The Japanese Soci ety of Plant Physiol ogists

Plant Cell Physiol. 39(12): 1367-1371 (1998)
JSPP © 1998

Short Communication

Ribosomal Proteins in the Cyanobacterium Anabaena variabilis Strain M3:

Presence of L25 Protein
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Ribosomal proteins from a cyanobacterium Anabaena
variabilis were analyzed by two-dimensional gel electro-
phoresis. We detected 21 protein spots of the small subunit
and 29 protein spots of the large subunit. One of the spots
was identified as L25 protein, which suggests that the
reading frame sl11824 of Synechocystis is the L25 protein.

Key words: Cyanobacterium — 508S ribosomal protein L25 —
Ribosome.

The ribosome is the central machinery of protein syn-
thesis. The complete amino acid sequences of the ribo-
somal proteins (35 proteins of the large subunit and 21 pro-
teins of the small subunit of E. coli were established in the
early 1980s (Wittmann 1982, Wada and Sako 1987), but the
molecular details of the ribosomal proteins of other prokar-
yotes remained unclear until the recent determination of
genomic sequences of various prokaryotes. Now the DNA
sequence information of ribosomal protein genes is rapidly
accumulating. In spite of this progress, little is known
about the actual composition and structure of prokaryotic
ribosomes at the protein level. In Synechocystis PCC 6803,
all of the 21 genes for the proteins of the small subunit have
been identified, while only 31 genes for the proteins of the
large subunit have been reported (Kaneko et al. 1996). Fur-
thermore, comparison of the genome sequences of various
prokaryotes that were recently sequenced reveals a small
variation of the protein composition of the two subunits.
In Bacillus subtilis (Kunst et al. 1997) and Mycoplasma
genitalium (Fraser et al. 1995), rpsl is missing; in B. sub-
tilis, Synechocystis sp. PCC6803, and M. genitalium,
rpl25 is reported to be missing, while rp/30 is lacking in
Helicobacter pylori (Tomb et al. 1997), Synechocystis
sp. PCC6803 and M. genitalium. Rps2] is also absent in
M. genitalium.

During the course of a study on the temperature-de-
pendent regulation of the rpsU (rps21) gene in Anabaena
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variabilis (Sato et al. 1997), we analyzed the ribosomal pro-
teins of this cyanobacterium. The aim of the present study
is to obtain a general view of the ribosomal proteins of Ana-
baena by sequence analysis of the separated proteins, with
special attention to the presumptive missing components as
mentioned above.

Anabaena variabilis strain M3 (identical to the strain
PCC7118 in the origin) was obtained from the culture col-
lection of the University of Tokyo, and was grown at 22°C
as described (Kratz and Myers 1955, Sato 1994, 1995, Sato
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Fig. 1 Two-dimensional electrophoretic analysis of the ribo-
somal proteins of A. variabilis. The spots of the large subunit are
numbered from 101 to 130 (number 113 is missing), whereas the
spots of the small subunits are numbered from 201 to 221. The
spot 123 was found to correspond to L25, while the spot 205 corre-
sponds to SS.
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et al. 1997). Two-dimensional analysis of ribosomal pro-
teins was performed essentially as described previously
(Sato et al. 1997). The 70 S ribosomes were prepared from
the cells by differential centrifugation. Ribosomal proteins
were extracted by the acetic acid method (Hardy et al. 1969)
and then analyzed by the radical-free and highly reducing
(RFHR) method of two-dimensional gel electrophoresis
(Wada 1986). The gel was stained with Amido Black 10B
and then subjected to densitometry (Wada et al. 1993).
For the analysis of N-terminal sequences, the separated
proteins were transferred to a polyvinylidene difluoride
(PVDF) membrane, and each protein spot was sequenced
on Applied Biosystems 477A sequencer. Sequences of ribo-
somal proteins of various prokaryotes were retrieved from
GenBank and SWISS-PROT detabases mirrored at Genome

Table 1 Assignment of ribosomal proteins

Spot Sequence Assignment
-- Large subunit --

101 (ND)

102 (ND)

