
The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  of  Plant  Physiologists

Ptbnt CleU PhysioL 3or12): 1367-1371 (1998)
JSPP  @  1998

Short Communication

Ribosomal  Proteins in the
Presence of  L25  ProteinCyanobacteriumAnabaenaveriabilis

 Strain M3:

Naoki Sato 
i'2,

 Akira  Wada3  and  Ayumi  Tanaka4
'
 Department ofBioehemistry and  Mbtecular Biology. Fkeeutty of Science, Saitama Uitiversity, Ulrawa. 338-857e Jluian
3
 Department of Physics, Clsaka Mledical CoUegq Tbkatsuki. (isaka, 569-OOS4 Jt\Jan
`
 Institute ofLow Tlemperature Science; Hbkkaido  Uhiversity, NIPme, St4zporo, 060-a817 mpan

   Ribosomal  proteins from  a cyanobacterillm  Anabaena
variabilts were  analy2ed  by two-dimensional gel e]ectro-

phoresis. We  detected 21 protein spots  of  the small  subllnit

and  29  protein spets  of  the large subunit.  One of  the spets

was  identified as L25 pretein, vvhich  suggests  that the

reading  frame sll1824 of Synechoopistis is the L25  protein.
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 -  50S ribosomal  protein L25 -

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 ofAna-
baena by sequence  analysis  of  the separated  proteins, with

special attention  to the presurnptive missing  components  as

mentioned  abeve,

   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 22eC
as described (Kratz and  Myers  195S, Sato 1994, 1995, Sato

   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 Synechocystts PCC  6803,

all ofthe21  genes for the proteins of  the  smal1  subunit  have

been identified, while  only  31 genes for the proteins of  the

large subunit  havc  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  ILdycoplastna

genitalium osraser et  al. 1995), tpsl  is missing;  in B.sub-
tilis, Synechocystis sp. PCC6803, and  MLgenitatium.

rpza5 is reported  to be missing,  while  rptsO is lacking in
fllelicobacter rwtori (Tomb et al. 1997), Synechocystis
sp.  PCC6803  and  M. genitatium. Rps21 is alse  absent  in
M.genitalium.
    During  the  ceurse  of  a  study  on  the temperature-de-

pendent regulation  of  the rpsU  (rps21) gene in Anabaena
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Fig. 1 Two-dimensional electrophoretic  analysis  of  the ribo-

somal  proteins ofA,  variabills.  The spots  of  the  1arge 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 , vvhile  the spot  20S corre-

sponds  te  S5.
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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,  Ribosemal  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 eiectrophoresis

(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  yarious  prokaryotes were  retrieyed  from

GenBank and  SWISS-PROT  detabases mirrored  at Genome

Net in Japan. Multiple alignrnents  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  02  (l80MHz) or  a  Linux

workstation  with  a  Pentium  processor  (120MHz), The

N-terrninal sequences  of  ribosomal  proteins  of  A. varia-

bitis 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  Synechoqystis
sp.  PCC6803  was  performed,  For this purpose,  either  the

BLAST  server at Cyanobase (http:!!www.kazusa,or.jp) or

a BLAST2  program  (Altschul et al. 1997) running  locally
on  a  Linux  workstation  were  used.

    Figure 1 shows  a typical result  of two-dimensional

Table 1Assignment  of  ribosomal  proteins

SootSequence Assignment Sp:LSequen:e Assiglment
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Unidentified proteins: L4,  L9, LIO,  Ll1,  L7=L12,  L13,  L14,  L16,  L23, L24,  L33,  L34, L36, Sl, S2, S6  and  SIO,

ND,  not determined (blocked). In each  alignment, the upper  sequence  is N-terminaE sequence  ofAnabaena  ribosomal  protein,
the lower one  is Synechocystis sequence.  In the ease  of  221, Anabaena  sequenee  deduced from gene  sequence  is also  presented
Bo]d letters indicatc residucs  conserved  bctwecn A. variabilis  and  Synechoc.ystis sp.  PCC6803.

