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Antibody-based approaches have been used to study cell wall architecture and modifications during 

the ripening process of two important fleshy fruit crops: tomato and strawberry. Cell wall polymers in 

both unripe and ripe fruits have been sequentially solubilized and fractions analysed with sets of 

monoclonal antibodies focusing on the pectic polysaccharides. We demonstrate the specific detection 

of the LM26 branched galactan epitope, associated with rhamnogalacturonan-I, in cell walls of ripe 

strawberry fruit. Analytical approaches confirm that the LM26 epitope is linked to sets of 

rhamnogalacturonan-I and homogalacturonan molecules. The cellulase-degradation of cellulose-rich 

residues that releases cell wall polymers intimately linked with cellulose microfibrils has been used to 

explore aspects of branched galactan occurrence and galactan metabolism. In situ analyses of ripe 

strawberry fruits indicate that the LM26 epitope is present in all primary cell walls and also  

particularly abundant in vascular tissues. The significance of the occurrence of branched galactan 

structures in the side chains of rhamnogalacturonan-I pectins in the context of ripening strawberry 

fruit is discussed.  

 

Abbreviations �  AIR, Alcohol insoluble residue; CWM, Cell wall materials; DAA, Day after 

anthesis; EDC, Epitope detection chromatography; HG, Homogalacturonan; mAb, Monoclonal 

antibody; RG-I, Rhamnogalacturonan-I; RG-II, Rhamnogalacturonan-II; XG, Xyloglucan 
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Introduction  

Fleshy fruits, including tomato and strawberry, are important crops worldwide and both also possess a 

short shelf life due to over-softening and subsequent fungal and other pest diseases. In addition to its 

economic relevance, tomato is also the most widely used model system for the study of the molecular 

mechanisms of fruit ripening (Tomato Genome Consortium 2012) and is followed by strawberry as a 

model system for non-climacteric fruits (Paniagua et al. 2017). Also noteworthy in this context is that 

while tomato fruit development goes through distinct developmental stages of cell division, cell 

enlargement and a final ripening phase, the equivalent stages are not so well defined in strawberry 

fruit (Giovannoni 2004, Perkins-Veazie 1995).  

Fruit texture is a multicomponent trait dependent on tissue organization, cell morphology and 

cell turgor, but its main determinants are cell wall strength and adhesion between adjacent cells – 

factors reliant on primary cell walls and middle lamellae (Harker et al. 1997, Mercado et al. 2011, 

Wang et al. 2018). Plant cell walls are highly interconnected matrices of polysaccharides that need to 

be strong enough to generate and resist turgor pressure and at the same time modifiable in line with 

cell and developmental processes. Cell wall multifunctionality is underpinned by compositional and 

architectural heterogeneities and dynamics (Höfte and Voxeur 2017). Cell wall composition is 

variable but a broad view of primary cell walls of eudicotyledons indicates that they are composed of 

approximately 30% cellulose, 30% pectin and 30% of non-cellulosic, non-pectic polysaccharides (that 

is predominantly xyloglucan), and 10% of proteins and other minor components (Burton et al. 2010). 

In some ripe fruits pectin contents can be up to 60% of cell wall molecules (Mercado et al. 2011).  

Pectins are amongst the most structurally complex polysaccharides occurring in nature with 

three major domains: homogalacturonan (HG) composed of linear chains of galacturonic acid (GalA) 

and which accounts for ~65% of pectin and is partially and variably methyl-esterified; 

rhamnogalacturonan-I (RG-I) being around 20 to 35% of pectin and in which a repetitive galacturonic 

acid and rhamnose disaccharide forms a backbone that is decorated by highly variable side chains 

containing arabinosyl (Ara), galactosyl (Gal) and other glycosyl residues; rhamnogalacturonan-II 

(RG-II) which is an extreme heteropolymer in which a HG backbone is decorated with four 

structurally complex side chains that are well conserved among species (Caffall and Mohnen 2009, 

Christiaens et al. 2016). 

Extensive cell wall disassembly is considered to be the major determinant of fruit softening 

during the ripening process in fleshy fruits (Mercado et al. 2011, Wang et al. 2018, Posé et al. 2018). 

