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Characterization of S/D2 that is required for the production of
salicylic acid by using &-GLUCURONIDASE and LUCIFERASE
reporter system in Arabidoposis
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ABSTRACT Salicylic acid (SA) is a phytohormone that is related to plant defense mechanism. The SA
accumulation is triggered by abiotic and biotic stresses. SA acts as a signal molecular compound mediating
systemic acquired resistance and hypersensitive response in plant. Although the role of SA has been studied
extensively, an understanding of the SA regulatory mechanism is still lacking in plants. In order to
comprehend SA regulatory mechanism, we have been transformed with a S/D2 promoter:GUS::LUC fusion
construct into siz/-2 mutant and wild plant (Col-0). S/Z7 encodes SUMO E3 ligase and negatively regulates
SA accumulation in plants. S/ID2 (SALICYLIC ACID INDUCTION DEFICIENTZ) is a crucial enzyme of SA
biosynthesis. The Arabidopsis SIDZ gene encodes isochorismate synthase (ICS) that controls SA level by
conversion of chorismate to isochorismate. We compared the regulation of S/D2 in wild-type and siz/-2
transgenic plants that express S/D2 promoter-GUS::LUC constructs respectively. The expressions of [
-GLUCURONIDASE and LUCIFERASE were higher in sizl-2 transgenic plant without any stress treatment.
SID2 promoter:GUS::LUC/siz1-2 transgenic plant will be used as a starting material for isolation of siz7-2
suppressor mutants and genes involved in SA-mediated stress signaling pathway.

= A He dRbeoln ookt FRe WHHdeE U
L =xof ABA Fo} (Raskin 1992; Janda et al. 2003). o] 33}

Ao i A el A7Pgelo] BE tiAks A &2 e B vtopual AEo] A, &, K0, 1
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AEo] Bl vl BETY ABH A kEHY 4E
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A3 ARE 2A 27HE WRojAl =t (yoti 2003), A H
7 7 2= phenylalanine ammonia lyase (PAL)0] chorismate 2
He] apAE phenylalanineS SAZ s A2 2H Hj

A= Figure 14941 2} o] PAL] T4o] SJa] SA7} 4
=lo] Rt} (Yalpani et al. 1994). & th2 HZ2E SALICYLIC
ACID INDUCTION DEFICIENT? (SID2)9]| 2]3}o] ¢3.5}%| o]
A isochorismate synthase (ICS)7} SA2] A2 chorismate &
isochorismate 2 HZA|A SAS A8t A 2olth of 714
o] L SID2 fAAR o)AFo] Sl sid2-2 EHHO)AE

HAFS A oMY= G SAY FHof UojuiA|
ok Aoz dejx Ut} (Wildermuth et al. 2001).
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SAR)S doA Ho] Azt &3] PolutA it (Figure
1B; Jyoti 2003; Durrant and Dong 2004). =5t A& &,
H0,, A4 9] Atg}h AEH A7} 07 5 AEA] o]
SA7} 225 reactive oxygen species (ROS)7} £7Hgth
Z7}5 SA= A|ZEW ) redox stateS A3} wo| &
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Figure 1. SA plays a major role in plant defense. A. The biosynthesis of SA in plants. The shikimate pathway is a main route
providing chorismate in Arabidopsis. The Arabidopsis SID2, isochorismate synthase (ICS), controls SA level by conversion of
chorismate to isochorismate and roles a crucial step of SA biosynthesis. B. The SA signaling pathway. Physiological responses
and pathogen -activated signal stimulate the synthesis of SA. SA activates expression of the pathogenesis-related (PR) genes. Plants
represent SA-mediated resistance, SAR and HR. The SID2 and EDS5 genes appear to be directly involved in the SA signaling

pathway.
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At (Lee et al. 2007).

2 AFoA= SAY AT AlsAY ATLE Y SID2
promoterol] SGLUCURONIDASE (GUS)} LUCIFERASE (LUC)
YRE FHRES AZAA)7] constructS oFAY T} siz-2 =
AxlolAlo] L=ysted SID29) WHE 2HE 2ARY

pGL1300 vector2+ pGL1300 vectorol| SID2 promoterE
< construct2 Agrobacterium tumefaciens GV31019) 47]%
Aedlos A dslslgict g M GV3I01E 658
o712l oS (4rabidopsis thaliana, Columbia-0)2} sizl-2
ZAHO|A| (SALK _065397)| Floral dipping (Bent 2006)& %
3lof 2 Zgeto] (A A3k AEA| (Ti)ol] Hygromycin
(30 mg)of] A/ E Hol= FAAE JEA TS AHslo
AE Aes ERI8kET 71gte SAE 0% ot
& AREste] EHE S &, 5% NaOClo 10404 155

