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i 3 A & Gt
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AF71dy 2 _ . _ .
ié%/ﬂﬂzﬂ st st Ay 2ok Zol7)19
TAFEFAT R I Aoy AY -
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A& (2017)

« 34 WAZR fA0 Z2vEE olgd Wy a2 73
- A F2F ZZEH (P9) d
- P9l T AA0F FASACI2 BA e 49D 2
- FAABANA Aeo] FEEE AFA} TARAel2 By F7} 3

i

22hd &= (20184)

¢ 3 AZF fUe TRRHE o83 Wy AxY 73
- FA f2F Z2EYH (P9 & gde ariz Ak W A= (1,225, 900, 600, 477, 300bp)
- EZRRE AUL B 34 TEF TZRH A4 fE 49 AN AA A4 @TTbp F2)
- G4 %2F Z2RE (PL P o HFE Ao ANl W M 25 AR
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g o | A AR IEARS VLR FEVERYS FRRELS
0 el o ST AL R4 ZREE; 2d A2 b9l FAH Y0l =; mVenus 34 A
-1 r

o o Polar microalgae; Chaetoceros neogracile; Chlamydomonas, Chloromonas;
° Cold-inducible promoter; Expression system; Gaussia luciferase; mVenus
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V. o743

SAAFLAA  AFEe FA WA xR FHvERus ArM29
(Chlamydomonas ArM29) ¢ Z 2 =2 R U2 KNF32 (Chloromonas KNF32)
&, 28 B AFge] v)Ed A A" FA4 mA FERFA JIEAZA
Q a2} (Chaetoceros neogracile) ZF€ A4 F4Ax &d F7HF 125
= FAzke] ZEREH DS FREA s F, FHVER YA ArM29 F 9
Long chain acylCoA synthetase (contig_12889), Ribuloase—1,5-bisphosphate
carboxylase oxygenase large subunit (contig_8321), &1 J|EAZ2~ W1
232 o] Antifreeze protein®] ZZREE AdS o]fsle] Wy FRYS g
I2REHE 727 Pl, P3, P9 & Wit o]%F ols ZZRE S A& -r,-L:_/H
A @M Ed Tpg-Alol FAHH o] = (Gaussia luciferase) 2k
< AR 2E HEHE 7Sy 949 Pl PS, P9
A WEE AR ddy g4/ Gy HANS FElA A=A ShE AR
g o] FHa Hdo] dojube AS et 3dte] AT ARE F
ot = 535 11 =4S dassdd (53 10-2019-0136817).



I. Title

Development of vector system using polar microalgal promoters

II. Purpose and Necessity of R&D

The purpose of this study is to construct a novel vector system using the
promoter sequence of polar microalgae. In particular, we develop a
low-temperature inducible gene expression system that can avoid the
protein denaturation caused by high temperature. The major problem for high
production of valuable bio—compound from polar microalgae is to secure
sustainable supply of algal biomass due to the slow growth of polar
microalgae. Therefore, to supply feedstocks for wvaluable compounds more
sustainably, bacterial expression system, such as FEscherichia coli. or
eukaryotic expression system are considered to be used. Although, FE. coli
expression systems have the advantage in fast production but have
limitations that bacterial systems lack of post translational modifications such
as glycosylation. Therefore, we proposed a microalgal system as an
alternative expression system to bacterial system. The model green
microalga, Chlamydomonas reinhardtii, has a lot of advantages that grow
faster than the polar microalgae and has various genetic tool Kits for
transformation of expression vector. We tried to produce the natural
cytoprotective substance from C. reinhardtii that introduced various vectors

developed in this study.

III. Contents and Extent of R&D

The scope of this research development ranges from predicting
transcription factor sites associated with properties that induce an increase in
gene expression at low temperatures to the development of gene expression
vectors using low-temperature inducible promoter sequences. The contents of
this research and development include the observation of gene expression
regulation at a low temperature of promoters from polar micro diatoms and

polar microalgae, prediction of genetic sequences including low-temperature



inducible transcription factors through various molecular biological
characteristics. And the present invention relates to the development and
comparison of expression vectors using promoters of polar diatoms and polar

microalgae.

IV. R&D Results

In this study, we obtained the promoter sequences from Chlamydomonas
ArM?29 and Chloromonas KNF32 that received from Korean Polar Research
Institute (KOPRI), and from Chaetoceros neogracile that we already have.
Among them, we generated the new vectors using the promoter sequences of
Long chain acylCoA synthetase (contig_12889), Ribuloase-1,5-bisphosphate
carboxylase oxygenase large subunit (ocntig _8321) from Chlamydomonas
ArM?29, and wusing the promoter sequences of antifreeze protein from
Chaetoceros neogracile. The vectors generated in this study were named P1,
P3, and P9, respectively. Subsequently, to confirm the low-temperature
induction of these promoters, expression vectors obtained by conjugating
Gaussia luciferase or mVenus fluorescent protein, which are reporter proteins,
were constructed. The P1, P3, and P9 expression vectors were confirmed by
gene expression and enzyme or protein activity test. Completion of three
years of research and development results completed one domestic patent

application (patent application number: 10-2019-0136817).

V. Application Plans of R&D Results

The results obtained through this research and development can be utilized
in various ways. First, it can be applied to the production of natural
cytoprotective proteins derived from polar microalgae, and can be used for
metabolic approaches for the production of useful substances of other
industrial microalgae. To expand the utility of developed vector systems, we

need to improve them to be regulated more sensitively at low temperatures.



A2 =l et 88

A3 AgEsY e 2 A

A6 AThEagel A FHE el e g n



H g M2

14,

1.

AT N te] B @ A
AT 52
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&3 WHol Utk BFTS g3y Aol Mttt FHe

Hjol Alagle] AR sl AR 5 ol 2o MA@l Wl n
A xRl AV ERUAS o gat wete] welHth Ed, & dAll
A ol g3 :

2 AR SA[AT LA AT FA4 HA 52F SYHER
ArM29¢} SEREuUX KNF32 7 $3 & d7"e] 7]Eel Basta 3=
A vA FE2FA JNEMNZES U2t (Chaetoceros neogracile)S W7
o2 FYPHAY I FAAE A FEHE 5AS 7FA = Chloromonas
KNF32¢] Long chain acylCoA synthetase “+##¢} Ribuloase—-1,5-
bisphosphate carboxylase oxygenase large subunit (contig_8321) %=}
2R E M4, 283 C neogracile® Antifreezing protein®] X ZEE A<
= HAeRE sto PEAT. AT Hes ZEREH A LA A2
Lof AE AARIA 95 dSeks ANE ZERYH AEE ol&d FA

Ay e o] JNEbA] ERER
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H 2% =Ule 7=/ &g
14, = Zlerid 9%