This cell wall disassembly has been widely studied for potentially extending the shelf life of soft fruits 

therefore reducing agronomical losses, and a firmer fruit phenotype has been produced in several 

cases (Jiménez-Bermúdez et al. 2002, Quesada et al. 2009, Paniagua et al. 2016, Uluisik et al. 2016, 

Smith et al. 2002). Specific cell wall modifications are common to almost all fruits, although to 

different extents depending on the fruit species (Redgwell 1997a, 1997b, Brummell 2006, Posé et al. 

2018). Both tomato and strawberry fruits have a moderate pectin solubilization and a reduction in 
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neutral sugars that is mainly Ara in strawberry and Gal in tomato (Seymour et al. 1990, Redgwell et 

al. 1997b, Brummell 2006, Paniagua et al. 2017). Although a survey in several fruits has shown a 

poor correlation between the loss of pectic galactosyl residues during ripening with fruit texture 

(Redgwell et al. 1997b) the downregulation of β-galactosidases in both tomato and strawberry 

transgenic lines has produced a similar 40% increment in fruit firmness over control lines (Smith et al. 

2002, Paniagua et al. 2016). However, the relationships between Gal content and fruit texture remains 

unclear. Pectic galactan may relate to cell wall porosity influencing access of cell wall enzymes to 

substrates or may mediate cell wall cross-linking (Smith et al. 2002, Paniagua et al. 2016).  

Many aspects and fine details of cell wall architectural modifications and cell wall dynamics 

during fruit ripening remain unknown. Recently, the high avidity (picogram detection range) and 

exquisite specificity of monoclonal antibodies (mAbs) (Ruprecht et al. 2017) have been combined 

with anion-exchange chromatography in an analytical procedure called epitope detection 

chromatography (EDC, Cornuault et al. 2014), and used to study polysaccharide populations and 

potential interlinkages in ripe strawberry and tomato together with aubergine and apple (Cornuault et 

al. 2018a). The ripe fruits of both tomato and strawberry have a similar texture (Cornuault et al. 

2018b) but differ in cell wall composition and architecture. A recently described mAb LM26, binds to 

an epitope of branched pectic galactan – a く-1,6-galactosyl substitution of the く-1,4-galactan 

backbone (Torode et al.  2018). In certain organs, the LM26 epitope is detected only in phloem sieve 

element cell walls and in the case of grass phloem tissues it has a complementary cell patterning to the 

LM5 mAb 1,4-galactan epitope which is detected in companion cell walls and the patterning of these 

pectic galactan epitopes is correlated with a higher elasticity in LM26 rich cell wall regions (Torode et 

al. 2018). The LM5 mAb, first developed to study tomato fruit cell walls, is now known to bind to the 

non-reducing end of linear pectic 1,4-galactan (Andersen et al. 2016). Here we present data on the 

differential occurrence of the LM26 and LM5 pectic galactan epitopes in tomato and strawberry fruit.  

 

Materials and methods  

Monoclonal antibodies  

MAbs used in this study included LM5 binding to pectic 1,4-galactan (Andersen et al. 2016), LM26 

to branched pectic galactan (Torode et al. 2018), INRA-RU1 to the RG-I backbone (Ralet et al. 2010), 

LM6-M to pectic 1,5-arabinan (Cornuault et al. 2017), LM13 to linear 1,5-arabinan (Verhertbruggen 

et al. 2009a), JIM7, LM18, LM19 and LM20 to pectic HG with differential levels of esterification 

(Verhertbruggen et al. 2009b) and LM25 to xyloglucan (Pedersen et al. 2012). 

 

Fruit samples and cell wall extraction and fractionation 
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Tomato (Solanum lycopersicum L., v. Ailsa Craig) and strawberry (Fragaria x ananassa Duchesne, v. 

Vibrant) were grown with a 16:8 h light:dark cycle at 25°C. Tomato green-unripe and red-ripe stages 

were harvested at 30 days after anthesis (DAA) and 60 DAA respectively. Strawberry green-unripe 

and red-ripe stages were harvested at 14 DAA and 40 DAA respectively.  

