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There are many serious problems causing a food crisis such as desertification, population explosion, and environ-
mental destruction, suggesting that a severe food crisis will become reality across the globe. Therefore, the transgenic
plants, which have tolerance to environmental stresses, may take on greater and greater importance in attempts to in-
crease food production. Aquatic photosynthetic organisms, such as prokaryotic cyanobacteria and eukaryotic green al-
gae, are considered as an evolutionary origin of higher plants and their basic metabolisms including photosynthesis are
similar to higher plants. Thereby, stress responsive genes or reactions from these organisms may be exceedingly advan-
tageous sources for creation of stress-tolerant transgenic plants. In this study, the physiological roles and biosynthesis of
abscisic acid (ABA), well known as a signal molecule in the adaptation to environmental stresses, in microalgae were in-
vestigated from the point of the view of its functional evolution in the response to environmental stresses. Chlamydomo-
nas reinhardtii, a green alga, and Synechocystis sp. PCC 6803, a cyanobacterium, were employed in this study as model
organisms. It is expected that this comparative analysis will provide basic information for the creation of stress-tolerant
transgenic plants. ABA may act in C. reinhardtii as a signal molecule to induce antioxidant reactions for elimination of
reactive oxygen species, but not to induce specific response reactions to mitigate water stresses. In Synechocystis, on the
other hand, exogenously added ABA did not influence the growth and gene expression. Moreover, ABA did not relieve
growth suppression caused by water and oxidative stresses. From the carotenoid composition and bioinformatic analy-
sis, it can be suggested that the ABA biosynthetic pathway generally found in higher plants exists completely in C. rein-
hardtii, but incompletely in Synechocystis.

Key words——abscisic acid; microalgae; environmental stresses; evolutionary process; oxidative stress; 9-cis epox-
ycarotenoid dioxygenase
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Fig. 1. Importance of Creation of Stress-tolerant Transgenic Plants to Solve Food Crisis
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Stress Response Reactions in Higher Plants
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Biosynthetic Pathway of ABA in Higher Plants
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Fig. 4. Effect of ABA Concentration on Growth of C. reinhardtii
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The cells were cultivated in the presence of the indicated concentration of ABA under continuous illumination or in the dark. Values are the mean+S.D. of

three independent experiments.
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Fig. 5. Release of Oxidative Stress by ABA
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(a) Effect of ABA on the growth of C. reinhardtii cultivated under the oxidative stress caused by paraquat. Values are the mean £S.D. of three independent ex-
periments. (b) Effect of ABA treatment on ROS generation in C. reinhardtii after incubation with paraquat.
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Fig. 6. Effect of ABA Treatment on Activities and Gene Expression of Antioxidant Enzymes, Superoxide Dismutase (SOD), Cata-

lase (CAT) and Ascorbate Peroxidase (APX) in C. reinhardtii

Values are the mean+S.D. of eight independent experiments. Asterisks indicate a significant difference by student’s -test compared to the control (** p<C

0.001; * p<<0.01).
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BOBETE OKBEDENWT D HIVNAERT 2
Z&, HERMTON TS HIlOEFE S EIZEL
<EWIZ E&EM S, Synechocystis IZH W TII,
VB R #F L 7= carotenoid O JEEE#E 7 fRIC &
STABAMWEKRLIZEEZEZSNS., £IZT, 20
nREME AL T B 201, Wt EWE L & Syn-
echocystis fi il @ carotenoid %% LC-MS 43#7 L 7=
LA, MBETIEH D0 ABA EA P RIKEE A
SNEZMEDERPBERERIN. £k, 2.7ug D
carotenoid 1512 6 FEfE D 58 YE RS 2 FEf D UV
HWRZE{To2EZA, MO THETIEHLHDODZ
NZFHN, 7.6,21.4pg O ABA O ERMNHER S N
. TS ORERIF, T 2EITBWVWT ABA N
carotenoid 7 5 IEEE R (L IS IT K > THRR S N
HEND FELDR#HZELZFFTLH2HDTH 5.

5. &hHVYIC

U EOENZE > T, KD b L XM EEY
EAERR T 2 7= 01T B BB R D 1 DE LT,
T D EER ORI BT D EEHED DX N L ARIE
> ABA O/EMYER EAEGHRERKICBEL T RO X
PRAS VYA IBZ R YA

1) #*# C. reinhardtii .23 T ABA I3, &%
WY EFERICS 7TV FE LU THREL, BR{EA b

Comparison of Metabolic Intermediates and Genes Encoding Enzymes in ABA Biosynthetic Pathway

among Higher Plant, Arabidopsis thaliana, Green Alga, C. reinhardtii, and Cyanobacterium, Synechocystis

A. thaliana C. reinhardtii Synechocystis sp.
Zeaxanthin + + +
all-frans-Viola or Neoxanthin + + —
9-cis-Viola or Neoxanthin + + —
B Xanthoxin + ? ?

