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Abstract

Upon disruption of ER homeostasis, plant cells activate at least two branches of the

unfolded protein response (UPR) through IRE1-like and ATAF6-like transducers, resulting

in the upregulation of ER-resident molecular chaperones and the activation of the ER-

associated degradation protein system. Here, we discuss a new ER stress response

pathway in plants that is associated with an osmotic stress response in transducing a

cell death signal. Both ER and osmotic stress induce the expression of the novel

transcription factor GmERD15, which binds and activates N-rich protein (NRP)

promoters to induce NRP expression and cause the upregulation of GmNAC6, an

effector of the cell death response. In contrast to this activation mechanism, the ER-

resident molecular chaperone binding protein (BiP) attenuates the propagation of the

cell death signal by modulating the expression and activity of components of the ER

and osmotic stress-induced NRP-mediated cell death signaling. This interaction

attenuates dehydration-induced cell death and promotes a better adaptation of BiP-

overexpressing transgenic lines to drought.
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endoplasmic reticulum stress osmotic stress

The endoplasmic reticulum is a key signaling organelle involved in the activation of

cellular stress responses in eukaryotic cells. One such well-characterized signaling

event is the unfolded protein response (UPR), which is activated to cope with the

disruption of ER homeostasis that results in the accumulation of unfolded or misfolded

proteins in the lumen of the organelle. In mammalian cells, the UPR has been

associated with other stress response pathways through shared components.  In plants,

the potential of the ER stress response to accommodate adaptive pathways and its

connection with other environmentally induced responses have been the subjects of

studies in recent years.  One plant-specific, ER stress-shared response is ER and

osmotic stress-integrated signaling, which converges on N-rich proteins (NRPs) to

transduce a cell death signal.  As an integrated pathway, NRP-mediated cell death

signaling is activated by either ER or osmotic stress but requires both signals for full

activation.

ER stress response and NRP-mediated cell death signaling

Any condition that disrupts ER homeostasis to induce the accumulation of unfolded or

misfolded proteins in the ER lumen activates a signal transduction system that

connects the ER lumen with the cytoplasm and nucleus, a process called the unfolded

protein response (UPR). In mammalian cells, this signaling pathway is transduced

through three branches of ER stress sensors: the ER-associated receptors PERK (protein

kinase RNA-like ER kinase), IRE1 (inositol-requiring protein-1) and ATF6 (activating

transcription factor-6).  The activation mechanism of these proteins has not been

completely resolved, but it is known that certain molecular chaperones in the ER

lumen, e.g., BiP (Grp78), are involved in the activation of these transmembrane

transducers. Under normal conditions, the molecular chaperone BiP is bound to the

luminal domain of these receptors, rendering them inactive. The accumulation of

misfolded proteins in the ER increases the need for the molecular chaperone activity of

BiP, and thus, upon ER stress, BiP is released from these receptors. BiP dissociation

causes the activation of the three transducers. The activation of PERK suppresses
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protein synthesis through the phosphorylation of translation initiation factor 2 α (IF2α).

Upon BiP release, Ire1 undergoes dimerization, which sequentially activates its kinase

and ribonuclease activity to induce the spliceosome-independent splicing of XBP1 (X-

box binding protein-1) mRNA to generate mature mRNA that encode an active

transcription factor. The activation of ATF6 promotes its translocation to the Golgi,

where it is specifically cleaved by the proteolytic enzymes SP1 and SP2. Upon

proteolytic hydrolysis of the transmembrane, the transcriptional activation domain of

ATF6 detaches from the membrane and is directed to the nucleus. In the nucleus, XBP1

and ATF6 act in concert to activate the expression of ER-resident molecular chaperones,

foldases and components of the ER-associated degradation (ERAD) system to increase

the protein folding and processing capacity of the ER under stress conditions. Thus, on

a physiological level, the activation of UPR triggers three protective cellular responses:

(i) attenuation of protein translation through the PERK-mediated phosphorylation of

IF2α, (ii) upregulation of ER chaperones and (iii) degradation of misfolded proteins by

the proteasome (ERAD). However, the failure to restore ER homeostasis under stress

conditions results in the activation of programmed cell death signaling pathways as an

ultimate attempt for survival. In plants, the UPR seems to operate as a bipartite

module, as the ER stress signal is transduced through homologs of the IRE1 and ATF6

transducers, but aPERK-mediated branch of the UPR has not been shown.

In Arabidopsis, two IRE1-related genes, IRE1a and IRE1b, encode transmembrane

domain-containing proteins that function as ER stress sensors or transducers. The GFP

fusions of these receptors have been localized to the perinuclear ER, and the luminal

sensor domain of these receptors can functionally replace the yeast IRE1 gene in

complementation assays.  Furthermore, both IRE1a and IRE1b display ribonuclease

activity in vitro,  and the functional characterization of an atire1a atire1b double

mutant has revealed an essential and overlapping role for AtIRE1A and AtIRE1B as plant

UPR regulators.  Recently, a second component of this branch of ER stress signaling

has been identified as the ER membrane-associated transcription factor bZIP60.

Under normal conditions, the transcription factor bZIP60 is associated with microsomes,

but under stress conditions, a truncated version of bZIP60 concentrates in the nucleus

and activates the stress-inducible BiP3 promoter.  More recently, it has been

demonstrated that upon ER stress, bZIP60 mRNA is spliced in an IRE1b-mediated

process to generate an alternatively spliced transcript that lacks the transmembrane

domain-encoding sequences.  This splicing leads to the synthesis of a soluble and

functional bZIP60 transfactor that can be translocated to the nucleus, where it activates
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ER stress inducible promoters, such as the BiP3 promoter. Likewise, OsbZIP74 or

OsbZIP50 from rice, an ortholog of Arabidopsis AtbZIP60, is regulated through the IRE1-

mediated splicing of its RNA to render the activation of ER stress-inducible

promoters.

The second branch of UPR in plants mechanistically resembles the ATF6-mediated

transduction of the ER stress signal. The membrane-associated Arabidopsis ATF6

homologs are bZIP17 and bZIP28, and they have canonical S1P sites in their C-terminal

tails that face the ER lumen and appear to be processed by S1P and S2P. Upon ER

stress, bZIP17 and zZIP28 are relocated to the Golgi, where their transcriptional

domains are proteolytically released from the membrane by SP2.  The transcriptional

activator components of these transmembrane transfactors are then translocated to

the nucleus, where they promote the expression of stress response genes.  Thus,

the bipartite cellular response to ER stress in plants is mediated through IreI-like

receptors and ATAF6 analog transducers to induce ER-resident molecular chaperones

andthe ER-associated protein degradation machinery as a protective measure.

However, if ER stress is sustained, an apoptotic pathway is activated. Nevertheless,

little is known about the pathways that can contribute to ER stress-induced cell death in

plants. Recently, an ER membrane-associated Gβ-Gγ heterodimer protein has been

shown to be involved in the signaling events that trigger UPR-associated cell death in

Arabidopsis.  The study demonstrates that inactivation of the Gβ subunit (AGB1) of the

heterotrimeric G protein protects plant cells against cell death induced by tunicamycin

(Tm), a potent inducer of ER stress. Discrepant results were later reported with the

demonstration that an AGB1 loss-of-function mutation causes over-sensitivity to ER

stress and enhances the Tm-sensitive phenotype in the atire1a atire1b double mutant.

Although the involvement of the GTP-binding protein β1 (AGB1) in mediating ER stress-

induced cell death is still a matter of debate, the latter study clearly demonstrated

through reverse genetics that AtIRE1 and AGB1 independently and antagonistically

control two essential plant UPR pathways.

NRP-mediated cell death signaling is a distinct, plant-specific branch of the ER stress

pathway that has been uncovered in soybean and has been shown to integrate the ER

and osmotic stress signals into a full response.  This integrative pathway was first

identified through genome-wide approaches and expression profiling, which revealed

the existence of a modest overlap of the ER and osmotic stress-induced transcriptomes

in soybean seedlings treated with PEG (an inducer of osmotic stress) or tunicamycin

and AZC (potent inducers of ER stress).  The co-regulated genes were first considered
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to be downstream targets of the integrated pathway based on similar induction kinetics

and a synergistic response to the combination of osmotic and ER stress-inducing

treatments. Based on these criteria, the selected downstream components of this ER

and osmotic stress response-integrating pathway demonstrated the strongest

synergistic induction, encoding proteins with diverse roles, such as plant-specific

development and cell death (DCD) domain-containing proteins (NRP-A and NRP-B), an

ubiquitin-associated (UBA) protein homolog and NAC domain-containing proteins

(GmNAC6). NRP-A and NRP-B share a highly conserved C-terminal DCD (development

and cell death) domain and possess a high number of asparagine residues at their more

divergent N terminus.  NRPs are critical mediators of ER and osmotic stress-induced

cell death in soybeans.  The cell death response mediated by NRPs resembles a

programmed cell death event. The overexpression of NRPs in soybean protoplasts

induces caspase-3-like activity and promotes extensive DNA fragmentation.

