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rig encodes ribosomal protein S15

The primary structure of mammal?‘ian‘ ribosomal protein S15
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rig, w gene originally isolated I‘mm & rat insulinom cDNA Iibrary. eodes for a basic 145 amino ueid proteln [(1986) Dmbéxcs 15, H78- 1180) Here

we show that the i mmunorcucuvny 1o a monoclonal nntibody against the dedueed rig protein #nd the translation product of rig mRNA comigrated

with ribosomal protein S13. The amino aeid sequence of ribozomu! prmem S13 purifled from vat liver coineided with thut deduced lrom the nueleo-

tide sequence or rig mRNA, but there were indications that the initistor niethionine wis remaved and the. meeeddmg alanyl residue Wi monoaeet-
ylated, From these results, we conelude thut the pmduu of rig is ribosomul protein $15. :

" rigy rig protein; Ribosomal protéin §15; Amino acid sequence;: N-terminal mmhﬁcmmn; Rut liver

1. INTRODUCTION

rig (rat insulinoma gene) was first isolated from a
cDNA library of chemically induced rat insulinomas
[1-3]. A higher expression of rig has been observed in a
variety of tumor cells such as insulinomas [4],
esophageal and colon cancers [5]) and during the pro-
liferative phase of liver regeneration [6]. The 145 amino
acid sequence deduced from rat, hamster, human,

mouse and chicken cDNAs [1-4,7) remained invariant,

suggesting that rig has evolved under extraordinarily
strong selective constraints. Human genomic rig has
features characteristic of housekeeping genes [5], but
no function for rig has yet been found.

In this study. ribosomal protein S15 is dermonstrated
by immunoblotting, translation of rig mRNA and
amino aCId sequencing to be the product of rig.

2, EXPERIMENTAL

. Materials -

Male Wistar rats were used throughout the experiments, A mouse
monoclonal antibody against the synthetic peptide corresponding to
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“the 20 ammo acld sequence of rhe rig protein (amino acid residues

46-65) [1] was kindly supplied by Drs. S, Yoshida, K. Obata, and K.
Iwata (Fuji Chemical Industries Ltd,, Takaoka, Japan). Horseradish
peroxidase-conjugated goat anti-mouse 18G (H + L) antibody was
purchased from Zymed (San Francisco, - CA); polyvinylidend
difluaride (PVDF)Y membrane (immobilon-P) from Millipore (Bed-

“ford, MA): [MS)methionine (37 TBg/mmol) from the Amersham

Corp.: lysyl endopeptidase from-Wako Pure Chemical Industries
(Osaka, Japan),

2.2, Subcellular fractionation and ribosome purlfication

~ Mirochondrial, microsomal and ¢ytosolic fractions of rat liver were
prepared essentially according to the method of De Duve et al. (8],
Ribosomes and their subunits were isolated according to Ogata and
Terao (9], Protein was determined by the method of Bradford [10).

2.3, Palyacrylamide gel electrophoresis and inmunoblotting

SDS- and two-dimensional-PAGE was carried out as described in
[11,12). After PAGE, proteins were transferred to PVDF membranes
and immunodetected [13,14] with the anti-rig peptide antibody (10
#g/ml) and with the horseradish. peroxidase/anti-mousc 1gG con-
jugate (1:500), .

2.4, In Vitro expression of vig and fluorography

The transcript of rat rig ¢cDNA ‘was translated in a rabbit
reticulocyte lysate containing [**S)methionine as described previously
[4]. The **S-labeled product was extracted with 67% acetic acid and
precipitated with rat 40 S ribosomal proteins in-acetone. Then the
mixture was analyzed by two-dimensional-PAGE, followed by
Coomassie brilliant blue staining and fluorography.

