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Autophagy process plays a pivotal role in nutrient recycling which maintains 

cellular homeostasis during growth and developmental stages in 

many eukaryotes. Autophagy-related proteins 5 and 8 (ATG5 and ATG8) are 

responsible of playing an indispensable role in formation of mature 

autophagosome that fuses with vacuole to transfer cellular cargo for digestion and 

recycling. On the other hand, polyamines (PAs) are ubiquitous polycationic 

amines that contribute in numerous biological processes and are involved in 

regulation at both transcriptional and translational levels. To figure out whether 

PAs play a role in the ripening-associated autophagy process, transcriptomic 

analysis of ATG8/ATG5 genes and analysis of their protein products were 

performed. RNA sequencing (RNASeq) experiment was executed using Solanum 

lycopersicum L. cv. Ohio 8245 (WT) and its transgenic homozygous (HO) lines 

(556HO and 579HO) expressing yeast S-Adenosyl Methionine Decarboxylase 

(ySAMdc) under SlE8, a fruit-ripening promoter. Normalization of read counts of 

differentially expressed genes was performed. Gene transcripts of nine putative 

autophagy genes of both ATG8 and ATG5 were identified (two for ATG5 and 

seven for ATG8). It was found that gene expression of ATG8/ATG5 gene 

transcripts were altered during fruit ripening in PAs enriched genotypes. In 

addition, to decipher whether gene expression behavior is maintained on the 

protein level, total protein extraction, SDS-PAGE, and immunoblotting analyses 

were carried out. ATG8/ATG5-conjugates were found to be differentially and 

specifically expressed in 556HO and/or 579HO genotypes. Presented study has 

provided evidences that ySAMdc-high spermidine and spermine play a role during 

fruit ripening by altering the steady state levels of ATG8/ATG5. Therefore, it 

might be speculated that triggered alteration in autophagy-related genes 

(ATG8/ATG5) could be regarded as one mechanistic key pathway of PAs to 

maintain cellular homeostasis, increase longevity, development, and ripening of 

tomato fruit. 
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Introduction 

All organisms have evolved through recycled pathways 

for their intracellular constituents as an essential way for 

the optimal growth and developmental processes 
[1-3]

. 

Autophagy machinery is considered as recycling 

pathway in which the surplus organelles or the 

protoplasmic aggregates (cargo) are encapsulated by 

autophagosomes 
[3-5]

. Autophagy process plays a 

significant role in nutrient recycling/mobilization/re-

assimilation during seed germination and seedling 

establishment 
[6-9, 12]

, controlling seasonal senescence 
[7]

,  

 catabolizing various metabolites or protoplasmic 

components, and has also a housekeeping role in 

removing the cellular 
[10-11]

. Under nutrient deprivation, 

autophagy provides adequate supply of alternative 

energy sources like amino acids that can be transformed 

into intermediates of the Krebs cycle producing energy 

for the production of ATP molecules 
[13]

. In addition, 

autophagy is implicated in pathogen avoidance and 

resistance mechanisms 
[14-16]

 by enhancing the 

hypersensitivity response which is sort of the 

Programmed Cell Death (PCD) in the infected area that 

leads to necrosis. Autophagy also has a vital role in 

chloroplast maturation and repair 
[17]

. In the absence of 
* Corresponding author. 
   E-mail address: Mohamed_shehata@sci.asu.edu.eg 

 

mailto:%20Hanadyayeed@yahoo.com
mailto:%20Hanadyayeed@yahoo.com


  M. Ibrahim /Egy. J. Pure & Appl. Sci. 2017; 55(3):1-11  

2  

 

 

autophagy regulated recycling process, cells would 

accumulate undesirable cargo with its constituents 

causing a general toxicity and growth inhibition for the 

living organism 
[18-23]

. Moreover, autophagy is highly 

inducible with stresses or even sustained at a basal level 

under certain physiological conditions 
[24-26]

