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ABSTRACT

The polypeptide complement of enriched soybean (Glycine max IL.I
Merr. cult. wells) root plasma membrane fractions was studied by two-
dimensional gel electrophoresis. Good resolution was obtained when poly-
peptides were solubilized in sodium dodecyl sulfate and when butylated
hydroxytoluene was included in the vesicle isolation and solubilization
media. The pattern obtained on the two-dimensional slab gel for root
plasma membrane was characteristic for that membrane. The polypeptide
complements from mitochondrial membranes and from enriched fractions
of three other endomembrane components were solubilized and electropho-
resed for comparison. Each membrane preparation was identifiable on the
basis of its characteristic electrophoretogram. Electrophoresis of protein
solubilized from plasma membrane fractions isolated from meristematic
and mature root tissue revealed both qualitative and quantitative differ-
ences in the respective protein complements.

range. An electrophoretic analysis of the protein complement of
the plasma membrane, made possible by the development of
isolation and solubilization procedures for the electrophoresis of
plant plasma membrane vesicles, extends and complements this
work and is reported here.

Initially, technical difficulties were incurred (e.g., streaking and
smearing of the spots on two-dimensional gels, and the retention
of large amounts of Coomassie staining material on both origins).
These were greatly reduced by including the protective agent
BHT2 in the vesicle isolation and solubilization procedures.
A two-dimensional electrophoretic comparison of plasma mem-

brane proteins from two developmentally distinct tissues, the
meristematic root tip and the mature region tissue, suggests that
each membrane type is identifiable on the basis of its characteristic
electrophoretic pattern. The results must be considered prelimi-
nary, however, until remaining questions of membrane purity can
be resolved.

MATERIALS AND METHODS

The polypeptide composition ofthe plasma membrane has been
widely studied in animals and lower organisms. Electrophoretic
analyses of protein solubilized from isolated membranes have
shown variation in the polypeptide turnover rates (16, 25), varia-
tion in complements from organ to organ (20), and changes with
developmental age (22). In contrast, very little information is
available on the electrophoretic characteristics of plant plasma
membrane proteins (7, 9, 26).
A major difficulty in studying plasma membrane proteins from

higher plants has been the inability to prepare membrane vesicles
in a relatively pure state. Purity levels for plasma membrane
preparations typically range from 60 to 80% (11, 19). Contami-
nation is generally attributed to mitochondria (intact or broken)
and various endomembrane components. Electrophoretic analyses
of membrane preparations from the lower end of this purity range
would be difficult to interpret because of the high level of contam-
inating membrane protein. Conversely, electrophoretic analyses
of membrane preparations nearer the high end of this range
should provide useful data on the nature of plasma membrane
proteins. Absolute characterization of plasma membrane proteins,
however, must await further improvements in membrane purifi-
cation.

In an earlier report (23), we documented the combined use of
phosphotungstic acid-chromic acid procedure staining and con-
canavalin A-ferritin binding in assessing the purity of enriched
fractions of soybean root plasma membrane. Results suggest that
the percentage of plasma membrane in fractions prepared from 4-
day-old soybean roots approaches the higher end of the purity

' This work was supported in part by a fellowship (to M. L. B.) from
the Association for Women in Science.

Chemicals. All electrophoresis chemicals were electrophoresis-
purity-grade from Bio-Rad. Tris/Hepes buffers were Ultrol-grade
from Calbiochem. All other chemicals were standard reagent-
grade laboratory chemicals. The Nonidet P-40 (Bethesda Research
Labs, Rockville, Md.) was a gift from R. W. Breidenbach.

Plant Material. Soybean seeds [Glycine max (L.) Merr. cult.
Wells] were germinated in the dark in moist vermiculite at 30 C
for 4 days. Meristematic tissue (terminal 3 to 4 mm) and mature-
region tissue (section 1.5 to 4 cm behind meristematic zone) were
excised below the region of lateral root development as described
previously (24).

