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Final technical report
DOE grant DE-FG03-91ER20048
Title: Enzymology and molecular biology of cell wall biosynthesis

The following aspects of enzymology of cell wall synthesis were pursued under
support of the cited grant.

Isolation of plasma membrane-localized glucan synthase II (GS-II) of pea

We achieved post-entrapment fractionation of pea GS-II by 2 methods, isoelectric
focusing and glycerol gradient centrifugation (3). The results indicated that 22, 30, 80, and
100 kDa polypeptides that occur in product-entrapped preparations are not responsible for
GS-II activity, but did not eliminate the possibility that some or all of them might be
accessory components that have an indirect, non-catalytic role in callose formation or
deposition. Polypeptides of 55 and 70 kDa, which are major components of product-
entrapped material, persisted in their association with GS-II activity through all
fractionations. Antisera against each of them immunoadsorbed GS-II activity (3).
Electrophoresis of native proteins in polyacrylamide without SDS indicated that (in
digitonin-solubilized material) these polypeptides occur as a very large multiprotein
complex in which minor amounts of the 30- and the 100-kDa polypeptides are also found
(3). We more recently detected a 220-kDa polypeptide that also appears to be associated
with GS-II activity and with this complex (Dhugga and Ray, unpublished results). This at
first suggested a connection with yeast $-1,3-glucan synthase ~215 kDa subunits, but this
was contraindicated by the results of gene cloning to be described shortly.

Cloning of genes for possible plant GS-II components.

With our anti-pea GS-II antisera we screened a pea cDNA expression library for
sequences encoding the presumptive 55, 70 and 220 kDa GS-II components. The results,
summarized in Table 1 (Dhugga and Ray, unpublished), contained several surprises. Each
of these screens yielded 2 different sequences. One sequence in each case closely matches
that of a tonoplast ATPase (V-ATPase) subunit, either of corresponding molecular mass
(with the anti-55 and -70 screens) or of 55 kDa in the case of the anti-220 screen. We
understand that Bruce Stone's group in Australia obtained a similar result when they tried
to clone the gene for a presumed component of ryegrass glucan synthase. As far as we
know they did not publish this, presumably because they thought the result was erroneous.
Further work in our lab suggested that these V-ATPase subunits are not just contaminants
of our antigens but may actually be components of GS-II. For example,
immunocytochemical tests indicated that these V-ATPase subunits occur on the plasma- (as
well as the vacuolar) membrane. This finding was confirmed independently by Robinson's
group in Gottingen, Germany (13).

The second sequence picked by our anti-70 kDa antiserum corresponded to
calnexin. The difference in apparent molecular masses of 65 vs. 70 between Delmer's and
our work falls within the range of variations found in the peculiar electrophoretic behavior
of calnexin (9). The second sequence selected by our anti-55 kDa antiserum is unique.
Because the component of our preparations that detectably binds UDP-glucose is 55 kDa
(3) we think that this polypeptide is probably the substrate-binding, catalytic subunit of pea
GS-II.

Neither of the sequences selected by antiserum against the 220 kDa GS-II-
associated band encoded a polypeptide of this molecular mass. Instead one again matched,
as mentioned above, the V-ATPase 55 kDa subunit. The other matched Hsp70, a 70 kDa
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animal and microbial "stress” or "heat-shock" protein, about which there is a very extensive
literature (2, 7, 8, 10) including a few previous reports of Hsp70 homologs in plants (1,
14), including pea (11). In agreement with these results, on Western blots of plasma
membrane proteins the anti-220 antiserum recognized not only the 220 kDa antigen band
but also a band at 55 kDa and one at 70 kDa. The 220 kDa band may be a heterotetramer in
which 2 each of the ATPase subunit and the HSP 70 homolog are covalently coupled by
bonds such as peptide bonds that are not cleaved by the dithiothreitol used in our SDS gels.

We have not yet submitted this extensive work for publication because we wish,
before doing so, to have more direct evidence as to which of the several cloned putative
subunits is physically part of the GS-II complex and which are essential to its enzymic
activity.

