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Identification and functional characterization of proteins and
genes that participate in guard cell signaling and stomatal

movements
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SUMMARY

2 o )

Mo

(&

Guard cells regulate stomatal apertures, and thereby regulate gas
exchange of plants. When guard cells swell and open stomata, CO:; can
enter into the leaves and be fixed into carbohydrates, while water is lost
through the open pore. Since both photosynthesis and transpiration are
critically important functions with potential applications, understanding of the
signal transduction processes of guard cells can contribute to production of
plants with new, improved functions for industrial, agricultural and
environmental applications.

We have conducted research on signal transduction of guard cells and
published these results in the Plant Cell and Plant Physiology. We are also
preparing new publications to report our recent results. These results can be
summarized as follows. First, we found that PI3P and PI4P, the products of
PISK and PI4K, respectively, are necessary for normal stomatal movements.
Second, PI3P is important for generation of ROS (Reactive Oxygen Species)
upon ABA treatment. Third, PI45P2 accelerates light-induced stomatal
opening movement via inhibition of anion channel activity. We identified a
PI4P5K gene that is highly likely to produce PI45P2 in guard cells and
thereby regulates stomatal opening. Fourth, we found a regulatory role of
RopZ small G protein in stomatal movement.

Based on these results, we suggest that PI3P, PI4P, PI45P2 and Rop?2
as modulators/participants in signal transduction processes in stomatal guard
cells.
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EY Az G HAste e M2 BAES WAL R 3

s (BUAE dde qgst 28718 AT
(2001) | - WA Ee NEAGHAH)A Rop2, PI3K, PUK, PI4P5Ke]
AL ojsfstn ol F WY 4B AAS A3 LA,
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WA EZ 2] actin cytoskeleton®] FZ<9} wjdo] ojzf 3
WSS w2 A Wskm, ol ®¥sle oleggAe g48 =4

BHFRoRE JojurE AE&dte S HRY (Hwang et
Aol & E actin cytoskeleton 7oA AgsiA A=A
Aol A7l fEiAle B ATHAE 53 NEL fAe Edde]l A EA Y
g7 4ot FHMNEIE e o250 ¥kE-3le] actin cytoskeleton
= WEA A Rstng, O AxEd] vlE] Ex o v SR 9" =4
Huide 2EY dew JgEa, webA actin regulators Zhe HAO ¢
d Aoty AF7A A EAA acting AT3ts ¢OE
= , YA @ actin-binding proteinE e} 47] A 4-g nu}
9] actin-binding protein®] FZAA}S Ztolr] t}E7] fo]dF XA
35 He Wlo|iv}d. ADF, profilin, fimbrin, villin-f-AF THef 2o
o} (McCurdy and Kim, 1998; Gibbon and Staiger, 2000; Klahre et al., 2000;
Dong et al, 2001). 18} A& Asdg E2e FEY e FHoA FAF
skARE, Ropoli} actin, ABI9] ZA-9-A 5 A& 1§ 545 Ad Asx ¢4

=t (McElroy et al., 1990; McLean et al, 1990, McDowell et al.,, 1996; Leung
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et al., 1997; Zheng and Yang, 2000).
Rop small G protein RHO A& @il Az, FWAELAM A7tA] Z5
7} 2@ Fo] v H (Bishoff et al, 2000), 32 #2] actin cytoskeletong Z &
g A3t U9 (Zheng and Yang, 2000). E3] AtRacl& actin
cytoskeleton= Fatd FRAMEO VFeFo FFE Fil oleo] WAL
3 AEAE HEAA %A, P3P, PHP, PI45P29} e AAAE

o] FEAA e 2ol actin cytoskeleton®] jujE-S %3} (Barbara Belisle and

Arie Abo, 2000) FHA x| 7]FEEl HAT JheAE WA & 5 o &
AP E APE Fsho] o]8g Ax A Eo] actin cytoskeleton g E3td] ¥
AR JlFETd 4FE F3 AL wid

