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Abstract A multigenic family of self-glycosylating pro-
teins named reversibly glycosylated polypeptides, designat-
ed as RGPs, have been usually associated with carbohydrate
metabolism, although they are an enigma both at the func-
tional, as well as at the structural level. In this work, we used
biochemical approaches to demonstrate that complex for-
mation is linked to rice plant development, in which class 1
Oryza sativa RGP (OsRGP) would be involved in an early
stage of growing plants, while class 2 OsRGP would be
associated with a late stage linked to an active polysaccha-
ride synthesis that occurs during the elongation of plant.
Here, a further investigation of the complex formation of the
Solanum tuberosum RGP (StRGP) was performed. Results
showed that disulfide bonds are at least partially responsible
for maintaining the oligomeric protein structure, so that the
nonreduced StRGP protein showed an apparent higher mo-
lecular weight and a lower radioglycosylation of the mono-
mer with respect to its reduced form. Hydrophobic cluster
analysis and secondary structure prediction revealed that
class 2 RGPs no longer maintained the Rossman fold de-
scribed for class 1 RGP. A 3D structure of the StRGP

protein resolved by homology modeling supports the possi-
bility of intercatenary disulfide bridges formed by exposed
cysteines residues C79, C303 and C251 and they are most
probably involved in complex formation occurring into the
cell cytoplasm.
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Abbreviations
C Cysteine
RGP Reversibly glycosylated polypeptide
Os Oriza sativa RGP
StRGP Solanum tuberosum RGP
AtRGP Arabidopsis thaliana
TaRGP Triticum aestivum
UDP Uridine diphosphate
UDP-Glc Uridine dipjosphate glucose

Introduction

Plant cell walls, which consist mainly of polysaccharides and
glycoproteins, constitute most of the world’s biomass and the
bulk of the earth renewable source of energy. Nowadays,
researcher’s community of the plant cell walls is making
steady progress in defining biochemical functions of the gly-
cosyltransferases, not only that polymerizes the carbon back-
bone but also the ones that decorate the main chain. However,
the biochemical details of this large and coordinated process
of plant cell wall synthesis are still unknown.

During long time it was thought that autocatalytic glyco-
syltransferases of plants are implicated in the first steps of
plant polysaccharide biosynthesis (Moreno et al. 1986,
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1987). In this sense, looking for an enzyme capable of self-
glycosylation, reversibly glycosylated polypeptide (RGP)
was discovered in the early 1990s (Dhugga et al. 1991,
1997; Delgado et al. 1998; Bocca et al. 1999). Even now
the precise function of the RGP protein remains an enigma.
Genomic and proteomic data indicate that RGP protein is
involved in a variety of metabolic and developmental path-
ways in plants (Chen et al. 2006; Drakakaki et al. 2006;
Masuko et al. 2006; Dai et al. 2007; Zavaliev et al. 2010).
Moreover, this enzyme is associated with several defense
response phenomena (Selth et al. 2006), impairment of virus
spreading (Zavaliev et al. 2010), response to abiotic stresses
(Jiang et al. 2007; Hukkanen et al. 2008; Tran and Plaxton
2008; Ge et al. 2009), in processes involving reactive oxy-
gen species (Kim et al. 2008), and in random gravitational
fields (Barjaktarovic et al. 2009). All the aforementioned
processes have in common an active synthesis of cell wall
components such as cellulose and hemicellulose and/or the
mobilization of sugars in order to respond to diverse stimulus.

Different strategies have been addressed in order to un-
derstand the role of RGP in plants, including phylogenetic
analysis, which revealed that dicot and monocot plants have
different RGP subfamilies, class 1 RGP that are well sepa-
rated from the class 2 (Wald et al. 2003). It was proposed
that the two classes of genes might be involved in the
biosynthesis of different plant polysaccharides (Langeveld
et al. 2002; Wald et al. 2003). Earlier biochemical studies
revealed that glucosylation of the Solanum tuberosum RGP
(StRGP) is reversible after the incubation with micromolar
concentration of radioactive uridine diphosphate (UDP-
Glc), since radioactive UDP-Glc was obtained in a chase-
out experiment (Testasecca et al. 2004). This report showed
that one residue of glucose, xylose, and galactose are linked
to the protein in a β-configuration, and all of them are
linked to the protein. In sweet corn and rice, it was found
that the sugar moiety was bound to a single arginine residue
(Singh et al. 1995; Konishi et al. 2010b). In addition, a
UDP-arabinopyranose mutase activity was report to be as-
sociated with the rice RGP protein (Konishi et al. 2007), and
site-directed mutagenesis studies revealed that a DXD motif
is required for the catalytic activity of the arabinose mutase
activity of class 1 RGP, while for class 2 RGP, neither
arabinose mutase activity (Konishi et al. 2010a) nor other
self-glycosylating activity has been described (Langeveld et
al. 2002), suggesting that some other element may be re-
quired for self-glycosylation activity.