Mz e Fo ZRRHE o &M T HEE Jfdds Ao Bl
A shrh FuUllM WAEFe] ZRREE ol &3 Vet F2 B
A7l s MEsa ek AF7AA B A7l od Huy ZR R
2o0d e #d Ve A9 v 2ok 2013delE Y v

o

F TeEldet (Dunaliella sp.) e FFEAH Z=ZEE (light-inducible
promoter, LIP) 7} B ¥ o™ (Park et al., Planta (2013)), 2015\ d = 3l
& vA FERF deged EdIATE (Phaeodactylum tricornutum) 22
EF2 Z2HREE o] &3t & el A&H4 &3 WMy A2d"s Basdt
(Seo et al., Algal research (2015)). 2016139+ 7|9 B ¥ LIP X2 5XH
of JNEI FA Frieoh wdEHE HARIAE WHSe] K sl (Baek et
al., Biotechnology journal (2016)). 2018 o= . Az oA w5 njA H %
F ZF=249e B8~ (Chlorella vulgaris) ¢ 334 #d §42¢ psaD =
ERHE o] &3 WEHIZF AAHNeH, S ERUA 9o uFAE A%
1= Aoz = (Kim et al, International journal of molecular
sciences (2018)). =rjell Al 7]Eel A2te T2 REE FF=4d Hd iy, A
&2 2y WE o, A2 fFRA4 2d HEE e

ATk T3, R Aol FA o] =e] WRvks Slsklar, Al ERE

A ® o] MEe Ao ALEHA kgt

B
offt
Ot

24, =9 Jle/id d%

T M E FTHAR AR & Fo ZERHE o &3 I3 HHE
Mastazt sk =92 ol Fol] o] Folx] gkrh. ojm] 1980\ thF-E B A
7I1TE TAGtE 84S ZEREYH AMIS o]&3 F whEgA I 9E
3 A7So] Rusgon B3 B ApdAes 2dH TAERZ AFEE 1)
Az 2l FQ S =Yz Aedd vy 22 vkt TRREVG
AAZ A7 AL AT AA7FA B—2—tubulin ZEEE] (Davies et al.,
Nucleic acid research (1992)), HSP70A ~ =% ¥ (Schroda et al., 7he plant
journal (2000)), RbcS2 22X ¥ (Goldschmidt-Clermont et al., Journal of
molecular biology (1986)), AR1 X2 X ¥ (Schroda et al, 7he plant journal



(2000)), Z1¥]31 Lhch-1 22 %EH (Kindle et al, Plant molecular biology
(1987)) 7} g Aoz o] g5 g} 1 FoA% ARl Z2ZEE 7} A &40
B oES 2Es Hole Zow deA dedH, ol HSPT0A Z=EE S
RbcS ZTRRE ] oS &3 dojxl 7lviel Z2RE ot

ojn] Zeo A= JidE Iy WEE o|&A &AL JEel=HE A7}
& @] o277t teke Av]e] EES vAlERFAA Aibstaat &)
gom, 20139+ Lauersen &2 -xfe] o)A x5 45 A dwA

(recombinant ice-binding protein)S L&t A¥ F-= EH|5IAT=

(6]

(=

i

ol Haw w®v gl (Lauversen et al, Applied microbiology and
biotechnology (2013)). ¥ & a3 Hilolx A& Ag whuldo] il 8§09
- 5SS F JANE HAERFE ol&dA F& dulAEAS AN

[e)
~ua R =2

S nks He4 e nelEdh

34, AFAIIE S Vel 2R YA
24 144 A AFE AAY, AANA wAzER AL A AL

A s 29 oOAE AwE Aol gtk wEa B A

=4 wE WEE MAzRe FPAR 2 FA4 1d

o] = A7 8 Aew el

E
=

=2,
>,
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H 3. d7Mgd=sd s & a1

=y =
14, 37 uld FEF S2EHES olg3 ud W A
1. A vA FERFAA AL 5 ZZEH
(1) 97 i Z=RE A

A"l A4 vA xR VEARS deadds e w 3k A3
Aol A AWHbA] @A (Antifreezing protein) ©] Aol 9|8 A} 2

dol F7tste HYHS HAgFEH (™ 1) (Gwak et al, Marine
biotechnology (2010)). AW W= il d o] RNA od S A2 =] 408 A

25w oo g Frletal, 60 Aol At

a Time (min)
0 20 40 60

b ow

transcript
-
(=T T R S TR Y

Relative amount of Cn-AFP O
-]

0 20 40 60
Time (min)

I¥ 1 20 G vy s=F S -

(Gwak et al., Marine biotechnology (2010))

ol#]gt MPATE njeto g AWlkx gulde] sz
5 AARRIAZE E3kE ] S Aow sl o
ot AL A Ed dyo o] 83 ¢ s AoE dAdst. wet
A FNEA R Yo aetd o] genomic DNAOA AW HA] whul o] g i
B AMdvE PCR FHste] Aot PCR =12 95°CelM 10+
pre-denaturing 3}, 95°C - 58°C - 72°C & o]ojA|&= ZFZ Alo]ZFS 353
F333 T 72°Col A post-elongation ¥, 12°CE &% 7 elsts= o=z A
Aot PCRS =2 AId%=E 93, pfu polymeraseE AF-83to] G35
ATE dojzl DNA % Aol Zol= 1,225bp ol (¥ 2), Z2HE 9
M-S 29 3o A E o U

_’I'I_



Promoter #9
sequence PCR

1.2kbp

ag 2. 7| EMEA Yeadde T2 RE ZFE Ao

> CnAFP (P9 = = 5'E4, full length)_1,225bp
TCCGAC TATACATCCCCCACACCCAACAT GUTAACTGTAGCAGTCCTCGACATGCAGGCCGCATATGTTGATGCTGCAG
GCCGCCCTGACCCGAC TACE TTGAGCTTGGTGCTGGAMCATTGAGGGTTTTACTCTTGATCCTGGCC TATACAAGTGG
GGGACTGATGTCGGCTTCACCAACAGTCTCACCTTCAATGGTAATGCCACTGATATTTGGATCTT GCAGATTGATGGGGA
TGTCAAGTAGGCAGC GGTGCAACAGTCACACTTTCTGGCGEGGCCAAGGCTGAGAACATCTTTT GGCAGATTGCGGEE
AAGACTGATCTAGGCACCACGTCCCATGTTGAGGGTGTGTTCCTCTGTAGCACAGLTATCACG TTC ARAACTGGAAGCA
GCATGAATGGTGCTGCACTAGCACAGACAGCAGTC ACGTTGGAT TCCGCTAGGATCGT GAAGAAGTCCGTATGCGATGE
GGATGTTGGGTGTETGGAAMACTAAMGGTGTGCTAAMMTGTGTG TTACACAAACATGCAGTT GATGAGGAT GCTGAATGA
GATATTTCATGT TAAAAG TAGTACTACGAGTATATGGTAATCATCGTCTCTACTGATCAATATAC GGACAAATAATGTGAC
AGCACATATTTGTATAACCT TTTAAAACTAAMACCACTTCTCCAATTTTTCTGATGGAATATCC TTGGTTTGC
ATATCTGTAAATTTTGTT TTTGAAAGTCTTCGATACATGATT TAAATAACTTGCCTCTCTTTGTTAGACCATGCGAACAATGA
CTAGCAGTGCACCTACAGTATTGACAAGAC! TAGCTAGTATAATAACATATACATTTTACTGTAATTCACTC
AACATIGCGAAMGAAATACAATGTAAATCTTGGAGCC TC TAAAAATCAAMC TGCAGAACTCTCTAAGAAATG
TTTTGCATTTTCATGAAACTTACATGATGATGATGATTTTAAAAATGTGGTCATGTATTATCGTTTAATCACTTTAGACAA
AAGTCAGAAGGCATTTAGTGCAATGCCCTETGCTTGETGTAGAGGCATAAAACAAGGECCTGGCAAMCAACCAGGCATT
TAATACAATGACCTTTCAATCACAGACTCARATCGAAATCTCTCATTATCAATTTCATTTGTCTICTTCAAAAGCTCATAAT
TICAAGAAAGCACAAAAC
CAAT-box: common cis-acting element in promoter and enhancer regions
TATA-box: core promoter element around -30 of transcription start
ACE: cis-acting element involved in light responsiveness
G- hox clsfactmg regulalory element involved in light responsiveness

