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SUMMARY

The interaction of glycoproteins of rough and smooth microsomal and Golgi membranes
with Sepharose-bound lectins has been studied. One of these lectins was a crude preparation
from wheat germ lipase which was found to bind primarily to iV-acetyl neuraminic acid.
Rough microsomes, smooth microsomes and Golgi membranes contain glycoproteins which
bind to Concanavalin A (Con A specific for mannose residues) in decreasing amounts in the
order indicated (rough, smooth and Golgi) and to wheat germ agglutinin (WGA, glucosaminespecific) and to the crude lipase preparation in increasing amounts in the order indicated. The
small amount of binding of rough microsomes and Golgi membranes to Crotalaria (galactosespecific) increases substantially after neuraminidase treatment. Three submicrosomal particle
preparations enriched either in AMPase or in NADH- or NADPH-oxidizing electron-transport
enzymes contain glycoproteins which bind Con A and wheat germ agglutinin. The latter
binding is sensitive to neuraminidase treatment. Two other submicrosomal particle preparations, both enriched in glucose-6-phosphatase activity, bind preferentially to WGA. This
binding is, however, not sensitive to neuraminidase. Prolonged incubation with Ervilia lectin
(mannose-specific) inhibits NADH-ferricyanide reductase activity, while the electrontransport chain involving cytochrome 66 is also inhibited by Crotalaria, indicating that both
the flavoprotein and the cytochrome 65 are glycoproteins whose oligosaccharide chains have
terminal mannose or galactose residues.

INTRODUCTION
The membranes of the endoplasmic reticulum contain a number of different
enzymes for glycosylation of 2 types of proteins, secretory and membrane glycoproteins. With the exception of albumin all secretory proteins which are transported
through the channel system of the endoplasmic reticulum through the Golgi apparatus
to the blood contain covalently bound sugar residues. In contrast to the secretory
proteins the nature and the function of membrane glycoproteins have not yet been
established. There are indications that some microsomal enzymes and ribophorin
are glycoproteins (Bischoff, Tran-thi & Decker, 1975; Evans & Gurd, 1973; Dean,
1974; Haugen & Coon, 1976; Grebenau, Sabatini & Kreibich, 1977).
The sugar content of endoplasmic reticulum membranes includes the neutral
sugars mannose and galactose, the amino sugar glucosamine and the charged sialic
acid (Miyajima, Tomikawa, Kawasaki & Yamashina, 1969; Bergman & Dallner, 1976).
The individual glycoproteins have not yet been isolated and their oligosaccharide
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sequences not yet characterized. However, it is possible to obtain information by using
various lectins. The interaction of lectins with membranes has so far been studied
mainly with plasma membranes (Cook & Stoddart, 1973). On the other hand, there
are also studies which demonstrate that various intact intracellular membranes
exhibit a relatively limited interaction with a few types of lectins (Nicolson,
Lacourbiere & Delmonte, 1972; Henning & Uhlenbruck, 1973; Monneron & Segretain,
1974; Keenan, Franke & Kartenbeck, 1974). If isolated intracellular membranes are
solubilized, the ability of integral membrane glycoproteins to associate with lectins
increases to a significant extent (Winqvist, Eriksson & Dallner, 1974).
In this paper we have investigated the interaction of a number of lectins with rough
and smooth microsomal and Golgi membranes and also analysed lectin interaction
with specific submicrosomal particles. It was found that some of the microsomal
electron-transport enzymes are inhibited by lectins, which would suggest that they
are glycoproteins.

