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i E: WRKY RHMBAN—NHFXETRRR, A5HMNERLE . YRR AR LSS
A Y i eh FLF LA A F A2 A4E, B WRKY # X B FARCAESEMY T 2 RI4E, &
Tl FEAAESEE WRKY #1400, KA S 57 at. 2GRk R F AT 30 fF A
AZi#k & WRKY #4743 B4 5T, £3K4F 24 A~ WRKY A& 0, ¥ % A %317 (Chlorophyta) #%.

213 "7 (Rhodophyta). & 1 (Glaucophyta) #=#£3 7 (Bacillariophyta) % 3 & &kA4&m %] WRKY.
24 A~ WRKY & 0 3 B F &5 4 MHKL KA 5 WRKYGQ (E/A/HN) K F=4% 45 X /&
C-X4-5-C-X22-23-H-X-H, A 1=E£F 1. Ma. b A2 R 4. HA4TFHF LN RARE
(Haematococcus pluvialis) 4H 2 ANE WRKY & i (HaeWRKY-1 #= HaeWRKY-2). #—F %%
HaeWRKY-1 #= HaeWRKY-2 3B % 74 - 31| , # 3 JR A% R GA BARE KM AT H BL21(DE3) ¥ #%F& &

i it Ni-NTA FA EM K F 41069 HaeWRKY #46%8. WASREAETFRALHT,

HaeWRKY-1 %X ¥ 2% 3 T HaeWRKY-2. ZXiE%MiaR % LA HaeWRKY-1 & ikF=TFif
HaeWRKY-2 &35, HaeWRKY B B3 T 2R %A, THi. BLEBR (abscisic acid, ABA) A& i
Boom R XA 45 HaeWRKY-2 /&30 F X A4 2| W-box I X T, 12 HaeWRKY-1 Fa 4z 4
K& £ A WA R K4EF A H HaeBKT. HaePSY 2B B3 F4H W-box L. AT AR A AL
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Abstract: WRKY is a superfamily of plant-specific transcription factors, playing a critical regulatory role
in multiple biological processes such as plant growth and development, metabolism, and responses to biotic
and abiotic stresses. Although WRKY genes have been characterized in a variety of higher plants, little is
known about them in eukaryotic algae, which are close to higher plants in evolution. To fully characterize
algal WRKY family members, we carried out multiple sequence alignment, phylogenetic analysis, and
conserved domain prediction to identify the WRKY genes in the genomes of 30 algal species. A total of 24
WRKY members were identified in Chlorophyta, whereas no WRKY member was detected in Rhodophyta,
Glaucophyta, or Bacillariophyta. The 24 WRKY members were classified into 1, Ila, IIb and R groups,
with a conserved heptapeptide domain WRKYGQ(E/A/H/N)K and a zinc finger motif C-X4-5-C-X22-23-H-X-H.
Haematococcus pluvialis, a high producer of natural astaxanthin, contained two WRKY members
(HaeWRKY-1 and HaeWRKY-2). Furthermore, the coding sequences of HaeWRKY-1 and HaeWRKY-2
genes were cloned and then inserted into prokaryotic expression vector. The recombinant vectors were
induced to express in Escherichia coli BL21(DE3) cells and the fusion proteins were purified by Ni-NTA
affinity chromatography. HaeWRKY-1 had significantly higher expression level than HaeWRKY-2 in H.
pluvialis cultured under normal conditions. High light stress significantly up-regulated the expression of
HaeWRKY-1 while down-regulated that of HaeWRKY-2. The promoters of HaeWRKY genes contained
multiple cis-elements responsive to light, ethylene, ABA, and stresses. Particularly, the promoter of
HaeWRKY-2 contained no W-box specific for WRKY binding. However, the W-box was detected in the
promoters of HaeWRKY-1 and the key enzyme genes HaeBKT (B-carotene ketolase) and HaePSY (phytoene
synthase) responsible for astaxanthin biosynthesis. Considering these findings and the research progress in
the related fields, we hypothesized that the low expression of HaeWRKY-2 under high light stress may lead
to the up-regulation of HaeWRKY-1 expression. HieWRKY-1 may then up-regulate the expression of the
key genes (HaeBKT, HaePSY, etc.) for astaxanthin biosynthesis, consequently promoting astaxanthin
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enrichment in algal cells. The findings provide new insights into further analysis of the regulatory

mechanism of astaxanthin biosynthesis and high light stress response of H. pluvialis.