. Multiple 

proteins are responsible for the formation of 

autophagosome, the subcellular complex responsible for 

autophagy process, especially Autophagy-Related 

Protein 5 (ATG5) and ATG8 (Figure 1). Generally, five 

core autophagy complexes are required for autophagy 

events including, ATG1/ATG13 kinase complex, ATG9 

complex, phosphoinositide 3-kinases (PI3K) Complex, 

ubiquitin-like ATG8-phosphatidyl ethanolamine (PE) 

conjugation, and finally ubiquitin-like ATG12-and 

ATG5 conjugation pathway 
[27-30]

. The genes involved in 

the autophagy process were firstly identified in 

Saccharomyces cerevisiae based on absence or 

reduction of autophagosome in nutrient starved cultures 
[5, 31-33]

.  More than 30 genes have been identified as 

ATG genes. The homologues of ATGs were recognized 

in many organisms including animals and plants 

revealing the highly conserved autophagic pathway in 

eukaryotic life 
[28, 34-35]

. The role of autophagy was 

characterized and functionally analyzed in different 

plant biological systems. In Arabidopsis thaliana L. 

mutations in some of autophagy-related genes have 

exhibited a number of phenotypes. However, autophagic 

machinery genes in other plants, such as Zea maize 
[36-

37]
, Oryza sativa 

[38-39]
, Triticum 

[40]
, and Solanum 

lycopersicum 
[41]

 need to be further investigated. 

 Many phyto-hormones, especially ethylene, play 

essential roles in fruit development and ripening 
[42-44]

. 

Polyamines (PAs) have been shown to extend shelf life 

and reported to increase longevity in several organisms, 

including tomato fruits 
[45-47]

. Biogenic amines, 

putrescine, spermidine and spermine impact plant 

senescence, decay symptoms, and fruit ripening in 

Solanum lycopersicum 
[47]

. PAs are ubiquitous 

polycationic amines that contribute in numerous 

biological processes such as growth, development, and 

senescence, and involved in regulation at both 

transcriptional and translational levels 
[48-55]

. PAs have 

essential roles in cell proliferation and differentiation 
[54, 

56-58]
. In many organisms, PAs are considered as 

juvenility factors and are associated with cell death-

related processes 
[59-60]

. However, the molecular 

mechanisms regulating effects of PAs in plants are not 

yet understood. Understanding these mechanisms would 

likely provide a method to improve yield and shelf life of 

fresh product. Additionally, transcriptomic, proteomic 

and metabolomics investigations have shown that fruit 

undergo massive physiological changes during 

maturation and seed dispersal 
[61]

. Once reach maturity 

(maximal size) tomato fruit can ripen both on-planta and 

off-planta. Under both conditions, especially off-planta 

ripening, fruit has to mobilize resources within fruit, a 

process that likely requires autophagy. Role of 

autophagy process during the ripening of fleshy fruit has 

not been investigated yet. Shelf life of fruit is normally 

determined by the rate of change of this metabolic 

activity leading to fruit softening. This process that last  

 

 

 

Fig. 1: Tentative schematic representation of known or proposed steps within the autophagy (ATG) pathway in plant. 

ATG proteins that have been expressed in tomato fruits are highlighted in orange color. The other genes expressed in 

other plants such as Arabidopsis are highlighted in blue-gray color. 
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several days to weeks require reallocation of resources 

to provide energy source and build blocks for new 

protein synthesis, especially those regulating catabolism 

of cell wall material 
[62]

. Earlier investigations have 

shown the advantage of PAs rich tomato homozygous 

independent genotypes (556HO and 579HO) in slow 

aging 
[45]

. To figure out whether PAs play a role in the 

ripening-associated autophagy process, transcriptomic 

analysis of ATG8/ATG5 genes that was consequently 

supported with the analysis of their protein products was 

performed. 