MATERIALS AND METHODS
Fractionation
Male Sprague-Dawley rats weighing 180-200 g were starved for 20 h. Total microsomes
and rough and smooth subfractions were prepared as described earlier (Dallner, 1974). For
preparation of the Golgi fraction, rats were given 12 g S°% ethanol/100 g body weight by
stomach tube 90 min before decapitation. That portion of the Golgi complex which has a
density less than that of 086 M sucrose (Golgi I and II) was used in all experiments
(Ehrenreich, Bergeron, Siekevitz & Palade, 1973). In order to remove adsorbed and luminal
secretory proteins all fractionswere subjected to theTris-water-Tris washingprocedure(Dallner,
1974). Submicrosomal particles were prepared by using washed total microsomes (Winqvist &
Dallner, 1976). Fractionation was performed on a continuous gradient ranging between 029 M
and 1 75 M sucrose and containing 0 1 9 % deoxycholate. After isopycnic equilibration the 5
bands were collected. In in vivo experiments 300 /tCi D-[i-3H]glucosamine (2000 mCi/mmol,
Radiochemical Centre, Amersham, England) were injected into the portal vein of rats under
pentobarbital anaesthesia 60 min before decapitation. The specific activities of the washed
fractions were: 19000 cpm/mg protein for rough membranes, 53000 cpm/mg protein for
smooth membranes, and 12000 cpm/mg protein for Golgi membranes.
Incubation with lectins
The incubation mixture contained 0-3 ml of lectin-Sepharose suspended in 0-15 M Tris-Cl
buffer, pH 7-8 (50 % sedimented gel, vol/vol), 0-5 ml buffer or 05 ml 02 M lectin inhibitor in
buffer, 005 ml 10 % deoxycholate (excluded when intact membranes were studied) and 02 ml
membrane fraction (about 2 mg protein). The amount of lectin used was in excess to the
amount of lectin-binding components. The following lectin inhibitors were used: for Con A,
a-methyl mannose; for WGA, iV-acetyl glucosamine; for Crotalaria lactose and for crude
lipase fraction, A^-ace'tylneuraminic acid (NANA). The mixture was incubated for 30 min at
25 °C with gentle shaking. After incubation the lectin-Sepharose complex was washed 3 times
by centrifugation using 5 ml Tris-Cl buffer containing o-i % deoxycholate. The pellet was
suspended in 02 ml water and transferred to a scintillation vial with 10 ml Bray's solution
(Bray, i960).
Galactose labelling
For labelling of terminal galactose of isolated and purified cytochrome 66 (Ozols, 1974),
0-5 mg protein in 01 M phosphate buffer, pH 74 was incubated with 005 mg (6 units) galactose
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oxidase (Worthington, Freehold, New Jersey) overnight at 37 °C. A small crystal containing
about 25 mCi of sodium PHJborohydride (700 mCi/mmol, The Radiochemical Centre) was
added to the mixture and the incubation continued for another 10 min at 37 °C. The suspension was applied to a Sephadex G-25 column equilibrated with water and the void volume
was collected and freeze-dried. Part of the cytochrome 66 was dissolved in 4 % sodium dodecyl
sulphate sample buffer containing 5 % mercaptoethanol and used for polyacrylamide gel
electrophoresis according to Weber & Osborn (1969). Another portion was dissolved in 01 M
phosphate buffer, pH 74, and incubated with an excess of anti-cytochrome b6 antiserum
(kindly supplied by Dr A. Elhammer) for 2 h at 25 °C and overnight at 4 °C. The mixture was
then applied to a protein A-Sepharose column. After washing with 10 column volumes (no
more radioactivity was eluted), the cytochrome 68-antibody complex was eluted with 02 M
citrate buffer, pH 3.
Chemical and enzymic analysis
Protein was determined according to Lowry, Rosebrough, Farr & Randall (1951) with
bovine serum albumin as standard. N-acetylneuraminic acid was liberated by hydrolysis in
0-05 M H2SO4, 60 min 80 °C, purified by ion exchange chromatography (Svennerholm, 1963)
and the free sialic acid was measured with the Warren procedure (Warren, 1963). iV-acetylneuraminic acid type VI from Sigma Co. (St Louis, Miss.) was used as a standard. The various
enzyme activities were measured according to methods described earlier (Eriksson, 1973;
Beaufay et al. 1974).
Lectins
Con A and WGA as well as Con A-Sepharose and WGA-Sepharose were purchased from
Pharmacia Fine Chemicals AB, Uppsala, Sweden. Lectins from Crotalaria, Vicia cracca, Vicia
ervilia, Vicia sativa, Vicia villosa (mannose- or A^-acetyl galactosamine-specific) were all kindly
supplied by Dr B. Ersson, Uppsala University, Sweden.
For preparation of crude lipase lectin, 10 g wheat germ lipase (Type I, Sigma) were dissolved
in 400 ml 005 M phosphate buffer, pH 74. After centrifugation for 30 min at 10000 g the
supernatant was decanted and applied to an affinity column, where glucosamine had been
coupled to CH-Sepharose (Pharmacia). After washing with 02 M NaCl the lectin was eluted
with 015 M N-acetyl glucosamine in 005 M phosphate buffer, pH 7-4, diaJysed against water
and freeze-dried. Typically, 5 mg of protein were recovered. In sodium dodecyl sulphatepolyacrylamide electrophoresis, this preparation, designated as crude Lipase lectin, gave 2
bands, a weak one at mol. wt 25000 and a strong one at mol. wt 38000.
The various lectins were coupled to CNBr-activated Sepharose according to the method of
Cuatrecasas (Cuatrecasas, 1970).
RESULTS
Lectin binding to cytoplasmic membranes
Rough and smooth membranes labelled in vivo with glucosamine were incubated
with Con A, WGA and Crotalaria lectins covalently bound to Sepharose. The intact
membrane demonstrated a small amount of interaction, about half of which could
be inhibited by the specific sugar inhibitors (Table 1). When, on the other hand, the
membranes were solubilized with detergent prior to incubation, the percentages of
the total radioactivity bound to Con A were 37, 28 and 20% in rough, smooth and
Golgi membranes, respectively. Only an insignificant portion of this binding could
not be specifically inhibited. Nor did Sepharose without lectin bind any significant
amount of radioactivity (Winqvist et al. 1974). Binding to WGA was less than that
to Con A and was lowest in rough, moderate in smooth, and highest in Golgi membranes. Binding to Crotalaria lectin was low in all 3 fractions.
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Table i. Binding of membranes to lectin-Sepharose
Radioactivity bound,
Fraction

Rough microsomes

Smooth microsomes

Golgi membranes

Intact
Intact + inhibitor
Solubilized
Solubilized + inhibitor
Intact
Intact + inhibitor
Solubilized
Solubilized + inhibitor
Intact
Intact + inhibitor
Solubilized
Solubilized + inhibitor

0/

/o

Con A

WGA

Crotalaria

6±o-8

3 ±O-2
2 ±O-2
6 ±09
2±O'3
2 ±0-3

1 ±0-2
1 ±01

2 ±0-3

37 ±4-2

3±°7
3±o-2
2 ±01

28 ±3-2
4 ±0-5
3 ±02
2 ±02
20 ±i-8
3 ±0-4

3 ±o-2

I ±O'2
II ± IO

2 ±0-2
2±O'3
I ±O'2
3 ±0-2

3±°'4

I ±O'I

2±0'3
2±O-I
I4±2-O
2 ±0-3

I ±OI
I ±0-2
2±0'2

I±OI

300 /tCi ['HJglucosamine were injected into the portal vein of rats. The animals were decapitated 60 min later, and subfractions were prepared and subjected to the Tris-water-Tris
washing procedure. The incubation was performed as described in Materials and methods.
The values in the Table are the percentage of the total radioactivity that was bound to the
lectin-Sepharose. Inhibitors used were: for Con A a-methyl mannose, for WGA N-acetylglucosamine and for Crotalaria lactose. The values are the means ±S.E.M. of 10 experiments.