N:OCI7H Bol)A] S 78l Mo] F3ick Alg W
MS salt, 2% sucrose, 1.2% agar (pH 5.7)7} 7 & AMR:
ST AlEg Wotk7|7] A, 4T oA o A2 49 Fot
=AY E osict A wiekd de] 25 2042°C, |l oF
& long day271 (3 16 AJZH ¥ 8 A7ho2 2HH AL

A

SID2 promoter:GUS::.LUC HE| 1=

-1862bp ~ +301 bp2] SID2 promoter 245 of 713t} 9]
genomic DNAE 802 Z3tab A (polymerase
chain reaction, PCR)-& $2843}o] Aich o|u forward primer
of Kpn 1 A3t F2 site2 Ho}Z 5-CTCGGTACCTATCT
AAATTCAACTAACGT-3'9} reverse primer 24 HindIll A3}
4 siteE Yoj& 5-TCTAAGCTTAGCAGTCATAGTCCTT
GTCTCC-3'E AHg3l%ich PCRZAE 95T oAl HA 55
BESAZ] 3, 95 C ol A 30%, 54°C ol A 30%, 12 ColA] 11
2024 309 vHe ¥hg-Al7 &, 72°C o)l A 108 mpA]2t k-
& AJZi} o] PCR AAE-S Kpn 1, Hindlll A|SHEAR 2}
5 okl A L Ad AFFE AR A2 pGLI300 vectore} &
7| T4 ligase2 4C oA 12417F WEGA] AL

HEE AEHQ &S QI3 diagnostic PCR

pGL1300 vector®} SID2 promoter:GUS::LUC7} S0i7F &
A AEA Fele Yste] forward primerl (F1), 5-TT
TAGTGGGCCCCTGCTAC-3; reverse primerl (R1), 5-TGCC
CAACCTTTCGGTATAAAGA CTT-3'; forward primer2 (F2),
S-AAAGTGTGGGTCAATAATAATCAGGAAG-3'; reverse primer2
(R2), 5'-CAGTAAAGTAGAACGGTTTGTGTGTT-3"; forward
primer3 (F3), 5-TGTACACGTTGTCACATC TCATCTA-3'
reverse primer3 (R3), 5“GTATTTGTCAATCAGAGTGCTTT
TGG-3'Z HASI 2L LEN E. coliZ2 B e AAE Zat
L0120k FAAH AEH|9 genomic DNAE 712 1L $]9]
primer&-2 ZZf #x|of PCR ¥h3-& AJFch PCR 2L 9
5ColA ¥A 5& 9hEAR 3, 95T oA 302, 54°C o)A
302, 72°Col|A] 4024 30W HHE WeA]7] T 12°C oA 10
& OhAR HESE AIZL o)l 1% agarose gelofl A7) YE5)

o

3

ogh

AXE ASHA SID2 promoter0i] Ol T =

US & =01 I8t GUS histochemical assay.

()

B0l 4 71 TUH HAAS AEHS 6 wall plate
o] 50 mM sodium phosphate buffer (pH 7.0), 0.2% triton
X-100, 5 mM Ferrocyanide, 5 mM Ferricyanide, 2 mM X-gluc
2 45 GUS suining £40] 418 20| Th)%] ] 4]
=& Aot} o] §allo] FAs) Y752 Y=k GUS
9 714 X-gluer Hoj oFs}7] ol vl SU=Z
plateS ¢ AHj & BHEOjE & 37°Co A wjoFeict oh2d
GUS staining 84S AAs}L el =TE 25%, 50%
0%, 95% 2 W2 FERE 22 FEY e 44
ol A #2lste] GUS staining F-9471 & BY 4= =& ¢2
29 ALS wiEr) (Jefferson 1987). 18] 1 Fuj4 L o] &3}

=
o YYHF NBAT 23S BN

ID2 promoter®i| Sfof TEEk=
[8t MUG fluorescent assay.

