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A cDNA clone encoding the precursor for a 10.2 kDa photosystem
I polypeptide of barley
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Two cDNA clones for the barley photosystem I polypeptide which migrates with an apparent molecular mass of 9.5
kDa on SDS-polyacrylamide gels have been isolated using antibodies and an oligonucleotide probe. The determined
N-terminal amino acid sequence for the mature polypeptide confirms the identification of the clones. The 644 base-pair
sequence of one of the clones contains one large open reading frame coding for a 14 882 Da precursor polypeptide. The
molecular mass of the mature polypeptide is 10 193 Da. The hydropathy plot of the polypeptide shows one membrane-
spanning region with a predicted a-helix secondary structure. The gene for the 9.5 kDa polypeptide has been designated

Photosystem I; Polypeptide, 9.5 kDa; cDNA sequence; Transit peptide; Gene, PsaH; (Barley)

1. INTRODUCTION

Photosystem (PS) I preparations from barley are
composed of polypeptides with apparent
molecular masses of 83, 82, 18, 16, 14, 9.5, 9, 4
and 1.5 kDa [1,2]. One copy of each of these
polypeptides is present per P700 reaction center
[2]. The PS I preparation binds the photoreducible
electron acceptors Ag, Aj, X, A and B [3]. These
electron acceptors are bound to the 83, 82 and
9 kDa polypeptides [2—6]. The genes for these
polypeptides are located in the chloroplast genome
[1,5,7,8].

The role of the remaining polypeptides of PS I
is less clear. Experiments with chemical cross-
linkers have shown that a 20—22 kDa polypeptide
from spinach can be cross-linked to ferredoxin
[9,10). Similarly, a 19 kDa polypeptide of PS I
from spinach can be cross-linked to plastocyanin
[11]. The presence of these additional polypeptides
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may therefore be important for the efficiency of
the PS I-mediated electron transport from plasto-
cyanin to ferredoxin. One approach for
characterization of these polypeptides is to deter-
mine their primary structure. ¢cDNA clones en-
coding four such polypeptides have so far been
isolated from various plants [12—16]. We present
here the nucleotide sequence of a fifth cDNA clone
encoding the precursor for the 9.5 kDa polypep-
tide of barley along with the partial amino acid se-
quences for the N-terminal of the mature
polypeptide.

2. MATERIJALS AND METHODS

Total RNA was isolated from S5-day-old etiolated barley
seedlings after prior exposure to light for 5.5 h. The total RNA
was prepared using a modification of the techniques of Martin
and Northcote [17] as reported by Collinge et al. [18]. Poly(A)*
mRNAs were purified on oligo(dT) Sepharose 4B (Pharmacia
LKB Biotechnology, Uppsala) [17] and used for construction of
a Agtll cDNA library (Clontech Labs, Palo Alto, CA).

PS I particles and the 9.5 kDa polypeptide were isolated as in
[1,2]. Amino acid sequencing was carried out as in [1].
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Fig.l. Western blotting analysis of the polyclonal antibody
against the isolated 9.5 kDa polypeptide. (A) Polypeptide
composition of the PS I preparation as analyzed by SDS-PAGE
[20] and staining with Coomassie brilliant blue. The 4 and
1.5 kDa polypeptides are not detected in this gel system. (B)
Reaction of the 9.5 kDa antibody with the PS I preparation as
monitored by Western blotting and use of an alkaline
phosphatase conjugated secondary antibody. The 9.5 kDa
antibody did not cross-react with the isolated 9 kDa
polypeptide (not shown).
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Polyclonal antibodies towards the PS I preparation and the
isolated 9.5 kDa polypeptides were raised in rabbits. The im-
munoglobulin fraction of the antiserum was purified according
to Harboe and Ingild [19]. The specificity of the antibody
against the 9.5 kDa polypeptide was tested by Western blotting
analysis (fig.1).

The immunological screening of the library was conducted as
described by Mierendorf et al. [21]. The fusion proteins were
immobilized on nitrocellulose filters (Schleicher & Schuell,
Keene, NH). Due to unspecific binding of the PS I antibody to
Agtll plaques, this antibody was preincubated with saturating
amounts of wild-type Agtll plaques immobilized on
nitrocellulose filters. Antigen-antibody complexes were
detected enzymatically with alkaline phosphatase-conjugated
antibodies (Dakopatts a/s, Glostrup, Denmark).

Based on the partial amino acid sequence data, an
oligonucleotide probe specifying the antisense strand of the N-
terminal region of the polypeptide, HoN-KYGEK, was syn-
thesized: 5'-TTETCNCCATAITT-3’' (32 different oligonu-
cleotides, N = T, C, G, A).

The positive clones obtained by the immunological screening
were screened with the 5'-end-labeled [13) probe using
nitrocellulose filters [22]. Southern blotting and hybridization
was performed using Zetaprobe membranes according to the
manufacturer (Bio-Rad, Richmond, CA).

