doi 10.18699/bgrs2024-13-03

CrapeHue pacTeHuil U IIyraMaTaeruiporeHasa:
HApylLIeHHe HHAYLHUPOBAHHOIO0 TEMHOTOM CTAPEHHs Y pacCTeHHUH
Arabidopsis thaliana L. (Heyn) myranrhoii Juaun gdhlgdh2

Tapruk E.JO.'*, Bnacosa A.A.2, Bunbsuen JI.B.3, benbkos B.I.Y, Tapacenko B.J.Y,

Koncrantunos 0.M.1:2

L Cubupcruii uncmumym gusuonoauu u 6uoxumuu pacmenuti CO PAH, Hpxymck, Poccus

2 Upxymckuii 2ocyoapcmeennwlil ynusepcumem, Upkymcek, Poccus

8 Hnemumym gynoamenmanvhvix npobnem buonozuu PAH, Iywunckuii nayyunbiil yenmp 61on02uteckux
uccnedosanuii PAH, [Tywuno, Poccus

* elga74@yandex.ru

Kiouesbie caosa: Arabidopsis thaliana; crapenne pacrenwmit; riryramaraeruaporeHas’a; WHIYKLHS
cTapeHus

Momusayusa u yens: MoRyNbHBIN TPUHIUI CTPOCHUS Teja BBICIINX pacTeHuit [1, 2]
00ycJI0BIMBaET HEOOXOUMOCTh Pa3InyaTh CTAPEHUE OPraHu3Ma PACTEHHUS B 1IETIOM U
CTapeHHe OTICIBHBIX OpPraHOB, MOCKOJNBKY KaXKIbli MOJYJB/OpraH Tela pacTeHHUs
uMeeT COOCTBEHHBI OHTOT€HE3 U COOCTBEHHBIE CPOKHM HACTYIUICHHUS Pa3HBIX CTAIMN
pa3BuTHs, BKItouyas crapeHue. CrapeHHe JIMCThEB pPacTeHUM, MO CYTH, CBOAMTCSA K
OpraHM30BaHHOMY, F€HETHYECKH 3alpOrpaMMHUPOBAHHOMY U CTPOTO PETYIUPYEMOMY
nepepacnpeaeNeHHI0 PecypcoB (B IEPBYIO 0Uepe b — OMOJIOTHYECKH JOCTYITHOTO a30Ta)
OT CTaperollero JUcTa K PENpOAYKTHBHBIM, 3alacarolliuM JIMOO MpocTo Haubosee
MonoasiM  opraHam [3]. CrapeHme pacTeHWd MOXeT OBITh WHAYHHPOBAHO
HCKYCCTBEHHO, ITpH4eM (HaKTOPbl, HHAYLHUPYIOLINE HA4al0 MaCCUPOBAHHOIO CTAPEHHUS
JMCTHEB WM BCETr0 OpraHu3Ma, yacTto BuaocneuuduyHsl. Be€ ato memaer pacrenus
WHTEPECHOW MOJENBI0 JUISI HW3yYeHUS TEeHETHYECKH 3arporpaMMHpPOBAaHHBIX
MEXaHHU3MOB CTapeHusl.