2] Ao FHAEe g Hoke] mjd 1289 =8-S A
oz AAJE FASEA G FEst Ut ol AFe o] Fofoia A
Hi1e] 4HHEQ] Schroeder, Assmanne] Al Hlajir = HolA AT, 7]E
OE 7les d7dte 484 vlisiAe ZA HEoAA ek

v H ulFe] e A4FdA NFLT #AEE FEE 5 O
3 glen, old BsE sHEd # Ade AEY e 7198 § ddE #
$4E€ HAHCE & Z9U grh FuiAlze AEY AdsAddA s de
2o0]= model systemo]Z® B AFAEo] FHAEE o zx AFE
Hstar glem, actin g AEo &%, Fe2E, AaHAG HNH] TS
ste @fidolmg, g2 dxAEe] 2k oS #AE /A Befelth 1

HER o] Foke] AL og A4 v AFGHA Aotk vt dA o
okl M At gle HALAE FASY] e 4T = Tt 2

Q3.
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EERE

O

7h A S vlE e g S {24} cloning
(1) FHAE omRNA £32]: Arabidopsis®] rosette <}
mesh® 2] With o} 7)o plant mRNA purification kit (QIAGEN)-S
of MRNAE ¥eldth i, BNz fEde] §eu, YAy
cold shock, heat shocks & #gst t}2 Z4e WHoZ mRNAE £ =z
HA el AAEE Z2FE 7 29 I8 245ty 599 pHE 4
oz zAshel Hulg AA Dt
(2) cDNA library #]2}: ¢cDNA library construction kit (Stratagene)E A}-8-3}<
(DNAE x| =3t}
(3) cDNA library screening: ¢cDNA libraryo] A4} plasmid DNAE #&]s}il PCR
templatei AF&-31t). Rop, PIK, PIPKS} &% actin-binding domaing
FHA2] conserved sequenceE A2 degenerate PCRS sto} ¥she
Z}e] cDNAZ} d=A] ZAMSC) 2231 libraryE screeningste] {AAE
e FAA

o:
tl

o

i

£

>

[O tyl
&

ofj

o o

ni :10-\,L
Bl

1}, Yeast two hybrid
oA 7l WhHoeE Ao FHAMES mRNAE A3l yeat two
hybrid& libraryE A Z3HQIAGEN). Arabidopsis®] vegetative actin®] 7 4|
coding region© & baitf vectorE A|Z3la, actindg} ZAe= (DNAE AEs
o 471X e S E48td FA3AY Vg TS, oln 4 AL Ais)
3 el zle] A9 cDNA libraryE Ag35le} #A] $H4E cloningdht.

O FHAME Bolx ol §xA % promoter screening

1) mRNA 22 9 15l 49 2o] FWALS] mRNAS Relss, 9823
o] mRNAE= T3} o] ¥ul3tt}. Arabidopsis rosette UE-S ZolA] A
mesh® A4 E3=g A A3t 220 micron meshZ Z 2] mesophyll 22
doja] mRNA #&]ol o] &gt

(2) DNA microarray: ##3+ mRNA sampleEZ Arabidopsis Functional
Genomics Consortium (AFGC)ell microarrayS 9 &gty 5223 vlulslo
o] & FAAE AESTE PA4HY Ay & A P T
e T vaste] BA A Az FdHEE A ARE

—~~

—

3) DNA microarray 23 AH3 FAAE] GU7IMEARE HHOZ V]S
of| 23813, cDNAE cloningdtth. RNA blottingS A Ajstel FHA LA Fol
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LA

H3l=x] &3k T}, genomic DNA libraryo) 4 Promoter regiong 338+
| 4% cloningdtch.
Promoter study: Promoter-GUS/GFPE |23l <] arabidopsis

FAAGA AN FH2] BAS A 2 DAEE O 2HEE

=

4

—
~—

i 0

I

o] mx]= @& XA} (in vivo study)
FHA7F AE actin cytoskeltong xdstE
%

. Actin cytoskeleton® 7]3 %
Particle bombardment: & al
X FAAE 355 promotero]] Eof 2 E A