Keywords: WRKY transcription factor; eukaryotic algae; Haematococcus pluvialis; prokaryotic

expression; high light stress; astaxanthin
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SRR WAELEREE A WRKY BN 7 |02
T3 S (R AT Bl T R A S AT RN AR 213K b 38 1 2
FURE R AL, LARE S A A 0 WY Az 21 Bk
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BL21(DE3) iRk IFRBaitb &N .
W HaeWRKY 555 s+ i A oCH:, 43t
HrTgez 5K E . HEER HaeWRKY
A = aan T W sk R . AR R iR
Mrotd BEZEY WRKY BYE 5 FIE L3R4t T
EE LG, AT amiEMEd WRKY %
W A D Re, FRRE S SRS A
&t 7/)i) SRR A 1N I8

WEERE

1.1 WRKY FHIEEMS

30 FhEZEEE (R 1) EEAEA)T
M DOE Joint Genome Institute (Walnut Creek,
CA, USA; http:/genome.jgi.doe.gov/) 3K
213 (Cyanidioschyzon merolae) 4R ZH 85
¥ %) M\ Cyanidioschyzon merolae Genome
Project (http://merolae.biol.s.u-tokyo.ac.jp) 3k
15 o Fr A 345 197 41 {8 makeblastdb 72761 &
Bs R AW T 3 Ry ok g E
WRKY [[Fpa. Hoe, AR JGI & C.
merolae F& K 2H 14 B % 328 WRKY & F
F, Hk, i E %2 M WRKY & H bk
RIFH], WA BLASTP #%& T HiRG A i
B2 WRKY EFHIP, BERR 1o, 3k
HEA%E, %=, 5T HMMER &7, N
H WRKY fR5F&E ¥4 (WRKYGQK) 1y
HMM BRI 2855 WRKY & FF515 5
it 1:f SMART Al Pfam 73 #r A5 £ $2 B 1) WRKY
BT A, K455 B I PR 7 41 A B 420,

] ClustalW X i WRKY J¥ 51l k472
JF A HEXT 38 3 MEGA 7.0 F4 g R I8 A (46
$21%), Bootstrap EN 1 000, f# ] ExPASy
(https://www.expasy.org/) 7EZ& X Ik Fi & [ i
BT SFRLAL . (55 ORISR X S5 B
A0 i AR LR SOPMA (https://npsa-

http://journals.im.ac.cn/cjben

prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa

_sopma.html) T & 1A —HE5H . FIHAEL
B SWISS-MDEL (https://swissmodel.expasy.
org/interactive) TI&E A9 — K454, M NCBI
I K 2 B HE ZE (https://www.ncbi.nlm.nih.gov/
genome/?term=Haematococcus+Pluvialis) H 43
SIHREL HaeWRKY-1 | HaeWRKY-2 BHIFHC 1A 2% 1
ATG {2 000 bp i3I ¥ 75, F PlantCARE

(http://bioinformatics.psb.ugent.be/webtools/plant
care/html/) 5k 22 Fi i 2l -0 =X A R OG-

1.2 HaeWRKY ERZEMBEEHTHRIE
o

i 5 T B W AR 20 Bk % (Haematococcus
pluvialis Flotow 1844) Il H JZ[E CCAP & Fh %
(https://www.ccap.ac.uk/) . i A= £ZL BR @ fif i BBM
Rigike (Bold’s Basal medium), 765658 25 pmol/(m™:s)
(LED F1)%). #EE(Q2+1) C. 12 h/12 h f%/
BRI I R E SR, 8 h iR 1 IR,

