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In vitro reconstitution of temperature-dependent phosphorylation
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Arabidopsis CASEIN KINASE 1 suggests a potential biochemical basis of
thermal sensing
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Abstract

Excessive and misregulated stress responses can negatively impact plant growth, highlighting the importance of mecha-
nisms that enable the precise sensing of environmental cues such as temperature. Accurate temperature perception is
essential for plant survival under fluctuating environments. DEHYDRATION-RESPONSIVE ELEMENT BINDING PRO-
TEIN (DREB)2A, one of the key transcription factors in plant heat stress response, accumulates and becomes active
under heat stress, whereas it is degraded under non-stress conditions. The degradation is triggered by phosphorylation,
which is inhibited at 37 °C. However, no molecular thermosensor regulating DREB2A degradation has been identified.
In this study, the temperature-dependent phosphorylation of DREB2A was reconstituted in vitro using recombinant pro-
teins. Arabidopsis Casein Kinase 1 (CK1) phosphorylates DREB2A at 23 °C but not at 37 °C, reflecting the temperature
dependency observed in vivo. The successful reconstitution indicates that no additional thermosensor is required for the
temperature-dependent phosphorylation in vitro. Chimera analysis with human CK1 suggests that this temperature depen-
dency is mediated by the middle domain of Arabidopsis CK1. Thus, Arabidopsis CK1 has the potential to function as a
molecular thermosensor in DREB2A-mediated heat stress responses, although in vivo validation remains to be explored.
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Another key component of heat response is the activation
of stress-related gene expression, mediated by specific tran-
scription factors such as DEHYDRATION-RESPONSIVE
ELEMENT BINDING PROTEIN (DREB)2A. DREB2A, a
member of the plant-specific APETALA2/ethylene-respon-
sive element binding factor (AP2/ERF) family, binds to
dehydration-responsive elements (DREs) to activate genes
involved in heat- and drought-stress responses (Sakuma et
al. 2006a; Liu et al. 1998). The importance of DREB2A in
heat stress adaptation is highlighted by findings that the
dreb2a mutants exhibit hypersensitivity to heat, whereas
transgenic Arabidopsis plants expressing a constitutively
active form of DREB2A show enhanced heat tolerance
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Fig. 1 In vitro reconstitution of 37 °C -sensitive phosphorylation of
DREB2A. MBP-CK1 and GST-DREB2A were incubated in the pres-
ence of [y>?P] ATP at indicated temperature. Autophosphorylation of
CK1 (arrowhead) and phosphorylation of DREB2A (arrow) are shown
in the autoradiograph (top panel), while protein levels are indicated by
Coomassie staining (middle panel). The band intensity of DREB2A
was quantified and normalized to that at 23 °C (set to 1, bottom panel).
The error bars: SD. The value is 92+58% at 32 °C, n=6, while it is
9+7% at 37 °C, n=10. *: P<0.05
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(Sakuma et al. 2006a). Similar effects have been observed
in other species: Kumar et al. (2022), Singh et al. (2021) and
other DREB2 family members contribute to thermotoler-
ance across various species (Lim et al. 2007; Li et al. 2014;
Almoguera et al. 2009).

In addition to transcriptional regulation (Sakuma et al.
2006a; Yoshida et al. 2011), post-translational control is
crucial for DREB2A function. Under non-stress conditions,
full-length DREB2A is rapidly degraded, whereas the pro-
tein accumulates during heat or dehydration stress (Liu et
al. 1998; Morimoto et al. 2013). Notably, deleting the nega-
tive regulatory domain (NRD, residues 136—165) results in
DREB2A accumulation even under non-stress conditions,
leading to growth inhibition (Sakuma et al. 2006b). This
suggests that NRD-mediated degradation prevents unnec-
essary stress responses in the absence of stress. Specific
E3-ligases mediates DREB2A degradation via the protea-
some pathway (Qin et al. 2008; Morimoto et al. 2017), while
SUMOylation enhances DREB2A stability under high tem-
peratures (Wang et al. 2020). Notably, degradation is initi-
ated by phosphorylation at five Ser/Thr residues (143—-147)
in the NRD, mediated by nuclear kinases at normal temper-
atures (23 °C) (Mizoi et al. 2019). However, phosphoryla-
tion is reduced at 37 °C, suggesting that inhibiting DREB2A
phosphorylation is a key step in activating heat responses.
Casein Kinase 1 (CK1) has been proposed as the respon-
sible kinase as phosphorylation is inhibited by CK1-specific
inhibitors (Mizoi et al. 2019). CK1, a highly conserved Ser/
Thr kinase in eukaryotes (Fulcher and Sapkota 2020), has
13 members in Arabidopsis, where it regulates processes
such as the circadian clock (Uehara et al. 2019). However,
its specific role and regulatory mechanisms in heat stress
pathways remain unclear.