Furthermore, the transient expression of NRPs in plants causes leaf yellowing,

chlorophyll loss, malondialdehyde production, ethylene evolution and the induction of

senescence marker genes, which are hallmarks of leaf senescence.

Similar to NRPs, GmNAC6 is another target of the integrated pathway that is strongly

induced by cycloheximide, a potent inducer of cell death in soybean suspension cells. It

is synergistically activated by a combination of ER and osmotic stress signals, and

induces a senescence-like response in planta and cell death in soybean protoplasts.

GmNAC6 belongs to a class of NAC (NAM, ATAF1, ATAF2 and CUC2) domain-containing

proteins, which make up a large family of plant-specific transcription factor genes

represented by at least 101 sequences in the soybean genome that are clustered into

15 different sub-families.  Members of this family are involved in the development and

stress response. The NAC transfactors are organized into a general structure that

consists of a highly conserved N-terminal domain involved in DNA binding (called the

NAC domain) and a C-terminal region that is highly divergent in sequence and length,

which functions as the activation domain.  NRPs and GmNAC6 are coordinately

regulated through a variety of biotic and abiotic stresses, but induction of NRPs

precedes the upregulation of GmNAC6. Consistent with this early induction kinetics, the

expression of NRPs activates the GmNAC6 promoter and induces GmNAC6 expression,

suggesting that GmNAC6 is located downstream of NRP in the ER and osmotic stress-

induced cell death response.

An upstream component of the NRP-mediated cell death response, GmERD15 (Glycine

max Early Responsive to Dehydration 15), has been recently identified using one-hybrid
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screening that targeted the NRP-B promoter in yeast.  GmERD15 is induced by ER and

osmotic stress to activate the expression of NRP genes. GmERD15 binds to and

activates the NRP-B promoter in vitro and in vivo, exhibits transcriptional activity, is

localized in the nucleus and induces the expression of the NRP-B gene when transiently

expressed in soybean protoplasts. GmERD15 belongs to a class of ssDNA binding

proteins and specifically recognizes the 12-bp palindromic sequence

-511AGCAnnnnTGCT-500 in both SS (single-stranded) and DS (double-stranded)

configurations of the NRP-B promoter. As an upstream component of ER stress-induced

NRP-mediated signaling, GmERD15 associates stress in the ER with an osmotic stress-

induced cell death signal.

The binding protein inhibits NRP-mediated cell death signaling and

confers tolerance to drought

Although the activation mechanism of the three UPR transducers has not been totally

deciphered in mammalian cells, the molecular chaperone BiP has been shown to play a

pivotal role in controlling the activation status of IRE1, PERK and ATAF6.  Because BiP

is the sole molecular chaperone involved in the activation of UPR, changes in its

expression might indicate changes in the folding environment and ER processing

capacity. Accordingly, the overexpression of BiP in mammals attenuates ER stress and

suppresses the activation of UPR.  Mammalian BiP also exhibits protective properties

that prevent oxidative stress, Ca  disturbances and cell death.  In plants, there is

no compelling evidence that BiP functions as a regulator of UPR transducers.

Nevertheless, the overexpression of BiP in tobacco and soybean attenuates the

activation of the UPR, suggesting a role for BiP in controlling the activation of UPR.

More recently, it has been shown that the BiP-mediated inhibition of UPR activation

appears to be dependent on the duration and intensity of the ER stress, such that BiP

inhibition seems to be relieved if the stress persists.  This observation might explain

the controversy surrounding a potential role for BiP as regulator of UPR in plants.

In addition to alleviating ER stress,  the overexpression of BiP in plants has also been

shown to increase their tolerance to water deficits.  The apparent increase in BiP-

mediated drought tolerance was not associated with typical short and long-term

avoidance responses or with other known tolerance mechanisms.  The only variations

observed in the BiP-overexpressing (OE) lines are a delay in drought-induced leaf
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senescence and an inhibition of the drought-mediated downregulation of ER molecular

chaperone transcripts that occurs under prolonged osmotic stress. Recently, it has been

shown that the enhanced expression of BiP in soybean (Glycine max) attenuated ER

and osmotic-stress-mediated cell death.  In transgenic lines, BiP overexpression

attenuates ER and osmotic stress-induced cell death phenotypes, such as foliar necrotic

lesions and wilting, percentage of dead cells, induction of senescence-associated gene

markers, DNA fragmentation, caspase activity, lipid peroxidation and induction of the

cell death marker genes NRP-A, NRP-B and GmNAC6. Accordingly, the prosurvival effect

of BiP was associated with the modulation of the ER and osmotic stress-induced NRP-

mediated cell death signaling, as determined in transgenic tobacco lines with enhanced

and suppressed BiP levels. The enhanced expression of BiP prevented NRP- and NAC6-

mediated cell death, whereas the silencing of endogenous BiP accelerated the onset of

leaf senescence mediated through the ectopic expression of NRPs and GmNAC6 in

tobacco leaves. These results implicate BiP as a negative regulator of the stress-

induced NRP-mediated cell death response. Thus, it is not surprising that the

overexpression of BiP delays drought-induced senescence in tobacco and soybean

plants and confers the increased adaptation of these transgenic lines under water

deprivation conditions compared with wild-type controls.

NRP-mediated cell death signaling represents a general plant

response to multiple stresses

The components of the NRP-mediated cell death response, which include GmERD15,

NRP-A, NRP-B and GmNAC6, are coordinately induced by several biotic and abiotic

stimuli.  It is likely that the NRP-mediated cell death signaling pathway represents a

common response of plant cells to a variety of different stimuli. At least three lines of

evidence implicate the stress-induced NRP-mediated cell death response as part of the

hypersensitive response elicited by pathogen incompatibility interactions. First, the

expression of both NRPs and GmNAC6 is induced through incompatibility interactions

and salicylic acid.  Second, the prolonged expression of GmNAC6 and NRPs causes

necrotic lesions, resembling those of the hypersensitive response phenotype, and

induces the expression of pathogenesis-related genes.  Finally, ERD15, the

transcriptional activator of NRP expression, was first described in Arabidopsis as a

dehydration-induced gene  that functions as a negative regulator of the abscisic acid
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(ABA)-mediated response and a positive regulator of the salicylic acid (SA)-dependent

defense pathway.

Conclusions

Since the discovery of the stress-induced NRP-mediated cell death response, many

aspects of this signaling pathway induced by prolonged ER and osmotic stress have

been elucidated. We now know that this pathway integrates the ER and osmotic-stress

signals to synergistically increase the expression of N-rich proteins (NRP-A and NRP-B)

and the NAC domain-containing protein GmNAC6, which are critical mediators of stress-

induced cell death in plants. We also know that NRP-B expression is controlled by the

novel ER and osmotic stress-induced transcriptional factor GmERD15 (Glycine max

Early Responsive to Dehydration 15). However, several key players of this stress-

induced signaling pathway are unknown, and many questions remain unanswered.

What is the ER receptor that molecularly links the ER stress signal with the cell death

response? How is the cell death signal propagated from induction of the plasma

membrane-associated NRPs to the activation of the GmNAC6 promoter? What are the

molecular events downstream of GmNAC6 that promote the cell death response? The

synergistic induction of NRPs and NAC6 expression through the combination of ER and

osmotic stress inducers indicates that the osmotic and ER stress-mediated cell death

signals are transduced through separate pathways that converge on NRP expression.

Which upstream components of NRPs are activated by the osmotic stress signal? The

identification of NRP-interacting partners and downstream targets of the GmNAC6

transcriptional factor combined with the use of reverse genetics to examine plant ER

stress transducers will be crucial to decipher this stress-induced cell death signaling

response.

