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The purification and identificarian by peplide sequence apd immunslagical data of the spindeh chlaropluist homologue of £, eolf L1 3 is presentud.

A significant increase in iis mass over the £, colf counterpurt is shown and is aceounted for, in part, by & séquended L-residue Noerminal extension.

A still Inrger Cvterminnl extension or internal insertion{s) is inferred, The migraiion position of the L13$ in 4 21 gel pattem of spinach chloraplast

503 subunit prateins ix shown. Luack of xequence identity with the known ehioraplst genomic duts confirms the nuslvar seding of this protein,
nad the N-terminal sequence given here pravides the transit peptide clesvage gite of the éytoplasmie pricurser,

Chloroplast ribosome; Ribosomal ;irmein L15; Chloroplast-bucterlal immunahamalogy; Spinech: Spinicia vlévacea .

1. INTRODUCTION

The nuclear-coded chloroplast ribosomal proteins (t-
proteins) of higher plants which have been analyzed at
the ¢cDNA level maintain a number of unusual charag-
teristics: specifically, N- and C-terminal extensions that
increase their mass over that of the Escherichia coif
homologues, e.g. L13, L21 {1,2]; plastid specific pro-
teins with no homologues on the E. coli ribosome [3~5);
and the presence of certain regulatory elements in the
transit peptide coding region [6].. For these reasons,
charactcrization of additional nuclear-coded c¢hloro-
plast r-proteins has assumed a special significance.

- Previous data [7,8] combined with the chloroplast

genome sequence [9] have now shawn that 6 nuclear- .

coded proteins ~of .the spinach chloroplast 508
ribosomal subunit, namely L1, L3, L6, L12, L13 and
L17 are immunological homologues to E. cofi t-
proteins. We have now. extended this work to include
L15§ which gave inconclusive results with the antisera
available previously [8]. Here we describe the purifica-
tion of spinach chloroplast L15 protein and the im-
munological and peptide sequence homology between it
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‘and the £. coli and Bacitlus stearothermophilus L15s.

The chloroplast L15 is significantly larger than its E.
coli and Sacilius counterparts.

The sequence and immunology data show thc
presence of a significant N-terminal extension and a still
larger C-terminal extension (or internal addition) in the’
chloroplast L15. The N-terminal sequence of the
purified protein establishes the transit peptide cleavage

site in the cytoplasmic precursor,

2. MATERIALS AND METHODS

‘Spimuh {(Spinacia oleraced ¢v Alwafo) Lh.loroplasl r-proleins
reported in this paper are derived from a pool (No. 45) of prefrac-
tionated r-proteins dcscrlbcd prewously [10].

2.1, Prorein and peptide purification, protein digestion and
sequencing
The proteins i the poo! were purified by RP-HPLC on a 300 A, §
#m Vydac C4 column, using waler pumps [501{A)/510(B) and a gra-
dient of acetonitrile with 0.1% (v/v)-trifiuoroacetic acid. The Lys-C
protease digestion, peptide purification and autemated amino acid se-
quencmg were ac:cc:)rdlm> to ref. {3].

2.2. Ramng of anlisera, SDS-P4 GE. Western Hotting immiuno-
staining and 2D gel electrophoresis :
Antisera were raised (shéep) as described [11]. The &, stearother-
mephilis TPS50 proteins and 115 antiserum (from RP-HPLC-pirified
L1S prowein) were provided by Volker Kruft (Research Group
Wittmann-Liebold). SDS- PAGE, 2D-PAGE and Western blotting
were done as: previously described [3,12,13]. For immunostaining
[3,12], the antisera were diluted 1:2500 in PBS and reacted at room
tempetature for 3 h with the Western blotted Immobilon (Millipore)
membrane and then for 1,5 b with a secondary antiserum {peroxidase-
conjugated rabbit anti-sheep IgG, Dianova GmbH). Bound an-

- tibodies were revealed by the developer 0 5 mg/ml 4-chloro-1-naph- .

thot/0. m% Ha02 in PBS.