While some of the thermosensors mentioned above
regulate DREB2A at the transcriptional level, which may
contribute to long-term adjustment, none directly link tem-
perature sensing to DREB2A protein degradation, which
drives acute responses. This suggests the existence of an
additional thermosensor that controls DREB2A phos-
phorylation and degradation. In this study, I successfully
reconstituted the temperature-dependent phosphorylation
of DREB2A in vitro, suggesting that CK1 has the potential
to function as a thermosensor. To analyze the phosphoryla-
tion in the simplest manner, GST-fused full length DREB2A
(Téhtinen and Fujii 2025) and MBP-fused Arabidopsis CK1
(AtCK1), both produced in E. coli were incubated with
[y-2P] ATP at 23 °C, 32 °C and 37 °C. DREB2A phosphor-
ylation occurred at 23 °C and 32 °C while the phosphoryla-
tion was reduced at 37 °C (Fig. 1A). The value at 32 °C and
37 °C are 92+ 58% and 9+ 7% of that at 23 °C, respectively
(means+SD). This temperature dependency is consistent
with in vivo data (Mizoi et al. 2019). Similar results were
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Fig. 2 Domain responsible for thermosensing of AtCK1. a In vitro
kinase assay with casein as a substrate. GST-AtCK1, humanCK19,
and the chimeric AhA CK1 were incubated with casein in the pres-
ence of [y>P] ATP at the indicated temperatures. Phosphorylation of
casein is shown in the autoradiograph (top panel), while protein levels
are indicated by Coomassie staining (bottom panel). The signals for
humanCK16 and the chimeric AhA CK1 are comparable between at
32 °C and 37 °C, while the signal at 37 °C is decreased for AtCK1.
The value for AhA CK1 at 37 °C is 137+45% of that at 32 °C (n=4),
whereas that for WT is 26+29% (n=3, P<0.05). b Schematic illus-
tration of AhA CK1, which consists of AtCK1-derived parts and a
humanCK18-derived part. Amino acids 40—182 are replaced with the
corresponding region from human CK18

obtained when tags were switched (GST-AtCK1 and MBP-
DREB2A, Supplemental Fig. 1). A DREB2A mutant, with
5 major in-vivo phosphorylation sites in NRD (Mizoi et
al. 2019) mutated to Ala (DREB2A-5A), showed reduced
phosphorylation, confirming that in vitro phosphorylation
sites align with those identified in vivo (Supplemental Fig.
1). These results indicate that the temperature-dependent
phosphorylation of DREB2A is reconstituted in vitro with
DREB2A and AtCK1.

In addition to DREB2A phosphorylation, AtCK1 auto-
phosphorylation was reduced at 37 °C while the protein
amount was not reduced (Fig. 1), suggesting that AtCK1
activity is temperature-sensitive, independent of substrate.
To further assess AtCK1 activity, casein was used as a gen-
eral substrate. AtCK1 phosphorylates casein in a similarly
temperature-dependent manner (Fig. 2). Given that CKlis
conserved across eukaryotes, including human, recombinant
human CK16 (Meng et al. 2019) was tested. As expected,
based on the human body temperature and a previous report
(Isojima et al. 2009), human CK16 was active at 37 °C
(Fig. 2). A BLAST search indicated 62% identity and 74%
similarity between AtCK1 and human CK 16 (Supplemental
Fig. 2). To identify the domain responsible for this tempera-
ture sensitivity, chimeric proteins were generated. The pro-
tein was divided into three parts for technical convenience,
according to restriction enzyme sites (Supplemental Fig.
2). Replacing residues N41-M182 of AtCK1 with the cor-
responding human residues (C41-I1182) resulted in a chime-
ric kinase active at 37 °C, indicating that N41-M182 plays

a critical role in temperature sensitivity (Fig. 2). Notably,
the key region for thermosensitivity lies in a relatively con-
served segment.