Materials and Methods 

Plant Material and fruit collections 

Solanum lycopersicum L. cv. Ohio 8245 (WT), and its 

transgenic homozygous (HO) lines (556HO and 579HO) 

expressing yeast SAMdc gene (ySAMdc) under SlE8, a 

fruit-ripening promoter 
[45]

, were used in this study. 

Tomato plants were grown in greenhouse facility at 

Horticulture and Landscape Department, Purdue 

University under normal practices. Wild type plants 

(WTs) and transgenic lines were grown in glasshouse on 

high porosity potting mix (52 Mix, Conard Fafard Inc., 

MA USA) supplied with 16 h day/8 h night photoperiod 

and 23°C day/18°C night temperature conditions. 

Mature green (MG) fruits were characterized after 35-38 

day post anthesis (DPA) and were denoted by green 

fully sized grown fruit. The Breaker (BR) stage was 

approximately 42 DPA and it was characterized by 

ripening-associated color shifting from green to yellow. 

Fruit of subsequent ripening stages were defined in 

“days post-breaker”, like the ripening stage of four and 

eight days after breaker (BR4 and BR8), respectively. 

The fruits of WT, 556HO, and 579HO genotypes were 

harvested at two stages of fruit ripening: MG and BR4 

(unless otherwise stated) and kept at -80°C. 

RNA sequencing (RNASeq) Experiment and 

normalization of read counts 
Total RNA was extracted from pericarp tissues of 

tomato fruits as described previously 
[63]

. Total RNA 

was pre-treated with RNase-free DNase (Promega) and 

cDNA was synthesized using Superscript II reverse 

transcriptase kit as previously described 
[45]

. Quality 

control was made by using FastQC. Based on the result 

from FastQC, all bases in the reads in our samples have 

good quality (quality score> 30). Reads were aligned to 

Solanum lycopersicum L. genome using Tophat v 2.1.1 

with default parameters 
[64]

. Gene counts were calculated 

by HTSeq 
[65]

 using parameter “htseq-count -s no” 

(For stranded=no, the data is not from a strand-specific 

assay, a read is considered overlapping with a feature 

regardless of whether it is mapped to the same or the 

opposite strand as the feature). The annotation 

information used in this step was downloaded from 

(https://solgenomics.net/organism/Solanum_lycopersicum 

/genome) Solanum lycopersicum L. Genomics Network. 
The number of mapped reads for a particular gene were 

scored as ‘counts’ and used for downstream analysis, 

including differential gene expression. The HTseq files 

for tomato at MG and BR4 old fruits from WT, 556HO, 

 and 579HO were finally normalized in Reads per kilo 

base per million mapped reads (RPKM) reads 
[66-67]

. 

Finally processed data file(s) included read counts and 

gene function annotation was used to analyze expression 

patterns of ATG8/ATG5 genes. 

Total protein extraction, SDS-PAGE, and 

immunoblotting analyses 
Pericarp tissue of tomato fruit was ground in liquid 

nitrogen and homogenized in sample buffer 
[68]

. 

Extraction and fractionation of isolated total cellular 

proteins were performed on 10 and/or 15% SDS-PAGE 

as previously described by 
[69]

 and 
[70]

, respectively. 

Lipidated (PE-conjugated) and unlipidated (PE-

unconjugated) forms of ATG8 were distinguished using 

6M Urea-SDS-PAGE as previously described 
[71]

. 

Protein electrophoretic separation was either followed by 

gel staining with Coomassie blue R-250 or blotting onto 

a nitrocellulose membrane (0.1 μ, Schleicher & Schull, 

Germany) in Towbin-buffer (192 mM Glycin, 25 mM 

Tris/HCl, pH 8.3, 0.1 % (w/v) SDS, and 15 % (v/v) 

Methanol) using Bio-Rad Trans-Blot
®
 Semi-Dry 

electrophoretic cell (Cat. number 170-3940) according to 

manufacturer’s instructions. Polyclonal antibodies 

against ATG8, ATG5, and alkaline phosphatase-

conjugated 2ry anti-rabbit IgG (Agrisera) were used. 

