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FEMNZ BV TEERRIRIL, HBREAT O ANTRT L LTEIT TR, IFEAKRSZ VRV EE
o, BEAKR LD E L ToORF G- TWD, 20728, EREHEEEO SIS & > T
WAEEBZ LGNS, ERMRITMAER T ) X7 T VTR, RANERDIEZAEMIZIAELTAL
72 &&E %2 5TV 5(Yagi and Shiina, 2014), 7=, LRI T/ NI TF ) TICHKET D L5
2 BNDBIETH, HYOENICE % Ao o>Tns (Martin et al., 2002), #lZ2—RK&h
TBIE D&, BB LT RIERMEICAT L2 2 ClieT 5, 7205, ZERRRBEEE O il
I, B LR L ORI R A Lo TER STV D,

BHILBENIAN T TV TIZIALS RESNT-BEFREE - AFMEEE S L TaonTnb

(Braeken et al., 2006, Janin et al., 2006), BSE/SZ L, Fgketiin+. 77/ 2> 50
VR 3- U VR ppGpp MITTET DI LI L > THIEEZ SND LT, MEIZE > THEDM
fabSREd M TdH 5 (Braeken et al., 2006), /X7 7 U 7128\ T, ppGpp (2 X > THIfEI S
HAEMRHEREITAMEIC L > TRELSEHEELTWD ZERMENTWD, T2/ BRRZBRZ
72 E OHERIN A TR, 18 E~ORRGL 72 ERBIE L THEIF 5315 (Braeken et al., 2006)

TFEDT ) MENTOERIZ LY . ppGpp DA /7fiREESR (RelA &Y SpoT) OAREw 7
RelA/SpoT Homologs (RSHs) % = — R4~ 5 {n 103, HECmEED 7 ) MRGFSNTWDH Z &
MNioh-TE 7= (van der Biezen et al., 2000, Givens et al., 2004), F7-. ppGpp MWL
B S iz Z LTz (Takahashi et al., 2004), & A U F 3% =5 0 RSH ZRATEFICE
EREZ D Z EnHLNE o7 (Sato et al., 2015), LLEDZ LG, FMICHIT 5 ppGpp
AT LT BRI B DA RE STV D,

BEMMTH DA XF X FHiE, 450 RSH B RS2 o> Ty b(van der Biezen et al.,
2000, Mizusawa et al., 2008), Z L5 ILT R THEREBITY 7V H 2D, BERKCTHIET 5 2
LTI TV S Masuda et al., 2008, Mizusawa et al., 2008),4 ->® RSH iz RSH1,
RSH2,RSH3, CRSH &4 fHiF b Tk b, 2o 5% RSH2 & RSHS 13 TR EWZ &
N (>~80%) RTmrrEEZLND, £To, ppGpp DHEEL HEICEID D KA A %, RSH
D N K ZRFE SN TEY . RSH1 IZ ppGpp O fREED %t H  (BRIEMEIC L 7e Gly 7%
FEMEAFE STV eW) . RSH2/RSHS 13 ppGpp DA RHE & I iREED I T &2 FF> Z L BWRIB S
TV % (Masuda et al., 2008, Mizusawa et al., 2008), CRSH (X H /L 7 LA A L 774E F C ppGpp
DERIEEDOAFFSZ LR BN TS (Masuda et al., 2008), LLED X H 7oA XFXF D
RSH B FA A AAEEDEND, 1) MW ERITRFESNTHL00, 2) YuAf X T ATRE
DFENRDN, 3) WO LIZDO0, 12OV TIE Pl % 19 (Atkinson et al., 2011,




Masuda, 2012). #i#%® RSH O HEIZOW T Higim X EE » TV 7e0,

INETIT, YA XF AT D RSHIWRIFEBUL DN 23T, ZOERKIFI~A VT Y —
VORBIMERT LR, RERZAOMMEN EFT2 2 08 00otz, LaLans, i
JIN D ppGpp % E &Y 2 RMBFERITITMNL SN TE O T RSH3 ORFIRBUZ L > TR LD F
HALL ppGpp OEFEE L ODMEEZHARD Z ENTE TV o Tz, £72. BICHE S 7z ppGpp
DEBETIE, K207 T L0 ZEOHEMY TNV ENLELT 5720, ppGpp LD FEEZ
b0, HMRRICEREEARD Z NN TH 72,

ZOIZDAPFFETIE, 1) BB FEEST I/ BRI A B2 LA RSH O /Ffigr, 2)
B BRIV e kD ppGpp OFTHLE &IEOMENL, 3) ML L EEREHA VT rA
X XD RSHS BFIHBUAS ppGpp WA EFE T 5 MM X RO, 21T-72,

