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We have isolated and characterized (Fig. 1) two
tomato nuclear genes each encoding a protein of
256 residues with discernible sequence identity
with other CAB polypeptides. The two genes,
which we designate Cab10A and Cab10B (tomato
genes designated Cabl through Cab9 encoded
other CAB polypeptides of PSI and PSII [9, 10]),
are tandemly linked and are separated by approxi-
mately 5 kb. Each gene contains a single, short
intron — 199 bp in Cab10A, 97 bp in Cab10B -
whose position (same in both genes) was deter-
mined by comparisons with cDNA clones. An
intron in an equivalent position is also found in
the tomato PSI Type II and Type III CAB genes
[9]. Within the coding region, Cabl0A and
Cab10B are 92.5% identical, but the introns and
5" and 3’ flanking regions show little similarity.
Comparison of the sequence of the proteins en-
coded by Cab10A and Cab10B with the N-termi-
nal sequence of the homologous (see below)
spinach protein (Fig. 2A)indicates that the transit
peptide of the CAB10A protein consists of 48
residues, and the transit peptide of CAB10B con-
sists of 46 residues. Thus, the mature CAB10A
protein has 208 residues, with a calculated
molecular weight of 22.6 kDa, and the mature
CABI10B protein has 210 residues, with a calcu-
lated molecular weight of 22.8 kDa. CAB10A and
CABI10B are 94.5%, identical within the mature
part of the protein, and the sequences of the tran-
sit peptides are less similar.

Three hydrophobic regions are found in all
CAB polypeptides examined to date, and it has
therefore been hypothesized that they represent
alpha-helices which span the thylakoid mem-
brane, and that the three-dimensional structure of
all CAB polypeptide is therefore similar despite
the high level of primary sequence divergence |3,
10]. The hydropathy plots of CAB10A and
CABI10B also indicate 3 hydrophobic regions of
sufficient length to traverse the thylakoid mem-
brane (Fig. 2B). It should be noted, however, that
algorithms to predict secondary structure (e.g.
[4]) do not always indicate complete overlap
between the hydrophobic regions in the CAB
polypeptides and regions predicted to assume the
alpha-helix conformation, and this is especially
true with CAB10A and CAB10B, where no exten-
sive alpha-helix conformation is predicted (not
shown) anywhere between the first and third hy-
drophobic regions. (However, these programs
can predict alpha-helical regions in only
50% —60%, of the cases where they indeed occur,
as determined with proteins whose structure has
been experimentally determined [4]). In addition
to possessing the three hydrophobic regions, the
CAB10A and CABI10B proteins also share the
two regions of sequence similarity (Fig. 2C) found
in all CAB proteins [10]. The two conserved
regions include the first and third hydrophobic
regions and their immediate N-terminal regions,
and in these regions CAB10A and CAB10B dis-

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under

the accession numbers Cab10A-M32605; Cab10B-M32606.
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CabloA
TAGAGTACAGAAATAACAACTAAGACAGAGAATCAAAACTAAAGGAGAAGGGAGTGTCCA
CGGGTATGGTACAAATAAGGACAGAGATGTAACTCAACACCTTATTGGTCCGAAATCTAT
CCACCAGAGATCATTTGCAGATTTCATTTATCCTACTTGGCTCCTTACAAGGTCCCCTTT
TGATCTTATAAACTTATATCTCACTACTTCATTCATAGAAGAGACACAAGAAACAACCAT
CCATATCTTTGCATATTACTATCATTTCCATTCTTAAACATATCAAAACAAAC ATGGCT

M A
ACAACATCTGCTGCAGTGCTGAATGGTTTGAGCTCCTCTTTCTTGACTGGTGGCAACAAA
T T S A AV LNGULS S S FLTGG N K
AGTCAGGCCTTGTTGGCTGCTCCCCTTGCTGCCAGAGTTGGCGGTGCTGCCACTCCCAAG
S QAL LAAPULAARARUYVGG GAATUPK
AGGTTCACTGTGCTGGCTGCTGCTGCAAAGAAATCTTGGATTCCTGCTGTAAGAGGTGGT
R F TV LA AWAMAIXKTIKS S V¥ I PAVR
GGCAATCTGGTTGACCCTGAGTGGCTCGATGGCTC GTAAGTTCACTTTATATCTCCAAC
G N L VD PEWIULUDG S
CCTCAACACCTATCCCCTAGAGATGAATCTAGGATTCAGAATTCATGTATTTTTTCAGAT
CATGTATATGTGGTTCGAGCAGAAAGATTGAACCCTGAACTTGATCTAGACTCGTCTCTG
CTCCTTTCCCCTGTTTCGTTCTTTTGCAAAGGCATAACTATATTTGAACTTGCAG GCTA