Recent data show that BiP, an ER molecular chaperone, acts as a negative regulator of

NRP-mediated cell death signaling and that the manipulation of BiP expression protects

plants against drought. We propose that the underlying mechanism of BiP-mediated

increase in water stress tolerance is likely associated, at least in part, with its capacity

to modulate the osmotic stress-induced NRP-mediated cell death response. The positive

effect of the modulation of the NRP-mediated cell death pathway on plant adaptation to

stress might implicate this pathway as an excellent target for engineering superior

crops. Because the NRP-mediated cell death signaling pathway represents a shared
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response to multiple stress signals in plants, it might permit coordinate adaptive

cellular responses under a large array of stress conditions.

References

1. Malhotra JD, Kaufman RJ. The endoplasmic reticulum and the unfolded protein

response. Semin Cell Dev Biol 2007; 18:716 - 31;

http://dx.doi.org/10.1016/j.semcdb.2007.09.003; PMID: 18023214

 PubMed Web of Science ® Google Scholar

2. Liu JX, Howell SH. Endoplasmic Reticulum Protein Quality Control and Its Relationship

to Environmental Stress Responses in Plants. Plant Cell 2010; 22: 1–13. PMID:

20876830: DOI: 10.1105/tpc.110.078154.

 Google Scholar

3. Moreno AA, Orellana A. The physiological role of the unfolded protein response in

plants. Biol Res 2011; 44:75 - 80; http://dx.doi.org/10.4067/S0716-

97602011000100010; PMID: 21720684

 PubMed Web of Science ® Google Scholar

4. Costa MDL, Reis PAB, Valente MAS, Irsigler AST, Carvalho CM, Loureiro ME, et al. A

new branch of endoplasmic reticulum stress signaling and the osmotic signal

converge on plant-specific asparagine-rich proteins to promote cell death. J Biol

Chem 2008; 283:20209 - 19; http://dx.doi.org/10.1074/jbc.M802654200; PMID:

18490446

 PubMed Web of Science ® Google Scholar

5. Ron D, Walter P. Signal integration in the endoplasmic reticulum unfolded protein

response. Nat Rev Mol Cell Biol 2007; 8:519 - 29; http://dx.doi.org/10.1038/nrm2199;

PMID: 17565364

 PubMed Web of Science ® Google Scholar

In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://doi.org/10.1016/j.semcdb.2007.09.003
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_2_1&dbid=8&doi=10.4161%2Fpsb.20111&key=18023214&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1016%2Fj.semcdb.2007.09.003&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_2_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000253486700002&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1016%2Fj.semcdb.2007.09.003&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D18%26publication_year%3D2007%26pages%3D716-31%26journal%3DSemin%2BCell%2BDev%2BBiol%26author%3DJD%2BMalhotra%26author%3DRJ%2BKaufman%26title%3DThe%2Bendoplasmic%2Breticulum%2Band%2Bthe%2Bunfolded%2Bprotein%2Bresponse%26pmid%3D18023214%26doi%3D10.1016%252Fj.semcdb.2007.09.003&doi=10.4161%2Fpsb.20111&doiOfLink=10.1016%2Fj.semcdb.2007.09.003&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DLiu%2BJX%252C%2BHowell%2BSH.%2BEndoplasmic%2BReticulum%2BProtein%2BQuality%2BControl%2Band%2BIts%2BRelationship%2Bto%2BEnvironmental%2BStress%2BResponses%2Bin%2BPlants.%2BPlant%2BCell%2B2010%253B%2B22%253A%2B1%25E2%2580%259313.%2BPMID%253A%2B20876830%253A%2BDOI%253A%2B10.1105%252Ftpc.110.078154.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.4067/S0716-97602011000100010
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_4_1&dbid=8&doi=10.4161%2Fpsb.20111&key=21720684&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.4067%2FS0716-97602011000100010&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_4_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000289541700010&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.4067%2FS0716-97602011000100010&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D44%26publication_year%3D2011%26pages%3D75-80%26journal%3DBiol%2BRes%26author%3DAA%2BMoreno%26author%3DA%2BOrellana%26title%3DThe%2Bphysiological%2Brole%2Bof%2Bthe%2Bunfolded%2Bprotein%2Bresponse%2Bin%2Bplants%26pmid%3D21720684%26doi%3D10.4067%252FS0716-97602011000100010&doi=10.4161%2Fpsb.20111&doiOfLink=10.4067%2FS0716-97602011000100010&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1074/jbc.M802654200
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_5_1&dbid=8&doi=10.4161%2Fpsb.20111&key=18490446&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.M802654200&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_5_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000257565300037&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.M802654200&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D283%26publication_year%3D2008%26pages%3D20209-19%26journal%3DJ%2BBiol%2BChem%26author%3DMDL%2BCosta%26author%3DPAB%2BReis%26author%3DMAS%2BValente%26author%3DAST%2BIrsigler%26author%3DCM%2BCarvalho%26author%3DME%2BLoureiro%26title%3DA%2Bnew%2Bbranch%2Bof%2Bendoplasmic%2Breticulum%2Bstress%2Bsignaling%2Band%2Bthe%2Bosmotic%2Bsignal%2Bconverge%2Bon%2Bplant-specific%2Basparagine-rich%2Bproteins%2Bto%2Bpromote%2Bcell%2Bdeath%26pmid%3D18490446%26doi%3D10.1074%252Fjbc.M802654200&doi=10.4161%2Fpsb.20111&doiOfLink=10.1074%2Fjbc.M802654200&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1038/nrm2199
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_6_1&dbid=8&doi=10.4161%2Fpsb.20111&key=17565364&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1038%2Fnrm2199&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_6_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000247463500012&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1038%2Fnrm2199&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D8%26publication_year%3D2007%26pages%3D519-29%26journal%3DNat%2BRev%2BMol%2BCell%2BBiol%26author%3DD%2BRon%26author%3DP%2BWalter%26title%3DSignal%2Bintegration%2Bin%2Bthe%2Bendoplasmic%2Breticulum%2Bunfolded%2Bprotein%2Bresponse%26pmid%3D17565364%26doi%3D10.1038%252Fnrm2199&doi=10.4161%2Fpsb.20111&doiOfLink=10.1038%2Fnrm2199&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.informa.com/privacy-policy/


6. Koizumi N, Martine IM, Kimata Y, Kohno K, Sano H, Chrispeels MJ. Molecular

characterization of two Arabidopsis Ire1 homologs, endoplasmic reticulum-located

transmembrane protein kinases. Plant Physiology 2001; 127: 949-962. PMID:

11706177: DOI: 10.1104/pp.010636.

 Google Scholar

7. Deng Y, Humbert S, Liu JX, Srivastava R, Rothstein SJ, Howell SH. Heat induces the

splicing by IRE1 of a mRNA encoding a transcription factor involved in the unfolded

protein response in Arabidopsis. Proc Natl Acad Sci U S A 2011; 108:7247 - 52;

http://dx.doi.org/10.1073/pnas.1102117108; PMID: 21482766

 PubMed Web of Science ® Google Scholar

8. Chen Y, Brandizzi F. AtIRE1A/AtIRE1B and AGB1 independently control two essential

unfolded protein response pathways in Arabidopsis. Plant J 2012; 69:266 - 77;

http://dx.doi.org/10.1111/j.1365-313X.2011.04788.x; PMID: 21914012

 PubMed Web of Science ® Google Scholar

9. Nagashima Y, Mishiba K, Suzuki E, Shimada Y, IwataYand Koizumi N. Arabidopsis IRE1

catalyses unconventional splicing ofbZIP60 mRNA to produce the active transcription

factor.Scientific reports 2011; 1:29. PMID: 22355548: DOI: 10.1038/srep00029.