. cis-acting element conferring high transcription levels
wlian: cis-acting regulatory element involved in circadian control

ad 3. =A A gpEFe ARA] duld 2wy M9

g

Ao ZERY N F, F42 233 o4
35171 9184 PLANT CARES} 22 HAFx4AA%
shlvt. 1 A¥, AR d@d ZeRy Ao
AA Foli= CAAT-box, TATA-boxe} 2 =

A Wek opuel, Wi S, FF7)e] whga

d
rir
3
>
BN

_12_



ko] & 4= It PLANTCARE: 524 E dolg 7|§lo R o= &=
Aol7lel ZAzboll i) 100% LATFAE &S F AR, RyPHoz 7
He drarzddzts 458 5 Atk shARE oW dabzddz7E AL
To #ojstEA= WEskA gk webA 2 Al A s AW o
WA Za Z

2. P9 ZEREE o] &3k 7h¢Alol FAH ol = HE Wy A 9 Fds
(1) P9 =2 EE (1,225bp) o] 7hp-Alob FAl Aol = & g Azt
TR R NEFH AFAA EA4 A, B ATELS SA4 vA xR
frale] AWws] Z2REE P9 (=CnAFP promoter) .2 WA &
FI dolm el PY ZRRHO FES 98 full length?] 1,225bp
o] % P9_1,225bp= 7|3t
P9 T2 REY AFS s @Invitrongen ALY pChlamy3 #HE S F+3
o7 3slo] 7]FS ARl ZEXEHZE A wlua, P9_1,225bp (=CnAFP
promoter) & At TE 1Ela W} st dwAR g EA AR
chul o] 7} Ao} F A o] = (Gaussia luciferase, GLuc)S 4F¢ st it
1 2] IUTR S ¥ YA AL AEL 7129 pChlamy3°] U
= AWEE A& (28 4).

o

CnAFP promoter

bla promoter

FUTR

pChlamy3_pCnAFP::GLuc
5,543 bp

B-TUB
p[OITI oter

AmpicillinR

Hygromycin R

a9 4. P9 TR RE Y full lengthEe E3sl= wra WE (1,225bp)

_13_



Z
i)
1o,
oflt
i
2
rigl

(2) P9 2R H full lengths X§sl= &d o)
A ZE P9_1,225bp ©E wE o] Egw 7p§-A
A4S F38t7] felA A AS o] RAAH R o] & E MAZXRF Bl F
Q1 Sy #Rlsto el WE =9ls ARttt A 7]
H (electroporation)S °©]-&3stsl o™, 232 600V, 50uF, 200Q o= 3
FE At P9_1,225bp & WE o= ste]1Zwlo] Al (hygromycin) A&
EotE o] Ak webA FmERU2E PFAASA = dfo] Lmutol
Aol 33E wA/AA wjiA A Adetes AAFE AH doin (2™ 5).
ojuj dfo] ZZulolAl FEi= 50 ug/mLoZ 4333t}

o
o
i
>
M
e=)
-0,
[N
1o
5
=
=
S

2
_>‘i
N
L
H~l

il
Ly
°
o
)
2

271 AERES ol &l ST =
oA ste]ZRwtol o] A7s 7
AY9Es FPsATE o] F, A )
g 7hg-Alof FAH g o] =

} PCR Wi= =7 964bp)—§— o] &34 PCR %< &3l #E7}
° g_}ﬁs}%#ﬂﬂ Z 21719 JAHdSAE dAT (29 6).

s ¢ ¢
e & ® © e
e @ "._— » @
5 & -r L .
4 ‘,;m‘\b )
¥ 6. P9_1,225bp MH FA WA F=24Y PCR

_14_



3. P9 ZEREE o] &3t 7ol FAH o= W
(1) &2 (25°C) oA &] 7h--Alof FA e ol= &4 &<l
E=94E P9_1,225bp7F AAR WME RN Aeshs A lsh] flsiMd wE
o] AFslel FelE FAHSA 2170l sl 7F-Alof FAHH | = A S
SA4s9Y. 28 e 227t A (Promega) 9 dlde FAIHHol=
(Renilla luciferase) 4] ZIEES A XA 7hol= 2 wheba sl o
o 27 Al 2w~ Fr] v H (Glomax luminometer, Promega)&
ol &3l e FAeAT ok F Y A 1,000 olst o, FAAL
Al 2170 Fol A A o] 10,000 o3 A oA =2 SAHE 37HY &
AAZA #, #9, #19)E5 HF Adsidot (2™ 7).

o,

»

RHA
PolyMErase  Transeription factors

250000

200000
e
= :
o 150000 l + Substrates
=
a
2
2 100000 Light
=
S
=

50000

p - - - 11 T S A S S S S —

n N-m.dsveeﬂ@q\o¢-¢.¢¢¢¢.¢.@¢ ~
.as%’ LA

29 7. P9_1225bp M FAABA Ao} FAAd el = 2y A}

(2) U 2= Ao wE 7heAlol FAHEol= e B &4 gl

HE Add 7o FAAFAE dde=Z 0°C, 10°C, 20°C, 35°CY] A=
(25°C)ell &l EAY w=& 255 AAsta, 7 255 247 A F4
AgA o A o] 7hg-Alo FAlH o] =9 izt B B FAdo] ofE A Eet
A=A gIstAh ¢ A Ll ¥stE gt Al 7F-Alok
FAH Y ol = FHA2] quantitative real-time PCR (qRT) Zzg}o]w ¢}
# 2~ 7422 Receptor For Activated C Kinase 1 (RACK1) 3¢ =
gtolu & o] &afA ¢RT PCRe Fdstdtt (ZE 8A). 1 A, 4=

ol
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1.