=
(S
Zhdl

o~~~
et
R—

A single cell levelo A ZA}ZITH =
Z &4 vectoro] cloningédtt}, GFP-talind #Z-©o] bombardment WS AME-3}
o &uto] Atul AlEZ e} o] abaxial epidermis] transient expression A]7]

3, dFelA AY dx & ZAE HAAN ¥¥y BExE OFESH
Deconvolution fluorescence microscope®} confocal microscopeE Alg-3le 3
F AHE Qa1 GFP-talinthg @Al AEA S actin 72 vl B4
o} Latrunculin, cytochalasin, jasplakinolde, phalloidino] th¢r actin®] T4
= Hlargheh

(2) 71&&5 XAk Soluble GFPe} o] #A5of FW A Foll bombardment W
o2 TN g, Lol PA|2gbe] vigk 71F9 whgo] GFPYF HEA]
o B3 V) FeTS 2EY el =2 &
A= GFP/RFP9 22 &34 di s FdAste] Azl @A, AxE
oA oy  REdeA ZAMGTE  Actinolt} Fa  AsddEAA]
colocalization® ZAFSH} (229 1).

w

Pl A -

ul 713EE Edwold A

(1) Infra-red video thermography: o2 72| arabidopsis mutant &%} (EMS,
fast neutron-irradiated, T-DNA tagged mutant lines)& A =34 agar plated]]
23T F81AElE 3§ ofg growth room (24%, 16-h photoperiod)ol Al 7]

&, d, 4E 52¥, 2= W3, salt A2 Se
5}

+
e
He
o,
y
o
o
o
o

=1

w2 138 5
T

-/]L_ O L b IO = hsa ;;—L T
L7t 2AHEY, 71FEEe SXHEAY Zdastd, o W 257 ¥Fs b
=t Ae]d AW (Infra-red video thermography)o 2 ¢ T 255 oA

T3 vlgtth ZF Aol ofFT ) vlasty 9] xSt e
SdH|AE A3t} Mutant F£A5-2 Arabidopsis Stock Center$} biotech
At AR Algeln], B2y A] X3k A3 A& g o)

B} (Oryza sativa)2] T-DNA tagged lineol| A= A Alghch
(2) 71EE olido] WA EdAdolAlA o] JFA] ASEe dig 71E S
o] Als FAstY v|Ee delH EdWolEH nudth Tk Aol 1

=
Q o 1
g FHE oMFH vlalste] VETeE o g8 A4 =ddel xdde]
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A=A FAVSITE BAZAHE nlelo 2 e dA =2 283}
3) %A cloning: T-DNA based mutant®] 7% flanking sequenceZE 4
st3l, DNA sequence database®} B3 EA3lo] 7bsAd e FAAE 2
t}. EMS/fast neutron irradiated mutant®] 7$3= E3 TS HA13) o] F
Aol tigh ARG d3, 54 =AW} LA e

~_

recombinant inbred line?} PCR-based polymorphism analysisE W& O 2
map-based cloningg AA|3le] $1 FHAE cloningdth ¢ FAAE IS
@ olvedt HEE BN A5 e #5815, AZAlN B BE 249
Sopg ol waelAl W wuw BA4S Felel s Lohl,

THE= Ad 397t AFE B FHAREY FEF #FosteE FAA
£S5 Zolllal, o]Eo] oA FRIAXZY Asdgd #FAseA AFSAT
AF7HA ] ATd s g2y 2ok

7}. PIBKS} PI4Ke] AHE<Ql, PI3PS} PHUP/F HWHAX S 71F 9% d3to)
et AFsied g 2 A9E 4tk

@ PI3K, PUK AAAZ &# A wortmannin®} LY294002%= W] <3k 7]
TEHETS 93, gAxgte] o 7jFe 23 25 dAsIIH

@ Wortmannin#} LY294002% @A ¥ o] PBK, Pl4KY A-e o4 8}
At 1A, wortmanning FW A EU PI4PSKe AL AP E v,
LY294002= A 81#] G2y 3, 4

St

@ PI3Pe} PHUPol Eolxdozm  A3lsl:  wwigel  GFPEBD}
GFP:FAPPIPHS| 5o FHAZY Aopdde Ao} do] Sle Z1olA
71Eel A71E F7MAALH, Az o8 EEdEEE AASHATH L

5, 6).