 Google Scholar

10. Iwata Y, Fedoroff NV, Koizumi N. Arabidopsis bZIP60 is a proteolysis-activated

transcription factor involved in the endoplasmic reticulum stress response. Plant Cell

2008; 20:3107 - 21; http://dx.doi.org/10.1105/tpc.108.061002; PMID: 19017746

 PubMed Web of Science ® Google Scholar

11. Hayashi S, Wakasa Y, Takahashi H, Kawakatsu T, Takaiwa F. Signal transduction by

IRE1-mediated splicing of bZIP50 and other stress sensors in the endoplasmic

reticulum stress response of rice. Plant J 2012; 69:946 - 56;

http://dx.doi.org/10.1111/j.1365-313X.2011.04844.x; PMID: 22050533

 PubMed Web of Science ® Google Scholar

12. Lu S-J, Yang Z-T, Sun L, Sun L, Song Z-T, Liu J-X.Conservation of IRE1-Regulated

bZIP74 mRNA Unconventional Splicing in Rice (Oryza sativa L.)Involved in ER Stress
In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DKoizumi%2BN%252C%2BMartine%2BIM%252C%2BKimata%2BY%252C%2BKohno%2BK%252C%2BSano%2BH%252C%2BChrispeels%2BMJ.%2BMolecular%2Bcharacterization%2Bof%2Btwo%2BArabidopsis%2BIre1%2Bhomologs%252C%2Bendoplasmic%2Breticulum-located%2Btransmembrane%2Bprotein%2Bkinases.%2BPlant%2BPhysiology%2B2001%253B%2B127%253A%2B949-962.%2BPMID%253A%2B11706177%253A%2BDOI%253A%2B10.1104%252Fpp.010636.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1073/pnas.1102117108
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_8_1&dbid=8&doi=10.4161%2Fpsb.20111&key=21482766&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1073%2Fpnas.1102117108&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_8_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000289888500104&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1073%2Fpnas.1102117108&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D108%26publication_year%3D2011%26pages%3D7247-52%26journal%3DProc%2BNatl%2BAcad%2BSci%2BU%2BS%2BA%26author%3DY%2BDeng%26author%3DS%2BHumbert%26author%3DJX%2BLiu%26author%3DR%2BSrivastava%26author%3DSJ%2BRothstein%26author%3DSH%2BHowell%26title%3DHeat%2Binduces%2Bthe%2Bsplicing%2Bby%2BIRE1%2Bof%2Ba%2BmRNA%2Bencoding%2Ba%2Btranscription%2Bfactor%2Binvolved%2Bin%2Bthe%2Bunfolded%2Bprotein%2Bresponse%2Bin%2BArabidopsis%26pmid%3D21482766%26doi%3D10.1073%252Fpnas.1102117108&doi=10.4161%2Fpsb.20111&doiOfLink=10.1073%2Fpnas.1102117108&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1111/j.1365-313X.2011.04788.x
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_9_1&dbid=8&doi=10.4161%2Fpsb.20111&key=21914012&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1111%2Fj.1365-313X.2011.04788.x&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_9_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000298874300007&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1111%2Fj.1365-313X.2011.04788.x&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D69%26publication_year%3D2012%26pages%3D266-77%26journal%3DPlant%2BJ%26author%3DY%2BChen%26author%3DF%2BBrandizzi%26title%3DAtIRE1A%252FAtIRE1B%2Band%2BAGB1%2Bindependently%2Bcontrol%2Btwo%2Bessential%2Bunfolded%2Bprotein%2Bresponse%2Bpathways%2Bin%2BArabidopsis%26pmid%3D21914012%26doi%3D10.1111%252Fj.1365-313X.2011.04788.x&doi=10.4161%2Fpsb.20111&doiOfLink=10.1111%2Fj.1365-313X.2011.04788.x&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DNagashima%2BY%252C%2BMishiba%2BK%252C%2BSuzuki%2BE%252C%2BShimada%2BY%252C%2BIwataYand%2BKoizumi%2BN.%2BArabidopsis%2BIRE1%2Bcatalyses%2Bunconventional%2Bsplicing%2BofbZIP60%2BmRNA%2Bto%2Bproduce%2Bthe%2Bactive%2Btranscription%2Bfactor.Scientific%2Breports%2B2011%253B%2B1%253A29.%2BPMID%253A%2B22355548%253A%2BDOI%253A%2B10.1038%252Fsrep00029.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1105/tpc.108.061002
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_11_1&dbid=8&doi=10.4161%2Fpsb.20111&key=19017746&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1105%2Ftpc.108.061002&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_11_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000262131500016&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1105%2Ftpc.108.061002&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D20%26publication_year%3D2008%26pages%3D3107-21%26journal%3DPlant%2BCell%26author%3DY%2BIwata%26author%3DNV%2BFedoroff%26author%3DN%2BKoizumi%26title%3DArabidopsis%2BbZIP60%2Bis%2Ba%2Bproteolysis-activated%2Btranscription%2Bfactor%2Binvolved%2Bin%2Bthe%2Bendoplasmic%2Breticulum%2Bstress%2Bresponse%26pmid%3D19017746%26doi%3D10.1105%252Ftpc.108.061002&doi=10.4161%2Fpsb.20111&doiOfLink=10.1105%2Ftpc.108.061002&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1111/j.1365-313X.2011.04844.x
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_12_1&dbid=8&doi=10.4161%2Fpsb.20111&key=22050533&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1111%2Fj.1365-313X.2011.04844.x&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_12_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000301578400003&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1111%2Fj.1365-313X.2011.04844.x&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D69%26publication_year%3D2012%26pages%3D946-56%26journal%3DPlant%2BJ%26author%3DS%2BHayashi%26author%3DY%2BWakasa%26author%3DH%2BTakahashi%26author%3DT%2BKawakatsu%26author%3DF%2BTakaiwa%26title%3DSignal%2Btransduction%2Bby%2BIRE1-mediated%2Bsplicing%2Bof%2BbZIP50%2Band%2Bother%2Bstress%2Bsensors%2Bin%2Bthe%2Bendoplasmic%2Breticulum%2Bstress%2Bresponse%2Bof%2Brice%26pmid%3D22050533%26doi%3D10.1111%252Fj.1365-313X.2011.04844.x&doi=10.4161%2Fpsb.20111&doiOfLink=10.1111%2Fj.1365-313X.2011.04844.x&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.informa.com/privacy-policy/


Responses. Molecular Plan 2011. PMID: 22199238: DOI:10.1093/mp/ssr115

 Google Scholar

13. Che P, Bussell JD, Zhou W, Estavillo GM, Pogson BJ, Smith SM. Signaling from the

endoplasmic reticulum activates brassinosteroid signaling and promotes acclimation

to stress in Arabidopsis. Sci Signal 2010; 3:ra69;

http://dx.doi.org/10.1126/scisignal.2001140; PMID: 20876872

 PubMed Web of Science ® Google Scholar

14. Liu JX, Srivastava R, Che P, Howell SH. An endoplasmic reticulum stress response in

Arabidopsis is mediated by proteolytic processing and nuclear relocation of a

membrane-associated transcription factor, bZIP28. Plant Cell 2007; 19:4111–4119.

PMID: 18156219: DOI: 10.1105/tpc.106.050021.

 Google Scholar

15. Gao H, Brandizzi F, Benning C, Larkin RM. A membrane-tethered transcription factor

defines a branch of the heat stress response in Arabidopsis thaliana. Proc Natl Acad

Sci U S A 2008; 105:16398 - 403; http://dx.doi.org/10.1073/pnas.0808463105; PMID:

18849477

 PubMed Web of Science ® Google Scholar

16. Tajima H, Iwata Y, Iwamano M takayama S, Skoizumi. Identification of an Arabidopsis

transmembranebZIP transcription factor involved in the endoplasmic reticulum stress

response.Biochemichal and Biophysical Research Communications 2008; 374: 242-

247. PMID: 18634751: DOI:10.1016/j.bbrc.2008.07.021.

 Google Scholar

17. Wang S, Narendra S, Fedoroff N. Heterotrimeric G protein signaling in the Arabidopsis

unfolded protein response. Proc Natl Acad Sci U S A 2007; 104:3817 - 22;

http://dx.doi.org/10.1073/pnas.0611735104; PMID: 17360436

 PubMed Web of Science ® Google Scholar

18. Irsigler AST, Costa MDL, Zhang P, Reis PAB, Dewey RE, Boston RS, et al. Expression

profiling on soybean leaves reveals integration of ER- and osmotic-stress pathways.

