


Table I. Amino Acid Composition of the 11.D2 Antigen

Amino acid mol
%
Asx 0.0
Gix 0.0
Hyp 44.6
Ser 9.1%
Gly 0.0
His 4.3
Arg 0.0
Thr 5.1%
Ala 0.7
Pro 7.6
Tyr 3.8
Val 8.3%
Met 0.0
Cys 0.0
Ile 0.0
Leu 0.3
Phe 0.0
Lys 16.7
Trp ND

* Indicates undetectable levels.
 Extrapolated to zero time from values at 24, 48, and 72 h of hydrolysis.
§ Value from 72 h hydrolysis. ND, not done.

Tissue Distribution of the 11. D2 Epitope

We examined the tissue locations of the epitope recognized
by mAb 11.D2 through tissue printing (Cassab and Varner,
1987). Initially, we compared the distribution of the 11.D2
epitope with that of a polyclonal antibody raised against soy-
bean seed coat extensin (Cassab and Varner, 1987). Thus, in
tissue blots of immature Glycine max fruit, the epitope rec-
ognized by mAb 11.D2 was restricted to the inner scleren-
chymatous layer in the seed pod, to the testa and to those tis-

sues near the vascular system of the cotyledons (Fig. 6). This
pattern is identical to that reported by Cassab and Varner
(1987) and is quite different from that seen using a control
mADb of identical isotype, and from the pattern of transfer of
total protein as revealed by India ink (Fig. 6).

Analysis of tobacco stems sectioned at the uppermost in-
ternode (using a young plant that was ~30% of its mature
height), revealed that specific antibody binding was re-
stricted to thin layers of cells close to the epidermis and inter-
nal to the xylem (Fig. 7, A-D). In basal segments a similar
pattern was observed (Fig. 7, E-H), although increased
staining of the cortex and pith was apparent.

Subcellular Localization of the 11. D2 Epitope

The subcellular distribution of the 11.D2 epitope in suspen-
sion culture cells was investigated through differential cen-
trifugation of cellular homogenates followed by one-dimen-
sional SDS-PAGE. Western blots were then probed using
mADb 11.D2 (Fig. 8). The molecular species carrying this
epitope was present at an approximately equal concentration
in the subcellular membranes pelleted by centrifugation at
10,000 and 100,000 g(max), but was not found in the soluble
fraction of the cell nor in the 1,000 gmax pellet. The ab-
sence of this cell wall protein from the 1,000 gmax pellet,
which should contain most of the cell wall fragments, is pre-
sumably either due to its insolubility in the low ionic-strength
SDS-PAGE sample buffer or due to the formation of inter-
molecular crosslinks with other cell wall components, thus
preventing its elution.

Based on these data, we used isopycnic sucrose gradient
centrifugation to examine the cellular membranes contained
within the fraction precipitated by differential centrifugation
between 10° and 6 X 10° g/min (Fig. 9). Total membrane
protein was broadly distributed through the gradient, the
three peaks representing obvious bands of turbidity. One of
these, at a density of 1.165 g/ml, corresponded to the posi-
tion of most of the fumarase activity (a mitochondrial mark-

Figure 6. Tissue prints of immature fruits of Glycine max. Tissue prints were prepared as described by Cassab and Varner (1987). A and
B are from opposite halves of the same cross-section. (4) Stained with India ink. (B) Probed with mAb 11.D2. (C) Probed with control
mAb 109.3 (directed against dinitrophenol). Structures labeled: (T) testa; (VS) vascular supply of seed; (C) cotyledon; (P) parenchyma

of pericarp; (S) sclerenchyma of pericarp. Bars, 1 mm.
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Figure 7. Tissue prints of Nicotiana tabacum stems. A-D are prints
taken from cross-sections of the uppermost internode of 30-cm tall,
greenhouse-grown plants. E-H are prints taken from a section of
the same plant at a point 5 cm above the base. A, C, E, and G are
stained for total protein with India ink. B, D, F, and H were probed
with mAb 11.D2. C, D, G, and H are enlargements of A, B, E, and
F respectively. Structures labeled: (C) cortex; (V) vascular cylinder;
(P) pith. Bars, (4, B, E, and F) 1 mm; (C, D, G, and H) 0.1 mm.