DNA from A phages was prepared according to Grossberger
[23]. Inserts from A phages were subcloned in the pTZ18/19
plasmids [24]. Single-stranded DNA was obtained from the
pTZ18/19 plasmids using helper phage M13K07 [25]. DNA se-
quencing was carried out by the dideoxy chain termination
method of Sanger et al. [26], using [-**P]dATP (Amersham,
Bucks), and a Sequenase kit (US Biochem., Cleveland, OH). A
Psi1 restriction enzyme site in the middle of clone 9.5-1 was us-
ed for subcloning in the pTZ18U plasmid to obtain the sequence
of both DNA strands (fig.2).

Hydropathy plot and secondary structure prediction was car-
ried out with the Seqanal program package (A.R. Crofts,
Biotechnology Center, University of Illinois, IL).

satop

9.5-1

¢ 9.5-1
9.5-1
—>
< 9.5-2
9.5-
5-2 >

Fig.2. Sequencing strategy and the different sets of overlapping subclones.
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3. RESULTS AND DISCUSSION

Immunological screening of the ¢cDNA library
with the PS I antibody gave 14 positive clones
from approx. 2 X 10* recombinants. The PS I an-
tibody was used in the primary screening to obtain
a number of cDNA clones for the nuclear encoded
polypeptides of PS I. Two of the 14 clones were
positive with a polyclonal antibody towards the
9.5 kDa polypeptide. One of these clones was
positive with the oligonucleotide probe on

A:

1

ATG GCG TCG CTC GTC GCC GTC CAG CCG GCC
Met Ala Ser Leu Val Ala Val Gln Pro Ala

TCC GGC CGC AAG CTC GCC GTC CGG CCC TcCC
Ser Gly Arg Lys Leu Ala Val Arg Pro Ser

GCT CGC GGG GCG GCG GTG GTG GCCvAAG TAC
Ala Arg Gly Ala Ala Val Val Ala Lys Tyr
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Southern blotting analysis of phage inserts. The
two clones were sequenced in both directions
(fig.2). The nucleotide sequence of clone 9.5-1 is
shown in fig.3A. Clone 9.5-2 is a partial cDNA
clone starting with the 5’-end at nucleotide 316 of
clone 9.5-1 and with identical sequence except for
an extra 9 bp at the poly(A) tail (fig.3A).
Analysis of clone 9.5-1 reveals one large open
reading frame of 429 bp. The deduced amino acid
sequence corresponding to bp 145—195 is identical
to the N-terminal amino acid sequence determined

-27 -1
CTCCTCC CACCGCACAG CTCGACCGCA
60

GCC GTG AAG GGC CTC TCC GGC AGC TCC ATC
Ala Val Lys Gly Leu Ser Gly Ser Ser Ile

120

TCC GCC GCC GTC TCC CGC TCC ACC CGC AGG
Ser Ala Ala Val Ser Arg Ser Thr Arg Arg

180

GGG GAG AAG AGC GTG TAC TTC GAC CTG GAC
Gly Glu Lys Ser Val Tyr Phe Asp Leu Asp

GAC ATC GCC AAC ACG ACG GGG CAG TGG GAC
Asp Tle Ala Asn Thr Thr Gly Gin Trp Asp

AAC GGC CTG CAG AGC AAG TTC TTC AAC ACC
Asn Gly Leu Gln Ser Lys Phe Phe Asn Thr

CTG CTC AAG TTC CTG CTC ATC GGC GGC GGC
Leu Leu Lys Phe Leu Leu Ile Gly Gly Gly

240

CTG TAC GGC AGC GAC GCG CCG TCG CCC TAC
Leu Tyr Gly Ser Asp Ala Pro Ser Pro Tyr

300

TTC GCC GCG CCC TTC ACC AAG CGC GGC CTG
Phe Ala Ala Pro Phe Thr Lys Arg Gly Leu

360

TCC CTG GTC GCC TAC GTC AGC GCA TCC GCC
Ser Leu Val Ala Tyr Val Ser Ala Ser Ala

TCC CCC GAC CTG CTC CCC ATC AAG AAG GGG
Ser Pro Asp Leu Leu Pro Ile Lys Lys Gly

420

CCC CAG CTG CCG CCC ACC CCG GGA CCA CGC
Pro Gln Leu Pro Pro Thr Pro Gly Pro Arg

490

GGC AAG ATC TAA ATCTAATC CTCGCCTCGC CTCGCCTCGT GCTTGTGTAC CATGGATCCC GTCTGATCTC

Gly Lys Ile STOP

560

ATGGATCGGA ATCGGATCCC CCGTATCCAT GTCTTTCTGT TGATACTTGA TGCTGTACCT TGTTGCCTAC

GTGATGCACA CAATTACTGC TAGATC(A)3;, —-«————Clone 9.5-1

J-—mmmmmmm mmmm e meem e ATTTGCTCT(A) s, —€— Clone 9.5-2 (starts at bp 316)
Barley: KYGEKSVYFDLDDIANTTGQWDLYGSDAPSPYNGLQ