In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DLu%2BS-J%252C%2BYang%2BZ-T%252C%2BSun%2BL%252C%2BSun%2BL%252C%2BSong%2BZ-T%252C%2BLiu%2BJ-X.Conservation%2Bof%2BIRE1-Regulated%2BbZIP74%2BmRNA%2BUnconventional%2BSplicing%2Bin%2BRice%2B%2528Oryza%2Bsativa%2BL.%2529Involved%2Bin%2BER%2BStress%2BResponses.%2BMolecular%2BPlan%2B2011.%2BPMID%253A%2B22199238%253A%2BDOI%253A10.1093%252Fmp%252Fssr115&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1126/scisignal.2001140
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_14_1&dbid=8&doi=10.4161%2Fpsb.20111&key=20876872&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1126%2Fscisignal.2001140&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_14_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000282272800001&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1126%2Fscisignal.2001140&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D3%26publication_year%3D2010%26pages%3Dra69%26journal%3DSci%2BSignal%26author%3DP%2BChe%26author%3DJD%2BBussell%26author%3DW%2BZhou%26author%3DGM%2BEstavillo%26author%3DBJ%2BPogson%26author%3DSM%2BSmith%26title%3DSignaling%2Bfrom%2Bthe%2Bendoplasmic%2Breticulum%2Bactivates%2Bbrassinosteroid%2Bsignaling%2Band%2Bpromotes%2Bacclimation%2Bto%2Bstress%2Bin%2BArabidopsis%26pmid%3D20876872%26doi%3D10.1126%252Fscisignal.2001140&doi=10.4161%2Fpsb.20111&doiOfLink=10.1126%2Fscisignal.2001140&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DLiu%2BJX%252C%2BSrivastava%2BR%252C%2BChe%2BP%252C%2BHowell%2BSH.%2BAn%2Bendoplasmic%2Breticulum%2Bstress%2Bresponse%2Bin%2BArabidopsis%2Bis%2Bmediated%2Bby%2Bproteolytic%2Bprocessing%2Band%2Bnuclear%2Brelocation%2Bof%2Ba%2Bmembrane-associated%2Btranscription%2Bfactor%252C%2BbZIP28.%2BPlant%2BCell%2B2007%253B%2B19%253A4111%25E2%2580%25934119.%2BPMID%253A%2B18156219%253A%2BDOI%253A%2B10.1105%252Ftpc.106.050021.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1073/pnas.0808463105
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_16_1&dbid=8&doi=10.4161%2Fpsb.20111&key=18849477&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1073%2Fpnas.0808463105&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_16_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000260597400059&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1073%2Fpnas.0808463105&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D105%26publication_year%3D2008%26pages%3D16398-403%26journal%3DProc%2BNatl%2BAcad%2BSci%2BU%2BS%2BA%26author%3DH%2BGao%26author%3DF%2BBrandizzi%26author%3DC%2BBenning%26author%3DRM%2BLarkin%26title%3DA%2Bmembrane-tethered%2Btranscription%2Bfactor%2Bdefines%2Ba%2Bbranch%2Bof%2Bthe%2Bheat%2Bstress%2Bresponse%2Bin%2BArabidopsis%2Bthaliana%26pmid%3D18849477%26doi%3D10.1073%252Fpnas.0808463105&doi=10.4161%2Fpsb.20111&doiOfLink=10.1073%2Fpnas.0808463105&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DTajima%2BH%252C%2BIwata%2BY%252C%2BIwamano%2BM%2Btakayama%2BS%252C%2BSkoizumi.%2BIdentification%2Bof%2Ban%2BArabidopsis%2BtransmembranebZIP%2Btranscription%2Bfactor%2Binvolved%2Bin%2Bthe%2Bendoplasmic%2Breticulum%2Bstress%2Bresponse.Biochemichal%2Band%2BBiophysical%2BResearch%2BCommunications%2B2008%253B%2B374%253A%2B242-247.%2BPMID%253A%2B18634751%253A%2BDOI%253A10.1016%252Fj.bbrc.2008.07.021.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1073/pnas.0611735104
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_18_1&dbid=8&doi=10.4161%2Fpsb.20111&key=17360436&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1073%2Fpnas.0611735104&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_18_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000244972400029&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1073%2Fpnas.0611735104&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D104%26publication_year%3D2007%26pages%3D3817-22%26journal%3DProc%2BNatl%2BAcad%2BSci%2BU%2BS%2BA%26author%3DS%2BWang%26author%3DS%2BNarendra%26author%3DN%2BFedoroff%26title%3DHeterotrimeric%2BG%2Bprotein%2Bsignaling%2Bin%2Bthe%2BArabidopsis%2Bunfolded%2Bprotein%2Bresponse%26pmid%3D17360436%26doi%3D10.1073%252Fpnas.0611735104&doi=10.4161%2Fpsb.20111&doiOfLink=10.1073%2Fpnas.0611735104&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.informa.com/privacy-policy/


BMC Genomics 2007; 8:431; http://dx.doi.org/10.1186/1471-2164-8-431; PMID:

18036212

 PubMed Web of Science ® Google Scholar

19. Tenhaken R, Doerks T, Bork P. DCD - a novel plant specific domain in proteins

involved in development and programmed cell death. BMC Bioinformatics 2005;

6:169; http://dx.doi.org/10.1186/1471-2105-6-169; PMID: 16008837

 PubMed Web of Science ® Google Scholar

20. Pinheiro GL, Marques CS, Costa MDBL, Reis PAB, Alves MS, Carvalho CM, et al.

Complete inventory of soybean NAC transcription factors: sequence conservation and

expression analysis uncover their distinct roles in stress response. Gene 2009;

444:10 - 23; http://dx.doi.org/10.1016/j.gene.2009.05.012; PMID: 19497355

 PubMed Web of Science ® Google Scholar

21. Faria JAQA, Reis PAB, Reis MTB, Rosado GL, Pinheiro GL, Mendes GC, et al. The NAC

domain-containing protein, GmNAC6, is a downstream component of the ER stress-

and osmotic stress-induced NRP-mediated cell-death signaling pathway. BMC Plant

Biol 2011; 11:129; http://dx.doi.org/10.1186/1471-2229-11-129; PMID: 21943253

 PubMed Web of Science ® Google Scholar

22. Hegedus D, Yu M, Baldwin D, Gruber M, Sharpe A, Parkin I, et al. Molecular

characterization of Brassica napus NAC domain transcriptional activators induced in

response to biotic and abiotic stress. Plant Mol Biol 2003; 53:383 - 97;

http://dx.doi.org/10.1023/B:PLAN.0000006944.61384.11; PMID: 14750526

 PubMed Web of Science ® Google Scholar

23. Alves MS, Reis PAB, Dadalto SP, Faria JAQA, Fontes EPB, Fietto LG. A novel

transcription factor, early responsive to dehydration 15, connects ER stress with an

osmotic stress-induced cell death signal. J Biol Chem 2010; 286:20020 - 30;