Isolation of Plasma Membrane Vesicles. The following modi-
fications of previously published vesicle isolation procedures (10,
24) were adopted to improve the electrophoretic resolution of the
solubilized plasma membrane polypeptides. About 40 g mature-
region tissue or 2 to 4 g root meristematic tissue were ground with
a mortar and pestle for 3 to 4 min with 10% (w/w roots) insoluble
PVP in 1 volume GM consisting of 25 mm Tris-Hepes (pH 7.2), 3
mM EDTA, 2.5 mi DTT, 0.3 M sucrose, and 100lig/ml BHT. The
BHT, dissolved to 50 mg/ml in isopropyl alcohol, was added to
the full volume of GM with rapid stirring. This resulted in a fine
suspension of BHT and a concentration of alcohol in the GM of
0.5%.
The homogenate was diluted with another 2 volumes GM

before being filtered through Miracloth. Mitochondria, other or-
ganelles, and debris were removed by centrifugation for 15 min at
15,000g. The resulting supernatant was centrifuged for 35 min at
80,000g (Spinco SW 27 rotor) to yield a total-membrane pellet.
Membrane material was washed by resuspension with a glass

2 Abbreviations: BHT, butylated hydroxytoluene; GM, grinding me-
dium; IEF, isoelectric focusing.
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stirring rod into fresh GM and repelleted for 35 min at 80,000g
(Spinco T-65 rotor). The pellet was resuspended in resuspension
buffer consisting of 20% sucrose (w/w), 1 mm Tris/Hepes (pH
7.2), 1 mm EDTA, 1 mm DTT, and 100 Ag/ml BHT, and layered
on a simplified discontinuous sucrose density gradient with one
interface at 34 to 45% sucrose as described previously (24) or onto
a complex discontinuous sucrose density gradient consisting of 10
ml 45% sucrose, 6.8 ml 34% sucrose, and 6.4 ml each of 30, 25,
and 20%1o sucrose (11, 14). All sucrose solutions were 1 mm in Tris/
Hepes (pH 7.2), 1 mm in EDTA, 1 mm in DTT, and 10 ,ug/ml in
BHT. The gradients were centrifuged for 135 min at 80,000g
(Spinco SW 27 rotor). Vesicles were removed from the gradient
interfaces with a Pasteur pipette, washed in 10 mm Tris buffer (pH
7.0), 1 mM EDTA, 1 mM DTT, 100 ,ug/ml BHT, and 200 mm KCI
or NaCl, and pelleted for 30 min at 100,OOOg (Spinco T-65 rotor).
This salt buffer wash, by eliminating the peripheral membrane
proteins and any adhering cytoplasmic contaminants, reduced
smearing and streaking significantly and eliminated much of the
variability in faintly stained spots on the gels. The resulting pellet
was used for solubilization.

Preparation of Mitochondria. Mitochondria were isolated by a
modification of the procedure of Bonner (6). The pellet from the
first centrifugation (15,000g) was resuspended in GM and centri-
fuged for 15 min at 1,000g. The resulting supernatant was centri-
fuged for 15 min at 10,000g. The pellet was resuspended in fresh
GM and centrifuged for 15 min at 6,000g. The supernatant was
discarded. The pellet was resuspended in resuspension buffer and
layered on a simplified 34 to 45% discontinuous sucrose density
gradient, and the gradient was centrifuged for 135 min at 80,000g
(Spinco SW 27 rotor). Mitochondria were removed from the
interface with a Pasteur pipette, washed with the same wash buffer
as the plasma membrane vesicles, and pelleted for 30 min at
100,000g (T-65 rotor). This centrifugation scheme greatly reduced
plasma membrane contamination in the mitochondria, so that tfte
two-dimensional gels could be compared to determine the purity
of the preparations.

Solubilization ofMembrane Preparations. The membrane pellet
was stirred with a glass rod in 25 to 100 ,ul solubilization buffer
until no particles of membrane material remained visible. The
solubilization buffer was 2% SDS, 0.375 M Tris (pH 8.9), 1 mm
EDTA, 1 mm DTT, and 10 fig/ml BHT. The cloudy preparation
was transferred to a thick-walled polyallomer tube, sealed with
Parafilm to prevent evaporation of the small volume and held in
boiling water for 2 min. Membrane residue was removed by
centrifugation for 30 min at 100,OOOg (Spinco SW 60 rotor). The
clear supernatant, containing the solubilized proteins, was re-
moved to another tube preparatory to isoelectric focusing.

