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Isolation And Characterization Of A Functionally Active

Protein Translocation Apparatus From Chloroplast Envelopes.

K. Waegemann, J. Soll
Botanisches Institut, Universitdt Kiel, Olshausenstrafe 40,
D-2300 Kiel, Germany

Chloroplast structure and function depends vitallyon the
import of nuclear coded and cytosolically synthesized
polypeptide constituents (de Boer and Weisbeek 1991). Proteins
of the outer and inner envelope from chloroplasts collaborate
to form an import machinery which is responsible for the
specific recognition of chloroplast destined precursor
proteins and their translocation through the two membrane
barrier. Outer envelope membrane vesicles are purified from
pea chloroplasts in a right side-out orientation, i.e. like in
the intact organelle (Waegemann et al. 1992). Precursor
proteins are bound to the membrane vesicles in an ATP,
receptor and transitpeptide dependent manner (Waegemann and
Soll 1991, Soll and Waegemann 1992). The translocation process
of a precursor proceeds via distinct steps which can be
detected in_vitro as translocation intermediates, named deg 1-
4 in chloroplasts (Fig 1). The outer envelope localized import
apparatus yields deg 1 and 2 while deg 3 and 4 are
translocation intermediates which occur in connection with the
inner envelope import machinery (Fig 1).

Fig 1) Localisation of pSSu translo-
cation intermediates. pSSu binds to
intact chloroplasts in the presence of
100 uM ATP (lane 1). Protease treat-
ment results in the occurence of deg
1-4 (lane 2). Envelope membranes iso-
lated from these plastids show that
deg 3 and 4 are localized in the inner
envelope (lane 4). Outer envelopes in-

cubated with pSSu as above yield deg 1
and 2 after protease treatment (lane 3)
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Using a solubilisation protocol of outer envelope membranes as
outlined in Fig 2A (Kiebler et al. 1990) a protein complex
could be enriched by sucrose density centrifugation which
contained bound precursor protein (import complex I) (Fig 2B).
Detection of this import complex I depended on the presence of
ATP, a transit sequence and protease sensitive components,
e.g. receptor molecules during the incubation of the membrane
vesicle with the precursor (Waegemann and Soll 1991). The
protein composition of import complex I is distinctively
different from total outer envelope membrane proteins and
shows an enrichment of a number of proteins as judged by gel
electrophoresis followed by silver staining (Fig 2C). Using
immunological technics we have identified four outer envelope
proteins (OEP) of 86, 70, 75, and 34 kDa (Fig 2D). The 70 kDa
polypeptide crossreacts with an antiserum against heatshock
protein 70 (hsp 70). Furthermore it is possible to
immunoprecipitate the precursor protein by antibodies against
hsp 70 (Waegemann and Soll 1991) indicating a close
interaction between these two components. Envelope localized
hsc 70 might thus act as a chaperone to facilitate the
translocation of a precursor protein by interacting with the
transport competent, i.e. partially folded, conformation of
the polypeptide chain (Marshall et al. 1990, von Heijne and
Nishikawa 1991, Waegemann and Soll 1991). The role and
function of other import complex I constituents remains to be
established.

After solubilisation of outer envelope membranes and
centrifugation through sucrose-gradients the fractions which
contained import complex I were pooled and subsequently
incubated with precursor protein (see Fig. 2A, right panel).
This isolated membrane complex recognized specifically the
precursor polypeptide in relation to the mature form and
interacted with it in an ATP dependent manner. Following
protease treatment translocation intermediates deg 1 and 2,
identical to those described above (Fig 1) for the organellar
system were detected. Transit peptide dependent interaction of
the isolated import complex with the precursor points to the
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Fig 2) cCharacterization of the protein import complex from
chloroplast outer envelopes. A) Solubilisation and isolation
protocol of import complex I and II. B) Distribution of
radioactivity in the sucrose density gradient as determined by
liquid scintillation counting (line drawing). C) Polypeptide
composition of outer chloroplast envelope (lane 1), complex I
(lane 2) and complex II (lane 3). D) Immunoblot analysis of
fractions obtained from a sucrose density gradient to enrich
complex I using antisera against OEP 75 and OEP 34. Numbers on
top indicate fraction numbers.

presence of a receptor in this complex. Protease sensitive
components in import complex II are OEP 86 (Fig 3) and OEP 34
(see Fig 2C, D), however, direct evidence for their function
as receptor is still missing. We were unable to detect a
putative receptor of 30 kDa molecular (Pain et al. 1988,
Schnell et al. 1990) in import complex II and conclude from
this and from other results that the receptor for
chloroplastic protein import is not yet conclusively
identified (Fligge et al. 1991). The presence of hsc 70 in
import complex II indicates again the involvement of this
protein in the translocation mechanism (Fig 3). The protein
composition of import complex I and II is similar (Fig 2C).
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our knowledge the results described above demonstrate for the
first time that it is possible to isolate a protein
translocation apparatus as a functional active unit from
chloroplasts. This will enable us to study the mechanism of
protein translocation in greater detail.

Fig 3) OEP 86 and a hsc 70 homologue
are present in import complex II.
Outer envelope membranes (OE) and
samples of the sucrose density
gradient (figures indicate fraction
numbers) were tested using the
respective antiserum.
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