Cell wall extraction is described in Cornuault et al. (2018a). Briefly, fruits at the different 

stages were selected, peeled, sliced and lyophilized. Freeze-dried materials were milled and 0.5 g dry 

weight aliquots were extracted with 5 ml of phenol:water solution (4:1, w/v) to prevent cell wall 

degradation by endogenous enzymes (Renard et al. 2005). After 2 h at RT they were homogenized 

and centrifuged for 20 min at 4000 g and supernatants were decanted. Pellets were washed, to remove 

residual phenol, with 5 ml of 50 mM sodium acetate buffer pH 4, mixed and centrifuged as previously 

described. The supernatant was pooled with the previous one from the phenol fraction and subjected 

to further analysis. Pellets were sequentially washed with 70% (v/v) ethanol, 90% (v/v) ethanol, 

chloroform:methanol (1:1) and acetone to obtain an alcohol-insoluble residue (AIR). This AIR was 

de-starched by g-amylase treatment and the final cell wall materials (CWM) were precipitated in 75% 

(v/v) ethanol at -20°C for 24 h. Afterwards, CWM were extracted in sets of three biological replicates 

by a series of solvents as previously described by Santiago-Doménech et al. 2008. Briefly, 5 mg of the 

CWM preparations were sequentially extracted with 1 ml of: deionized water, 0.05 M trans-1,2-

diaminocyclohexane-N,N,N´N´-tetraacetic acid (CDTA) in 0.05 M sodium acetate buffer, pH 6, 0.1 M 

Na2CO3 containing 0.1% (w/v) NaBH4, and 4 M KOH containing 0.1% (w/v) NaBH4. Before dialysis, 

the alkaline fractions were neutralized using acetic acid. All solubilized fractions were dialysed 

against distilled water using 1.5 ml Eppendorf tubes for small volume samples. Extracts were 

aliquoted and frozen at -20oC until use. In some cases, 5 mg of CWM were sequentially extracted 

with CDTA and KOH as described above but with 500 µl volumes. The insoluble residues were then 

washed with water (2 x 30 min) and then degraded with cellulase 5A (from Bacillus spp., Nzytech 

Lisbon, Portugal) at 1 µg ml-1 in 500 µl 20 mM Tris pH 8.8 for 16 h. In all cases insoluble materials 

were collected by centrifugation in a microfuge and supernatants retained for analysis. 

 

ELISA, sandwich ELISA and epitope detection chromatography   

Cell wall fractions (i.e. phenol, water, CDTA, Na2CO3 and KOH extracts) were screened with a panel 

of mAbs by ELISA as described (Cornuault et al. 2014). Briefly, 100 µl of a 60-fold dilution in 1X 

PBS of each sample was coated (in technical triplicate) onto microtitre plates overnight at 4°C. For 

sandwich ELISAs, microtitre plates were coated with the HG-binding CBM77 (Venditto et al. 2016) 

at 40 µg ml-1 overnight at 4°C in PBS. Plates were then blocked and then the strawberry sodium 

carbonate extract was diluted 60-fold in 1X PBS with 5% (w/v) skimmed milk powder for the first 

stage incubation prior to standard ELISA.  

Cell wall extracts were further analysed by epitope detection chromatography (EDC) in 

anion-exchange chromatography (AEC) mode using a 1 ml HiTrap ANX FF column (GE Healthcare, 
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Buckinghamshire, UK). Samples for EDC were performed using an equal 5 µl volume of the dialysed 

fractions, also diluted in 2.5 ml of 20 mM sodium acetate buffer pH 4.5. Samples were eluted at a 

flow rate of 1 ml min
-1

, collected and analysed using ELISA as described (Cornuault et al. 2014). The 

salt elution gradient started with 20 mM sodium acetate buffer pH 4.5 for 13 ml, then an increasing 

gradient of 0–50% 0.6 M NaCl in 50 mM sodium acetate buffer pH 4.5 over 24 ml, followed by a 

second gradient from 50-100% 0.6 M NaCl for another 7 ml, and then 4 ml with the salt gradient at 

maximum (50 mM sodium acetate buffer pH 4.5, 0.6 M NaCl). In total, 48 (1 ml) fractions were 

collected. EDC profile data shown are the means of at least two independent chromatographic runs.  