IEF. The basic procedure was a combination of the methods of
O'Farrell (21) and Ames and Nikaido (1), with some modifica-
tions. Preliminary experiments revealed a large number of bands
in the acid region of the focusing gel, so the per cent composition
of ampholyte was chosen to expand the acid region (Fig. 1). IEF
tube gels (3 mm x 110 mm) were poured according to the
following protocol and overlayered with 8 M urea. Usually 8 to 10
gels were cast. The 15-mi final volume of gel solution consisted of
8.25 g urea, 2.0 ml 30% acrylamide monomer-bis stock (30:0.8),
3.0 ml 10% Nonidet P-40 detergent solution, 2.95 ml deionized
H20, 0.45 ml ampholytes (pH range 3 to 10; Bio-Rad 40% solu-
tion), 0.3 ml ampholytes (pH range 4 to 6; Bio-Rad 40% solution),
10.5 ,ul N,N,N',N'-tetramethylethylenediamine, and 50 ,ul l1o0
ammonium persulfate made fresh daily. The solution was thor-
oughly degassed in a 125-ml vacuum flask, and the ammonium
persulfate was added just before the gels were poured. After
polymerization, the surfaces of the gels were rinsed with deionized
H20. The gels were not prerun. To an aliquot of SDS-solubilized
membrane protein was added a double volume of dilution buffer
(1) (0.285 g urea dissolved in 0.4 ml 10% Nonidet P-40 plus 25 ,ld
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FIG. 1. Isoelectric focusing gradient as described under "Materials and
Methods." Averages were plotted from 12 different pH gradients repre-
senting three experiments. Each focusing gradient received a different
membrane polypeptide sample, an aliquot of low mol wt protein standard
(Bio-Rad), or an aliquot of the dilution buffer (a blank).

,8-mercaptoethanol and 25 ul ampholytes, (pH range 3 to 10)).
Bromphenol blue in glycerol was added to the sample as an
electrofocusing marker. The pl of this dye is acidic, so that when
the blue dye had traveled the length of the gel and turned yellow,
the focusing was complete. The sample, containing 50 to 150 yg
membrane protein, was layered on the tube gels and overlayered
with 4 M urea. The tubes were filled to the top with a 0.04 N
NaOH-0.02 N Ca(OH)2 solution and the upper reservoir was filled
with the base. The lower reservoir solution was 0.06 N H2SO4. The
electrofocusing was performed overnight at 300 v. It was found
that raising the voltage to 400 v for I to 2 h at the end of the
electrophoresis increased resolution significantly. The gels were
removed from the tubes by water pressure from a H20-filled
syringe attached directly to the gel tube with tygon tubing. One
set of gels was immediately placed in 10% trichloroacetic acid for
later staining with Coomassie brilliant blue R-250, a second set
was placed in 2% SDS-equilibration buffer (the same composition
as the solubilization buffer, but pH 6.8), and a third was cut into
1-cm slices for verification of the pH gradient. The pH gradient
was measured on a Beckman model 4500 digital pH meter,
equipped with a Beckman Futura electrode, after the gel slices
had soaked in 1.0 ml 50 mm KCI under vacuum for at least 5 h.
SDS Slab Gel Electrophoresis. The second-dimension SDS gels

were run with the Tris-Tris/glycine buffer system of Laemmli and
Favre (12). A 1-mm thick 10%7o polyacrylamide slab gel with a
4.7% polyacrylamide stacking gel, both 0.4% in SDS, was poured
and run in a vertical slab system similar to that of Ames and
Nikaido (1).
The IEF gels to be run in the second dimension were equili-

