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1. 1ZCHIZ

BT, b0 EORAEIRE, ZLTRWERZ
WU THRSNCEIZRE ke, BloTh Ui Bt
WHHZEIFEIETHRV, EMITLoTH, B -
W -tAEmERDT. BREOAKTHLETNIT A
(NaCl) £ F R LA A (Na¥) N BE AR \] R DOFF
ETHOIOITEMOFEETHD, 28, FrEL T, Tl
RN DB B A X2 — AL % 2 LTS, B
BEREE L C ol o ¥ 5O fEEE T & L C oo & ifL
JERENFOHITHD, DO X584 LIZUITAEMIT
NaCli {55 % B0 b Wb ) 2 SRS 2 @71, A
B OARIE F M (RAF RS ) Z{fEH L5, ZIHLT-
FEEIC &, BEEICES T, I/ T7 AT ADSEX
FROBHOEOWMEET-BIX, TN ELMEERT
BROBFE ATV, RERRE BT CTE T, L, #F
FED KIS (77— AR AE T —) b #GR (&

Wt ) 275 S L&D LT DIRINTER T 7 o —FITRAA L

GINEA

R am (HEFRAIIFZE) 2254 5w (RO —R) ZHEFLL L5
T HEMRIEN T a0 —F IR IT T,

LZAN, AWM ADLRE R, FTAT AT AD 5y
B2 1 SO W7 sk FEN R E -, Bh- 7 LG5 O
SETHRENTHD, ZIUZEY, RO FIRICIFET D
2 FREELL EOEE T DNA OF T (4 L) O
H L, bodb, ZNBLREIND, W20 O RFH 2
&l - A DT ) MEFTIIE T LT =0T, b
BHDEDLE, ENEE O TEERAEY O 2EAE T O
WP FBES N85, ZHOL Tt o FiX, fH % i
BT EBE—MALIODEL TR G RIS L=
JEDEREFHT DAL DSTZOTHS, VWb
DB RANT ) LR DRI Th D,

TIAEREFMAT ORI ELTRET T v va s R
IA(EFT ) LB BTz, IRVT, hFvay

pas
JTL

kR CRRURERT)
IIVAGEMWT VLB L T4 NT I A (W L F
5E) AR IO A(BREW T ) LRVE) =a— R I3
A(FFET ) D) R W THEBIT L2, Zhbicix
RSN DD, WE, BRSO M E DA%
ZFHE LT ENSTIVIES , KN TIE &R T D)
HD1OHLWTEEEEL (T T L Falb—a
NENTEY, RIEHAL (F v LF 2l —ar) ERih
T 5, 2T, DNA ~A70T LAFRNT &S BEE
TIHLTE BG4, skl st 244k o
RG2S B E B ERICHIRE T AN TES, L,
FHM O REIRDBEE I 2 T ~3 TIZL R SOT, g
Frid AR B ERRAD R AV D L7 5, £ 2%
T, ERBE 2 O —A%REHR L, FELBFZEL
TNWIHET L7 /I ANEFRIEN T 7 a—F LS NAH T
LITHD,

BIEORF T, 7RO BGEOIFFEIZZ OE R OFZE
ML, WhiZAT R IC3aikafoad oo n 3t
Z R R U TWE AT, BRI, VT /I A7 LD
HFREAIREL . ZHIC K> TR Ml 2 T &2 TR
L. LS ZINEBATOR BTN T a7 MIFSE” 21X
B D 4y By R ELEE T o “ R E R REMF 287 LU CHEBLL 72
WE . A I8 EE RS O TRELZ, £V
LCIRENHFS - R R S CTRRBEN, Pk 15 F)E
MOFEELTZO0, A . mEEY . e WAL A
Gl NaCl &<IC Na* O EA 22 o BOEkIC
DV TR RN T2 AR E SR ZE T VN R
A THD, WA H G E B 7202 ORI IE T
1Z. LD/ NESWA D= S ZATE R TIEH DD, Rk 17 4E
FERETO 3 ERIC, 2o TR TMmAIRZR, L)
bR T T u—F RN RESN T, LU T ICEERIZ B 7R
HERHET 5,






BhkE A 03S1-05S1

2. IO FHEME LB OES T IIVREZR DI T L AT

1. [IE®HIC

W IIRE A RBRBEREICIREND L ZHOBAET
DOFEBEHEL TEOLMEFEE T, ook
fETFIEAR RN B AR T MR, Z<DOEW D
[ & IS4V Z D721 his B IE TG D oy T HERE A &
MZSNTVBEDH D720, B2 1E, 1.2 M @ NaCl
TFAE FIZHl i T& DT 8 Synechocystis sp. PCC 6803
(LLF Synechocystis EWs3) 1%, mdEiE BB IZIREN
HEEWAWE DT a7 n—L (GG) A K H# i
faT® ggps E\inT. BLU GG DOEIA B DD
HEAREa— R 5 E T ORBAHESNLY D, GG &
FSCRE A KRB L72BK Tl i MR S S T Gl fen BE A3 1E
FIZEKINT 2O/ R HOENEZY, Hi
Jied B 7D 58 FE 355 < 72> TR AS AR KR L B SRR
B L CEILD0, 72 AN AL T T, 250
XN RL NIRRT B ay s B
RO OFEBLFHESNDLY, ZO XM O HE AR A
FHEMIE R T T, Synechocystis DYEIERED HESHERE
ZITCEL00, HDOIERI O B IR E 23T it
PEREDIEFIZ B D DB T N DD N EH LN T DT
. Synechocystis DYEAR FOBAR T DIZIEREED
X—7"2% DNA ~A7a7 L A%, AN AIZLY
SEBUHI & 52 D8t B s T RO T 21T~ 729, 2D
fE R BEMOmEMEICBE D8 I T, 250
HERER R E AR T O R BNEAN AGRMCTENT DD
EMHBINT IR 5Tz, ZORERIT, RO SRS O TF
TEABTET DL D Tho7-, FIOHRERF 8
F-DOREREDFRIADS . =MD G AN RBEEE ~0D T i O
WA ECEETHIN, ZNETENLLOHES
DOIERE AR FNBAR T DT AT TIn e, A0
ZETIE, AN AN EME R R E EEIE 0O | 2
FRAERDONA KA (T BB LOWEY) D7 LI
DI AFSNT BB T I2E B LU, 2NH0# a1
G B RE D HE AR A6 S 12 B30 5 W REME DN B 2 B
HDT, ENHDOER T IERA ERIL T AN 25
TF N CORARIENEIZE B LTI Z1TH52 81 LTz,

Fo, ENDH AN ZFHE MBS - 00 1 B 12 BY
D55y T HEE OIS | £ W) O AN A A O fiR

AR AR ERTFPR G A BREER e R
ey A CEBEAYHETERT)

BICEETHD, LOLRNE, T4y TR LAk
RED LB A2 A B DTS LA EE S
TRWIZEE DD TR, KIFH R B T, £<
O FHEVEBGE T ORBNT 7 <K T RpoS BLW
SigB (2L THIIENY 7| Synechocystis 12BN Th
SigF L& N b=y 7~ R 70N S R 7 R B
ORI D> TOHZENTTICHESLTWEY, L
MLRDG, ZNbD Y I~ R FITEmBIRES 7 F Vv E
EERATOIDT TIERWEEZOND, EWICITEA
RN RZA B OEREIC LR FL , AN A3 8 HE
EFDOFBEHIH T AHARN 2B —L DL T F
IR EZER TR b TWHETFRING, 2T, Hx
AR EMREMNIEE O TELRMFEAMEL T,
Synechocystis INODIEAN Zw W —EW S 7T VARE
BROREERARDZ LU, T2 1L, FEEEY»
HAE | EY R L OV BB RIE S, B4 2R BR BRI 1
DY —LLTHETIEATF VXS —F L EXF
DU —RBICEWI U bEh, IEESTEI SN DR E
H 7 CThoHVARV AL F ol —&—|2#F B L,
Synechocystis DRLEART ) I FIZIZ A3 FEOEATF V%
F—EL 41 FEOL AR AL X2 —4—NFET D
D F 2 ZZNETIT, IABERF VU F—HP Ll X
R AL X ol —F — DG T DR T HERT A7
U—ZAERIL TV D, TNHDO MR ERKT A7 T —
mHARR = BEEE =P v
Fovr =9 YA F =D B I NEFEDY
TFNARERZREL ., ZOTFHEOH ML EGFEL TN
Do ARFEMEIETIE, ZNOE BRSO @
REARNAGME T TOY ) AL~V TOBIR TR BL%
DNA ~A27a7 LA THITLTHIEICED, AN R&
BB DD, B =TT T IREROERE B
felL7-,

2 HEBREIVER
2.1 BRMRFERERERTF

AR RIZHT D Synechocystis DIBART-HBLOL
IVTCOINEZFIET 572012, DNA microarray % Fu»
720 0.5 M @ NaCl ARL-R{Z 30 53 [HIE L 72 Synechocystis



DOHRLOBAR THBLET DL WA AGME T T
147 OBARTFORBLFH G, £, 228 DEETH
Pl TS, 2L TSN AN A3 E S 5
WIEIIHIMPEDBAR T 055 | KRS RE R o &
NG ea— R 5208 bhotz, ZHHDHAR 2%
PECRBLENEE T D8RR MO X 7B, BEM
HANIRAOE AN A~ @RI B> T
ZENTREINT,

Synechocystis DHFEARN A LB O IBART-H 350 H D
BT, BB T EEM DT I/l — RAEE D Z OHEHEN
TR TEROWVDWAOHERERFIEEE T 0I5, KAk
W (T BEBXONEY) D5 ) KO RAFS IR
KEEBET 1T 30 FAFELZ, INHORERAEDIC
D I & JENARAFE NI AR RS B VRS RE R (A E 1
BT, AN R TF TO YA M RE 0O 8 h RS
BB R G ea—RT5LE BN, 2T, %
NHDOERER R E B Im F O ERZER L, 215
R T HERR O A RGP 2 85 ORI T e, %

BUEHE N RO T AN A T CHR ARSI LTZ,

ZORER, FFIT slrl674 #in1 D% R TE AT
T 20%FRE ., A KRIEERME T LWz, @ o8
BHRM T TCOXRARIEE, BIOZENENOE#E S
TOMRIEVEIZIFEREFIR ChoTollnh, 20
{BF DEMITIEAR ZAEAE T TONA BIEME DO MR
Wb TNDHDEE BN, 7, slr1674 #Ei5 T
DA AN TORBGFHEEL ) —F T I LD Tk
LTz, B OEEREM T ClEb TG EY D R
HENZ23, 0.5 M NaCl IZ LA AR 2% 20 435 %
72HIfECiE, mRNA &35 20 fEEEML Tz, 2ok
FIZ.DNA A7 L ADFEREIS—EKL T,
sir1674 &5 -IERE CIXEF AR T RO 2, 5
FEEMOERITIRONR T, LT - T, slrl674 & s
FREEERR TIXIE R 72 slr1674 2 R I3 R B T
WEENTAENT=, SIrl674 Zo R’ DA Nl i,
Anabaena sp. PCC 7120 ZXUOBFEDOT 8T ) Lk
HAXFT A ;DT AR ST, BEREWZ &S
SIr1674 #2/3JED /3717 Slrl1638 73, Synechocystis
\ZIFIEL SIr1638 DA N/ 7 13 _THDTU DT ) L
IRIFSILTCUWE, sIrl1638 s T ORELX, AN X
ST 2 EREETLOFEINRD T2, ZDOTI/
FERC S O FH [REN SR OMREE H T2 0O Tida\n s
EEZ . MEEDFECRNT 528 LT, BH OB RS
7 Clx, SIr1674, SIr1638 W9 Lo 28 kR B A kR
RIERDEFHRELE R LT, LOLRND, FRIZHE AR 2
B2 TEZICELWVEFTREOKR TR AL, 20

ABEEOKTIXCNCEIEL, ZO%ITE AL
ERBEOEE TEBFT TEXEIENDh-T2, ZHHDHE
UL, SIr1674 & SIr1638 1LY Ak REF L OMR AR 2
JRBAN AR N F TRV A, AR RS FICHE R
WIS T HTZDITEDOMEEE L TV D EHEES L
Too WEEVED T FED 7 ) BTN T slrl 638 {5113,
B JRAEME D& L 3 DR BARIC B DY — & — T
X —¥ B BAaT (LepB) LBAR TV T AL — %R L TF
FELTCTWBZ L, Synechocystis D DNA ~A7a 7L ADY
FALN TR OFE R slr1638 G F DI B/ SH—1
2N lepB EIGF DB H— LLHPL THDEZEN
IRSNT=ZEMB EE LRI DOV F AEFIO T et
LN, SIr1674 & SIrl638 DOFEMNE > TNBD T
IFRVINETARLTZ, EORGERIZIEDE | slr1674 DOEAR
TPEEWY DFEREL SOICFELRNT 35720 Jefb RV
7 a=vh PsbV OFEMELZ Y AL T oy MEIZLOfiE
Wridz, ZOfEE, slr1674 G TR CIIE AR 2
%52 D5 PsbV OFTERIRDNEF AR LD < EFEL T
WD L AN RS T CILEFAERR, s T iEER O
W HUCEB W THRTEMADE N oD & 28 Rk
TiX 3 B ECTARN A% 5 2.5 LRIBEAR, pEVAR LS 2
BREENPHD L TWBZENb-T-, ZHHOHE BT
slr1674 73 PsbV OB LICTE2 DD RS2 L%
TRIBTHRERTHDLEEZ LN, 5 %I1L. SIrl674 &
SIr1638 D EYOEE O LD FEM7 5y T H 2 fRiT L C
WEEBIT, EOfMOERERIEAR T OEENZ SN T
HEBIZHENT 2 L TUOLK L ERHD,