FofA 718 1495 T A0S Vector/WT, SID2 promoter/WT,
Vector/sizI-2, SID2 promoter/sizl-2 Z}2+2] 307]9] ZHZ Q1
FANGAEAY G oA G AefollA FA 7+ 2 50
mM sodium phosphate buffer pH 7.0, 10 mM EDTA, 0.1%
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triton X-100, 10 mM {3-mecapthanol ©.2 235 GUS extraction
butferE 100 pl golA TeiAS WO T pradford §HS ©]
&sto] A 595 nm=2 AFS o thE 10 ug HEE GUS
9] 71291 4-methylumbelliferyl-B-D-glucuronide (MUG) 1
mM3} 9h3-5.1] 100 pl A Y A] E3]= GUS extraction
buffer2 2511 37°C ol A 4087 ¥ES X171 3 0.2 M Na,CO;
2 2% stop BUE FHOE Holth AR H EF
A3} 96 well plate (NUNC, DK)of} ZF A2 o 100 wl £ oF
o8 H610] 1420 multilabel counter (PerkinElmer life science)
2 GUSY FAE 2439t} (Gallagher SR 1992).

HEMs AEAA SID2 promotert] Q3 TH W=
LUCIFERASES| LHHET QI3 I8t Luciferase
imaging system.

AEHIR| oA 7]-& 104 AEA o] 0.01% Triton X-100
o %<l | mM Lucifering #3 F 102 5 8H5-2 A7
t}. Andor MCD program ©]8-8}+0] Charge Coupled Device
(CCD) 7172} (ANDOR technology, UK)& 557t L= ZA}A
At ofyf) shujet AlM e =i 55C 2 FAste] Yo
ARES 2|43} A|AZC) (Ishitani et al 1997).

SHATS ASHOA SID2 promoterol Ol TH =
LUCIFERASES| L&Y T &I 9Bt Luciferase assay
system.,

oA 7} 14LE ToAthe] Vector/WT, SID2 promoter/WT,
Vectot/sizI-2, SID2 promoter/sizl-2 Z+Z+e} 30719 &g & Q1
FEAS A 95 wA g AHoM FA T F
GUS extraction buffers 100 ul YolA oz L W
bradford £ o]-&3}o] WA 595 nmE JFL 3+ oF
Luciferase assay system (Promega}2- AMESIRTE 2 pg o
2L 1359 Luciferin®] E3% E-tubuo] BojA 20020
Luminometer (Turner Biosystems, CA)Z LUCS] A& =4
3t (Yoo et al. 2005).
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SID2 REAt ZE S 9% SEME ASH9 45

1A

sizl-2%= T-DNA 4TS & <18} SUMO E3 ligase?] 7]5-&
dstglon SA P4 A TN SAd| WSt AR

ozl

pGLI300 vectorE ol-gsl¢th SID2 promoter (-1862bp ~
+301bp)E pGL1300 vector T EE A} Algto] W
GUS®} LUC7} SID2 promoter 2782 ¥ WH= constructS
opAR I} sizl-2 SAHC|H | FA HEIslo] Vector/WT, SID2
promoter:Gus.. Luc/WT, Vector/sizl-2, SID2 promoter:Gus.::Luc
fsizl-2, ) 714 FARS AFAHE &5 (Figure 2A).
pGL1300 vectors= A1 EA]o] Al hygromycin A3HdS 7}A]
7| o] T ALEe] Z3E W} hygromyeino] H7kE 4%
WA TiEste] BAAT AEAS HustErk 42 ¥
g AEAE Flst7] fsf AT AEA Y § 23
A5FE genomic DNAS %3510 SID2 promoter primer Fl
3 vector GUSH- €] primer RIE ©]-83}9] Diagnostic PCR
S ekt 1en sl ARoA PEE 87
7} ol glo] o7k LX) FaIsp| Sistel GUSE: P2, R2
primerE AME3FE S LUCE F3, R3 primer2 42 Ao
diagnostic PCRE ejal¢ich. RFOZH E. coliofl A &
2|t vector®} SID2 promoter:GUS::LUC E&tAu|ESE FY

o
St primer52 ARSH] &2 2o|A PCRE WHS-AFT

pCGL1360

B control WT siz1-2

Vector SiD2pro M Vector SID2 pro Vector SID2 pro

Figure 2. The construction of SID2 promoter:GUS::LUCIFERASE.
A. Diagrammatic representation of the SID2 promoter:GUS
mLUC construct. The -1862 to +301 SID2 promoter was
inserted into a plant transformation vector containing the GUS
and LUC. The expression of GUS and LUC are controlled by
SID2 promoter. Vector and construct transformed into WT
(Columbia-0) and siz/-2 plants. B. The diagnostic PCR analysis
of construct in WT and siz/-2 genome. Genomic DNA was
extracted from T1 plants. M (size marker). Plasmid from E.
coli (positive control). The PCR products were from SIiD2
promoter using F1 and R primers, GUS using F2 and R2
primers, and LUC using F3 and R3 primers.
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PCR AJAIE-L agarose gelo] A17]19% al9le of JdA2
A2 2] genomic DNAS 230 & AME3t PCR A=}
27)7h Qjste] E Q71N GBS Bafo] HUT YA

