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A secY homologue is found in the plastid genome of Cryptomonas @
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An open reading frame with significant similarity to the sec’Y gene ol Escherichiu cofi has been found within a ribosomal protein operon on the

plastid genome of the chlorophyll c-containing alga Crypromonas @. The gene encodes a protein of 420 amino acids (molecular weight 46,906

daltons) and contains ten potential membrane-spanning domains, as in the E. cofi homologue. This report of' 4 sec’Y homologue in a plastid genome
provides preliminary evidence that a prokaryotic-like protein export sysiem may be operating in plastids.
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1. INTRODUCTION

In Gram-negative Eubacteria, at least six proteins
(SecA, B, D, E, F and Y) are required for targeting and
protein translocation across the plasma membrane (see
[1]). Many of these proteins have been isolated and their
genes cloned and sequenced. The cytosolic SecB protein
functions as a chaperonin and as part of a receptor
cascade [2]), the membrane-associated SecA protein
functions as an ATPase [3] and the integral membrane
proteins SecY and SecE mediate translocation by inter-
acting with SecA [4]. Integral membrane proteins SecD
and SecF may be required for the later stages of protein
export or for interaction of precursors with signal
peptidases [S]. Recently, sec homologues have also been
found in the Gram-positive Eubacterium, Bacillus sub-
titis [6-8].

In land plants and green algae, translocation across
plastid membranes (see [9],[10-12]) and targeting of nu-
clear-encoded proteins to the plastid envelope
membrane of [13,14] have been studied. Cleavage sites
for plastid transit peptides [15] and thylakoid lumen
leader peptides [16,17] have also been investigated.
However, protein targeting and translocation has not
been investigated in the rhodophyte, chromophyte or
cryptophyte algae.

Chromophyte and cryptophyte algae present espe-

cially interesting systems for studying protein transloca- :

tion since the plastids of these organisms are sur-
rounded by an extra pair of membranes, termed the
chloroplast endoplasmic reticulum, or CER [18]. The
outermost membrane of the CER, which bears eukaryo-
tic ribosomes and is usually continuous with the nuclear
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membrane, is probably derived from the endo-
membrane system of the host, while the innermost
membrane is probably derived from the plasma
membrane of the eukaryotic endosymbiont which gave
rise to the plastid [19,20]. Cryptomonads are unique
among the CER-containing algae in retaining a nu-
cleomorph (the vestigial nucleus of the eukaryotic endo-
symbiont) in the periplastidal space between the CER
and plastid envelope [21].

Presumably in an alga as complex as Cryptomonas @,
gene products encoded by the nuclear or nucleomorph
genomes that are targeted to the plastid, contain distinc-
tive N-terminal extensions which serve as signals in in-
tracellular sorting and assist these proteins to traverse
the additional membranes of the CER. Those gene
products destined for the thylakoid of the plastid may
contain additional signals. However, sequence analysis
of Cryptomonas @ plastid cpeB gene, which encodes the
S subunit of phycoerythrin (a lumenal protein), does not
predict an N-terminal extension [22]. On the other hand,
the sequences of genomic clones of cpeA from the cryp-
tomonad Chroomonas, do predict a leader sequence
[23]. The mechanism of protein translocation across ei-

_ther the thylakoid, plastid or CER membranes is un-

known although Gibbs [24] has suggested that vesicles
carrying nucleus-encoded proteins destined for the
plastid bud off from the inner CER membrane and then
fuse with the outer plastid envelope membrane.

In both B. subtilis and E. coli, the integral membrane
protein SecY is encoded at the promoter distal region
of the spc ribosomal protein operon. Although the secY
gene is not present on any of the three land plant plastid
genomes which have been completely sequenced [25-
27], it is possible that it might reside oa the plastid
genome of a less advanced alga. it appears that gene
transfer from the plastid progenitor to the host genome
has not proceeded as far in some algae as in land plants
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[28,29] and in cryptomonads in particular, there appear
to be many genes which are encoded on the plastid
rather than the nuclear genome [30,31]. For example,
sequence analysis of the sir operon from Crypromonas
& chows the presence of ribosomal protein genes which
are not found on plastid genomes of land plants [32]. In
order to see if a secY homologue is present on the
plastid genome of Crypromonas &, the promoter distal
region of the spc ribosomal protein operon was se-
quenced.