2.2 BRANLREVH—BXUVERANLRY Y FIILIE

ER DB

2. 3. 1 Hik33—Rre31

AR LEATF U F T — BB L AR AL K2l
— & — AR T OMRERIIEKRT 47 7Y —% 0.5 M NaCl
ZAFITBREL 20 3 B OB T-HBiE DNAI /07 L A%
HAWT, Lo —BI O 7 aiERIE 70/
VI T INMEE DB T _T=, TOFER, 5ODEARTF Y
% F—F (Table 1) £4ODL AR AL F ol —H—
(Table II) DEfR T-ERE TR AR 1T B2 DR Bl ¥
— &L, FNOD L THARN 24T ToOEIE
FREEZHE T Y — T niE R E R T
ZEpRgEN I,

97, Hik33 DL B TIE5 O D5 F DO FHEMEN
BHE ISR EZ T TV, Z s OB G I &
WU B L OO T E T LIS E M &
’ff\'% (/’lll) @Zh:E_Dy\‘((IQ): ssr2595, 5512542, ssl]632)%/é\/v.—6b \7»:0
TIBH S BE, WL T TO AL R Ot 7 fih L



THNF—DHEHEICEAD S TNDLIENREINTND,

ZDOZEPDENLDOBAR T EMIL, AN ZAEH T T
HE RO LEEE DRI D> TO D ATHEME IV RIB S L
%, Hik33 BRI TIX, HRE R DL N EZa—R T
% slr1544 OFRBAFIFL =, ZHs Hik33 (2L0H]
%2 D inFRET ., OB AR AL ThHikE
S5, Hik33 1HEIRAR ZAB LB EAN AZLSD
AR REHENICR DA ENME SN TWD, AR
AZZAC Hik33 ICEW BB A2 T 55 >D#AR 1%
WL, RIRBLIOEIREE CHEINLBE T
ThoTz, AR ALIRBED AR A [A] R I A2
H-25207T, Mz X 5i2E EDZEALA Hik33 (2 X0 i En
S OBAR T HEOF BRI ST D ATREMED
EZ N5, slri544 BAGF DA AEME T TOIREL
EWAERRELV AR AL F ol —F— BRI CATY T
Ty MEFTICLORIE L AFEALE DL AR AL F 2L
— A B CIT B AR L RIRR O R BL O35 8 A B82S
NN, FTLIODL ARV AL X ol —F— 75 Bkk
Rre31 72014 slri544 ORBMZTZR2ITIHIZHNT
727 DNA microarray % F W72 @A 72052 Ol o
Hik33 (2 X0 FEBLHIEE 2 25 72385 15 Rre31 D2 B
BRCIIR BN o /ale> Tz, 3725 Hik33 &
Rre31 (AR A& T CRICEE FREOREBUZE D
STV, HIK33 IZEDZ BRI AN AV 7 F i
Rre3l /L CGEEFREOHEE CTIrabhTnbsE
LRI SN,

LU D6, 7oA~ ABLBRERNZ 21 Rre31 13KIR
FMETOBMBFREBUCE D> TN EdbinoTz,
Hik33 [FHEAN RS T Tl Rre3l &ELIE, Y
TFMRERERERR T 503, BELRE S T Cidr
ARV AL F a2l —Z =PI DL AR AL F ol —Z—
T FNVERELTONDEITHD, ZORRIT, =
FTCHONTEEAF VU FF —PBEL ARV AL F ol
— A=A S ALD Ry HlE R O D Ao T
FERTHD, LNLR2BE, BROERATF VU FF—ERN
REEEFBEANRAD 2 FEHOT 7T IVERFATED
AREPEDY, RIBEN TWAZE, KIBEOETHOERFY
VR F—PBLELRARALF 2L —H— DA A DHET
AERE N COV RN IS 2 TR AT R D | fiisd T
FWVHEE TINETHLN TWZAST LIS ORREE 2
MR IO I RENTZZEND, TR HIERIZINE
TEZLNTWERIN YRR 7 F ARER K T
1372, TR IR O a AN — 212k C, KD Rk
TR E N RIRETR Y 7 WAGREE R T D A REME DS R
STz, Hik33 # & BREITZOHFITHHEE XL

Do
2. 3. 2 Hik34—Rrel

Hik34 OERIZIWE av 2 R G &G DB
LU E ORR R TIcB 0T BR300, %
72, Hik34 OZERRIZB AR OERATF Vo F ) —F
DEBRFIZHE R TR ayZIZK LT TH -T2,
Hik34 @ﬁﬁﬁk BOTHE a7 & T COEET
FKEOFHEIZIFH AR EFRICRADNTZ, LLe)
5. E%éﬁkm:t%&yay%w/wEiﬁ%%@%&yayﬁ
HET M TH DN, Hik34 B TIT R0 EE R R
BIDFFHEL Tz, 2B 5 FIE Hik34 2MA[S O
WCE 2y H R B T ORBUIAD->TNDT
LERBRT LD THD, LL7n, Hik34 23E DEEIZ
A av BB Tbho Ty, — .
Hik34 Z8 B TlI. @ AR A LS BFHE N RS
NABIET DG, a2 328 s1r0093 (dnal).
sli1514 (hspA)B IO sl0170 (dnaK), 7a7 7 —EH7
2= b slrl641 (clpB) ¥ X T Superoxide dismutase
sIr1516 (s0dB)D JHIT AR ASETBE 3 DR o &
VYR T DN EEE Z T el 120, 2o gE L
Tav &b WA AR TR OER F ORI
HIEZILDIZH DB T ZO RS~ Hik34 O
BIOIT R/ > TNDHT L% RT | REBBREORE R T
%, Hik34 O Tt CHRET AL AR AL F ol —F—
% hspA BAR T ORBLUEIEIRICAY) — =0 T EAT 502,
ZOFRER, Rrel OZEFREED hspA BT OHAN 257K
WA ST AL RSN, EZA, DNA A 2/1
T UARRNT OFE R Rrel 1CLVE AN Z5E T TR
OFIFEN I RS T8 5 T BRI Hik34 CTHiliE %) 58
GFEELDEBIZE NN booT-, 725, Rrel 1X
Hik34 22bLORIHE D729 DRIDOEAF T FF
—BNbDO LT TN EZITE S TS RTREME DS RS T2,
Rrel 3 Hik34 OIMZE DEARTF-V L F—BnHL o)
IVEZTIDOPNIREBEIRVEETHD, Boay
7% FCIE Hik34 OZERPBR FORBUCIIZEE
HLU72OH, Rrel O RITEN 3o 75K EIZROICED
STVWAZENRENT, Hik34 LIS DERF Vo FF—
R a7 (U CEERE Y —0 1 ThD Al ek
VAAVIN /33 s W ah

BER2NATVyRRAIZY—=v 732X
Synechocysis 0 %43 il ##1 5% [K - O FH BAE K-
FERAT)—= T H7eSHu, EOFER, Rrel 13 Hik2 &
FIAAER N ROIHIEDRENTZ, Hik2 (3@ OR5#%
SMETCRETR ) I T INTIA BRI AT N TE RN
BAG T T, BEOMABIBR T THOIZENHEESNT



W5, Hik2 735 Rrel ~0D 37 )L 0G0 i B AR+ D
GV REES A 1 2T b S sy AN B AN E A VARV
8% 5< Hik34-Rrel, Hik2-Rrel &VWHFEEE 230 HI 4
RELTWAHEEZDLND,
2. 3. 3 Hik16-Hik41-Rrel7

EXAF VX F—BERKRORI)—=0 721D,
Hik16 O ZE kL Hik4l O 72 Bk TR U EAG T B
(5110939, slr0967, sll0938) D FEBINEE B 221 F HT LM
IRSHVTCW, T/ EEO—RELHIE #HH5, Hik16 X
EiEEOeAF VX —E8THY, 5 Hikdl (T
BIARET DR ED Z L " E ThH L, £7- Hik4l
X N KD T FNAL T I RR AL AP D ATV
XS —BNOV T FINEZITRDL Y — R—R AL EH
RIZREE SN FIET 2 NAT VR OERT VX —F
Thol=Z b, Hikl6 B2 R UIZEAN AT V%
Hik41l NZITEVELIZ ROV AR AL F ol —H—
(AR T DRI B 2 5 7=Y9, Hik16-Hik41 THil#1%
5 slr0967 DR BZFEREICL AR AL F ol —F —75
BRROAI)—=0 7 %4TUN Rrel 7 INENH2DODEARTF
DrxF—PERMREFRE s1r0967 DFBDFED B
KRR DHZED DI T, DNA v A7aT L A% T fiF
Hricky, PAEINZLIT 5110939, s1r0967, sl10938 D 3
FEOBAF OB Hikl6, Hik41, Rrel7 DOV 910
ERERIZBOTH, BITREAN AFE L RS2 -T2,
ZNHDORE RS | Hik16-Hik4l O FifiilE Rrel7 A7
BELTWAZEIVREINT-, Hik16 & Rrel7 (4K i
BEEEL CIFAET 5, KIBE M B CldeRrF v o5
—PBLEHITEL AR AL oL — & — TR I
B2 CIREL i 5 s 55", Hikl6 & Rrel7 (32D
T aY—% Synechocystis \IZEBWTHRLIZHIES 2
Do

Hik16-Hik41-Rrel7 % Bl % Tl #1452 1) 2
{5 T-#E (5110939, s1r0967, s110938) D ¥ Bl %
0.5 M NaCl, 0.25 M Na,SO,, 0.3 M NaNO3, 0.375 M KCl,
Osmotic stress (0.5 M Sorbito) DS TEHER L=, 115
DOERBEFM CHAROAEFTHEITNT L IEE O #
ORISR T THENDNSTNEEMETHD,
ZORER, ZNHOMBIETHEX 0.5 M NaCl D54 FC
DHBEERRBOFBENRONDIEN DN oTZ,
Hik16 (X Na*& ClooW 2 AL TRV, Na*®HH WL Cl
I TIERBEOFE b TV RN R RENT
16)
2. 3. 4 Hik10-Rre3

Hik10 (37077 —EB%a—K4 25 htrA 865 O &R
B T CORBIFHEZEHI# 25, Hik10 &8I0

VARV AL F ol —H—[X Rre3 THHT=, htrA BT
DO AR 23K 2 Hik10-Rre3 0 2 F 0 1 SR E
DB STNBNEINEIER T D20, htrA Bin 1%
Tu—T7bLleAny Ty MENT B L O DNA v 177
VARRMTZAT > 72, ZOfE R Hik10-Rre3 (THEAR- 25
HFIZEBWTE htrA AR T ORBIZHIH T 52D RS
=Y Hik10 & Rre3 OX7 1%, BERE2ANA TV R RS
V== O THRIE X4, AR T I L DHERE
M & L — BT DR RSN Bl L 72> TN D,

3. SRDFEE

AR EENZEIZHB VT, A IX DNA 77 L1k
TN —BIOV S TG ERO BT DM
FEWIIEEERR T A7 TV —% T, D 7pEba>d Tk
YIRS RN HE AR RSB B AR T D 3 HL A
LD EE R LT, EOHIITHEARN RE YD &
L CTHEEOBREARN AEMFITIRE L, D7t 2 FiE
DV AR AL F ol —F— IV TF %5 L TGl
F O3 BLHIENC 5 Hik33 <0, Hik34 & Hik2 /b 7<
EH2ODERF VU F =L TV EEE LT, A
MR JSBVEBAR T O BA K325 Rrel 2AEENT
Woo O X7 TR HlE SR R - oS 7 T AR ED
7 AM—27 O RILEZ RS TR WEFSE 47 B
ThD, 5% T T NDHERMEGEN>T2 /B AR—
INEDLH72 AT = A LT E AL, MR N i AT
DNDDPIZHONT, HENIZESNDVLER DD, Fx
1% Hik33 @ C Kl RIS T 28 a2 X738
Ss13451 Z R L7, SBRENTZOH /37 H L Hik33
ZIAFIELHE, Hik33 O H EV L OTEEDS 10 f5 L4
bEEAZEL HIK33 7255 Rre31 ~DU U FEHAA It A,
FINDIER DS TER, 5%, 2O X572 sy il
T S OO A 2 L AH 3 28T 77 IR -3 MR N T oo
NOIREL LRI OAN—7|ZEDRRIZBE > TN DM
LML, ZO&EZFHEMIZHONIL TO L E
Ndb,

T FEDIE AN AN E RGO NEFREIIFENTIZLD | HEA
I IRV AR 1 O K53 1T AT = X L0358 575>
WCEFUTZAS, F2HI A S R 72 8 s T BEDTFAE T
%, FIDIIARNF ST Cxh G & Uiz Rl 4y il 5 LAAk
DR BRI (2 Lo THIfIS LT D 00, %o —
Ayl ER A RFAL CTERL, H—0fkik%s /v 77wk
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Figure 1. Northern blotting analysis of the salt-inducible
expression of genes.

A, the expression of the slri544 and dnaK2 genes in wild-type
(WT), AHik33, ARre31, AHik34, and ARrel mutant cells. B, the
expression of slr0967 and htrA genes in WT, AHik16, AHik41,
ARrel7, AHik10, and ARre3 mutant cells. Total RNA was
isolated from wild-type, Hik mutant, and Rre mutant cells
before (Control) and 20 min after (NaCl) treatment with 0.5 M
NaCl. The extracted RNA (15 pug) was fractionated on a 1.2%
agarose gel that contained 2.05 M formaldehyde and allowed to
hybridize with labeled probes derived from siri544, dnak?2,
slr0967, htrA, and 16 S rRNA.

Salt stress |
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41 <4 L L
Hik34 ?
7
v
hiiA hspA groEL2 ssr3188 ggpS ssr2153
hiiB sigB  sll0528  sir1686| |s10939 glpD  sIr1932
hiic clpB1 sir0959 sir0852| |sll0938 ndhR sli1620
sir1544 || dnaJ sir1603  sIr0095 menG sir1501
sii1483 || sodB sll0846 sir1916 sl1863 sir1894
$5r2016|| dnaK2 sIr1915 ssi2971 5111862 sll1621
sigD pbp  sli1884 sir1192 sl11652 sir1704
yot21 riml  sir1963  sli1107 sIr0895 552194
si722 || ssia044 $iri136
sir1687
Y, =/
Cytoplasmic membrane
Figure 2. Hypothetical scheme for the perception and

transduction of salt signals, including the genes whose salt
stress-inducible expression is regulated by the indicated
individual Hik-Rre systems in Synechocystis.

