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Summary

Recent evidence from both biochemical and genetic
studies indicates that protein targeting to the pro-
karyotic cytoplasmic membrane and the eukaryotic
endoplasmic reticulum membrane may have more in
common than previously thought. A ribonucleo-
protein particle was identified in Escherichia coli that
consists of at least one protein (P48 or Ffh) and one
RNA molecule (4.5 RNA), both of which exhibit
strong sequence similarity with constituents of the
mammalian signal recognition particle (SRP). Like the
mammalian SRP, the E. coli SRP binds specifically to
the signal sequence of presecretory proteins. Deple-
tion of either P48 or 4.5S RNA affects translation and
results in the accumulation of precursors of several
secreted proteins. This review discusses these recent
studies and speculates on the position of the SRP in
the complex network of protein interactions involved
in translation and membrane targeting in E. coli.

Introduction

In both prokaryotic and eukaryotic cells, many proteins are
targeted to, inserted into and translocated across biologi-
cal membranes. The cytoplasmic membrane (CM) of
Escherichia coliand the endoplasmic reticulum (ER) mem-
brane of the canine pancreas have been especially popu-
lar for studies of protein targeting and translocation. In both
systems the secretory proteins face the same problems.
They have to maintain a translocation-competent confor-
mation in the cytosol, contact the membrane, traverse
the membrane and then be released at the trans side of
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the membrane. Most proteins destined to insert into or
traverse the CM and ER carry part of their targeting infor-
mation in an N-terminal signal sequence of 15-30 amino
acid residues, which contains an essential hydrophobic
core region of approximately 10 residues (von Heijne,
1988). These signal sequences are structurally similar
and often functionally interchangeable between pro-
karyotes and eukaryotes, implying conserved underlying
mechanisms of signal sequence-mediated targeting and
translocation (von Heijne, 1988). However, until recently,
little homology has been observed between components
of both export systems.

E. coli: the general secretory pathway

In E. coli several soluble and membrane proteins have
been identified (inititially in genetic studies) that are
required at different stages of the general secretory path-
way (for an excellent recent review, see Pugsley, 1993).
Pre-proteins interact with molecular chaperones like
SecB, DnaK/DnaJ and GroEL/GroES to maintain their
translocation-competent conformation in the cytosol
(Kumamoto, 1991). Little is known about the molecular
basis of the pre-protein—chaperone interaction. Recent
evidence indicates that SecB binds cotranslationally to
only a limited subset of presecretory proteins (Kumamoto
and Francetic, 1993). Determination of SecB-binding sites
in precursor molecules has met with conflicting results, but
most of the available data indicate that SecB binds to mul-
tiple sites in the mature portion of the pre-protein (for dis-
cussions on this issue, see Pugsley, 1993; Kumamoto,
1991). GroEL was shown to interact with completed pre-f-
lactamase by photocross-linking (Bochkareva et al., 1988).
Different pre-proteins seem to prefer different chaperones
but they can be quite promiscuous when circumstances
change. For instance, increased levels of GroEL and
DnaJ/DnaK can compensate for the loss of SecB (Altman
et al, 1991; Wild et al., 1992). Among these chaperones,
SecB seems the most specific for exported proteins. This
conclusion is supported by the fact that SecB also fulfils
a ‘pilot’ function by binding to the membrane-associated
SecA protein (Hartl et al., 1990). SecA has binding affinity
not only for SecB but also for the signal sequence and
mature domain of the pre-protein (Akita et al., 1990; Joly
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