- 2.5, Isolation and amino acid sequencing of ribosomal protein S15

Spots of  ribosomal: protein S15 were cut out from three-
dimensional gels [9]; and the protein was extracted into 70% formic
acid [15]; Lysyl-endopeptidase fragments of ribosomal protein §15
were separated by reverse-phase HPLC, and underwent automated

-Edman degradation using an Applied Biosystems Model 477A protein

sequencer. Amino acid compositions were determined with a Hitachi
Model 835 amino acid analyzer, Mass spectra were measured by liquid
secondary ion mass spectrometry wnh a Hitachi M-90 mass spec-
trometer,
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-~ Fig. ). Distribution of the 17-kDa protein by rat lives subeellalar fracs

tlans. (A} Subcellular friacuians, Lanes: (1) homagenate; (2) nuelear
fractiony (3) mitochendrial fracdan; (4] microsomal fraetion; ¢3)
cytosolic Traction. 100 4g protein/lane were Toaded. A very faintim-
munoreactive band was observed in lane 1 of the original membrane.
(B) Submicrasomal fractions. Lanes; (1) microiomal fraction; (2)
ribosomal fraction; (3) post-ribosomal microsome fraction; (4) 40§
ribosomal subunit; (3) 60 S ribosomal subunit, 50 sg proveinslane
were Joaded. Positions of the size markers are presemed on the ler( of
‘ eaech p.mvl

3. RESULTS

As shown in Fig. 1, most of the immunoreactivity to

a monoclonal antibody against the synthetic 20 amino
acid sequence of the rig protein was recovered in the
-ribosomal fraction. The immunoreactive protein had an
apparent molecular weight of 17000, which is consistent
with that expected from the open reading frame of the
- rig mRNA [1]. The 17-kDa protein was recovered in the
40 S subunit of the ribosome, but not in the 60 S subunit
(Fig. 1B, lanes 4 and §), When the 40 S subunit proteins
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were run in the two-diraensinnal gel electrophoresis,

- and immunostained with the monoclonal antibody, on-
“ly one spot was stained, which corresponded to

ribosomal protein S135 (Fig. 2). The in vitro transerip-
tion/translation product of rat rig ¢cDNA comigrated.
with S15 on the two-dimensional gel cl’zctrophcresis.
(Fig. 3). These results suggested that the rig protcm cor~
responds to ribosomal protein SI3. :
_Ribosomal protein SIS has been defined as the con-
stituent of a spot on the two-dimensnonal gel [L6], but
its primary structure has not yoat been determined. We

_isolated the S13 protein from rat liver and analyzed its

amino acid sequence. No PTH-amino acid was

liberated at the first cyele of Edman degradation, in-

dicating thar there is a blockage on the amino-terminal.
As shown in Fig. 4, with lysyl endopeptidase fragments
{b=h and j-n), the degradation reaction proceeded and .
the sequence determined coincided with that deduced
from the nucleotide sequence of rig ¢cDNA (1), Frag-
ment @ was resistant to’ Edman degradation, and its.
amino acid composition was A:E:V:Q:K = 1:2:1:1:1,
which corresponded only to the amino acid residues 2-7

.. deduced from rat rig cDNA [1]. Thus, fragment g was_
~regarded as representing the amino-terminal fragment.

without the initiator methionine. The residue next to’
the initiator methionine was alanyl [1}, which has been
reported [17] to favor NHz:-terminal processing. The
amino acid composition of the S15 protein agreed with'
that deduced from the rig ¢cDNA, except that one
methionyl residue was missing (data not shown). The.
massspectrum of the protonated molecular ion of frag-
ment @ was m/z 745, a value consistent with that for
monoacetyl-A-E-V-E-Q-K. These results suggested that

1-D

20

Immunob_let .