In Table 2 are shown results using an additional lectin, i.e. crude lipase, which
represents a partially purified preparation from, commercial wheat germ lipase. Here
substantial binding of all 3 fractions was observed. When the fractions were pretreated
with neuraminidase, there were no changes in Con A-binding, whereas the increase
in binding to Crotalaria indicates that the dominant sugar moiety next to terminal
NANA in these membrane glycoproteins is galactose. Neuraminidase pretreatment
decreased the WGA binding of all 3 fractions to some extent, while the binding of
rough and Golgi membranes to crude lipase was greatly diminished. Pretreatment
with low concentrations of deoxycholate, known to abolish the membrane permeability
barrier (Kreibich, Debey & Sabatini, 1973), did not in itself alter the binding, but
neuraminidase treatment in the presence of deoxycholate removed almost all the
binding sites for crude lipase in smooth membranes.
The nature of the binding to crude lipase lectin

Affinity chromatography experiments were performed to investigate the binding to
crude lipase lectin. Fetuin and asialofetuin (where the sialic acid had been removed
by hydrolysis) were applied to a crude lipase-Sepharose column (Fig. 1.). When
fetuin was used, almost none appeared in the eluate, but after application of NANA,
all fetuin in the column was displaced and could be recovered in subsequent fractions.
Asialofetuin, on the other hand, passed through the column and could be collected
at the front. NANA could not displace any further amounts from the column. This
indicates interaction of NANA with the crude lipase. To exclude the possibility that
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Table 2. Binding of glycoproteins in microsomes to lectin-Sepharose
Radioactivity bound > /0/o

Solubilized
1 iicinuriuic

Treatment

fraction
Rough

None

Smooth
Golgi
Rough
Smooth
Golgi
Rough
Smooth
Golgi

Neuraminida8e

005 % Deoxycholate

005 % Deoxycholate

Rough
Smooth

+ neuraminidase

Golgi

A

Con A

Crotalaria

35 ±3
25 ±2
I7±2
32 ±2
25 ±2
I9±2
25 ±3

1 ±0-2
1 ±01
1 ±01

25 ±2
15 ±2
20 ±3
25 ±3
I4±2

5 ±o'5
3 ±0-3
8 ±0-7
I ±0-2
I ±01
2±O-2

5±o-8
6 ±07
9 ±07

WGA

Crude lipase

3 ±°-4

II ± 1-2
13 ± 1 0
i 6 ± i-o
1 ±o-i
10 ± 0 9

7 ±06
i2± 13
2 ±o-i

5 ±°-4
9 ±0-7
2 ±04
6 ±05
10 ±09
2±O'3
4 ±0'5
9± 11

4±o-6
8 ±0-7
i4± i-6
15 ± 1-2
2±O'3
1 ±o-i
3 ±0-3

In vivo labelling and preparation of membrane fractions was performed as described in
Table 1. The fractions (4 mg protein/ml) were pretreated with either neuraminidase
(Cl. perfringens, Sigma Co., 10 fig/mg protein), or 0005 % deoxycholate-50 mM KC1, or both
(Kreibich, Debey & Sabatini, 1973). After incubation at 37 °C for 10 min, the membranes were
pelleted by centrifugation and resuspended in 015 M Tris-Cl, pH 8. Incubation with various
Sepharose-bound lectins was then performed as in Materials and methods. Here all samples
were solubilized by 0 5 % deoxycholate prior to lectin incubation. The values represent that
part of the binding which can be inhibited by the specific inhibitors, i.e. 'Solubilized' minus
' Solubilized + inhibitor' values according to Table 1. The values are means ±S.E.M. (n — 7).

0-3-

\

01 10

0-30-1 -

JX

10
Fraction no.

20

20

Fig. 1. Fetuin and asialofetuin adsorption to crude lipase-Sepharose column, (A) A
small column (06 x 5 cm) was filled with Sepharose with covalently attached lectin
prepared from wheat germ lipase (Sigma Co.) as described in Materials and methods.
1 mg of fetuin (type IV, Sigma Co.) dissolved in 0-5 ml Tris-Cl buffer (0-15 M, pH
78) was applied to the column, which was then eluted with the same buffer until
absorption at 208 nm became negligible. 0 2 M NANA was used to displace the bound
fetuin from the column (arrow in the figure). 05-ml fractions were collected and
u.v. absorption at 280 nm was determined, (B) Details as in A but asialofetuin was
substituted for fetuin. Asialofetuin was prepared by hydrolysis of fetuin in 005 M
H,SO 4 for 60 min at 80 °C. After neutralization and dialysis the asialofetuin was
freeze-dried.
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the neuraminidase employed is contaminated with glucosaminidase, thin-layer
chromatography was run on the products of the hydrolysis (Fig. 2). The only sugar
released by neuraminidase was NANA.
Chemical determination of NANA in rough and smooth microsomes after neuraminidase treatment also supports the view that crude lipase interacts with terminal
NANA residues. This treatment removes a large part of the NANA from rough but
not from smooth microsomes (Table 3). This Table also demonstrates that after
pretreatment with protease, neuraminidase has access to additional NANA residues

t

Origin

Fig. 2. Chromatography of material released by neuraminidase from microsomes.
Microsomes were prepared from rats injected with [14C]glucosamine and treated with
10 /ig neuraminidase per mg protein. The microsomes were centrifuged for 4 h at
100 000 g and the supernatant was freeze-dried and applied to a precoated cellulose
plate (Merck, Darmstadt) (A) The thin layer chromatogram was developed by
descending chromatography in butanol:propanol:ethanol:water:ammonia (20:40:
20:20:1). As references ["CJNANA (B) and [14C]Ar-acetyl glucosamine (c) were used.
The chromatogram was then scanned for radioactivity. The radioactivity spots were
then scraped off and measured in scintillation vials. The sialic acid peak in A was
found to contain 2600 cpm, the iV-acetylglucosamine peak in B 1700 cpm, and the
peak in c, corresponding to sialic acid, 800 cpm.