Hameii rpynmoii Obuto OOHapyXE€HO, YTO y pPaCTeHHWH IBOMHOTO HOKayT-MyTaHTa
Arabidopsis thaliana L. (Heyn) no renam rimyramaraeruaporesasst, duaus gdhlgdh2,
MIPY SKCIIO3HIIMHU B TEMHOTE O0Jiee YeThIpeX CYTOK (YCIIOBHSI, MHAYIUPYIOIINE CTApEeHHE
Yy pacTeHMi NAaHHOTO BU/A) HE HAUYMHAETCS MOXENTCHHE JHCThEB, KOTOPOE B HOPME
SIBJISIETCS. IEPBBIM BUIMMBIM NIPU3HAKOM MX cTapeHus. [ myramatneruaporenasa (AL,
K® 1.4.1.2) — MuUTOXOHApHAIBHBIH (DEPMEHT, KaTaTU3UPYIOIUi mpespamieHue L-
rIyTamMar B 2-OKCOTIIyTapaT, a Takke (B HEKOTOPBIX YCIOBHSAX) OOpPaTHYIO PEaKIHIO.
Taxum ob6paszom, I'II" obecnieunBaer cBsA3b MEXIY METa0OIM3MOM YIepoJa W a3oTa
Onaronmapst karabonu3My 2-OKcoTiyTapara B LHUKJIE€ TPUKAapOOHOBBIX KHCIIOT.
Oxcmnpeccust renoB ['JIIT y pacrenuil 3aBucut OT ocBemieHHoctd [4]. Ha cBery
9KCHpeccHus TeHOB U (epMeHTaTuBHas akTUBHOCTH ['JII' MUHMMasbHBI y pacTeHHMI
JIMKOTO THIIA U OTCYTCTBYIOT y pacteHuii myrtantHoi auuauu gdhlgdh2. B ycmoBusix
JUTATENLHON SKCIIO3HUIIMU B TEMHOTE SKCIIPECCHsI TeHOB U akTHBHOCTH epmenta [/ y
pacTeHH AMKOIrO TUIA MAKCUMANbHBI, Y MyTaHTHBIX OTCYTCTBYIOT.

Lenbio HacTosmiel pabOThl OBUTO MCCIEIOBAHUE HAPYILICHUH HOPMAIBHOTO Pa3BUTHUS
WHAYIUPOBAHHOTO TEMHOTOW CTapeHHs y MyTaHTa apaduzpornicuca mo reHam [T u
BBISICHEHHE POJIH TITyTaMaTAECTHAPOTeHa3bl B PETYIISIIINNA Pa3BUTHS CTAPEHUS PACTEHHM.
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Memoowr u aneopummer: Ilocne 3KCIO3UINN MYyTaHTHBIX M KOHTPOJIBHBIX PACTEHUH B
TEMHOTE OILICHHUBAJIM COJAEPKAHME M COCTaB XJIOPOPHIUIOB (CHEeKTpodoTOMeTpus),
collepKaHhe PAacCTBOPUMBIX OENKOB (CHEKTPO(OTOMETPHS), HOHHYIO IPOHHUIIAEMOCTb
KJIETOYHBIX MeMOpaH (KOHAYKTOMETPHS), a TaKKe JKCHPECCHI0 PAa3IWYHBIX TPYIIT
TCHOB, AaCCOLMHPOBAHHBIX CO  CTapeHUEM  (TPaHCKPHUIIHOHHBIE  (aKTOPHI,
MHUIUNPYIOLINE CTapEeHHe; TeHbI, KOHTPOINPYIOIINE IETPATALIIO XJIOPODHILIOB; TeHHI,
o0ecrieunBaOie PEMOOMIM3AIMI0O a30Ta MW IepepacrpeneieHie IPOTyKTOB
karabonusma). MccnenoBanue sxcnpeccuu mpoBoauau Metogom [P mocne obpatHoit
TpaHckpumnii. OUEHKY yKa3aHHBIX BBIIIC MMAapamMeTPOB MPOBOIMIN TaKke Ha (oHe
00paboTkn pacTeHHi aOCHU30BON KHCIOTOW (TVIABHBI TOPMOHAIBHBIA PETYISATOP
CTapeHHs y pacTeHUH).