L
CCTGGTGACTATGGTTTTGATCCACTTGGTCTAGGAAAGGACCCTGCATTCTTGAAATGG
P G DY G F D P 6 L 6 X D L X W
TACAGAGAAGCTGAGCTCATTCATGGCAGATGGGCAATGGCTGCGGTATTGGGCATCTTT
Y REAETLTIMBRGRMWAMAALVYVTLSGI
GTTGGTCMGCATGGAGTGGCATTCCATGG’I'M‘GAGGCTGGTGCTGACCCTGGCGCTATT
v Q A §$ G I P WP F EAGADUPGAI
GCACCl'l‘TCl‘C‘I‘TTl‘GGCACACTTCTTGG‘I‘ACACMC‘M‘ATCCTCATGGOGTGGGTTGAG
A PP S F GTULULGTA QL L M G W Vv E
AGCAAAAGATGGGTCGACTTCTTCGACCCTGACTCTCAGTCTGTAGAATGGGCCACCCCA
§ X R WV DVFFDP S VEWATT?P
TGGTCCAAGACTGCTGAGAACTTCGCCAACTTCACAGGCGAACAGGGTTATCCCGGTGGC
W S KT AENTFANTFTG P G G
AM’PTCTTCGATCCTCTGGCA'I'PAGCTGGTACACTTMCMTGGAGTX‘TACGTCCCTGAC
K P FP DPL AL L NN G V v P
ACAGAGMGCTTGAGAGATTMAGGTTGCI‘GAGATCMGCATGC!‘AGACTX‘GCTATGTTA
T E XKL ERL K A I K A RLAML
GCCATGTTAATTTTCTATTTTGAGGCTGGGCAAGGGAAGACACCCCTGGGAGCTCTTGGT
A M LI FYVFEALGA QGI KTZPLG L G
TTG TAAGGGGTTTCGTATTAAACATTTCATTGTAAAAAGTCACTGGATGTAGAAAGAAG