Immunoblotting analyses were performed as described 

previously 
[72]

. 

Statistical analysis 
A Microsoft Excel add-in statistical package XLSTAT 

(2014.3.05) was used for calculation and estimation of 

level of significance as revealed by TTEST, standard 

deviation (SDEV), standard error (SERROR), and generating 

color schemes to investigate the fold change of 

differential gene(s) expression between WT and PAs 

genetically modified tomato cell lines. 

Results and Discussion 

Identification of ATG8/ATG5 gene homologues  
Based on tomato genome sequence and gene ontology 

(GO) database, twenty-two putative autophagy-related 

genes were identified in Solanum lycopersicum L. 

(http://solgenomics.net/). However, in this study gene 

transcripts of nine putative autophagy genes of both 

ATG8 and ATG5 were represented in ripening fruit 

RNAseq transcriptomic data (listed in Table 1). 

Identified autophagy genes included seven ATG8 and 

two ATG5 transcripts that were detectable constantly in 

the three biological replicates of each ripening growth 

stage.  

Diffrential gene expression of ATG8/ATG5 

homologues during ripening of enhanced PAs tomato 

fruits 
The SlE8-ySAMdc transgenic fruits accumulated up to 3-

fold higher spermidine (Spd) and spermine (Spm), 

exhibited several desirable attributes including higher 

carotenoids production, and extended shelf life 
[45]

. 

Expression patterns of the autophagy genes 

(ATG8/ATG5) were examined during the ripening of 

SlE8-ySAMDC transgenic and their parental WT fruits to 

determine   how   enhanced   PAs   affected   autophagy 

 

https://solgenomics.net/organism/Solanum_lycopersicum%20/genome)
https://solgenomics.net/organism/Solanum_lycopersicum%20/genome)
http://solgenomics.net/
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Table 1: Identification of ATG8/ATG5 gene homologues as revealed by carried out RNASeq experiment in this 

study and subsequent analysis of gene transcripts’ read counts. 

Gene description Gene ID Gene length 

Autophagy-related  protein 5 (ATG5a)  Solyc06g043140.2 1094 

Autophagy-related  protein 5 (ATG5b)  Solyc02g036380.2 14227 

Autophagy-related protein 8  (ATG8a) Solyc02g080590.2 2724 

Autophagy-related protein 8  (ATG8b) Solyc10g006270.2 2965 

Autophagy-related protein 8  (ATG8c) Solyc07g064680.2 3005 

Autophagy-related protein 8  (ATG8d) Solyc08g078820.2 5254 

Autophagy-related protein 8  (ATG8e)  Solyc03g031650.2 2938 

Autophagy-related protein 8  (ATG8f)  Solyc08g007400.2 1934 

Autophagy-related protein 8  (ATG8g) Solyc01g068060.2 6086 

 
 

process in tomato fruits. The results have shown 

differential expression of ATG8/ATG5 genes during the 

ripening of WT as well as transgenic fruit (556HO and 

579HO). Regarding the two identified ATG5 genes, the 

transcript levels of ATG5a was highly significant up-

regulated during MG stage of 579HO genotype 

compared to WT-MG fruit. However, the expression of 

ATG5a was significantly down-regulated in BR4 stage 

of the same genotype, 579HO (Figure 2, panel 1). 

Whereas the transcript levels of ATG5b was 

significantly down-regulated in MG stage of 556HO and 

recorded a highly significant up-regulation in BR4 stage 

(Figure 2, panel 2) compared to WT fruits. Taken 

together, these findings have shown that at least one 

ATG5 gene that was kept significantly up-regulated in 

each of shown growing stages of PAs-enhanced 

transgenic tomato cell lines (Figure 2, panels 1-2). The 

ATG5b exhibited the highest accumulation in BR4 stage 

of 556HO genotype. Hereby, these results suggested a 

pronounced role of PAs in alteration the gene expression 

profile of ATG5 gene(s) during fruit ripening. 

