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Abstract of Thesis

Name: Jekson ROBERTLEE

Phosphorylation dependent regulation of the Arabidopsis thaliana 3-hydroxy-3-methylglutaryl-CoA
Title reductase (3 & A X XF 281} 5 3-hydroxy-3-methylglutaryl-CoA reductase ® V > (L& 17 I FH &
BEHE)

Plant produce diverse structures isoprenoids as primary and specialized metabolites. The common
precursors for cytosolic isoprenoids biosynthesis such as sesquiterpenoids, triterpenoids, polyisoprenoids, and
sterols, are mainly produced via the mevalonate pathway. 3-Hydroxy-3-methylglutaryl-CoA (HMG-CoA)
reductase (HMGR) catalyzes the reaction of HMG-CoA to mevalonic acid as the first committed step of the
mevalonate pathway. In plant, HMGR is encoded by multiple genes which are differentially regulated by
developmental and environmental stimuli. In Arabidopsis thaliana, a model plant, HMGR is encoded by two
genes producing three different isoforms (AtHMGR1L, AtHMGR1S, and AtHMGR?2). It has been reported that the
hmg1hmg2 double mutant is appeared to be lethal, the hmg1 mutant shows dwarf and sterility phenotypes, while
the hmg2 mutant shows normal phenotype. Although very high mRNA levels were obtained by overexpression of
the HMG1 gene in A. thaliana, only a modest increase of HMGR activity was detected. Moreover, alteration of
downstream products accumulation of the mevalonate pathway affects HMGR activity without changing the
protein level, suggesting the importance of post-translational regulation of plant HMGR activity.

The post translational regulation of HMGR has been elucidated in mammals. Mammalian HMGR can be
phosphorylated at a C-terminal conserved serine residue by the AMP-activated protein kinase (AMPK) and
AMPK kinase (AMPKK) cascade that leads to the direct inactivation of HMGR. Interestingly, the serine residue is
conserved in many higher plants HMGR suggesting that plant HMGR might have similar phosphorylation
dependent regulation. Further, the AMPK ortholog kinases have been identified in plants, named as AKIN10, that
can phosphorylate the short-target peptide that was used to measure AMPK specific activity. It has also been
reported that in the presence of geminivirus rep-interacting kinases1 (GRIK1), AKIN10 has approximately
6-times higher activity to the short-target peptide, suggesting GRIK1 as the ortholog of the mammalian AMPKK.
Instead of the presence of the AMPK and AMPKK orthologs in plants, however, the connection between AKIN10
and GRIK1 kinases to plant HMGR activity has not been experimentally verified. More importantly, HMGR
phosphorylation at the conserved serine residue has never been detected. Thus, is HMGR truly phosphorylated
at the C-terminal conserved serine in planta? Therefore, | started this study to elucidate the phosphorylation
dependent regulation of the A. thaliana HMGR, which would aid new ideas for the improvement of economically
important plants isoprenoids productions.

Enhancing the mevalonate pathway by removing the HMGR inactivating phosphorylation site to avoid its
inactivation would be a promising strategy to increase the production of economically important isoprenoids in
plants. In my study, | confirmed that plant HMGR is inactivated by plant kinase cascade system via
phosphorylation at the conserved serine (corresponds to S577 in AtHMGR1S) in vitro. Unexpectedly, the kinase
cascade also phosphorylated AtHMGR1S at sites other than S577 in vitro. The analysis of AAHMGR1S-FLAG
fusion protein in Arabidopsis indicated that it is truly phosphorylated at S577 in planta under normal growth
condition. Moreover, phosphorylation at sites other than S577 were also detected in planta, suggesting the
presence of a novel regulatory mechanism of plant HMGR. Based on the information from the A. thaliana protein
phosphorylation site database, | found that phosphomimic substitution at any of seven novel potential
phosphorylation sites strongly reduced the activity of both A. thaliana and Hevea brasiliensis HMGR1 in vitro,
suggesting the presence of HMGR inactivating phosphorylation at sites other than S577. Additionally, amino acid
substitution at two other sites increased approximately 1.3-times relative to AAHMGR1 activity in vitro. The results
described in this study would aid the improvement of valuable isoprenoids productions by avoiding HMGR
inactivation through phosphorylation in planta.
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WL, R b ZEAFKETDEMEROA Y T L A K (TR A R) BERT S, RIPTH, SEAE
G2 BT MNP DR D IRER 15 DB AXT AL A R, RFEH30 DO YT~ A Rid, HHOHMIEYG
2B AEEE— A N1 VIR TAEAKRESND, 3-8 RaFxi-3-AF LI X UL CoA LA 7 2 —EQLL T, HMGR
RN, EEE— A N0 VEBREKICE T 2REEE TH Y | BE L UL TOBG T RBGREEIEIC OV T AR S B
HOD, FHERE ORI OV TIARI 22 182, R QAN THANEED T2 DIiE, FIFRME O HI S 4 i
7T ENEETH D,