We have previously described that native StRGP from
potato tuber is associated with membranes as an oligomeric
protein (Moreno et al. 1986; Bocca et al. 1999) and incuba-
tion at high ionic strength produced a high level of RGP
protein self-glycosylation, while low ionic strength led to a
low level of protein glycosylation favoring the formation of
high molecular weight RGP-containing forms (De Pino et

al. 2007). Here, we further analyze the nature of the OsRGP
oligomerization during development through biochemical
approaches. In addition, several information regarding pro-
tein–protein interactions of class 1 and class 2 of the RGP
protein was inferring using hydrophobic cluster analysis,
secondary structure prediction, and homology modeling of
the StRGP.

Materials and methods

Plant materials

Rice seeds (Oriza sativa cv. El Paso 144) were provided by
La Arrocera Argentina, Entre Rios, Argentina. For in vitro
plant system, seeds were dehulled and surface-sterilized in
30 ml of NaClO and put in 70 ml of sterilized distilled water
with 100 μl of Triton X100 for 30 min in agitation. Then they
were rinsed several times in distilled water and grown asepti-
cally in flasks containing Murashige and Skoog (1962) medi-
um supplemented with 2% sucrose, 0.8% agar. They were
kept at 22–24°C under a 16 h photoperiod (40–60 μEm-2 s-1)
with cool white fluorescent tubes (OSRAM, USA). At 2, 5, 8,
and 10 days after germination, plants were collected, imme-
diately frozen in liquid nitrogen, and stored at -80°C. Protein
was extracted from plants at different stages. Plant tissues
were ground in liquid nitrogen in buffer A (100 mM Tris–
HCl, pH 7.4, 20 mM 2-mercaptoethanol) with 0.1 mM PMSF
(Sigma, St. Louis, MO, USA). Rice proteins were obtained as
described (Lavintman et al. 1974). The 100,000×g superna-
tant was used as a source of soluble enzyme.

Potato tuber enzyme was obtained as described (Testasecca
et al. 2004). The supernatant of 100,000×g was precipitated
by adding 50% (w/v) ammonium sulfate. The protein
was dissolved in 10 mL of 50 mM Tris–HCl, pH 7.4,
10 mM 2-mercaptoethanol. This soluble potato prepara-
tion was applied to a Mono Q HR 10/10 column (GE
Healthcare, Buckinghamshire, UK) and eluted with a
KCl gradient (0–0.5 M), and RGP activity was obtained
eluting with a maximum active peak eluting at 0.2 M
KCl. In experiments in the presence or absence of re-
ducing agent, the Mono Q fraction F1 was divided into
four aliquots of 500 μl, preincubated in the presence of
reducing and assayed for RGP activity after glucosylation
with UDP [14C]Glc. Proteins were submitted to SDS-PAGE
and autoradiography as described below.

Size exclusion chromatography on Superose 12

Aliquot of the RGP protein (200 μl) was applied to a Super-
ose 12 column HR 10/30 (GE Healthcare). The column was
equilibrated with 50 mM Tris–HCl, pH 7.4, 10 mM 2-
mercaptoethanol and eluted at a flow rate of 0.5 ml min-1.
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Fractions of 500 μl were taken and RGP activity was
determined in 250 μl of each fraction. The column was
calibrated with molecular mass standard proteins tryp-
sinogen (29 kDa), carbonic anhydrase (48 kDa), and
lactate dehydrogenase (176 kDa). For RGP glycosyla-
tion assays, proteins were incubated with UDP-[14C]Glc
(0.2 nmol, 100,000 cpm) for 2 h. The radioactive sugar
incorporated into the protein was measured into a 10%
trichloroacetic acid pellet as described (Wald et al.
2003). Liquid scintillation counting was carried out with
Ultima Gold mixture (Perkin-Elmer Life Sciences, Wellesley,
MA, USA) in a Beckman LS 6500 scintillation counter
(Beckman Coulter, Fullerton, CA, USA). UDP-[14C]Glc
(11,100 GBq mol-1) was obtained according to Thomas
et al. 1968.

