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Oxidative stress response in plants to combined abiotic and biotic stress factors

Abstract: Reactive oxygen species were considered to be toxic by-products of aerobic metabo-
lism, which were disposed of using antioxidants. However, it has become apparent that plants actively
produce reactive oxygen species as signalling molecules to control processes such as programmed cell
death, abiotic stress responses and pathogen defense. Oxidative stress, accompanied by increased
generation of reactive oxygen species, occurs under the influence of both abiotic and biotic factors.
Despite extensive studies of oxidative stress caused by temperature and various pathogens, there
is a little understanding about cross-interaction between these factors. This review attempts to
focus on influence of a combined action of abiotic and biotic factors on oxidative stress responses in
plants. This knowledge might help to provide an insight into mechanisms of molecular interactions
in response to multiple stress factors.

Keywords: oxidative stress, abiotic factors, biotic factors, reactive oxygen species, viral infec-
tion.

Reactive oxygen species (ROS) are derivatives of O2 produced during normal cellular aerobic me-
tabolism. They are free radicals such as superoxide, hydroxyl radicals, hydrogen peroxide and singlet
oxygen. However, high concentrations of ROS are also generated by the action of environmental
stresses such as UV and ionizing radiation, xenobiotics and pathogen infection. Each of these abi-
otic and biotic stress factors lead to the disruption of cellular homeostasis resulting in an enhanced
generation of ROS that can pose a threat to organisms. Cells in this condition are known to be in
a state of oxidative stress. Oxidative stress, defined as a shift of the balance between prooxidative
and antioxidative reactions in favor of the former seems to be a common denominator of the action
of various agents on living organisms|1].

An oxidative stress triggered by all environmental and biotic stresses can damage cell components
and cause their dysfunction. The oxidative stress is caused by the following: (a) an imbalance
between ROS generation and detoxification due to disturbance of 'normal’ cell physiology; (b) ROS
biosynthesis de novo as a constituent part of stress signaling and immunity response needed for
defense and adaptation [2]. In humans and animals, oxidative stress is thought to underlie many
diseases and contribute to the process of aging. Studies with plants in this field are less abundant
but oxidative stress does not seem to be less important than in the animal world [3].

Plant oxidative stress is a complex physiological phenomenon. As for all organisms, plant ROS also
play a dual role depending on their concentration. They were initially thought to be toxic byproducts
of aerobic metabolism, but have now been acknowledged as central players in the complex signaling
network of cells [4]. In the plant cell, ROS can directly cause strengthening of cell walls via cross-
linking of glycoproteins, or lipid peroxidation and membrane damage. An increased level of ROS
causes damage to cells, whereas at acceptable concentration they have additional signaling roles
in plant adaptation to the stress. ROS are important signals mediating defense gene activation.
Additional regulatory functions for ROS in defense occur in conjunction with other plant signaling
molecules [5-7]. However, ROS also regulate additional plant responses in relation to other signals.
Reactive oxygen species play a major role in plant defense against pathogens. Because of the duality
of ROS, it is important for the cells to tightly control the level of ROS to not cause an oxidative stress
and at the same time not to eliminate them completely. A balance is achieved by an antioxidative
system that involves several antioxidant molecules. Some well known enzymatic antioxidants are
superoxide dismutase (SOD), catalase (CAT) and some peroxidases and reductases |[2].

Unlike other organisms, due to their sessile lifestyle, plants are continuously exposed to a wide
range of environmental stimuli and stresses. Several abiotic stress factors such as temperature,
drought, salinity and radiation alter physiological processes in plants and negatively affect yield of
agricultural crops. Moreover, plants have to face attacks by various pests and pathogens, including
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bacteria, fungi, viruses, nematodes, and herbivores. At the same time, some environmental factors
have an effect on plant-pathogen interactions. Particularly high and low temperature conditions
might suppress an immunity of plants against viral pathogens. These observations have a tremendous
significance because temperature stress is becoming the major concern for plant scientists worldwide
due to the changing climate. Current climate prediction models indicate a gradual increase in
ambient temperature. The difficulty of climate change is further added considering its precisely
projecting potential agricultural impacts. For example, global warming will be accompanied by heat
waves that drastically affect the conditions under which crop plants are grown [8].