103 XTXXXYXXYT PSTRXVXI L2
MGIRNYRPMT PGT RQASV

104 T KRVKRRLRELQAKVEDR-EY Ll
MT KKLSKRMQAAIAKRVDD SKLY

108 SVGILGTKLGMTEIFD-EAGYV L3
MSIGILGTKLGMTQIFDQESGI

106 WXTXLKTLYQETIVPKLF L3
MTQRLKTLYQETILPKLQ

107 (ND)

108 (ND)

109 {ND)

110 MR IXKRP ITVPARKVQXQIDD L6
MSR IGKRP IPLPAKVSVDIQG

111 (ND)

112 DLIYILTG GKQVXXXPKXF Y L21
MSYAITEIGGTQIRVEPGRF Y

114 (ND)

115 MRLNNVKP QKNXXKRXXRV G Ll5
MNLSELSPKDGAKKRRRRVG

116 AIXPLKYXRIARNXNMIP L22(?)
MTKLDTTAEVKAIARYVRMSP LKVRRVLDQIRGRS

117 SA QNI IRKIXAXQXKSNXPL L19
MIMNA QAI INSIEAEFLKEDLPT

118 AKFYPxYLRRLHVR RIxxNG Ll8
MK STRKSATQRRHR RLRRHL

119 RxLTNGERXEERXRGXXXGS unknown

120 (ND)

121 PSXAVQQG unknowrn

122 MRHRNR VKKLGKPADQRRAL L17
MRHRCRVPQLGKPADQRKAL

123 ALTVETKKR PIGSKPXALRRVGFILNXAPY L25
MA LSIECQQR PEKVNPRALRREGLIPATLYG (s111824)

124 TXxVKRXNVARKDRNKILKLA L20
MTRVEKRGNVARKRRKKILKLA

125 MKSXIxXPKxY L31
MPKADIHPTWY

126 AxXKGTGSTI L27
MAHKKGTGSTI

127 QLTPIIXAXLLSAERLVEXI L29
MALPNIADARKLGDEELATEI

128 MxNx-DL TGNQANNAFAVS L28
MARRCQL TGKKANNGFAVS

129 AVPKKKTSKxKxXDKXNATT L32
MAVPKKKTSKAKRDQRRAHW

130 AKXxPTAKAIVTLFXAT GWGK L35

MPKLKTRKAAAKRFRPT GSGK

Cyanobacterial ribosome

Net in Japan. Multiple alignments of sequences of individual
ribosomal proteins were constructed by the CLUSTAL W
program (Thompson et al. 1994) for UNIX on a Silicon
Graphics workstation model O2 (180 MHz) or a Linux
workstation with a Pentium processor (120 MHz). The
N-terminal sequences of ribosomal proteins of A. varia-
bilis were compared with these multiple alignments by
CLUSTAL W program in the profile alignment mode. To
complement this analysis, a BLAST search of the N-ter-
minal sequences with the protein database of Synechocystis
sp. PCC6803 was performed. For this purpose, either the
BLAST server at Cyanobase (http://www.kazusa.or.jp) or
a BLAST?2 program (Altschul et al. 1997) running locally
on a Linux workstation were used.

Figure 1 shows a typical result of two-dimensional

Spot Sequence Assignment
-- Small subunit -~

201 (ND)

202 GTxXIXPV S3
MGQOKIHPV

203 (ND)

204 SRYRGPRLPI VXRLGDXP sS4
MSRYRGPRLRI VRRLGELP

205 MGXRRKANR TKXRET NTT s5
MAKRRETSRERKEDT NWQ

206 SXxRGVIQRRPVPPDSVYN s7
MSRRGNVKKRPVPPDPVYN

207 {ND}

208 XATYT IAKM LAXIRNAVMA S8
MASTDT ISDMLTRIRNACAV

209 AxXAPANSXRAV YXGR S9
MOANDSSNEKVV YWGT

210 A RQPR KKXSRKKxXKRNVP XG S11
MA RPTR KTGPKKA-KKNIPVG

211 (ND)