in rough microsomes and a large part of the NANA in smooth membranes can also
be removed now. This combined treatment only affects the outer surface of the
membrane, since permeability studies showed that the vesicles were still impermeable
to large macromolecules such as Dextran 70000. Liver microsomes are known to
retain their original inside-outside orientation even after various enzyme treatments
(Nilsson et al. 1978).
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Table 3. NAN A content of rough and smooth microsomal membranes
NANA C"g/mg protein)
content in
Treatment
None
Neuraminidase
Protease
Protease + neuraminidase

Rough
Smooth
microsomes microsomes
6-o
29
4-6
17

13-8
128
127
81

In the case of neuraminidase treatment microsomal subtractions were treated with 10 fig
enzyme (2 units/mg enzyme protein) per mg microsomal protein.
When protease was used, non-specific protease from Streptomyces griseus (Sigma) was
incubated with microsomes (20 fig enzyme protein/mg microsomal protein). In the case of
combined treatment the fractions were first incubated with protease, then sedimented by
centrifugation and the resuspended pellet was then incubated with neuraminidase. All enzyme
treatments were carried out at 37 CC for 10 min. NANA was measured after acid hydrolysis
with the Warren thiobarbiturate method (Svennerholm, 1963; Warren, 1963). The values
represent the means of 4 experiments.
Effect of trypsin treatment on lectin binding

A sizeable fraction of the protein-bound neutral and amino sugar residues are
contained in the trypsin-sensitive portion of intact cytoplasmic membranes (Bergman
& Dallner, 1976). Therefore, trypsin-treated solubilized membranes were tested for
lectin binding (Table 4). Trypsin treatment did not influence the amount of labelled
glycoproteins interacting with Con A. On the other hand, proteolysis of both rough
and smooth microsomes decrease their binding to WGA and Crotalaria. In fact,
Crotalaria binding to smooth membranes from which NANA had been removed
was almost abolished. The lack of effect of trypsin on binding to Con A does not
necessarily exclude the presence of terminal mannose at the cytoplasmic surface of
the membrane, since there may still be enough sugar left for binding.
In Table 5 the 3 types of membrane were solubilized and incubated with 5 different
lectins all known to be inhibited by a-methyl mannose. Since both the amount and
the pattern of binding vary with the lectin used, it would seem that the binding is
influenced by several factors and not exclusively dependent on the presence of a
specific sugar moiety (Allen, Neuburger & Sharon, 1973; Pereira, Kisailus, Gruezo &
Rabat, 1978).
Submicrosomal particles

Submicrosomal particles may be prepared by isopycnic equilibration of microsomal
membranes through a deoxycholate-containing continuous sucrose gradient (Winqvist
& Dallner, 1976). Five separate fractions are recovered after centrifugation, with a
phospholipid/protein ratio which decreases from 2-51 in the top fraction to o-n in
the bottom one. The 5 fractions also exhibit specific patterns of enzyme activity
(Table 6). AMPase and other microsomal hydrolases are mainly localized in fraction 1.
The enzymes participating in NADH oxidation are enriched in fraction 2, and those
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Table 4. Binding of glycoproteins from trypsin-treated membranes to
lectin-Sepharose
0/

Radioactivity bound
iVXCIllUlculC

fraction
Rough
Smooth
Golgi

Treatment
None
Trypsin
None
Trypsin
None
Trypsin

/o

Con A

WGA

Crotalaria

34 ±3
37 ±4

3 ±O-2

5 ±o-8
3 ±o-6

25±2
23 ±2
17 ±2
17 ±3

7±i

± 0 1

I

6±o-s
1 ±0-3

5±°'7
I2±0'8
11 ±09

I8±I

17 ±2

3

Membrane fractions were prepared from rats injected with [ H]gluco8amine and then treated
with trypsin (50 /tg/mg protein, 10 min, 37 °C). After centrifugation the pellets were suspended
in Tris-Cl buffer (0-15 M, pH 7-8) dissolved in 05 % deoxycholate and incubated with lectinSepharose as described in Materials and methods. With Crotalaria, the membranes had first
been treated with neuraminidase and thereafter with trypsin. The values are ' Solubilized'
minus ' Solubilized + inhibitor' values as in Table 2. The data are given as mean values ±S.E.M.
(« = 8).
Table 5. Binding of glycoproteins to mannose-specific lectins
Radioactivity bound, %
1

Rough

Smooth

Golgi

Con A

35
23
26

25
19
24

17

Vicia crassa
V. ervilia
V. saliva
V. villosa

15
16

7

6

11

5

Lectins

7
10

Dissolved membranes from rats injected with PHJglucosamine were incubated with mannosespecific lectin-Sepharose as described in Materials and methods. The Villosa lectin used here
is mannose-specific. The figures represent 'Solubilized' minus 'Solubilized + inhibitor' as
in Table 2. The values are means of 3 experiments.

involved in NADPH oxidation in fraction 3. Glucose-6-phosphatase activity is
present in fractions 1 and 4, but the highest activity by far is in fraction 5.
After labelling in vivo all of these subfractions displayed protein-bound glucosamine
label in decreasing amounts in the order 2, 1, 3, 4 and 5 (Table 7). Microsom.es were
also treated with neuraminidase in the presence of low concentrations of deoxycholate
before preparing submicrosomal particles. The greatest losses of radioactivity were
observed in fractions 1, 2 and 3.
Experiments with lectins show that the submicrosomal particles described above
contain various types of glycoproteins (Table 8). Interaction with Con A occurs with
the upper 3 fractions and is most pronounced in fraction 2. The picture with WGA is
somewhat different. Here the interaction is more general, being highest in fractions
2, 3, and 4. Binding to Crotalaria and Ervilia lectins is low in the various fractions,
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Table 6. Distribution of some enzyme activities in submicrosomal particles (relative specific
activity or amount)

