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A cDNA clone encoding the barley photosystem I polypeptide which migrates with an apparent molecular mass of 16
kDa on SDS-polyacrylamide gels has been isolated. The 634 bp sequence of this clone has been determined and contains
one large open reading frame coding for a 15 457 Da precursor polypeptide. The molecular mass of the mature polypep-
tide is 10 821 Da. The amino acid sequence of the transit peptide indicates that the polypeptide is routed towards the
stroma side of the thylakoid membrane. The hydropathy plot of the polypeptide shows no membrane-spanning regions.
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1. INTRODUCTION

Photosystem I (PS I) catalyzes a coupled photo-
reduction of ferredoxin and photooxidation of
plastocyanin. To elucidate the mechanism of these
reactions at the molecular level, one approach is to
determine the primary structure of the proteins in-
volved. PS I preparations from barley contain the
82/83 kDa reaction center protein P700-chloro-
phyll a-protein 1 and smaller polypeptides with ap-
parent molecular masses of 18, 16, 14, 9.5 and
9 kDa [1,2]. The P700-chlorophyll a-protein 1 and
the 9 kDa polypeptide have been identified as iron-
sulfur proteins carrying the electron acceptors X, A
and B [1,2]. The role of the remaining polypeptides
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in PS I is unclear. Whereas the genes for P700-
chlorophyll a-protein 1 and the 9 kDa polypeptide
are located in the chloroplast genome [2-4], studies
of protein synthesis in greening chloroplasts [5,6],
combined with the use of protein synthesis in-
hibitors [7], and studies on the in vitro translation
of poly(A*) RNA [8,9] have indicated that the 18
and 16 kDa polypeptides are synthesized on cyto-
plasmic ribosomes. Partial amino acid sequencing
of the 18 and 16 kDa polypeptides has been carried
out [10]. These sequences reveal no homology to
sequences deduced from the DNA sequence of the
chloroplast genome [11,12]. A ¢cDNA clone en-
coding the 20 kDa PS I polypeptide from spinach
has recently been sequenced [13]. A comparison of
the deduced amino acid sequence of the 20 kDa
spinach polypeptide and of the partial amino acid
sequences of the 18 kDa polypeptide from barley
demonstrates that these two polypeptides are
homologous.

We present here the sequence of a cDNA clone
encoding the full-length precursor for the 16 kDa
polypeptide in barley.
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2. MATERIALS AND METHODS

From the partial amino acid sequence data of the 16 kDa
polypeptide [8], two different mixtures of oligonucleotide
probes were synthesized, probes N and C, specifying the N- and
C-terminal regions of the polypeptide, respectively:

N C
H:N-AEEPTAAAPA. .. .... NYALDEIKEVAA-COOH

N: 5’-GASGA§CCIACIGCIGC-3' (4 different oligonu-

cleotides; 1, inosine)

T T A T G , . .
C: 5'-ACCTCCTTGATCTCATC-3' (48 different  oligo-
T
nucleotides)

The oligonucleotide probes were 5‘-end labeled by incubation
for 1 h at 37°C of 20 pmol oligonucleotide with 5§ U T4
polynucleotide kinase (BRL) and 20 pmol [-3?PJATP (5000
Ci/mmol, Amersham) in a reaction mixture containing 0.1 M
Tris-HCI, pH 7.5, 10 mM MgCl; and 5 mM 1,4-dithiothreitol.

Total RNA was isolated from 5-day-old etiolated barley seed-
lings after prior exposure to light for 5 h. Poly(A)* mRNAs
were purified by two cycles of oligo(dT)-cellulose column
chromatography and used for construction of a Agtll cDNA
library essentially as described by Glover [14].

The library was screened with the oligonucleotide probes us-
ing nitrocellulose filters treated as described by Berger and Kim-
mel [15]. Southern blotting and hybridisation were performed
using Zetaprobe membranes according to manufacturer
(BioRad).

The immunological screening was conducted as in [16]. The
fusion proteins were immobilized on nitrocellulose filters
(Schleicher & Schuell). The primary antibody used was a
monoclonal antibody towards the barley 16 kDa polypeptide
[8]. Antigen-antibody complexes were detected enzymatically
with alkaline phosphatase-conjugated antibodies (Dakopatts).

DNA from A phages was prepared according to Grossberger
[17). Inserts from A phages were subcloned in either the
pTZ18/19 plasmids [18] or M13 vectors [19]. Single-stranded
DNAs were obtained from the pTZ18/19 plasmids using helper
phage M13K07 [20]. DNA sequencing was carried out by the
dideoxy chain-termination method of Sanger et al. [21], using
[a-**P]dATP (Amersham) and a sequenase kit (US Biochem-
icals).