L
AAATCAAAATTTGGTTGTCCCCTTTAGAAAATTCAAGATCTCCCCTTGATACAGTTTATA
TCTTACATAACTAATATCTTCAAGAAAATATTTAATATTGCTCTGGTCTCGCCCAAGCAG
GACAGTGTAACAGTTGTAACAATGCAGAGGCGGAGATATGGTAGTTAAAMACTCTAATCAA
ATGATTCAAGAACAGTGACTTCAAACATTTGAATACCTAGTTCACTGATAAGTATAATTT
ACAGTCACAMATAAAAATATGATCATAAATCATAACAGCAGAAACCTTCACAAGARGATA
ACTCAACCAAGAAGGTGGCATTTTCAGTGAGTTGCTGCCTTCTGGTTTATATGACCAGAA
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CabloB
AACCTCACTTTCGTTTTTAGCGCAATGTTGATTACAAACTT 'CTATTTTCA
CTAAGATGTCATTTTCTTAGGAACCCAATATCTTCTTATTAGAGAGAGGAGAATTACAGA
GAGGTGTCCACGGGTATGGTTATGAATAGGGGACATAGAGATGGAGCTCAACATCTCATT
GGTCAGAMATCTATCCACTAGATTTCATCTGCAGATTYCGTTTATCCTACTTGGCTACTT
ACTATTTGCCCTCTTTTGATCTCATGACCATATAACCAGGAATCTCACTTCAATATTCAR
AAAACAGAAACTTCGTATTTGCAGTTTACCACTATCCAAAATAAAC ATGACCACCACAT
M T T T
C'Z'GCTACI‘GCAG‘I‘GCTGAATGGCT!GAGCTCCTC'ITTCTTGACTGGNGCAAGMCTC
S AT AV ULNGILSS S F L TG GG K X T
AAGCCTTGTTAGGTGCTCATGTTACTGCCAGAGTTACCACTCCCAAGAGGTTTGTTGTGG
Q ALLGAHVYVTARVYVTT®PIXTU RTFUVYV
CAGC‘I’GC‘!‘GCTGTTGCTCCMAGMATCMGGATTCC{‘GCTGTMMTCX‘GGTGGCMC&‘
A A A P K S W I PAUVIKSGSG N
TGGTTGACCCCGAGTGGCTCGATGGCTC GTAAGTTTACTTTTACATACACACAGTTTAT
LV DPEWTLTD s
TTCCC‘I‘CTCTCCTCTTGTTTCATTCATTCTGTI‘GCMAGGCT'I‘MCCTTGTAMGTAC
CTGCAG GCTCCCTGGTGACTTTGGTTTTGACCCACTTGGTCTTGGCAAGGACCCTGCAT
P G D F G F DPLGLG XD P A
TCTTGAAATGGTACAGAGAAGCTGAGCTCATTCATGGCAGATGGGCAATGGCTGCTGTAT
F L X W Y REAZETULTIUHGRWAMA
TGGGCATCTTTGTTGGTCAAGCCTGGAGTGGCATTCCATGGTTTGAGGCTGGTGCTGATC
L 6 I FV G QA WSGI PWVFEWR AWLGA AD
CTGGCGCTATTGCACCTTTCTCTTTCGGCTCACTTCTTGGCACTCAGCTTCTCCTCATGG
P G I AP F S FGSLULGTAGQULTILTULM
GTTGGGTTGAGAGCAAMGGTGGGTCGACTTC‘I'I‘CGACAATGACTCTCAGTCTATAGA‘I'!‘
G W VESIKIRWVYDFFUDNDS 1 D
GGGCCACTCCATGGTCCMGACTGCTGAGMCTH‘GCCMCTI‘CACAGGCGMCAGGGTI‘
W AT P W S KTAENTFANTFTGEUOQG
ACCCTGGTGGCAAATTCTTTGATCCTTTGGCATTAGCTGGTACACTTAACAATGGAGTTT
Y PG G K F FDPULALAMAGTULNN v
ACGTCCCTGACACAGAGAAGCTTGAGAGATTAAAGCTTGCTGAGATCAAGCATTCTAGAC
Y v P D E K L ER LeK L A E I K H S
TTGCTATGTTAGCCATGTTAATTTTCTATTTTGAGGCTGGACAAGGGAAGACACCCCTTG
L A M A L I Y FPEAGQGXKXKTUPL
GAGCTCTTGGTTTG TAAGAGATTCACATTAAACATTTCACTGTGAAAGAGCCGTTGAGT
G A L L
GTAGAAAGAAAGTAACCAAAGCTTGAATTTGTCACTTCAAGCTTTTTCCTCTTGATACAG
TTATCTTCTTTATGCTCTAGCCCAAATGTAACAGTATATAATTTTAACAATGCAGAGGTA
GCAATATGGTAGTAGAGGTTCCAATTAAATTACTCAATAATCATAACTTAAAATTGAAGA
AACTGGTTCAAGAACGAGTATATTTGCAGTCACAAATGTAAATTTGATTAAAATGATGCA
CAAACCCTTCCAACTAAATAATTCAACCAGGATGGCAGAGTTGTCAGTTATTTGCTGCCT
CCTGGATTTTAAGATGAAACATTTTCATAT
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Fig. 1. Nucleotide sequence of Cab10A and Cab10B. The amino acid sequence of the encoded polypeptide is shown below the
DNA sequence.
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Fig. 2. A. Comparison of the N-terminal sequence of the spinach 22 kDa protein [6] with the corresponding regions in the
CABI10A and CAB10B proteins. A dash represents a gap introduced to maximize identity. Dots represent additional sequence
not determined (spinach sequence) or not shown (tomato sequence). Asterisks indicate same residues between two adjacent
sequences. B. Hydropathy plots of CAB10A (upper plot) and CAB10B (lower plot). Calculations were carried out according to
Kyte and Doolittle [5] with a window size of 15. Values above the dotted line are positive. Horizontal lines with Roman numerals
above plots indicate the three hydrophobic regions of sufficient length (20 residues) to cross the membrane. Open bars below
indicate the extent of sequence similarity of the CAB10A and CAB10B proteins with other CAB polypeptides. Arrows indicate
the position of cleavage of the precursor. C. Comparisons of the two conserved regions of CAB polypeptides, corresponding to
open bars in Fig. 2B. CAB3 is a PSII Type I CAB protein [7], CAB7 is a PSI Type II CAB [8]. Only the CAB10A sequence
is shown in full. Dots in the other sequences represent residues identical to the amino acids in the equivalent positions in

