Arabidopsis thaliana NIP2;1 , a lactic acid transporter, is essential for plant survival
during hypoxic stress
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Abstract D) AtNIP2;1 is a member of plant specific Results

Nodulin-Intrinsic Proteins (NIPs) are a plant specific aquaporin subfamily known for transporting water,

glycerol, metalloids and other uncharged solutes at different parts of the plants. AtNIP2;1 is one of the NIP | daguaporin SUbfamlly A) AtNIP2;1 IS Indlspensable for plant survival under h)LpOXIa
subfamily members expressed when plants are exposed to flooding stress or hypoxia. Hypoxia is a > Aquaporins (AQP) ancient family of membrane protein channels present in all
condition in which most of the oxygen has been removed from the environment. In hypoxic environments, organisms. AIr treated 12hr Argon gas treated
plants construct a specific mechanism to cooperate, such as increasing glycolytic flux to provide ATP, > Helps in bidirectional transport of water and uncharged solutes. - -
increase of fermentation metabolism, and induction of morphological and developmental changes. Due to > All members have a conserved Hourglass fold structure that assemble into 100,
the significant increase in AtNIP2;1 expression during hypoxia, it is therefore considered to be one of the tetramers —
core hypoxia response genes and hypothesized to be a critical component of plant survival during > Each monomer has a single transport pore with a selectivity filter guided by _g 80-
prolonged hypoxia. aromatic/arginine region-four residues ( Ar/R). >
A functional analysis of AtNIP2;1 has shown it transports lactic acid and may play a role in the adaptation > Unlike animal, plants AQP family is diverse and widespread. a 60-
to fermentation of lactic acid under anaerobic stress. > Nodulin Intrinsic Proteins (NIPs) is a plant specific aquaporin subfamily. s .
In this study, the biological significance of the AtNIP2;1 is investigated using T-DNA insertion loss-of- > Based on composition of the Ar/R region, NIPs are broadly divided into three %
function mutant. Under hypoxia, or flooding stress, loss-of-function mutant of AtNIP2;1 failed to survive as subgroups. £ 40-
wildtype, suggesting Its essential role in plant survival under hypoxia stress. Furthermore, loss of AtNIP2;1 > AtNIP2;1 belongs to the NIP | family members of the Arabidopsis 8
increased the expression of alcohol fermentation pathway enzymes indicating plants preference for 5
alcohol fermentation pathway in absence of AtNIP2;1. o 20
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Flooding caused by nature or manmade is one of the “i ext
major abiotic stresses for plant growth and development ) «q 3 - . : .
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' Survival experiment under hypoxia
» As a consequence, the cellular O, level reduced to the i
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availability to submerged plants for photosynthesis. Alcohol Fermentation 00p architecture MS plates with 1% sucrose
i i i Glucose H > 7 day old plants were treated with either air
B) Anaerobic res o] ration G ety NIP Subgroupl  FIQUTE. |'_|0Ul;9|a_sls topology of ( normoxic control) or Argon gas ( hypoxic condition)
» O, is the final electron acceptor in the mitochondrial . E i a‘TcI ualpf(;"?s aIlmI ¢ rt izi for 12 hours under dark.
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electron transport chain 5 | the topological features of the aquaporin .
> Duri the | diti t d h . b Zmip2:2 hourglass fold with six transmembrane sqrwval study. )

SNk Be 2y Skl ik Aol UL nni=el e el ofr S w-helices and two conserved NPA > Histogram shows the percent survival of WT and
lack of oxygen called anoxia the cells generally rely on [ boxes. The positions of the amino acids KO in response to argon gas treatment. Error bars
glycolysis and fermentation process to generate ATP. : (H2, H5, LE, and LE,) that form the Ar/R show the SEM of three biological replicates.

