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                    Abstract
Detoxification of reactive carbonyl compounds (RCC) is crucial to sustain cellular activity to improve plant growth and development. Seedling growth is highly affected by accumulation of RCC under stress. We report non-enzymatic, enzymatic mechanisms of detoxification of RCC in the cucumber, tobacco and rice seedling systems exposed to glucose, NaCl, methyl viologen (MV) induced oxidative stress. The cucumber seedlings exposed to carbonyl stress had higher levels of malondialdehyde (MDA), protein carbonyls (PCs) and advanced glycation end-product N-carboxymethyl-lysine (AGE-CML) that negatively affected the seedling growth. The overexpression of enzyme encoding aldo-keto reductase-1 (AKR1) in tobacco and rice showed detoxification of RCC, MDA and methylglyoxal (MG) with improved seedling growth under glucose, NaCl and MV-induced oxidative stress. Further, small molecules like acetylsalicylic acid (ASA), aminoguanidine (AG), carnosine (Car), curcumin (Cur) and pyridoxamine (PM) showed detoxification of RCC non-enzymatically and rescued the cucumber seedling growth from glucose, NaCl and MV-stress. In autotrophically grown rice seedlings these molecules substantially improved seedling growth under MV-induced oxidative stress. Seedlings treated with the small molecules sustained higher guaiacol peroxidase (GPX) enzyme activity signifying the role of small molecules in reducing carbonyl stress-induced protein inactivation and AGE-CML protein modifications. The results showed that besides enzymatic detoxification of RCC, the small molecules also could reduce cytotoxic effect of RCC under stress. The study demonstrates that small molecules are attractive compounds to improve the seedling growth under stress conditions.
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Supplementary Fig. S1—Growth response of cucumber seedlings to different concentrations of a & d) glucose, b & e) NaCl and C & f) methyl viologen stress. The root and shoot growth were measured after 2-days of exposure. Error bars indicate data from 15 biological replicates. Statistically significant differences between control and stress were analyzed by Student’s t test (*p ≤ 0.05). (TIF 4102 kb)
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Supplementary Fig. S2—Response of AKR overexpressing tobacco transgenics and Yeast AKR mutants to carbonyl stress induced by glucose, NaCl and MV-induced stress. a) AKR overexpressing tobacco transgenic lines showed improved tolerance to carbonyl stress induced by 2.5% glucose, 200 mM NaCl and 250 µM methyl viologen. Photographs were taken after 5-days of exposure to stress. b) The growth response of Yeast AKR mutants to carbonyl stress induced by 2% glucose, 100 mM NaCl and 10 µM methyl viologen. Yeast photograph was taken after 3-days of inoculation. (TIF 4283 kb)
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Supplementary Fig. S3—AKR proteins detoxify RCC and rescue cucumber seedlings from carbonyl stress induced by glucose. The crude protein was extracted from E. coli cells after induction with isopropyl β- d-1-thiogalactopyranoside (IPTG). Similar quantity of this crude protein was infiltrated into the seedlings and subsequently, these seedlings were incubated in glucose for 48 h and recovery growth was recorded after 2-days of exposure. a) Photograph showing the incubation of glucose solutions with AKR crude proteins. b) Photographs showing the growth of cucumber seedlings on 4% and 5% of glucose. c) Growth response of cucumber seedling rescued from 4% glucose and d) 5 % glucose-induced inhibition by AKR crude proteins. (TIF 4930 kb)
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Supplementary Fig. S4—Response of cucumber seedlings to different concentrations of small molecules under 4% glucose stress. Pre-germinated cucumber seedlings were transferred to petri dishes containing different concentrations of small molecules and growth was measured after 2-days of exposure. Statistically significant differences between small molecules treatments and stress alone were analyzed by Student’s t test (*p ≤ 0.05). (ASA = acetylsalicylic acid; AG = aminoguanidine; Car = carnosine; Cur = curcumin; PM = pyridoxamine). (TIF 6046 kb)
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