whereas(AVA).
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analysis  of  the  ribosomal  proteins of  purified 70S  ribo-

somes  of  A,  variabitis.  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 dissoeiation 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-
teln 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

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  indiviclual proteins
were  constructed  by the CLUSTAL  W  program.  During
this step,  some  of  the proteins,  such  as L23, L24, and  S5,
were  dificult to align,  due to variation  of  the  N-  and  C-ter-
minal  sequences,  In these  cases,  we  made  alignments  of

sequences  of  only  the  Synechoqystis 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  Synechoq}tstis was

successful,  but about  10 proteins were  identified by manual

comparison  with  the  alignments  of  known  sequences.

A. L25E.coliH.infiuMyctuSynechoH.pyroli

Anabaema

E.coliH.inf}uMyctuSynechoH.pyroli
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Fig. 2 Alignment  of  the amino  acid  sequences.  A. L25 proteins. Sources: Escherichia coli  (E.coli), P02426; Haemophilus  itij7uenzae
(H. infiu), P45281; mpcohacterium tubercutosis (Myctu), P9638S; Synechocystis sp. PCC6803  (Synecho), sll1824;  Helicobacter nvroii
(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  bexed. 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; Cyanophoraparadoxa (Cyapa) plastid genome,  P23402; Synechocystis sp,  PCC6803  (Synecho}, P73304 or  sll1812,

Thc residucs  that are  conseryed  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 Synechoc),stis sequence  was  the most  similar  to
the  Anabaena  sequence,  only  the  Synechoqystis sequence  is

presented in this table  for comparison.  We  were  not  able  to

identify the spots  1 19 and  121 . The  spot  1 16 was  tentatively
identified as  L22, but the  N-terminal sequence  determined

forA. 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 tlpza2  gene, The  spot  123  was  sirnilar  to thein-
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 D9090S)  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  L25

proteins (Fig. 2A) indicates that  the  N-terminal sequence  of

spot  123 of  A.  variabitis  matches  the N-terminal sequence

ofthis  new  reading  frame of  Synechocvstis. Therefore, L25

is present in both Synechocystis and  Anabaena.  Curiously,

rpte5  has not  been found in either the  genome  ofB.  subtilis

or that of  M. genitatium. If L25 were  erroneously  believed
to be absent  in Synechocystis according  to the  Cyanobase,

a  serious  misunderstanding  about  a  similarity  of  the  Syne-
chocystis  ribosorne  with  the ribosomes  of  B.subtilis and

M.  genitatium 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  ML  genitalium contained  a  long N-ter-

minal  extra  sequence,  We,  therefore,  made  an  alignment

of  the  sequence  of  ISynechoqystis sp.  PCC6803  with  the

plastid sequences.  The N-terminal sequence  ofA.  variabilis

S5 protein matehed  exactly  the N-termini of  these hom-

ologs  (Fig.2B).
   The  ipBO  gene  is not  present in B. subtitis. Synecho-
c:ystis  sp.  PCC6803,  and  M.  genitaiium,  The  N-terminal

analysis  of  the  ribosomal  proteins ofA.  variabilis  supports

the  lack of  L30  in cyanobacteria.

   We  finally identified 19 proteins of  the  large subunit

and  17 proteins of  the  smail  subunit.  Unidentified proteins
include: L4, L9, LIO, Ll1, L7=L12,  L13, L14, L16, L23,

L24, L33, L34, L36, Sl, S2, S6 and  SIO, Although no  se-

quence  data is available,  the dense spot  that we  nurnbered

108 is likely to be L7  =:  L12, since  four copies  of  this protein
exist  per ribosome  in E. coti.  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-

firrnation of  the  results  of  genomic  sequencing  by protein
sequenclng.

   This werk  was  supported  in part by Grants-in-Aid for Scien-
tific Research  (Nos. 04273103, 09874167) from the Ministry of

Education,  Science, Sports and  Culture  of  Japan.
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