Taken together, temperature-dependant phosphoryla-
tion of DREB2A can be reconstituted in vitro with AtCK1,
which is sensitive to 37 °C (Fig. 1). Successful reconstitu-
tion of temperature-dependent DREB2A phosphorylation
indicates that AtCK1 and DREB2A alone are potentially
sufficient for thermosensing upstream of DREB2A sta-
bilization. Switching between stress response and growth
requires a mechanism for sensing environmental cues. Our
findings demonstrate that AtCK1 is inherently temperature-
sensitive and directly regulates DREB2A phosphorylation
in response to temperature changes in vitro. To confirm its
role as a thermosensor, in vivo experiments are required.
The chimeric form of CK1 containing human C41-1182 can
be used for in vivo experiments.

While AtCK1 can sense physiological temperature, not
all members of CK1 family have similar dependency. Mam-
malian CKle/d-dependent phosphorylation is temperature-
insensitive between 25 °C and 35 °C (Isojima et al. 2009),
while temperature-sensitive binding of a substrate occurs at
20 °C to 45 °C (Shinohara et al. 2017). The sensitivity of
AtCK1 is determined by relatively conserved region (Fig. 2,
Supplemental Fig. 2), indicating that small amino acid sub-
stitution can change the sensitivity. Since the key domain
surrounds the catalytic centre, including the catalytic and
activation loop, temperature may cause subtle changes in
its structure or mobility, resulting in significant differences
in kinase activity. Some of 13 members in Arabidopsis and
homologs in other plant species may have different sensitiv-
ities to critical temperatures. Further research is needed to
explore whether similar temperature-sensitive mechanisms
exist in other species.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s13562-0
25-01019-x.

Acknowledgements I appreciate Prof. Uwe Knippschild, Ulm Univer-
sity for providing a human CK 18 cDNA and Prof. Jaakko Kangasjérvi,
University of Helsinki for helpful discussion on preliminary results.
I acknowledge Turun Yliopistosédtio and the Jane and Aatos Erkko
Foundation (2020-2024) for financial support.

Author contributions HF performed all experiments and prepared the
manuscript.

Funding Open Access funding provided by University of Turku (in-
cluding Turku University Central Hospital). Turun Yliopistoséatio and
the Jane and Aatos Erkko Foundation (2020-2024).

Data availability All data are included in the paper and supplementary
files, or will be made available upon request.

@ Springer


https://doi.org/10.1007/s13562-025-01019-x
https://doi.org/10.1007/s13562-025-01019-x

Journal of Plant Biochemistry and Biotechnology

Declarations

Conflict of interest Nothing to declare except financial support from
Turun Yliopistosdétio and the Jane and Aatos Erkko Foundation.

Ethical approval Not applicable.
Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Almoguera C, Prieto-Dapena P, Diaz-Martin J, Espinosa JM, Carranco
R, Jordano J (2009) The HaDREB? transcription factor enhances
basal thermotolerance and longevity of seeds through functional
interaction with HaHSFA9. BMC Plant Biol 9:75. https://doi.org/
10.1186/1471-2229-9-75

Bohn L, Huang J, Weidig S, Yang Z, Heidersberger C, Genty B, Falter-
Braun P, Christmann A, Grill E (2024) The temperature sensor
TWAL is required for thermotolerance in Arabidopsis. Nature
629:1126-1132. https://doi.org/10.1038/s41586-024-07424-x

Chung BYW, Balcerowicz M, Di Antonio M, Jaeger KE, Geng F,
Franaszek K, Marriott P, Brierley I, Firth AE, Wigge PA (2020)
An RNA thermoswitch regulates daytime growth in Arabidopsis.
Nat Plants 6:522-532. https://doi.org/10.1038/s41477-020-063
3-3

Fulcher LJ, Sapkota GP (2020) Functions and regulation of the serine/
threonine protein kinase CK1 family: moving beyond promiscu-
ity. Biochem J 477:4603—4621. https://doi.org/10.1042/BCJ202
00506

Geng P, Li C, Quan X, Peng J, Yao Z, Wang Y, Yang M, Wang Y, Jin Y,
Xiong Y, Liu H, Qi Y, Yang P, Huang K, Fang X (2025) A thermo-
sensor FUST1 primes heat-induced stress granule formation via
biomolecular condensation in Arabidopsis. Cell Res. https://doi.o
rg/10.1038/s41422-025-01125-4