http://dx.doi.org/10.1074/jbc.M111.233494

 Web of Science ® Google Scholar

24. Bertolotti A, Zhang Y, Hendershot LM, Harding HP, Ron D. Dynamic interaction of BiP

and ER stress transducers in the unfolded-protein response. Nat Cell Biol 2000; 2:326In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://doi.org/10.1186/1471-2164-8-431
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_19_1&dbid=8&doi=10.4161%2Fpsb.20111&key=18036212&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1186%2F1471-2164-8-431&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_19_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000253146100001&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1186%2F1471-2164-8-431&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D8%26publication_year%3D2007%26pages%3D431%26journal%3DBMC%2BGenomics%26author%3DAST%2BIrsigler%26author%3DMDL%2BCosta%26author%3DP%2BZhang%26author%3DPAB%2BReis%26author%3DRE%2BDewey%26author%3DRS%2BBoston%26title%3DExpression%2Bprofiling%2Bon%2Bsoybean%2Bleaves%2Breveals%2Bintegration%2Bof%2BER-%2Band%2Bosmotic-stress%2Bpathways%26pmid%3D18036212%26doi%3D10.1186%252F1471-2164-8-431&doi=10.4161%2Fpsb.20111&doiOfLink=10.1186%2F1471-2164-8-431&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1186/1471-2105-6-169
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_20_1&dbid=8&doi=10.4161%2Fpsb.20111&key=16008837&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1186%2F1471-2105-6-169&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_20_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000230965300001&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1186%2F1471-2105-6-169&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D6%26publication_year%3D2005%26pages%3D169%26journal%3DBMC%2BBioinformatics%26author%3DR%2BTenhaken%26author%3DT%2BDoerks%26author%3DP%2BBork%26title%3DDCD%2B-%2Ba%2Bnovel%2Bplant%2Bspecific%2Bdomain%2Bin%2Bproteins%2Binvolved%2Bin%2Bdevelopment%2Band%2Bprogrammed%2Bcell%2Bdeath%26pmid%3D16008837%26doi%3D10.1186%252F1471-2105-6-169&doi=10.4161%2Fpsb.20111&doiOfLink=10.1186%2F1471-2105-6-169&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1016/j.gene.2009.05.012
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_21_1&dbid=8&doi=10.4161%2Fpsb.20111&key=19497355&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1016%2Fj.gene.2009.05.012&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_21_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000268385800002&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1016%2Fj.gene.2009.05.012&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D444%26publication_year%3D2009%26pages%3D10-23%26journal%3DGene%26author%3DGL%2BPinheiro%26author%3DCS%2BMarques%26author%3DMDBL%2BCosta%26author%3DPAB%2BReis%26author%3DMS%2BAlves%26author%3DCM%2BCarvalho%26title%3DComplete%2Binventory%2Bof%2Bsoybean%2BNAC%2Btranscription%2Bfactors%253A%2Bsequence%2Bconservation%2Band%2Bexpression%2Banalysis%2Buncover%2Btheir%2Bdistinct%2Broles%2Bin%2Bstress%2Bresponse%26pmid%3D19497355%26doi%3D10.1016%252Fj.gene.2009.05.012&doi=10.4161%2Fpsb.20111&doiOfLink=10.1016%2Fj.gene.2009.05.012&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1186/1471-2229-11-129
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_22_1&dbid=8&doi=10.4161%2Fpsb.20111&key=21943253&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1186%2F1471-2229-11-129&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_22_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000295916300001&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1186%2F1471-2229-11-129&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D11%26publication_year%3D2011%26pages%3D129%26journal%3DBMC%2BPlant%2BBiol%26author%3DJAQA%2BFaria%26author%3DPAB%2BReis%26author%3DMTB%2BReis%26author%3DGL%2BRosado%26author%3DGL%2BPinheiro%26author%3DGC%2BMendes%26title%3DThe%2BNAC%2Bdomain-containing%2Bprotein%252C%2BGmNAC6%252C%2Bis%2Ba%2Bdownstream%2Bcomponent%2Bof%2Bthe%2BER%2Bstress-%2Band%2Bosmotic%2Bstress-induced%2BNRP-mediated%2Bcell-death%2Bsignaling%2Bpathway%26pmid%3D21943253%26doi%3D10.1186%252F1471-2229-11-129&doi=10.4161%2Fpsb.20111&doiOfLink=10.1186%2F1471-2229-11-129&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1023/B:PLAN.0000006944.61384.11
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_23_1&dbid=8&doi=10.4161%2Fpsb.20111&key=14750526&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1023%2FB%3APLAN.0000006944.61384.11&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_23_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000186986400011&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1023%2FB%3APLAN.0000006944.61384.11&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D53%26publication_year%3D2003%26pages%3D383-97%26journal%3DPlant%2BMol%2BBiol%26author%3DD%2BHegedus%26author%3DM%2BYu%26author%3DD%2BBaldwin%26author%3DM%2BGruber%26author%3DA%2BSharpe%26author%3DI%2BParkin%26title%3DMolecular%2Bcharacterization%2Bof%2BBrassica%2Bnapus%2BNAC%2Bdomain%2Btranscriptional%2Bactivators%2Binduced%2Bin%2Bresponse%2Bto%2Bbiotic%2Band%2Babiotic%2Bstress%26pmid%3D14750526%26doi%3D10.1023%252FB%253APLAN.0000006944.61384.11&doi=10.4161%2Fpsb.20111&doiOfLink=10.1023%2FB%3APLAN.0000006944.61384.11&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1074/jbc.M111.233494
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_24_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000291027700079&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.M111.233494&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D286%26publication_year%3D2010%26pages%3D20020-30%26journal%3DJ%2BBiol%2BChem%26author%3DMS%2BAlves%26author%3DPAB%2BReis%26author%3DSP%2BDadalto%26author%3DJAQA%2BFaria%26author%3DEPB%2BFontes%26author%3DLG%2BFietto%26title%3DA%2Bnovel%2Btranscription%2Bfactor%252C%2Bearly%2Bresponsive%2Bto%2Bdehydration%2B15%252C%2Bconnects%2BER%2Bstress%2Bwith%2Ban%2Bosmotic%2Bstress-induced%2Bcell%2Bdeath%2Bsignal%26doi%3D10.1074%252Fjbc.M111.233494&doi=10.4161%2Fpsb.20111&doiOfLink=10.1074%2Fjbc.M111.233494&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1038/35014014
https://www.informa.com/privacy-policy/


- 32; http://dx.doi.org/10.1038/35014014; PMID: 10854322

 PubMed Web of Science ® Google Scholar

25. Morris JA, Dorner AJ, Edwards CA, Hendershot LM, Kaufman RJ. Immunoglobulin

binding protein (BiP) function is required to protect cells from endoplasmic reticulum

stress but is not required for the secretion of selective proteins. J Biol Chem 1997;

272:4327 - 34; http://dx.doi.org/10.1074/jbc.272.7.4327; PMID: 9020152

 PubMed Web of Science ® Google Scholar

26. Liu H, Bowes RC 3rd, van de Water B, Sillence C, Nagelkerke JF, Stevens JL.

Endoplasmic reticulum chaperones GRP78 and calreticulin prevent oxidative stress,

Ca2+ disturbances, and cell death in renal epithelial cells. J Biol Chem 1997;

272:21751 - 9; http://dx.doi.org/10.1074/jbc.272.35.21751; PMID: 9268304

 PubMed Web of Science ® Google Scholar

27. Liu H, Miller E, van de Water B, Stevens JL. Endoplasmic reticulum stress proteins

block oxidant-induced Ca2+ increases and cell death. J Biol Chem 1998; 273:12858 -

62; http://dx.doi.org/10.1074/jbc.273.21.12858; PMID: 9582315

 PubMed Web of Science ® Google Scholar

28. Gething MJ. Role and regulation of the ER chaperone BiP. Seminars in Cell and

Developmental Biology.1999; 10: 465-472. PMID:10597629: DOI:

10.1006/scdb.1999.0318.

 Google Scholar

29. Kishi S, Shimoke K, Nakatani Y, Shimada T, Okumura N, Nagai K, et al. Nerve growth

factor attenuates 2-deoxy-d-glucose-triggered endoplasmic reticulum stress-

mediated apoptosis via enhanced expression of GRP78. Neurosci Res 2010; 66:14 -

21; http://dx.doi.org/10.1016/j.neures.2009.09.003; PMID: 19766678

 PubMed Web of Science ® Google Scholar

30. Leborgne-Castel N, Jelitto-Van Dooren EPWM, Crofts AJ, Denecke J. Overexpression of

BiP in tobacco alleviates endoplasmic reticulum stress. Plant Cell 1999; 11: 459-469.

PMID: 10072404: DOI: 10.1105/tpc.11.3.459.

