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ABSTRACT

The chloroplast has been the prime light-energy harvesting organelle on earth. It also car-
ries out several key metabolic processes, such as lipid synthesis and nitrogen metabolism.
Even though the chloroplast has its own genomc, its coding capacity can afford only dozens
of proteins, and most of the proteins functioning in the chloroplast are imported from the
cytosol where nuclear encoded chlorplast genes are synthesized on free cytosokic ribosomes.
Precursor proteing synthesized on cytosolic ribosomes have transit peptides at the amino ter-
mini of the proteins, and the transit peptide is sufficient to trangfer chloroplast proteins from
the c¢ytosol into the chloroplast. When comparing amino acid sequences duduced from the
nucleotide sequences of the clones of the chloroplast proteins, high homologies can be found
among the transit peptides of proteins with the same function. Overall amino acid compost-
tions of the transit peptides show amphiphilic characters of the transit peptides, and the
amphiphilicity indicates that three dimensional structure of the transit peptide is responsible
for the translocation of the chloroplast proteins.

I. Chloroplast transii peptides

Chloroplast, the small organelle whose size is about
5 pm in length, has been attracting a lot of attentions
due to its function in photosynthesis. Without
chloroplasts that immense light energy coming from
the sun can not be utilized as the major energy to keep
the life organism on earth going. In addition to
assimilating carbohydrates, chloroplast is the location
wherc nitrogen metabolism and lipid biosynthesis oc-
cur.

There have been evidences indicating that chloro-
plast was originated from cyanobacteria. Antibiotic
specificities and structural characters of chloroplast
are bacteria’s rather than eukaryotes’. In this line of th-
ought, cyanobacteria somehow hecame a part of
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eukaryotic cell, and a sort of symbiotic relationship be-
tween the cell and the cyanobacteria had been main-
tained which resulted in the photosynthetic eukaryo-
tes.

Even though many features of the individually liv-
ing cyanobacteria have been lost during the evolution
of higher plants, chloroplast still has its own genome,
presides several key metabolic processes of plant cells
and divides to increase its number which occurs quite
independtly from cell division. The size of average bac-
terial chromosome is about 2x 10~-9 D, and the size of
chloroplast genome is about 9x10-8 D. Considering
all the processes occuring in the chloroplast and chlo-
roplast genome's capacity to code for proteins, it is ob-
vious that genes for the many proteins functioning in
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the chloroplast are imported.

Many proteins in the chloroplast are coded on the
nuclear chromosome and synthesized on cytosolic ribo-
somes as large precursors. The synthesized large pre-
cursors are translocated across the chloroplast en-
velope and in some cases across the thylakoid mem-
brane. During this process transit peptides do the func-
tions of translocation and are cleaved off enzymatically
resulting in active proteins at the proper location inside
the chloroplast. Assays using the transformation sys-
tems of plants and iz vitro analysis confirmed that tran-
sit peptides are sufficient to transport chloroplast pro-
teins across the chloroplast envelope into chloroplast
and sometimes into the lumenal space of the thyl-
akoids. There have been several excellent reviews
regarding this subject (Keegstra and Olsen, 1989;
Keegstra, 1989; Dean ef af., 1989).

2. General features of transit peptides

Even though there are many chloroplast proteins
whose amino acid sequences are analyzed, it is only the
Chlamydomonas veinhardtil ribulose bisphosphate car-
hoxylase/oxygenase small subunbit (rbcS) whose tran-
sit peptide amino acids are actually sequenced (Sch-
midt ef al., 1979). All other amino acid sequences ol the
transit peptides are from nucleic acid sequencing of the
cloned genes coded on the chromosome. Thus most of
the available sequences are those of the abundant pro-
teins whose genes are relatively easy to clone.

Transit peptides of the chloroplast stromal pro-
teins., Most intensively studies chloroplast stromal
protein is rbsS protein whose genes are coded on the
nuclear chromosome as multiple gene families (Dean ef
al., 1989). Comparisons of the transit peptide amino
acid sequences of rbeS among different species reveal-
ed striking similarties except a region with large varia-
bilities among plants. This region locates at the end of
the transit peptide far from the main body of the rbcS
(up to —57 amino acids from the amino terminus of the
matured rbcS) and has a length of about twenty amino
acids. Usually in monocots this region, is largely
deleted (Xie and Wy, 1988; Lebrun ef al., 1987).

Other transit peptides for the stromal proteins
whose gene clones have been sequenced are; acetolac-
tate synthase (Mazur et al., 1987), acyl carrier proteins
(Ross et al., 1987; Safford ef al., 1988). EPSP synthase
(Gasser ef al., 1988; Klee et al., 1987), ferredoxin
(Smeekens et al., 1985; Dobers éf al., 1987), glutamine
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synthetase (Lightfoot et al., 1988; Tingey et al., 1988),
glyceraldehyde-3P-dehydrogenase (Quigley et al.,
1988; Shih ef al., 1986), heat shock protein (Vierling et
al., 1988), nitrate reductase (Back ef al., 1988), ho-
sphoribulokinase (Roelser and Ogren, 1988), pyruvate
Pi dikinase (Matsuoka et al., 1988), rubisco activase
(Werneke et al., 1988), and UDPGlc:starch glucosyl
transferase (Klosgen ef al., 1986; Rohde et al., 1983).