CABI10A. A dash represents a gap introduced to maximize identity.




play substantial sequence identity with other CAB
proteins. Outside these two regions, CAB10A
and CABI10B sequences display virtually no
similarity with the corresponding regions of any
other CAB proteins whose sequences have been
determined. Especially noteworthy is the observa-
tion that a highly conserved region at the C-ter-
minus of all other CAB proteins is completely
missing from the CAB10A and CAB10B proteins,
and the latter two proteins terminate with only a
short extension past the third hydrophobic
domain.

Murata et al. [6] have reported the N-terminal
26-residue sequence of a hydrophobic, 22 kDa
PSII protein from spinach. Spangfort et al. [11,
12] have determined that this protein binds chlo-
rophyll a and b and is localized in CP24, a minor
antenna complex of PSII [2] (Spangfort eral
estimated the molecular weight of this protein as
20 kDa, but the N-terminal amino acid sequence
they obtained is identical to that determined by
Murata et al., indicating that both groups were
characterizing the same protein). Comparisons of
the N-terminal sequence of the spinach protein
with the corresponding regions in the CAB10A
and CAB10B proteins (Fig. 2C) show 22/26 and
21/26 matches, respectively, indicating that these
spinach and tomato proteins are homologous,
and thus the CAB10A and CAB10B proteins are
likely to be localized in the tomato CP24 complex.
The high sequence identity at the mature N-ter-
minus is especially indicative, since different types
of CAB polypeptides show no discernible simi-
larity among them in this region [10] (which is the
reason why the terminal 26-residue sequence of
the spinach protein did not reveal the relatedness
of this protein to other CAB polypeptides). The
conclusion of homology is further strengthened by
the observation that no additional genes with high
sequence identity to either a spinach probe en-
coding the 22 kDa protein or a probe derived
from the cloned tomato genes were found in the
tomato genome by Southern blot (data not
shown) and by the comparison of the complete
sequence of the cDNA clone encoding the
spinach protein (N. Wedel ez al., in preparation)
with the sequence of Cab10A and Cab10B.
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A PSI CAB polypeptide designated PSI
Type II CAB protein [8, 13] has been reported to
be present in the LHCI-680 component of LHCI.
Stayton et al. [13] concluded that this CAB pro-
tein was found also in CP24, but only because
they made the a priori assumption that the LHCI-
680 and CP24 were one and the same; they did
not fractionate the thylakoid membranes into PSI
and PSII fractions, and thus did not separate the
two complexes, which migrated together on their
mildly denaturing ‘green’ get [1, 13]. We have
determined that the PSI Type II CAB polypep-
tide is not present in PSII (Hoffman and
Pichersky, unpubl.), and the spinach homolog of
CAB10A and CAB10B was found in PSII but not
in PSI[6, 11, 12]. Sequence comparisons indicate
that the CABI10A and CABI10B proteins are
greater than 609, divergent from all other CAB
polypeptides, including the PSI Type II CAB pro-
tein. This strongly suggests that despite the obser-
vation that the CAB proteins of CP24 of PSII and
LHCI-680 of PSI appeared to be immunologically
and spectrally identical [ 1], the two complexes do
contain distinct CAB polypeptides.
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Note added in proof

The complete sequence of the spinach 22 kDa
protein, deduced from the sequence of a cDNA
clone [Spangfort efal., in Current Research in
Photosynthesis (M. Baltscheffsky, ed.), Vol. II,
pp. 253-256 (1990)] is greater than 909, identical
to CAB10A and CAB10B.