Genes included in this scheme revealed induction factors greater
than 4.0 under salt stress. Genes in bold letters are genes
whose inducibility by salt stress was strictly regulated (RE 15)
by a specific Rre, whereas the expression of genes in light type
was only reduced (RE 15-50) by the indicated Rres.
Underlining indicates genes whose expression was specifically
induced by salt stress.
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03S1-05S1
Microarray analysis of the salt-inducible genes and signal transduction
pathway of salt stress in cyanobacteria.

Iwane Suzuki

Graduate School of Life and Environmental Sciences, University of Tsukuba

Summary

Plants and microorganisms acclimate to salt stress by regulating the expression of large numbers
of genes. In the cyanobacterium Synechocystis sp. PCC 6803, a DNA microarray analysis revealed that
salt stress due to 0.5 M NaCl induced genes for heat-shock proteins and the enzymes for the synthesis of
an osmolyte, glucosylglycerolm and genes for proteins of unknown functions. We screened a library of
mutants of all 43 histidine kinases by the DNA microarray, suggesting that five histidine kinases, namely,
Hik33, Hik34, Hik16, Hik41 and Hik10 perceived and transduced salt signals to regulate gene expression.
However, Hik33, Hik34, Hik10 and Hik16 acting with Hik41 regulated the expression of different sets of
genes. We further screened a mutant library of response regulators, which are phosphorylated by certain
histidine kinases and regulate gene expression, and found that each pairs of mutants of histidine kinase
and response regulator, AHik33-ARre31, AHik34-ARrel, AHik16-AHik41-ARrel7, and AHik10-ARre3,
were involved in the regulation of gene expression under the salt stress. The mechanisms of salt signal
perception of the sensors should be studied in the future and the meaning of existence of the multiple salt
sensors is also interesting questions to understand the acclimation process to the salt stress conditions.

Among the salt stress-inducible genes, we picked up 30 genes for unknown proteins, which were
conserved in other photosynthetic organisms, such as cyanobacteria and higher plants, and inactivated
each gene. These genes might encode important proteins which have roles for acclimation of
photosynthetic activity under the salt stress. We examined phenotypes of the mutants with or without salt
stress and found that growth rate of a mutant of slr1674, whose expression was induced 19-fold under the
salt-stress condition, was drastically retarded under the salt stress. Precursors of a subunit of
photosystem II, PsbV, in the mutant cells were more accumulated under the salt stress than those in
wild-type cells, suggesting that the slr1674 encodes a protein which stimulates maturation of the subunit
for photosystem II under the salt stress conditions. The in vivo function of the proteins will be

demonstrated in near future.
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3. VAR T X F O ISE MBI FEED DNA 7L AL ARHT

NN
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(LA
N

1. AREW

N T 100 T4 51T R LTz, 2ORER. A
FUTA LUk R KRB O g R 2 B8 L OB A EE I
BEmL, HEROGURNBARH L E BT, B
AT 13 75 km® /4 (AbiiE & U2 S W7 i fs)
FORADL, REGEMEIT 6 7 km® /4 (LI &0 [E
AR THRE) T oKL TS, S5, R T
KL F BIFEC R0, Bt o SR TE A, B
WINE 1272 WA BT H B O FR E T 955 7 km? CK[E
[ i FE L VE ) 1272, 0 NED T2 R EE Y
A(CO 1A 180 {4 (50 fEN R AF) LHEE
S, REH CO, X 100 EORICHKI 30%EE L .
BITE 380 ppm(0.0380%) L72~7-, KK H CO, i, HiEK
MHD EEE T HERIRRE LA L7259, Wi, &
BB IO EL TREPFIZRD LIRS, kL
TCOZMEETHHEE #93.5 5 CO,/ km?/4E),
BREEBID CO, [EEH KOOI, Y DI
B AT EBEE IR IVUERBR 00N Bk Eiork
SNTWHOUL, EERMIRE S R BT Cb
B
MHEAE ) & U Cld, BT - BB OV UK s 2 A F 5
L Za—T7 NEHBIVTEY, #AK (K 3% NaCl
EETe) D 1/4 5 12 OREIZB DN TEBTNEHFT
HY ., WEAKOPRETHAFTEDH, —F . IR
WHER I &L CIE, K&, BiEE. BL OB BT O,
ZIBIE 0.5% NaCl THIBIL A EDORNZ e BT
WD, LILZRDE, 2O % i3 58 s 712>

WIS A STV, O E LT,

RE S E OER ., mE E SO REE K ST
I, AR NaCl OFEMAIBR 2 | F L ORI e A pkbE
NOBRRENEZDND, T, B DA R)HE &
fRFRBUCHR N - TV D, 2Rb0HL | 2B E
TRENE DFEFEDH DO TR G R T O RBLAE A
ZWNZHIE T 228280 Y~ DO BREEAR R HED
N EDORREI DD, LinLR5, B AR RZ% T
Dt 36 L OUSEHERE DO RFUTA DI TR0,

BT Gl BT R R e A1 SRR R 2R
SR G W R R e A TR A R L 0P SR
S (R AT R Be A TR R A A0 52 )
TR G ST R 52 R A2 e A TR A R 20 FERY)

ARBHERAFTEE 13, BEMEY T B RS /A DNA 4
W BB N PR TE ST DA XF X F (Arabidopsis
thaliana) V7% F N 66 R ST S5 38 4E B AN TR RIS 72
ST RRER BRI T HIEEEL T, EDORAD
MR A A L7 B 2 T,

FEE LU DA ML R B AR T, AR
ISERTHESE T DI E O Y& A B 1 (0.20~0.25 M
NaCl, #EKDFKI N3 5HDWTAEB B KD 2 5550
HIREE) CHAFLIDIEEFRIRIC BRIFAZ AR
gL (EMS) QLR L 723 A XF X5 M2 R FE 4
O, MEMEZEIRAE B R a8k U=, &Rt 148,300 fi (4
M 2 RO HA A B IMMIENE IR R i ok L,
pstl (photoautotrophic salt tolerance 1) B3I pst2 Lt
K UT, TG pst ZE9RZE BB DML, oADK
ISR D ETO NG R E O W% 18
L CHERFSNDZ LA TR LT, F7z, ARV AR5
HCTABESEEDIROBIEEICBW T, BAERTICK
LCHEBERZRIZROWHES ) o7, ZIHD5E pstl
RN TIE, BERRRIC BT IR RIHERE
LTHILBIN TCVNDA—S—FF LR ALK —F (SOD)
BLOT VA E gL F o — B OiEMENEE
IZHERLTERY, AN A FIZBW TR RO E Y%
AU CHA T HIE R R 2 d 0B b3 5281
Xo. MHEEEZEEL TWALDEEZ LN P, — 7,
pst2 ZEIRE BRI TiL, AR A LR IC R
WX, 2 OMBERRE DR E NN Ch -7,

2000 4F 12 A2 mA XF X FOk%4 ) 42 DNA M
AP RESH O o ag X7 X F AR AR —2
T AR DR 7 1R OTE 3 KO BLFER) b D &7
o7z, LTz3> T, DNA 7L A% pst2 Oiit¥aisiE o
fiE B3 A L 7=,

2. RAZE
2.1 HEYMHEEER

A X R F WA R Columbia (Col) 381K O pst2 %
MO EBRICHE L2, M IIIE R ST VE TR
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&%\ L Murashige-Skoog (MS) [ & 55 #i1 @ % Fl v
22°C, 1R 40~60%, FE 3,000~5,000 lux D
LS T CL 3B AT I, AN 256
(X, 0.2 M NaCl Z iR ML 75 LIS BAE L | [FSF T Chf
#LIZ,
2.2 AYdzq4ya7LA

RNeasy Plant Mini Kit(Qiagen) % VW CHEHRLL 7= 20
ng RNA % Agilent Fluorescent Direct Label Kit(Agilent
Technologies) 12V YeAERR L 7=, Agilent Arabidopsis 1
Microarray Kit (Agilent Technologies) % H V>, Agilent
DNA Microarray Scanner (Agilent Technologies) (207
—BEWIANTZ, 27 F IV E OBAEALIZIT Feature
Extraction (Agilent Technologies) & F\V 7=, & D t% O fii
T iZiZ Excel (Microsoft) i L7z,
2. 3 RNA DFRE

TEBE R (K9 0.1 g) ZIR IR ZE TR TH O, FLEK TR
LIZbDEFH LNF 2—7 1B LTz, HO0 LD 50CIZA
> Fa2~_X—hLTHV- 1 mL Isogen (Nippon Gene) %l
AN T 7 ATHLLEELTZ, 50°C T 10 s[5
a_X—hL, ZD%, IR T 5 /MFRE L7z, 0.2 mL 7=
TRV LEINZ RVT 7 ATHRFRL ., RIRT 2 [
B L7z, 15,000xg T 15 43 (4°C) 0L, g OKE) %
FIXLCTHLWTF 2— 728 LT, 0.2 mL Z7aak/L L%
Nz 15 B L<IEA L. 10,000xg T 5 43 (4°C) & L
L. & OKE) BT, 207 mafiv LB ik
J& D5 N D eI D ETHRIR LT, 0T FE
OKJE)IZ 0.5 mL AY 7 r/s/—Vaflz, 5 5y fg<iE
L7z, 15,000xg T 15 47 (4°C) im.0L, RIEEH#ETT,
A B U 7=, LB % 0.1 mL RNase-free water |Z 1A fi#
L. 10 pL 3 M FFlEF Mo 22 MARE LTz, K ET 20
rfEFFE L, 15,000xg T 15 43 (4°C) im0 Lz, Ri%

FENYL, 0.25 mL =% /—/L& Iz T, -70°C T 1 Kef]A
Fa~X—hL7z, 15,000xg T 10 5[ (4°C) =L, Rif
ZH:C 1 mL 70% T4 /— V&N 2 CTHELT-, 15,000xg
TS5 M@0 ELL, BT, kEa LT, ik
B¢% 20 uL RNase-free water {Z¥Afi#L 72, RNase-free
Deoxyribonuclease 1 (Takara) Z H VN, 7' hra— L2
~7C37°C T30 UGS T, Zrasks/L 2L ]
@& R BRI ETHRYIRL , =& ) — LIk B
T4 RNA # R L7z,
2.4 RT-PCR

c¢DNA I, Ist Strand cDNA Synthesis Kit for RT-PCR
(AMV) (Roche) &\ #EHET mha— L ZHE - Tl il
L7z,
2. 5 RACE (rapid amplification of cDNA ends)

SMART™ RACE ¢cDNA Amplification Kit(Clontech)
RO, BT aha— g~ T, 7T A~ — (Table 1)
DT, cDNA OFif#dds LU RACE PCR #1772,
2. 6 DNAIEEBEIIRE

B L7277 AR % 7 & L . DYEnamic™
Terminator Cycle Sequence Kit(Amersham Biosciences)
Z VN, 20 uL BOSIE (1 L #5758, 45 10 pmol 77 A~ —,
8 uL Sequencing reagent premix, #ffi7k T20 uL) . 94°C
208 — (95C 20, 50°C 15 %, 60°C 60 ) x 30 [A]
@ PCR #1772, PCR FEM)% Autoseq G-50 (Amersham
Biosciences ) % M\ k5 L % . ABI PRISM™ 310
GeneticAnalyzer (ABI) (LY DNA Mg JE A4 P E L
7o
2.7 sGFPRAAFV/I\IEIVAIVLDIER

sGFP LA S E 2% L C Neol & BspHI Ol [
BRI AU T2 T T A~ — %Gt LT, YT 2 A A
RT-PCR JIZFHHL 7= 8 4 RHED cDNA 28R &L T

Primers employed in the present work

5’ -ATTATTTCTAGACGATCGTTTCCCATGGATGAAGATTTTTTCTTACCCGATTTCTCACTAG-3’

Table 1
O  at2g22760-f: 5-TGTTCTCATGGCACAAGATCTCC-3’
@  at2g22760-r: 5’ -AAGAATCGTTACCTTGTCCGCC-3’
@  pst-p6-r: 5’-CTTGAAAGAAGACCTAAACCATTGCG-3’
@  pst-p3-r: 5"-TTCATTGCTCTTTCAGCTCTCCTTCCCG-3°
®  pst-pl-f: 5’-CTCATGGCACAAGATCTCCGGTTCTTGC-3’
® pst-555-r: 5 -AGTCGAAATCAATGTCTACTAG-3’
@  pst-1776-f:  5-CAAAGCTATTTCCGATAACGACC-3’
® pst-1140-r: 5’ -GTTGTTCTTGGAGTTGTTTC-3’
©  bhlh19-nf:
bhlh19-cr:  5°-ACTAAAACTCGAGAGAAGACCTAAACCATTGCGAGTCTCAGG-3’

Use of each primer is described in the text.
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KOD-Plus- CR¥EH) ICL DM 21T ~72, PCR FEEMZT
Ha—A7)VEKKEIL, 7 vinb BEM O A 48]0
LT Quantum Prep™ Freeze’N Squeeze DNA Gel
Extraction Spin Column (Bio-Rad) Z H\, I k=
— IV ZHESTHE R 72, pGEMS X7 % — (Promega) % il
FRE%3% EcoRV THJKrL T %, Ligation-Convenience
Kit(=o R ¥ —=) W T R LR S
Teo FA7—al JEW % Escherichia coli Competent
High DH50 (CRPEMG) ICEEE T mha U ZiE> TEAL .
W EAT o7, WL # O LB IRIKEH

D% RGBT %, 37°CC 30 /MR E 51T

AEME T e (IR 50 pg/mL) 2Nz 72
MacConkey %R EF U ERAR LTz, AR #1% 37°C T
e fRiE LB EiEfian=— (A /) 257, fbiizan
=—IZx LT, pGEMS IZHF RN MI3 &7 T A~ —4L
T, ExTaq™ Hot Start Version (#5534 4) ZA#i LT
PCR #AT\), 7 Ha—AS VEKIKENZ L AW %