 Google Scholar In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_25_1&dbid=8&doi=10.4161%2Fpsb.20111&key=10854322&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1038%2F35014014&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_25_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000087454000013&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1038%2F35014014&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D2%26publication_year%3D2000%26pages%3D326-32%26journal%3DNat%2BCell%2BBiol%26author%3DA%2BBertolotti%26author%3DY%2BZhang%26author%3DLM%2BHendershot%26author%3DHP%2BHarding%26author%3DD%2BRon%26title%3DDynamic%2Binteraction%2Bof%2BBiP%2Band%2BER%2Bstress%2Btransducers%2Bin%2Bthe%2Bunfolded-protein%2Bresponse%26pmid%3D10854322%26doi%3D10.1038%252F35014014&doi=10.4161%2Fpsb.20111&doiOfLink=10.1038%2F35014014&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1074/jbc.272.7.4327
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_26_1&dbid=8&doi=10.4161%2Fpsb.20111&key=9020152&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.272.7.4327&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_26_1&dbid=128&doi=10.4161%2Fpsb.20111&key=A1997WH01900068&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.272.7.4327&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D272%26publication_year%3D1997%26pages%3D4327-34%26journal%3DJ%2BBiol%2BChem%26author%3DJA%2BMorris%26author%3DAJ%2BDorner%26author%3DCA%2BEdwards%26author%3DLM%2BHendershot%26author%3DRJ%2BKaufman%26title%3DImmunoglobulin%2Bbinding%2Bprotein%2B%2528BiP%2529%2Bfunction%2Bis%2Brequired%2Bto%2Bprotect%2Bcells%2Bfrom%2Bendoplasmic%2Breticulum%2Bstress%2Bbut%2Bis%2Bnot%2Brequired%2Bfor%2Bthe%2Bsecretion%2Bof%2Bselective%2Bproteins%26pmid%3D9020152%26doi%3D10.1074%252Fjbc.272.7.4327&doi=10.4161%2Fpsb.20111&doiOfLink=10.1074%2Fjbc.272.7.4327&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1074/jbc.272.35.21751
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_27_1&dbid=8&doi=10.4161%2Fpsb.20111&key=9268304&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.272.35.21751&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_27_1&dbid=128&doi=10.4161%2Fpsb.20111&key=A1997XT85000016&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.272.35.21751&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D272%26publication_year%3D1997%26pages%3D21751-9%26journal%3DJ%2BBiol%2BChem%26author%3DH%2BLiu%26author%3DRC%2BBowes%26author%3DB%2Bvan%2Bde%2BWater%26author%3DC%2BSillence%26author%3DJF%2BNagelkerke%26author%3DJL%2BStevens%26title%3DEndoplasmic%2Breticulum%2Bchaperones%2BGRP78%2Band%2Bcalreticulin%2Bprevent%2Boxidative%2Bstress%252C%2BCa2%252B%2Bdisturbances%252C%2Band%2Bcell%2Bdeath%2Bin%2Brenal%2Bepithelial%2Bcells%26pmid%3D9268304%26doi%3D10.1074%252Fjbc.272.35.21751&doi=10.4161%2Fpsb.20111&doiOfLink=10.1074%2Fjbc.272.35.21751&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1074/jbc.273.21.12858
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_28_1&dbid=8&doi=10.4161%2Fpsb.20111&key=9582315&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.273.21.12858&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_28_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000073768500026&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.273.21.12858&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D273%26publication_year%3D1998%26pages%3D12858-62%26journal%3DJ%2BBiol%2BChem%26author%3DH%2BLiu%26author%3DE%2BMiller%26author%3DB%2Bvan%2Bde%2BWater%26author%3DJL%2BStevens%26title%3DEndoplasmic%2Breticulum%2Bstress%2Bproteins%2Bblock%2Boxidant-induced%2BCa2%252B%2Bincreases%2Band%2Bcell%2Bdeath%26pmid%3D9582315%26doi%3D10.1074%252Fjbc.273.21.12858&doi=10.4161%2Fpsb.20111&doiOfLink=10.1074%2Fjbc.273.21.12858&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DGething%2BMJ.%2BRole%2Band%2Bregulation%2Bof%2Bthe%2BER%2Bchaperone%2BBiP.%2BSeminars%2Bin%2BCell%2Band%2BDevelopmental%2BBiology.1999%253B%2B10%253A%2B465-472.%2BPMID%253A10597629%253A%2BDOI%253A%2B10.1006%252Fscdb.1999.0318.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1016/j.neures.2009.09.003
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_30_1&dbid=8&doi=10.4161%2Fpsb.20111&key=19766678&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1016%2Fj.neures.2009.09.003&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_30_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000274064600003&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1016%2Fj.neures.2009.09.003&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D66%26publication_year%3D2010%26pages%3D14-21%26journal%3DNeurosci%2BRes%26author%3DS%2BKishi%26author%3DK%2BShimoke%26author%3DY%2BNakatani%26author%3DT%2BShimada%26author%3DN%2BOkumura%26author%3DK%2BNagai%26title%3DNerve%2Bgrowth%2Bfactor%2Battenuates%2B2-deoxy-d-glucose-triggered%2Bendoplasmic%2Breticulum%2Bstress-mediated%2Bapoptosis%2Bvia%2Benhanced%2Bexpression%2Bof%2BGRP78%26pmid%3D19766678%26doi%3D10.1016%252Fj.neures.2009.09.003&doi=10.4161%2Fpsb.20111&doiOfLink=10.1016%2Fj.neures.2009.09.003&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DLeborgne-Castel%2BN%252C%2BJelitto-Van%2BDooren%2BEPWM%252C%2BCrofts%2BAJ%252C%2BDenecke%2BJ.%2BOverexpression%2Bof%2BBiP%2Bin%2Btobacco%2Balleviates%2Bendoplasmic%2Breticulum%2Bstress.%2BPlant%2BCell%2B1999%253B%2B11%253A%2B459-469.%2BPMID%253A%2B10072404%253A%2BDOI%253A%2B10.1105%252Ftpc.11.3.459.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.informa.com/privacy-policy/


31. Reis PAB, Rosado GL, Silva LAC, Oliveira LC, Oliveira LB, Costa MDL, et al. The binding

protein BiP attenuates stress-induced cell death in soybean via modulation of the N-

rich protein-mediated signaling pathway. Plant Physiology 2011; 157:1853-1865.

PMID: 22007022: DOI: 10.1104/pp.111.179697.

 Google Scholar

32. Cascardo JCM, Almeida RS, Buzeli RAA, Carolino SMB, Otoni WC, Fontes EPB. The

phosphorylation state and expression of soybean BiP isoforms are differentially

regulated following abiotic stresses. J Biol Chem 2000; 275:14494 - 500;

http://dx.doi.org/10.1074/jbc.275.19.14494; PMID: 10799532

 PubMed Web of Science ® Google Scholar

33. Alvim FC, Carolino SMB, Cascardo JCM, Nunes CC, Martinez CA, Otoni WC, et al.

Enhanced accumulation of BiP in transgenic plants confers tolerance to water stress.

Plant Physiology 2001; 126: 1042-1054. PMCID: PMC116461: DOI:

10.1104/pp.126.3.1042.

 Google Scholar

34. Valente MAS, Faria JAQA, Soares-Ramos JR, Reis PAB, Pinheiro GL, Piovesan ND, et al.

The ER luminal binding protein (BiP) mediates an increase in drought tolerance in

soybean and delays drought-induced leaf senescence in soybean and tobacco. J Exp

Bot 2009; 60:533 - 46; http://dx.doi.org/10.1093/jxb/ern296; PMID: 19052255

 PubMed Web of Science ® Google Scholar

35. Ludwig AA, Tenhaken R. A new cell wall located N-rich protein is strongly induced

during the hypersensitive response in Glycine max L. Eur J Plant Pathol 2001;

107:323 - 36; http://dx.doi.org/10.1023/A:1011202225323

 Web of Science ® Google Scholar

36. Kiyosue T, Yamaguchi-Shinozaki K, Shinozaki K. ERD15, a cDNA for a dehydration-

induced gene from Arabidopsis thaliana. Plant Physiol 1994; 106:1707;