212 AXIAGVDLPPPRDRVRIXLY S13
MARIAGVDLPRDKRVEIALTY

213 PTIQQLIRTXREKARQKTKS s12
MPTIQQLIRSERSKVQKKTKS

214 ARKKSMIEREKTRAYLVYKYS 514
MAKKSMIERDKRRSRL VAK YA

215 MIKLRLKRFIKKREA sl6
MIKLRLKRFGKKREV

216 AL TQORKQxIINNY QVHGT S15
MSLTQIRKQELMTEY QAHET

217 ANNKSALRxAQI AXRxRV $20
MANIKSALKRIEIAERNRL

218 GCSLKKGPFIADHL LSKIEK S19
MGRSLKKGPFVAASL LRK IDK

219 SYYRRRLSPIK s18
MNYYRKRLSPLP

220 AIXERVGLVVSDKMQRN s17
MAIKERVGIVVSNKMDKT

221 TQKVVGENEHIESALRRF s21

MTQIVVGENEHIESALRRF (AVA)
MTQVVVGQONEPIESALRRF (SYN)

Unidentified proteins: L4, L9, L10, L11, L7=L12, L13, L14, L16, L23, L24, L33, L34, L36, S1, S2, S6 and S10.

ND, not determined (blocked). In each alignment, the upper sequence is N-terminal sequence of Anabaena ribosomal protein, whereas
the lower one is Synechocystis sequence. In the case of 221, Anabaena sequence deduced from gene sequence is also presented (AVA).
Bold letters indicate residues conserved between A. variabilis and Synechocystis sp. PCC6803.
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analysis of the ribosomal proteins of purified 70S ribo-
somes of A. variabilis. Because the proteins were stained
with Amido Black 10B, proteins with a higher molecular
mass and higher isoelectric point were stained more intense-
ly. The distribution of the protein spots in the large and
the small subunits was estimated after dissociation of the
two subunits according to the standard procedure. In this
figure, the protein spots of the large subunit are tentatively
numbered from 101 to 130 (number 113 is missing in the
last version of result), while the spots of the small subunit
are tentatively numbered from 201 to 221. To avoid possi-
ble confusion, we should emphasize that these numbers
have nothing to do with the finally assigned ribosomal pro-
tein name.

The N-terminal sequence of each spot was analyzed
and summarized in Table 1. Among the 29 proteins of the
large subunit, the amino terminal sequences of eight pro-
teins were not determined because they were blocked. Four

A.L25

E.coli

H.influ

Myctu MAKSASNQWRV
Synecho
H.pyroli
Anabaena

E.coli EFYS
H.influ SFYS
Myctu G-TN
Synecho TVKET
H.pyroli K--H
B. S5

Cyapa

Synecho [
Anabaena TT
* 80
Porphyra PG DIVK KE
Cyapa DVIEAVKKEADeK :‘VVEVPLTRSNSI
Synecho DBRAIGYY ; IIPVPLTKSNSI
* 140
Porphyra SGVONILAKQLGSNNELNNARPZ
Cyapa VLELEG\\;ENILAKQLGSNﬁLNNAR:E
LRIV LELLGVIANI LAKQLGS NNl LNNARAY

DWQERVVQIRRVSKVVKGGKKLSFRY
NWOQERVIQIRRVSKVVKGGKKLSF

MN L
I ;A
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of the 21 proteins of the small subunit were likewise found
to be blocked. The determined sequences were compared
with known ribosomal sequences. For this purpose, all of
the known sequences of prokaryotic and plastid ribosomal
proteins were retrieved from the GenBank and SWISS-
PROT databases. Then, alignments of individual proteins
were constructed by the CLUSTAL W program. During
this step, some of the proteins, such as 123, L24, and S5,
were difficult to align, due to variation of the N- and C-ter-
minal sequences. In these cases, we made alignments of
sequences of only the Symechocystis protein and some
plastid-encoded algal proteins. Finally, these alignments
were compared with each of the N-terminal sequences of
the Anabaena ribosomal proteins. In many cases, a simple
BLAST search (Altshul et al. 1997) of the N-terminal se-
quence with the amino acid database of Synechocystis was
successful, but about 10 proteins were identified by manual
comparison with the alignments of known sequences.