3

(e

P

FaAch 1,225bp9]

P9_600b

tao (2™ 9).

R

ZRE A4S 900bp, 600bp, 300bp (shortened 1, 2, 3) &2 HATs}

o

=
71

1=}

Ay A
it

B A
ZREAM AL FEA AAIAT}

shortened 1),

o
shortened 2), P9_300bp (&< shortened 3) &=

ZRH T

v

v

g P9
2 Folx xZE
olZ Hdke P9
- 16 -

[e)

i

A A R

A

=

L

1, pChlamy3&

P9



Pa = Full length
Po Shortened 1

Shortened 2

[ ps [ETE shortened 3

3¥ 9. AR A whE v FR dole] PO Wy Az

s ‘Oh*a' Addd P9 ZRREE 54 AARRAJIATL Al H A=),
P9_900bpe] 749, ACE elementg}til sl 3ybg HAALZAIAe} LTREZ

b= A= wbg AALEEJAAZE AL E AT PY_600bpe] -7, G-boxzh
AL sk FRbS AALERAJAIE A9l H A o, PY_300bps ZEEE ] A}
#A4S ZFR A7) 5UTR Py-rich stretch7b AQEE AS 2 4+ 9l
(29 10). 154 =9] deoly Hol~E o] &g HAxHRIA o5& F3
1,225bpet 900bp Akelel ¢l LTREZF A& fFEAd Fag 988 & 4
o x 7 AT

o

=
N

> CnAFP(full length)_1,225bp

TCCGACTATACATCCCCCACACCCAACATECTAACTGTAG CAGTC CTCBACATE CAGGLCE CATATETTGATE CTECAGGCCGCCCTBACCCEACTA SAGCTTGETELTG
GAAACATTGAGGGT TTTACTCTTGATCCTGBCCTATACAAGTGEGGGACTGATGTCGGCTTCAC CAACAGTCTCAC CTTCAATGGTAATGCCACTGATATTIGGATCTIGCAGATT
GATGGGGATGTCAAAGTABGCAGCGGTECAACAGTCACACTTTCTBGCEGEEC CAAGGCTGAGAACATCTTITTG GLABATIGCG GG CAAGACTBATCTAGGCACCACGTCCCAT
GTITEAGGETETGTTCCTCTGTAGCACAGETATCACG TTCAAAACTOBAAGCAGCATEAATOOTECTECACTAGCACAGACAGCAGTCACGTTGEATICOGCTAC GATEGTGAAGA,
AGTCCGTATOLOATGCGGATGTTGOG TR TG TGGALAACTAAAGGTGTGLTAAATATGTGTTACACAAACATGCAGTTGATGAGGATACT GAATGAGGATATITCATGTTAARAGTA,
GTACTACCAGTATATGOTAATCATCOTCTCTACTGATCAATATACCCACAAATAATETGACABCACATATITGTATAACCTT TTAAAACTAAMCCACTTCTCCAATTTTICTGATGE

AATATCC TIGGTTTGCATATCTGTAAATTTTGTIT T TGAAACTCTTCGATACATGATTTASATAACTIGCCTCTCTTTGTTACACCATGCGAACAATCACTAGCAGTGE
ACCTACAGTATIGACAAGALT CTAGCTAGTATAATAACATATACATTT TACTGTAATTCACTCAACATTGCGAAAGAAATACAATGTAALTCTTGGAGCCTCTAAAAAT
CAAACTGCAGAACTCTCTAAGAAATG £ TTIGCATTTTCATGAAACTTACATCGATCATCATCGATT T TAAAAATCTGOTCATGTATTATCOTITAATCACTTITAGACAAAA

GTCAGAAGGCATITAGTGCAATGLCCTGTGCT TG LT GTAGAGGCATAAAACAAGGLCCTGGLAAACAACCAGGCATTTAATACAATGACCTITCAATCACAGACTCAAATCGAAA
TCTCTCATTATCAATTTCATTTGTCTTCTT CAAAAGCTCATAATTTCAAGAAAGCACAAAAL

> CnAFP_900bp (ACE element LTRES! 2}

TCTAGGCACCACGTCCCATGTTGAGGGTGTGT TCCTCTGTAGCACAGCTATCACGTTCAAAACTEGAAGCAGCATGAATGGTGCTGCACTAGCACAGACAGCAGTCACGTTGGAT
TCCGCTACGATCGTAAGAAGTCCOTATG CRATGCECATETTGEETCTET GGAAAACTALAGGTOTECTAAATETETGTTACACAAACATGCAGTTGATCAGGATECTGAATGAG
GATATTTCATGTTAAAAGTAGTACTACGAGTATATGGTAATCATCGTCTCTACTGATCAATATACGGACAAATAATGTGACAGCACATATTTGTATAACCT TTTALAACTAALACCALC

TICTCCAATTTTTCTGATGGAATATCE TIGGTTTGCATATCTETAAATTTIGTTT ITGAAACTCTTCGATACATGATITAAATAACTIGCCT CTCTTTGTTACACCATGC
GAACAATCACTAGCAGTGCACCTACAGTATIGACAAGAL TAGCTAGTATAATAACATATACA ACTOTAATTCACTCAACATTGCGAAAGAAATACAATETAAA
TCTTGGAGCLTCTAAAAATCAAACTGCAGAACTCTCTAAGAAATG AG# TTTTITGCATTTTCATGAAACTTACATCGATGATGATGATT T TAAAAATGTGGTCATGTATTATCG

TTTAATCACTTTAGACAALAAGTCAGAAGGCATITAGTGCAATGCCCTETGCTTGLTGTAGAGGCATALAAACAAGGCCCTGGLAAACAACCAGGCATTTAATACAATGACCTITCAA
TCACAGACTCAAATCGAAATCTCTCATTATCAATTTICATTIGTCTICTICAAAAGCTCATAATTTCAAGAAAGCACAAAAD

> CnAFP_800bp (G-box 2 2)

AATAATGTGACAGCACATATTTGTATAACCT TTTAAAACTAAMACCACTTCTCCAATTTTICTGATGGAATATCC TTGGTITGCATATCTGTAAATTTITGTTTTTGAAAC
TCTTCGATACATGATTTAAATAACTTGCCTCTCTT TG TTACACCATG COAACAATCACTAGCAGTCCACCTACAGTATT GACAAGACT AAACALATCTAGCTAGTATAATAACATATA

CATTTTACTGTAATTCACTCAACATTGCGAAAGAAATACAATGTAALTCTTGBAGECTC T AALMAATCALACTECAGAACTCTCTAAGAAATG TTTTIGCATTTICATGA
AACTTACATGATGATGATGATTTTAAAAATGTGGTCATGTATTATCGTITAATCACTITAGACAAAAGTCAGAAGGCATTTAGTGCAATGCCCTGTGCTTGLTGTAGAGGCATAAAA