2. MATERIALS AND METHODS

Isolation of plastid DNA from Cryptomonas @ and construction of
a clone bank has been described [33]. Ribosomnal protein operons were
mupped on the plastid genome by hybridisation with heterologous
probes and by sequencing [32]. The promoter distal region of the spe
operon which potentially would encode secY was located on (wo
adjacent 1.9 kb Safl fragments. Both strands of the DNA from this
region were completely sequenced using the dideoxy chain termination
method [34] and synthetic oligonucleotide primers. Analysis of the
DNA sequence and the derived amino acid sequence was performed
using the DNA Strider version 1.1 program [35] and dalabank search-
ing was performed using the FastP program [36] on a Macintosh Il
computer (Apple Computers).

3. RESULTS AND DISCUSSION

A physical map of the plastid genome of Cryptomonas
@ is shown in Fig. la. The positions of the $10, spc,
alpha and str ribosomal protein operons are indicated
by solid bars. The promoter distal region of the spc
operon is shown in Fig. 1b and the locations of coding
regions are indicated by stippled bars. An open reading
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Fig. 1. (a) Physical map of the plastid genome of Cryprotarias @, The

locations of the 5/0, spe, alpha and str ribosomal protein operons and

other coding regions are indicated by solid bars. (b) Region of the

plastid genome containing the secY gene. Coding regions within the

spe and afpha ribosomal protein operons are denoted by light and dark
stippling, respectively.
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frame of 1,260 nucleotides with similarity to secY from
E. coli was found which spanned the two 1.9 kb Sall
fragments. The nucleotide sequence of secY and the
flanking upstream and downstream regions, including
the 5'-terminus of rp/36 (the gene encoding ribosomal
protein L36), are shown in Fig. 2. The derived amino
acid sequence (420 residues, 46,906 Da) is given below
the nucleotide sequence. As with other Cryptomonas @
plastid genes [33,35], there is very little space between
the two genes (only 27 nucleotides).

An alignment of the secY gene products from Cryp-
tomonas @, B. subtilis and E. coli is shown in Fig. 3. The
two proteins are essentially colinear, with the exception
of N- and C-terminal extensions in the E. coli sequence
relative to those from Crypromonas & and B. subtilis.
There are several other places where small insertions or
deletions occur. Excluding the N- and C-terminal exten-
sions, the amino acid sequences from Cryptomonas ®
and £. coli are 38.7% identical and 60.1% similar (when
conservative replacements are included). The similarity
to the SecY sequence from B. subtilis is only slightly
lower (35.3 and 60.7%, respectively).

In E. coli, SecY is an integral membrane protein
which contains ten transmembrane segments, five peri-
plasmically exposed regions and six cytoplasmically ex-
posed regions [37]. It is part of the membrane-bound
translocase which also contains the SecE [4] and pos-
sibly SecD and SecF proteins [5]. The hydropathic
profiles of the SecY proteins from E. coli, B. subtilis and
Cryptomonas @ are virtually superimposable (Fig. 4)
and the ten putative membrane-spanning domains are
present in all three molecules.

The fact that the secY gene is found within the
transcriptionally active spc ribosomal operon (Wang,
Liu and Douglas, in preparation) indicates that it is not
an inactive pseudogene and that the SecY polypeptide
is functional in the cell. Also, the conservation in
primary amino acid sequence and, more importantly,
the hydropathy profile, argues for a functional gene
product. The discovery of a gene for a component of a
prokaryotic protein export system in a plastid genome
is intriguing and may shed light on possible mechanisms
of protein translocation in plant cells. Thus far, no sec
genes have been reported in any plant system, possibly
because they are present in nuclear genomes rather than
the extensively studied plastid genomes. The plastid
genome of Cryptomonas @ contains genes not found on
other plant plastid genomes and therefore is a useful
system for studies of plastid functions which are
normally dependent on the products of nuclear-encoded
genes. The possibility that other sec genes are also
plastid-encoded in Cryptomonas & is currently under
investigation.

The subeellular location of the SecY from Crypio-
monas @ is unknown. The inner membrane of the
plastid envelope is the homologue of the plasma mem-
brane of E. coli and it is possible that SecY is involved
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Fig, 2. Nucleotide sequence of the sec’Y gene and flanking regions from Cryptomonas @. The deduced amino acid sequence is shown beneath the
nucleolide sequence, The positions of putative transmembrane segments (see Fig. 4b) are indicated by roman numerals 1-X.
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