Therefore, it is important to focus on complex cross-talks between plant responses to both abiotic
and biotic stress factors in order to enhance plant immunity and crop productivity. Until now, little
has been known about plants exposed to simultaneously occurring abiotic and biotic stresses [§].
An implementation of a versatile multifactorial test system, allowing simultaneous application of
heat, chilling (low non-freezing temperatures) and virus stress to plants might shed some light on
molecular plant responses to multiple stress factors.

Oxidative DNA damage, unless repaired, may have detrimental consequences and increase genetic
instability. Therefore, it is important to determine the role of heat-shock or chilling induced oxidative
stress on induction and repair of DNA damage in relation to oxidative stress tolerance in virus
infected plants. It seems that heat-stress or chilling-stress factors influence on the interactions
between plants and virus pathogens and act on pathogenicity and host defense responses.

It is possible that an abiotic stress can weaken or strengthen the plant protection against
pathogens. Earlier we have shown that heat as a constant factor of the environment leads to
increased generation of ROS in water and aqueous solutions [1].

Chilling stress is another major environmental factor that often affects plant growth and crop
productivity and leads to significant crop losses. Heat and chilling oxidative stresses include responses
that lead to the excess accumulation of toxic compounds, especially reactive oxygen species. The
end result of ROS accumulation is oxidative stress [9]. It is also known that many mammalians are
sensitive to the action of viruses under the influence of low temperatures. We also found that low
temperatures lead to an increase in aldehyde oxidase (AQO) activity in barley plants.

It is well known that reactive oxygen species signaling network is involved in the regulation of
numerous biological processes, including resistance to pathogens [10]. One of the earliest plant
responses to pathogen invasion is a significant increase of ROS production, called oxidative (res-
piratory) burst [11, 12|. Recently we showed an involvement of plant AO in defense mechanisms
against viral infection. In addition, the infection caused an increased accumulation of hydrogen
peroxide, compared to mock-inoculated plants [13]. The virus infection resulted in increased ac-
tivity of catalase (CAT) and superoxide dismutase (SOD) in roots and leaves of N. benthamiana.
Moreover, activation of two additional CAT isoforms was observed in the leaves of plants after virus
inoculation. Our findings indicated that the virus infection significantly affects enzymes responsible
for the balance of ROS accumulation in plant tissue in response to pathogen attack [13].

Interestingly, it has been recently shown, that the increased content of hydrogen peroxide in virus
infected plants promote the spread of silencing signal between different cells, contributing to the
activation of RNA interference (RNAi) in the whole organism [14]|. Nevertheless, many aspects of
the interaction of the type as a temperature-plant-virus are open to investigation. For example, we
know that an attack by pathogens leads to an increased generation of ROS, but we also know that
because of the ROS the mammalian organism resists infection [11]. Therefore, can temperature-
induced oxidative stress increase plant resistance to infection? This study is poorly understood in
relation to the plants. In certain cases, such crosstalk can lead to a cross-tolerance and enhancement
of a plant’s resistance against pathogens. An investigation is needed to give an insight into cross-
tolerance between abiotic and biotic stress, focusing on the molecular level and regulatory pathways.

The very early response of plant cells to infection or elicitors, the oxidative burst, which is fast
stimulated, may hold a key for triggering the cascade reactions which are involved in the hypersensi-
tive resistance response. Some organisms, for example, the pathogenic Phytophthora fungi seem to
acquire the potential factors, suppressors, to overcome the system of the oxidative burst of host plant
cells for the establishment of a compatible host-parasite relationship. In this sense, the oxidative
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burst in plant cells may be an emergency signal for the expression of the active defence response in
plants [11, 16]. Unfortunately, published data on this crosslinks are scarce, there is only a very lim-
ited number of studies which shed light on interaction between the viral intervention, temperature
induced oxidative burst and plant response. Therefore, more research is needed.