ZFOFEER. X275 U 7D RelA/SpoT HRE 1 ZIRFESNTWDS TGS R A A UiE, T X TR
WHEDO RSH1 77 2 U —IZRFENTND Z Elbhot, £72/37 7 U7 O RelA/SpoT HE
BRGNS ACT RAA U, 7 /AT ZR<EEO RSHL 7 7 X U —IZRFES T,
ZOZ Eph . RSH1 Ehod RSH IZH L E#RHY N2 7 U 7 0 RelA/SpoT 7 E 1 7 iV Mg %
LTWBZ ERNbhote, R OMERENS, WD RSH 1IT A ) 3y A« TILLRA
% ORI 2 L B2 bivlz, WIC, BEffiH S 7 20 < pH % 9-10 IZFHHE L 72 ¥ 2 F L
XTI KR E WD Z & T LC-MS/MS (2 K A AEMH KD ppGpp D iE &% Bt ER 0.1
gMBAFEIZ LTz, ZOWMERZHNDZ LT, 1) vuA XFAFHERRD ppGpp H KR
3 uM THDHZ L, 2) RSHZ BRI RTEIAT ppGpp O @& IRAR 2R T
%L, 3) ppGpp BANAE Y VN TEEMT D LAFTRBELI ST B80Tz, &
OO EMD, WIS, T4 2 3y A« FLZAMEIREN S S LT RSH %, /&
Lizy 7 R0 T U7 (ThbbiERK) Ol 27 28 LTS TE T 27T &
RFIZ, 13T % ppGpp DAEBMEH Z WO THLNITHZ LR TE T,

i« FRSCEBIL, FI3C 2000 = & 930 300 354 1 ET ORI T 52 b L<ITEL 800 5% 1 FRH L T E&E W,
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Stringent response is known as a bacterial regulatory system that modulates several
processes such as transcription and translation (Braeken et al., 2006, Janin et al., 2006). This
response is stimulated by Guanosine 5’ -diphosphate 3’ -diphosphate (ppGpp) and
Guanosine 5’ -triphosphate 3’ -diphosphate (pppGpp), and induced under amino acid
starvation for instance (Braeken et al., 2006).

Recently, RelA/SpoT Homologs (RSHs), which catalyze (p)ppGpp synthesis and hydrolysis,
were identified in plants and algae (van der Biezen et al.,, 2000, Givens et al., 2004).
Additionally, ppGpp was detected in plants, suggesting that stringent response exists in
plants (Takahashi et al., 2004, Sato et al., 2015).

Arabidopsis thaliana has four RSHs that are encoded in nucleus (van der Biezen et al., 2000,
Mizusawa et al., 2008). All of them have the chloroplast transit peptide, suggesting that they
function in chloroplasts. Four RSHs are categorized into three families, RSH1, RSH2/RSHS3,
and Ca2t-activated RSH (CRSH) (Masuda 2012; Tozawa and Nomura 2011). RSH1 catalyzes
ppGpp hydrolysis and CRSH catalyzes ppGpp synthesis, whereas RSH2 and RSHS3 catalyze
ppGpp hydrolysis and synthesis. However, following questions are remained unclear; 1)
whether differences observed between RSHs in Arabidopsis are conserved in plants? 2) are
these differences specific in Arabidopsis?, and 3) when RSHs are varied? (Atkinson et al.,
2011, Masuda, 2012)

Previously, RSHS3 overexpressor of Arabidopsis showed pale green and increase resistance
for starvation (Maekawa 2015). However, quantification method of ppGpp from plants is not
fully developed and it was difficult to investigate relationship between ppGpp accumulation
and phenotype of RSHS3 overexpressor.

In this thesis, I achieved 1) Analysis of gene structure and amino acid sequence of RSHs in
plant, 2) development of new quantification method of ppGpp derived from plants, and 3)
physiological analysis of Arabidopsis mutants that accumulate ppGpp excessively.

Consequently, it was revealed that 1) RSHs in plants were expected to originate from
Deinococcus-Thermus, 2) new quantification method of ppGpp derived from plants was
established and calculated ppGpp concentration in chloroplasts at night was estimated to be
~3.0 nM, which is possible to inhibit GTPase, and 3) over accumulation of ppGpp in cytosol
showed growth arrest in Arabidopsis. From these, it was revealed that physiological effect of
ppGpp is exist in plants and showed evolution process of RSHs in plants as chloroplast
regulation system.
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