 Pyblished by Elsevier Science Publishers 8, v,
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" Fig, EORP-HPLC prafile of paol 44 proteins [10] from which spinach

chloroplast LIS was purified. (AY Purity is shown by SDS-PAGE (in-

sel) and the L15 peak is indicawed. (B) The purification chromdtogram

ola Lys-C ¢ndoprotedse digest of 115, Pepiide peaks analyzed on the

sequencer are indicated. Broken line In A and B; the gradieny of
ﬂeemnhr: le. ‘

J.RESULTS

3.1, Prorein/peptide purification and sequencing
Fig. 1A shows the elution profile, gradient condi-
~tions, and SDS-gel electrophoresis results for the
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Fig. 2, The N-terminal amino acid sequence of spinach chlaroplase
L15 protein {tap) und of § peplides from the l.ys < endoprmeas&
dngest of L13. ‘

purification of spinach chloroplast L5, The chloro-
plase L15 protein cluted as the first peak fram the C4
column.,

The protein, datermmcd to be pure by SDS PAGE
(F:g 1A), shows a molecular mass {measured against
marker proteins) of 22 kDa. The N-terminal sequence
determined by adtomated sequencing is shown in
Fig. 2. In computer comparison with all the known pro-
tein sequences in the NBRF/Swiss Protein/RIBO (this

=
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Fig. 3. Alignment of spinach L 15 peptide sequences (Solc) with E. coif (Eco)and B. s!earorhermoph;lus(Bst) L135 sequences. Siars below the align-
- ment indicate identical rmducs betweeri the bacrerial L15 proteins. Identities between the spinach and £, coli proteins are boxed: Data: spmach '

thls paper; E, coli [l4] B.

sieamthermophdus [16].
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Fig. 4, SDS-PAGE, immunastained Westerns, and 2D-gel glegirophoresis,
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In 1-3: (A) &, coli TRSO; (B) A. stevrathermophilus TPS0; (C) spinach -

chleroplast TPS0; (D) pool 48 proteina; (E) purlficd chloroplast LiS. (1) and (4) are Coomassig-sinined gels. {2) and (3) are immunosiained
‘Westerns of gel L using, respectively, antiserum to £ coff 118 or Buelifus L15; (4} isa 2D:g¢l of 604 of peol 435 proteins. A, standards are indicated
‘ . : 1oy the lelt of the figuie. ‘

institute) databanks, no significant homology with any
pratein was found. : :

Internal sequence data were obtained from auto-

mated N-terminal sequencing ‘of peptide fragments
derived from a Lys-C endoprotease digestion. The pep-
tides were purified by RP-HPLC (Fig. 1B). Atotal of 6
peptides were collected from the column, of which 5
(numbered in Fig. 1B) vielded unique sequences which
totalled 93 amino acid residues (Fig. 2). Comparison of
the C-terminal 10 residues of peptide I and the sequence
of peptide 2 with the known protein sequences in the
~ databanks indicated the purified protein as the L13
. homologue of E. coli. ‘

3.2, Peptide alignments with bacterial L15s
Fig. 3 shows the alignment positions for peptides 1,
2, 3 and 4 with E. coli [14,13] and B. stearother-
- mophilus L15 [16}. Thie-80% identity of peptide 2 with
the Arg-41 to Pro-62 region of E. cofi L15 confirms the

spinach chloroplast protein to be the L.15 hemologue.

“The 50% identity of the carboxyl 10 residues of peptide
1 with the Nderminal sequences of E. coli and B.

- stearothermophilus L15 (as well as a 40% invariance

between the 3 sequences) leads 1o the conclusion that
spinach L15 has an unusually serine-rich 18 residue
M-terminal extension, S-A-5-8-5-W-V-§-P-8-1.G-5-G-
S-E-T-R. : ‘

Although peptide 2 and the carboxyl 10 residues of
peptide 1 aligned well with the E. coli L15 protein, pep-
tides 3 and 4 showed various significant alignments, A
number of these could be eliminated due to overlaps in-
to the domains of peptides 1 and 2, low computer align-
. ment scores, and/or the presence of gaps. The final

alignments in Fig. 3 were selected on the basis of the

highest scores and identities maintained among all 3
proteins. Peptide 3 aligned best with residues Asn-99 10

-Ala-113. It has only 3 identical resiclues with E. coli L15 -

but one of them is found in the same position in all 3
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proteins. Peptide 4 aligned best with residues Val-127 10
Lys-141, There are 5 identical residues with £, ¢oli and

Bacillus L15 {47% identity).

Pepiide 3 showed a number of alignments but none
with more than two identical residues with £. cofi L15
and none identical in all 3 proteins. It was therefore in-
ferred to be part of a spinach L13 insertion to the L15
homalogous demain or a C-terminal extension.
~ These results indicate spinach chloroplast L15 has a
domain with an overall primary structure similar to that
of E. coli and B. stearothermophiius L15. The first half "
of all 3 molecules have very high identity (70%), but the
latter part has less (29% identity). Thus, if more
similarity is maintained in the carboxyl part it would be
found i1 the secondary/tertiary structure rather thanin