CAAGGCCCTGGCAAACAACCAGGLATTTAATACAATGACCTTTCAATCACAGACTCAAATCGAAATCTCTCATTATCAATTTCATTTGTCTTCTTCAAAAGCTCATAATTTCAAGAAA
GCACAAAAC

> CnAFP_300bp (5'UTR Py-rich streich $12)

AAATCAAACTGCAGAACTCTCTAAGAAATG. ) TITTGCATTTTCATGAAACTTACATGATGATGATBATTTTAAAAATGTGGTCATETATTATCGTTTAATCACTTTAGAC
AAAAGTCAGAAGGCATTTAGTBCAATECCCTGTGCTTGLTG TAGAGGCATARAACAAGGCCCTGGCAAACAACCAGGCATTTAATACAATGACCTTITCAATCACAGACTCAAATC

GABATCTCTCATTATCAATTTCATTTGTCTICTT CAAAAGCTCATAATTTCAAGAAAGCACAAMAC

IE 10. 3 dojz ddd P9 ZERE

(2) g ol TewHE TPshs Wee FAABA AL

gl

AZE P9_900bp, PY_600bp, PI_300bp L& wEle] EFHE sp$Alel

AlA# ol =] in vivo A4S 2157 YA SRy gl E
of WE Z=9S ALYt P9_1,225bp WEIe] AL mrtE FAA
e A7) HFHS olgon, Ae S 600V, 50uF, 2002 0.2 &
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e

A AgEAT Aoy TRRHE 23 7bAof FAH Yol =
HE o= sto]12utolAl A FHA7E EFEH orz Az
sto] 12 utolqleo] g A /A wjA A AR = FAFS AAH A

Xt (¥ 11). A¥ sto] 1 2mpolal FEE 50 ug/mLoE

T8t

=

e et

L ke
)
L
N
)
D
LU

o i
- L]

L. Ogi'l A & & & & q\_
CRORERCHOBORCOR OO 0
OO RO \ﬁ.o\t
'(n COROROHOHORCHC R )0
t(i‘{p)@\o \i Y o)’k't ‘ﬂ i
L‘ 0‘(!“{.*‘ "!.

CWOHENO)
ﬁiﬁ%‘*“’i"’i“‘

AR WA AP AES gfoR TERE BRI 7FSAo} FAH
o]z fxz &S BT Edsh= PCR Zekolw (o4 PCR W= A7)
698bp)E ©] &84 PCR %<
AARAE 717 257048 ATt (29 12).

¥ 12. P9_900bp, P9_600bp, P9_300bpe] A &A ] Z=Y PCR

dore dole] ZewHE E3et: Mo FAADAC] tE 7H9 Ao}
FAAY o= 4

=91¥ P9_900bp, P9_600bp, P9 _300bp7} ZHEdl= = elslr] 98
wE o] 4tglo] Selgl BAABA ] dla) 745 e
2 pEe 9ol AT Wy

d owye 9 o
PO_1225bpel  FARBANA Aol FARdolzE YT i

_18_



positive control T1H& Fe)3tA] LAt wekA 2 HEFH
FAlH o]z Wdo| g positive control LEFOZ 7]E FEhH|
2 FAAS ] F2 o]gFHE ARl ZERHE X3 FAASAZS 3
gk Aol weba Thg-Alol FAIHY o= o] BE A
w2 F Ao, 3 F FAA T A7l A&7 A 22 374
S

Hatdo (2 13).

1o
o
i)
[
i
__}&l
il
rx

AR #I0bp

AHEEETE
EEREEE

Lustiferase scivity fau]

1 ) ER i 8 123438 THINNQUUBHTBRRARD NS

bR I00bp

NETLILEY

29 13. P9_900bp, P9_600bp, P9_300bp2] 7}5-Alo} FA|Heo]= &A]
(AR1ES 7}$9-Alo} FA3 @ o] =9) positive control)

(3)

S dolol ZERHE E3s: wee FAADA e 7o}
FAS o= BA] AL FEA v
-

4% P9_900bp, P9_600bp, P9_300bp7t Aol <& Fxx &+d F7}t
£ sk A Flshr] faiA e 25°0)0lA i T FEASAE
A2 (10°C)ell 2413 A28k} ol W], positive control® P9_1,225bp (full
length, FL)2] | A A3A S, negative control® AR1°e] A ASTAE Al&
ahlth 7FgAloF FAIH Yol Y] W S 1Y 149 YERE A
Ay T4 FEE AT Negative control?l AR1S A 2o A =}
o] 259% oAt 7+A3dF AL, positive control¢l P9 _1,225bpe= 1.58] =713
t}. P9_900bpet P9_600bpe A-=olA H&o] F7Fslsl o, P9 _300bpe &

ol Wevh il das 2ok, tfet doj2 ddd P9 ZENH
Zoll A 300bpYt P ZEZHRHE Al Umx Z2HEH (1,225bp, 900bp,
600bp) += A FEAo] Utk o] AFHE FdA 1,225bpet 900bp Akolell

H
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A AL FEA AAREJAAR qFHAT LTRE Aol =4 +f

Bl P9 ZREHAGAE A2odA FHAA dHE F7HAIE AT Ao
lths 21& HolFErh w3k, P9_300bpe] HA A A A2 o) f
A ddloe] FbH A & AdE Fall, AL A dAREEIATE 300bp
o Atk FA FEF fralle] P9 ZREE |

3
M A A AFAH R dofshe AAzdJAAE Y] A= FUF

) (masc
- |_||_'] oiC
52 53

AR1 FL 81

39 14. 9%F Zolo P9 T2 HE S A2 FEA o

-

(ARI: negative control, FL: 1,225bp, S1: 900bp, S2: 600bp, S3: 300bp)

—t

-
i
i

-
=

Relative expression level
=
i»

=
=

5. P9 ZEZHHE ©o]&3 mVenus FF @ Iy A&

(1) P9_1,225bpe}t P6_600bp< 01%5‘} mVenus 33 @ by Wy A2
A" AR Aol &gk 15

Al FrHA HEL Gl FRe] wepa Iy o

7HEAlob FAlH o] 9]o HE A &

Aol A A A HiEH 1§ H54e sotd Bast 9

_‘4
o
Au)
=2
X

b
i
Z
X
o
iy
3

o
AR1+GLuc, P9_1,225bp+GLuc, 2&]3 P9_600bp+GLuce ZIZt F3d oz
ato], 7hg-Alol FAIHH o= FAAY] GLucs mVenus 3% o
mVenus® tHASFA} (¥ 15A). A FH ARl+mVenus, P9_1,225bp+
mVenus, P9_600bp+rmVenusE ZFen|=Eri g olsltElo] F A3 s}
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i, F2Y PCRE &3 HFTAHo=m Ay A& JAHSAE 2H2 370
A Rt F2Y PCRE sto]l1zZwulolxl A& {-xz H =
= Zgoln MES (¥ 15B), ZZXE S mVenus FF A S