Fraction

AMPase

1

37
o-5

2

3
4
5

Cytochrome c reductase Glucose-6phosphaNADH- NADPHtase

o-s

i-5
1-9
0-4

o-i
o-i

o-i
o-i

o-i
0-9
1-7
0-4
o-i

Phospholipid/
protein
ratio
Protein

i-3
o-i

251

i-3

26

i'37

°5

2-1

I-OI

i-4

13

038

36

1-2

o-i 1

Fractions were collected after centrifugation in the deoxycholate-containing gradient and
enzyme activities and protein content were determined (Eriksson, 1973; Beaufay et al. 1974).
The relative specific activities were calculated, i.e. the specific activities from gradient fractions
were divided by the activity in a reference tube where the original microsomal sample was
homogeneously distributed. The values represent means {it = 8).
Table 7. \^H~\glucosamine labelling of submicrosomal particles
Fraction
(cpm/mg protein)
Microsomes
Untreated
Pretreated by neuraminidase in the
presence of deoxycholate

19700

24300

10200

6160

3740

16200

19000

7280

5360

3440

Rats were injected intraperitoneally with 150/iCi PH]glucosamine/ioo g 1 h before decapitation. Total microsomes were prepared, treated with Tris-water-Tris (Materials and
methods), and treated with neuraminidase (10/tg/mg protein, 10 min, 37 °C) in the presence
of 0-05 % deoxycholate and 50 mM KC1 with about 4 mg protein per ml (Kreibich et al. 1973).
The treated microsomes and the non-treated control were fractionated on a deoxycholatecontaining gradient (Winqvist & Dallner, 1976), and radiocativity was measured in the individual fractions. Each value is the mean of 3 experiments.
while binding to iV-acetyl galactosamine-specific Villosa lectin is absent. Submicrosomal particles prepared from neuraminidase-treated microsomes exhibit a decreased
WGA-binding by the upper 3 fractions, indicating that some of the interaction is
due to NANA residues. The same 3 fractions display a highly significant (11- to 26fold) increase in interaction with Crotalaria lectin after neuraminidase treatment.
Thus, the submicrosomal fractions prepared show both specific enzyme patterns and
characteristic lectin interactions.
Effects of lectins on microsomes
A number of experimental approaches are available which demonstrate that the
interaction of lectins with the cell membrane has both structural and functional
consequences. The behaviour of microsomal vesicles in the presence of various lectins
was investigated (Table 9). In the presence of Con A, Ervilia and WGA all
8
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Table 8. Binding of glyccrproteins from submicrosomal particles to various
Sepharose-bound lectins
Radioactivity bound ( %)
Con A

WGA

i

i3±i-o

2

23 ±r8
I7±2'I
6±o-8
5±o-6
i4±°'9
34±4 - I
26 ± 3 7
i6±37

13 ±i-6
24 ± 1 7
i9±2-3
21 ± 2 6
11 ±0-9

Fraction
Untreated

3
4
5

Pretreated by
neuraminidase
in the presence
of deoxycholate

i
2

3
4
5

1 ±0-2

5±°-4
8±II

11 ± 0 9
20 ± i-8

Crotalaria

Ervilia

Villosa

I±O-I

2 ±0-2

I ±O'2
2 ±0-2
2 ±0-1
2 ±O-2
II ± I-I
26 ±2-2
24 ±2-1
IO± 1-6

3±o-2
4±°"2
1 ±o-i
3 ±0-3

0 ±o-i
o±o-i

I ±O-2

4±°'S
3 ±0-3
I ±O-2
I ±O'I

2 ±O'3
O±O-2

0 ±o-i
o±o-i
o±o-i
I ±O'2
I ±0'I
0±0-2

7±o-6
6 ±09
Total, Tris-water-Tris-washed microsomes were prepared from in vivo labelled rats and
neuraminidase-treated as in Table 7 and submicrosomal particles were prepared on a deoxycholate-containing gradient (Winqvist & Dallner, 1976). The fractions were dissolved in
0-4 % deoxycholate and incubated with Sepharose beads with covalently attached lectin
(20 °C, 30 min). After incubation the beads were pelleted by centrifugation at 100 g for 5 min
and the radioactivity in the pellet was measured. The Villosa lectin used here is iV-acetyl
galactosamine-specific. These figures represent 'solubilized' minus ' solubilized + inhibitor'
as in Table 2. The values are the means +S.E.M. of 5 experiments.
Table 9. Aggregation of microsomes by lectin

Lectin

NADPH-cytochrome c
reductase activity in
filtrate,
%

90
None
Con A, 1 mg/ml
87
Ervilia, 1 mg/ml
85
86
WGA, 1 mg/ml
81
Crotalaria, 0-25 mg/ml
Crotalaria, 0-5 mg/ml
67
Crotalaria, I mg/ml
44
Total microsomes (8 mg protein/ml) were incubated with various lectins at room temperature for 0-5 h. The incubation mixtures were then passed through a o-6s-/tm Millipore filter
(Millipore Filter Co., Bedford, Mass.) and the amount of NADPH-cytochrome c reductase
recovered in the filtrate was determined. The means are given of 4 experiments.

microsomal vesicles existed as separate entities. On the other hand, with increasing
concentrations of Crotalaria microsomes demonstrated a parallel increase in aggregation.
Several microsomal enzyme functions were investigated after incubation of intact
vesicles with various lectins. Prolonged incubation with Crotalaria lectin does not
interfere with NADH-ferricyanide reductase which, however, is almost completely
inhibited in the presence of Ervilia lectin (Fig. 3). NADH-cytochrome c reductase
activity, which involves the interaction of flavoprotein with cytochrome b6, is inhibited
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Fig. 3. Inhibition of microsomal NADH oxidation by lectins. Total microsomes
(8 mg protein/ml in 025 M sucrose) were incubated with lectins (1 mg/ml) at 10 °C.
After 12 and 24 h NADH-ferricyanide and -cytochrome c reductases were measured
(Figs, A, B, respectively). The activities are expressed as percentage of the original.
A, control; B, Crotalaria; C, Ervilia. The values represent 8 experiments, the vertical
bars S.E.M.
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Fig. 4. Sodium dodecyl sulphate electrophoresis of isolated cytochrome bt treated
with galactose oxidase and tritiated with borohydride. After the electrophoresis, the
radioactivity in gel slices was determined after homogenization in Bray's solution.
Reference proteins (including cytochrome 66 itself) are shown on the right.
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Fig. s. Elution of galactose oxidase-treated cytochrome 66 and anti-i6 from protein
A-Sepharose column. Isolated cytochrome bb was labelled with [3H]borohydride after
treatment with galactose oxidase and incubated with an excess of rabbit antibodies
against 66. The incubation mixture was applied to a protein A-Sepharose column,
was then washed with io bed volumes of o i M phosphate buffer, pH 7-5, and eluted
with O'2 M citrate buffer, pH 3. Extinction at 280 nm (—9—) and radioactivity
(cpm) in the fractions (- - O - -) were due to excess of antibodies. The radioactive
peak was identified as cytochrome 66 by gel electrophoresis.