Pezynsmamur: UcxoaHoe coaeprkanue xJ1opouiia He pa3inianoch y paCTCHUH AUKOTO
tuna u myrantHoi muaun gdhlgdh2, onHako nerpamanus xaopodusia B TCUCHHE CEMU
IHEH B TEMHOTE y MYTAaHTHBIX DPACTEHHH NPOUCXOAWUT 3HAYUTEIHHO MEIJICHHEE.
Cootrouienue xiaopodusuios a/b B poserkax pacrenuit gdhlgdh2 camkanoch B TeueHue
CeMH JHel B TEMHOTE M3-3a 00Jiee MEJICHHOM aerpaaanuu xiopoduiia b. B poserkax
Col-0 He HabIrOMATIOCH CYIIECTBEHHOTO H3MEHEHHUS COOTHOIICHHs XIopodunios a/b.
Konnmykromerpuyeckuii TeCT Ha HMOHHYIO MPOHHIIAEMOCTh MeMOpaH OTpakaeT
LEJIOCTHOCTh KJIETOYHOH MeMOpaHbl M JKH3HECTIOCOOHOCTh pACTEHHS B IEIIOM.
JKr3HECmocOOHOCTh PACTEHUH CHIDKANACH B XOZE€ TEMHOBOW 3KCIIO3UIIMHU I 000UX
TeHOTHIIOB, HO ropas3mo ObicTpee i pactenumit nuauu gdhlgdh2. Drto mpusnak
¢denotumna «stay-green» tuna D — HakomJIeHHE TOKCHYHBIX METa0OIHUTOB.

Jns n3ydeHuss AMHAMUKA U3MEHEHHUS SKCIPECCHH TeHOB IPH HOPMaIbHOM TEYCHHH
TEMHOBOT'O CTAPEHUS y PACTCHHUI TUKOTO THITAa OTOMPAITN 00pas3Ibl JINCTHEB IO OKpacKe:
KeINThle (CaMble HIKHHE), )KEITO-3eJICHbIe (CpeHIe) U 3eieHble (BepXyleunsie). [1sa1h
TCHOB JIeTpafallid XJopoQWia TOKa3alH 3HAYUTEIbHOE YBEIMYCHHUE YpPOBHEH
TPAHCKPHUIITOB OT CAMBIX MOJIOJIBIX (3€JI€HBIX) 10 CAMBIX CTapBIX (TIOHOCTHIO JKEITHIX)
nucTheB. [ cpaBHEeHUs pacTeHuit aukoro tumna u pactennit gdhlgdh2 6pamu Tonbko
HIJKHIOIO (CaMylo CTapylo) Hapy JHCThEB W3 KaKAOH po3eTkd. JIMCThsl AMKOro THIA
JEMOHCTPHPOBAII  [TOCTEIIEHHOE TMOBBIIICHHE YPOBHEH TPAaHCKPUIITOB T'€HOB
Jerpajialiid  XJIOpopH/UIa HA TPOTSHKEHUH BCErO SKCHEpHMEHTa. Y MyTaHTHBIX
pacTeHuii KCIpPeccHs BCEX M3YUYEHHBIX T€HOB JIerpajlalluy XJIOpoduilia Takke uMena
TEHJICHIMIO K MOBBIIICHUIO TIOCIIE JIBYX JTHEW NPeObIBaHUS B TEMHOTE, HO TAJIbHEHIIIETO
YBEJIMYEHUsI IKCIIPECCHU HE HAOIIOIaNIOCh.