Golgi glucan synthase-I (GS-I)

Gycerol gradient centrifugation of proteins solubilized from purified Golgi
membranes allows at least 6 bands to be identified, ranging between 45 and 120 kDa, that
appear to peak along with the peak of GS-I activity (Dhugga and Ray, in preparation).
These are minor bands and the task of isolating them for identification is difficult. To try to
narrow down the number of candidate polypeptides we have attempted to fractionate
digitonin-solubilized Golgi membranes by fast protein liquid chromatography (FPLC).
With this technique, for the first time in our experience with GS-I we are able to recover
after fractionation a substantial proportion of the initial enzyme activity as a relatively sharp
peak, separated from the major peak of membrane protein. We are currently working to
optimize this fractionation and anticipate that, in combination with a contrasting method
such as glycerol gradient centrifugation, it will soon be possible to choose at most a limited
set of polypeptides to be tested for responsibility for GS-1 activity as described in the
following proposal.

Golgi reversibly glycosylated protein 1 (RGP1).

In a substrate-labeling approach to GS-I similar to that mentioned above for GS-II
we identified a 40 kDa polypeptide doublet that becomes labeled, covalently but reversibly,
when glucose-labeled UDP-glucose is supplied to membrane fragments under the
conditions of the GS-I assay (6). The members of the doublet proved to be minor length
variants of the same protein, which we subsequently (5) designated RGP1 (reversibly
glycosylated protein-1). Density gradient fractionation of cellular membranes indicated that
RGP1 is Golgi-localized (6). Immunological, fractionation and substrate specificity data
indicated that RGP1 is not a catalytic subunit of GS-I, and suggested that RGP1 might
function instead as a Golgi membrane glycosyl carrier that can supply to Golgi synthases
the various sugar residues (other than fucose) that they need for constructing xyloglucan

(6).

We purified RGP1 to homogeneity by affinity chromatography, obtained a partial
amino acid sequence for it (4), raised a potent monospecific antiserum against it, and by
using this as a screen we cloned and sequenced the Rgp!l gene (5). Rgpl has a unique
sequence. Keegstra's group at Michigan State University (K. Keegstra, pers. comm.)
recently cloned the same gene from the Arabidopsis EST library, using the partial amino
acid sequence of pea RGP1 that we had exhibited at the 1994 plant physiology (ASPP)
meetings (4).

Immunogold staining using our anti-RGP1 antiserum revealed a striking
localization to Golgi dictyosomal cisternae in pea and cotton. The results consistently show
RGP1 to be localized only to the trans cisternae (5). Since the frans region has been
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identified as the part of the dictyosome in which xyloglucan is formed (12, 15), this finding
adds to the indications that RGP1 is involved in polysaccharide (at least xyloglucan)
synthesis.

The dramatic Golgi specificity of our anti-RGP1 antiserum has attracted the
attention of plant cell biologists interested in questions that involve Golgi membranes and
their identification. The antiserum and the cloned RGP1 gene promise to be tools useful in
the search to identify Golgi polysaccharide synthases and possibly other components
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Table 1. cDNA CLONES OF PUTATIVE GS II SUBUNITS

Antisera raised against isolated 55, 70, and 220 kDa polypeptides that correlate with GS
IT activity were used to screen a pea cDNA library in an expression vector. Each
antiserum selected 2 distinct clones (several isolates of each) from this library.

Clone class Screened for Cloned sequence Possible function
polypeptide of kDa | homologous to in GS II complex
1 55 V-ATPase 55 kDa subunit | substrate binding
2 55 no match (unique sequence) | catalytic subunit
3 70 V-ATPase 70 kDa subunit | substrate binding
4 70 calnexin subunit(s) conformation,
complex integrity or
binding to membrane*
5 220 V-ATPase 55 kDa subunit | as above
6 220 HSP 70 subunit(s) conformation
or product extrusion*®

*function suggested from role of protein in other systems
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