Among the various ATG8 homologues, the seven ATG8 

genes were expressed during fruit ripening. However, 

their expression based on steady state transcript 

accumulation varied significantly. Transcript levels of 

ATG8a, ATG8c, and ATG8f (Figure 2, panels 3, 5, 

and 8) were significantly down-regulated in both stages 

of 556HO and/or 579HO cell lines compared to WT 

corresponding stages. On the other hand, the expression 

of ATG8b, ATG8d, and ATG8e were significantly to 

highly significant up-regulated in MG and BR4 stages of 

556HO and/or 579HO (Figure 2, panels 4, 6, and 7). 

The statistical analysis of gene transcripts’ counts of 

ATGg (Solyc01g068060.2) has shown non-significance 

(P > 0.05). Therefore, the results regarding this gene 

were not shown. Ripening of 556HO-MG stage 

significantly triggered the highest transcript 

accumulation levels of ATG8b, followed by ATG8d in 

579HO-MG and ATG8e in both 556HO and 579HO 

genotypes compared to WT relevant stages. 

These results collectively indicate that gene expression 

 of autophagy genes of ATG8/ATG5 is altered during 

fruit ripening in PAs enriched genotypes as previously 

discussed 
[61,62]

. However, additional experiments, 

especially monitoring and analysis of the transcriptomic 

profiles of autophagy genes responsible for other 

autophagosome targeting are needed. Also, localization 

studies focusing on changes in autophagosome formation 

(using in vivo labeling) during tomato fruit ripening are 

indispensable as future prospective to be further 

investigated. 

Dissection of gene expression alteration of 

ATG8/ATG5 among enriched PAs genetically 

modified tomato cell lines  
Since two independent homozygous genetically modified 

genotypes (556HO and 579HO) 
[45]

 were used in this 

study, it was prompting to generate a comparative 

analysis among 556HO and 579HO (referenced to WT 

read counts) analyzing their differentially expressed 

genes. Fold changes of ATG8/ATG5 related genes of 

two ripening stages MG and BR4, as revealed by 

RNASeq analysis, were calculated (Figure 3, panels A-

B). The data was analyzed by Excel-enabled XLSTAT 

Version 2014.4.06. Transcriptional analysis of expressed 

genes was represented as RPKM-fold changes compared 

to the relevant WT developmental stage by a color scale. 

Statistically decreased and increased transcript levels 

were shown in red and blue, respectively. Expression 

patterns (increasing/decreasing) of the ATG8/ATG5 

genes in 556HO and 579HO at MG and BR4 stages 

exhibited a high degree of similarity (Figure 3, panels 

A-B, denoted by pale grey arrows). For example, 

ATG8a, ATG8e, and ATG8f have shown a pronounced 

degree of similarity between their fold changes of gene 

transcripts. These results reflected how conservative is 

the impact of engineered PAs in triggering an alteration 

n the gene expression profiles of ATG8/ATG5 genes. 

Notably, the fold change analysis of ATG5a has shown 

pronounced difference between the two transgenic lines 

(Figure 3, panels A-B, denoted by dark grey arrow). 

The latter finding could be attributed to the position in 

which  the   construct   expressing   yeast   SAMdc   gene  
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(ySAMdc) under SlE8 promoter was genetically 

incorporated 
[45]

. Bioinformatics studies revealing the 

correlation coefficient and clustering analyses might be  

 of interest as a future prospective for drawing a 

comprehensive understanding about the interplay 

between PAs and whole genes responsible for autophagy 

process. 

 

 

 

 

 
Fig. 2: Changes in the steady state transcript levels of ATG8 and ATG5 genes implicated in ATG8-PE conjugation 

system during autophagy process and ATG5-ATG12 conjugation system, respectively. RNASeq experiments were 

performed during ripening of WT (cv. Ohio 8245), independent transgenic tomato fruits enhanced in spermidine 

/spermine levels (556HO and 579HO). X axis represents the analyzed growing stages (MG and BR4) of tomato fruits. 