COou B TOpMOHAJIBLHON PETYIISIIMU YacTO SIBIAIOTCS MPUYMHOW HApYIICHUH CTapeHUs
pacTeHuid, MO3TOMY MBI HCCIEA0BAIM YyBCTBUTEIBHOCTh PACTEHHH K aOCIM30BOI
kucinore (ABK) kKak K OCHOBHOMY M O4Y€Hb CHIBHOMY HWHIYKTOPY CTapeHHs.
YyscreurensHocth ABK y cemsin gdhlgdh2 He Gbuta Hapymiena. OHAKO y B3pOCIBIX
pacTeHuii Mbl HAOTFOIAIM MHIYKIIMIO CTAPEHUS Y PACTEHUH JIMKOTO THTIA U THOelns 6e3
npusHakoB crapenust y pacrenuit gdhlgdh2. Msr uccienosamu skcmpeccuto SAGS
(reHOB, aCCOIMUPOBAHHBIX CO CTAPEHHWEM) B BEPXHHX M HIDKHHX JIMCTBSIX PACTCHUM
MOCJIE YEThIPEX JHEH SKCIIO3UIMY B TeMHOTE. B O0NbIIMHCTBE ciiydaeB HHAYKIUH SAGS
Yy MyTaHTHBIX pacTeHuii He HaOmroanu. [Tocne o6padborku ABK HaOmoqamm HeKOTOpbIi
otBet reHoB SAG113, SAG29, GLN1.1 y MyTaHTHBIX paCTEHHIA, HO B I[EIOM SKCIPECCHUS
SAGs B pactenusx simaun gdhlgdh2 otimyanack OT naTTepHOB 3KCIIPECCUH Y PACTCHUI
mukoro Ttwma. Takum obpasom, pasButhe crapennms @dhlgdh2 me momHOCTRIO
HeuyBCTBUTENbHO K ABK, opHako ero ropMoHaibHas peryssiius CyIIECTBEHHO
HapylIeHa.
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Buigoovi: OOHapyxeHHble (aKThl IMO3BOJSIIOT NPEANOJIOKUTH  CYLIECTBOBaHHUE
(GyHKUMOHANBHOW  CBsI3M  Mexny okcmpeccueir reHoB  HAJI(H)-3aBucumoit
IIIyTaMaTIeruApOreHasbl U peryisiuel IpoueccoB cTapeHus y pacteHuid. OTcyTcTBue
aKTHBHOCTH TIIyTaMaTACTHAPOreHa3bl IPU JUIMTEIBHON TEMHOBOH 3KCIO3WIHNH,
BEPOSATHO, SBJISACTCS NPUYMHOW HapymieHus crapenus pactenuii gdhlgdh2, tak kax
MOKET NPHUBOAMTH K IEPEKIOYECHUSIM METAaOOJINYEeCKUX IyTEeH C MOCIEAYIOIIHNM
MOSIBJICHHEM TOKCHYHBIX MeTaboiauToB. Takum o00pa3oM, riIyTaMaTAeruaporeHasa
MOJKET OBITh OJTHMM U3 BXKHBIX PETYJISITOPOB CTapeHHs apaObUI0ICHCa.
Qunancuposanue.  VcciaenoBanue  mnoaaepkaHo  MUHHCTEPCTBOM  HAaykKuM H
obpax3oBanus Poccuiickoit Denepanuu, HoMep rocynapcTBeHHOro 3amanus FWSS-
2022-0005.
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Motivation and Aim: The modular body structure of higher plants [1, 2] makes it
necessary to distinguish between the aging of the plant organism as a whole and the
senescence of individual organs, since each module/organ of the plant body has its own
ontogenesis and its own timing of the onset of different stages of development, including
senescence. Senescence of plant leaves, in essence, comes down to an organized,
genetically programmed and strictly regulated redistribution of resources (primarily
biologically available nitrogen) from the senescing leaf to reproductive, storage, or
simply the youngest organs [3]. Plant senescence can be induced artificially, and the
factors inducing the onset of massive senescence of leaves or the entire organism are
often species-specific. All this makes plants an interesting model for studying genetically
programmed mechanisms of senescence.

Our group found that in the double knockout mutant plants gdhlgdh2 of Arabidopsis
thaliana L. (Heyn) carrying mutations in two glutamate dehydrogenase genes, when
exposed to darkness for more than four days (conditions that induce senescence in
Arabidopsiss), leaves do not turn yellow, which is normally the first visible sign of their
senescence. Glutamate dehydrogenase (GDH, EC 1.4.1.2) is a mitochondrial enzyme
interconverting L-glutamate and 2-oxoglutarate (forward and back reactions), and thus
providing a link between carbon and nitrogen metabolism because of catabolizing of 2-
oxoglutarate in the TCA cycle. GDH genes expression is light dependent [4]. In the light
GDH expression and enzyme activity is minimal in wild-type plants and absent in
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gdhlgdh2. But in the prolonged dark GDH expression and enzyme activity in wild-type
plants is maximal, and still missing in the gdh1gdh2 line plants.