 

Microscopy and immunohistochemistry  

Plant materials were prepared for analysis through infiltration with an ethanol series followed by LR 

White resin (Agar Scientific, Berkshire, England) and polymerized at 60°C as described (Lee et al. 

2012). For light microscopy study of resin sections, the epoxy tissue stain that is a mixture of 

Toluidine Blue O and Basic Fuchsin (Electron Microscopy Sciences, Hatfield, PA) was used as 

metachromatic stain and applied for 5 min and thoroughly washed with water just before 

visualization. For indirect fluorescence of immuolabelling procedures, LM5 and LM26 hybridoma 

supernatants were diluted 10-fold and applied to sections using the protocol described (Lee et al. 

2012). Micrographs were obtained using a Nikon Eclipse E800 epifluorescence (Tokyo, Japan) 

microscope and a Leica DFC450 C camera (Wetzlar, Germany).  

  

Results  

The LM26 branched galactan epitope is relatively abundant in ripe cell walls of strawberry 

fruit 

As a starting point for the analysis, cell walls from both unripe and ripe tomato and strawberry fruits 

were isolated and sequential extracted/solubilized by a series of solvents. These soluble fractions were 

assayed with HG and RG-I mAbs to produce a heat map (Fig. 1). HG epitopes were highly detected in 

water, CDTA and sodium carbonate fractions of all samples. In the case of KOH fractions, low ester 

epitopes (LM18 and LM19) showed an opposite pattern during ripening, with a decreased signal in 

tomato, and an increased signal in strawberry. Similar patterns in terms of the KOH fractions was 

observed for some of the RG-I-directed mAbs. The INRA-RU1 epitope of the RG-I backbone was 

detected at a similar level in the KOH fractions of the unripe/ripe stages of both fruit. Detection of the 

pectic arabinan epitopes indicated lower levels in KOH fractions in ripe tomato fruits relative to 

unripe fruits but this was not the case for strawberry fruits where levels were similar for ripe and 

unripe fruits. (Fig. 1). 

Interestingly, more complex differences were observed in the case of the pectic galactan 

epitopes. In the case of tomato, as anticipated, the LM5 epitope signal was lower in all fractions in the 

ripe compared to the unripe fruit whereas in strawberry the LM5 epitope levels were more similar in 
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both ripe and unripe fruit cell wall fractions. The major difference across the pectic epitopes was in 

the detection of the LM26 epitope which was detected at only very low levels in all tomato samples 

and at similar low levels in unripe strawberry samples. However, the LM26 epitope was strongly 

detected in ripe strawberry fractions, including the KOH fraction. This indicates that the LM26 

branched galactan epitope becomes strongly detectable during strawberry fruit ripening and is most 

abundant in polysaccharide fractions requiring alkali for solubilisation.   

To further study pectic galactan during fruit ripening, the LM5/LM26 mAbs were used for 

epitope detection chromatography (EDC) of both fruits at both ripening stages as shown in Fig. 2. The 

water, sodium carbonate and KOH fractions with highest LM26 epitope levels were selected for these 

analyses. In Fig. 2 the vertical dotted lines on the chromatograms indicate the elution of HG epitopes 

(see Cornuault et al. 2018a) and the LM5 epitope in the sodium carbonate and KOH fractions co-elute 

with this in the unripe tomato samples. In the water extract the epitope elutes earlier indicating a less 

acidic polymer that is either unlinked to HG or linked to methylesterified HG (see Cornuault et al. 

2018a for a discussion of this). Elution profiles for the LM5 epitope are similar in the equivalent 

fractions of the ripe tomato fruit – albeit at reduced levels. Similar elution profiles are seen for the 

strawberry fractions – although again at low levels (Fig. 2A). In the case of the LM26 epitope in the 

same fractions (Fig. 2B), it is scarcely detected in the tomato samples and the unripe strawberry 

samples but is abundant in the ripe strawberry fractions and shows the same pattern of elution across 

extracts as does the LM5 epitope. 