TS 77 2 0T IO 1 R A= 21 R 4 M R
i FALHE 24 h, B0 (7 000xg, 4 C, 10 min)
AR S PR fif 1 7 ik B B i A i, i) 1 b
7% (LED FHJ%, 25 pmol/(m*-s)). miFYE (390-
770 nm, 500 pmol/(m®-s)) FIE G (420500 nm,
500 umol/(m*s)) &MF AL 72 he ft)m, BL
(4 ‘C 7 000xg. 10 min) UAERE4HNL, JH PBS
Grvgehe 2 W, AR TR RGE R S AT
80 ‘C. BHLKNE 3 MEW¥ER, Hit
Frig st 72", L Reads Per Kilobase per
Million mapped reads (RPKM) 7341 2 SFAEZL
Bk HaeWRKY-1 (MNO78149) F1 HaeWRKY-2
(MNO078150) F:[HFiA/KF-, i Origin 8 fF
&l £5 572 PTNRO.O1 BF A A B 25 (1
K2 T 2250 91)
1.3 [FRzFRIEHAEEE

HOH e S L B 7 9045 8., PR 5
Y) HaeWRKY-1F 1 HaeWRKY-IR .HaeWRKY-2F
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Ml HaeWRKY-2R (5 2) ¥ 3 4% 5 11 5 i 5

P4 . B H AR R Balifb s Tﬁ/&ﬂﬁﬁ%ﬁﬁi
pMDIS-T Hff. FET Y (K 2) HAETAY T
(i) AR ARG M. (514 HaeWRKY-1-
28a-F/R Fll HaeWRKY-2-28a-F/R (52) MBEfeziik

x1 AMRFAAREEDMHRESE
Table 1  Algal species used in this study

pMD18-HaeWRKY-1 1 pMD18-HaeWRKY-2 4" 1
HaeWRKY-1 M HaeWRKY-2 FE[H . FH V) i
(EcoR 1 1 Xho 1) BEYIY &7 ¥F pET-28a(+)J5
B, MEEE R IRHEAR pET28a(+)-HaeWRKY-1
1 pET28a(+)-HaeWRKY-2,

Species

Taxon

Chlamydomonas reinhardtii

Volvox carteri

Haematococcus pluvialis

Dunaliella salina

Coccomyxa sp. C-169

Chlorella vulgaris

Chlorella NC64A

Chlorella protothecoides

Micromonas pusilla

Micromonas sp. RCC299
Ostreococcus tauri

Ostreococcus lucimarinus
Ostreococcus sp. RCC809
Cyanophora paradoxa
Cyanidioschyzon merolae

Galdieria sulphuraria

Guillardia theta

Emiliania huxleyi CCMP1516
Thalassiosira pseudonana CCMP 1335
Thalassiosira oceanica
Phaeodactylum tricornutum CAPP1055
Fragilariopsis cylindrus
Pseudo-nitzschia multiseries CLN-47
Nannochloropsis gaditana CCMP526
Nannochloropsis oculata CCMP525
Nannochloropsis granulata CCMP529
Nannochloropsis oceanica CCMPP531
Nannochloropsis salina CCMP537
Nannochloropsis oceanica strain IMET1

Aureococcus anophagefferens

Chlorophyta; Chlorophyceae
Chlorophyta; Chlorophyceae
Chlorophyta; Chlorophyceae
Chlorophyta; Chlorophyceae
Chlorophyta; Trebouxiophyceae
Chlorophyta; Trebouxiophyceae
Chlorophyta; Trebouxiophyceae
Chlorophyta; Trebouxiophyceae
Chlorophyta; Mamiellophyceae
Chlorophyta; Mamiellophyceae
Chlorophyta; Mamiellophyceae
Chlorophyta; Mamiellophyceae
Chlorophyta; Mamiellophyceae
Glaucophyta; Glaucophyceae
Rhodophyta; Bangiophyceae
Rhodophyta; Bangiophyceae
Cryptophyta; Cryptophyceae
Haptophyta; Haptophyceae
Bacillariophyta; Coscinodiscophyceae
Bacillariophyta; Coscinodiscophyceae
Bacillariophyta; Bacillariophyceae
Bacillariophyta; Bacillariophyceae
Bacillariophyta; Pennatae
Stramenopiles; Eustigmatophyceae
Stramenopiles; Eustigmatophyceae
Stramenopiles; Eustigmatophyceae
Stramenopiles; Eustigmatophyceae
Stramenopiles; Eustigmatophyceae
Stramenopiles; Eustigmatophyceae