" sequence, The Chou and Fasman program predicts a

similar overa!l secondary topology for both bacterial
LlSs [15]. . ‘

3.3, Immuno cross-reaction/Weastern blotting
Similarities in primary structure as well as secon-
dary/tertiary structure (in the event of conservative’
changes in primary structure) are detected by antibody
cross-reactions [17). Immunological cross-reactivity of
chioroplast L15 with E. coli and B. stearothermophilus
L15 antisera was therefore testéd to determine further
similarities in these molecules. : P
" As demonstrated in Fig. 4 E. coli L15 antiserum
shows expected specificity for the E. cofi protein of
molecular mass of 15 kDa (14 983 Da from the sequence
[151). The serum shows cross-reaction with a single pro-

" tein in B. stearothermophilus T#50, and with a protein,,

M, 22000, in the chloroplast TP50. This confirms again
the identity and the significant increase in mass of the

‘spinach L15 protein over its E. coli counterpart. A

cross-reacting protein of identical molecular mass is
detected in the pool 45 proteins and with the purified
spinach Li3 protein, 2-D gel analysis of'the pool 45 pro-
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Fig. 5. T'wc: D pel af spinach t!nlurupl'\u SO‘-. subinit nrmems (19

showing the location of L14, The inset is from & similar 308 2:D gel -

that was Western blotred and immunostained with £ ¢oli L15 an-
tiserum. The losations of other ¢ross-reacting L-prateing [7,8} and
L21 {2) are also shown,

teins shows there is orily one protein of this molecular
mass in the poo! (Fig. 4.4).
These results and the data on sequence identity con-

" firm the assignment of this spinach protein as the E. coli

.15 homologue. The increase in size of the L135 protein
(~ 7000 Da)can only in part be accourited for by the N-
terminal 18-residue extension (1700 Da calculated from
the sequence). Thus the presence of a significant C-

terminal extension or an insertion(s) within the E. coli

homologous domain is also confirmed.

The significant cross-reactivity: of Bacillus and
spinach chloroplast L15s with:-E. coii L15 antiserum
would indicate an-antiserum for any of these 3 should
cross-react with the others. Therefore, an experiment
was performed with a B, stegrothermophifus L15 dn-~
tiserum. Fig. 4.3 shows the specificity of this antiserum
for the Bacillus 1.15. Surprisingly, it has considerably
less cross-reactivity for the E. cofi L15 (lane A) and litile
to no cross-reactivity for the chloroplast L135 (lanes C,
D and E). : ' ‘

3.4. 2D-gel location of Ll5’

Immunostaining of a 2D gel Western of chloroplast
TP50 with the E. cofi L15 antiserum confirmed the
location of L15 in the 2D gel pattern of spinach
chloroplast 508 subunit proteins. The results:together
with the locations of other immunologically cross-
reacting proteins [7,8] and L21 [2] are presented in
Fig. 5. Including L15 (ithis work) and the chloroplast

encoded protein 1.2 [10,18] the total number of such
cross-reacting spinach chloroplast 50S -r-proteins- is

presently 8 (L1, L2, L3, L6, L12, L13, L15, L17).

May 1991
4. DISCUSSION |
The purification, identification and t:hnmcierimiﬂﬁ

of the spinach chloroplast L1§ protein Is described in
this paper. The amino acid sequence of several internal

. peptide fragments and immunological homology of the.

proteir with £, coff LIS are also shown. The data reveal
the presence of an 18 residue N-terminal extension, and -
a larger C-lerminal extension 1o {or insériions within)
the £, coll homologous domain of spinaeh L13. Fur-
thermore, the lack of any peptide identity with: the
coding sequences fram the complete chloroplast DNA
of tobacco, rice, and liverwort [9] imply that this pro-
tein is encodcd within the plant nuclear DNA. A pea
L15 ¢DNA clone has bheen recenily isolated and
characrerized (personal communication, }.8. Gantt,
University of Minnesota). Since chloroplast r-proteins
encoded in the nuclear- DNA are. synthesized = as

cytoplasmicprecursors, the N-terminal sequence of L1S

presented here gives the precise processmg site of the .
spinach L15 precursor.

Three spinach chloroplast proteins, L1 [8], L13 [l] S
‘ and L2l (2], have been shown to maintain increased L
-mass over their E. cofi counterparts, Complete

characterization of L13 and L2l showed this increase
due primarily to N-terminal and C-terminal extensions
[1,2]. Spinach chloroplast L3 also has ~1'kDa increas-
ed mass over its E. coli counterpart, the increase being .

due to an N-terminal extension (C. Johnson, unpublish~ -

ed data). Since none of the characterized spinach
chloroplast p-proteins has large insertions within the £,
coli homologous domain {which could disrupt  any
similar secondlary structure therein), it is likely that the
‘extra’ ~ 5000 Da increased tmass in the chloroplast L15
is dlso at the C- tcrmmus
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