LT, WHEMENTZKGEET eV (kiR
FE 50 pg/mL) 25 ¢e LB iRIARG HIC 37°C, 14 K%
B Uiz, B8 A 2 mL F=—712BL, 4°C, 6,000
rpm T 3 spffliE.O L7z, BiGZRRE, L% 200 uL @
Solution I V% iz ## L 7=, 300 uL @ Solution 11 %1%
2~3 [FFELHNZIRFNL . K BT 10 ZrRIEFE L 7=, 300
uL @ Solution TIT Z 1z 2~3 [AEFIL . 2K _EC 10 43
FRE L7=, 4°C 15,000 rpm T 10 435 L BiEEHT LW
Fa—TJRXTHhrr T —aryrTBLIE,
Ribonuclease(DNase-free) Glycerol Solution (=72
—, TR 100 pg/mL) &%, 37°CC 30 43 LA B
ML, 78 RNA &40 fR L7, 200 uL O amzkL L%
Z.10 23R AT v 7 AL %l 15,000 rpm T 10 4y [
DUz, BB OKM) #5LnFa—7 18T, S8
suanaiRv bLak A Ot A EE 23 e <R 5 E T
VIRUT=, SEBDAY TR ) —VEINZ 10 53R AT >
J AL, 4°C 15,000 rpm T 10 sy 0 L7-, EigEBRE,
EEAE 70% % /—)v 1 mL CHEE | A7, flpsd
7oL % 50 pL O TE ML, 7T ANk E LT, 7
TAIRERIK 5~10 pL A FREESE Neol & BspHI CALER
L, 7Ha—27 VEK KN LY R LT-, BigDye®
Terminator v3.1 Cycle Sequencing Kit ( Applied
Biosystems ) % fl U, PRISM® 310 Genetic Analyzer
(Applied Biosystems) (280, AL 72 DNA Wi Jr O3
RSN &R E LTz, sGFP il S Z o N RB~ 72 —LL
TpTH2 WZEM LT, FRRTTAINNE B OEIS %
HIFREESE Neol & BspHI (ZXVYIOHL, 7 n—R7 )L
ERUKkE, ZVIEI RERAAT 72, [FIRFC pTH2 %l

FREZESE Ncol (ZEVALERL | & A8k LTz, KIGHE~0
B A%, DNA Mg BRd 5 B I L0 G- OB % e 78
L7z,
2.8 —BAMRBREIVHLBEE

IN—T 47V 771X, Biolistic PDS-1000/He Particle
Delivery System (Bio-Rad) ZfEfHL 72, 10 T2y MyiZxt
LT, &R IHRIE AR K 230 uL 2z, RLT v A
IZEDFERIEERSE S, 2.5 M CaCl, 250 pL 2% 1
PERNT I 2G5, WREZFELIZT T AINER 25
uL 2z, 1 2RV T Y7 ALTZ, 0.1 M A-LIT Y
50 uLZ Mz, 10 B EIC 1 MO EZ R VT I AL
WHP A2V % 10 [l T572, 4°C, 10,000 rpm T 100% =
5 ) — IR L BRIV T I AT, COWRIEE 5.4
uL /> = CTH W=, Rupture Disk (1,300 psi),
Macrocarriers, Stopping Screens % 70% <% /—/L{Z 10
UL R, B Lo ETHBSE 72, MS
e HL FIZIRITF 724~ 2 X R LM E T v R —ND
T 2 BEEICE VT, 24 FE#ZICIE AL — —E
PA ST A7 A LSM510 META v3.1 (Carl Zeiss) % f
WEESEABIEL LT, hE V61T Argon2 i FH L 7=,
2.9 NAFY—RY8—DIEE

FEARL ZF bHLHI9 35 L UM AR 23587 bHLH19
cDNA R EL T, 747 — RNl RIE#SE Xbal Bk
%+ 1N (5°-ATTAT TTCTA GACGA TCGTT TCCCA
TGGAT GAAGA TTTTT TCTTA CCCGA TTTCT
CACTA G-3°) , U8 —2AlZ Sacl YA N IML7=7 74
~—(5-ACTAA AACTC GAGAG AAGAC CTAAA
CCATT GCGAG TCTCA GG-3’) # T, filth=a &
b= R 25 ATZ8H R O DNA B R 23 iE L7,

ZNHOW % Bluescript I SK(+) (Z=wk v/ —2) @
EcoRl ¥LICY 7 o/n—=71L, an=—PCR 4. 77
AIN DNA Z Rl L, il PREF 7L FE 35 LU DNA H A RD
IR EIC LV AN 7 e ER LT O, Zhbn T T
IR DNA BELUONATFY =74 pSMABT01 ZZEiL
HIFREESR Sacl/Xbal CRBRL | 7 H m— A5 L CERHK
L. HEONU K25 05480 L . Quantum
Prep'™ Freeze’N Squeeze DNA Gel Extraction Spin
Columns (Bio-Rad) # IV TH L 72, Z#uH% Ligation
Pack (= v R ¥ — ) 12XV # 5L . Compitent high
IM109 CRYERG) &2 W TR EERR L | FEARL 2R s I
OMEFEEA! bHLH19 ¢cDNA % pSMAB701 <74 —®
uidA LiEEWZ 7 AN 7 N ERILTZ (Fig. 1),

pSMAB701 (Z& £ND B H LRI~ — I —ChD
ARG F )< A2 100 mg/mL % & e LB [EE %
W AERLCE L an=— 2 B Rk LTz, an
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=—PCR., 77 AIK DNA [FIY. #fi|[REEEALE, 5L
DNA ¥ E/RFREICLY, a AT I M MER LT,

acl WG
ATG| | G

\

TAG ATG

on D &l 2] replaced o
Apal | Kem N “EcoRl
Xbal Smal e
Hindill Sacl
I |
TRBCSH P3ss } uidA ’>‘(TRBCS
07 | 09 | 18 |07kb| RB
oy
pSMAB701 (13.6kb) &
ColE1ori Sta

T
Spel

Fig. 1 Construct of a binary vector for introducing
alternatively-spliced cDNA for bHLH19.

SpR, spectinomycin/streptomycin resistance gene from Tn7; Sta:
region involved in plasmid stability from Pseudomonas plasmid
pVS1; Rep, origin of replication from pVS1 for plasmid
maintenance in Agrobacterium spp.; ColEl ori, ColEl
replication origin from pBR322; bar, bialaphos resistance
(phosphinothricin acetyltransferase gene); TRBCS,
polyadenylation signal from Arabidopsis RBCS-2B gene

2. 10 Agrobacterium D BErift

Gene Pulser (Bio-Rad) # ), =L ZhaRL —ar
1EIZ &Y Agrobacterium tumefaciens GV3101 (Z3E A LT,
A. tumefaciens YK 40 uL &7 7 AIRVEIRZ 10 {547
RU7EHD 1 uLZz=L bRl —ar fFxa Xy MIB
L.2.5kV, 25 uF, 200 Q {2 TALEL# | F o~y MNOH
k% LB iR AR H 1 mL (ZB L, 30°C, 20 43, 150 rpm T
B3 L7, A. tumefaciens Ti 77 AIN LU pSMAB701
DB~ —H—THDHLARIF /~A> 100 pg/mL, 7
UE=AT 25 ng/mL, BERV T 7250 pg/mL &
&l LB [EE A v, 28°C, MukE#EL, EBLT
Elean=—z P H Atk e LT,

T E AL L 7= A. tumefaciens AT T )<A > 100
ug/mL, %o~ A 25 pg/mL BE O T 7S 50
ug/mL &5 T LB iRIAE;H 1.5 mL IZHEE L, 28°C, 170
rpm T 20 BFE;# LTZ, £ D%, 77 A3IF DNA %[aliY
L. fllFREER AP LDa AN 7 e figd8 LT,

2. 11 04X F AT DOREEER

AT V=Y R —%3E N LT= A. tumefaciens % A~
F /<A 100 pg/mL, 7oA~ AT 25 ng/mL BX
W77 50 ng/mL 5 Te LB #RIARKGH 1.5 mL

Aatll

(R L. BTS2 & LT 28°C, 170 rpm T 20 HEfE#EL
Too ARG EL T, AR IR Z R UHLRL O WK A5 e 200
mL {Z 1/1,000 & CH L., 28°C, 170 rpm T 22 K#fH]5%
LI, OIS KV ER %, SRR © 80 mL IZIREL
YR REIOFMIB L%, SOICHEMEEKE mL
Nz 7z,

MS BFHUZ TR 2 BRI T2y n A X XT84
Fiff Col 1y 77— LR L, EHIZK) 2 B E R .
BAAE BRI O 35 23 Y CE 7AW IR % O T, SR B FR R
(2 3 iREL RS AT -7,

3. MIREREER
3.1 Ayd<«4Ho7LA

A RF A K mF cDNA(EST) ~/a7LA7 4
NE—(12,264 711—2) © [L A RXF XS DNAT LA
22 —37 I (The Japanese Consortium for Arabidopsis
thaliana DNA Array, JCAA) O3 [E/EHEE L CTIERIT L
1A X XS s 1 F > 7 (14,880 A5 1 60 mer 5%
FVIXILAF R, Agilent Technologies) D RES LLi:
LTz, AV A7 L AD S BNENT-ERE G % | 1
ERAEICIDIREBLI O/ A XREORREGEZEDO P
(BEMR)N 0.01 LLFEfpolzARy Ty kL, fif
Bri7z (Fig. 2).

1000000
100000

1 10 100 1000 10000 100000 1000000

21-6
Fig.2 Scattered plot of oligo-microarray.

psi2 ERZTB IO ARREE K HH(Ix7v
[5G ) s X ONs KT Bt (MS [E L) (23T 3
BMEBTSE, HEHD RNA R, S af T X%
BARTFF 7 (14,880 BIs 622N L4 60-mer
BAVT XL AFR, Agilent Technologies) & 7=
FEMTICHE L 72, R I LM E B L O/ A X RED
fER, ARAED P (EEMRR) 25001 LLF &5 0%
LU, B COAEB FMICIVITVME K Bz
T, putative bHLH transcription factor (bHLH19;
BaTES At2g22760; bHLH, basic helix-loop-helix,
DNA-fE B X R EF —7) %, pst2 RFFF R
B BlA R LT (Table 2), ZOEFEBUT, VT /L2 AL
RT-PCR (2B W TH AL,
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Table 2 Genes whose expression is enhanced or diminished in pst2 line

pst2 / wild-type > 3

low K* medium (mineral)

high K* medium (MS)

pst2 | wild-type < 0.333

low K* medium (mineral)

high K* medium (MS)

putative bHLH transcription factor 14.37 4—
anter-specific proline-rich-like protein (APG-like) 6.80
cold-regulated protein cor15a precursor 15.82
tyrosine transaminase like protein 8.47
hypothetical protein 4.92
low-temperature-induced protein 78 (sp Q06738) 3.67
leucoanthocyanidin dioxygenase-like protein 3.65
palmitoyl-protein thioesterase precursor-like 3.55
beta-glucosidase, putative 3.37
putative calcium-binding EF-hand protein 3.22
cold-regulated protein cor15b precursor 3.21
putative tyrosine aminotransferase 3.07
putative protein kinase 0.07
monogalactosyldiacylglycerol synthase 0.24
putative receptor protein kinase 0.25
putative protein 0.26
putative protein 0.33
ethylene responsive element binding factor-like 0.33

Agilent Arabidopsis 1 Microarray Kit (Agilent Technologies) made of 60-mer oligonucleotides of 14, 880

genes were employed.

3. 2 bHLHI9EBIEFHEEY

bHLHI9 ¥55-pEM %75 4~—D,/ @ (Table 1)%H
V) RT-PCR (ZEVRHTLI=E 24, AR R 2L 0#HTT-72
PEMDEC DT ERHGLINT 2~ (Fig. 3) .

1 2 3 4 5

bp
1,057 —

210 —
162 —

N N\
| 1 |

wild-type pst2

Fig. 3 RT-PCR products of bHLH19 gene (qualitative analysis,
being the intensity of each band at a plateau).

The 3-week-old plants of wild-type and pst2 were transferred to
0.2 M NaCl-containing mineral medium solidified with 0.3%
Gelrite (2) through liquid medium of the same composition in
which roots were briefly dipped, and incubated for 12 hr (lanes
3 and 5). The cDNA was amplified with primers @O and @
(Table 1). The red arrow indicates the product of alternative
splicing.