Stramenopiles; Pelagophyceae
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x2 XHFASIMER
Table 2 Primers used in this study

Primer names

Primer sequences (5'—3")

HaeWRKY-1F ATGGAACTTGGGCAACGC
HaeWRKY-IR CATGTGTGTGCCACTGAGGA
HaeWRKY-2F ATGACGCCAATCAGCAGCC
HaeWRKY-2R CATCTGTGTTCCACCCAAGACC

HaeWRKY-1-28a-F
HaeWRKY-1-28a-R
HaeWRKY-2-28a-F
HaeWRKY-2-28a-R

GGAATTCATGGAACTTGGGCAACGC
CCTCGAGCATGTGTGTGCCACTGAGGA
GGAATTCATGACGCCAATCAGCAGCC
CCTCGAGCATCTGTGTTCCACCCAAGACC

T7 TAATACGACTCACTATAGGG
T7t GCTAGTTATTGCTCAGCGG

1.4 RMEEBMRZREMDKL

W2 A% R pET28a(+)-HaeWRKY-1
Ml pET28a(+)-HaeWRKY-2 43 9% A\ KW F 4
E. coli BL21(DE3) &2 54, PhHPHM: R 7%
FEAT 50 mg/L RARE R A9 LB WAKIG AL,
T 37 CHiFEE| ODgop i5 0.6-0.8 43 HI7E 18 C |
120xg, 0.1 mmol/L SENHE B-D-fiflFLpHT
(IPTG)IE R R R 6. 12, 24 148 h, &
L (6000xg. 4 °C. 10 min) WEBSEHK,
A 20 mmol/L B R 5% ik (7% 5 mmol/L KMk,
0.2 g/L 14, 20 g/L DNase F1 1 mmol/L MgCl,)
R e BT A R R, B (13 100xg.
4°C. 15 min) 358 FIER (FRAEA). K
& 1% A Ni Sepharose 6FF #1: (GE Healthcare,
Piscataway, NJ, USA) #1r4lift. H 20 mmol/L
WRPRENZE MR (7% 50-300 mmol/L PEmME) ¥k
Jit His Fric R o T 7% T Z0e S PR N
- 5 N M E e %k IE FL UK (SDS-PAGE) il i
HaeWRKY-1 il HaeWRKY-2 Fili & 25 11 ) i J il
T E. FOWwEE R-250 et s F
(B%LBEVIVY, T%IKBERR(V/V)) Wit Zn] Wik
15547 o pET-28a(+) JURLzEL A FHAH [ iy 4k 387
R (SSPORES

http://journals.im.ac.cn/cjben

2 X504

2.1 WRKY #REFEERMERHSH
1 Rinerson 28 #1l Fernandez 5%+ i A fiy
ZA J WRKY 2 Aii 7 7 Sy 125200, ACqf o
HSATESR TP Y E B WRKY 51 64T
oy (B 1), HIEATAL, WRKY 73040z, H
# (Fungi), Z2JEH (Amoebozoa), Fornicata,
o AR ) IR SR ) B 2R I R 2] WRKY B
B fE 30 M EAZ R, £13E] (Rhodophyta) |
L (Glaucophyta) HI fE % [
(Bacillariophyta) 42 AR A 2] WRKY . 7E 4%
#:] (Chlorophyta) 3 /~4X (Trebouxiophyceae .
Chlorophyceae #1 Mamiellophyceae) HYJ 13 Flizg
WP U F] 24 4~ WRKY 5, HAFSEEY
Pl WRKY B0 B AR o R G0 or ks 45
SEFIMEEE 24 4~ WRKY B4R 1. 1T R
3IAKA, AN 2 A (1laFl1lb), 4
R /K &% (Trebouxiophyceae) &7 A 14128
WRKY b1, 5 FhiFEELk#EE (Mamiellophyceae)
B 2 A 126 WRKY 5. [HSEEE,
1E % /K %% ¥  (Chlorophyceae) ' , &b
(Dunaliella salina) WRKY i 62 ¥ & fx £
(51), HE 4 A T2EH 14> T 28 WRKY A
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Bilateria
Cnidaria :