Fig. 2. Identification of the reactivity of the anti-rig-peptide antibody in 40 8 subunii proteins, A 100 iz of 40 S subunit proteins were applied

to two-dimensional-PAGE, and transferred to membranes. Electrophoresis was from lefi to right in the first dimension and top to bottom in the

second: (Left panel) Ponceau S-stained membrane transfer. (Right pane]) Immunoblot of the same membrane as left panel. The triangle which-

111d1cates the posmon of nbosomal protem 515 was marked directly on the membrane. Spot positions of the S15 and other nbosomal proteins were
identified -according to [16].
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Fig. 3, Two-dimensional gel electrophoresis of thein vitro synthesized produstof rig cDNA, Invitro :ranseriplion/tmnslmion product of rig <DNA

was applied to the two-dimensional-PAGE with 50 4g 40 S subunit proteins. Electrophoresis. was from left to rightin the first dimensipn and top

to bottom -in the second. (Left panel) Coomassie brilliant blue (CBB) stain.. The arrow indicites the spor of 815 protein. (Right. panel)
Fluorography. ‘ :
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Fig. 4. The primary structure of rat liver ribosomal protein S15. The
amino acid sequence deduced from rat rig cDNA [i] except for thein- .

itiator methionine is presented with the single letter code. The residues

in rat ribosomal protein 515 identified by Edman degradation are -

~marked with arrows.. Brackets (g-n) indicate the endopeptidase

- fragments, Fragments «, { and »n are assigned to the sequences based

on the results of the analyses designated in parentheses, AAA, amino
acid analysis; MS, mass spectrometry; AcA, acetyl alanine. Amino
acid residues are numbered beginning with acety) alanine.
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in rat ribosomal protein S15 the initiator methionine is
removed and the succeeding alanine is manoacetylated.

4. DISCUSSION

The present results led to the conclusion that rig en-
codes ribosomal protein S15 and to the determination

- of the previously unknown primary structure of S15

protein. Screening for relationships to proteins stored
in a collection of ribosomal protein sequences revealed
that rig/S15. protein has a significant degree of
homology with prokaryotic and chloroplast ribosomal
S19 proteins - (Fig. 5), a most highly conserved
ribosomal protein among species [18]. Escherichia coli
$19 protein is reported to be located at the top of the
‘head” of the small ribosomal subunit and to be situated
close to the peptidyl transferase center and the binding
sites for the initiation factors, suggesting the involve-

. ment of the S19 protein int the initiation and elongation

steps of translation [18]. Evidence from recent cross-
linking experiments suggests that eukaryotic S$18 pro-
tein has a similar role in the ribosome functions [19].
The correspondence of rig-encoded protein to the
ribosomal protein agrees well with our . previous
speculation that rig belongsto the class of housekeeping
genes [3]. The increased expression of rig in tumor cells

. such as insulinomas [1,4] and esophageal cancers [5]

also agrees with the observation that ribosomal protein
synthesis increases in growing ceils as compared with
resting cells [20]. ‘ ‘ o
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Fig. 5. Alignment of the amino acid sequences of rig/815 protein from homoiatherms and Xenopus rig protein with the sequences of ribosomal
S19 proteins from prokaryotes and chloroplasts.. Amino acid residues are numbered on both sides. Residues that are identical to rig/S15 protein
. are designated by asterisks and those that are conservative substitutions are designated by dots over the one letter symbols. Residues that are con-
served among all the species are designated by diamonds, RIG/S15, mammalian and chicken rig/S15 proteins [1,4,7}; XRIG, Xenopus laevis rig
protein [7); HHAS19, Halobacterium halobium $19 protein [21); HMASI9, Halobacterium marisriortui-S19 protein [22); ECOS19, Escherichia
" coli $19 protein [23}; BSTS19, Bacillus stearothermophilus 819 protein [18]; MCAS19, Mycoplasma capricolum S19 protein [24]; TBCCS19, Nico-
tiana tabacum (tobacco) chloroplast $19 protein [25]; MPOCS19, Marchantia polymorpha (liverwort) chloroplast S19 protein [26}; EGRCS19,
Euglena gracilis chloroplast S19 protein [27), Sequences of ECOS19 and BSTSI9 were obtained from the proteins and sequences of XRIG,
HHAS19, HMAS19, MCAS19, TBCCS19, MPOCSI19 and EGRCS19 were deduced from the cDNA or genes. ‘
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