CIGHRE PEY) O 3R I B A U TE LTS R L IR
AT TGAL T DIAERH DN -7 (Fig. 4), EFES
% RNA 7 FHOREHEF#Z5572012, RACE
(rapid amplification of cDNA ends) (Z XD Z21T -7,

TATATAGTAA GAATACCTGA AAACACTTTC TATTCATAAA CCCTTTACGA CAAAACAATA
AAGACGTCTC TCGATTTATC TTTGTCTTAA TCAGGAAACT ATTTGACATT TCTTTATCGA
TTATTACTTC ATATTCGGGT ATGGATGAAG ATTTTTTCTT ACCCGATTTC TCACTAGTAG
ACATTGATTT CGACTTTAAT ATTTACGAAG AAAATAATTT ATCACCTGAT GAATCTTTAT
CAAATTCACG AAGAGCTGAT CAATCGTCAA AGTTTGATCA TCAAATGCAT TTTGAGTGCC
TCAGAGAGAA GCCAAAGGCA GCGGTGAAGC CTATGATGAA GATCAACAAC AAGCAACAAC
TGATTTCTTT TGATTTCTCT AGTAATGTTA TTTCTTCTCC AGCCGCGGAG GAGATCATTA
TGGATAAATT GGTTGGTCGT GGAACCAAAA GAAAAACATG TTCTCATGGC ACAAGATCTC
CGGTTCTTGC GAAAGAACAT GTTTTAGCCG AGAGAAAGCG CCGTGAGAAG CTTTCTGAAA
AATTCATTGC TCTTTCAGCT CTCCTTCCCG GGCTTAAGAA GGTATTGCAA ATTTAAATTG
TAAATTATCG ATAAATTTGT TATATATTTA ACTATAGATA TTTTCATAGT GAAGAAAAAA intron 1
TAATAATTCA TCAGTGTCAA TTGGTTTTGA GAATACAAAA CTATCTTGTG GTTTTTTAGG
CGGACAAGGT AACGATTCTT GATGACGCGA TCTCGCGTAT GAAACAACTC CAAGAACAAC
TAAGAACGCT CAAGGAAGAA AAAGAAGCAA CGAGACAAAT GGAATCCATG ATTCTTGTAA
AGAAATCTAA AGTGTTTTTC GACGAGGAAC CTAACCTATC ATGTTCTCGT TCAGTTCATA
TTGAATTCGA TCAAGCATTA CCAGAAATCG AAGCGAAAAT TTCTCAAAAT GACATTCTCA
TCCGAATCCT TTGCGAGAAA AGCAAAGGGT GCATGATCAA CATACTAAAC ACAATTGAAA
ACTTTCAATT GCGCATTGAA AATAGCATCG TATTGCCATT CGGAGACTCG ACTCTCGACA
TCACAGTCCT TGCACAGGTG ATCATTAATA ACTATATATA TATGCAATAC TAAAATGGAT
AACTCGTAGT TCATCGAATA TAATATTGAT GTATTAATGA AACTGATAAT CTACAATTAT intronm 2
GCTTTCTTAA CTTTTTGTGT GGCAGATGGA TAAAGATTTT TCGATGAGTA TACTTAAGGA
TCTTGTACGG AACCTGAGAC TCGCAATGGT TTAGGTCTTC TTTCAAGTTT TAGTAACCTG
AGACTGTACA TTGACACAAT CGTTTCGTGG ATTTGCTATC GTTTTCTTCT TGAGATTTTT

Fig. 4 Nucleotide sequence of PHLHI9 gene

51> RACE (ZiE, #5210 R b pE s A HE iR S W 5 72
DI, BIRART T T DOERZDA har 1 O Ejits
THIZ1ST D (T TA~—@ /@, Table 1), 3 flD
RACEIZIZAv b 1 @ Bz 1o (754 ~—®), Table
1) REFLT-, AL 2 12 BRI OB AT > T-HE 75
4 RNA Z[FLL ., ZNZENDTTA~—& WG DL
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VAR AN T 2B N A A B 72 7 T A~ — %
RACE %1T-7-, DNA HEESOPREIZIE, FRETTA
<INz, EBIT3ODTITA~—(TT74~—6), @,
®, Table 1) ZflE U7, HIERLHI AR E LTS F, MR
R 12 KERALBRAAT ST EFEA R A5 O
Mllblc, imERGRETHEIND SHO R, B
thaR o L P REINAEHNLBH 110 bp B A THD
ZEMhoT- (Fig. 4) .

F7-. RACE FE¥) 57 71— 2%t L DNA AL 5%
RELA I DIREE TR A AT T T D
ENFITIEE DY =3B ZEH, B OAT
TAV VI NREBIDTWDEIRBEARAT T A AR

“completely-spliced”, i ANV A THHEETHEEZHND
3o N = (AR AT T A4 AH
“incompletely-spliced 17 . “incompletely-spliced 27,
“incompletely-spliced 37) . A7 T A TSN N
“non-spliced” M {F{EL TV 7= (Fig. 5),

“completely-spliced” X#z5-BAA A LD 551 % H I
M5 689 % H M | “incompletely-spliced 3” X551 F H
W5 661 F B, “incompletely-spliced 27 %551
B G 644 F H KL, “incompletely-spliced 17
(3551 % B ADD 619 # HHEEEAS A b LU TR
AU, “non-spliced” 1% 551 & HIEE DD 689 & HIEILE
TOFTNTOA MRS TVTE,

l: intron 1 intron 2
DNA ATG TAG (A),
clone number
N _ 5"-RACE 3.RACE
GT AG AG AG AG 20
completely-spliced L TLI T PR PR 8
et | AG! TAG
incompletely-spliced 3 it Bt oi. ‘o61 0 2
6T Ac! TAG
incompletely-spliced2 =~ [°°°°"" ° °oas 3 12
GT AG TAG
incompletely-spliced 1 i 3 4
GT TAG
non-spliced 2 3
551 689
Fig.5 Types and frequency of alternative splicing of intron 1.
intron 1 intron 2
ona L are| —
RNA —a — (A),
\4—4—4— salt stress
O 0. RNA — Q 0 —
1complete 1inc_or_np|ete
splicing splicing
ATG TAG ATG TAG ATG TAG
mRNA  —]
protein
bHLH bHLH
motif motif

Fig. 6 Schematic representation of two species of alternatively-spliced mRNA for bHLH19.

The constitutively-present completely-spliced mRNA (left: “complete splicing”) and salt-induced incompletely-spliced one (right:

“incomplete splicing”) are shown.
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5’{fll RACE 35X 3l RACE D FEMBHHE T 57 /1
—> D DNA i FE S E OfE F | “completely-spliced”
75 28 71— “incompletely-spliced 3” 23 2 /72—,
“incompletely-spliced 2”7 7% 15 Z7wm—» (Ll .
“incompletely-spliced” & IFF.5%) | “incompletely-spliced
17 23 7 7ma—2 “non-spliced” 28 5 /7ma—2"Th-o7-
(Fig. 5), ZOEIRA) RNA AT TAL 7 L AR 2D
BAMRE B MIZ /R T & Fig. 6 ©IH1T72%,

3. 3 pHLH19 O#ifAN B

bHLH19 ARG R &L T 2L a2 /ST 572012,
sGFP LG4 7 E & — MRS ZOHM
WRTEZH#H 7= (Fig. 7)., 2E2AT T A AR
“completely-spliced” 3 L N R E R AT T 14 AK
“incompletely-spliced” ¢ bHLH19 %>/ \7"& % sGFP &
DG SET, ZOfER, bHLH19 DFERAT T A AL
DG & ™I RLRIC 2> TRTEL | BRI
JERIEZ CTRIETHZEICLVENTICRTET 52 EH3 W
BINNITpoTle, REEAT TAAREDFE 2 737 H 13
B RAET D m 2358 A5 | BRI O [fE Xl s
720372 (Fig. 7).

A control B completely-spliced C incompletely-spliced
DI - I o

Fig. 7 Intracelluar localization of sGFP fusion proteins observed
by confocal microscopy.

The represented constructs were transiently expressed in
epidermal cells of onion bulbs following particle bombardment.
Although sGFP alone tended to accumulate in the nucleus and the
interspace between vacuole and cell membrane (A), sGFP fused to
“completely-spliced” (B) or “incompletely-spliced” cDNA of
bHLH19 (C) was observed restrictively only in the nucleus.

3.4 BMEEGBRRHORTE

SERATTAAR “completely-spliced” FL R4
AT FAZH “incompletely-spliced” @ bHLH19 %>/~
7% ¢cDNA % pSMAB701 @ Xbal/Sacl ¥NLIZE A LT-
(Fig. 1), ZNHDa L ANT IRV, v aA XX F
Col Rtz W EIRHAL 72, BRI L TRE
BHLLI%, REVEEIZEL,

bHLH19 /7 7 7%k (GABI-Kat 461E05) & T
FERIZALL 72, MS BEHUCREREL | FEARLASME T 1

WEAER. 150 mM NaCl & eI 27 /L N LT
(Fig. 8), SHIZ 1~2 JEfI%, AN RIZEVAEFNH
[ AoVl [ R NEY = R | i YO G X - F NS SRR A
72 TOIRVMERE A 2 L 2 OB A A AF R E Uit
PEDOFEMMOIEREL LT, Z DR F., BARHICK LT,
FERAT TAARBEBU RO ALTFRIT 2.2 5, RERA
TITAAREBL RN 3.4 5 ChoT=, T2, /7T TR
RO EAFRITI A RTO RS RE ThH-oTz,

FEOWE SN OMIENEE T D201, [FIU R
DOREYIZ VY, 75 mM NaCl Z& o HEfE MS 55 1 Z#E
L. O EEEBFSH (Fig. 9).

B incompletely-spliced

A wild-type (Columbia)

Fig. 8 The salt-tolerance of Arabidopsis lines of “wild-type”
and transformed with bHLH19 cDNA “incompletely-spliced”
during autotrophic growth after germination.

Seeds of these lines were sowed and grown on the MS medium
without salt stress for 1 week, and transferred to the medium
containing 0.2 M NaCl and incubated for 2 weeks in the light.

A 1 week B 2 weeks

Fig. 9 The salt-tolerance of 4 lines of Arabidopsis, “wild-type”
(Columbia), = bHLHI19  “knockout”, = bHLHI19 cDNA
“completely-spliced”, and bHLH19 cDNA
“incompletely-spliced”.

These lines were grown during indicated periods after sowing
on the MS solid medium containing 75 mM NaCl. The
difference from the experiments shown in Fig. 8, is here even
germination done under salt stress.

1 BT 2ERE M ETHMEAREL2VMERD DI,
HETAEEEEIZ . FOMELEIFEREUMEMED
P OFEEEE LT, ZORE R WA RFICH LT, 524
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AT FGA AR BL RO ATFRIL 10.2 ff5, REBRATT
AATIRE BRI DAETERIL 5.6 FTHHT=, £z, /v7
TORNREOAETFRIZFARTO 3 BIRETH-T-,
WS OBREEAN AUZ%ES % bHLH19 OB 5-% 51~
LD RIEAR AR T CAB S (Fig. 10),
MS B C 2 AR LA E LIk 4. 4Co
&M T CAEBSE, ZOME, BRATITAAAE
FORFERAT T A AR B R, 3~4 WFEEIAE
ZOMENZZTETOMMIKTHALIN, BARKE
YT URRMITIEEAEME LD -T2, SHIT, KV
FE72 i AE AR A (220°C, 6 FER) (2L 7-1% . FEARL-A
TCABIEL, TOMR. WERK., TERATTAA
MBLORERATTAARBEBL RS, /7T IR
DETHEDORER IEDI=FFHE LT,

A wild-type (Columbia)

B completely-spliced C incompletely-spliced

Fig. 10 The cold-tolerance of Arabidopsis lines,

“wild-type”
(A) and transgenic with bHLH19 ¢cDNA “completely-spliced”
(B) and “incompletely-spliced” (C).

The plants were grown under the usual condition for 2 weeks
after germination on the MS solid medium, and transferred to

soil in pots.
in the light.

The plants in pots were placed at 4°C for 4 weeks

3. 5 bHLH19 RNA OEIRMR T4 T EZDEY
@%Hb

PST2 {5113, bHLHI9 51 Dz EZIH L TE
0., pst2 ERBEICBNTUL, ZOMFIARRERS LT
% (Fig. 11), bHLH19 DO5E2M B IR FER2M cDNA
DOFRHIFE B RO R B bHLHIO (3, ks X OMK
MRS LCili 2 5-3 286RE% F 3%, bHLH19 D58
BB LR SE BB BLEY SR JRTE 3228
5, bHLH19 1355 A 7L U CTHEREL T D EHEZES L
%, bHLH19 @ RNA (%, i AN AZL0IRIRIGAT T A
VTSN B UTEARERMAT T TREMHE R
B, BEEFREOMMEIE IR F SRR END,

4. SEDOFRE
MRF R VK o B Ve Tt (RZ gt E) 2 > T a e
M%<, bHLHI9 i&inF DAY ~0E A2k, HiEk

S 4o

O ERHIR N2 TREGE O LB IO
INHOHIRIZ BT D ~OFE NSNS, B9
DREFZBNTIL, BEEZR I A7 0 BEAHIIR 3525,

AU IO WY OfEfa~O BB MR SN, £
7o UNEICEEB FEE AT VUL, ELVORE MBS
1 B OV DO FRAIZ BT DHEET AN DORRICE & 5-C
XHEFE 2D, E5HI12, bHLHI9 [HKIE MM REE H 4 57=
Lo 1&{ Hidsk T B CAL~DO BRI S L,
ZC WEICH T A HAICHIEH TELEE XL
no,

wild-type pst2
PST2 gene PSF2qgene
suppress : Stppress :
v salt stress v salt stress
bHLH19 gene -' bHLH19 gene :

transcription

complete |ncomplele
splicing splicing

\

salt tolerancet

Fig. 11 A hypothetical model of function of PS7T2 with and
bHLHI9 gene transcription followed by alternative RNA
splicing under salt stress.

transcription

complete |ncomplete
splicing splicing

v
salt tolerance'
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Analysis of Genes for Salt Tolerance by DNA Array in Arabidopsis

Hirokazu Kobayashi, Msanori Shimaizu, and Takeshi Ogawa

Graduate School of Nutritional and Environmental Sciences, University of Shizuoka

Summary

Salt tolerance in plants has been attributed to many mechanisms, including accumulation of
osmoregulatory solutes inside cells, enhanced ability of cells to take up water or K from surrounding
solutions of higher salt concentration, elimination of excess NaCl, and the ability to maintain
photosynthetic activity under salt stress. To further investigate the mechanisms of salt tolerance, we
have begun to screen and characterize mutants of Arabidopsis thaliana tolerant to high NaCl
concentrations during photoautotrophic growth. Several mutants of Arabidopsis with altered responses
to salt have been reported, including mutants tolerant of salt during germination and mutants that are
salt-hypersensitive. However, there were no reports of mutants whose photoautotrophic growth was
salt tolerant. We have already selected several pst (photoautotrohic salt tolerance) mutant lines.