brated in the 2% SDS-equilibration buffer for 2 h to remove most
of the ampholytes, the urea, and the Nonidet P-40. The tube gels
were drained onto a piece of Parafilm on a paper towel, the 2%
SDS-equilibration buffer/l% agarose sealer was pipetted into the
trough, and the gel was quickly laid on top of the hot agarose
solution (21). Any air trapped under the gel was removed after
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FIG. 2. Two-dimensional electrophoretogram of plasma membrane polypeptides from the mature region of the root. a, photograph of gel; b, tracing
of same gel. About 95 spots were resolved. Measured pH range is noted at top of gel tracing. Mol wt x 10' is noted on sides of gel tracing. Especially
heavily stained spots are filled in solid, medium-stained spots are outlined, and very faint smudges of Coomassie staining material are outlined with a
dotted line. For ease of analysis, the gel is divided into quadrants in the tracing (see text for details). Factors affecting interpretation of the gel are
discussed in the text.
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FIG. 3. Two-dimensional electrophoretogram of plasma membrane polypeptides from the meristematic region of the root. a, photograph of the gel;
b, tracing of the same gel. About 121 spots were resolved. See legend to Fig. 2 for explanation of tracing.

the slab was sealed in place in the slab apparatus with 1% agarose
solution and the buffer (0.1% in SDS) was in the upper reservoir.
The front marker dye, bromphenol blue in glycerol, was layered
on the inside edge of the tube gel either before or after the buffer
was added to the upper chamber. Bubbles were removed from
under the bottom edge of the gel with a curved Pasteur pipette.
The slab gels were usually run in pairs. Electrophoresis was started
with an initial voltage of 70 v, which gave a current of 20 mamp.
It was found that streaking and smearing of the plasma membrane
polypeptides was reduced if the current was held constant at 20

mamp. When the dye front had migrated to within I cm of the
bottom edge of the gel, the gels were immediately removed from
the slab plates and fixed overnight in 500 ml of a solution of 25%
isopropanol- 10% acetic acid. They were then stained and destained
according to Fairbanks et al. (8), skipping the optional step. To
speed the process, the times of staining were shortened (1). After
complete destaining with several changes of 10%1o acetic acid, the
slab gels were dried onto Whatman 3MM chromatography paper
for examination.

Protein Determination. Membrane protein was determined both
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Table I. Approximate pH, Mol Wt, and Number of Polypeptidesfor
Soybean Root Plasma Membrane

Quad- Mol Wt No. Poly-Membrane Source rad pH Range Range x peptidesrant i0-~ peptides

Mature
section A 4.6-6.1 50-100 35

B 4.7-5.8 30-50 18
C 6.5-8.5 15-45 25
D 6.2-6.5 50-100 19

Total 97
Meristematic A 4.7-6.1 50-100 40

section B 3.5-5.8 15-50 16
C 6.5-8.5 15-50 34
D 6.3-7.3 55-100 31

Total 121

-~~~~~~~~~~~~~~~~~~~~~
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FIG. 4. Two-dimensional electrophoretogram of mitochondrial poly-

peptides.

with the method of Lowry et al. (15) after precipitation with 10%l

trichloroacetic acid and with the Bio-Rad Coomassie dye-binding

assay (4).

RESULTS

Treatment of Membrane Vesicles before Electrophoresis. Pre-

liminary attempts to solubilize the proteins out of plasma mem-

brane vesicles with Triton X-100, urea, SDS, and various combi-

nations of these agents resulted in gels with the polypeptide

pattern obscured by heavy horizontal streaking and vertical back-

ground smearing. The results suggested that the gel pores were

partially blocked, perhaps by protein still associated with mem-

brane lipids or by aggregation or cross-linking, causing the protein
to "bleed in" during the course of the electrophoresis, with result-

ing blurring of the pattern. The critical factor appeared to be the

degree of aggregation or cross-linking of the membrane proteins
when electrophoresis was attempted. Accordingly, the isolation

and solubilization procedures outlined above were developed.
BHT, DTT, and EDTA in all solutions plus insoluble PVP in the

grinding medium were essential, as was a salt buffer wash to

remove peripheral membrane proteins and contaminating cyto-

plasmic proteins before solubilization was performed.
Minssen and Munkres (17) reported that BHT inhibited autox-