Bol8 oF S=7} QIgich 121 SID2 promoter H-$jofl A¥ s}
L primer F13} vector $-¢lof] Agsh= RIE AS31e] PCRE
BESAJ71 AT} vectort So17h s A ABA oA =
PCR A E0] A ¢o U% SID2 promoter:GUS::LUC
construct”} 4rlE FAMZ AEA o)M= PCR =0
e AL B9k} vectortt Eo17F FARE AEA
SID2 promoter7} £0i7F PAAE AEAE FEHY 5 UY
t}. o)3t ATE Hoke wf 24719 construct7} 2413

e FAAS AEAE FHAUZSE FAT 5 3
(Figure 2B).

-‘{lﬂ-’.i

]
AN
gcatgo]iﬂoﬂ)d SID2 promoter0f 2J8t

shte] FAAE AEA o ol copy? construct?} S
7 B4R Jare = FAAT HENE wiAEr] ¢
lof Southern blotZ 433} Th FAM AEH] 24 o] 4]
2273} genomic DNAE 0]83}9 blotg THES O™, vector
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FAAY A EAE AMEoto] opl T} sizl-201A41 2] SID2

ZHo] o@A E=A] YolHITE A YIAZ GUS &
Fotod SID27} AEA|S) o A4 o] Tol
AE LEH L7} gl 27004 7Y
19-3}od GUS histochemical assay 4=383}¢ich, GUSS) &
H-2 SID2 promoter:GUS:.LUC/sizl-2 BRAAE AEH oA
SID2 promoter: GUS::LUC/WTo|| 8}3] O‘Jf oA A
LFERGETE (Figure 3A). & HARE SID2 promoterof] oJ8)) 24
ol W HE GUSY| =g B3AA vlz7] $i5to]
MUG assay & 43519ty MUGE GUSY 71324 GUSE
AeoiA =9 HgE s e ol o] W A 1420
multilabel counterE o] 83lo] 2A¢0 2 GUS W A
£ o 4 Tk 1499 T AEA 53070 S54 AEAY
AR TS SEal9ict GUSY B4 B=7} GUS
histochemical assay2} £-23}A| SID2 promoter: GUS::LUC/sizl-2
WA AlEA o)A SID2 promoter:GUS:.LUC/WT®| 8|3}
F 86} gFo] Z7FSHeir (Figure 38)
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OMMET} siz1-2 SHEHOIKOIA SID2 promoter0l| 2/
LUCIFERASE &8l Z=F

Yol ZAsk= GUS HYE probe2 A}~8~ tod 1 copy?) pGL1300-2 GUS oftel] IR Eo|of| A & LUCIFERASE
constructtt ZAIGH: FAAT ABHS AEstE A SARE 7K1 ok o] LUCY) 710l 22 luciferin 3
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Figure 3. The analysis of GUS expression in WT and siz/-2 plants. SID2 pro/sizl-2 transgenic lines exhibited higher activity of
GUS. A. GUS histochemical assay. GUS expression was assayed histochemical with X-Glu using 7-day-old T, plant (scale bar,
0.2 mm). B. Fluorescent assay. Ty determine the GUS activity, total protein was extracted from 14-day-old T: plants. 10 ug of
protein was reacted to | mM MUG. Each barrepresents the average of flucrometric value from 30 seedlings. Error bars indicate

standard errors.
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A Hw LUCe] 2]5te] oxyluciferin .2 uHFHEA Bl
dick @] Yol mt LUC R0 33 HeE o
olt}. SID2 promoter:GUS::LUC BAAET A& oA LU
w32 9kx] GUSSE 3 SID2 promotero]] 23] 24
=k Zzbe] A AEA A LUCY LEo] oA
2pol7k =] B7] §jste]l A HAZ 1048 T, AEH )
lucifering A )t & CCD 7Hjet2 A ojw|x & &
3ict (Figure 4A). 1 A3} SID2 promoter: GUS::LUC/sizi-2
FAAG A EA A 2 WEE Hole olnAE B
t} £ HAE SID2 promotero] 23] A dro} WHE=
LUCe Ax2 Akl A v wst7] Y3ko] luciferase assay
2 S5t (Figue 4B), 1420E T A7) 5 30749 5
d2ol A2 2] o Ate DlAE &6 luciferind}
dh2 XA 20/20" luminometer S 0]-8-5}o] L4 H = & =4

