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INFLUENCE OF HIGH TEMPERATURES ON HEAT
TOLERANCE AND SYNTHESIS OF HEAT SHOCK
PROTEINS IN SPRING WHEAT AT THE INITIAL

STAGES OF DEVELOPMENT

Fedotova O.A., Polyakova E.A., Grabelnykh O.1.

Wheat is one of the agricultural crops that is subjected to temperature
stress during ontogenesis and it is especially sensitive to action of the stress
at the initial stages of wheat development. High temperatures restrict of
growth, development and plant productivity. However, plants can to accli-
mate to temperature stress and have the adaptive mechanisms at the cellular
and molecular levels. One of this adaptive mechanism is an increase of
the synthesis of the heat shock proteins (HSPs), which functions are very
important and various.

The aim of this study was to determine the influence of different heat
treatments (37 and 39 °C for 1, 3, 6, 24 h and 50 °C for 1, 3, 5 h) on the heat
tolerance in spring wheat seedlings (Triticum aestivum L.) and synthesis of
the HSPs (101, 70, 60 and 16.9 kDa) in shoots of the 4-day-old seedlings and
leaves of the 8-day-old seedlings.

Based on the findings, it is concluded that the 4-day-old and 8-day-old
spring wheat seedlings are characterized by a similar response to heat stress
at 50 °C, however, 4-day-old seedlings are more resistant in the initial period
of stress influence. The exposures at 37 and 39 °C are suitable for acclimation
of spring wheat at the initial stages of development (the 4-day and 8-day-old
seedlings). These temperatures lead to a similar trend in the heat resistance of
seedlings and the synthesis of HSPs in shoots and leaves. At the same time the
content of HSP16.9 depends on the developmental stage of wheat. It is noted
the synthesis of HSP16.9 in shoots, but not in leaves under normal conditions.
1t is concluded that the heat acclimation of the 8-day-old seedlings is a longer
process (6-24 h of exposure at 37 and 39 °C) compared with the 4-day-old
seedlings (3-6 h of exposure at 37 and 39 °C).

Keywords: Triticum aestivum L.; heat shock proteins, acclimation; seed-
lings; shoots; leaves, high temperature; heat tolerance.
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BJIMAHUE BBICOKUX TEMIIEPATYP
HA TEILIOYCTOMYUBOCTH U CUHTE3 BEJKOB
TEIJIOBOT'O IOKA B AIPOBOM MIIEHUIIE
HA HAYAJIBHBIX CTAAUAX PASBBUTUSA

Deoomosa O.A., llonaxosa E.A., I'pabensnvix O.H.

TTwenuya 00Ha u3 cenbCKOXO3AUCMBEHHBIX KVIbIMYP, KOMOPAsl NO08epeaent-
sl 0elicmauio memMnepanypHo2o Cmpecca 8 meueHue OHmozene3a U 0CoOOEHHo
yygCmeUmenbHa K 0eticmauro Cmpecca Ha HauaibHblX Cmaousx eé pazeumusl.
Bovicokue memnepamypul 02paHuyugaion pocn, pazgumue u npoO0yKmMuGHOCHb
pacmenui. OOHaKo, pacmenus MOZyn a0anmuposamvcsi K memnepamypHomy
cmpeccy u umerom adanmueHvle MexXaHu3Mbl Ha KAeMOYHOM U MONEKYISAPHOM
ypogusx. OOHUM U3 MAKUX AOANMUGHBIX MEXAHUSMOS SIGISAEMCS YEeIUYeHUe
cunmesa benxog mennosoeo woka (BTIL), ¢pyHrkyuu Komopwix oueHb 8aAN*CHbI
U pazHoobpasHbi.

L]envio oannoil pabomwi OLLIO UYUUMb GAUSHUE PASTUYUHBIX MENT08bIX 00-
pabomox (37 u 39 °C 6 meuenue 1, 3, 6, 24 uwu 50 °C 6 meuenue 1, 3, 5 u) na
MenoyCcmotuyu80Cms NPOPOCmMKos spogoil nutenuysl (Triticum aestivum L.)
u cunmes BTII (101, 70, 60 u 16.9 k/la) 6 nobecax 4-x cymounvix u iucmusx
8-mu cymounvix npopocmros.