not only by Ervilia lectin but also by Crotalaria. One cannot expect a complete
inhibition with Crotalaria lectin even if it interacts with cytochrome bs, since the
cytochrome is present in 10-fold excess over the reductase. The inhibitions of NADHferricyanide reductase with Ervilia lectin and of NADH-cytochrome c reductase with
both Ervilia and Crotalaria lectins indicate that both the flavoprotein and the cytochrome are glycoproteins. Lectin inhibition, however, does not necessarily imply that
the enzyme itself is a glycoprotein. The lectin could bind to an adjacent protein in the
membrane and thus prevent the penetration of the substrate to the membrane enzyme,
particularly in the case of large substrates such as the cytochromes. Further evidence
for the glycoprotein nature of cytochrome bb is given by treatment with galactose
oxidase followed by labelling with tritiated borohydride. Detergent-isolated cytochrome b6 was labelled with the galactose oxidase procedure. Sodium dodecyl
sulphate-gel electrophoresis gave a single labelled peak at the same position as the
non-labelled cytochrome (Fig. 4).
The galactose oxidase-labelled cytochrome bh was also incubated with specific
antibodies and the resulting complex was adsorbed onto a protein A-Sepharose column
(Fig. 5). The cytochrome-antibody complex was eluted and the labelled protein peak
was identified as cytochrome bb by gel electrophoresis.
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DISCUSSION

In this study the interaction of glycoproteins of the endoplasmic reticulum with
various types of lectins was investigated. Sepharose-bound lectins do not interact
appreciably with intact microsomal or Golgi vesicles, probably for 2 reasons. First,
the oligosaccharide residues of the membrane glycoproteins at the cytoplasmic surface
appear to be short and thus may not reach the lectin-binding site. And secondly,
interaction may be prevented because the microsomal vesicle is larger than the channels in the Sepharose bead and thus may not reach lectin molecules bound inside the
bead.
Detergent-solubilized membranes contain glycoproteins which react with various
types of lectins. Concanavalin A, Crotalaria, WGA and a crude fraction from wheat
germ lipase were used. The specificity of Con A for terminal mannose is well established, both by X-ray analysis (Becker et al. 1975) and inhibition studies (Portez &
Goldstein, 1970). Crotalaria lectin interacts mainly with galactose and lactose (Ersson,
Aspberg & Porath, 1973), while WGA binds mainly iV-acetyl glucosamine (Allen,
Neuberger & Sharon, 1973). A number of factors influence the binding of glycoproteins to lectins (Lis & Sharon, 1973), e.g., the nature of the terminal sugar, the
length and the composition of the oligosaccharide chain, the type of sugar interaction
and the structure ot the peptide. Still, the use of lectins is one of the most valuable
methods for studying the nature of the terminal sugar residues of protein-bound
oligosaccharide chains. Our experiments demonstrate that a crude preparation of
wheat germ lipase contains a lectin interacting mainly with NANA. The preparation
was not further purified and we cannot tell whether the binding is of the' lock-and-key'
type or involves a more unspecific electrostatic interaction. Nevertheless, the binding
and inhibitor studies indicated that the preparation may be used as a lectin for
probing terminal NANA residues. It should be added that pure WGA also interacts
to some extent with terminal NANA, since neuraminidase treatment decreased
binding of this lectin both to microsomes and submicrosomal particles. This is in
agreement with previous studies (Allen et al. 1973; Greenaway & LeVine, 1973;
Redwood & Polefka, 1976; Jordan, Basset & Redwood, 1977).
The dominating interaction in the case of membrane glycoproteins was that with
Con A, indicating a large amount of terminal or i->-2-linked mannose (Goldstein,
Reichert & Misaki, 1974), in decreasing amount in the order rough and smooth
microsomes and Golgi membranes. The total amount of glycosamine and NANA
residues increases in the order rough and smooth microsomes and Golgi membranes,
as could be demonstrated with WGA and crude lipase. This type of sugar distribution
is in agreement with the subcellular distribution of the glycosylation processes, since
in contrast to GDP-mannosyl transferase both UDP-glycosaminyl and CMP-sialyl
transferases are enriched in the Golgi system (Nilsson et al. 1978; Schachter et al.
1970). There is a small amount of binding to Crotalaria lectin with all 3 fractions,
and this can be increased by pretreating the membranes with neuraminidase. Obviously, the sugar next to the terminal NANA in these membranes is galactose. Both
chemical measurements and lectin interaction studies show that a large part of the
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protein-bound oligosaccharide chains terminating with galactose-NANA are on the
cytoplasmic side of rough and Golgi membranes, while in smooth microsomes about
half of these chains are located on this side, but they appear to be buried by neighbouring protein molecules. Compartmentalization of the membrane glycoproteins
was not studied in more detail, but is is clear from these treatments with various
hydrolytic enzymes that some protein-bound sugar residues are located at the cytoplasmic side of the membrane.
High Con A-binding was observed with lipid- and AMPase-rich (fraction i),
NADH oxidase-rich (fraction 2) and NADPH oxidase-rich (fraction 3) submicrosomal
particles. The same fractions also exhibited WGA binding which was mainly neuraminidase-sensitive. WGA-binding was also observed with the glucose-6-phosphataserich particles (fractions 4 and 5), but this binding was not influenced by neuraminidase
treatment. Thus, glucosamine appears to be the dominating protein-bound sugar in
these fractions. The high WGA-binding by submicrosomal particles and also the
large amount of binding to Crotalaria lectin after neuraminidase treatment can be
explained by the fact that the membranes were subjected to a long deoxycholate
treatment (48 h) which should result in uncovering and unfolding of polypeptide
chains.
In this study glycoproteins were labelled with glucosamine 1 h before decapitation.
Consequently, we cannot expect labelling of all protein-bound oligosaccharide chains
and furthermore, the label is not randomly distributed. Clearly, those glycoproteins
which are newly synthesized contain all the label. In spite of the intensive movement
of the glycoproteins, partly within the endoplasmic reticulum and partly between
the membrane and cytoplasmic compartment (Omura & Kuriyama, 1971; Autuori,
Svensson & Dallner, 1975), it is not possible to obtain a complete labelling or an even
distribution of the label and, therefore, the approach employed here should be
interpreted in qualitative terms.
The lectin-inhibition studies suggest that the NADH-oxidizing flavoprotein is a
glycoprotein with a terminal mannose residue and that cytochrome bb also has an
oligosaccharide chain with terminal galactose. Chromatographic and electrophoretic
analyses of the galactose oxidase-labelled cytochrome b5 also supported the idea
that cytochrome bb has a covalently bound oligosaccharide chain. Other investigations
have demonstrated that cytochrome 65 reductase and cytochrome b5 exhibit similar
structures composed of a hydrophobic part in a lipid environment and a hydrophilic
protruding into the water phase (Spatz & Strittmatter, 1971, 1973). It appears
probable that the hydrophilic portion of these enzymes contains an oligosaccharide
chain, which may represent some of the sugar residues of the outer surface of microsomal vesicles.
The authors wish to thank Dr. Bo Ersson, University of Uppsala, for a number of lectins
and Dr. Ake Elhammer for purified cytochrome 66 and rabbit antiserum against cytochrome
6B. This work has been supported by grants from the Swedish Medical Research Council
and the Magnus Bergwall Foundation.