Isojima Y, Nakajima M, Ukai H, Fujishima H, Yamada RG, Masumoto
KH, Kiuchi R, Ishida M, Ukai-Tadenuma M, Minami Y, Kito R,
Nakao K, Kishimoto W, Yoo SH, Shimomura K, Takao T, Takano
A, Kojima T, Nagai K, Sakaki Y, Takahashi JS, Ueda HR (2009)
CKlepsilon/delta-dependent phosphorylation is a temperature-
insensitive, period-determining process in the mammalian circa-
dian clock. Proc Natl Acad Sci U S A 106:15744—15749. https://d
o0i.org/10.1073/pnas.0908733106

Jung JH, Barbosa AD, Hutin S, Kumita JR, Gao M, Derwort D, Silva
CS, Lai X, Pierre E, Geng F, Kim SB, Baek S, Zubieta C, Jaeger
KE, Wigge PA (2020) A prion-like domain in ELF3 functions as a
thermosensor in Arabidopsis. Nature 585:256-260. https://doi.or
2/10.1038/s41586-020-2644-7

@ Springer

Kerbler SM, Wigge PA (2023) Temperature sensing in plants. Annu
Rev Plant Biol 74:341-366. https://doi.org/10.1146/annurev-arp
lant-102820-102235

Kumar S, Muthuvel J, Sadhukhan A, Kobayashi Y, Koyama H, Sahoo
L (2022) Enhanced osmotic adjustment, antioxidant defense, and
photosynthesis efficiency under drought and heat stress of trans-
genic cowpea overexpressing an engineered DREB transcription
factor. Plant Physiol Biochem 193:1-13. https://doi.org/10.1016/
j-plaphy.2022.09.028

Legris M, Klose C, Burgie ES, Rojas CC, Neme M, Hiltbrunner A,
Wigge PA, Schifer E, Vierstra RD, Casal JJ (2016) Phytochrome
B integrates light and temperature signals in Arabidopsis. Science
354:897-900. https://doi.org/10.1126/science.aaf5656

Li X, Zhang D, Li H, Wang Y, Zhang Y, Wood AJ (2014) EsDREB2B,
a novel truncated DREB2-type transcription factor in the desert
legume Eremosparton songoricum, enhances tolerance to mul-
tiple abiotic stresses in yeast and transgenic tobacco. BMC Plant
Biol 14:44. https://doi.org/10.1186/1471-2229-14-44

Lim CJ, Hwang JE, Chen H, Hong JK, Yang KA, Choi MS, Lee KO,
Chung WS, Lee SY, Lim CO (2007) Over-expression of the Arabi-
dopsis DRE/CRT-binding transcription factor DREB2C enhances
thermotolerance. Biochem Biophys Res Commun 362:431-436.
https://doi.org/10.1016/j.bbrc.2007.08.007

Lin J, Shi J, Zhang Z, Zhong B, Zhu Z (2022) Plant AFC2 kinase
desensitizes thermomorphogenesis through modulation of alter-
native splicing. iScience 25:104051. https://doi.org/10.1016/j.isc
1.2022.104051

Liu Q, Kasuga M, Sakuma Y, Abe H, Miura S, Yamaguchi-Shinozaki
K, Shinozaki K (1998) Two transcription factors, DREB1 and
DREB2, with an EREBP/AP2 DNA binding domain separate
two cellular signal transduction pathways in drought- and low-
temperature-responsive gene expression, respectively, in Arabi-
dopsis. Plant Cell 10:1391-1406. https://doi.org/10.1105/tpc.10
.8.1391

Meng Z, Bohm T, Xu P, Henne-Bruns D, Peifer C, Witt L, Knipps-
child U, Bischof'J (2019) Kinase activity of casein kinase 1 delta
(CK19) is modulated by protein kinase C o (PKCa) by site-spe-
cific phosphorylation within the kinase domain of CK19. Bio-
chim Biophys Acta Proteins Proteom 1867:710-721. https://doi
.org/10.1016/j.bbapap.2019.05.004

Mizoi J, Kanazawa N, Kidokoro S, Takahashi F, Qin F, Morimoto
K, Shinozaki K, Yamaguchi-Shinozaki K (2019) Heat-induced
inhibition of phosphorylation of the stress-protective transcrip-
tion factor DREB2A promotes thermotolerance of Arabidopsis
thaliana. J Biol Chem 294:902-917. https://doi.org/10.1074/jbc.
RA118.002662

