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Adaptation of Cyanobacteria under Salt stress condition
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Abstract

Cyanobacteria are photosynthetic prokaryotic cells. There are many applications in various fields, for example,
agriculture, food industries, pharmaceuticals, as well as science and technology researches. Especially, in researches
about plants, the preliminary study has been done in cyanobacteria since they have the mechanism as photosynthetic
system in plants. The study in organisms’ growth ability under salt stress condition revealed that cyanobacteria have
at least two mechanisms to adapt their growth under the salt stress condition: the ion-exchanger between cell and
environment and osmoprotectant accumulation. The ion-exchanger is a membrane protein whereas osmoprotectant is

a small molecule to reduce osmotic pressure of cyanobacteria. Osmoprotectant also occurs in organic compound,
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and almost is amino acid and its derivatives, for instance, glycine betaine and proline, which accumulate by uptake

from environment or synthesis within cell.

Keywords: Cyanobacteria, Salt stress condition, Osmoprotectant
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1o lunuafitse (cyanobacteria) w3aa1nine
#duaunutingu (blue green algae) udsiiTianiia
Inunilan (prokaryote) munsndsaTziuadld daag)
Tuddsuloaonlulnwan (Division Cyanophyta) laenlu-
wuafizausriasunaassuialulasiaunluenniele
e lunuaitigomansansldlufonadandrs g laun
A AW NIENTY m{wﬁau uaztimeLs (Mazel et al., 1990)

lasssved oo lusuaiSoUsznauonii-
wwas Wileseeildlumsiedond flnaeesd lslulow
fanalilad 8 (chlorophyll a) ualsfiuasd (carotenoid)
1Wlalwendfin (phycocyanins) wazlwladsnsu (phyco-
erythrins) dulwglmenluuuaiiSoazananmislugduils
lesenTuwlwagu (cyanophycean starch) ﬁmsﬁuﬁuﬁuuu
lionduwe dretsvedlooluuuaiize ldud ana
Oscillatoria, Lyngbya, Nostoc, Anabaena \W\8& Microcystis
WDuen

TenluuuafiSoudsnusneauemIs g winen
Iehidu 2 ngu fa ﬂﬁjuﬁvl,ajl,ﬂwﬁumﬁ (non-filamentous
form W@ unicellular cyanobacteria) LT ana Microcystis
LLazmjuﬁLﬂuLﬁumﬂ (filamentous form) mjufﬁmﬁaz
\Fosaanwdw§uans 1Bw Oscillatoria
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1. mnﬁ@‘hw%%agjaﬂwﬁm (freeiving cyano-
bacteria) ﬂfcjuf'taam?uvluimmumnmimmﬂmLﬂ§smfl,ﬁ
atflugtluanlanily uasfiiowlod Aragluwnaua senladie
ywnungauwa lhdungenfiv da ngawad lalasiiua
(glutamate dehydrogenase; GDH) LLazﬂgmﬁu%umﬁ
(glutamine synthase; GS) wa&9 L SarastnaLfe
(vegetative cell) 1% Nostoc sp. Uz Anabaena sp. 1ot

2. wanﬁ@hsa%%agiawﬁu’éaﬁ%ﬁmﬁ@ﬁu
(symbiotic cyanobacteria) ﬂﬁjuf:ﬂzaﬂuﬁinas;iiiauﬁuvlﬁ

&

AUNT 807 uaziBas Ansnidu endophytic uaz ectophytic
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ﬁa%mgnaaﬂ%"l,ﬂeﬁ aaﬁﬂi:nawawamﬁaﬁg\mmﬁaQ’
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ﬁmmmm’%ty‘luéun@ﬁauﬁﬁmmlﬁugﬂﬁ Fonin als-
WS (halophile) Taganansnsaduunasidaadildii 4
Uszian laud non-halophile, slight halophile, moderate
halophile Waz extreme halophile ﬁoﬁmmsm‘imuﬂvl@i’
Togenud atusaana oluiawns aufl mé’mag’h’éw:mé?aw
Afanudutussansalmd sueaslsd daunin 0.2 Tusns
0.2 — 1.2 Tua3 1.2 - 2.5 lua1s uazwnnin 2.5 luans
%uvl,ll ANAIAL (Conka and Hanson, 1991; Ventosa
et al., 1998)
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v24lU3dunaguIausasiuniyIu (membrane bound
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(Padan and Schuldiner, 1994; Kapper et al., 1996)
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Wuwnstuladanaanannaasinasneszeaulaas
muluad Wnanzay %0 Na® melusnnasduwauase
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s nnesiily uazauWusvaINIAezil U 1w lanladu
(ectoine) 1w3Aw (proline) NaaNLuM (glutamate) inTanlas
(trehalose) waelnadu-Oinu (glycine betaine) Lﬁ‘laL‘flu
mstiusamsinassnvesin Usuamwlwanuaunnslu
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W@ ToinmaugaveuTauaasluGn uazANuATEa
fiaanlosanvaslanzinig %aawsmjuﬁmmmamu
Iudsiigaale 2 5% Aomsszananmsssaneiaumel
LTRA LB YUV ksl 1w Escherichia coli REa
finu droaulad 2 ol fa choline dehydrogenase a2
glycine betaine aldehyde dehydrogenase Gfi\‘lL‘iJa‘alu
choline LIw&139N8"9 glycine betaine aldehyde &%
wWaswiu beatine aUEAU HONIINNITFZENFILNT
Fuaiud FedFresrfiadimsnnsossanlaons
idhaseealulnamaunudidngizadlasandonus-
wasiaas (transporter) L E. coli  betaine transporter
Tun3tiudn betaine Wihgnoluimad