SDS-PAGE and immunoblots

SDS-PAGE analysis was performed on 10% (w/v) ac-
rylamide gels according to Laemmli (1970). An aliquot
of 50 μg of total protein was precipitated with 10%
trichloroacetic acid, centrifuged, and resuspended in
20 μl 1× Laemmli buffer and heated for 1 min with
or without 2-mercaptoethanol. For Western blot analysis,
proteins were transferred to polyvinylidene fluoride
membranes (PVDF-Hybond-P, GE Healthcare) using a
mini Trans-Blot cell (Bio Rad, Hercules, California,
USA). Membranes were blocked with 3% (w/v) nonfat
milk in PBS. The blots were incubated with anti-potato
tuber RGP antibody (1:1,000 dilution) for 90 min as
described (Bocca et al. 1999). This antibody recognizes
StRGP and OsRGP proteins. Immunoreactive bands
were visualized by the ECL system (GE Healthcare).
Alternatively, precipitated proteins were separated by
SDS-PAGE and subjected to autoradiography using a
phosphoimager (Molecular Dynamics STORM 840, GE
Healthcare) as reported by (Testasecca et al. 2004). Signals
were quantified by phosphoimaging.

Homology modeling of RGP

The RGP from S. tuberosum formerly named UPTG (E2
clone: AJ310910; Wald et al. 2003) was chosen for
homology modeling. Protein residues from 1 to 337
was modeled using UDP-GalNAc:polypeptide α-N-ace-
tylgalactosaminyltransferase N-terminal domain as tem-
plate (pdb code 1xhb from residues 103 to 422; Fritz et
al. 2004). The template structure (1XHB) belongs to the
nucleotide-diphospho-sugar transferases superfamily,
polypeptide N-acetylgalactosaminyltransferase 1, N-
terminal domain family, according to Scop classification
(Andreeva et al. 2008). Other well-ranked templates were
2ffuA, 3ckjA, 3e25A, 2d7iA, according to BioInfoBank and

3bcv, 1qg8, 2z86, 3f1y, 3ckj, 2d7i, according to same
HHpred superfamily. Although both servers recognized
the match between residues 95 and 346 of 1hxb approx-
imately and residues 1 and 270 of RGP sequence, we
extended the model till the end of the N-terminal 1hxb
domain (residue 422 1xhb and 337 StRGP) since sec-
ondary structure prediction methods predicted four helices
between residues 270 and 337 of StRGP, comparable to the
ones present in 1hxb between residues 346 and 422. The
model validation supported the veracity of that hypoth-
esis. Several fold recognition methods were tested
through the BioInfoBank (Ginalski et al. 2003) and
HHpred metaservers (Soding et al. 2005). Once the
template was selected, clustal alignment followed by
manual adjustment was done. The model was built
using MODELLER 9v8 (Eswar et al. 2007). The cycle
of realignment, modeling, and structure evaluation were
repeated until no further improvements on the structure
were observed. Evaluation of the model (excluding
loops) was carried out with Verify 3D (Luthy et al.
1992) and Procheck (Laskowski et al. 1993) and by
superposition with its own template structure using the
combinatorial extension method (Shindyalov and Bourne
1998). All graphics were done with Chimera (Pettersen
et al. 2004).

Results

In order to further analyze the complex formation of RGP,
we study the OsRGP protein profile during development in
an in vitro rice plant system, in which germination occurs
after 1–2 day, coleoptiles and nodal roots emerge from seed
after day 2, and shoots including several leaves are observed
after day 4 (Fig. 1a). Soluble protein extracts of different
developmental stages were analyzed by SDS-PAGE fol-
lowed by Western blot (Fig. 1b). A prominent 40 kDa
protein corresponding to the monomeric size of OsRGP
was observed in ungerminated seeds (day 0), germinated
seed (day 2) and growing plants (days 4, 8 and 10). How-
ever, upon day 4 of culture, the OsRGP protein profile was
complex appearing a 116 kDa protein, which was the main
form after 10 days of culture. The identity of the monomer
was confirmed by sequencing the 40 kDa band (data not
shown). Densitometric analysis showed that the high mo-
lecular weight protein increases its amount along develop-
ment while the OsRGP monomer decreases its expression
(Fig. 1c).

