microorganisms cope with environmental stresses by producing and
accumulating compatible solutes. Ectoine is one of the most important members of
compatible solutes which have extra protective properties compared to other compatible
solutes. Ectoine attracts several scientific and commercial attention because of their
multiple industrial applications. This brief review presents applications of ectoine as
protectants of proteins that can be explained by the preferential exclusion model. Also,
other application of ectoine as an enzyme stabilizer and drug for various diseases have
also been reviewed. Further, the role of ectoine in stabilizing macromolecules and even
whole cells against UV radiation, freezing, drying and high temperatures is briefly
described. The ectoine biosynthesis genes are located in cluster ectABC. This paper also
briefly described the regulation of these genes under environmental conditions. There
are currently two technologies for producing ectoine called bacterial bio-milking and
leaky mutant. Several tons of ectoine are produced each year using these methods.

Finally, the limitations of the methods are mentioned.

Keywords: Bio-milking, Compatible Solute, Ectoine, Halophilic Microorganisms,

Leaky Mutant.
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