idation of mitochondrial membrane lipids, thus lowering produc-
tion of malonaldehyde, a species very active in cross-linking
membrane proteins and/or lipids. Although inclusion of BHT in
the isolation and solubilization solutions greatly improved reso-
lution, the protein complement pattern was still somewhat ob-
scured, primarily in the neutral, high mol wt quadrant of the gel
(see Fig. 2a). The remaining background may be due to cross-
linking of membrane protein subunits via, for example, the E-
amino group on lysine, as reported by Birckbichler et al. (5) for
animal cell-membrane protein.
The various membrane preparations differed in the amount of

heavy background staining in the neutral, high mol wt quadrant
of the gel (compare Figs. 2 and 3). The meristematic-region plasma
membrane preparations, the mitochondria, and the lighter com-
plex gradient fractions all showed much less background staining
in this region than the mature-region plasma membrane prepa-
rations. The amount of membrane residue (pellet remaining after
solubilization and centrifugation) was usually less in the meriste-
matic than in the mature-region preparations.

Interpretation of Electrophoretograms. When electrophoreto-
gram tracings of membrane preparations of a given type were
compared from one isolation to the next, corresponding spots
generally did not match exactly. Stretching and compression of
the first-dimension tube gel as it was laid in the trough of the
second dimension slab gel contributed to this. Some distortion
may have occurred also during drying of the slab gel.
When larger amounts of protein were electrophoresed, the

streaking and smearing in quadrant D increased in intensity and
obscured a larger area of the gel. When smaller amounts of protein
were applied, the heavy background was reduced but many of the
faintly stained spots were lost. Thus, it was necessary to apply an
amount of protein adequate to visualize as many spots as possible,
without creating heavy background staining in quadrant D. In
addition, it was difficult to resolve the same amount of protein on
any set of slab gels since a certain fraction of the protein applied
to the gels remained at the origin of each dimension.
With these factors in mind, the criteria used to compare the gels

for correspondence of spots were distance from a nearby heavily
stained spot and position on the gel in relation to that spot. Also
compared were the relative intensities of corresponding spots.
Comparison of Meristematic and Mature Region Polypeptides.

Figures 2a and 3a show the basic plasma membrane polypeptide
pattern for mature and meristematic root tissue. The tracings
(Figs. 2b and 3b) aid in interpretation of the gel photographs.
Repeated analyses produced the same basic pattern, with only
slight variation, depending on the amount of protein applied and
the amount retained on the origin. Most spots probably represent
different polypeptides, although that may not always be the case.
For example, several polypeptides appeared in closely aligned
rows of multiple spots (see polypeptides enclosed by horizontal
brackets in quadrant D, Figs. 2b and 3b). These may be an
example of a single polypeptide chemically modified in vivo or in
vitro to cause focusing at more than one pI, without affecting the
mol wt. Anderson and Anderson (2) reported that in vivo sialic
acid glycosylation of human blood plasma proteins resulted in
similar sets of spots on a two-dimensional gel.
To determine whether the plasma membrane of cells in a given

stage of development could be characterized by a specific comple-
ment of polypeptides and to investigate any differences between
the complements depending on cell age, plasma membrane poly-
peptides were compared from root sections representing primarily
meristematic or mature tissue. The implications of comparing
plasma membrane vesicles from these tissues have been discussed
(23, 24).

Electrophoretograms of polypeptides solubilized from plasma
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FIG. 5. Two-dimensional electrophoretogram of polypeptides solubilized from vesicles sedimenting at a 20 to 25% sucrose interface on a complex
discontinuous sucrose density gradient. a, photograph of the gel; b, tracing of the gel. See legend to Fig. 2 for explanation of tracing.

a

qw-ft.,ft.

,R|,,,;.-,
,,.