To investigate the molecular weight of the OsRGP in
ungerminated seeds and in plantlets after 8 days of culture,
separation of RGP by native size exclusion chromatography
on Superose 12 followed by measurement of radioactive
glucose incorporation to the protein as previously described,
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was performed (Fig. 2; De Pino et al. 2007). As expected the
main active peak present in the ungerminated seeds had a
molecular weight analogous to the RGP monomer (40 kDa,
Fig. 2, full squares), minor peaks probably corresponded to a
self-association of the protein. By contrast, the foremost active
peak in the plantlets after 8 day of culture had a highmolecular
weight of approximately 176 kDa (Fig. 2, full circles).

To study whether OsRGPs can form homo or hetero-
dimers during development, northern blot analysis was per-
formed using a universal probe of the RGP and two highly
specific probes directed against class 1 or class 2 RGPs. A
remarkable increase in OsRGP mRNA abundance is ob-
served at day 4 when the universal or the class 1-specific
OsRGP probes were used (Fig. 3a and b). In contrast, an
increase in the class 2 OsRGP expression was not observed
until day 8.

Sequence analysis revealed that both classes of RGPs have
several cysteines along their sequences: class 1 RGPs (StRGP1
12, StRGP2 10, OsRGP1 9, AtRGP1 9, and AtRGP4 8) and
class 2 RGPs (OsRGP2 7, AtRGP5 8, TaRGP2 7). Therefore,
we focused on the reduction of disulfide bonds. SDS PAGE
separation of a radioglycosylated sample was performed in the
presence or absence of 2-mercapthoethanol followed by western

Fig. 2 OsRGP molecular weight analysis by size exclusion chroma-
tography. Protein extracts of rice ungerminated seeds or growing plants
after 8 days of culture were chromatographed on Superose 12. RGP
activity was measured by the incorporation of glucose after incubation

with UDP-[14C]Glc for 2 h as described in material and methods. Vo
corresponds to the dead volume and arrows to molecular weight of
protein markers

Fig. 1 OsRGP protein profile during rice development. a In vitro rice
plant system from ungerminated seeds to platelets after 10 days of
culture. bWestern blot analysis of protein extracts of rice plants from 0
to 10 days of culture. c Quantification of protein bands by Scion image
program

Fig. 3 OsRGP mRNA expression by northern blot analysis during rice
development. Total RNA was extracted from ungerminated seeds
(0 days), germinated seed (2 days), and growing plants after 4 and
8 days and revealed with specific probes: a RGP universal probe, b
class 1 RGP and c class 2 RGP and d loading control gel stained with
ethidium bromide
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blot analysis (Fig. 4 lane 1 and 2) and autoradiography (Fig. 4,
lanes 3 and 4). As expected, a prominent 40 kDa monomer
appeared in the presence of reducing agent (Fig. 4, lane 2),
suggesting an impairment in the formation of disulfide bonds
taking place between different monomers. Accordingly, in non-
reducing conditions, high-molecular weight bands were clearly
observed (Fig. 4, lane 1). Similarly, a detailed analysis of the
autoradiography revealed radioactive high-molecular weight
bands in the absence of the reducing agent (Fig. 4, lane 3), and
the radioglycosylation of the RGP monomer was significantly
lower under reducing conditions (Fig. 4, lane 3 vs. lane 4).

To obtain additional information regarding protein–pro-
tein interactions, we performed in silico characterization of
three class 1 RGPs (OsRGP1, AtRGP1, TaRGP1) and three
class 2 RGPs of different species (OsRGP2, AtRGP5 and
TaRGP2) using hydrophobic cluster analysis (HCA) (Gabor-
iaud et al. 1987) HCA predicts several hydrophobic domains
in class 2 RGP, which are absent in class 1 RGPs (Fig. 5a). In
addition, an alignment of all members of class 1 or class 2
RGP performed by the Predict Protein algorithm (www.
predictprotein.org) showed that class 2 RGPs display a

Fig. 5 In silico characterization
of RGP protein secondary
structure. HCA analysis of three
proteins belong to class 1 and
class 2 RGPs (a). Arrows
indicated the hydrophobic
domain present in class 2 RGP
absent in class 1 RGP.
Secondary structure elements of
both classes of RGP after
alignment of all members of
class 1 or class 2 performed by
the Predict Protein algorithm
(b). HD represents the position
of the hydrophobic domain
predicted for class 2 RGP