2 W %ia—t— setolv] AE (Y 150)E AHgstel Sttt A%
Hog faA wd Ayl A4ty 9% 3l FAAAA NS 2H7h A
sl
A F IM-CES? (full Iengi:},‘"-lj?::ﬂengﬁ\) C"ﬂFPI’mmﬂiﬂf
UG or. -'/-_/'—' mVenus Spel Kpel pled ~ J g mVenus
7 \ — .
bla promoter | 5  blapromoter [ "
"‘; | FUTR Ll sum
Chlamy3_E Ve = P9_mVenus =
4 - :_sdr:ph:y-m e | _1:'-’ P9_full length (6,172 bp) |
| grue MCs2 P9_shert length (5,647 bp) Lo
Ampicilin R
Wygromyein R
12 3 4 5 6 7 8 9 2 3 45 6 7 8 9
a9 15. mVenus F3 @A 233t P9 WE A2 2 FAH3A A=

(A) g 2% (B, C) 24849 F2Y PCR A3)

(2) A2 A¥ ¥, mVenus 3 @A 2 2d e vlu A
Z2Y PCRE Sd gry JAdsA 7+ 370 disiA A= (10°C) A
g 5 2A 7 8AZHA O] mVenus @3 @A {FHAte] Y FEE g9l
stk d¥ s FAAREZEE RACKLIS A3 TE Negative control?l
AR1& o] A S HYow P9 1225bp (full length)<}
P9_600bp (short length)®] 74-5-el&= @wdo] F7lete= As AT F+ AN
ot 53] P9_600bpell A= 10°C A&
S7ketlom, 250 o]4el W FrHE HAFATE o] A= ThF-Alof
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. ¢ W A
(4 =] o o

Relative mRNA level
=2 a2 NN
o v o

o
v

Oh 2h 8h | Oh 2h 8h | Oh 2h Bh
AR1 Pa_tull length P3_short length

a3 16, A(10°C)el 93 mVenus FFehila o] G 2 sfE

A

() FFAVES 3 dEAEA S mVenus 4 Tz

W o] whed gl
P9_1,225bp+mVenuse} P9_600bp+tmVenuse]
AAGA7E Aol 9o Frse 43S ST 5 Al o5 FAAS
A7 AAE mVenus F3E ddst=x sty HsiA FFAM A
excitation filter® 495/35 (CWL/BW (nm))E emission filter® 545/40
(CWL/BW (nm))& Ab&ste] #&ASHATH B A5 A2 (25°C)o A j
GE a1 Je= MEES AFESFS T Positive control® ARE-¥l ARl1+mVenus
o] FAAGA = AEd Gl EB8HA mVenus @3 S d ] B
stolst 4= <l 3, P9_1,225bp+rmVenus2t P9_600bp+mVenus® 74 -$-
ARl+mVenus 2t} &3 ©@old o] A5 = kx| vk ARIZ vl 7R 2 A X
o

= -
d el FdAH L AEFS AT = AAY (2™ 17).

y

P9 P9
(Full length) _ (Short length)

a9 17, 4225°0) el FAAZA Y FFdAn A oln A (G AxE)
(AR1: positive control, P9(full length): 1,225bp, P9(short length): 600bp)



A F7F9 mVenus 3% oz wd wWE ARI+mVenus, P9_1,225bp+
mVenus, P9_600bp+mVenus, =+ AA| AEZTN4 mVenus FF T Ao
W MRS e Utk (39 18). o] ke ohvbE ¥ wlde] =]

7 27] Wl AY HA 270 Aol WEd + vk mVenus Bt
49 AL FEAL FaAss] ARA AL 100N A3 A7, 124

b, 24X S BESIG o, A7t whel Bd o] ST AR v EtE Al

o AxsE B, FHY9S 14 BHANE A AEso #
ATEe] AP el mEd, SRy g]lsty
glo] Az EA ofyo webd AEe Aol vig e RS AT
T AT B Aol AREE T2 AlEHo] Aojyo] Q7] wiiEo] ofnix
ol ST EEUA ZAstHE TV 52 S WstE A% A2 AET
22 AE ARl FREHNS & Atk wmEA FF AL A ZEEYH
of g ez Aol gl Aol o HAX &= 7

galloF & Aot

l

P9
AR1 (Full length)

Y 18. A=(25°0C)ll A FAHEA ] FFdAv A olv x| (HE H)
(AR1: positive control, P9(full length): 1,225bp, P9(short length): 600bp)
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6. P9 ZEZREE ©o]&3g CPSI ©d 2y A=

(1) P9_1,225bpE © &

AT HAY w549 Fx5 AYLES A @ E Y AS A=

7] YA 2 AFIA A A e P9 1225bp ZEREEE o] &5t}

vkt @ Sl I EAE2 vl e e AR gulEQl CPS1s

Adstion, F|EM =22 Yo 1ekA o] genomic DNAZFE CPS1 iz

9] open reading frame A9S Ui P9 1225bp ZERE Ho| He3dho]

CPS1 & e wE s ¢hdsiaith € HEE 147 AeHs o8&

stol1zwlol Al A S 7HA = E2YHES PCRe &
A HF ST (#3, #5, #8, #9, #14, #15, #18) (I ¥ 19).

oo
ro
@)
s}
wm
—
L
- 1z
i
i3
r‘%
Z
a
2
N

29 19. P9_1225bp+CPS1 #E F&d$A o] =1 PCR

Lo

(2) P9_1,225bp+CPS1 F A A kA o] # 2 A %%“é H] 3
CPS1 @ a2 AW didolng JAHSA S| AL WS 7}
A Ao dAaslda, FAASA #3, #5, #8, #9)9} oFAH S A (10°0)
71 o AAS vusget (28 20). oF8dE 9 vl wsk

W FAASAE Aol HFeHA &skon, o3|y v AFS BT
olE AF o= AREE AL (10°C)o] AXA] o

nE
A S 2407 Wi Aoz AZ4HEA. ofvte AR dujdo] F

4s ® Paw 3
pas

8% 98 ¥ F U 93 okl WE 2ol mudthd feojr)d
Fol7h 9e Ao AHS FYsHAm, FYP FAABAS 0% T

_24_



—a—

——5

ol B

ey g

| --m--owis

3.0 -

W
=

2 " g

~ -

1
{wupg ) sauegeosqy

w
=]
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o] Aol Mol A4

32 gk

a9 20. P9_1,225bp+CPS1

2 gkA o] CPSl

(€]

(3) P9_1,225bp+CPS1

hSS

1|

—~
o

W

i

il

-
T

oz dA H

2

o ezt oby

BK
B

Nanolitre

3 4]

5134

mekA CPS1

-

Osmometer®l|

st (29 21).

u

HE

(¢}
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RNA AEAS &3 AARA 4 AafellA A2olx Bdo] =2 #3843