DX RERICES T S, MWICEB T 5 HMGR (23 5 BIEREHIE, $5C U S MLk ER iR ks 2
LT DD, ETMEMTH DV A X T AT M E L LT A bR X OV TR 24T > TV
%, fEHO HMGR 1% C RICBRFESN TS Y VEREND UgbEh s Z L2k W RiEM b Eh 5 Z L 3lBREN
DEBRLEIZL VLIRS TR, UV BEHIEO N 27— RN ED L IR TOBENRHATH -T2, HhLH
W, v uA XF XSO HMGR ¥ —8 & LT AKIN10 %, %72, AKIN10 ®%F—¥ & LT GRIK1 {225\ TH
HL, TNENOREES 7 ERLNT, v aA XFXF HMGR @ C RV ELERA R IERE#E(SE77) 2 KIGE T
FREEETY VIBEERZIT-> TV, TOMESE, GRIKI-AKIN1I0-HMGR &) U U BRL A A7 — R3S D 32> 2
LERTRTEEBIT, SEIT ICBWTH Y VUMb SN X U R BEREELTWS Z L AR LTEY, S577 LSMZH Y
Vb ENDT 2 S HMGR ICHEET B Z L 2R LT\ 5, A HFHES IS bIC, v uA XFXF 0 HMGR &
6 REEREEZHANT, HMGR H 5\, 8577 ZiRIFH S E - WEIRH Y 0 A X T X OMIRICBE T 5 Y »
Fe{b72 ©ONE HMGR OTEMEREEIZOWTHISE L TV b, ZHUTL Y, v A XFXFTHEMIZIBNT, 7+ A7 7 X —
BPRBLIZEOBY It SN 7= HMGR W ERT 5 & &L HICHMGRIEMEN EH T2 L2 AH LTS, S HIT,. 8577
ZMREREE S PEER Y 7 A X T X FIBNTH U Uk a7 HMGR A& L, B4R L 13872 5 HMGR %
PARLIZZ &2, MKW TS 8577 LIS D U VI LN A BE R REIC D 2 2 L 2R LT D,

PALRFER T E T, v rA X X7 HMGR IZEIT 5 SETTLSO U VBMbT 2 /B MBS 57-0I0, HmicBs
% HMGR OB 24T, U VB b S DAtk & 27 I 7 ik s i L TWna, &6, Zibofmi Lz
TR WEEEZEREN, U UBER LOWE ) LA T R BRICE M L, KR C OB BER A V2 Ak
FBRAEAT > TN D, ZHITED ., SBTTLSMC b U vk - LY VB b S D 7 X/ BRI BEFTEE T 2 2 L &2 1L
HLTWD, 512, SASTT USD 2 @D Y VIBLENE T 2/ BEAZERT LI LICE VALY b 1.3 4%
WEMED ERIT 22 &2 /L Tns,
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PV UEBEREIEE L R L TWD, &5 ICEE— A S o R ORIENC X DAY TR O RTREMEIC SV T
WATWD, Ko TRMmMIIE LR E LTIESH 2 b D L D,