I

I

94
68

43

30

21

h 3.0 6.0 9.0

94
68

43

30

21

FIG. 6. Two-dimensional electrophoretogram of polypeptides from vesicles sedimenting at a 25 to 30%o sucrose interface on a complex discontinuous
sucrose density gradient. a, photograph of the gel; b, tracing of the gel. See legend to Fig. 2 for explanation of tracing.

membrane vesicles ofmature and meristematic root tissue revealed
significant and characteristic differences in the total number of
polypeptides resolved from the two preparations (Figures 2 and
3). About 97 polypeptides were resolved in the mature preparation,
compared with about 121 in the meristematic preparation. Poly-
peptides are organized by gel quadrant in Table I. Also given are

pH range, approximate mol wt, and total number of spots in each
quadrant.
Comparison of the electrophoretograms of plasma membrane

proteins prepared from mature and meristematic tissue also re-

vealed qualitative differences between the polypeptide comple-
ments. Small regions of each quadrant (noted by vertical brackets,

Figs. 2b and 3b) are compared. For example, quadrant A of the
mature gel contained four polypeptides of mol wt greater than
94,000, pl 5.0 to 5.3 (brackets), only one of which was common to
the meristematic gel. Close inspection of the gel photographs and
tracings reveals several other differences in both the composition
of the polypeptide complement and the relative intensity of stain-
ing of specific polypeptides within quadrant A. Several polypep-
tides present in quadrant A of the meristematic gel were absent
from the mature gel, noted by the dotted ovals on the mature gel
tracing. The two polypeptides at pl 5.5 to 5.7 and mol wt about
55,000 and 65,000 stained very intensely on the meristematic
region gel and very lightly on the mature region gel (compare

1041

6.0 9.0

94

68

43

30

21

A a 0~~~~~~~0

0 a~~~~~~~

O ~ ~~ aD

_

L.#



Plant Physiol. Vol. 66, 1980

94.

FIG. 7. Two-dimensional electrophoretogram of polypeptides from vesicles sedimenting at a 30 to 34% sucrose interface on a complex discontin-
uoussucrose density gradient. a, photograph of the gel; b, tracing of the gel. See legend to Fig. 2 for explanation of tracing.

Figs. 2a 3a, 2b, and 3b) and may represent proteins that occur in
fairly high concentration in the meristematic cell plasma mem-
brane and in relatively low concentration in the mature cell
membrane. Further inspection reveals additional differences in
quadrants B and C.
The presence of high background staining on the mature region

gel presented some difficulty in interpreting the results from
quadrant D. It was unclear in some cases whether lightly stained
spots, visible on the meristematic-region gel, were also present on
the mature-region gel. This may have accounted for the presence
of more polypeptides in quadrant D for the meristematic-region
gel (Table I). Adding to the higher polypeptide count in the
meristematic-region gel was the resolution of the region from pH
6.0 to 6.5, mol wt about 50,000 (indicated by a circle of dotted
lines on both tracings, Figs. 2b and 3b) from a smear into 8 spots.
Comparison with Mitochondria. Mitochondrial membrane is a

probable contaminant in plasma membrane preparations because
its buoyant density is similar to that of plasma membrane (11).
The initial low speed centrifugation during the plasma membrane
purification process (15000g) removes most mitochondria from
the subcellular preparation. Broken and occasional intact mito-
chondria may occur in the final plasma membrane preparation.
The relative abundance of mitochondrial contamination in the
plasma membrane fractions was analyzed by comparing the two-
dimensional electrophoretogram of solubilized mitochondrial
polypeptides with the plasma membrane gels (Fig. 4 versus Figs.
2a and 3a). The comparison revealed little or no correspondence
of major spots for the two membrane types. For example, the
mitochondrial gel contained a large group of spots in the neutral
pH, mid mol wt region of the gel, which stained as intensely as
any other spots on the gel, yet no such spots of similar intensity
were visible on either of the plasma membrane gels. If there were
significant contamination by mitochondrial membranes in the
plasma membrane fractions, then such spots should stain more
intensely on the plasma membrane gels. Some of the faintly
stained spots in this region, or elsewhere on the gels, may represent
proteins from contaminating membranes. The results corroborate
previously published electron microscope studies (3, 23) showing
a relatively low degree of mitochondrial contamination of plasma
membrane preparations isolated by the procedure used.