Higher expression of gene for putative bHLH transcription factor (b HLH19; At2g22760; bHLH,
basic helix-loop-helix, a DNA-binding protein motif) was first detected specifically in pst2 mutant plants
by microarray of approx 15,000 genes, and confirmed by real-time RT-PCR. The abundant species of
this mRNA present in plants grown without salt stress was “completely-spliced”, whereas the major
species generated under salt stress was “incompletely-spliced”. The intracellular localization of
bHLH19 molecules encoded in either completely or incompletely-spliced mRNA was determined by
transient expression of the proteins fused to sGFP, resulting in restrictive presence in the nucleus as we
expected to function as a transcription factor. The function of bHLH19 was examined with plants
transgenic with constructs to express these mRNA species. The wild-type Arabidopsis (Columbia) and
knocked-out one were sensitive to 75 mM NacCl in the MS solid medium, although lines transgenic with
completely- or incompletely-spliced species of cDNA were tolerant to the salt stress during germination
and its subsequent growth. The salt-induced and alternatively-spliced species tended to be highly
tolerant. The autotrophic growth of plants transformed with bHLH19 cDNA fragments after
germination was also tolerant to salt. Furthermore, the transgenic plants exhibited the high tolerance to
cold temperature at 4°C for 4 weeks. The bHLH19 may be the most crucial for the novel networks of

signal transduction for acclimation and tolerance to salt and cold temperature.
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Bk &R 03S3-05S3

4. &I EAE ORI AE DR F 07 ) LT
W (RS (RBOCFERFRBEERMIERE A - B

B K (RIRORFRFBEE SRR AR - BN

1. AEEM

2004 FARIC = M ER IR T 2T ARTA L DPELET S
AU B BR AR AL P B R IE B & & DFE T Bh D721
LV 2B LD RO DAD LT I2 T, ARENE &) i)+
FEDFENE , HERIZI1T, RIEEBUBRZIICO LT HEREL
K. BEBE 72 HEERZSBRNOEREICE 5L T
BY, BEEZHEEEFERET 2281, BAOERS
Eﬁ%géumbfhﬁﬂﬂﬁfﬁ/ﬁfg@ﬁﬁi CHEBKTOb DL
HIFFE D, AWFIETIE, ARBME S MESEIZ ST H R
E‘@i”ﬁ%[ﬁl)ﬂ?@iﬁh%%@ﬁ% Hfsd&Eblio, MAD
ATEBR . BARHYE H O ARMEITIS IR L DB %8
Z D728 | @ E RS PR 7RO BR B A - L O A
TERZ e 2 AT~ T,

TEER R IR R DY R L7p 2 A REME i 1 D FEAE 1
TR T EBRER T A RB B L TRY, L=2-T
ATV R T PO R AR T 2 R AT
PREANATON TS, AARbDOLL T, RHEH72
FIEME CHLT VAT T EAICEDDT VY
T v W% F (ACE: angiotensin converting
enzyme) /=D A (I: insertion) « K2 (D: deletion)
2 R ROEHBEPELBEZOND LB LRDT o VF
73 /—/7 (AGT: angiotensinogen) i&{x - DT>/
VTHHAF AU NHALF = ~DT I I Rk
5 M235T 27 7o VAT v MO FZROFRE %
BT LA Ty 11-1 B 234K (AT1: angiotensin 1T
receptor, type 1) {5 1D A1166C £H72 L 138%, ACE
WA FIET VT ) DAF ¥ AR TR LT & Bl 2
RIBEHL TN DIEA, B ACE {510 DD B i i
DR EENIREZS, IgA BIEREDI AV @b bHe
SND, Foxld, WATE M B2 a2 7z ainm &4
FTHLHRMHIIEICIB N T, AT —LFa b0
54172 5,014 A ACE s 1 I/D %Fﬂ@iimﬁﬁ
L., BHERERACEIMEY AV 2 mdLI a2 R |, &

DOFERIL. DD SR PMEICET D2KRE O T I

ZEDFERETERICAEET OO THY, AL R
TEE B RELT-LE 2 bS5, £72, ACE A
TR G B O I B A B CREMEIZIR S 2 28I
HHLU. mlinE MRS AR SR OB A L&

25, ACE/DD fREH TR ERENI LR, [BIE
WIS ENE N LRSS LE 2, — 5,
AGT/M235T £H LB ClE, T235 7 U/LERA 23 i
PEOR BRI LA EZIILO THRE LR P 130, 5248
P AROPHC D T+31C 2R (A2 b LISIFTE) & 5]
AL, B AFZEICIBWT C+31(=T235) TUIVEA
2N B i I R R O A AR BE A o0 T < | i
JEF RS 52 a2 R Y B AERICKITSHE
BT OFE R A FL DL E 2 — 2BV, &Il EE
BEREE BT 555 IO B/RHBENROLNLIEN
WMESNTEY, xOREREEETHEEZLNT, —
75 . AT1/A1166C 2678 1478 1 )£ & O E O BE X580 5
NI Teh | DR RRCTIFHEI RN EEDH L%
BAGINZ LTz, EBIT, ATl EHEFUERERT T U4 T
Vv -2 B 8K (AT2: angiotensin II receptor, type
NW/LETOEEOI/aO—= 7R L, 3 FEFNR fE Ik
IZ C3123A ZAZRIELT S,

T

| oonviEE - RIS |

E&1EANA T
BIEmIZMH 1

N

VY T AR

R AR 1

DIE
VY

RS IWER e g

ZBET AR T

B 1T Io, BREs MEREE R T o Bais L

T, V= =T oV Ty R F £ T
< RMAE L L CRSCEME O B o &l
Fw b, Nov AR — S — G T BE 2 B, [
A B SZ PEE B D O GRW A AR RR TS 14 TUIE | B -
FE AR B L AR R A RY ARBUE ., B 72
EORTHEZ DD, AWFSETIL, BROKWFZE, KB if
Zea LT HBBE TSN T, FAT AR
J3% 5% PE NaCl I i 5 5 5 170 & BRI E LB o
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WONBRFEZROBEELMRIET DICEEELT, K1
AT BE T A FERAEL OB A2 MR FTL . BRI L
OO R AT, FIRED ISR T DT 270
T h— LEAT O R B 6D TR ORI ZE % B2 R
HEEHIT, BFERE FICEKVIAD R T BTEHEST
HOART Ty /et B 92 iR SRR 7
OHEHR U SO N TH IR I LT 2,

2. RAE
a. IERR
® KHEHRE

AWFFRIE ALK T R PP B IR 35 L o L [FAF 2812 &
STEMBIITZ, KBBFFEIL, & F R A O KEHT O
ERAY 7,000 ANEIIRELTZ 1987 B ES T2
A—MIFZE T, R L CE <o 24 Bef B BATE) T ifn £
EFRRBEMIEDT —2% 6T 5, A5 40 Ll EoKHE
HY(ER T, BT CEIE T 5% (n=575) R0, AP R,
FHIEAAR S | B R AYE B BRI (n=152) , FfiFRE
M E LR, D ialEd 2 P OREIEN % .
USM-700F (UEDA Electric Works Co. Ltd) % Vv >Cill
TEXITz, 24 BERIME L 30 4 RIRE I ABPM-630
(Nippon Colin Co. Ltd.) THIE L 7= FE)EZ VY, FhE
MEIREEE ., ERTO 1 K LLNIZ HEM-401C
(Omron Life Science, Co. Ltd.) CHIFEL7= 21 HE D
BIfEa =, B AR E LE 72 0 @ i EE R AT AR T A
> 2004 (JSH2004) (296, =2 RY — B oD i R 1 J &
(CBP) 2% 140/90 mmHg LL b7 24 B[ o> ¥ ifn [+
(ABP) 7% 135/80 mmHg LA E2x> 21 HMOFEEM T
(HBP) D F-¥)75 135/85 mmHg L b FE7= 12 £ PR
WA T i £ BE | & . CBP<140/90 mmHg 7>
ABP<135/80 mmHg 7>-> HBP<135/85 mmHg [+ 3K
FERR A % T IEH ) E R S E &R LT, Rofric izt
DRSS AL 1,808 44 DX RF DT EAnTfRMT, ¥
FRICKE T oA T — AR IR EEEITD
% 1,464 2 % R RITfRTE i L7=, 612, EResmE
DO CHAE MRI fEZ2IZS N UT- 57~83 F D 352 4412
DOWNWTIE, REICB T 5777 2a7BL WY PVH
(periventricular hyperintensity) DRI 1T 7=,
@ BRKXHZE

B RATFFEIE . KRB 27 [ - R I e oD A4k - AR
BEL B —R-ar ha— U328 Th 5 (n=757,
R 63.9£9.9 %) o 50 AT FIE N DO FIEIE A FF
B, =R —BEfLE 160/95 mmHg P FE7- 1 E KN
ik 1 0D St 2 i 72 3 FEHE PR 9 A v L RE (n=386) |
i L SRR 3 7 < FEWE JR 93 5 2 1E 5 L R B (n=371)

ELTe, BRERICB W CGRIR T IR T 51 74—
LRSS LTND,
@ MHIaR—FHAE

ARWFeII R T L ORI > T Thh
77

KIRICHD—RZEICBWT, SEROT7ra—T v 7L
WFRBIMOAL T — LR ar o hoELNTZ 1,121 £
DIRFE T —H % T\ AT > 72, AR —MFZE T,
2RI, 12 RERILL oo i t% o BMIL (KGN &
(BF-102, Tanita (Z&HHIE) . V= ARy 7' (W/H) |
MJFE B L OULHIE (TM-2713, A&D) DHIE S, KR &
AR5 /0270 O E R FEL 7=, B
BRAGIFIZ, 4FHn > 50 2L b, B &H0 (BMI=25 kg/m’)
B RS &0 (22 JE B i BE =100 me/dL) | & L EH Y
(SBP/DBP = 140/90 mmHg., F7= Xk E3ARM) | i E1
RN 5% L EOZFE LK EOEE 2R UT-FH LRI L
720 BAEBIIT, 160 £ D IENE , BHHEFEXGEL TS
FEM DR —MMIFFEZ Ehi L7z, 14, ABFZE TR KR
DENT ) MMM 2 B S ORKGRE /T 7 aha—uiZ
HKAEFEEINT,

b. B F L EBREMET AR

AR TIRNT IR B4 7 —LRa o RS
7ok g3 KR M DR M A SZhE L, [ i ER 4y il LY
QIAamp DNA Blood Kit(QIAGEN Inc.) % VT DNA
LT,

AR T2 A EHTIZIE. TagMan PCR ¥E% V=, 4%
AR T RO FEM7 T RIC OV TR, FEERE I
FLE L CWDEDO T, R ECIIEIET 2, MRS,
FJH# denature:95°C, 10 43, 95°C, 15 #& 60°C, 1 73% 40
HA &L, PCR HiEE® % ABI PRISM 7900 T/
— 7 OE IR E L A TR AT E LT,

AR R FE 43 41X Hardy-Weinberg 5ERINIZ &S0
TR SNDHIRHE S F2RIE R O A B Z2HE I L BREE
L7z, BAnFH LR B o BRE AT 1, SPSS 8.0 2\
TATV, BRI CIE o BrE, Z%E o B
ANOVA (one-way analysis of variance) (2 p<0.05 %
FAHERAE B EDVEHIEL,

3. ME#ER
a BBREDRENBERZHEGFZEOHAAIC
BT HEE
RFEW2BEEZER B ELT T VAT
— VBT OT+31CEH (AGT/IT+31C) . 07 T 23
AR T D Gly460Trp % %! (ADD1/Gly460Trp) . 7 /LKA
Ty A KR E R T O C34T £ W
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(CYPIIB2/C-344T) . GEHAPRI Y 7 2=y Ml T D
C825T % ! ( GNB3/C825T ) ® 4 > % M gt L 7=,
AGT/C+317 UV 7381% (H N Ti245%) . ADDI/Trp460
TUI5T% (A N TIE15%) . CYPIIB2/T-3447 VL 73
69% (4 N "CiE50%) . GNB3/T8257 VL 1352% (A N C
1325%) LA TH BT (p<0.01) IZE B TH 720 (1K 2).,

EENCEEN

(%)
90
80
70
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40
30
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CYPI1B2 GNB3

AGT ADDT

At R én_{a—_ﬁ%’*”@él}\ EE NI
A D DY AT VIV (RSB AG ) BEEE,
<0.01

rm

*)@l

Xl 2
i;’ﬁ‘l
p<

SHIZ AGT/T+31C &+ H N2 8 o0 B 4 KE iFJE
THRALZRE R, C+31 TULRA ISR, IERED
FREDNAEIZ (p<0.05) W/ Uiz, T72b5, C+31 TUL
TR ICED | PEER AR R Y A7 BN o2 Rk sz M & B
DSV non-dipper DHEE W</ b2 LN ST,

b. TSCEEFZELEME

AW D F M AR T-E L TR L7=01E, B igo
3 (VR A T‘bea Cl gt k7 7V —ITBL .
AT YA RFR N Lo THERE 23 BN il 41D Natii 2% (4
’CZ%%)TSC(Thlede sensitive NaCl cotranspoter) &z 1
ThD, TSCHBAn T3, WHREAKEASERIREAELY,
Naf& K LD E, KL= m7 VR AT (K
VLT W ga— A AR~ 7 Ry ME . AR L
TLRIRE | FAT FARFRIEE R F G L&
25D L RERO R HER B3 5 Gitelman i & #f 0 Ji K] &
BT ChdHd 5, RBFFETIL. Gitelmanli [ #EASTSCi
fr 1D THEREFE 22 B (loss of function) | THREEDHETD
7ol Eii X B REE 5 25 B (gain of function) |
Lo TERINDEEEL,, Bk TR & EED R
HRHEINTZ3 2D LR OV TIRFE N Z 72,

ZOFER . Gly264AlaZ 7| iﬁﬁkﬁ%ﬁ@ﬂ%&%mi
RIE CERoT=d, o 2oD R D& s 1T 1
Hardy-Weinberg - ffif (2 ¥ U 7= 2 i % =~ L .,
Arg904GIn(G/A) % | % /& 1L JE & A B 7 B A /R L (8
MERE:GTIIN:928% , ATVIV:T2% 1EF I E#E:

G7YUV:95.6%, ATUV:44% | p=0.02 , A At=17,
95%CI: 1.1- 2.6) . EHEBZIE X TOMYT T (GG vs.
GA+AA) THA BB AR I N (p=0.017 | 4
A=1.8, 95%Cl=1.1- 3.2) (£1), %ﬁ%umﬁﬁé)ﬁﬁ
&L PRI W TAT ULV BE EE [T M ERE CA R
(p=0.0021,0R=2.7, 95%CI=1.4-5.1) . GG vs. GA+AA’C
L2 CHEZEDN AL NI (p=0.03,0R=2.3,
95%Cl=1.1-4.9) °, BT A EZREEIZR DB

