Involvement of NR and/or NOS-like dependent pathways of NO biosynthesis in response of cucumber roots to low temperature
Udział zależnych od NR i/lub NOS szlaków biosyntezy NO w odpowiedzi korzeni ogórka na niską temperaturę
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Abstract: Nitric oxide (NO) functions as a signaling molecule in plant adaptation to changing environmental conditions. NO levels were found to increase in plants in response to low temperature (LT). However, knowledge of the pathways involved in enhanced NO production under cold stress is still limited. For this reason, we aimed to determine the role of different NO sources in NO generation in cucumber roots exposed to 10°C for short (1 d) and long (6 d) periods. Short-term LT treatment of seedlings increased plasma membrane-bound nitrate reductase (PM-NR) activity and induced the expression of genes encoding NR in cucumber (CsNR1-3). On the other hand, long-term exposure was related to increased cytoplasmic NR (cNR) activity and induced expression of the CsARC gene, encoding the amidoxime-reducing component (ARC) protein. The decrease in nitrite reductase (NiR) activity and the higher NO2-/NO3- ratio in the roots of plants exposed to LT for 1 d suggest that tissue conditions may favor NR-dependent NO production. Regardless of NR stimulation, a significant increase in NOS-like activity was observed in the roots, especially during long-term LT treatment. These results indicate that diverse NO-producing routes, both reductive and oxidative, are activated in cucumber tissues at different stages of cold stress.

Abstract: Tlenek azotu (NO) pełni funkcję cząsteczki sygnalizacyjnej w adaptacji roślin do zmieniających się warunków środowiskowych. Stwierdzono, że poziom NO w roślinach wzrasta w odpowiedzi na niską temperaturę (LT). Jednakże wiedza na temat szlaków zaangażowanych w zwiększoną produkcję NO w warunkach stresu chłodu jest nadal ograniczona. Z tego powodu naszym celem było określenie roli różnych źródeł NO w wytwarzaniu NO w korzeniach ogórka narażonych na działanie temperatury 10°C przez krótki (1 dzień) i długi (6 dni) okres. Krótkoterminowe traktowanie siewek niską temperaturą zwiększyło aktywność reduktazy azotanowej związanej z błoną komórkową (PM-NR) i indukowało ekspresję genów kodujących NR u ogórka (CsNR1-3). Z drugiej strony, długoterminowa ekspozycja była związana ze zwiększoną aktywnością cytoplazmatycznej NR (cNR) i indukcją ekspresji genu CsARC, kodującego białko komponent redukujący amidoksym (ARC). Spadek aktywności reduktazy azotynowej (NiR) i wyższy stosunek NO2-/NO3- w korzeniach roślin narażonych na LT przez 1 dzień sugerują, że warunki tkankowe mogą sprzyjać zależnej od NR produkcji NO. Niezależnie od stymulacji NR zaobserwowano istotny wzrost aktywności NOS-podobnej w korzeniach, zwłaszcza podczas długotrwałej ekspozycji na LT. Wyniki te wskazują, że różne drogi wytwarzania NO, zarówno redukcyjne, jak i oksydacyjne, są aktywowane w tkankach ogórka na różnych etapach stresu chłodu.
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Figure 1. Bio-imaging of NO production (A) and mean DAF-2D related fluorescence density (B) in root apical segments of cucumber seedlings not treated (control) and treated with LT for 1 day (LT 1d) and 6 days (LT 6d). Some sets of plants were incubated in the presence of NR inhibitor (0.1 mM sodium tungstate; +WO42-) or mammalian NOS inhibitor (0.1 mM AET, +AET). Bio-imaging of NO generation was monitored by labeling with the NO-specific fluorescent dye, DAF-2D and imaged using fluorescence microscopy. The images shown in (A) are representative for at least 3-5 roots for each treatment from 3 independent replications of the experiment. Asterisks in (B) indicate a difference in comparison to control (Student’s t-test, p<0.05).
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Figure 2. Total activity, actual activity and enzyme activation state of cNR (A, B and C, respectively) and PM-NR (D, E and F, respectively) in roots of cucumber seedlings not treated (control) and treated with LT for 1 day (LT 1d) and 6 days (LT 6d). 326.96 ± 40.1 (A) and 98.30 ± 15.05 (B) nmol NO2- × g FW-1 × h-1 were used as 100% for cNR. 223.22 ± 59.16 (D) and 155.01 ± 35.01 (E) nmol NO2- × mg-1 protein × h-1 were used as 100% for PM-NR. All results are means ± SD of 3 replications of 4 independent experiments. Asterisks indicate significant difference in comparison to control (Student’s t-test, p<0.05).
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Figure 3. Relative expression of CsNR1-3 genes in roots of cucumber seedlings not treated (control) and treated with LT for 1 day (LT 1d) and 6 days (LT 6d). Expression was determined using real-time PCR. All results were normalized to the reference expression of CsTIP41 encoding the TIP41-like protein. Values presented are means ± SD from 3 replicates of 3 independent experiments. Asterisks indicate significant difference compared to control (Student’s t-test, p<0.05).
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Figure 4. Nitrite reductase (NiR) activity in roots of cucumber seedlings not treated (control) and treated with LT for 1 day (LT 1d) and 6 days (LT 6d). Data presented are means of 3 replications of 5 independent experiments. Error bars represent SD. Asterisks indicate significant difference compared to control (Student’s t-test, p<0.05). 



Figure 5
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Figure 5. NOS-like activity measured as arginine-dependent NADPH oxidation in extracts prepared from roots of cucumber seedlings not treated (control) and treated with LT for 1 d (LT 1d) and 6 d (LT 6d). Data presented are means of 3 replicates of 3 independent experiments, with error bars representing the SD. Asterisks indicate significant difference compared to control (Student’s t-test, p<0.05).

Figure 6
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Figure 6. Relative expression of CsARC in the roots of cucumber seedlings not treated (control) and treated with LT for 1 d (LT 1d) and 6 d (LT 6d). Expression was determined by real-time PCR. The results were normalized to the reference expression of CsCACS, which encodes a clathrin adaptor complex subunit. Presented values are means ± SD of 3 replicates of 3 independent experiments. Asterisks indicate significant difference compared to control (Student’s t-test, p<0.05).
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