ssooslulwsnaunuddusnsnviminiluns
Snwaugavadlosan Warhlfussausaaludnvasisas
ash mimjuﬁﬁmwﬂszmﬂ laun msmﬁiumm{’]ma
LLazm‘gﬁuﬁmaaﬁ']ma 13w glATa (sucrose) WAz NI law
(trehalose) anINguWINNIAaziily LazayRUTVaINTG
aviilu 1w Tnadudinu (glycine betaine) Tnsan (proline)
WA (valine) UazNgALNG (glutamate) (mwﬁl 1) Tag
MIRZRUFTI compatible solute ﬁ?u%uag’ﬁuéaﬁ%ﬁmwia:
A LB ﬁm%ugmﬁumg’mmw wazlnInTeTaETaNENT
wanlwsan wazlnadudinulunsienududuaas
IGﬁL?}ﬂuﬂaavlegd%u uazloenluwuafiiSe Synechocytis
PCC6803 2z®RURIIWIN glucosylglycerol sl,um'azmzéju
@ELNND Bacillus subtilis FEEUNYANUG LA Aphanothece
halophytica gzandinu (betaine) Lﬁaa%isl,um's:ﬁm:ﬁu
MonaegIniInzUng (udu (Ventosa et al., 1998;
Galinski, 1994; Fougere and Le Rudulier, 1990; Waditee
et al., 2002, 2005)
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winuuafiSeAlanuaasalummuifnae
geaNaININDmnu ‘vﬁaﬂi@a:ﬁ‘[uﬂﬁmmﬂuma:ﬁmm
indusaIinfag I@m"'fuagjiﬁ'ummﬁhwawaamma-
Waslaas Low Bacillus subtilis Tl luuuafiiTonde
AT NV T UN WAL U 9T RO FE AU AN TN
Tumsfiflanaeisaaningds 'ldun A halophytica W
munidnmIssslulwsIneunuG i aTIBaAn eI IR
IMNUTIAUBOFINAN LazANNLATEAINNINRD b6 L1
Amarathus  viridis 3simIazauaInInasiulaasa
THRANNASLAINING D WaeT Az azaNmIINTa " 18
agjmﬂlﬁma:ﬁﬁmmLﬂ%mmnmﬁavlﬁ

AR MUUUMIRZRNAN TR LN INTnaunua
mansadE3aszaumawanaaslulwsnaunue Lﬁamuqu
e uoasluANasLTas AT luns BN anad vt e
loooulmdsuannifiwll Tasnszuiwmsimadataasin
hwanaseaslulnsinaunud Whanlasadomsssne
ssimelwenad M‘%aﬁnLﬁwmﬂfémmﬁamjmaﬂ@ymﬁs
Iﬂsﬁuﬁag}iu’%nmmaﬁmmmu Tagmsindniinenaas
ﬁﬁy'aﬁsl%wé’ammmzvl,aﬂ%wé’amulugﬂmaa ATP 14 N3
sean Inadudmuluenrsng@id snunanindu A halophytica
molwadlasian o Glycine sarcosine methyl trans-
ferase (GSMT) ez Dimethyl transferase (DMT) LLazN13
i inaBuinudg A halophytica 1ag glycine betaine
transporter (Waditee et al., 2005; Laloknam et al., 2006)