Y axis values refer to normalized read counts of differentially expressed genes in (RPKM) of three independent 

biological experiments. The data are shown as mean ± S.E.M; *, P < 0.05, **, P < 0.005. 
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Fig. 3: Fold changes of ATG8/ATG5 related genes of two ripening stages MG and BR4 as revealed by RNASeq 

analysis.  Panel (A) and panel (B) showing analysis of fold changes of differentially expressed ATG8/ATG5 gene 

transcripts in PAs enriched homozygous cell lines 556HO and 579HO, respectively, at two stages of ripening of 

tomato ripening fruits. The data was analyzed by Excel-enabled XLSTAT Version 2014.4.06. Transcriptional 

analysis of expressed genes was represented as RPKM-fold changes compared to the relevant WT developmental 

stage by a color scale. Red and blue shows statistically decreased and increased transcript levels, respectively. Similar 

and different gene expression gene profile(s) between 556Ho and 579Ho transgenic cell lines were depicted as pale 

and dark grey arrows. 
 
 

Immunoblotting analysis of ATG8/ATG5 levels and 

their autophagic triggered conjugates  

To manifest if the generated genotypes (ySAMdc-high 

spermidine/spermine homozypous tomato cell lines; 556 

and 579) affected the accumulation of the ATG5 protein 

and its relative conjugates, immunoblot analysis was 

performed on total cellular protein extracts from tomato 

pericarp tissues through four stages of fruit ripening. 

These stages were mature green (MG), breaker (BR), 

breaker+4 days (BR4), and breaker+8days (BR8). 

Immunoblot analysis was performed using antibody 

against ATG5 protein. During the mature green stage of 

fruit ripening (Figure 4, panel A) minor proteins at 

approximately 40-kDA and 50-kDa were close to 

apparent mass of predicted free ATG5 (38.479 kDa) and 

conjugated ATG5-ATG12 (49.033 kDa), respectively. 

Notably, an abundant 50-kDa protein (hereinafter 

referred to as ATG5-ATG12 conjugate) was detected in 

PAs enhanced 579 cell line (Figure 4, panel A, lane 3). 

Likely, conjugated ATG5-ATG12 was pronouncedly 

detected at breaker stage in PAs accumulating 556 

tomato cell line (Figure 4, panel B, lane 2). ATg5-

ATG12 conjugate were equally detected more abundant 

than free ATG5 in BR4 and BR8 ripening stages either 

in WT or PAs genetically modified lines 556 and 579 

(Figure 4, panels C and D).  Newly identified ATg5-

related conjugates were slightly more abundant at BR8 

stage in both PAs enhanced lines (Figure 4, panels D, 

lanes 2-3, denoted by black arrow head). Therefore, it 

is most likely speculated PAs enhancement has triggered 

abundant conjugation of ATG5-ATG12 in earlier stages 

of fruit ripening (specifically at MG and BR). The same 

findings of triggering abundant ATG5-ATG12 

conjugate under unfavorable C-starvation conditions 

were previously investigated 
[32]

.  

 To access the possibility that fluctuation of ATG5 

expression affects ATG8 conjugation pathways in 

tomato as it does in Arabidopsis 
[32]

 and in yeast 
[73]

, 

ATG8 protein and it relevant conjugate with 

phosphatidyl ethanolamine (ATG8-PE) was assayed 

during previously described fruit ripening stages. ATG8 

protein isoforms (Figure 5, panels A-D, denoted by 

star) were identified in near equal amounts in all 

examined four stages. ATG8-PE adduct was identified in 

556 PAs enhanced mutant at MG ripening stage (albeit 

weak) in urea-supplemented SDS-PAGE (Figure 5, 

panel A, middle part, lane 2) at approximately 10-kDa 

based on their faster migration 
[32]