]_

& A o

o

_.l

o

ol
38 o

)

US W& Aol 8- SID2 promoter:GUS::LUC/sizI-2
ARG AEH Q] LUCS 4jo] SID2 promoter:GUS::LUC/
WTo| H|3) 408 H= FA Uesich

D

A

Ef2, 183 AL AEF A0 FA R AFHE oA
31t $83 98 sh= AR Fe{A Aok ofE SA
o] 204 wjRo| ojg] HofoA] chakat A7t FaE L
oAt of27HA] SAE olFsti Agsh= dlofs £53%
ol Wk 2274 g A SA9] AT AL oA A=
3t uje} Zro] AJEEHA, vl AJETH AEH AT S 0, o
£ ATE QdRsle} 429 vhg 71&E& 2E3rh= Aot
2l AlE9l o7&t SA FAoM SID2 ARk 23]
A SATE AEH oA T4 Fo] SA AT AEE DoAY
FAELE FAHE SAE AEAUY redox levelZ £HTL
ZH, SA Q&H wo] FHNES YA, Aoz A

E3)7F wolg 713 4= QA gk SAE Aslr] 95t
B =Ho| A siz]-2 BRo|A| o) 49 SID29] HE 2HS

op g} vlwate] AFE SHAUT

sizl-2E 2EH 2L gl RANAE SA S o] opY
of w3 A dojur] ¥ APz Hold 2FYPS B
o] SIZI knock out EAHo|A o]}, WA SID2 promoter:
GUS::LUC constructE sizl-2 S Ho|A|Q} opligof &4
AN A FAAG AEAE TEIA o|FA 15H 3
AXS Al ZH SN A SID2 promotero] 2]af 2 = 2|2
E fAAR] GUSSE LUCY WHEE Ele] Bttt SID2
promoter:GUS::.LUChsizl-2014 2| EE |HREQ] GUSS}

Figure 4. The analysis of LUC expression in WT and siz-2 plants. SID2 pro/sizl-2 transgenic lines exhibited higher light intensity
(LUC activity). A. The luminescence image. Bright-field, upper panel; intensity scale and luminescence image, lower panel. It
was used 10-day-old seedlings of T plants. The color scale on the left shows the luminescence intensity from dark blue (lowest)
to white (highest). B. Luciferase assay. Luciferin was incubated with 2 pg crude protein from 14-day-old T, plants and then activity
was measured by luminometers. Each bar represents the average of the luminescence intensity from 30 seedlings. Error bar indicates

standard errors.
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LUCS] 9Y&-& Vector/WT, SID2 promoter: Gus::Luc/WT, Vector
fsiz]-28} Bl IS uf =2 HHL B3} (Figure 3, 4). 0]

08 Ho}sizl-2 EHUHo|F 7| SA 43 Hho] SHAE
o Fdo] il HA ol op ¥l vlal Z3t mEFE
7HAE Hlolle SA A Akl SID29) Wdlo] A 24H
S 2K AEA e SA 7]2to] A=E7] Bl A& SID2
promotero] 23} 24 W= GUSL} LUCS] ¥E o2 3k9] 3t
Tk A7kl B AR dEs BEE g
GUS E= LUC 5 syt 2| ZE AR AR-8) ek &
=rolde 2719 B2E fARE0] §3E Al2EE ol
st & FRE FAAEC] §3E AlLHAE GUSY
LUC HE ofdol FUstth= Aate A O08H o] AJAH]
2 BEE JARE o] g5t £40]) 0148 = %Ik 18]
I G YolZhA= o] FAMG AEHE o]8-ste] ERo]
AE el GUS E LUCY UEo] gepils AEAE
Fhol Gl Stk o 7R BHe|A|A] oh W2 SA 2 <
e Fophd 4= Gtk HollA SR At JztE
ojzIc}.
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MW A7 e 322
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AF7F LR Fof AL Qlrk wheha] B A= of 713 o)
A SA A=t T3 Al SID27F WARA o] et
sizl-2 S HOIH| L} oY F o 4] o]m gt 278 ApolE Ho)
+ A& SID2 promoterd]] 9|34 ZAE= GUS LUCE 7}
A Ao YA AEAE Fotod Bk GUsY
952 GUS histochemical assay, GUS enzyme assay “L2]11
LUC®] BF&-& CCD 7Hjeks o) &3} o) x] a3} Luciferase
enzyme assay 3§t ALl 5iz]-25 AFESE GRAAE AEA
oA opgFol wls] WHo| A dojdtt o| A& vlEo
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