3. RESULTS AND DISCUSSION

Five positive clones were isolated from approx.
6x10° recombinants upon screening the barley
c¢DNA library with probe C. One of these clones
was also positive with a monoclonal antibody to
the 16 kDa polypeptide [8] and as well as with
probe N on Southern blotting analysis. This clone
was sequenced in both directions with overlaps for
all restriction sites (fig.1). The nucleotide sequence
is shown in fig.2. Analyses of the sequence reveal
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one large open reading frame of 441 bp. The
deduced amino acid sequence corresponding to bp
119-204 and 304-441 is identical to the partial
amino acid sequences obtained by protein sequenc-
ing of the 16 kDa polypeptide [10]. The open
reading frame codes for a precursor protein with a
calculated molecular mass of 15457 Da. Since the
N- and C-terminal amino acid sequences of the
mature polypeptide have been determined [10], the
molecular mass of the mature polypeptide and the
N-terminal transit peptide can be calculated to be
10821 and 4636 Da, respectively. No processing
takes place at the C-terminal end of the precursor.
The precursor and the mature polypeptides migrate
with apparent molecular masses of 23 and 16 kDa,
respectively, on SDS-polyacrylamide gels [8,2].
The discrepancy from the actual molecular mass,
as deduced from the nucleotide sequence data,
reflects an unusual migration of the polypeptide in
SDS-polyacrylamide gels. The total charge of the
precursor and the mature polypeptide at pH 7 is
estimated to be +2 and +7, respectively. The
charge of the mature polypeptide is not sufficiently
high to explain the anomalous migration of the
polypeptide on SDS-polyacrylamide gels. The
polypeptide contains a possible glycosylation site
(Asn-X-Thr), but chloroplast membrane and PS I
preparations have been shown to contain little or
no carbohydrate ([22] and unpublished). In addi-
tion, plasma desorption mass spectrometry in-
dicates that, apart from the removal of the transit
peptide, the polypeptide is not posttranslationally
modified (Scheller et al., unpublished). The pres-
ence at — 33 bp of a stop codon in-frame with the
open reading frame (fig.2) eliminates the possibili-
ty of a larger translation product from the same
gene. Preliminary Southern and Northern analyses
have further indicated that only one gene for this
polypeptide is present in the barley genome and on-
ly one transcript is formed (not shown).
Translation could start at the three in-frame
AUGs located at positions 1, 16 and 40 of fig.2. We
assume that the first AUG is the initiation codon,
because translation is initiated at the first AUG in
95% of all eucaryotic mRNAs [23,24]. According
to the modified scanning model of translation in
eucaryotes [25], a consensus sequence (GCC)GCC-
ACCAUGG is found in mammalian cells around
the initiation codon [26] with a purine nucleotide at
the —3 position as the most important: [27].
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Fig.1. Sequencing strategy and the different sets of overlapping subclones.

However, Liitcke et al. [28] have reported that the
in vitro translation systems of plants and animals
exhibit different initiation codon selections with
the nucleotide at the —3 position having no in-
fluence on the translation efficiency in the wheat
germ extract. They also found that the initiation
codon regions of plants have another consensus se-
quence: AACAAUGGC with a lower preference
for a purine at the — 3 position. The segment of the

+40 AUG has no similarity to the plant consensus
sequence, while both the + 1 AUG and + 16 AUG
regions differ by three nucleotides. This means that
the +16 AUG also could serve as an initiation
codon, resulting in a smaller precursor polypep-
tide.

The hydropathy profile for the precursor poly-
peptide, presented in fig.3, shows no hydrophobic
area sufficiently long to represent a membrane-
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Fig.2. DNA sequence of the cDNA clone. The nucleotide sequence is written in the mRNA sense. The deduced amino acid residues are

denoted in the three-letter code. The stop codon at the 5’-end, in-frame with the open reading frame, is underlined. Above the amino

acid sequence are delineated different interesting domains: wavy line indicates predicted helices; maturation site is shown by an
arrowhead and the positively charged area is overlined.
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spanning region. A positively charged region is
found just after the potential a-helix (fig.3). A
similar region is found in the spinach 20 kDa PS 1
polypeptide [13].

A homology search using the National Biomed-
ical Research Foundation protein bank revealed a
60% homology of the amino acids corresponding
to bp 154-229 with myosin L1 and L4 light chains
from skeletal muscle. The significance of this
finding is unclear. The homology is in the region
which also reveals a similarity to the 18 kDa
polypeptide of barley PS I [10]. This similarity is,
however, not conserved in the homologous 20 kDa
polypeptide of spinach PS I [13].

The first 46 N-terminal amino acids represent the
transit peptide. Transit peptides possess informa-
tion for targeting of the polypeptide into the
chloroplast and for its routing to a specific loca-
tion. Three homology blocks on the transit pep-
tides of the chloroplast have been suggested to be
responsible for these functions [30]. The N-ter-
minal sequence of the 15.5 kDa precursor polypep-
tide, MASTNMASA, exhibits similarity with the
homology box I, MA.S.M.SS, which is suggested
to be essential for uptake of the precursor into
chloroplasts [30]. A weak similarity to box II
(P.F.G.K.), possibly important for an intermediate
processing event [30], can be found at PSNRLGLK.
No obvious similarity to box III (G.GRV) is de-
tectable except for a sequence with similar proper-
ties, GLKLVAR, immediately preceding the final
maturation site. This sequence is also a disrupter of
ordered secondary structure (due to glycine), and
contains positively charged as well as hydrophobic
amino acids; all characteristics that could make a
region susceptible to proteolytic cleavage.

The length of the transit peptides of polypeptides
located in the lumen of the thylakoid, such as
plastocyanin [31] and oxygen-evolving enhancer
proteins 1-3 [32-34], exceeds 56 amino acid
residues. The hydrophobic thylakoid transfer do-
main shared by these four lumen polypeptides is
lacking in the 10.8 kDa polypeptide. Shorter transit
peptides comparable to that of the 10.8 kDa
polypeptide have been observed for typical intrin-
sic polypeptides, such as the chlorophyll a/b-
binding polypeptides [35,36] and for some stroma
localized polypeptides, such as ferredoxin [37]. The
properties of the transit peptide of the 10.8 kDa
polypeptide show similarities with those of fer-
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Fig.3. (A) Hydrophobicity plot of the 15.5 kDa precursor
polypeptide according to Kyte and Doolittle [29] with an
averaging window on 5 amino acids. (B) Charge distribution in
the 15.5 kDa precursor polypeptide. The predicted helices are
delineated by a wavy line and the maturation site by an arrow.

redoxin [38], suggesting a routing of the 10.8 kDa
mature polypeptide to the stromal side of the
thylakoid membrane. The function of the polypep-
tide could be to facilitate electron transport be-
tween P700 and ferredoxin.
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