er). The major peak of NADH-cytochrome ¢ reductase ac-
tivity, a marker enzyme for the endoplasmic reticulum and
the outer membrane of the mitochondrion, was found at a
density of ~1.124 g/ml, with a minor portion associated
with the mitochondrial fumarase activity. Latent inosine
diphosphatase (IDPase), a marker enzyme associated with
the Golgi region (Ray et al., 1969), was found at a density
of 1.136 g/ml. Two peaks of K* stimulated Mg?*-ATPase
activity, a putative plasma membrane marker enzyme
(Hodges and Leonard, 1974), were located at densities of
1.148 and 1.165 g/ml. One-dimensional SDS gel elec-
trophoretic separation of the membranes contained in the
gradient fractions, followed by silver-staining, resolved a
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large number of different proteins (Fig. 10 A). Western blot-
ting revealed that the high molecular-mass component recog-
nized by monoclonal antibody 11.D2 co-localized with
marker enzyme activities associated with the ER, the Golgi
region and the plasma membrane (Fig. 10 B).

Developmental Controls of the Biosynthesis of
11.D2 Epitope Expression

Leaf'tissues and protoplasts freshly-isolated from leaf tissues
did not contain levels of the epitope that could be detected
using dot-blot analysis. However, when leaf protoplasts were
placed in heterotrophic culture, biosynthesis of the epitope
was readily detectable after ~48 h (Fig. 11). After 8 d in cul-
ture, it was possible to observe a signal from as few as 30
protoplasts without reaching the limit of detection of the as-
say. Inclusion of DB or DHP, or a mixture of these two com-
pounds, did not affect the total amount of epitope biosynthe-
sis as estimated from dot-blots. However, one-dimensional
SDS-PAGE analysis showed that the inhibitors caused a
slight reduction in overall protein synthesis (Fig. 12 A).
Western blotting revealed that inclusion of DHP decreased
the apparent size of the molecular species carrying the epi-
tope and increased its polydispersity (Fig. 12 B). The
amount of reactivity on the Western blot appears to be de-
creased in samples treated with DHP because of the in-
creased polydispersity. In contrast, the inclusion of DB had
no effect on the apparent size and dispersity of the antigen.

Discussion

The theoretical advantages of using monoclonal antibody
techniques for the analysis of plant endo- and plasma-
membrane systems derive primarily from the fact that clonal
hybridomas secrete antibodies that are directed against sin-
gle epitopes. Thus, even though plant endo- and plasma
membranes obviously comprise complex mixtures of macro-
molecules, it should be possible to use individual monoclo-
nal antibodies, chosen from a library raised against crude
membrane preparations, for the identification and molecular
dissection of the different macromolecules contained within
the membranes. This approach firstly assumes that the in-
dividual macromolecules are antigenic and secondly that ap-
propriate methods for screening the monoclonal antibodies
can be developed. Previously, we have reported the prelimi-
nary characterization of a monoclonal antibody library
directed against antigens derived from total cell membranes
from Nicotiana tabacum cell cultures (Meyer et al., 1987).
The initial screen, which involved the use of denatured and
deglycosylated membrane proteins and glycoproteins ap-
plied as dots to nitrocellulose, led to a rapid identification of
the minority of the hybridomas (~8 %) that secreted antibod-
ies directed against epitopes present on deglycosylated mem-
branes. Subsequent immunofluorescence analysis allowed
the identification of hybridomas secreting monoclonal anti-
bodies directed against plasma membrane epitopes (Meyer
etal., 1987). A total of 34 stable hybridoma cell lines, corre-
sponding to a minimum of 13 of the 45 original hybridomas,
were successfully recovered.