Comparison of Complex Gradient Fractions. Hodges et al. (1 1,
14) first reported the use of a complex discontinuous sucrose
density gradient for isolation of plasma membrane vesicles from
oat root. In addition to plasma membrane, other fractions were
recovered, representing enriched preparations of tonoplast, ER,
and Golgi vesicles. Marker enzyme analyses indicated peak activ-
ities associated with specific densities on the gradient, but signifi-
cant overlap across the gradient suggested that peak activities
represented only enriched regions. Similar results were reported
for corn root membrane fractions (13). Here, analogous density
gradient fractions from whole roots using the two-dimensional gel
system were compared to determine how their polypeptide com-
plements resembled that of the plasma membrane. Figures 5 to 7
are electrophoretograms representing polypeptide complements
prepared from vesicles removed from gradient interfaces at 20 to
25%, 25 to 30% and 30 to 34% sucrose. The polypeptide comple-
ment of the 20 to 25% interface fraction contained significantly
fewer spots than the other two. fractions (Fig. 5). However, most
of the major spots present corresponded with similar spots of both
meristematic and mature plasma membrane fractions (cf. Figs. 2
and 3). The similarities between the complex gradient fractions
and the enriched plasma membrane fractions became more pro-
nounced as gradient density increased. That was not unexpected,
however, since Hodges et al. (11) reported plasma membrane
marker enzyme activity (pH 6, K+-stimulated ATPase) distributed
broadly across the gradient, with peak activity at higher density
interfaces. Thus, the assessment that the fractions recovered from
the lower density regions of the complex gradient represent frac-
tions enriched for the various membrane types is quite reasonable.
It appears that a major contaminant in those fractions was plasma
membrane.
The dynamics of cell development suggest that there should be

some correspondence between electrophoretograms of even highly
purified membranes. Intermediates in the pathway of synthesis of
plasma membrane may include nuclear, ER, and dictyosome
components of the endomembrane system (18). This phenomenon
may account for some of the correspondence of polypeptides on
the complex gradient gels with plasma membrane gels. There are
also characteristic differences between the density gradient inter-
face electrophoretograms and plasma membrane electrophoreto-
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grams. For example, one polypeptide at about pH 4.8, mol wt
55,000, stained very heavily in the lightest density-gradient frac-
tion, and then, as the fractions increased in density, staining
intensity decreased. Since plasma membrane is resolved at higher
densities, one would expect an increase in the intensity of this spot
if it represented a plasma membrane protein.

DISCUSSION

Electrophoretic analyses of the polypeptides solubilized from
the plasma membrane of developing soybean roots revealed dif-
ferences in both the total number of polypeptides resolved and
the relative concentration of certain polypeptides. Some of these
differences undoubtedly relate to the differential effect of the
solubilization and electrophoresis procedures. Also, factors such
as chemical modification (e.g. glycosylation), high background
staining in quadrant D of the mature membrane gel and difficulty
in resolving equivalent levels of protein on compared gels may
have affected the total number of polypeptides resolved.
The potential for the contribution of polypeptides to the plasma

membrane complement by contaminating membrane fractions
cannot be overlooked. However, we believe this is not a major
factor in interpreting the data. Results reported here and in a
previous communication (23) suggest a relatively low level of
mitochondrial contamination. Even so, other components of the
cellular membrane complex are undoubtedly present as contami-
nating material. Polypeptides representing contaminating mem-
branes likely consist of two major types, those which are common
to most or all membrane components and those which are unique
to a given membrane. The presence of common polypeptides,
even from contaminating membranes, would not affect quantita-
tive comparisons. The most likely effect would be a slight increase
in intensity of staining of specific spots. The presence of proteins
unique to membranes other than the plasma membrane would
affect qualitative comparison; however, with plasma membrane
purity levels approaching 80o (23), the intensity of spots repre-
senting such polypeptides would be greatly reduced. Thus, it is
likely that some of the observed differences in protein comple-
ments of enriched plasma membrane fractions from meristematic
and mature root tissue reflect developmental changes. The disap-
pearance of certain proteins during development, with the subse-
quent appearance of others may reflect a changing pattern of
physiological activity as the cell matures.
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