 

The LM26 epitope is linked to complex matrix polysaccharides in ripe strawberry cell walls   

The specific LM26-branched galactan population detected in ripe strawberry fruit cell wall samples 

was further evaluated by study of epitope EDC co-elution patterns and sandwich ELISA analyses. 

Indeed, the full potential of EDC technique is reached when several mAbs are used as detection tools 

for the same sample. Fig. 3A shows EDC profiles for pectic galactan epitopes (LM5, LM26) along 

with pectic arabinan (LM6-M, LM13), RG-I backbone (INRA-RU1) and xyloglucan (LM25) epitopes 

in the sodium carbonate fraction of ripe strawberry cell walls as this is the cell wall fraction with the 

highest LM26 signal. All epitopes eluted similarly in a peak at 38 ml, co-eluting with the LM19 

unesterified HG epitope. Further evidence for linkages between these epitopes was obtained by 

sandwich-ELISA analyses using CBM77 that binds to unesterified HG (Venditto et al. 2016) as a 

capture molecule (Fig. 3B). In all cases, signals for epitopes in molecules that bound to CBM77 were 

higher for strawberry than tomato. The highest signals were obtained for LM19, which has a similar 

epitope to CBM77, followed by INRA-RU1 and LM6-M. Clear signals for the LM26 and LM5 

epitopes were detected for the strawberry cell wall fraction but not tomato. Taken together these 

observations indicate that the branched galactan epitope in ripe strawberry cell walls is a component 

of large pectic supramolecules and requires alkali for extraction.   
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To explore further the basis for the detection of the LM26 epitope in ripe but not unripe 

strawberry fruit cell walls, a cellulase treatment of post-KOH cell wall residues was carried out. The 

rationale for this was to study if ripening-related modulation of the LM26 epitope was related to a set 

of pectic molecules that was tightly linked with cellulose microfibrils. It was hypothesised that 

ripening-related changes may result in a reduced detection of galactans in the cellulose fraction and an 

increased detection of galactans in alkali-soluble fractions. The results of the sequential CDTA, KOH 

and cellulase extractions of unripe and ripe tomato and strawberry cell walls is shown as an ELISA 

heat map in Fig. 4. It was notable that significant amounts of both the LM26 and the LM5 epitopes 

could be released by the cellulase treatment indicating strong association with cellulose microfibrils. 

However, no evidence was obtained to indicate the abundant presence of the LM26 epitope in cell 

walls of unripe fruit or that cellulose-microfibril associated galactan was related to the specific 

abundant detection of the LM26 epitope in ripe strawberry fruit.   

 

The LM26 branched galactan is detected in all cell walls and is abundant in vascular tissues of 

ripe strawberry fruit  

As recently described by Torode et al. 2018, the LM26 branched galactan epitope is specifically 

detected in phloem sieve elements in several systems. In the case of the strawberry fruit the LM26 

epitope was detected in all primary cell walls of ripe fruit albeit at a relatively low level but at an 

increased level relative to unripe fruit cell walls (Fig. 5). The in situ analyses of ripe strawberry fruit 

cell walls indicated that the LM26 epitope was abundantly present in a range of parenchyma cell walls 

associated with both the phloem and also xylem tissues but was notably absent from the cell walls of 

the phloem sieve elements themselves (Fig. 5).    

 

Discussion 

Tomato and strawberry are leading model systems for the study of fruit ripening (Seymour et al. 2013, 

Wang et al. 2018, Posé et al. 2018). Although much is known about cell wall disassembly during fruit 

ripening, a full molecular description of events has not yet been achieved (Brummell 2006, Mercado 

et al. 2011, Wang et al. 2018, Posé et al. 2018). In both fruits, several studies demonstrate a 

correlation between pectin depolymerisation, loss of neutral sugars from pectin side chains and 

firmness changes, together with transpirational water loss due to cuticle changes (Saladié et al. 2007). 