Placozoa \
Pori I‘E\I'E'l \_

Metazoa

Brown algae

Ascomycota

Diatoms
Basidionycota

Croa )

Slimemolds

Discicristates o
2 = Rhizaria

Preaxostyla 2 [:ls _

Last eukaryotic

COmmon ancestor

E1 Sz k WRKY BEREFHSH
Figure 1

Oomyceles

Alveolata

,.
Q2
%,
G, =
G
[’
QA
%,
P
%y

IOO[ Chiorella NC64A
|

Chlorella profothecoides NPT R
I'rebouxiophyceae

| Chiorelta variabitis

99 - Haematococeus pluvialis
Dunaliella salina

e y Chlorophyceae
Volvox carteri e

O
1
1
1
Coccomyxa subellipsoidea C-169 1
2
1
1
94 ' Chlamydomonas reinhardii 1
g7 [ Ostreacoccus rauri
Ostreocoecus sp. RCCRO9

Ostreococcus liicimarinis Mamiellophyceae

il Micromonas sp. RCC299

74 £ Micromonas pusilla

(=]

o
: - P
RS SN SR S ) MLI:M——-—-—-O\

B R e e e

Chlorophyta

Glaucophytes Rhodophyta

Tree of life and distribution of WRKY transcription factors. The red circle indicates taxon

containing WRKY members. The block diagram in the upper right shows the distribution of WRKY members
in different species of Chlorophyta. The image has been taken and adapted from Fernandez et al. and

Rinerson et al.?*%!

H# (Volvox carteri) & 1128 WRKY i 5
A1 4> R 28 WRKY Jliht; AZIERE (A
pluvialis) 7% 2 A~ 128 WRKY B 51; SEPIAE
(C. reinhardtiiy %54 14> 128 WRKY A5 .
2.2 %% WRKY EAZ&HHH

Nk fEATIX 24 N3k 3 BEEIEH WRKY
LM, @] SMART 7E4k T HAH T
SER M. B 2 AT, 24 4~ WRKY
SyIAZETF 1. Ha, b M RA, Hp, 94
WRKY H ¥ &F 2 4~ WRKY Z5#i8, T
140, 14 4 WRKY B EH 14 WRKY %5
¥k, BT 4. VeaWRKY-2 &E %)% R
0. Fr T E A WRKY &AM & =20 —14 5
JEARESFIY WRKY 258 (R4) 60 R KRR
%) WRKY Z5FIA0 & 1 A4 B RS A S 2R IR
J£4 (WRKYGQK) F1 1 MEEfE45H (C-X4-
5C-X22-23-H-X1-H 8§ C-X7C-X23-H-X1-C)P,

: 010-64807509

, with addition of a phylogenetic tree of algal WRKY's characterized in this study.

RYELEER A WRKY FE A P4, # Bioedit
BRPEXT 24 AN FE2E WRKY B8 11100 25 #4358 % 91 F
TR (B 3). &5 En, HEF T4 94
WRKY # 1 N ¥ WRKY 45 # 8 & £
WRKYGEK -t ik i B LA K 241k C-X4-C-X22-
23-H-X1-H BIBFFE 454, T C ¥ WRKY £ 4 55
& H ST WRKYGQK  F B A 41
C-X4-C-X23-H-X1-H MEEFR 25 . Hifh 14 4
WRKY & &A1 4> WRKY Zitaik, Hr,
BT a iy 9 WRKY EHAF, A 54MEH
1 -E B 81k R SF B WRKYGQK, A 4 4
WRKY H ML IIRA 1 DRI R
7% . DsaWRKY-4 Fll DsaWRKY-5 fit 1 Jik 5 471 14
5 WRKYGEK ., MrcWRKY-2 I MpuWRKY-2
ML K A4 58 WRKYGAK Fil
WRKYGHK. J&F II b 411 5 4~ WRKY EHH,
DsaWRKY-2 #il DsaWRKY-3 # -+ ik ¥ %1 K
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WRKYGEK , OluWRKY-2 ® & ik J¥ % N
WRKYGQK , DsaWRKY-2 #il DsaWRKY-3 1t
K41 #B 8 WRKYGEK ., — 2% 2544 T 4 B
X WRKY HHAGWIA FEH p &
B, BTSN B T 4T & O 45
(4,
23 EXERLEFMEIET WRKY EHFRSR
HFHL S