Fig. 4 Effect of reducing agent on the size and activity of StRGP
protein. StRGP protein was preincubated during 30 min in the presence
of 2-mercaptoethanol (lanes 2–4) or absence (lanes 1–3), then samples
were incubated with UDP [14C]Glc during 30 min and subjected to
SDS PAGE analysis. The gel was revealed by western blot (left panel)
and autoradiography (right panel)
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Fig. 6 3D prediction of the class 1 StRGP protein structure by homol-
ogy modeling. a and b Ribbon representation of 1xhb (grey) and class
1 StRGP (orange) superimposed. a StRGP model showing the position
of Cys residues represented as sticks coloured red and the distance
between Cys 113 and Cys 209 represented as dashed line. b Ribbon

model of StRGP presenting the position of the DDD motif (green
arrow) and the distance represented as green sticks, between two
adjacent Cys residues (130 and 209) and R159. c Zoom of the DDD
motif and R159 interaction
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different order in their secondary structure elements, no
longer adopting the typical Rossman fold found in class 1
RGPs (consisting of three repeats of beta sheets-alpha helices)
involved in the binding of nucleotide sugars (Fig. 5b).

Due to the failure in the crystallization of RGP proteins of
different sources, we decided to perform a 3D prediction of
the class 1 RGP protein structure by homology modeling
(Fig. 6). The class 1 StRGP (formerly named UPTG; E2
clone: AJ310910) was chosen since it was reported to be a
more active isoform (Wald et al. 2003). The template used was
the enzyme N-acetylgalactosaminyltransferase (PDB code:
1XHB_A), which is also a UDP-glycosyltransferase that
transfers GalNAc from the sugar donor UDP-GalNAc in the
presence of divalent cations, it has only one nucleotide bind-
ing site DXD sugar, and is a type II membrane protein (Fritz et
al. 2004). Even though this protein is longer than RGP and has
a C-terminal lectin domain, it has a highly unstructured area
that would serve to link several acceptors, and its secondary
structure elements are well aligned with the RGP. These
features supported the choice of the N-acetylgalactosaminyl-
transferase as a suitable template for the homology modeling
process. When superimposed (Fig. 6a) the structure is quite
similar, showing a RMSD of 1.2 Å. Evaluation of the model
with Verify 3D (http://nihserver.mbi.ucla.edu/Verify_3D;
(Luthy et al. 1992) produced all positive scores. In addition,
despite the low sequence identity between the model and the
template (12.1 %) the accuracy of the modeling was con-
firmed using the Procheck algorithm (http://www.ebi.ac.uk/
thornton-srv/software/PROCHECK), which showed that 99%
residues are in allowed regions of the Ramachandran plot.

The observation of the 3D structure model (Fig. 6b)
shows that three cysteine residues (C79, C303 and
C251) are in external highly flexible loops, suggesting
that none of them would be involved in the formation of
intrachain disulfide bonds. The distance between C113
and C209 is 7.9 Å, which is not optimal to form disulfide
bridges (5 Å approx.). We can also see a conserved
cysteine in all RGPs, close to the DDD motif (residues
100, 101 and 102; Fig. 6c) which is also preserved in the
template, interacting with the nucleotide sugar. The DDD
motif is placed in a structurally conserved region in the
two proteins, template and model, as well as in some
other glycosyltransferases. The arginine residue R159, ca-
pable to be glycosylated seems to be mobile enough,
showing no obstruction to allow an interaction with the
DDD motif (see figure loop).

Discussion

Throughout this work we showed that OsRGP oligomers
occur at a specific time in development. RGP complexes are
the main form in plantlets, while in ungerminated seeds little

or no oligomerization is observed. Therefore, the appear-
ance of complex formation in rice is associated with an
active polysaccharide synthesis that occurs during the elon-
gation of the plant. In addition, a differential mRNA expres-
sion of class 1 and class 2 RGP was observed. A remarkable
increment in the class 1 OsRGP mRNA is observed at day 4
(Fig. 3a and b), a time in which appeared high molecular
weight complexes (Fig. 1). Nevertheless, an increment in
the class 2 RGP expression was observed at day 8, suggest-
ing that complexes between class 1 and class 2 OsRGP,
might be under regulation of developmental cues.