Morimoto K, Mizoi J, Qin F, Kim JS, Sato H, Osakabe Y, Shinozaki
K, Yamaguchi-Shinozaki K (2013) Stabilization of Arabidopsis
DREB?2A is required but not sufficient for the induction of target
genes under conditions of stress. PLoS ONE 8:¢80457. https://do
i.org/10.1371/journal.pone.0080457

Morimoto K, Ohama N, Kidokoro S, Mizoi J, Takahashi F, Todaka
D, Mogami J, Sato H, Qin F, Kim JS, Fukao Y, Fujiwara M, Shi-
nozaki K, Yamaguchi-Shinozaki K (2017) BPM-CUL3 E3 ligase
modulates thermotolerance by facilitating negative regulatory
domain-mediated degradation of DREB2A in Arabidopsis. Proc
Natl Acad Sci U S A 114:E8528-E8536. https://doi.org/10.1073
/pnas.1704189114

Qin F, Sakuma Y, Tran LS, Maruyama K, Kidokoro S, Fujita Y, Fujita
M, Umezawa T, Sawano Y, Miyazono K, Tanokura M, Shinozaki
K, Yamaguchi-Shinozaki K (2008) Arabidopsis DREB2A-inter-
acting proteins function as RING E3 ligases and negatively regu-
late plant drought stress-responsive gene expression. Plant Cell
20:1693—-1707. https://doi.org/10.1105/tpc.107.057380

Sakuma Y, Maruyama K, Qin F, Osakabe Y, Shinozaki K, Yama-
guchi-Shinozaki K (2006a) Dual function of an Arabidopsis


https://doi.org/10.1146/annurev-arplant-102820-102235
https://doi.org/10.1146/annurev-arplant-102820-102235
https://doi.org/10.1016/j.plaphy.2022.09.028
https://doi.org/10.1016/j.plaphy.2022.09.028
https://doi.org/10.1126/science.aaf5656
https://doi.org/10.1186/1471-2229-14-44
https://doi.org/10.1016/j.bbrc.2007.08.007
https://doi.org/10.1016/j.bbrc.2007.08.007
https://doi.org/10.1016/j.isci.2022.104051
https://doi.org/10.1016/j.isci.2022.104051
https://doi.org/10.1105/tpc.10.8.1391
https://doi.org/10.1105/tpc.10.8.1391
https://doi.org/10.1016/j.bbapap.2019.05.004
https://doi.org/10.1016/j.bbapap.2019.05.004
https://doi.org/10.1074/jbc.RA118.002662
https://doi.org/10.1074/jbc.RA118.002662
https://doi.org/10.1371/journal.pone.0080457
https://doi.org/10.1371/journal.pone.0080457
https://doi.org/10.1073/pnas.1704189114
https://doi.org/10.1073/pnas.1704189114
https://doi.org/10.1105/tpc.107.057380
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/1471-2229-9-75
https://doi.org/10.1186/1471-2229-9-75
https://doi.org/10.1038/s41586-024-07424-x
https://doi.org/10.1038/s41477-020-0633-3
https://doi.org/10.1038/s41477-020-0633-3
https://doi.org/10.1042/BCJ20200506
https://doi.org/10.1042/BCJ20200506
https://doi.org/10.1038/s41422-025-01125-4
https://doi.org/10.1038/s41422-025-01125-4
https://doi.org/10.1073/pnas.0908733106
https://doi.org/10.1073/pnas.0908733106
https://doi.org/10.1038/s41586-020-2644-7
https://doi.org/10.1038/s41586-020-2644-7

Journal of Plant Biochemistry and Biotechnology

transcription factor DREB2A in water-stress-responsive and
heat-stress-responsive gene expression. Proc Natl Acad Sci U S
A 103:18822-18827. https://doi.org/10.1073/pnas.0605639103

Sakuma Y, Maruyama K, Osakabe Y, Qin F, Seki M, Shinozaki K,
Yamaguchi-Shinozaki K (2006b) Functional analysis of an Ara-
bidopsis transcription factor, DREB2A, involved in drought-
responsive gene expression. Plant Cell 18:1292—1309. https://doi
.org/10.1105/tpc.105.035881

Sengupta P, Garrity P (2013) Sensing temperature. Curr Biol 23:R304—
R307. https://doi.org/10.1016/j.cub.2013.03.009