FIRAST AT B AR ST WRKY &L
DRGSR, ] MEGA 7.0 fygsEk

@‘ —

CreWRKY---group- | -
HaeWRKY-1-group- I =

HaeWRKY-2-group- I -~ WR

=

—
VEaWRKY: | iroup 1 e @ -
DsaWRKY-1-group- [ - KY 7 s

CocWRKY---group- | @— @

CvaWRKY---group- [ s . — @
CneWRKY---group- [ @ - @
CprWRKY---group- | @ — —

OtaWRKY-2-group- Il b
OreWRKY-2-group- I b =

OluWRKY-2-group- 1 b =

DsaWRKY-2-group- Il b

DsaWRKY-3-group- [[ b == -——

MpuWRKY-1-group- I a—@'

24 > WRKY & FHIEEIT 72 4~ WRKY [
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Figure 2 The domains of WRKY proteins.
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Figure 3 The multiple sequence alignment of WRKY proteins.
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Figure 4 The 3D structure prediction of WRKY protein. Red end: C terminal; blue end: N terminal;

arrowhead structure: B-sheet.
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5 la GrOUP Group I
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Figure 5 Phylogenetic tree of WRKY proteins in eukaryotic algae and Arabidopsis thaliana. The identified
green algae WRKY's (black solid circles) and AtWRKYs (black hollow circles) clustered in different groups
in the phylogenetic tree. Different colors indicate different groups (or subgroups) of WRKY proteins.
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MNER, HEA Evﬂiﬁ A1) 0 55 S 235 A S
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B (45.21%F1 47.83%) F1 o M2JE (36.20%F0
29.41%) A, MIRGRIEN . —RE
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IR EZH B radm (B 4).
2.5 HaeWRKY Ft&EHMFEZFIER AL
PR Y H B A% R IR HIA pET28a
(+)-HaeWRKY-1 Fll pET28a(+)-HaeWRKY-2 Ui
(K1 6A2 F1 6A3), I FHAHN 51 ¥3E4T PCR 473,
K15 HaeWRKY-1 Fl HaeWRKY-2 5¢#% 1) CDS F
B: (Kl 6A5 Fl 6A6), ULHH HaeWRKY-1 Fl
HaeWRKY-2 [ )5 % R IR B AR H gl o o o
H R4y WEEALZ E. coli BL21(DE3) &2 2821
Mlh IF 75 A% Rk . $EHUE AT SDS-PAGE
e R R (K 6B F 6C), Hasaiik
pET-28a(+) W RE MM RBREAMLIL, FHFHME
SRk 6. 12, 24, 48 h Bf & pET28a(+)-
HaeWRKY-1 1)K #F 8 ¥ 95 55 & Rk &
EA, BEEY 48 h RCR B FIAE, &
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NEREINEGRMSER