Sizes of these transit peptides vary from 32 amino
acids for nitrate reductase to 76 amino acids for EPSP
synthase, and there are no apparent aminoacid se-
quence homologies among transit peptides of the stro-
mal proteins with different functions.

Transit peptides of thylakoid membrane proteins.
Transit peptides of chlorophyll a/b binding proteins
(CAB) have been most extensively studied. Depends
on the sites of CAB functioning, CAB can be classified
into two groups; PSI-type prpteins and PSII-type pro-
teins.Aminoacid sequence comparisons of these transit
peptides reveal two groups in each type of protein.
Transit peptides in each group share amino acid se-
quence homolgies, but transit peptides of different
groups show clear discrepancies, but transit peptides
of different groups show clear discrepancies. Lengths
of the transit peptides are usually about 40 amino acids
long (Cashmore, 1984; Castresana ef al., 1987;
Dunsmuir, 1985; Hoffman ef al., 1987; Karlin-
Neumann, 1985; Kohorn et al., 1986; Lamppa et al.,
1985; Leutwiler ef al., 1987; Matsuoka et al., 1987;
Pichersky et al., 1985; Pichersky ef al., 1987; Pichersky
et al., 1988; Smeekens et al., 1986; Stayton e/ al., 1987;
Sullivan ef al., 1989; Tumko ¢t al., 1985).

CFl-delta subunit (Hermans ef al., 1988), ferredox-
in/NADP reudctase (Jansen et al., 1988; Newman and
Gray, 1988) PS Isubunit 1l (Hoffman ¢ al., 1988;
Lagoutte, 1988), PS II-10kD protein (Eckes eof al.,
1986; Lautner ef al., 1988) and Rieske FeS (Steppuhn
et al., 1987) are the proteins whose genes have been
cloned and transit peptide amino acid sequences are
characterized. Highly conserved aminoacid sequences
can be found from the transit peptides of the proteins
with the same function as the case of the stromal pro-
teins.

Transit peptides of thylakeid Jumen proteins.
To locate in the thylakoid lumen of chloroplast, precur-
sor prateins must cross two membranes; one is chloro-
plast envelope and the other is thylakoid membrane.
Thylakoidal lumen proteins so far characterized have
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longer transit peptides with two composite peptides.
Transit peptide far from the main body of the protein
functions when the protein crosses the chloroplast
envelope and has the overall features of stroma and
thylakoid membrane precursor proteins. Transit pep-
tide close to the main body of the protein is very
hydrophobic and similar to the bacterial signal peptide
{Weisbeek ef al., 1987). As the cases for stromal and
thylakoidal membrane proteins, amino acid sequence
homologies can be found from the transit peptides of
the proteins with the same function.

Proteins which are part of the oxygen evolving
complex (Jansen et al., 1987; Mayfield ef al., 1987,
Tyagi el al., 1987) and plastocyanin (Rother ef al.,
1986: Smeekens ef al., 1985; Vorst ef al., 1988) have
been characterized for their transit peptides.

What is the function of transit peptides in
translocating chloroplast proteins?  Although it is
possible that specific receptor proteins reside in the
chloroplast membrane and work in translocating chlo-
roplast proteins acrogs the membrane, there is no sup-
porting evidence for the receptor mediated transloca-
tion of the chloroplast proteins at this point.

General features of the transit peptides except the
second domain of the transit peptide of lumenal pro-
teins are rich in the hydroxylated amino acids, serine
and threonine, and small hydrophobic amino acids, al-
anine and valine. This pattern of amino acid distribu-
tion supports the model that essential feature of the
transit peptide is its amphiphilicity. Amphiphilic tran-
sit peptides could interact directly with the lipid bilayer
of the chloroplast envelope and cause alterations of the
membrane. This could be the basic mechanism to trans-
port the proteins across the chloroplast envelope
{Keegstra, 1989).

3. Finishing remarks

All the chloroplast proteins synthesized on the
cytosolic ribosomes so far characterized have trnasit
peptides, and there seems to be no exceptions that will
he found. Size of the chloroplast genome is much
smaller compare to the bacterial chromosome, even
though it has many features of independently living
cyanobacteria. Thus chloroplast should import a full
spectrum of proteins to support its function in photo-
synthesis, nitrogen metabolism, lipid biosynthesis,
transporting in and out various compounds (including
proteases necessary 0 process precursor proteins to
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matured forms of proteins) and self-replication. Un-
veiling transport machinery of the chloroplast will give
angwers to many guestions: How chloroplast can be
build and maintained? How chloroplast was located in
plant cell? One of the important transport machineries
seems to be tightly related to the transit peptides com-
ing from the mmformations residing in the nucleus.
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