Ha ocrosanuu nonyuyeHHblx OaHHbIX COeNan 8bl800, YUMo 4-x cymounvie u
8-mu cymounvle npopocmku Apo6ol NueHUYbl Xapakmepusyomcs cxogceil
peakyueti Ha mennosou cmpecc npu 50 °C, oonako 4-x cymoumvie npopocmxu
bonee ycmouuugsl 8 HAYAIbHLIL NePUOO CMpecco8ozo 8osoelicmsus. Bozoeti-
cmeue memnepamypamu 37 u 39 °C nooxoodsm 0 adanmayuu spoeot nuie-
HUYbL HA HAYAIBHBIX CMAOUsX e€ pazgumus (4-x cymounvie u 8-mu cymoynvie
nPoOpoOCmKL). Dmu memnepamypvl RPUBOOsIM K CX0JiCell MeHOeHYUU 6 CUHmMe3e
BTIII 6 nobezax u nucmovsx. B mooice gpemsi, cooepocanue BTII16.9 3a6u-
cum om cmaouu pazeumusi NUeHUYbl. B HopmanbHbIx yciosusx Ovli ommeueH
cunmes BTII16.9 6 nobezcax, no ne ¢ aucmosx. Coenano 3axkniouenue, ymo
aoanmayus 8-mu CymouHwiX npopocmKo boee onumenvhwlil npoyecc (6-24 u
6o30eticmesusi 37 u 39 °C) no cpasnernuto ¢ 4-x cymounvimu npopocmramu (3-6
y o30eticmeus 37 u 39 °C).

Knrwuesvie cnosa: Triticum aestivum L.; 6enxu menniogozo woka, aoan-
mayusi; npopoCmKiL,; nobe2u, TUCHbs, 8bICOKAS MEMNEpamypa, menjioycmou-
4uU8OCMDb.
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Introduction

Wheat is one of the agricultural crops that is subjected to temperature stress
and it is very sensitive to action of the heat stress during ontogenesis at the stag-
es of seedling germination and leaf formation, anthesis and grain filling. On
these stages of development, the high temperatures restrict of growth, develop-
ment and wheat productivity [1]. The normal temperature of vegetative devel-
opment of wheat is reported to be 20-30 °C, and the adverse of the stress effect
depends on the magnitude, timing and the duration of stressful influence [2].
However, plants can to adapt to stress and for heat tolerance is required different
changes on physiological, biochemical and molecular levels. The synthesis of
heat shock proteins (HSPs) is one of essential component of the plant response
to elevated temperatures and thermotolerance [3-8]. The heat resistant depends
on the synthesis of HSPs that improve different processes, such as photosynthe-
sis, respiration, membrane stability, water use efficiency, assimilate partitioning
and can to use the reactive oxygen species as a signal molecule and regulate
the activity of the antioxidant enzymes [9]. The principal heat shock proteins
are grouped into five conserved classes: HSP100, HSP90, HSP70, HSP60, and
the small heat shock proteins (sHSPs) [3, 9]. HSP16.9 is a sHSPs, that belongs
to a family of class I of HSP20 family. HSP16.9 may interact with many es-
sential polypeptides in a manner similar to HSP90 [3, 10]. sHSPs form a high
molecular weight oligomeric complexes which may to serve as cellular matrix
for stabilization of unfolded proteins and for its function are needed HSP100,
HSP70 [3, 6, 9]. HSP60 perform the function of ATP-dependent specialized
folding machinery [3]. HSP100 is responsible for ATP-dependent dissociation
and degradation of aggregate protein [3, 11]. HSP70 is responsible for primary
stabilization of newly formed proteins [3, 12]. It is known that the low-molec-
ular-weight HSPs can protect the chloroplasts and the mitochondria from heat
damage [13]. The chloroplastic and mitochondrial sHSPs are considered to play
an important role in heat tolerance [6].