T, AZolA Fdo] F7sk= A 5F I AE ARE SAATL

Transcripts and promoter sequences of highly expressed gene of ArM29 strain

Name Contig number
P1 | Long chain acyl-CoA synthase Contig_12889
P2 | Photosystem |l protein D2 (psbD, Chloroplast) Contig_598
P3 | Ribulose-1,5-bisphosphate carboxylase oxygenase large subunit Contig_8321

Lowtemperatureinduced gene sequencesand their promoter sequences in KNF32 strain

Name Contig number
P4 | Chlorophyll a/b binding protein Contig_9778
P5 | Limiting CO, inducible protein Contig_24443
P6 | Carbonate dehydratase Contig_17128
P7 | Limiting CO, inducible protein Contig_42495
P8 | Early lightinduced protein Contig_2953

ag 23. Fhv =Ry ArM299F F 2 2Ry KNF39 §34 5

X:I‘% el Eig_lﬂi O]% 7]_‘,5—_:1_ ?‘EL_\LL A

=2 mA 5x2F fFHe] A2 2d ¥E ALE & S ERuUs
ArM29°] Long chain acyl-CoA synthase®?} Ribulose-1,5 -bisphosphate
carboxylase oxygenase large subunitg A&, F7]e] FLAHS 98
Al ol ol5S 717 P, P3etar WA

FAATFRNA AT e Pl P39 HAAMA HolHE A s A

oA Tdo]l ¥ As FAL F AT (™ 24). A Aol A 23

N
rlo

.
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— 120 — 4500 -
3 P1 Sue]pm P3
% Loy 5:- 3500
.S 80 4 .S 3000 1
0 w
E 60 E 2500
= o, 2000 4
3 40 % 1500 |
= < ]
= 20l = 1000
: el

0 0

4 8 12 16 4 8 12 16
Temperature (°C) Temperature (°C)

I9 24. P1, P3 Z2RES 2= g 44 A 5 (RPKM 71%)

&
[H
fr
td
v
lo
)
>
BN
{5
ro
D)
2
AN

(2) A mA HZF
Pl, P3 Z2wEHo ¥3td HAALZAHAAE o =3517] ¢3s] PLANTCARE
o] g ujo] oA FAS AT kA FA] vA FEF ZZEE A

FA% AAY LEHES] dHolHuo]AE /BOR d

A Mol oy7bA] ZERHE A F A=AE d5EH & F
P1& 460bpe] Hluw# S ZwHE A9

TATA-box#Z& ZEEE 7]ZAQ dAtxdAas: 7HA 1 i, &%

ZE# 2~ v Q1AL HSE®F #REg Q1A Spls E3jteles 3oz o=

Holok (2 25).

>P1 (460bp)

GLGAGATAAGCAATCTGGTTCTAGCAATGTAATGTGGGTCTTGCTGTGGLTTGTGGGE

CCTTCTCTGTGTGLGT TAGTGAGC CATGGCCCTCTCAACCCGCACCTTCAGTGCCGCGTTCTCET
CCGCATGTGCACCAGCCTGLTTGCTTACGCTAGTCGCGTC CACCTGGATGGTGG CAGGLCTCTGGGCTG
CCGGGGACAGCAGTITGTTCCTGAGCGTGGGTCCLCCTGCATIGGLGTTGLLL CTGCAT
GGAGCCCTGCTTTTACTCCTCCTAGACGCCCTCCTGGAGGLC GGG LG CACCTTCAGAGCCTTCCALTCG
AATTCCGTTGCCAGCTCCACACCCACACTCAGTGACTCGGCTTTGCCGTAAALGGTTGCGCGACCAGTE

CCAATCGATCATCTCAGATCGA CCCCCG GLCGACTOAATAACTEAG

CAAT-box common cis-acting element in promoter and enhancer regions
GC-motif enhancer-like element involved in anoxic specific inducibility
=2 cis-acting element involved in heat stress responsiveness
- light responsive element
TATA-bex: core promoter element around -30 of transcription start

I
i
4

a9 25. S =Ry ArM299] Pl Z 2 RE o] HAALZAQI AL o
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o
[k

S0 %2 1,199pe P3E vt E X2 RWE 9} mlIrA 2 AWk
B 74 229 CAAT box, TATA boxZ a7 o, &
2 Hbg ARl HSE, 3Hbg A1 Spl, ACE, AE-box, I-box7}

AE 5Ao] AU (I 26). Pl, P3 BF A2 wdo]
= FAAEY ZEEHOIERE Ao og whEAS o s
Ak okd P99 A oAM= LTREZ dodd dALz4A1AL7
A FAstA] e AAT BT wol, AAAY AR F
2 HRIstH el E st AEHA Es F% Utk webA o
a7 918) in vivool A ZERE 7} AEh=A

i

ﬁd
e

AR AR

> P3 {1,199bp)

GCCCCACTGACACTTATITICTATCAAATCATTATAA / LATITCTATGCCTAGAACCCAA

AGAAATGATAATTTTATCGATAAAA -_'-CGGTAAT CGCTGATATTICTCTTACAAGTTITACCAA
CATCACAGCGTGAAAAACAAGCCTTTICGTATTATCGAAATGGTATGTCTGCG CAAGCGGRAAGTT
GAATACGCCGAAGCTTITACAAAATTATTATGAAGCTATGOGATTAGAAGTTGATGCTTATGATEG
CAGTTATATTICTATATAATATIGGATTAATTICATACAAGTAATGGTCAGCATGGBACGAGCTTTAGA
ATATTATTATCAAGCTITAGAAAGAAACCCGTCACTICCAAGTGCTTTAAATAACATIGCCGTTAT
CTATCATTATCGTGGAGAALAAGCAATTGALALATGGTCAGTCAGAAATTTCAACAATTCTGTTIGA
AABAGCGELTGATTATTIGGAAAGAAGCAATTCGTITAGCACCAACAAATT ATATTIGAAGCTCAAS
ACTGGCTTAAAATGACTGGCCGAGATAAAGGATTAGAATAATCCTITGACTGGLAGCCAGAALTT
GCAGCAGGCAGCCGCCGTTTTTGATATTCCTATTCTT T T TAAAATAAGAATACTGATTTTATTAATC
CATAACCCCCATTAAAATCGAAGCAACAGCCTTTCCTACGAGCAAAGCTCTAACCTTTGGETTAG
CGCTCTCATCGCGLTTCTGGATCCAGAAGLGGGGGACCCCLCG TIGTGTTATITCTGGCCA
AABACCTALAGAATTTAATAATCGTTTCTGGGGGTTATGGATTAATTTITGTTAATAGGAGATATIC
TATTIGT T T TAAAATTTGTGGAT T TTAATTAGATT TTAAGAAGAAGCGCGACTGLCTCTGGATCCAG
AAGCGCAACTCCCTCTCCAGAAGCGLGATGCATCGAAGLGATTGLTATACTATITAGC CAAACAC
CATTTTTTGATTAAAAAAGACTAGATAATAATAAACGCATTTGTTATAATAAT AAAAAACATATATT
TTATTAGTTGGGGATATGGLGEAATGETAGACGLTACGGACTTAAAATCCGTTGTT CGAAAGGA