* 60
DHDKVMNMQAKA

* 120

LVVRRGEKVVVEVSVVVEGQA
FFAGK
I LAVTKGVKSKFKVPIKHQGTP

IVVIGNE '<GQVGVGIGK£
F IVVVGNERWGQOVGVGVGKA[H

* 100 * 120

E:E AlovILRPEAGSGVIAGGE

p ':EVIMRP“AEGTGVIAGSEVRT
K AAlSGTGVIAGGRVRT

*
o LRTF SEL AERG NLYdK
' LKTFSQlaakes RGVES
AEERG

Fig. 2 Alignment of the amino acid sequences. A. L25 proteins. Sources: Escherichia coli (E. coli), P02426; Haemophilus influenzae
(H. influ), P45281; Mycobacterium tuberculosis (Myctu), P96385; Synechocystis sp. PCC6803 (Synecho), sll1824; Helicobacter pyroli
(H. pyroli), P56078. The residues that are conserved in 5 sequences are highlighted by the dark background. The residues that are con-
served in 4 sequences are boxed. In all cases, conservative substitutions such as V, I and L were allowed. The sequences of M. tuber-
culosis and H. pyroli are truncated arbitrarily at residue 120 for simplicity. B. S5 proteins. Sources: Porphyra purpurea plastid genome
(Porphyra), P51298; Cyanophora paradoxa (Cyapa) plastid genome, P23402; Synechocystis sp. PCC6803 (Synecho), P73304 or sl11812.
The residues that are conserved in 3 and 2 sequences are highlighted by dark background and boxes, respectively.
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Table 1 shows the assignment of the ribosomal pro-
teins as well as the alignment of the N-terminal sequence
with the Synechocystis sequence. Because, for most pro-
teins, the Synechocystis sequence was the most similar to
the Anabaena sequence, only the Synechocystis sequence is
presented in this table for comparison. We were not able to
identify the spots 119 and 121. The spot 116 was tentatively
identified as L.22, but the N-terminal sequence determined
for A. variabilis corresponded to the sequence beginning at
the 18-th residue of Synechocystis L22. This might be ex-
plained by the processing of the N-terminus, or use of
the second methionine for translational initiation in the
Synechocystis rpl22 gene. The spot 123 was similar to the in-
ternal sequence of an unidentified reading frame sll1824 of
Synechocystis, as well as to various L25 proteins. A close
examination of the sll1824 sequence (in D90905) indicated
that the first half of this reading frame overlapped with an
upstream reading frame, and that the methionine 88 seem-
ed to be the correct initiation codon. The alignment of 1.25
proteins (Fig. 2A) indicates that the N-terminal sequence of
spot 123 of A. variabilis matches the N-terminal sequence
of this new reading frame of Synechocystis. Therefore, L25
is present in both Synechocystis and Anabaena. Curiously,
rpl25 has not been found in either the genome of B. subtilis
or that of M. genitalium. If 125 were erroneously believed
to be absent in Synechocystis according to the Cyanobase,
a serious misunderstanding about a similarity of the Syne-
chocystis ribosome with the ribosomes of B. subtilis and
M. genitalium might have been made. Therefore, it is im-
portant to point out that L25 is present in cyanobacteria.

The S5 proteins of various organisms are highly
divergent in their N- and C-terminal sequences. For exam-
ple, the S5 protein of M. genitalium contained a long N-ter-
minal extra sequence. We, therefore, made an alignment
of the sequence of Synechocystis sp. PCC6803 with the
plastid sequences. The N-terminal sequence of A. variabilis
S5 protein matched exactly the N-termini of these hom-
ologs (Fig. 2B).

The rpl30 gene is not present in B. subtilis, Synecho-
cystis sp. PCC6803, and M. genitalium. The N-terminal
analysis of the ribosomal proteins of A. variabilis supports
the lack of L30 in cyanobacteria.

We finally identified 19 proteins of the large subunit
and 17 proteins of the small subunit. Unidentified proteins
include: L4, L9, L10, L11, L7=L12, L13, L14, L16, L23,
L24, 133, L34, L36, S1, S2, S6 and S10. Although no se-
quence data is available, the dense spot that we numbered
108 is likely to be L7=0L112, since four copies of this protein
exist per ribosome in E.coli. Several proteins might be
either blocked at their N-terminus or divergent in the N-ter-
minal sequence, and escaped identification in the present
study. In summary, we emphasize the importance of con-
firmation of the results of genomic sequencing by protein
sequencing.

Cyanobacterial ribosome
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