The responses of plants to high temperatures are very complex including
different physiological and metabolic changes that effect on the plant devel-
opment and the interactions on cellular and molecular levels. Therefore, little
research has systematically compared the effects of heat elevated and stressful
temperatures of various durations in various developmental phases of wheat
[2]. Many works are devoted to the study of the influence of high elevated and
stressful temperatures at the level of wheat flowering and grain filling, but not
at the initial stages of wheat development. In this connection, the purpose of
this work was to determine compared analyze of the influence of elevated (37
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and 39 °C for 1, 3, 6, 24 h) and stressful (50 °C for 1, 3, 5 h) temperatures on
the heat resistant (7riticum aestivum L.) and synthesis of the HSPs (101, 70, 60
and 16.9 kDa) in wheat at the initial stages of development.

Samples and Research Methods

We used the 4-day-old and 8-day-old seedlings of spring wheat (7riticum
aestivum L.) variety “Novosibirskaya 29”. The 2-day-old seedlings were trans-
ferred into 3-dm?® boxes with solution a half-strength Knop medium and were
grown in a KBWF 400 chamber at 23 °C /20 °C (16 h day / 8 h night) and illu-
mination 200 pmol (photon) m™ s™! photosynthetic active radiation.

For heat acclimation, control seedlings into 3-dm? boxes were transferred
in a KBWF 240 chamber at 37 or 39 °C for 1, 3, 6, 24 h under light conditions.
For heat stress treatment, control seedlings into 3-dm? boxes were transferred
in a KBWF 240 chamber and were subjected to heat stress at 50 °C for 1-5 h
under light conditions. Cultivation and temperature treatments were carried
out in Binder chambers (Tuttlingen, Germany) of the experimental station “Fi-
totron” SIPPB SB RAS.

The effectiveness of acclimation is assessed by the accumulation of heat
shock proteins in the shoots of 4-day-old seedlings and leaves of 8-day-old
plants spring wheat after heat treatments.

The heat resistant was studded using conductivity meters HI 8734 (Hanna
Instruments Inc., Nusfalau, Romania). The yield of electrolytes from the leaf
and shoot cells (V, %) was calculated by the formula: V =100 (Lt / Lk), where
Lt is the electrical conductivity of the sample after heat treatment, Lk is the
conductivity of the same sample after 15 min of the boiling.

Content of the heat shock proteins in shoot and leaves of seedlings were in-
vestigated by 1D SDS-PAGE electrophoresis with using the Mini-PROTEAN
IIT Electrophoretic Cell (Bio-Rad, USA). The total protein from green shoots
and leaves was extracted according with Borovik and Grabelnych [14]. After
SDS-PAGE, the separated proteins were transferred on a nitrocellulose mem-
brane (GE Healthcare, Freiburg, Germany) by the Mini Trans-Blot (Bio-Rad,
USA). Then the HSPs were visualized with a BCIP-T/NBT alkaline phosphate
system (Thermo Scientific, Vilnius, Lithuania). It was used the following an-
tibodies: anti-HSP101 (ASO7 253, Agrisera, Védnnis, Sweden), anti-HSP70/
Hsc70 (SPA-820, StressGen, Victoria, Canada), anti-HSP60 (H1830-77B, US
Biological, Salem, MA, USA), anti-HSP16.9 (AS12 2570, Agrisera, Vannis,
Sweden), anti-Actin (AS13 2640, Agrisera, Vinnis, Sweden), and secondary
antibodies conjugated with alkaline phosphatase (Agrisera, Vdnnis, Sweden).
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The statistical significance of differences for the comparison of groups was
determined by ANOVA with using program of SigmaPlot14.0 (Systat Software
Inc. (SSI), USA). It was dune at least three independent experiments. Data are
presented as mean + SD (standard deviation of the mean) and as median with
percentiles (75th percentile and 25th percentile). The differences at p < 0.05
were considered statistically significant.