D72 (p=0.72) . AT VLD & &S M~ D 2T
50 F AT FENE A IS B W CRIICIRSGR D B LT, W,
Thr465Thr(C1420T) % B & & 1 £ O [ 13 A B 7 B
TR LT,

7 1 ADRBI/Arg389Gly %1 HBP H A &> BaE

b (et Arg/Arg Arg/Gly+Gly/Gly  p
HBP (n=772) (n=478) (n=294)
)5 MLE H A
ASBP (mmHg) 8.01£0.12  7.54%0.15 0.011*
ADBP (mmHg)  6.45+0.12  5.88+0.15 0.0024*
&% IE R A
ASBP (mmHg) 8.36+0.12  7.98+0.15 0.046*
ADBP (mmHg) 6.77+0.11  6.49+0.14 0.095

c. 7RLFTIURBKEGFELELMECIRIBOEL

DEE

ARWFFETIL, 2EAPRRTENE TUHE O (A AR 1 2 Bl L
SNDHBITRLF Y Z xRS T (ADRBI) % 77!
(Arg389Gly I35 L USerd9Gly) D E T DWW T KB HFZE
T e BE R . A %&T)/ﬁ//h a—ALED
BN HEINTWDERTRLF Y % FIKE G T
(ADRB2) %% (Argl16Gly$ L U'GIn27Gu) B L UB3 TR
LV % BARE(L T (ADRB3) 27 (Trp64Arg) D& 3%
{2V TMHa AR —MIFZE CTRREEL 72,
@ KEMEIZEITDADRBIZRNDEE

KA WFFE 123 T . ADRBI/Arg389 7 L /L 7= 1%
Arg3897EHE A KA H IR TL i E R T
LAy X134 (1.02-1.75) LA B @E< ( *=4.49,
p=0.034) . Arg3897 L /LR AT 73 i IfiL [ £ § AR Y R0 % & D
HZEDMRBES Iz, — T ADRBI/Ser4d9Gly % & &)
I E A 5 =R O RN BE Z D 22 o T, RIESK O
BAEBRIT 22D IR ESE R FE A BRINL | FEFE 3K
R FH 3 > Z» TADRBI D 2> D 4 L i J £ DR o> B i %
FRETU 728 5| w5 5 R & o0 B L[l Bk | Serd9Gly %
R E AT ot JE R E MR o MICH BRBEEITRO b
727572 H3 . ADRBI/Arg389Gly %7 & ABPMIZ &S < AR
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e WS 10 of 2 S 2 M8, BRI IS < B LN U5
O ULAR L AR I3 B MBS B, FE
(2 Arg/Arg B A TIEGly389 7 L VIEA #H I LB K
2 mmHgEWIJEEZ R T ZEDRRSNT, S6IC, #H
DL E R TE D372 AL TN D FERE M A 00 28 B & AREAR
T LR OB A MRGELTZEZ A, W]+ 4 LG - LR
29, mE o HEZE B EArg/GlyiE{a 2R A &
7RBAEAFRO BV, Arg/Arg R Tl &2 B g 23 K
TNZEDIRSNTZ (D),

Fiz | M EE TR RRIE PO R AR L7 D D i e
ADRBI ZHIOBEGRFLT2EZ A, MELELRD
Arg389Gly (3 ERHAPZED RN >T-DITHL .
Gly/Gly49 TU{EHFH TlE Argdd TUNMEAHITHL
5-6bpm D & (p<0.003) 72 L HE O I A FRO B
7=,

E5(Z, BEE MRI AT AL SN T k% T 7 ) A=
7 BLOVPVH & ADRBI P OB FhiL 7=, =
D Je . A2 HE K -1 5 #1238V T, ADRB1/Arg389Gly
SR LILERET 7 AT O A BB (p<0.05) 3
RSN, Gly/Gly BURGH DTV Aa7 1%, MJEES
B ESERA A I & T DR MEE T EZ TH AR
< 28 B RAT Ot Bl I\ T MEIE (o 14 i 1 FE D
MNT LT fERRIA T CThHHTEARIBES LT,

@ MHaER—FEARIZE T HADRB2, ADRBIEILZF %
BOES

SHEMNT10% L EORE IS L O EO L 7= # 4%
(RE B MEE, 1 E EFREEEFRL . 10% A O (4 B e
FREE, I EHERFREIZH51T DADRB2, ADRB3 % SEE O
Wl aAT -7, R EIIMEE T, BMI2322.241.8 kg/m’
524.642.0 kg/m* ~EH BB (p<0.05) Z 78 721F
7>, SBPH 12726 mmHg7 51417 mmHge A B 72 E5-
(p<0.01) R 7=, —J7, MJE FFEEZIHBWTEH, BMI
IE 22.6%1.6 kg/m* 75 24.3+2.1 kg/m® ~EAG B /2B
(p<0.05) Z/RL7=Z &0, I )E EF- SR I35
B BN DD LRI ST,

s 7 % WM B b o S B0 B 1L . ADRB2
Argl6Gly % B Gk, Glyl67 L /LA 3 A A B R
(p=0.012) , MJE F5F-& (p<0.001) N FHIZHB N THA
B 12%<. ADRB2 GIn27GluZ ™ Cidi £ _EFEIZH W
TOHGITHEENFBEICH WERER-T2, —F .
ADRB3 Trp64ArgZ i, (K, MEDOE(LEF FE e
B AR O T2 7LV E T E EFEICBWTo
B BN Trp6d 7 L VIR A #5326 < (p=0.022) | (KEZ
{LEDOBHEIIFRO B2 -T2 (p=0.122) , Tz, (K EHY
JNEEeIfJE _EF-BE Tk, R —MEERE LD I E /L =

BTSRRI E OB AR BV B SRR I
WL A BB (p<0.05) 23RO B,

{KEgMma 3 K
[ alyi6/G1y16 | [ Argi6/Gly16 | [ Argi6/Argis |
REMEH 46 | 36
0% 20% 40% 60% 80% 100%
% 2=7.98, p=0.019
mE_ 58 30 [ ¢
[ ciyie/aiyis | [Argr6/Gly16 | [ Argi6/Argis |
I E A B 59 | A
0% 20% 40% 60% 80% 100%

x2=15.43, p<0.001
3 RERBIOCMEZ(CEE., #FRFREIZI 1T DADRB2
Argl6GlyZ B O b

d. FIREHREHARICEFTIREMISRY)Th—L

i

b. Tk 7= I, AT ARESZ M NaCl Ik (4
A5 (TSC)  Arg904GIn(G/A) & T 4otk | BRI 35 4F
FIENZ TR I RS2 M & A B e B A 5 72, =
IHDFERITIASE | PR IEEARBAR TR L 0 B
PRI G-Hi% TOBIRFRI T 07 7 AL DZEAIC
DT, T A% W= fi#Hr%Z BML, Applied Biosytems
EHFITEBEL,

ABI1700 Z W=7 UAFRBT Tl v 7 v o il
RIS a— )L ) —= T B — a3l
QC fRMTOFER, 7L AT —ZOIFHEMEIZBEN 72N
ENERES T, PRI G-RTE 3% OV 7 Vo
M- 2 M-A 7oy e W TEBLIZEZA, K]
IR L2V T a— R 7 ay b Ebi, 7o
ANZENDRKRENZED RSN, ZHextL, B 5Ai
BOR—WBRE TOWMEK TIEyy—7 727 ay bR ED
. BGRTBORBREIIZNITE REARNIE, K
R I~ 2 A2 YT N LR O FE B S N ZE A
MTIRoT2, QQ Ty NCEFE DO KEWEAF DRt 4
AADTZDIT, SIN e >2 G B BT ETEHC A
BANENET LR EHAFEH T HEMEE 0.01 (12
RELTZEZA 1,158 AR T 23 H X 41, Bonferroni
step-down(Holm) D £ Hi i iE F it d 166 DA B2 H)
T EATELUTHIE S, 166 Eis T4 B E I~
TAEN TICIN I TAR— R T H&, o T ILCE
WREL G B 5% TIIARI T INDTEN
FS417-, Panther 7= 71T biological process 75
166 & a1 DR AE - 7-fE B, pre-mRNA processing,
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intracellular protein traffic, mitosis 72 & & B#H 3~ 5E m 1
MENWZENRENT, IRIC TSC BI5 TR T —4 (GG
vs GA) DT —%2% AN JJL. [RIFRIZ p<0.01 DOFLUECTHlIHY
AT R, 131 BB T 50T, 77 AZ— T o
TR, GG BRAH ORI GA BREH D514
DT a7 7ANDPL TEY, GA FURA FH OB 5-1iE
GG MO G B IT W2 LD /RS AT, Panther O process
G FEERIATZEZ A, mRNA transcription (ZB85-7 51
5 BE O 3 BUBE FE 3 8 W 2 &3 R E 4L, molecular
function (Z&5 53 THERG N F-BIE AL W05
MITIR Tz,

4. BV
a. BIEREZMLGEME

BEATIT AR NS, @il ERERNEH N
ENhs, ¥EARZESO®EMERBETARNTA
INC7'" 13, KEIBLEG R 165 T ALLHAT O fE B2 3k
SEREINT=ZD, FRIEN T 7—ARTA L ELTHO A
noHNZHEBEL T, BAOBERSZ S BRI E
W EDRIRAREN TS, KETEHBEICEANFEHO LR
EIPFEBIN TR, AHEO L ITEARI0E N DR
Bh RELZ T HEREIRRE ET HAMCEET 5
FPEDNFRIR SN DR AR M 2 > 25D, HAAND LR
BHEZEOMOEBEESNTELR, ZAEEMIC
HESITCWDE OGN E R TR Z LD OB
Th-oT,

ARG CTUE ., B A O @ i IS M s - 2 L
Tl a2 2D HELN TNH42DBIR T £
21,000 N LA 10> REUBE AR % W 0F 78 C Heise it L
TR B B VAR F DU R TUVHEE AN H AN
TRTEWIEN RSN, T7Rbb, HARNICKA
ANE0HBNEWEEESZ O TRV RE ThHhHZ &M
RSN EERY | IV E L, kXY
YO BOFREER GEPHERINLZLOEE DD,
ALLHAT D RO RFE S G- 03 ETHE T 5
HLOLEBbNDN, ML BL S EEm A RO R IR
&P 523, B R IF-CIEE S EN A ALV EnEE
NHHARNZBO TR RRA N (BEC ) %
WETDDEDITOVTUIEEIZARD DL ERHY
JeehY R | =Y 111 BliwA > /A ES Gl e S U R oA B o =1
ERETHROMD _REETHHEE 2D, iz, HAAN
DT T VAWML THIENEIETHY . H AR &£
TN ETOIRREBRORIN T ERERIET D
DIME#FZE=°, [ 203 % BT 2 REEMEZ N —RLL
TIN5 T % 2 MFT H2HOMED-BPF 7872 L

HAR NIZED HARANDT-80 O RBELEG K52 O RS 54

FEOMBENHLLDEBE XD, 4, 2006410 H (2 & ] T

BAf S 405 55 21 (B [H] B & ifiJE 52 2 Tld. CASE-JT<°

JATOS72 E S 3 H 972 H R NI 1T 2 R G IR

MROFERDIEREINDHI LTS,

b. TSCEEFDREERN. bS5V RYUTh— LB H
LCNRE

Al 7 L 72 X 9 (2 TSC ( Thiazide sensitive NaCl
cotranspoter) i {5 - 1L Gitelman/JiE & & O JF K i 5 1 &
LCTHIBNS 5T, @i EREZERG THDWOIXIRR
FOSHEEAHET AR TFO 2Ll ThIER STV,
4908 H A B g IR E S TRV T, M - B o
AR FIENTIZ BT A0 AR T A B S dL =08, 7
% 3 Wik b OIEFRITIBUN T, L E RS2 M, 3R
TR BOSE  BEIR IS ITEBAE DV A LU TR R T 27
DN ST T SV THLBREE, Rl [E TG BR 2597
T H =D T N—TNE KBEAE T DL A R
ML TRY., 4% iXtag-SNPEMEIE D LR S
UNTHE RESCTR IR S ME & Ml R A\ B 2 R GIE 3~ 5
ENRDDbDEBE R D, £, HERIED LTI TO
I ML EE D BIEA A SN2 o728, TAaZ U3 %
< EWAEIEEE O D72 0ROV, M
AN EAR K T DR BE IR LT NN, ZRETO
BEDBIR T BTN TRENTEY, Wil D&
IEEE O EDBYFRFENDEZATHDHD,

— 5 NIRRT T N — LT TR, B TR 0E
WICKORBL T a7 7 A VISR Db PERI DK
NSl FIRER SRR T a7 A VR WHRTH L
7pL | BLRTEOE RNS ST, R R SR GRi % o
D2REE &V B CO R L2 V2T A2 7
— LEHTCHY | BRE R AL ETHEE LTS
ST, BB LRz a2 e A ZED
KRENWZ L T aANRE LS THDHZ L, ET LA
fEAT DR T TR E VI oTz, LInLZeR G, K
FH I A VLY o /R ER RO BLER 72 & A N A L B TR
SNBIMERT T T, MmWERE ED P ER. T8
D EINDEMATTMIE2ELE TN TR, BEHO
ZALT BT O BB O A E T 5272, T a7 A
NRRXYNT — U THEL Y — 2B ETH L E
BLEDOND, KRG HED ., Rx IZT VAT o=
ARNF TR BILTOD A, Al OREAR X 579
Wi, 7= R TR T I ar D TRBIFELEE
ZBIT,

BITE, Caffibidca W= AR TLTERY, K
LW GBI DR IFRIIR N T VATV T N — MR AT
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DT 25 BHIVEE N2 T L RNADHIHEE DR+ T
b, KRBT LEEM ORI RER 5 B To /v
INTEENUT B GIC BT AN A7) T h— L fiF
WroOBZRPIBRFECTEDLOEHIFFEND,

c. 7RL TV RBREGFEEBHOBRNTTL

)