Functional analyses through the downregulation of pectinases (pectate lyase, polygalacturonase and く-

galactosidase) have demonstrated direct effects on their respective cell wall targets together with 

firmer fruit phenotypes in strawberry (Santiago-Doménech et al. 2008, Posé et al. 2013, Paniagua et 

al. 2016). Contradictory results in the case of tomato have been reported with non-firmer phenotypes 

for transgenic lines with polygalacturonase (Sheehy et al. 1988, Smith et al. 1988) or く-galactosidase 

genes downregulated (de Silva and Verhoeyen 1998, Carey et al. 2001, Moctezuma et al. 2003), while 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d
 A

rt
ic

le
fruit softening reduction was achieved in the case of downregulation of pectate lyase (Uluisik et al. 

2016) and く-galactosidase genes (Smith et al. 2002).  

In the current study, we add the detection of the novel LM26 branched galactan epitope in 

ripe strawberry fruit cell walls to current knowledge of changes to pectic structures during ripening. 

Our analyses indicate that the LM26 epitope in ripe fruit is a part of RG-I and associated with HG in 

what may be a large polysaccharide complex in the cell wall matrix. Recent studies are providing 

evidence against the model of an independent cellulose-hemicellulose network and support the idea 

that pectins are more intimately linked into cellulose microfibrils than previously appreciated (Wang 

et al. 2015, Zhang et al. 2016). Our cellulase deconstruction of post-alkali-extracted cellulose residues 

releasing microfibril-trapped polymers does indicate abundant sets of the pectic galactan epitopes, 

particularly for the LM5 epitope in both unripe tomato and strawberry cell walls and the LM26 

epitope in ripe strawberry cell walls (Fig. 4). As we did not detect high levels of the LM26 epitope in 

the cellulase-released fraction of unripe strawberry fruit cell walls, the current hypothesis is that the 

LM26 epitope arises from an altered pectic galactan metabolism during strawberry fruit ripening and 

is not directly due to ripening-induced changes to cellulose microfibrils. Galactan metabolism could 

proceed from enzymatic modifications of a complex branched structure exposing the LM26 epitope 

structure or alternatively de novo synthesis and deposition of the branched structure as an aspect of 

strawberry ripening. The significance of the branched galactan structure may also relate to 

modifications that would prevent or influence the degradation of linear 1,4-galactan chains during 

ripening. The relative increase in galactosyl residues, indicative of branched galactan of RG-I at later 

developmental stages, has been demonstrated for flax fibers (Mikshina et al. 2012).   

The in situ analysis in sections of strawberry fruit confirm the abundance of the LM5 epitope 

in cell walls of both unripe and ripe fruit and also the relatively increased detection of the LM26 

branched galactan epitope throughout the parenchyma cell walls of ripe fruit (Fig. 5A). The LM26 

epitope was abundantly detected in sets of parenchyma cells of the vascular tissues of ripe strawberry 

fruit – but distinct from studies in other systems (Torode et al. 2018) was not detected in the phloem 

sieve element cell walls (Fig. 5B). The identification and functional significance of these specific sets 

of vascular cells with the branched galactan epitope is far from clear. Previous studies have 

demonstrated both phloem sieve element specificity in certain systems and also the widespread 

distribution of the LM26 epitope in garlic bulb cell walls (Torode et al. 2018). The occurrence of 

branched galactan has been implicated with a higher elasticity of cell walls (Mikshina et al. 2012, 

Torode et al. 2018). The vascular tissue of strawberry fruits is under high positive turgor pressures 

especially during the green-white developmental stage (Pomper and Breen 1997) and an increased 

cell wall elasticity in particular cells may be required during fruit enlargement. The water 

requirements of fruit crops, including strawberry, are high (El-Farhan and Pritts 1997). The 

developmental appearance of the LM26 branched galactan epitope during strawberry fruit ripening 

may relate to the changing physiology of the fleshy enlarged receptacle, involving both the 
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parenchyma primary cell walls and vasculature cell mechanics, in contrast to tomato that directly 

develops from the ovary of the flower (Giovannoni 2004).  