@ Wortmannin#} LY294002% cfA]2=ate] o8] f2s= Ca’ o ZF71E
A S G2 7).
ot 22 AAEES FEE 29, 2] Al 2
2 o, AZd C2+3 58 Hole HA dAFoEA
1gthe 21 ¥3lon, P3Py PUPelE Th=A A2
o, EA4te] AgGAd T Boste g LA
1 P3P AT actin filamente] AJejof & 382 F+= AL Yo}
lth. P3P/} F=38l Al8Fo A actin filamentE %‘01 Ja1 o] wiwl e 2o, <4
A 22A4RS Wol& actin depolymerizationo] zH H X &be A& 2 o, PIBP7E
actin dynamicsef] v S agk @A4US AJgTH(H 8).

th 71FEF oA PI4,5P29] <ol diste] g 22 daE dath

@ PI4,5P2+= FWHAES] anion channelo] AJ7tel] wa} &3t H&= A2

o)
o

g X
i)
[o
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A FATHTY 9).

@ PI4SP2E 459 FRiAe] Agstd 7l3e de o] AU
(28 10).

@ o) 71 & ol A PIAPE PI4,5P28 A 3+3}+= AtPIPK1# =&

A} At3g569607F T-DNA 4+%] 2. & 28| knock-out® 2] % 9] 7
Fo] A= ATHTHE).

o] AAE viEro g 97t Al M2 ol FHAE 9 PI4P-5-kinase &
st A H A Pl4,5P2E A A A 7)1, o] Z o] anion channel?] @412 ZFAA]AHA] 7]
Zele AS welsle] viFol dupd o 2= A Ethe Aolth
2}, Rho-small G protein®] member52 AX U 25 HdG H}HA A switch
o
o

A = 7t
@]
o

71Fe] &

ol
Ho o

_4

o

ofl gl
o,
iﬁ&

slal, 223 FEAFENA actin cytoskeloton®] ZHA2 de| A T
AT Ao A AtRacl (RopbAt)i= arabidopsisoll A giA]2x2bel] 2}%k 7]
T 2% %57 actin reorganizationd] T L3 JEE e .
B ardle od 4BAEdl 33 WAL Ropt BUAT 7 E L5
ofw gt AEE FHs=A Fotr

@O Rop27} @Az AR g A3, AA A (F2 54 E)
we ohjel EUALAAE BHHE AS GARAHIY 12).

@ CA(constitutively active)-Rop2 ¢} DN(dominant negative)-Rop2E T}

LA 71 ge] 71 5ol WststAdh

@ Wl oa 7|2 PeFe] S, DN-Rop2 ElolA7} 714 whe
], ThF 22 wild type, CA-Rop2 =22 YEIGTHIZIY 13).

@ YAz et F)FDHEES S, DN-Rop2 EWlA7} 7}
F wEn, ggo2 wild type, CA-Rop2 2.2 QE}},\E}(J% 14).

@ Rop28] FHAIZ W ¢IAE =AM 23, Rop2o] £4std e
CA-Rop2= FZ MEdo] &xjstH o, vl&Adste el DN-Rop2v F2
Ao 2A3AH2E 15). %31, GFP-Rop2¥ Wl o8] MEntoz o|F3}
AL, SHA|zqbe] S5 tha] AME AR ofFstATH LY 16).

@ Rop2i= actin®] Aujedol e e oA warh1y 17)
® GFP-RIC7S 5o FRiAzo] sepddst & RIC79] A5 #2343

oft

eb FA YAl RIC7L 33} A xdo] HA At

D We 29 u, d7 MxrAe] g RIC7o] FZ MEwoz olEs}
Ak
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