Figure 6 Examination of the target gene cloned in
prokaryotic expression vector and isolation of the
expressed target fusion protein by SDS-PAGE. M:
marker; Al: empty plasmid pET-28a(+); A2: plasmid
pET-28a(+)-HaeWRKY-1; A3: plasmid pET-28a(+)-
HaeWRKY-2; A4: PCR product obtained using
universal primers and the empty vector DNA as the
template; AS: PCR amplification of HeaWRKY-1
gene using pET-28a(+)-HaeWRKY-1 plasmid as the
template; A6: PCR amplification of HeaWRKY-2
gene using plasmid pET-28a(+)-Hae WRKY-2 plasmid
as the template; B1 to B4: the expressed proteins in E.
coli containing empty pET-28a(+) at 48, 24, 12 and
6 h of IPTG induction, respectively; B5 to BS8: the
expressed proteins in E. coli containing HaeWRKY-1
fusion protein expression vector at 48, 24, 12 and 6 h
of IPTG induction, respectively; C1 to C4: the
expressed proteins in E. coli containing HaeWRKY-2
fusion protein expression vector at 48 h of IPTG
induction, respective ely; C5 to C8: the induced
expression proteins in E. coli containing pET-28a(+)
at 48, 24, 12 and 6 h of IPTG induction, respectively;
B-9: the purified WRKY-1 fusion protein; C-9: the
purified WRKY-2 fusion protein.
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pET28a(+)-HaeWRKY-2 W) K IpHF#i ¥ 915 5%
AN, HiESEE 6 h BIRURREAE. M
& 6B9 i1 6C9 A%, £ Ni-NTA ZEFIZHrikal
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FEATR R EME 72 h 5 RSB AR . B4
CLEREEAEIE W K 2 55 F . HaeWRKY-1 Fl
HaeWRKY-2 ¥133%, H HaeWRKY-1 HIXt&ik
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Table 3 Cis-acting elements in the promoters of
HaeWRKY, HaeBKT, and HaePSY

Cis-acting
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- 1
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Figure 7 The relative expression levels of
HaeWRKY-1 and HaeWRKY-2 in H. pluvialis
cultivated for 72 h under different light treatments.
1: normal culture (LED white light, 25 pmol/(m?'s));
2: high white light (390—770 nm, 500 pmol/(m*-s));
3: high blue light (420-500 nm, 500 pmol/(m?*'s)).
Each value represents the mean+SD (n=3). Different
lowercase letters on the bar graph indicate significant
differences between the combinations (P<0.01).
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Figure 8 The colors of H. pluvialis cultures for
72 h under different light treatments.

3 9tk

WRKY TFs J&—3% DNA 4568 1, FELF
FETF = S A AR S AR o AR WRKY 3811
R FEE S BLF B4R AE, WRKY TFs 38 5 8 2
HNERZE (1, AP, 45141 WRKY il 5
1E C-FI N-¥id % WRKY 253l &5 11 FIIIT4]
WRKY W GNAE C ek N 3 WRKY 45t
BEEYS MRS WRKY 2R Ak AR ST 3 7 1 22
5, S 4 WRKY mait—24r8 5 N4
(Ila, IIb, Ic. IIdFIIe)*™, AT EA
FRUER] 24 4~ WRKY [, /5@ F 1. 1la

: 010-64807509

b 41, BRI PRST 458 I LR P 9 A7 1
— eI R BRES 1 4 WRKY 25 [ N 5 WRKY
SERYIRAN , HoMl WRKY 2544 B3 & A — AT
N F (PR IE VQR) 5. LR PR 2544
TR e gz (1-CT, Ilc,
IId, e AIIlZH), VQR Z5#vF 1la #0111 b 2H
AL TR 45 H N FB (C-X4-5-C-X5-VQR-X18-19-
H-X1-H)P¥, %2 WRKY &% VQR 45fy%
A5 VER SEAN [A] A 728 S 440 TR0 BT ik P e £
S BT R R 4 E WRKY S5 #3Ek. 30
Fh LA R LN 4] WRKY B ELE R BoR, 41
# (Rhodophyta), JK#%: (Glaucophyta) #H1#f
(Bacillariophyta) S5 ARAINE] WRKY B0, R
1M, WRKY 51 IZAA7E T4%#E0] (Chlorophyta)
BAh, HARZEEDF WRKY A SR,
flan, ¥ (D. salina) WRKY A ERZE
(51, FKEBABE (C. reinhardtii) WRKY B 5
e (1) CANFREE SR SHY WRKY i
REEIRZ, AT RINBERDR (S5)
o WRKY RN G BRI . WRKY HEITERE
Yt A Fe b 20 ) (GG RE D 2H A ] | AR
AR R B ), T —A~ KA WRKY
HAREGHES, H, 55141 WRKY Aib iy
ZRIRLE , R4 (11a A1l b) WRKY R A E2
HE A H— WRKY AY#28 WRKY A5k
ok, ARARMERTA AT S R P, WRKY 3
PRITE A AR b R AR I S B G2 S L E AL
A RS 3 2R
FIARLTBRBE ARG R A BAEKIE, XTRa A=
ZIBKEEINT RIAYG L RSN A T
BIRZHFED, SR s m AT, W
AT ERPEANMR 2o 2, ARG R, 28
BABE N EMEN, LRI REN, S5k
FHEG, WOCTERE ISR B S MRG0 T A BEE
& EEPVECY ARSI e B AELT Bk WRKY