» With in minutes of O, depleted, cells switched to the 2 2 Pyruvate —=——~ 2 Acetaldehyde pore filter are indicated. Right, Crystal
anacrobi meihod of TP generation. < SRS . ST w s s e e Surusl expasinant undr submerged condiion
> And shuts down the high energy consumptive metabolic D & e e et > KO and WT seeds were submerged in water in dark
Lactic Acid Fe @ s P R for 7 days before spotted into MS media to
processes. actic Acid Fermentation @ ~' indicated. The two NPA half helices are orminate under lona dav condition
> Pyruvates that is produced by glycolysis is either directed Qiuzoes 2_0 %@ NIP Subgroupl — shown in green and orange respectively. > '?'he S —— talgen gfter 14 da)./s
to alcohol fermentation or lactic acid fermentation. 2 ADP L Figure. Different subgroups of plant specific NIP | '© Pore architecture through the
. : : . H-C-OH : center of the protein modeled by the
» The lactic acid fermentation process, pyruvate is » on family. HOLE program is shown including the
converted to lactic acid which higher accumulation lowers : 2 Lactate The plant specific NIP family is divided into three sub i1 o the Ar/R region 4 3
) . / - ¥ 2 NAD* families based on composition of their Ar/R region. P gion. C) LOSS Of A tNIPZ, 1 |nd uce D) Davies_Ro be rts model
the cytosolic pH, hence toxic for the cell. NIP | subfamily with a bulky Tryptophan transport )
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Lactic acid fermentation in muscle cells
C) Arabidopsis NIP2;1 is a core hypoxia response gene E) AtNIP2;1 transports lactic acid — glucose
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» Apart from shutting down most of the energy consuming metabolic pathways, plants induced certain set o
of genes in response to low oxygen condition. 0.0005- @ DEPC-H,0 o e B AoH A noxla
> The genes are know as core hypoxia-responsive genes. S Hod26 s = c
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2 Hours after flooding stress o .g g T | mmmm AtNIP2:1F The gRT-PCR analyses was performed on cDNA generated from root tissues of WT and KO » Gilycolysis is the principal source of ATP production
o Q = seedlings before ( Ohrs) and after 4 hours of hypoxia ( 4hrs). The expression of each gene > T tain the alvcolvsis. NAD" is required
Q- S 8 0.4 ) _ was normalized to WT-Ohrs ,and At UBQ170 gene was used as internal standard for the 0 Sl.JS . gly y ’ . 9 .
Aover b wien MRy R % £ g (\? L experiment. Error bar represents the SEM of three biological replicates. The hypoxia > Lactic acid fermentation provides the NAD* for glycolysis
) L § g E treatment was performed by treating the seedling with argon gas. PDC; pyruvate » Lactic acid leads to acidosis of the cytosol
d) ) ] £Y2 hr hypoxia [ Figure . AtNIP2;1 expression in different tissues < 2 0.2- 53 Z,‘;’Si;",f,xoytﬁﬁi’f‘”” RSS2 RS S S S O I U B S P B 1 > To prevent cytosol acidification, plants switch to alcoholic
S el :2;’;’;’2 21"1 5 07 mm control and during low oxygen condition. < 8 £ 0.21 ' fermentation and or lactic acid efflux is stimulated
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% 200! < 300 % standard growth condition. The qRT-PCR analyses was ‘1’;3 a° 0.0 MLm Bl =B Flooding causes severe damage to plant development F utu re stu d Ies
b g ' performed on cDNA generated from different tissues of 6 § éob 76 6.0 50 45 40 35 > Flooding creates hypoxic/ anoxic environment that is detrimental for energy
N @ 200+ week old plants. The expression is normalized to the v pH production Sub cellular localization of the NIP2;1 protein
E — | § AtNIP2;1 expression in siliques. Error bars represents the Hd dent lactic acid uptake activity of > Plants mostly rely on glycolysis for their energy production > Post transcriptional and post translational regulation of the protein expression
5 1 e 100 SEM of three biological replicates. Arabidopsis Actin 2 is Lactic acid uptake activity of NIP2;1 E”P;f endent 1actic acid Lptake activity 0 > Anaerobic respiration produces lactic acid that lower the cytosol pH and function
= S 30, used as internal reference gene. b) The GUS staining of ’ > AtNIP2;1is a core hypoxia gene upregulated by lack of oxygen. > Differential expression of core hypoxia genes on loss of AtNIP2;1
= 20 AtNIP2;1 promoter GUS plants shows the root specific > AtNIP2;1 transports lactic acid » Metabolic profiling of loss of A{NIP2;1 plants under normal and hypoxic
%-0 101 o GUS staining. c) The gRT-PCR analyses shows hypoxia > Loss of AtNIP2;1 increases the plant susceptibility to hypoxia and flooding condition
. 0 A-t_N-IP2;1 Adh 1 Pdc 1 induced gene expression of AtNIP2;1. > In absence of AINIP2;1 plants switch to alcoholic fermentation
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