COTAAGGGTTCAAGTCCCTITATCCCCATTTTTATCGGATAGACTATT TTAGGATCGTCAAAATTT

TICATTTTTTCCAAAALA

CAAT-box: common cis-acting element in promoter and enhancer regions
GC-matif: enhancer-like element involved in anoxic specific inducibility
HSE cis-acting element involved in heat stress responsiveness

- light responsive element
TATA-box: core promoter element around -30 of transcription start
ACE cis-acting element involved in light responsiveness

-~ part of a module for light response

I-box: part of a light responsive element

a9y 26. | =R v ArM299] P3 T2 RE Q] HALZR AR o=
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(3) Genomic DNAZY-¥ P1, P3 T2 X E 9 #g IF5
FA AP A ZHE EE}U]_]_ v ArM29¢9t 2 2Ry KNF32 2
Agitolbd Awngom A& Ay, T vA xRS S EREU A
g Qlstt] el ok P A<l Atol= AFEH A gkl 50mLe] Fepv| =RV~
ArM29TJr 225 Y2~ KNF39 wjgas ARz 8319y genomic
DNAE FEstsivh (2’ 27). 71Eel vA=RF
Z AMEEE CTAB WHoZ dojx DNAS F¥ o= 3dhe] Ply} P39 A
45 PCRE FT3afA dofdllnt.

genomic DNA F=9] +

a9 27, FPv Ry ArM299F 2 22y KNF32,
CTAB ¥ o2 F%3% genomic DNAS] W=

(4) P1, P3 Z2RHE o] &3 7h9-Alof FAIHHo]= Wy Wy A=}

F e Pl P3 ZERES in vivo 84S 82137 9
A A S AQ] Th-Alof FAIHP o] 2E FiHE A WEHE

o obA S m A R ZREEQD PI%E Th-Alob FAIH Yol =7F HE

¥ pChlamy3E T3 o=z 3t ¥H P9_1,225bp+GLucol A P9 Z=Z R E

Zepdiel P13} P3= 242 wAlsfFdnh 4| ¥HE P1+GLuc, P3+GLuc

ow 7zt wWHslgdtt (29 28). TEREHe Zolx Plit P3eA zhzt

460bp, 1,199bp= |45 2t}
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=9 Pl, PS«] AFlol g dAASA o tha] 7Aoo F A o]
=o] F49 230 A9 BHe gl g PHS ule Fyaa
7t 30l FAABAE BE SFAoh Aol Byl e AL F
selovl, gyel g FAARATE Aok T A HAY F A
o (2" 30).
80,000 -
—. 80,000 A
:i \
< 70,000 -
2 60,000 -
s
2 50,000
w
E 40,000 -
E 30,000 -
=
= 20,000 {
10,000 -
0

KOPRI promoter

| B Promoter #1 OPromoter #3 |

3¥ 30. P1, P3 == dFHgA 9] Thg-Alof FAH Y ol= 24 A}

(3) =A WA FxF ZEEE P9g P1, P3¢ H|w
=2 A HxF FEhu|ERUA ArM29 el T2 RE Ply P3E 2
A WA FRE NEAZRA o agtde] Z2RE P9y A HuE 43
Atk 4 e Ao Az dd o] AYkS vt ¥ ¥
Ha fFAAZE RACKIS AHEsa (¥ 31).
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M 4%, A7oie=3 ZAHE 2 7|0k
14, dabd AFNUEE YHE
1. 20179 (1xbd) A4 sE @8 e
R A AFZE 24 Fauy& g E(%)
- 100%
- - ZREE7L 23E 9EE |- ZEREH
Z2RE7 A °
1-1 m,,;;]; U owE Mg R Eeen= | dale s B4
L s K 1% gH (P9o= HH) A A]
A ) - WEFE AA
T
e €]
IR HEHE
o]-&-gk
Wl - A WA PR ZRRE
;]ig] POt A ekl
E AAg ME 7hg-Alob Al o] =
44 5 HES Y HxFQ - AT AN
) Zepn)Ervs g9stE
of PAXE sfo] ol
187] o) &R
5 =4 uA - Sto]gt Al T
- = zcrela
ﬁ_}_% 3 [¢) LaEda
oae] - CPS1-1 : 9354 mg/mL
CPS1 5| CPSL AR (% 15 mL) - 100%
- gl AF |- CPS1-2 ¢ 145653 mg/mL |- AY 95
chal g (%1 mL)
. - CPS1-3 : 5101 mg/mL
(% 2 mL)
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3. 20199 (3zxhd) AGtER ST
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FEFO RNA | o8 ks’ L (PL P3) | 0 & A3 v
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=25 - P1 (Long—chain acylCoA
X2 HE] 9] synthetase
A 1AM HERF .
ol - bl
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54 A+ 12 owA Fo) (RlEUlOSf*lﬁ*blSphOSpha’Ue  RNA 9 sz
OFCOA 10°C carboxylase oxygenase e s
7)) large subunit
(Contig_8321)2] #]-=
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39 91 A 2R Ao, 53] A _ MRNA Hre 2=
2R Z2wE (P9)e | 2N H2F W % A9
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H| gl
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2]e] b= reporter - mVenus
o] Wt & FAHEA o
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4, Az P9 TR HEES CPS1 @A 3R] = ;o; OﬁUr =
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CPs1 24 S HE AR SklE s AAEA A DL s
}‘]E % o= =23 73U
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M 6Z&r oAFI e ™HoA =& v =8 e
2 AR ExgdAds fsl, ov Agddor A& = dhH g e}
Alzdlato] HluE wol A H ATt vrE glo} Al 'l A= o]n] TheFgk
ZREE o] &3t Uy Alx"o] sfdtxo] gtow 53| Ao W&o Az}
5+ Cold shock ZZRE 9} 2 F&3 WA Awlo] Wol th= A& g

of#] kel Aol gldvh wAZFAA olF FHAE LAAIT7] A8 ol
o ZrRErE AEEdsd, 53 HSPT0ASH RbeS2 TE2REHE 43

A RHE ZWE Z2REQ] ARl TEREHE =2 74 frA ddew 2l
2 AFEFHAAgT = AS LA HAY (Schroda et al., The plant journal
(2000)). o]HH A& & FFo TRFEHo ARETS AAsNA ALREA
U, 54 2ddA 7S STHATIAY wEAE S Eolv] fdiA 54 A
22 LS HESE AFELS Wo] FIdHIL ALSE & F AN
(Baek et al., Biotechnology journal (2016)). o]& 3t &9 A7z %

< 2 AAClA g ZRREe FF siAE Frb A7 U A =

wo] & Aotk
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