Research Results and Discussion

Since wheat is sensitive to high temperatures during stages of seedling ger-
mination and leaf formation, it was selected these stages as 4-day and §-day-old
seedlings, respectively (fig. 1).
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Fig. 1. The seedlings of spring wheat.
Note: a — the 4-day-old seedlings; b — the 8-day-old seedlings of spring wheat

The heat resistance of seedlings was assessed by the yield of electrolytes
from cells into water. It should be noted that the yield of electrolytes in con-
trol samples is different and it is much higher in shoots of 4-day-old seedlings
compared with the leaves of 8-day-old seedlings (fig. 2).
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Fig. 2. The influence of heat stress (50 °C) on the heat resistant
of spring wheat seedlings.
Note: a — the 4-day-old seedlings; b — the 8-day-old seedlings of spring wheat. The data
are presented as mean £ SD for ¢ and median and percentiles (75" percentile and 25
percentile) for b. n = 3. * The differences between the control and heat treatments are
statistically significant; P < 0.05.

The heat shock at 50 °C (from 1 to Sh) resulted in the increase of yield of
electrolytes from cells of the leaves and shoots. At the same time the content of
electrolytes from shoot cells was significantly lower compared with the leaves
(fig. 2). As shown in Fig. 2, the heat stress at 50 °C for 3 h resulted in the in-
crease of yield of electrolytes from cells of shoots and leaves by 1.5 and 3-fold,
respectively. This indicates that the 4-old-day seedlings are more resistant to
heat stress at initial period of influence at 50 °C. It is likely that this increased
heat resistance deals with a higher level of carbohydrates, HSPs and other pro-
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tective compound that are accumulated under action of high temperature in
seedlings [6, 15-17].

For next stage of the work, it was selected the temperatures of heat acclima-
tion (37 and 39 °C) with an exposure interval (1, 3, 6, 24 h) which was estimated
by heat resistant of seedlings and synthesis of HSPs in shoots and leaves (fig. 3).
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Fig. 3. The influence of heat treatments (37 and 39 °C) on the heat resistant
of spring wheat seedlings.
Note: a, b — the 4-day-old seedlings; c, d — the 8-day-old seedlings of spring wheat. The
data are presented as mean + SD for a,b and median and percentiles (75th percentile and
25th percentile) for c,d. n=3. * The differences between the control and heat treatments
are statistically significant; P < 0.05.

The increase in the duration of the time exposed at 37 and 39 °C (from 1 to
24 h) was not accompanied by an increase the yield of electrolytes from shoot
and leaves cells (fig. 3).

The induction of HSP synthesis is classical plant response to high tempera-
tures and it is an essential component of the plant heat acclimation and thermo-
tolerance [3, 5, 7, 9, 18]. The efficiency of heat acclimation for 4-day-old and
8-day-old plants was assessed by the synthesis of HSPs with molecular weight
of 101, 70, 60 and 16.9 kDa in shoots and leaves of the seedlings (figs. 4 and
5). It was noted that the synthesis of HSP16.9 is observed only in shoots of the
4-day-old seedlings, but not in leaves of the 8-day-old seedlings at the control
conditions (fig. 4).
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Fig. 4. Effect of the heat treatments (37 °C for 1 to 24h) on the HSPs content
in the spring wheat seedlings.
Note: C — control seedlings; M — the protein markers; 1 D SDS-PAGE separation of
total proteins followed by immunoblotting with antibodies against HSPs and actin that
were visualized with a BCIP-T/NBT alkaline phosphate system are presented from left
to right. n =3.
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Fig. 5. Effect of the heat treatments (39 °C for 1 to 24h) on the HSPs content
in the spring wheat seedlings.
Note: C — control seedlings; M — the protein markers; 1 D SDS-PAGE separation of
total proteins followed by immunoblotting with antibodies against HSPs and actin that
were visualized with a BCIP-T/NBT alkaline phosphate system are presented from left
to right. n=3.
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The changes in the HSPs content in spring wheat seedlings after heat treat-
ments is observed (figs. 4 and 5). It is known that under high temperature the
HSP100, HSP90, HSP70 and HSP20 (or small HSPs) are expressed in maximal
amounts [6]. The increase in the duration of time exposed to 37 °C (from 1 to
24 h) was accompanied by an increase in the HSP101 content in both shoots
and leaves of seedlings of spring wheat (fig. 4). The higher induction of the
synthesis of HSP70 is detected under heat exposure at 37 °C for 3-6 h in shoots
and at 37 °C for 24 h in leaves. As shown in Fig. 4, the higher induction of the
synthesis of HSP16.9 is detected under heat exposure at 37 °C for 6 h in shoots
and at 37 °C for 24 h in leaves.

