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The cell envelope of Enterobacteriaceae consist of an inner, cytoplasmic membrane and an
outer membran separated by a peptidoglycan
layer. The biochemical propertes of the outer
membrane of Escherichia coli have been studied extensively (2, 10, 11, 16-18). The physiological importance of the E. coli outr-membrane
proteins is only parially understood. A few, for
example, function as transport-mediaing proteins and/or phage receptors (1, 3, 9, 15, 19, 22).
Relatively little is known about the outer
membraneof Seratia marcescens (2,10,21,23),
a gram-negative bacterium, which, in contrast to
E. coli, releases enzymatically active proteins
into the growth medium: the propertie and
kinetics of a nuclease (13,20), protease (24), and
lipase (25) are under investigation. Furthermore,
Serratia bacteria are relatively istant to
many antibiotics (4, 25). It is likely that these
propertie are related to the membrane composition. Preliminary results concerning the correlation between antibiotic sensitivity and surface properties have been reported (25). Antibiotic-hypersenative mutants of S. marcescens
show remarkably different binding properties
towards various dyes and sensitivity to detergents and adsorb rough-mutant specific phage
6SR.
The outer-membrane proteins of S. marcescens separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis after solubilization at 37 or 100°C are shown in Fig. 1, left side.
The electrophoretic mobility of the outer-membrane proteins was dependent on the solubiliation temperature (heat modification), and the
apparent molecular weights of the proteins depended on the concentration of acrylanide in
the gels (Fig. 2). The apparent molecular weights
of the proteins of S. marcescens solubilized at
370C decreased if the concentration of acrylamide was raised. This result is different from the

data obtained with the heat-modifiable protein
d of E. coli (7). The electrophoretic behavior of
protein d can be explained by an overproportional sodium dodecyl sulfate binding to the
form solubilized at 370C due to large beta-helical
regions. Tle apparent molecular weight of the
protein d of E. coli solubilized at 1000C is independent of the concentration of acrylamide in
the ges. However, the molecular weights of the
outer-membe proteins of S. marcescens Solubilized at 1000C incraed by increasng concentrations of acrylamide.
The molecular weight of proteins determined
at high concentrations of acrylanide in the gel
is proved to be the most reliable (7).
Surprisingly, at high concentrations of acrylamide, the apparent molecular weight of proteins of the outer membrane of S. marcescens
estimated after boililg the membranes for solubilization was about two times higher than that
of the proteins solubilized at 37°C.
The data presented idicat that the outermembrane proteins of S. marcescens bound an
unusual amount of sodium dodecyl sulfate before boiling for solubilization (posibly due to
large domaines of beta-structure) and/or that
the amino acids were not solely responible for
the molecular weight of the major proteins.
Recent results obtained by thin-layer chromatography indicated that the peptidoglycanasociated major proteins (Fig. 1, no. 2 and 3; cf.
reference 10) of S. marcescens contain at least
four different monosaccharides, one of them cobanding with galactse (manuscript in preparation).
The results from radioactive-labeling experiments of isolated outer membranes by the galactose oxidase-sodium-boro[3H]hydride technique
(5) before the solubilization of the membranes
for electrophoresis supported the uggestion
that carbohydrate moieties were covalently
670
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The major protein from the outer membrane of Serratia marcescens SM-6
The analysi of their apparent molecular weights in gels with
different concentrations of acrylamide and the results obtained by radioactive
labeling indicate that the major proteins are covalently linked to carbohydrate
moieties.
are heat modifiable.
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FIG. 1. (Left side) Electrophoretic profile of 3H-labeled isolated outer membranes (25) ofS. marcescens SM6. In a buffer described by Rosenbusch (16), one aliquot was solubilized for 30 min at 37°C, and the other was
solubilized for 5 min at 100°C. Electrophoresis was performed as described by Winkler et al. (25). The gel was
stained for proteins, and the designation of protein bands was done arbitrarily. (Right side) Scan traces of
the radioactivity incorporated in outer-membrane proteins of S. marcescens SM-6. Isolated membranes were
labeled with the galactose oxidase sodium-boro[3H]hydride technique (5) before electrophoresis. The scans
were obtained from the gel shown at the left side by means ofa beta-scanner (Berthold, Karlsruhe, Germany).
(K) Control, isolated membranes were labeled 'vithout preincubation with galactose oxidase before electrophoresis. In the control, a 10-fold-higher amount ofprotein was applied to detect radioactivity.
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FIG. 2. Apparent molecular weights of representative outer-membrane proteins of S. marcescens SM-6
estimated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. For designation ofproteins, see Fig.
1. Experiments were performed as previously described (7). The protein samples of the isolated outer
membranes (25) were solubilized for 30 min at 37°C (0) or for 5 min at 100'C (0) in a buffer described by
Rosenbusch (16).

linked to the proteins (Fig. 1, right side). Most
of the radioactive label could be detected with
the major proteins independently of the solubilization procedure.
Without preincubation with galactose oxidase,

there was only little hydration by tritium of fastmigrating material (possibly unsaturated fatty
acids were hydrated) independent of the solubilization temperature (Fig. 1, right side, K). It
is not very likely that the lipopolysaccharide is
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a major labeled compound, for isolated outer
membranes (which were treated with galactose
oxidase and sodium-boro[3H]hydride) are suggested to be mainly inverted vesicles (26). Lipopolysaccharides, therefore, are not exposed to
the enzyme and should not be labeled.
If the outer-membrane proteins of S. marcescens are glycoproteins (or additionally complexed with lipids), they could account for the
unusual electrophoretic mobility (Fig. 2).
Glycoproteins have a wide variety of biological
functions. The carbohydrate in these conjugates
seems to play an important part in determining
their properties (6, 8). It has become apparent
that glycoproteins often have stability properties
that are superior to those of carbohydrate-free
proteins; it has been suggested that the carbohydrate serves to stabilize the otherwise less
stabile polypeptide chain (12, 14).
The glycosylation (which still is hypothetical)
of the membrane proteins of S. marcescens
might be one reason for a structural change of
the membrane organization. An altered selectivity of the hydrophilic pores (the major proteins
are postulated to build transmembrane channels
[cf. reference 19]) could result in an exclusion of
antibacterial agents. The surface properties have
been shown to be involved in the resistance
towards antibiotics and sensitivity to detergents,
as well as in phage adsorption (25). Possibly, the
liberation of extracellular enzymes, which also
seem to be glycoproteins (J. Sossinka, personal
communication), from the outer membrane of S.
marcescens is affected, too.