The formation of RGP complexes during development in
rice could indicate a specific physiological role in this
process. Our findings suggest that both classes of OsRGP
are associated with vegetative development when there is an
active polysaccharide synthesis. In this scenario, class 1
OsRGP would be involved in an early stage of plant growth,
while class 2 RGP would be associated with an active
elongation process. Previously, RGPs were observed in
association with the Golgi apparatus as high molecular
weight complexes (De Pino et al. 2007) and Konishi et al
(2010a) reported self-association of RGPs. However our
data showed for the first time that the formation of RGP

Fig. 7 Schematic representation of RGP Oligomerization. Expansion
of the earlier reported schema showing the correlation of RG complex
occurrence with the expression of class 1 RGP (C1RGP) and class 2
RGP (C2RGP). The class 1 RGP would be glycosylated in the cyto-
plasm and its glycosylation would be able to recruit other RGPs: class
1 RGPs as well class 2 RGPs. Once formed the RGP oligomer, the
class 2 RGP would link the complex to the Golgi membranes
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complexes occurred during development of rice plantlets by
combining different forms of the enzyme.

The evidence regarding complex formation of RGPs
is a challenging hypothesis, and makes us wonder about
the nature of the interaction among monomers. It is well
known that adjacent cysteines can form disulfide bonds
in the tertiary structure as well as in the quaternary
structure of the protein. In general the reduction of
intracatenary disulfide bonds affects the tertiary structure
of the protein with a direct impairment of enzymatic
activity, so the preservation of these bonds is linked to
the conservation of the structure. Our data showed that
oligomers would be stabilized by disulfide bonds, since
the presence of reducing agent raises activity and
decreases the apparent size of the RGP bands (Fig. 4).
By contrast, in nonreducing conditions there was an
increase in size and a decrease in the incorporation of
UDP [14 C]-Glc, suggesting that disulfide bonds are, at
least in part, responsible for maintaining the oligomeric
structure. Moreover, when we study the probability of
intracatenary disulfide bonds formation by DISULFIND
software (Ceroni et al. 2006), we observe that the prob-
ability is zero for all RGPs studied, both in class 1 as
in class 2. In addition, the homology modeling of the
StRGP (Fig. 6) supports the formation of intercatenary
disulfide bridges by exposed cysteines in both RGP classes,
which would be responsible for maintaining the quaternary
structure of the oligomeric RGP.

Several hydrophobic domains present in class 2 RGP pre-
dicted by HCA analysis and the Predict Protein algorithm, are
absent in class 1 RGPs (Fig. 5). In addition, class 2 RGPs have
a different order in their secondary structure elements
(Fig. 5b), precluding the formation of the Rossman fold which
is clearly observed in the class 1 RGP. Moreover, class 2 RGP
has a DDN motif in spite of the DXD present in class 1 RGP.
To this regard, Konishi et al. (2010b) had no success in the
activation of the class 2 RGP after substitution of an aspara-
gine residue from the DDNmotif by an aspartic acid using site
directed mutagenesis. These results suggested that the context
of the DXD motif is also important for the RGP activity.

All these findings are consistent with previous results
where lower molecular weight forms have a greater self-
glycosylating capability (De Pino et al. 2007) and led to
expand the reaction mechanism previously proposed for
RGP (De Pino et al. 2007, see Fig. 7). We think that both
kinds of RGPs are free in the cytoplasm, with class 1 being
capable of glycosylation and once this form gets glycosyl-
ation, it could be able to form complexes with other class 1
RGPs and the incorporation of class 2 RGP to the complex
would be responsible for linking the overall complex to
Golgi membranes (Fig. 7). The hydrophobic regions present
in class 2 RGP may be responsible for its association with
the class 1 RGP and/or with the Golgi membranes.

Konishi et al. (2007) reported that RGP and mutase are
same protein and that function of RGP is mutase. Results
regarding the lack of activity associated with class 2 RGPs
(Langeveld et al. 2002; Konishi et al. 2010b; Rautengarten
et al. 2011) and evidence shown above open the idea for a
possible role of class 2 RGPs as a scaffold protein. Howev-
er, many questions regarding the exact function in different
metabolic pathways of the RGPs still remain unanswered.
Our work sheds some light on the assembly of multiprotein
complexes of RGP during development. So far, all findings
point to the notion that RGP oligomers linked two key
pathways inside plant cells: the metabolism of nucleotide
sugars occurring in the cytoplasm, and the synthesis of cell
wall polysaccharide through their interaction with the mem-
branes of the Golgi apparatus.
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