Also as shown in Fig. 4, the content of HSP16.9 was detected only in shoots,
but not in leaves at the control conditions (fig. 5). At the same time, for the high-
er content of HSP16.9 is required under a prolonged exposure of 39 °C in both
4-day-old and 8-day-old seedlings (fig. 5).

As shown in Fig. 5, the higher induction of the synthesis of HSP70 is de-
tected under heat exposure at 39 °C for 1-24 h in shoots and at 39 °C for 24 h
in leaves. The increase in the duration of time exposed to 39 °C (from 3 to 6
h) was accompanied by an increase in the HSP101 content in both shoots and
leaves of seedlings of spring wheat (fig. 5). Based on the research conducted, it
was supposed that synthesis of HSP16.9 depends on on the developmental stage
of spring wheat. It is known that some sHSPs are highly-expressed in embryo-
genic tissues and growing fruits [6] and not only under stress condition, but in
normal development [8, 9].

Conclusion

It was concluded that the ability of wheat to acclimation depends on du-
ration of the exposure at temperatures (37 and 39 °C) and stages of the wheat
development. The thermotolerance also depends on the stages of wheat de-
velopment. The important role of the heat shock proteins (especially of small
heat shock proteins) in the heat acclimation of wheat at the initial stages of its
development was revealed.
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paropuu (PU3HUOIOTHUECKOI TEeHETUKU

Dedepanvroe cocyoapcmeerHoe 0r0xicemHoe 00pa308amenbHoe Y-
pedicOeHue svicuieco 0opasosanus «Mpkymcekuil 2ocyoapcmeeHHblll
yuugepcumemy (PI'EOY BO «UT'Y »); ®edepanvroe cocyoapcmeenioe
or00ocemmuoe yupescoenue Hayku Cubupckuii uHcmumym gusuonoeuu
u buoxumuu pacmenuii Cubupckozo omoenenusi Poccutickoil akademuu
nayx (CUOUFP CO PAH)

yn. Kapna Mapxea, 1, 2. Upxymck, 664003, Poccutickasa @edepayus;, yi.
Jlepmonmosa, 132, 2. Upkymck, 664033, Poccutickas ®edepayus
polyackova.elizaveta727@mail.ru

I'paGeabnbix Oubra UBanoBHa, TOKTOp OMONIOTHYECKHUX HAYK, TIIABHBIN Ha-
YUHBIA COTPY/IHUK JIabopaTopuu pU3HNOIOTHYeCKUI TEHETHKH; ITpodec-
cop kadeapsl PU3HOIOTHH PACTCHUI, KIICTOYHON OUOJIOT MU U TEHETUKU
Dedepanvhoe 2ocyoapcmeenHoe 0100xdcemHoe yupexcoenue HAYKU
Cubupcruu uncmumym ghuzuonoeuu u ouoxumuu pacmenuii Cubup-
ckoeo omoenenust Poccutickoii akademuu nayk (CUPUBEP CO PAH);
Dedepanvroe cocyoapcmeennoe 6100xcemnoe 0bpazoeamenvroe yu-
pedicoenue gvicuie2o 0opasosanus « Ipkymckuil 20cy0apcmeentbiil yHu-
sepcumemy (OI'BOY BO «UT'Y»)
ya. Jlepwonmosa, 132, e. Upkymck, 664033, Poccutickas ®edepayusi;
yi. Kapna Mapxcea, 1, o. Upxymck, 664003, Poccuiickas @edepayus
grolga@sifibr.irk.ru