http://dx.doi.org/10.1104/pp.106.4.1707; PMID: 7846179

 PubMed Web of Science ® Google Scholar

In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DReis%2BPAB%252C%2BRosado%2BGL%252C%2BSilva%2BLAC%252C%2BOliveira%2BLC%252C%2BOliveira%2BLB%252C%2BCosta%2BMDL%252C%2Bet%2Bal.%2BThe%2Bbinding%2Bprotein%2BBiP%2Battenuates%2Bstress-induced%2Bcell%2Bdeath%2Bin%2Bsoybean%2Bvia%2Bmodulation%2Bof%2Bthe%2BN-rich%2Bprotein-mediated%2Bsignaling%2Bpathway.%2BPlant%2BPhysiology%2B2011%253B%2B157%253A1853-1865.%2BPMID%253A%2B22007022%253A%2BDOI%253A%2B10.1104%252Fpp.111.179697.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1074/jbc.275.19.14494
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_33_1&dbid=8&doi=10.4161%2Fpsb.20111&key=10799532&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.275.19.14494&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_33_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000087006900066&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1074%2Fjbc.275.19.14494&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D275%26publication_year%3D2000%26pages%3D14494-500%26journal%3DJ%2BBiol%2BChem%26author%3DJCM%2BCascardo%26author%3DRS%2BAlmeida%26author%3DRAA%2BBuzeli%26author%3DSMB%2BCarolino%26author%3DWC%2BOtoni%26author%3DEPB%2BFontes%26title%3DThe%2Bphosphorylation%2Bstate%2Band%2Bexpression%2Bof%2Bsoybean%2BBiP%2Bisoforms%2Bare%2Bdifferentially%2Bregulated%2Bfollowing%2Babiotic%2Bstresses%26pmid%3D10799532%26doi%3D10.1074%252Fjbc.275.19.14494&doi=10.4161%2Fpsb.20111&doiOfLink=10.1074%2Fjbc.275.19.14494&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DAlvim%2BFC%252C%2BCarolino%2BSMB%252C%2BCascardo%2BJCM%252C%2BNunes%2BCC%252C%2BMartinez%2BCA%252C%2BOtoni%2BWC%252C%2Bet%2Bal.%2BEnhanced%2Baccumulation%2Bof%2BBiP%2Bin%2Btransgenic%2Bplants%2Bconfers%2Btolerance%2Bto%2Bwater%2Bstress.%2BPlant%2BPhysiology%2B2001%253B%2B126%253A%2B1042-1054.%2BPMCID%253A%2BPMC116461%253A%2BDOI%253A%2B10.1104%252Fpp.126.3.1042.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1093/jxb/ern296
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_35_1&dbid=8&doi=10.4161%2Fpsb.20111&key=19052255&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1093%2Fjxb%2Fern296&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_35_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000263953400017&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1093%2Fjxb%2Fern296&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D60%26publication_year%3D2009%26pages%3D533-46%26journal%3DJ%2BExp%2BBot%26author%3DMAS%2BValente%26author%3DJAQA%2BFaria%26author%3DJR%2BSoares-Ramos%26author%3DPAB%2BReis%26author%3DGL%2BPinheiro%26author%3DND%2BPiovesan%26title%3DThe%2BER%2Bluminal%2Bbinding%2Bprotein%2B%2528BiP%2529%2Bmediates%2Ban%2Bincrease%2Bin%2Bdrought%2Btolerance%2Bin%2Bsoybean%2Band%2Bdelays%2Bdrought-induced%2Bleaf%2Bsenescence%2Bin%2Bsoybean%2Band%2Btobacco%26pmid%3D19052255%26doi%3D10.1093%252Fjxb%252Fern296&doi=10.4161%2Fpsb.20111&doiOfLink=10.1093%2Fjxb%2Fern296&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1023/A:1011202225323
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_36_1&dbid=128&doi=10.4161%2Fpsb.20111&key=000169125900007&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1023%2FA%3A1011202225323&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D107%26publication_year%3D2001%26pages%3D323-36%26journal%3DEur%2BJ%2BPlant%2BPathol%26author%3DAA%2BLudwig%26author%3DR%2BTenhaken%26title%3DA%2Bnew%2Bcell%2Bwall%2Blocated%2BN-rich%2Bprotein%2Bis%2Bstrongly%2Binduced%2Bduring%2Bthe%2Bhypersensitive%2Bresponse%2Bin%2BGlycine%2Bmax%2BL%26doi%3D10.1023%252FA%253A1011202225323&doi=10.4161%2Fpsb.20111&doiOfLink=10.1023%2FA%3A1011202225323&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://doi.org/10.1104/pp.106.4.1707
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_37_1&dbid=8&doi=10.4161%2Fpsb.20111&key=7846179&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1104%2Fpp.106.4.1707&linkType=PMID&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/servlet/linkout?suffix=e_1_3_1_37_1&dbid=128&doi=10.4161%2Fpsb.20111&key=A1994PY04600067&getFTLinkType=true&doiForPubOfPage=10.4161%2Fpsb.20111&refDoi=10.1104%2Fpp.106.4.1707&linkType=ISI&linkSource=FULL_TEXT&linkLocation=Reference
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar_lookup%3Fhl%3Den%26volume%3D106%26publication_year%3D1994%26pages%3D1707%26journal%3DPlant%2BPhysiol%26author%3DT%2BKiyosue%26author%3DK%2BYamaguchi-Shinozaki%26author%3DK%2BShinozaki%26title%3DERD15%252C%2Ba%2BcDNA%2Bfor%2Ba%2Bdehydration-induced%2Bgene%2Bfrom%2BArabidopsis%2Bthaliana%26pmid%3D7846179%26doi%3D10.1104%252Fpp.106.4.1707&doi=10.4161%2Fpsb.20111&doiOfLink=10.1104%2Fpp.106.4.1707&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.informa.com/privacy-policy/


Download PDF

37. Kariola T, Brader G, Helenius E, Li J, Heino P, Palva ET. EARLY RESPONSIVE TO

DEHYDRATION 15, a Negative Regulator of Abscisic Acid Responses in

Arabidopsis.Plant Physiology.2006; 142: 1559–1573. PMID: 17056758: DOI:

10.1105/tpc.108.061002.

 Google Scholar

Related research 

Recommended articles Cited by 

23

People also read

In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://www.tandfonline.com/doi/pdf/10.4161/psb.20111
https://www.tandfonline.com/action/getFTRLinkout?url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fhl%3Den%26q%3DKariola%2BT%252C%2BBrader%2BG%252C%2BHelenius%2BE%252C%2BLi%2BJ%252C%2BHeino%2BP%252C%2BPalva%2BET.%2BEARLY%2BRESPONSIVE%2BTO%2BDEHYDRATION%2B15%252C%2Ba%2BNegative%2BRegulator%2Bof%2BAbscisic%2BAcid%2BResponses%2Bin%2BArabidopsis.Plant%2BPhysiology.2006%253B%2B142%253A%2B1559%25E2%2580%25931573.%2BPMID%253A%2B17056758%253A%2BDOI%253A%2B10.1105%252Ftpc.108.061002.&doi=10.4161%2Fpsb.20111&doiOfLink=&linkType=gs&linkLocation=Reference&linkSource=FULL_TEXT
https://www.addtoany.com/share
https://www.informa.com/privacy-policy/


Information for

Authors

R&D professionals

Editors

Librarians

Societies

Open access

Overview

Open journals

Open Select

Dove Medical Press

F1000Research

Opportunities

Reprints and e-prints

Advertising solutions

Accelerated publication

Corporate access solutions

Help and information

Help and contact

Newsroom

All journals

Books

 Sign me up

 

 

Keep up to date

Register to receive personalised research and resources

by email

Copyright © 2024 Informa UK Limited Privacy policy Cookies Terms & conditions

Accessibility

Registered in England & Wales No. 3099067 

5 Howick Place | London | SW1P 1WG

In this article

About Cookies On This Site

We and our partners use cookies to enhance your website

experience, learn how our site is used, offer personalised

features, measure the effectiveness of our services, and

tailor content and ads to your interests while you navigate

on the web or interact with us across devices. You can

choose to accept all of these cookies or only essential

cookies. To learn more or manage your preferences, click

“Settings”. For further information about the data we collect

from you, please see our Privacy Policy

Accept All

Essential Only

Settings

https://authorservices.taylorandfrancis.com/
https://taylorandfrancis.com/who-we-serve/industry-government/business/
https://editorresources.taylorandfrancis.com/
https://www.tandfonline.com/page/librarians
https://www.tandfonline.com/societies
https://www.tandfonline.com/openaccess
https://www.tandfonline.com/openaccess/openjournals
https://www.tandfonline.com/openaccess/openselect
https://www.tandfonline.com/openaccess/dove
https://www.tandfonline.com/openaccess/f1000
https://taylorandfrancis.com/who-we-serve/industry-government/marketing/
https://taylorandfrancis.com/partnership/commercial/advertising-solutions/
https://taylorandfrancis.com/partnership/commercial/accelerated-publication/
https://taylorandfrancis.com/who-we-serve/industry-government/business/purchasing-options/
https://help.tandfonline.com/
https://newsroom.taylorandfrancisgroup.com/
https://www.tandfonline.com/journals?&pageSize=3000
https://www.routledge.com/?utm_source=website&utm_medium=banner&utm_campaign=B004808_em1_10p_5ec_d713_footeradspot
https://taylorandfrancis.formstack.com/forms/tfoguest_signup
http://facebook.com/TaylorandFrancisGroup
https://twitter.com/tandfonline
http://linkedin.com/company/taylor-&-francis-group
https://www.youtube.com/user/TaylorandFrancis
http://www.weibo.com/tandfchina
https://www.informa.com/
https://informa.com/privacy-policy/
https://www.tandfonline.com/cookies
https://www.tandfonline.com/terms-and-conditions
https://www.tandfonline.com/accessibility
http://taylorandfrancis.com/
https://www.informa.com/privacy-policy/