X: cjb@im.ac.cn



1978 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

FERUH 2 4~ HaeWRKY-1 FERFGRTEEDEWHA
o o I E R D 1 N S R A
=, SR, HaeWRKY-2 FERTEEDCALEE T 2R
IR (B 7)o R AAT B RR AR LTk B L R 2H 2K
PP, KB HaeWRKY 3K 5 sl F 51X A
Tt 1000, 458K HaeWRKY-1 2R )5 5
F XX AE o F & 3 A4 W-box, 2R
HaeWRKY-2 JA8FXAF W-box Jolf (3 3).

WRKY & SR T 5 Refr ki 5 B AR5 S
9 W-box (TTGACT/C) =R o B
LEATS ] HEREREESFY TGAC 0 WRKY
55 2 5 A B s BRI O, XA
HaeWRKY-2 HHE# HaeWRKY-1 A G1[HES
HaeWRKY-1 £ A 87456 40 HaeWRKY-1 3
NERIR . FATHEN S8 %4~ , HaeWRKY-2
Rk, Wb T 5 HaeWRKY-1 JR8h 454, %k

High light stress response

VFRESE HaeWRKY-1 (535355 # HaeWRKY-1 &
PSSR, HaeWRKY-1 251 0] AR
TR R . FEIRE R A AR, i
N ZEALBEEER (B-carotene ketolase, BKT) Fll/\A,
T 2= A R R (phytoene synthase, PSY) iz
EwEEMEAY, CAPRERY, HaeBKT Fi
HaePSY e (R DGR L) B TRk
B 5 HaeWRKY-1 3£ FIRZERA—E X
VERC 0472, HaeBKT 1 HaePSY H:[H 3 5l
T35 2 F1 1A W-box JofE (36 3), iR
HaeWRKY-1 HEPI AT B 51X P MR 25 OGNS
BB FE IR EAN RS . AR A3k
PRGN IR R AR AR DI R R M5
&, G WA Bk L, 20T
HaeWRKY %55 K Al g/ = 675 S e 40 M A=
KRS R GBI (B 9). BARM R ,

Astaxanthin biosynthesis

MEP
_________ > GGPP
: v psy 4
HaeWRKY-1| 1 15-cis-phytoene
————————— ' I
1
1
v
S R e n All-trans-lycoene
EEEEEE—
I I ¥ LYCB
: : [B-carotene
L Wi Vs 1} BKT / \(BCH
v - ————— :
: i -cryptoxanthin
| HaeWRKY-1 Tl' l)i Echinenone p-cryptoxanthi
e Y i 4 BKT | ¥ BCH
v \L : (HaeWRKi‘;}- I i  Canthaxanthin Zeaxanthin
I Other genes? I W‘b'm W HaeBKT : BCH |, ¢ BKT 4
@ : e e o Adonirubin Adonixanthin
\ (HaeWRKY-) I
Physiologica land I = HaePSY|1 : BCH\ AKT"‘
|

biochemical reaction I

—— Astaxanthin‘.

B9 FELTKE WRKY EETFENSESAFRAMEKFITEZERAEXE

Figure 9 Schematic diagram showing that WRKY genes may mediate the cell growth and astaxanthin

biosynthesis of H. pluvialis under high light stress.
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