ABA content High Low Extremely low

A. thaliana C. reinhardtii Synechocystis sp.
O O X
NSY O A X
NCED O A A
. SDR O ? A

(O : Identified, /\: Homologous sequence was found, X: Not found.
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L AR R RINE RN Z I &R 29 T ENB S NIT
5o 7=. —JF, T 2% Synechocystis [ZHB W T ABA
X, mEEYCRRE SRR T FIVaTELT
DHEREZEFFTZ W ENBH S NI S /-,

2)  fk¥E C. reinhardtii \IZB W TIL, S &
FIRRICEE R UGN 5 725 ABA OE G BRI N FAE
TBHIENHESNIRD, T DLEERIZEIEA
MUOZERICHEEIND ZEDHS NI .
—7F, 5 ¥ Synechocystis \IZBNWTIL, &Y
AR C T HR O BRSNS 755 ABA DERR
REIIEAETT, MENICHMEICTFEET 2 ABA
IZHYEHF R EIT K > TIEBERMITAER L 72D DT
& B u[REMEDVRIZ S Nz,

T B, RRECEEEMIL, EERERDELE
BRI AR D REZELUL TWAHIZHED 5
T, BEA N ZREEBIIIREBRMHERDD S
ZENHENER ST, FITINETITHSLMNT
SNAEmME T, JEREYITEB TS ABA &
TFNaFEURREA N ZAREDELTOEX
IZDWTERL L (Fig. 7). §7/&bb, ABAIIK
BAEMTH ST > EDOBBE TITHIT carotenoid O
HeofREmE LU THFEL, BEZX ML ZIRE RGO
ST FIGFEL TORBRIZR/ZIa WD, EikfkkeE

AL U 72 BB TREE R N L AR R s Mia N S &7
FIHTFEUTHRET R EGRRNEN, 51T
PN LT DRI A DBREE A N L AT
TRRERISERLET DT FINATELT, &0
KEEE D DM A B R R ST U, ZARTa
BEREZTLOICR D ZEEZ LGNS,
KK TR ATz KD TG R AE W Bl D FE R 7 b
fEFTIE, BRIEA B L ZIREHME D LMDk 7 0
Y RAEMBHT D ETIREICE R HETHD. £
7z, BREZA ML AMEREYOERICBNTS, KE
HELBERICRVESZHDTHS. ARFIZBNT
2, ST FINDTFTHSABA Y-y heL=
it 2 PRSI L7228, 7 F IV T OB TR
<, BEXMLAZEERENT SHMESY >NV HE
R, TOHIEA NI Z X AT L THHENTHONE
DTETBY, EEMEY EMONA A O ILE
M, HERICDOWTOERBHMANEREINTET
W2, INSOFMEFALSEROERDHED
EHICE> T, ARLRAITHT BHEEMEDN E,
FEHHRL D D WITFE BRI 72 & O 2 7 LA 7Y 22 ok
SNz, KHROBREEZ N L M EREY AER S 1
LHMNFND Z ENHIFEIN5S.

Green alga Cyanobacterium
Higher plant (Chlamydomonas) (Synechocystis)
Cell Multi cellular Unicellular Unicellular
Environment Terrestrial Aquatic Aquatic
Receptor | Both in intracellular and - .
for ABA plasma membrane? Intracellular? None?
c15 .
Xanthoxin | P “rf’te"e 4 CI5

C40 carotenoid ABA

Specific enzymes of ABA
biosynthetic pathways have
been identified

NCED-like
protein

C40 carotenoid ABA

Enzymes of ABA biosynthetic
pathways are appeared in order
to use ABA as a signal molecule

C15
-carotene -carotene
B Xanthoxin b
NCED
Biosynthetic
pathway

// products
I

|

| non-enzymatic |
| oxidation |
Y Y

ABA

e
C40 carotenoid

ABA might be synthesizeed non-
enzymatically.

Response multiply to

Response only to oxidative
environmental stresses stress

No response

Response
to ABA

to many kinds of environmental stressses.

In a process of adaptation to aerial conditions
and evolution from single cell to multicellular
organisms, they were exposed to many kinds of
environmental stresses such as drought and low
temperature. ABA began to play an important
roles as a signal molecule in multiple responses

ABA might be synthesized accidentally as a by-
product of carotenoids which were synthesized
to shade strong light. This by-product formation
may occured through physiochemical
conversion or oxidation of carotenoid. Thereby,
ABA has developed to specific signal molecule
to oxidative stress.

Fig. 7. Evolutionary Process Model of Stress Response Systems Controlled by ABA in Photosynthetic Organisms
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