Shinohara Y, Koyama YM, Ukai-Tadenuma M, Hirokawa T, Kikuchi
M, Yamada RG, Ukai H, Fujishima H, Umehara T, Tainaka K,
Ueda HR (2017) Temperature-sensitive substrate and product
binding underlie temperature-compensated phosphorylation in
the clock. Mol Cell 67:783-798.€20. https://doi.org/10.1016/j.m
olcel.2017.08.009

Singh S, Chopperla R, Shingote P, Chhapekar SS, Deshmukh R, Khan
S, Padaria JC, Sharma TR, Solanke AU (2021) Overexpression
of EcDREB2A transcription factor from finger millet in tobacco
enhances tolerance to heat stress through ROS scavenging. J Bio-
technol 336:10-24. https://doi.org/10.1016/j.jbiotec.2021.06.013

Téhtinen P, Fujii H (2025) Temperature-dependent conformational
changes in Arabidopsis DEHYDRATION-RESPONSIVE ELE-
MENT BINDING PROTEIN 2A. Acta Physiol Plant 47:53. https
://doi.org/10.1007/s11738-025-03799-0

Toribio R, Navarro A, Castellano MM (2024) HOP stabi-
lizes the HSFAla and plays a main role in the onset of

thermomorphogenesis. Plant Cell Environ 47:4449-4463. https:
//doi.org/10.1111/pce.15036

Uehara TN, Mizutani Y, Kuwata K, Hirota T, Sato A, Mizoi J, Takao
S, Matsuo H, Suzuki T, Ito S, Saito AN, Nishiwaki-Ohkawa
T, Yamaguchi-Shinozaki K, Yoshimura T, Kay SA, Itami K,
Kinoshita T, Yamaguchi J, Nakamichi N (2019) Casein kinase 1
family regulates PRRS and TOC1 in the Arabidopsis circadian
clock. Proc Natl Acad Sci U S A 116:11528-11536. https://doi.or
2/10.1073/pnas.1903357116

Wang F, Liu Y, Shi Y, Han D, Wu Y, Ye W, Yang H, Li G, Cui F, Wan
S, Lai J, Yang C (2020) SUMOylation stabilizes the transcription
factor DREB2A to improve plant thermotolerance. Plant Physiol
183:41-50. https://doi.org/10.1104/pp.20.00080

Wu J, Wang Y, Chen H, Xu T, Yang W, Fang X (2025) Solid-like con-
densation of MORFS inhibits RNA editing under heat stress in
Arabidopsis. Nat Commun 16:2789. https://doi.org/10.1038/s41
467-025-58146-1

Yoshida T, Ohama N, Nakajima J, Kidokoro S, Mizoi J, Nakashima K,
Maruyama K, Kim JM, Seki M, Todaka D, Osakabe Y, Sakuma
Y, Schoffl F, Shinozaki K, Yamaguchi-Shinozaki K (2011) Arabi-
dopsis HsfA1 transcription factors function as the main positive
regulators in heat shock-responsive gene expression. Mol Genet
Genomics 286:321-332. https://doi.org/10.1007/s00438-011-064
7-7

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1111/pce.15036
https://doi.org/10.1111/pce.15036
https://doi.org/10.1073/pnas.1903357116
https://doi.org/10.1073/pnas.1903357116
https://doi.org/10.1104/pp.20.00080
https://doi.org/10.1038/s41467-025-58146-1
https://doi.org/10.1038/s41467-025-58146-1
https://doi.org/10.1007/s00438-011-0647-7
https://doi.org/10.1007/s00438-011-0647-7
https://doi.org/10.1073/pnas.0605639103
https://doi.org/10.1105/tpc.105.035881
https://doi.org/10.1105/tpc.105.035881
https://doi.org/10.1016/j.cub.2013.03.009
https://doi.org/10.1016/j.molcel.2017.08.009
https://doi.org/10.1016/j.molcel.2017.08.009
https://doi.org/10.1016/j.jbiotec.2021.06.013
https://doi.org/10.1007/s11738-025-03799-0
https://doi.org/10.1007/s11738-025-03799-0

	﻿In vitro reconstitution of temperature-dependent phosphorylation of DEHYDRATION-RESPONSIVE ELEMENT BINDING PROTEIN2A by ﻿Arabidopsis﻿ CASEIN KINASE 1 suggests a potential biochemical basis of thermal sensing
	﻿Abstract
	﻿References