. ATG8-PE adduct was 

previously identified at the same molecular weight as 

shown by 
[74]

 and 
[75]

 during N- and C-starvation, 

respectively. Weak identification of ATG8-PE conjugate 

might be attributed for detection limits of ALP-

conjugated 2ry anti-rabbit IgG (Agrisera). On the same 

context, during the BR8 stage several newly ATG8-

related conjugates have become predominantly identified 

(ranging from approximately 40-kDa to 75-kDa and 

denoted by black arrow head) specifically in PAs 

engineered mutants (Figure 5, panel D, middle part, 

lanes 2-3). 

To conclude, the ripened fruit maintained high levels of 

ATG8 to actively participate in the autophagy process 

during fruit ripening. There is an ongoing association 

between autophagy activation and longevity 
[75]

. Recent 

developing evidence has suggested that reduced 

autophagic activity may play a critical role in the aging 

process. Aged cells are characterized by a progressive 

accumulation of non-functional cellular components due 

to oxidative damage and a failure in recycling level and 

housekeeping mechanisms. The cytoprotective function 

of autophagy allows the cells to survive under conditions  
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of nutrient deprivation by the self-cannibalization of 

cellular organelles 
[5]

. However, the role of this process 

in maintaining fruit quality by delaying 

senescence/aging process remains and needs to be 

further investigated. Putting into consideration the 

differential expression (on transcriptional level) and 

conjugation behavior of ATG5 and ATG8 in PAs 

enhanced genotypes with ATG12 and PE (on 

translational level), respectively, it might be speculated 

that the latter two proteins may play a significant role in 

dissecting and deciphering  the  mechanistic pathway of  

 autophagy process. 
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Fig. 4: Immunoblot analysis of autophagy protein ATG5 and related conjugates in polyamines enhanced 

genetic modified tomato cell lines at MG, BR, 4 and 8 days after breaker (BR4 and BR8, respectively). A, B, C, 

and D, SDS-PAGE analysis of extracted total cellular proteins (lower panels) stained by COBB from an equal amount 

of liquid N2 ground pericarp tissue. Unified equal loaded amounts were manifested by COBB staining. Gels were 

subjected to immunoblot (western blot, WB) with antibody against autophagy-related protein 5 (ATG5) either 

without (Upper panels) or with (middle panels) denaturing 6M urea. Total cellular protein extracts were isolated from 

WT (lane 1), 556HO and 579 HO (lanes 2-3 respectively) were demonstrated. Free ATG5 and presumed ATG5-

ATG12 conjugate were detected at 40 and 50 kDa, respectively. Black arrowheads denoted the presumed other 

detected ATG5-related conjugates demonstrated in this study. The numbers shown on the left-handed side of the 

figures indicate molecular weight standards in kDa. 
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Fig. 5: Immunoblot analysis of autophagy protein ATG8 and related conjugates in polyamines enhanced 

genetic modified tomato cell lines at MG, BR, 4 and 8 days after breaker (BR4 and BR8, respectively). A, B, C, 

and D, SDS-PAGE analysis of extracted total cellular proteins (lower panels) stained by Coomassie Brilliant Blue G-

250 (COBB) from an equal amount of liquid N2 ground pericarp tissue. Unified equal loaded amounts were 

manifested by COBB staining. Gels were subjected to immunoblot (western blot, WB) with antibody against 

autophagy-related protein 8 (ATG8) either without (Upper panels) or with (middle panels) denaturing 6M urea. Total 

cellular protein extracts were isolated from WT (lane 1), 556HO and 579 HO (lanes 2-3 respectively) were 

demonstrated. Black arrowheads denoted the presumed ATG8-PE (Phosphatidyl ethanolamine) adducts or other 

detected ATG8-related conjugates demonstrated in this study. Proposed ATG8 isoforms were denoted by asterisk in 

black bold print. The numbers shown on the left-handed side of the figures indicate molecular weight standards in 

kDa. 
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