Interaction of lectins with proteins

115

REFERENCES
A. K., NEUBERGER, A. & SHARON, N. (1973). The purification, composition and specificity of wheat-germ agglutinin. Biochem. J. 311, 155-162.
AUTUORI, F., SVENSSON, H. & DALLNER, G. (1975). Biogenesis of microsomal membrane
glycoproteins in rat liver. I. Presence of glycoproteins in microsomes and cytosol. J. Cell
Biol. 67, 687-699.
ALLEN,

BEAUFAY, H., AMAR-COSTESEC, A., FEYTMANS, E., THINES-SEMPOUX, D., WIBO, M., ROBBI, M.
& BERTHET, J. (1974). Analytical study of microsomes and isolated subcellular membranes

from rat liver. I. Biochemical methods. J. Cell Biol. 61, 188—200.
J. W., REEKE, JR., G. G., WANG, J. L., CUNNINGHAM, B. A. & EDELMAN, G. M. (1975).
The covalent and three-dimensional structure of concanavalin A. III. Structure of the
monomer and its interactions with metals and saccharides. J. biol. Chem. 250, 1513-1524.
BERGMAN, A. & DALLNER, G. (1976). Distribution of protein-bound sugar residues in microsomal subfractions and Golgi membranes. Biodntn. biophys. Acta 433, 496-508.
BISCHOFF, E., TRAN-THI, T. & DECKER, K. F. A. (1975). Nucleotide pyrophosphatase of rat
liver. A comparative study on the enzymes solubilized and purified from plasma membrane
and endoplasmic reticulum. Eur. J. Biochem. 51, 353-361.
BRAY, G. A. (i960). A simple efficient liquid scintillator for counting aqueous solutions in a
liquid scintillation counter. Analyt. Biochem. 1, 279-285.
COOK, G. M. W. & STODDART, R. W. (1973). Surface Carbohydrates of the Eukaryotic Cell.
London: Academic Press.
CUATRECASAS, P. (1970). Protein purification by affinity chromatography. Derivatizations of
agarose and polyacrylamide beads. J. biol. Chem. 345, 3050—3065.
DALLNER, G. (1974). Isolation of rough and smooth microsomes - General. Meth. Enzym. 31,
BECKER,

191-201.