Although our work, and that of others, suggests that it is
relatively easy to produce monoclonal antibodies directed
against plant epitopes which are located primarily at the
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plant cell surface (Metcalf et al., 1986; Norman et al., 1986;
Villanueva et al., 1986; Fitter et al., 1987; Hahn et al., 1987),
subsequent antigen identification and characterization has
proved difficult (Villanueva et al., 1986; Hahn et al., 1987).
In this first case, the species recognized by a monoclonal an-
tibody raised against soybean protoplasts comprised a mole-
cule, or series of molecules, with an extremely high and
polydisperse molecular mass (Villanueva et al., 1986). In the
second case, the bulk of the molecules recognized by several
independently-derived mAbs were found to have polydis-
perse molecular masses (60-120 kD). In neither case has a
precise definition of the epitopes recognized by these mAbs
been achieved.

In our work, the use of two-dimensional NEPHGE/SDS-
PAGE techniques of separation was essential for the iden-
tification of the molecular species recognized by one of the
monoclonal antibodies (mAb 11.D2). This single molecular
species has a high, polydisperse molecular mass and displays
a characteristic, curved pattern of separation on two-dimen-
sional gels. It has an intrinsic charge that locates it well to
the basic side of the range (pH 5-7) of conventional isoelec-
tric focusing (Booz and Travis, 1980; Zurfluh and Guilfoyle,
1982; Lafayette et al., 1986). Thus the nonequilibrium as-
pect of the charge-based dimension of the gel separation pro-
cedure was particularly important for the identification of the
11.D2 antigen. The fact that the monoclonal antibody ap-
pears to recognize only a single molecular species argues
that the epitope is not a simple glycan moiety of plant glyco-
proteins. Since the antibody does not recognize proteins or
glycoproteins that are abundantly represented, we can be
confident that non-specific interactions are not responsible
for these observations.

Several pieces of evidence strongly indicate that the 11.D2
epitope is carried on (one of ) the hydroxyproline-rich glyco-
proteins termed extensins (Showalter and Varner, 1988).
Firstly, it bears immunological cross-reactivity to the form
of extensin that can be solubilized from tomato cell walls
(Smith et al., 1986) and their patterns of mobility on two-
dimensional gel analysis are almost identical. Secondly, the
amino acid composition of material purified through im-
munoaffinity chromatography (Table I) is strikingly similar
to that found for extensins purified from a wide variety of di-
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Figure 8. One-dimensional SDS-PAGE
analysis (10% acrylamide) of the proteins
contained in total cellular homogenates and
in resultant membrane fractions obtained by
differential centrifugation. (4) Gel after sil-
ver staining; (B) Gel probed with mAb
11.D2 after blotting onto nitrocellulose.
(Lane 1) Crude homogenate; (lane 2) 1,000
g pellet; (lane 3) 10,000 g pellet; (lane 4)
100,000 g pellet; (lane 5) 100,000 g super-
natant. Each lane contains 10 pg protein.
The calculated distribution of total protein
between each of the fractions is presented
below the individual lanes.

cotyledonous plant species and tissues (Showalter and
Varner, 1988). Further evidence linking the 11.D2 epitope
with extensin was obtained through use of a tissue printing
procedure specifically designed for the immunolocalization
of extensins in developing soybean seeds (Cassab and Var-
ner, 1987). Our results demonstrate that the pattern of distri-
bution observed using mAb 11.D2 was similar to that re-
ported using polyclonal antibodies raised against purified
seed coat extensin (Cassab and Varner, 1987); the vascular
supply of the cotyledons and the seed coat are specifically
recognized by both antibodies, and we have also observed in-
tense staining of the hilum in appropriate sections (data not
shown). These results also imply that the epitope recognized
by mAb 11.D2 is a feature of extensins in divergent dicotyle-
donous plant species.
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Figure 9. Distribution of marker enzymes on sucrose gradient frac-
tionation of cellular membranes partially purified by differential
centrifugation. Enzyme activities and protein amounts are ex-
pressed as total amounts per fraction.
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