mIrzauaTarlulnInaunuaaunTarii la
2 9% e msa%’mﬁ'smmawaoéaﬁ%’imﬁaa%imyrl,ﬁm's:
fflenueion g g iluazinge safiszauinay
Dunsaeiily uazaynusvainiaaziily 1w nsazay
Tnadudnuludedfianwds (wil 2) Wunses
Inaduiinuluasfidiacing g i A azaolnadudinu
anladn (choline) wWaswiudinusaalad (betaine
aldehyde) uazlnadudimumuinaulasandaawlsi choline
monooxygenase WA glycine betaine aldehyde dehydro-
genase awdey luwan E coli azdasmiuledn
wWaswdudinudadleduszlnaduiimuausey loo
aneaLaw ksl choline dehydrogenase L8 glycine betaine
aldehyde dehydrogenase &AL & w3ulu Athrobacter
globiformis  snansniaenleswdnlnadudnuldde
awlodniiaifies fia Cholineoxidase udlu&sfiTda 1w
A. halophytica snanTaa N inaduiimuanniaezilu
nadu I@mﬂ?ialuvl,ﬂa%mﬂu sarcosine, dimethyl glycine
wazlnadudinuanuiau lasandeoianlod GSMT uas
DMT (Haubrich and Gerber, 1981; Lanfalds and Strom,
1986; Zhang et al., 1992; Waditee et al., 2005)
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hetaine
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151
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CHx
dimethyl glycine

and 2 aabnlunsaelnaduimu (1 = choline dehydrogenase (bacteria) or choline monooxygenase (plants), 2 =

glycine-betaine aldehyde dehydrogenase, 3 = choline oxidase, 4 = glycine-sarcosine methyl transferase, 5, 6 =

dimethyl glycine methyl transferase)
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ANzl REIRNIUARE e 1% ProU 813130
gusgdsnTeeslulnTnaunud lanaosia teun Twsdu
Tnagudmu uazlawwfialnsdu (dimethylproline) tudn
wazszuvandsriad WulUsduangiria secondary
transporter TWNIBlUITZULIREITRA BetT Hnazdaiy
Fuwzgaannlunssuasinadudinu uandudrzuss
%@ secondary transporter (911779 1) UAZUEAINA bNANT
UFINT compatible solute (ﬂ’]‘wﬁ 3) ‘T%aizuum‘imudd
289 OpuD 1 B. subtilis 1t aziflunmsvidn lnaduding
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. . p &
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(Kempf and Bremer, 1998)
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Table 1 Properties of csmoprotectant transport systems (BB wbu-
tyrobetaine, Car carnitine, OB crotenobetaine, Cho choline, GB gly-
cine betaine, DMG dimethylglycine, DAS4 dimethylsulfonioac-
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mined)

etate, DMSP dimethylsulfoniopropionate. Ecr ectomne, HE homo-
betaine. PB proline betame. PIP L-pipecolate, and nd not deter-

Organism System  Type of transporter® Components Osmetic stimulation of os-  Substrates
moprotectant transport by
Gene ex- Transport
pression activity
Escherichia coli ProP Secondary transporter ProP + + GB. PB. Pro, Car, Ect,
PIP. DMP. DMG,
DMSP. HB. BB
Escherichia coli ProlJ ABC transporter ProV, ProW, + + GB. PB. Pro, Car,
ProX DMP, HE, BE, Cho
Escherichia coli BetT Secondary transporter  BetT + + Cho
Corynebacterium BetP Secondary transporter  BetP + GB
glutamicum
Bacillus subrilis OpuA  ABC transporter OpuAA, OpuAB., + nd GB. PB. DMSA. DMSP
OpuAC
Bacillus subtilis OpuB  ABC transporter OpuBA. OpuBB. + nd Cho
OpuBC. OpuBD
Bacillus subzilis Opul ABC transporter OpuCA, OpuCB. + nd GB. PB. Car, DMSA,
OpuCC, OpuCD DMSP. Cho, BB, CB.
Ect, Cheline-O-sulfate
Bacillus subtilis OpuD  Secondary transporter  OpuD + + GB. DMSA, DMSP
Bacillus subtilis OpuE Secondary transporter OpuE + - Pro
Erwinia chrysanthemi  OusA  Secondary transporter  OusA + - GB. Pro, Ect, PIP
*ABC transporter, ATP binding cassette transporter
Ectoine
Crotonobetaine
FButyrobetaine
Carnitine
Choline-Cr-sulfate
Choline Chaoline
Proline betaine Praoline betaine
Glycine betaing Glycing betaine Glycine Betaine

d . .
NINN 3 JTUUVURIRNT compatible

Proline [

Chuline
GhsB
Proline -
Proline
GB-aldehyde synithesis

S|

Glycine
betaine

K+

solute 1 B. subtilis (Kempf and Bremer, 1998)
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