Ill lllllll Il IIIIIIIIIIHIIIII Il
Pea: WDLYGSDAPSPYSXLQ/

Fig.3. (A) DNA sequence of the 9.5-1 cDNA clone. Only the 3'-end of clone 9.5-2 is shown. The nucleotide sequence is written in
the mRNA sense. The deduced amino acid residues are written below the nucleotide sequence. The amino acid sequence obtained by

sequencing of the isolated 9.5 kDa polypeptide is underlined. The maturation site (¥), polyadenylation site (--

+), and predicted

membrane-spanning a-helix (~—) are indicated. (B) Comparison of the N-terminal amino acid sequence from pea [27] and the amino
acid sequence derived from the barley cDNA clone. A vertical line indicates an amino acid identity and a dot represents a conservative
replacement.
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by sequencing of the mature 9.5 kDa polypeptide
(fig.3A). The N-terminal residues determined by
amino acid sequencing are underlined in fig.3A.
The open reading frame codes for a precursor pro-
tein with a calculated molecular mass of 14882 Da.
Presuming that the mature polypeptide is not C-
terminally processed, the molecular mass of the
mature polypeptide and the N-terminal transit pep-
tide can be calculated to be 10193 and 4689 Da,
respectively. The calculated molecular mass of the
mature polypeptide is in agreement with the
predicted value of 9.5 kDa based on migration in
SDS-polyacrylamide gels.

Comparison of the amino acid sequence of the
9.5 kDa polypeptide of barley with a reported N-
terminal sequence (35 amino acid residues) of an
11 kDa polypeptide from pea [27] reveals that
these two polypeptides are homologous (fig.3B).
The highly conserved amino acid sequence between
the barley and pea polypeptides suggests an impor-
tant function for the polypeptide in PSI.
Presumably this polypeptide corresponds to
subunit VI in the PS I preparations described by
Nechushtai et al. [28]. The seven previous genes
for PS1 polypeptides have been denoted psa
followed by an alphabetically ordered suffix. We
have consequently named the gene for the
10.2 kDa polypeptide PsaH. A capital P has been
used to indicate the location of the gene in the
nuclear genome. No obvious sequence homology
to other proteins was found by searching the Na-
tional Biomedical Research Foundation protein
bank.

The region around the translation initiation
codon shows a good similarity to the consensus se-
quence AACAAUGGC for translation initiation
codon regions in plants [29]. The sequence for the
48 N-terminal amino acid residues representing the
transit peptide is very rich in positively charged
amino acids (8 residues) and hydroxylated amino
acids (10 residues) and lacks acidic residues. These
properties are found in most other chloroplast
transit peptides [30]. Weak similarity to the
primary sequence of the three homology blocks on
the transit peptides of the chloroplast suggested by
Karlin-Neumann and Tobin [31] can be found. It
has, however, been postulated that the secondary
structure of transit peptides is the essential feature
for their function [32-34]. Except for the
10.8 kDa polypeptide of barley [13], the transit
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peptides of PS I subunits have been reported to
contain a highly hydrophilic segment [12,15,16]. A
similar hydrophilic segment is contained in the
transit peptide of the 9.5 kDa polypeptide (fig.4).
The significance of this hydrophilic segment,
which is generally not found in other chloroplast
transit peptides, is presently unknown. The transit
peptide of the 9.5 kDa polypeptide does not con-
tain the hydrophobic thylakoid transfer domain
which characterizes polypeptides directed to the
thylakoid lumen [35,36]. Therefore, a stromal or
transmembrane location of the polypeptide is more
likely. Some similarity to the transit peptide of a
10.8 kDa polypeptide of PS II can be observed
[37]. This polypeptide has a hydrophobic region of
20 amino acids at the C-terminal, suggesting a
transmembrane location of the polypeptide [37]. A
transmembrane location of the 9.5 kDa polypep-
tide is also suggested from the hydropathy plot
(fig.4) which shows a hydrophobic area of 19
amino acids (residues 103—121) sufficiently long to
represent a membrane-spanning region. Using the
parameters for membrane-buried helices given by
Rao and Argos [38], the hydrophobic region was
predicted to have an a-helix conformation typical
of membrane-spanning segments. The region con-
tains several glycine residues which are strong helix
breakers in soluble proteins [38]. However, glycine
residues are neutral in membrane helices and tend
to concentrate near the predicted helix midpoint

hydrophobic
T

C
L
—T

hydrophil i

)
T

[ Transit peptide ||  Mature protein i

Fig.4. Hydropathy plot of the 14.9 kDa precursor polypeptide

calculated with an averaging window of 7 amino acid residues

and using membrane helix parameters according to Rao and

Argos [38]. The distribution of positively (+) and negatively ()

charged residues is indicated. The predicted membrane-

spanning a-helix ( ) and the maturation site (§) are
indicated.
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[38] as also observed for the 9.5 kDa polypeptide.
Determination of the stroma/lumen location of
the N- and C-terminal of the polypeptide has to
await further analysis.
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