Fruits, being pectin-enriched, offer a source of insoluble fibers and bioactive components for 

healthy diets and stabilizer and emulsifier polymers for the food industry (Christiaens et al. 2016). 

The elucidation of the structure-function relationships of pectin has multiple potential applications in 

both plant biology and food science. Future prospects in this field are promising and recent advances 

studying cell wall dynamics at the nanoscale and polymer modelling (e.g. Makshakova et al. 2017, 

Zhang et al. 2016) as well as the advent of novel molecular probes (such as LM26) that enable the 

tracking of specific structural features, are useful tools in this regard. A more detailed understanding 

of pectin heterogeneity, dynamics and architectural functions in cell walls has the potential to 

underpin the future tailoring of pectins to achieve firmer fruit textures and extended shelf lives.     
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Figure legends 

 

Fig. 1. Glycomic heat-maps of the main pectic epitopes detected in solubilized fractions of tomato 

and strawberry fruits at unripe and ripe stages. Sequential extracts of cell wall residues of each sample 

were made with reagents of increasing stringency (phenol, water, CDTA, Na2CO3 and KOH). Cell 

wall extracts (60-fold dilutions) were loaded onto ELISA plates and screened against an array of 

pectic-directed mAbs (right hand side column). Values shown are the % of the maximal detectable 

signal from across the ELISAs and are means of biological triplicates. White signifies no binding and 

darker green representing the strongest binding/epitope detection. 

 

Fig. 2. Epitope detection chromatography (EDC) profiles of galactan epitopes in extracts of tomato 

and strawberry fruit at unripe and ripe stages. LM5 (A) and LM26 (B). EDC profiles of CWM 

solubilized by water (light-orange), sodium carbonate (black dotted) and KOH (dark-blue). AEC salt 

gradient from 0 to 0.3 M and from 0.3 to 0.6 M of NaCl is shown as a grey dotted line. Vertical dotted 

lines indicate elution position of unesterified pectic HG epitopes. Profiles shown are at least duplicate 

means. 

 

Fig. 3. (A) Epitope detection chromatography (EDC) profiles of sodium carbonate-soluble fraction of 

strawberry-ripe cell walls showing co-elution of the LM26 epitope with the LM5, INRA-RU1, LM6-

M, LM13 and LM25 xyloglucan epitope. HG elution is indicated by the vertical black dotted line. 
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AEC salt gradient with NaCl (0 to 0.3 M and from 0.3 to 0.6 M) is shown by the grey dotted line. 

Averaged profiles from at least two biological replicates. (B) Sandwich-ELISA using HG-binding 

CBM77 as capture probe for cell wall polysaccharides and the same set of pectin and xyloglucan 

mAbs as detection probes after incubation with sodium carbonate fraction of ripe strawberry and 

tomato fruit. 

 

Fig. 4. Heat map of the presence of the LM26 and LM5 pectic galactan epitopes in extracts of unripe 

(UR) and ripe (R) of tomato and strawberry fruit. CWMs were sequentially extracted with CDTA, 

KOH and cellulase and solubilized materials titrated on microtitre plates. ELISA absorbance values 

shown are for 1250-fold dilutions of the extracts for LM26 and 6250-fold dilutions for LM5. Values 

are means of technical triplicates. Relative intensity shading is applied separately for the two mAbs. 

 

Fig. 5. Indirect immunofluorescence labelling of pectic galactan epitopes, on resin sections of 

strawberry fruits at unripe and ripe stages. (A) Micrographs of parenchyma tissues: LM26, LM5 and 

negative controls without primary mAb (No mAb). (B) Micrographs of a vascular bundle shown in 

bright field (Vb - BF), the same region with Toluidine Blue O staining (Vb - TBO) and detection of 

the LM26 epitope (Vb – LM26) as well as merged image of TBO staining and LM26 

immunofluorescence. Ph, phloem; Xy, xylem; arrowheads indicate sieve plates; asterisks indicate 

lignified xylem vessels. Scale bars A: 100 µm; B: 20 µm. 
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