DEAN, R. T. (1974). Rabbit /?-glucuronidase. Subcellular distribution and immunochemical
properties. Biochem. J. 138, 407-413.
EHRENREICH, J. H., BERGERON, J. J. M., SIEKEVITZ, P. & PALADE, G. E. (1973). Golgi fractions
prepared from rat liver homogenates I. Isolation procedure and morphological characterization. J. Cell Biol. 59, 45-72.
ERIKSSON, L. C. (1973). Studies on the biogenesis of endoplasmic reticulum in the liver cell.
Acta path, microbiol. scand., Section A, Suppl. 239, 1-72.
ERSSON, B., ASPBERG, K. & PORATH, J. (1973). The phytohemagglutinin from sun hemp seeds
(Crotalaria juncea). Purification by biospecific affinity chromatography. Biochim. biophys.
Acta 310, 446-452.
EVANS, W. H. & GURD, J. W. (1973). Properties of a s'-nucleotidase purified from mouse
liver plasma membranes. Biochem. J. 133, 189—199.
GOLDSTEIN, I. J., REICHERT, C. M. & MISAKI, A. (1974). Interaction of concanavalin A with
model substrates. Arm. N. Y. Acad. Set. 234, 283-296.
GREBENAU, R., SABATINI, D. D. & KRKIBICH, G. (1977). Identification of membrane proteins
(ribophorins) related to ribosome binding in rough microsomal membranes of different
organs and species. J. Cell Biol. 75, 234a.
GREENAWAY, P. J. & LEVINE, D. (1973). Binding of iV-acetyl-neuraminic acid by wheat-germ
agglutinin. Nature, New Biol. 241, 191-192.
HAUGEN, D. A. & COON, M. J (1976). Properties of electrophoretically homogenous phenobarbital-inducible and /?-naphthftavone-inducible form of liver microsomal cytochrome
P-450. J. biol. Chem. 251, 7929~7939HENNINC, R. & UHLENBRUCK, G. (1973). Detection of carbohydrate structures on isolated
subcellular organelles of rat liver by heterophile agglutinins. Nature, New Biol. 242, 120-122.
JORDAN, F., BASSETT, E. & REDWOOD, W. R. (1977). Proton magnetic resonance studies on
wheat germ agglutinin-amino sugar interaction. Evidence for involvement of a tryptophan
residue in the binding process. Biochem. biophys. Res. Commun. 75, 1015-1021.
KEENAN, T. W., FRANKE, W. W. & KARTENBECK, J. (1974). Concanavalin A binding by isolated
plasma membranes and endomembranes from liver and mammary glands. FEBS Letters,
Amsterdam 44, 274-278.

116

L. Winqvist, L. C. Eriksson and G. Dallner

G., DEBEY, P. & SABATINI, D. D. (1973). Selective release of content from microsomal vesicles without membrane disassembly. I. Permeability changes induced by low
detergent concentrations. J. Cell Biol. 58, 436-462.
Lis, H. & SHARON, N. (1973). The biochemistry of plant lectins (phytohemagglutinins). A. Rev.
Biochem. 42, 541-574.
LOWRY, O. H., ROSEBROUGH, N. J., FARR, A. L. & RANDALL, P. J. (1951). Protein measurement with the Folin phenol reagent. J. biol. Chem. 193, 265-275.
MIYAJIMA, N., TOMIKAWA, M., KAWASAKI, T. & YAMASHINA, I. (1969). Chemical composition
of membranous fraction of rat liver microsomes. J. Biochem., Tokyo 66, 711-732.
MONNERON, A. & SEGRETAIN, D. (1974). Extensive binding of concanavalin A to the nuclear
membrane. FEBS Letters, Amsterdam 42, 209-213.
NICOLSON, G.,LACOURBIERE, M. & DELMONTE, P. (1972). Outer membrane terminal saccharides
of bovine liver nuclei and mitochondria. Expl Cell Res. 71, 468-473.
KREIBICH,

NILSSON, O. S., DE TOMAS, M. E., PETERSON, E., BERGMAN, A., DALLNER, G. & HEMMING,

F. W. (1978). Mannosylation of endogenous proteins of rough and smooth endoplasmic
reticulum and of Golgi membranes. Eur. J. Biochem. 89, 619—628.
OMURA, T. & KURIYAMA, Y. (1971). Role of rough and smooth microsomes in the biosynthesis
of microsomal membranes. J. Biochem., Tokyo 69, 651-658.
OZOLS, J. (1974). Cytochrome bb from microsomal membranes of equine, bovine, and porcine
livers. Isolation and properties of preparations containing the membranous segment. Biochemistry, N.Y. 13, 426-434.
PEREIRA, M. E. A., KISAILUS, E. C , GRUEZO, F. & KABAT, E. A. (1978). Immunochemical
studies on the combining site of the blood group H-specific Lectin I from Ulex europeus
seeds. Archs Biochem. Biophys. 185, 108-115.
PORETZ, R. D. & GOLDSTEIN, I. J. (1970). An examination of the topography of the saccharide
binding sites of concanavalin A and of the forces involved incomplexation. Biochemistry, N. Y.
9, 2890-2896.
REDWOOD, W. R. & POLEFKA, T. G. (1976). Lectin-receptor interactions in liposomes. II.
Interaction of wheat germ agglutinin with phosphatidylcholine liposomes containing incorporated monosialoganglioside. Biochim. biophys. Ada 455> 631—643.
SCHACHTER, H.,

JABBAL, I.,

HUDGIN, R. L.,

PINTERIC, L.,

MCGUIRE, E. J.

& ROSEMAN, S.

(1970). Intracellular localization of liver sugar nucleptide glycoprotein glycosyltransferases
in a Golgi-rich fraction. J. biol. Chem. 245, 1090-1100.
SPATZ, L. & STRITTMATTER, P. (1971). A form of cytochrome 66 that contains an additional
hydrophobic sequence of 40 amino acids. Proc. natn. Acad. Sci. U.S.A. 68, 1042-1046.
SPATZ, L. & STRITTMATTER, P. (1973). A form of reduced nicotinamide adenine dinucleotidecytochrome b6 reductase containing both the catalytic site and an additional hydrophobic
membrane-binding segment. J. biol. Chem. 248, 793-799.
SVENNERHOLM, L. (1963). Sialic acids and derivatives: Estimation by the ion-exchange method.
Meth. Enzym. 6, 459-462.
WARREN, L. (1963). Thiobarbituric acid assay of sialic acids. Meth. Enzym. 6, 463-465.
WEBER, K. & OSBORN, M. (1969). The reliability of molecular weight determinations by dodecyl
sulfate-polyacrylamide gel electrophoresis. J. biol. Chem. 244, 4406-4412.
WINQVIST, L. & DALLNER, G. (1976). Localization of enzymes in specialized regions of the
microsomal membrane. Biochim. biophys. Ada 436, 399-412.
WINQVIST, L., ERIKSSON, L. C. & DALLNER, G. (1974). Binding of concanavalin A-Sephaiose
to glycoproteins of liver microsomal membranes. FEBS Letters, Amsterdam 42, 27-31.
{Received 21 November 1978 -Revised

29 March 1979)