The aim of this work was to study disturbances in the normal development of dark-
induced senescence in the GDH gene mutant of Arabidopsis and to elucidate the role of
glutamate dehydrogenase in the regulation of the development of plant senescence.
Methods and Algorithms: After exposure of mutant and control plants to the dark, the
content and composition of chlorophylls (spectrophotometry), the content of soluble
proteins (spectrophotometry), ionic permeability of cell membranes (conductometry), as
well as the expression of various groups of genes associated with senescence
(transcription factors that initiate senescence; genes controlling chlorophyll degradation;
genes providing nitrogen remobilization and redistribution of catabolic products) were
assessed. Expression studies were carried out using PCR after reverse transcription. The
above parameters were also assessed against the background of treating plants with
abscisic acid (the main hormonal regulator of senescence in plants).

Results: The initial chlorophyll content does not differ in Col-0 and gdhlgdh2 mutant.
But the chlorophyll degradation during seven days in the dark is much slower in the
mutant plants. Chlorophyll b degradation is slower in the mutant too. Chlorophyll a/b
ratio in the gdhlgdh2 plant rosettes decreased within seven days in the dark due to a
slower degradation of chlorophyll b. In the Col-0 rosettes, no significant change in the
chlorophyll a/b ratio was observed.

lon leakage conductometry test demonstrate cell membrane integrity and plant viability
at all. The higher ion leakage the lower membrane integrity and plant viability. Plant
viability decreased during the dark exposition for both genotypes, but much more
quickly for gdhlgdh2. It is a sign of the type D stay-green phenotype — toxic metabolite
accumulation.

To study the dynamics of changes in the gene expression during the normal course of
dark-induced senescence in wild-type plants, we sampled the leaves based on their color:
yellow (the lowest true ones), yellow-green (middle), and green (apical). Five
chlorophyll degradation genes showed a significant increase in transcript levels from the
youngest (green) to the oldest (completely yellow) leaves. To compare wild-type and
stay-green gdhlgdh2 plants, we selected only the first (the oldest) pair of true leaves
from each rosette. Col-0 leaves demonstrate a gradual increase in expression of the
chlorophyll degradation genes throughout the experiment. In the mutant plants,
expression of all the studied chlorophyll degradation genes also had a tendency to
increase after two days in the dark, but no continued increase in expression was observed
later.

Errors in hormonal regulation are the often reason for senescence disruptions, so we
examined plant sensitivity to abscisic acid (ABA) as the main and very strong senescence
inducer. ABA sensitivity was not broken in the seeds of gdhlgdh2. But in the adult
plants, we can see senescence induction in Col-0 and death without senescence signs in
gdhlgdh2. Abscisic acid induced senescence is disrupted too. We examined SAGs
(Senescence Associated Genes) expression in the upper and the lower leaves of our
plants after four days in the dark. In the most cases there was no SAGs induction in the
mutant plants. ABA treatment creates a deeper stage of senescence than four days of the
dark. Now we can see some answer of SAG113, SAG29, GLNL1.1 in the mutant plants,
but as a whole SAGs expression in the gdh1gdh2 is not the same as in wild-type plants.
Thus, senescence program in gdhlgdh2 is not totally insensitive to ABA, but disrupted
significantly.
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Conclusion: The discovered facts suggest the existence of a functional connection
between expression of the NAD(H)-dependent glutamate dehydrogenase genes and
regulation of senescence processes in plants. The lack of glutamate dehydrogenase
activity during prolonged dark exposition is probably the reason of disrupted senescence
in gdhlgdh2 plants. It may lead to metabolic switches followed by some toxic
metabolites appearance. Thus, glutamate dehydrogenase is one of essential senescence
regulators in Arabidopsis.

Funding: The study is supported by the Ministry of Science and Higher Education of the
Russian Federation, project number FWSS-2022-0005.
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