It is clear plants potentially carry a self-defence system with or without resistance-encoding genes
to certain pathogens. An incompatible recognition by plant cells may automatically trigger the
oxidative burst through a signal transduction system, and then construct the chemical and/or phys-
ical defence barrier. The switching-on for the oxidative burst may be responsible for the successful
resistance even in susceptible host cultivars. Plant cultivars without major resistance genes to their
pathogens also carry the system for the oxidative burst and expression of the defence genes and
metabolism. From this viewpoint, there is no need to introduce resistance-encoding genes or genes
associated with the expression of resistance [8, 11]. In connection with the above, it is necessary
to understand: 1) does the temperature affect the "aggressiveness" of the virus attack against the
plant; 2) can plants use a temperature-induced oxidative "explosion" against a viral infection; 3)
what will be the response of the plant to the "combined" (temperature and viral infection) oxidative
stress.

Moreover knowing how to control the oxidative burst system will be much more effective to protect
plants depending on their own latent potential of resistance. Therefore a better understanding of
the oxidative burst and its associated signal transduction in plants may provide some reagents which
can induce the acquired immunity depending on their own latent defence systems, and contribute to
the sustainable development of crop production by reduction of the use of chemicals for the control
of pathogens.

The need to study a biological complex relationship between abiotic stress-plant-pathogen is
because a plant disease control is largely based on the use of fungicides, bactericides, and insecticides
- chemical compounds toxic to plant invaders, causative agents, or vectors of plant diseases. However,
the hazardous effect of these chemicals or their degradation products on the environment and human
health strongly necessitates the search for new, harmless means of disease control [16]. There must be
some natural phenomenon of induced resistance to protect plants from disease. A study is required
that investigates molecular responses of combined stress, where the elevated level of ROS in plants
formed as a result of temperature-induced oxidative stress will be directed by a host-plants against
viral invasion. Thus understanding of molecular mechanisms of natural regulation in plant “fights”
against pathogen attack could minimize the scope of chemical control, thus contributing to the
development of sustainable agriculture. A successful research in this field will determine the role of
temperature-induced ROS in the plant combating the pathogen action and, accordingly, will identify
novel ways of defending plants against infection.
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P.2K. EpmyxamberoBa, A.2K. orabaes, A.A. Bapu, 2K.K. Macanumos
Eepasutickutl Hayuoraroroitl yrusepcumem umenu JI. H. lymunesa Acmana , Kaszaxcman

Peaknusi OKNCJINTEJIBHOTO B3PbIBA y PACTeHUIl K OJHOBPEMEHHBIM abMOTHYEeCKUM M GHOTHMYECKHM CTPECCOBBIM
dakTopam

AnHOTaNUs: aKTUBHBIE (POPMBI KUCJIOPOA CUMTAIOTCS TOKCUYHBIMHU HMOOOYHBIMM IPOJAYKTAMU adpPOOHOrO MeTaboJn3Ma,
B JajbHEeNeM ycrpaHseMmble anTuokcugantamMu. OJHAKO ObLIO YCTAHOBJIEHO, YTO PACTEHHS AKTUBHO IIPOU3BOAAT AKTUBHBIE
(GOpPMBI KUCJIOPO/Ia B KAYECTBE CUTHAJBHBIX MOJIEKYJI JJIsi KOHTPOJISI HEKOTOPBIX KJIETOYHBIX MPOIECCOB KaK aIlONTO3, PEAKIINU K
abUOTUYIECKUM CTPECCOBBIM (PaKTOPAM U 3aIUTa OT IIaTOrEHOB.