K1 RLT=ENT, AZRY v 7o Ra— N TREND
AT HE & B R S R 1T 2 I (2o T2 > THEZR D 43 D3
2\, TRV T VUKD K Y T 2AT D#n TR
i, ZOAZRY w7 Ra— A Bb A& R EIC,
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Genetic analysis to identify the predisposing factors to salt sensitive

hypertension

Toshio Ogihara and Tomohiro Katsuya
Department of Geriatric Medicine, Osaka University Graduate School of Medicine

Summary

To achieve the tailored medicine as a safeguard against these disorders, it is required to clarify
their pathogenesis. Even though many papers concerning molecular mechanism of cardiovascular
disease have been published, there has been little success in identifying the correlation among genome,
transcriptome, proteome, and environment in the pathogenesis of cardiovascular disease. We have been
examined the genotype-phenotype interactions in many candidate genes using a huge number of samples
to identify several unique interactions between gene polymorphism and environmental factors. For
example, T235 allele of angiotensinogen gene modulates the salt sensitivity and increases a risk for
lacunar infarction and non-dipper type of blood pressure variation. Interestingly, the frequency of four
candidate genes of salt sensitive hypertension, angiotensinogen (AGT), aldosteron synthase (CYPIIB?2),
alpha adducin (ADDI) and G protein beta 3 subunit (GNB3), were significantly higher in Japanese than
that in Caucasians. Arg904Gln polymorphism of thiazide sensitive sodium-chloride co-transporter
(TSC) gene contributed to increase the predisposition to hypertension via gain of TSC function only in
Japanese. We also carried out the microarray analysis to examine gene expression level in a thiazide
(HCTZ) administration test, resulted that the peripheral transcriptome was altered according to 7SC
genotype and HCTZ administration. Since recent report suggested the positive association between
functional polymorphisms in the beta 2- and beta 3-adrenergic receptors and cardiovascular function, our
5-year longitudinal study clarified that the beta 2-adrenergic receptor polymorphisms related to weight
gain, blood pressure (BP) elevation via alteration of sympathetic nerve activity. In addition, beta-1
adrenergic receptor polymorphism was associated with heart rate and daily home blood pressure
variation and increased risk for lacunar infarction in the Ohasama Study. Put together these results, we
would like to propose the importance to examine the genetic factors with precise and accurate clinical
phenotypes. Lessons from large genetic epidemiological studies taught us that genetic information may
be able to provide the “optimal environment” suited for individual constitution. We would like to
express gratitude to all collaborators of large epidemiological studies and Salt Science Research

Foundation for their continuous grant support.
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2. AR AE
2.1 HEZOMEH
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sucrose, NaCl

PBN

Fig. 3 PBN, Pr5, PBNdm and PBNVI tissues

2.2 DNARAHOT LA

Z<k PBN 75, RNeasy mini kit ZffH L. DNase 1
ALELAAT - T total RNA Z K587~ 12, total RNA 1 pg
5 T7-(dT)y primer & T 1 A8 cDNA, ST 2
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RNA polymerase (Z&>TEAF b cRNA &R LTZ
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Chip (Affymetrix ft:, Rat Expression Array 230A) (21
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c-Fos response exerted after stimulation with tastants

AL NATVFH—T 2T 16 BEINATIVZ A B — g
EAT o1z, W B X OV 7L 0w AR I Fluidic
Station TYTo72, @7 T /L% GeneArray Scanner C
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c-Fos-LIDY 7 F Vs 1 Rl I e R &72 D (RIRKR
WEEFME) 22 B E LT WTROEASWEING 1
REM 212 PBN 4L, RNA later 1 C{#fFL. DNA
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PBNdm-Pr5 [#]Ci% 1,624, PBNvI-Pr5 [ Tl 698,
PBNvI-PBNdm ]Gl 1,220, PBN-PBNdm [ T 493,
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Fig. 6 Numbers of genes selected by Student’s #-test (FDR <0.01)
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Fig. 7 Scatter plots

3.2. 1.2 BEEGTFH

HEHLIET LA EIZiE 15,866 s 1 A3 AR hEHT
W5, 2O AW 1 R # 0 PBN (ZBW TR EL
DB LIV AL T P (present) 149 11,000 i, FE 8L
D BN T2 AEF A (absent) X 4,500~4,700 {#
ZOBEMIHDHEMLT M (marginal) 1359 200 fETH-
72(F 1), 2P ICHFETLHEBE T EHEORBLED V)
T F VL, 1,100~1,200 fE TH-72, ZOLITHER
FREBLAMR T, S WO & e M IO C i, R
BAR T B I OEORB &P REELL TWRST,

Table 1 Numbers of genes expressed by treatment with NaCl or HCI
NaCl 1 NaCl 2 HCI 1 HCI 2
number signal number signal number signal number signal
of genes | average| of genes | average| of genes| average| of genes| average
P 10924 1073 11243 1242 11246 1237 11025 1228
M 219 150 186 11 193 124 216 163
A 4723 63 4437 62 4427 50 4625 64

The symbols P, M and A stand for “present”, “marginal” and “absent” of gene expression

(transcription), respectively.
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3. 2. 1. 3 BRRIMEBEKRRBDETFRELED
fEH
LFED 4V T NDT VAT —H% Affymetrix H:@ﬁ%’:
Hr>/ 7k Microarray Suite Z FIVNTHHER L 72, 418004 T
FEBLAHN, F13WD LB R T2 U7 RE R i;m
%ﬁ' WCHRBLD EmE SRS B s T 44 5, T
(CIRE S AL R 54 M E 72 (3% 2),

Table 2
treatment with NaCl compared to HC1

Numbers of genes up- and down-regulated by

Gene expression level”
. number of genes

by treatment with
NaCl HCI Up

38 50

Down

1
1
2 -
1
1
1

T U >» >» » » U U T
T T >» >» >» >» > =0

£ 2 U >» U U U UT U T
> Z >» » » 2 U U T T
_ = N

T
T

* For the symbols see Table 1.

3.2.1. 4 EBEEHL-ETFORBEENEL

&2 98 G T2 oW Tl fil I LR O 8 B 7%
RrELOAT, KSR T LN 258, FE{LL -8 s T
WL TR 9 BE T, B Tk 5 B\IE T 1.5 fFRL R
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Fig. 8 Numbers of genes extracted with statistical significance
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3.2. 2. 3 KRIBIKFMICKBRLELEGFH

4 31,042 BEFITXL T Student's t-test (FDR<0.1)
THBEZENDAESN BB TR Uz, Wiz X
DRBLAHIIMU7ZD1F 913 AR T, WA L7zoiL 711 &
G CTholz, o, TNOLDOBIZ T ORI ENT P
— TR LTI b L= E R L, 2 (580 E 15
fELL 2 fEARGE, 1.5 AR b L7z DI LT,
B MU= DIXEEE OB D%, B
L7zb DS EALD @S DD iR %0572 (K
11),

1000

[%]
2
E)D 600 | M over 2 fold
N M 1.5-2 fold
[ -
2 400 - [01-1.5 fold
=}
=
200
0
Increased Decreased
M over 2 fold 29 130
[l 1.5-2 fold 96 251
[11-1.5 fold 788 330
Fig. 11  Numbers of genes selected by Student's #-test
(FDR<0.1)

OB WTH, & BRORAEIRE IR
PBN (25T 28R I BRI AAT > 72, IRE TR
BELKHNEREDGFE 8 Yo T VT HBME NS T —4
Thol-, et H B ZDHLHBIETNEESELN
7228 B, OFENRRIILICEY PBN CAT 5 s 1
FKRE L~ A 70T L AL TR A HIENTE -, #
FHENT RO, BRI X0 A BICR BN E L2
EENTZBBE IR BEHRENRDO/NESNE DR KFETH-
72 (—FBRENHOT 4 FREE), Zhud, B
Tk BT PBN ICBWCEIEF 2824560
D, FOEEOREIZHEYRELI2NWTEERIET DD
DThD,

3. 2. 3 PBN AMER 818 PBNdm & PBNvI 285115
BRFLBIZHESECFREEZEBOMFEN
3.2.3. 1 Y49O7LAT—2D2K{&

AR 3.1 OFE RS PBN WO 4> fElk, PBNdm &
PBNvl [3E FIKREIZ BT D85 TR B E N R p L
VAT EWNRSNTZ, EZCARIATIE, fFENLIHHH N

IFHEES AT HENZ R L, PBNdm & PBNvI fH
W COBG T RBFERE U, F2, W& Tolk
BB T DENNI OV THRFILTZ,

HFENDIEIRE L CTH IR R A IR 7 1A (NS) | B
XN DRI E LTl &85 R 2 1R 718 (DH) T i
L. PBNdm 50 PBNvI fEIK O % 15 C DNA ~
ATV AEATHT,
3.2 3.2 MEBLEECFOHE

£ T L D Pearson FHEAMR A E H L EHI 27—
AL — AT HAT -T2, WEHTHRE R0 BRRIIMIC L5 2
IO EY T IVOERZED HFRKENZEDRIBI
7o HEIC L > CREEBN LB T 585 & et %
B 4572 . PBNdm, PBNvl ZHLE 20T
LRl E S U T A1 T - 72, FDR<0.1 TIXAEED
HoiElE T E 79, FDR<0.5 T PBNdm Tl 6 &
5T, PBNvI Tl 1 iz FO A&7, FDR %%
BT, AR 1% THEEOOLIER TEAMHLZE
24, PBNdm T 293 i#{x1-, PBNvI T 258 #{s172
HENT-, ZHBDEE T2V T Tukey D% F L
TEHEATV, D7t — OB CTHBIICHEBL QD E
SN\ E T L, Zooh | BEEMEEE N
1.5 f#LL EodoiE PBNdm, PBNvl EH 528\ THD
~ 100 EsFFEETHY, DH I —H,0 #Ili%HE Thib
L OBIR TR E = (% 3).

Table 3  Numbers of genes selected by Student’s t-test
(FDR<0.01)
Tastant PBNdm PBNvI
DH vs NS 16 (15) 27( 7)
NS vs H,O 23 (16) 22( 7)
DH vs H,0 47 ( 37 ) 76 ( 28)

NS: 0.2 M NaCl + 0.5 M sucrose
DH: 5 mM denatonium benzoate + 0.1 M HCI

PBNdm T DH ##%. PBNvl Ci% H,0 #li%izks
c-Fos DI E NN LA EE T HE, PBNdm Tl
H,0 HlIIC L D8R T BLZEE) 2%, PBNvI Tl DH il
WIC LB R TR BTN RETZEE 2 B, NS fillK
BL O H,0 #il#%1% PBNdm D —#BIZ c-Fos D%
ZHET LN, BB T RBUENTDIE 23 Bia A hhiH
T&7z, FAEEIZ, c-Fos OREIGENFEI NV
PBNVI (28 TH, 22 BB FICBBLOE W IBIES
Too LT3 T RIS E DR 7L LT, DNA ~ A7
27 U AENTIX c-Fos 9038 i & J0b e U 23 i@
ZENIRENT,
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DNA Array Analysis of Salty Taste Response
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Graduate School of Agricultural and Life Sciences, The University of Tokyo

Summary

Chemical compounds as food constituents are received at taste buds and the resulting taste
signals are transduced up to the brain by way of taste nerves, nucleus of the solitary tract and
parabrachial nucleus (PBN). The PBN as a relay nucleus for taste signal transduction possesses cells
whose responses are differential depending on whether the taste information is acceptable or reversive.
The present study aims at gene expression profile analysis on taste information-depending cell properties
in PBN and also on how the acceptable taste information is offered by taste stimuli including NaCl.
1. Gene expression properties in PBN at a baseline

We excised the four tissues from rats: 1) PBN itself, 2) the dorsomedial in PBN (PBNdm)

responding to acceptable taste, 3) the ventrolateral in PBN (PBNvl) responding to aversive tastes and 4)

the principal sensory trigeminal nucleus (Pr5) as a relay nucleus for somatosensory transduction. DNA
microarray analysis of total RNA samples extracted from these four tissues at a baseline was carried out.
We then selected 31 genes whose between-tissue differences in expression intensity were large, and
analyzed their expression patterns in PBN by in situ hybridization. As a result, 19 among the 31 genes
were found to show larger signal intensities and frequencies generally in the nuclei than in the other parts.
Particularly stronger expressions were observed for 5 genes in PBN as a whole, 6 in PBNdm, 3 in PBNvI,
and the rest (5 genes) in Pr5.

2. Gene expression responses in PBN at an intermediate end point after tastant application

Animal experiments were carried out using the three taste solutions, 0.1 M NaCl, 0.1 M HCI, and
a mixture of 0.1 M NaCl, 0.1 M HCI, 0.1 M sucrose and 5 mM denatonium (bitter substance). Pure
water were used as a control. The stimulation with 0.1 M NaCl and that with 0.1 M HCI actually gave
differences in expression intensities of some particular genes; 40 genes were found to be up-regulated by
the NaCl stimulation, with 45 genes down-regulated. The mixed tastant solution and the pure water
(control) gave a large difference, and our analysis for significantly up- and down-regulated gene numbers
revealed that 29 among 8,000 genes were expressed with more than two-fold intensities and 130 with
less than half intensities. The result suggests that taste responses can be represented as gene expression
profiles at the PBN.

The two samples 1) 0.2 M NaCl / 0.5 M sucrose (NS) as an acceptable tastant and 2) 5 mM
denatonium benzoate / 0.1 M HCI (DH) as a reversive tastant, as well as pure water as a control, were
applied to the rat oral cavity. The present study on gene expression analysis by DNA microarray
method disclosed that PBN was different from Pr5 in molecular modality and also that, in particular,
PBNdm and PBNvI constantly differ from each other in cell property regarding taste information. It
deserves to note that PBNdm responds to an acceptable taste of NaCl applied at a low concentration,
while an aversive, condenced NaCl taste is responded by PBNvl. These taste differentiation analysis at

the DNA level would contribute to a basic understanding of the palatability of this important salt, NaCl.
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