OKUC/IUTENIBHBIA B3PBIB, COIIPOBOXKIAMOIIMICS yBEIUYEHHEM KOHIEHTPAIMN aKTUBHBIX (POPM KHUCJIOPOJA, IIPOUCXOIUT KaK
oTBeT K abmormueckuM u OumormyeckKuM dakropaMm. HecMOTps Ha JHOCTATOYHOE KOJIUYECTBO HUCCIIEIOBAHUN OKHCIUTEIHLHOTO
B3PbIBA, BO3HUKAIOIIETO H3-3a TEMIIEPATYDPHI U PA3JIMYHBIX IATOTEHOB, B3aUMOCBSI3aHHOE BJIMsSIHUE 3TUX (DAKTOPOB BCE eIlle
OCTAeTCsT MAJIO U3yIECHHBIM.

Hauubiit 0630p paccmarpuBaeT >M@PEKT KOMOMHUPOBAHHOIO JEHCTBHUSI aDMOTHUYECKUX U OmoTmdecKux (HakTOPOB Ha
OKHCJINTEIbHBIA B3PLIB y DPACTEHUN, KOTOPBIA MMOMOYXKET DPACKPBITh MEXAHU3MbI MOJIEKYJISPHBIX B3aMMOIECHCTBHII B OTBET K
HECKOJIbKUM CTPECCOBBIM (haKTOPaM OJHOBPEMEHHO.

KuroueBble cJioBa: OKHCJIWTENIBHBIA B3pbIB, abuormdyeckue HaKTOpbI, OuoTHYeckne (aKTOPhI, aKTUBHBIE (HPOPMBI
KHCJIOPOJA, BUPYCHAsT MHMEKIUSI.

P.2K. Epmyxamb6eroBa, A.2K. Torabaes, A.A. Bapu, 2K.K. MacaaumMmos
JI.H.T'ymunes amundaev. Eypasus yammuos yrusepcumemi Acmana, Kasaxcman

Bip mesringeri abuoTukasbIK >kaHe OMOTHKAJIBIK CTPeccTiK paKTopJapra >kayan periHferi ecimaikreri ToTbIFy
>KapbLIbICHI

AnuHOTalus: orreridiy 6escenai dopMasiapbl aHTUOKCUIAHTTADP KOMETIMEH YKOMBLIATHIH a3p00Thbl METAOOJIU3MHIH, 3USH bl
KOCBIMIIIa, OHiMzAepi GoJsbill caHamaabl.  Auaiijga eciMuikrep orreriHiy OGesceHai dopMajapblH COHBIMEH KATap AallollTo3,
abHOTHKAJIBIK, CTPECCKE YKayall KoHe IaTOreHEPIEeH KOPFaHbIC CEKili nporecrep/i 6akbliayra KaXKeTTi CUIHAJ MOJIEKYJIaIapbl
peringe ne Gencenui Typae Tyseni. Orrerinin Gescenai dopmasiapbl MeJIIEPIHIH apTybIMEH >KYDPETiH TOTBHIFY »KapbLIbICHI
abMOTHKAJIBIK, »KOHE OMOTHKAJIBLIK (hakTOopJiapra »Kayall peTiH/le OpbIH ajajbl. Temileparypa »KoHe HaToreHjaep cebebineH
TYBIHAANRTHIH TOTHIFY KapbIIbIChIHA APHAJIFAH 3€PTTEy *KYMBICTAPbI XKETKIIKTI G0JIFaHbIMEH, aTaJFaH (paKToOpJIapAblH 6ipiKKeH
ocepi oui me Gesricis Gosbil OTHIp. DByil mosmy abHOTHKANBIK 2KoHE OMOTHUKAJLIK (aKTopJapiably Oipikken sddexricinin
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ociMIIKTeri TOTBIFY »KapbLJIbICBIHA 9CEPIH KapacThIpaJbl XKoHe OipHellle cTpeccTiK daKTopaapra Kayall PeTiHIeri MOJIeKYJIaIbIK,
e3apa 9peKeTTEep/IiH, MEXaHU3MIH alllyFa KeMeK Oepesi.

TyiiiH ce3mep: TOTHIFY *KapbUIBICH], A0NOTHKAJIBIK, (paKTOpIap, OMOTHKAILIK, (pakTOpIap, OTTeriHiy 6escenai dopMaapsl,

BUPYCTBIK, HH(MEKIH.
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