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Biosynthesis and regulation of ribosomes in higher organism

Seikichi Toku

Department of Biochemistry, School of Medicine, University of the Ryukyus

ABSTRACT

Ribosomes are ultramolecules composed of about 80 kinds of ribosomal protein
(RP) and 4 kinds of rRNA. Gene expressions of these components are coordinately
regulated. Pre-rRNA transcribed in the nucleolus assembles to form pre-ribosomes
with RPs imported from cytoplasm. Maturation and processing of the pre-ribosomes
are achieved through multiple steps. This article describes our previous works focus-
ing on the followings: 1) coupled synthesis between rRNA and RPs, ii) cloning and
gene expression of RPs, 1iii) nucleolar localization signal, iv) a role of RPSI19
phosphorylation on pre-ribosomal maturation. The mechanisms for coordination of the
synthesis of ribosomal components are also discussed. Ryukyu Med. J., 29(1,2)10 10, 2010

Key words: ribosomal biosynthesis, coordinated regulation, nucleolar localization signal,
phosphorylation, RPS19
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Fig. 1 Assembly and maturation steps of ribosome.

OOOO0RNA (pre-rRNA) OO OODOOCOOO, O
gbooobobooboooobooboooboooobooon
00000000 rRNAOOODOO. 00000000
OO000O0ORPOOOOOpre-rRNAOOOODODOO



2 gboooooobobobooboobooono

ooooooo, ooooooooooooooood
0000*. 00000000000 Fibrillar center
(FO) DOooooooooDoooooooooon
OO0OrDNAO OO, Pol IDOOTIFIADUBFOOOO
O00o0oo0oooooOo®. FCOoOoOO000O0dDense
fibrillar component (DFC)ORNAO OO OOOOO
0o00oooood, RNAOOOOOODOoooooo
0000000000000 00000OsnoRNAOD
J0o0d0oooooooo. preerRNAODOODOF
cobrCOOOOoOoOoOoOOoOoooOoOoOg, DoOoO
gooooooooboooooooooooooon
O0. brCO0000O0oOoooooooooooGr
anular component (GC) DO 0OOO. ODOOOOO
OORPOODO, 150000000ORPOOOOOOO
oo, goooooooooooodd. oooood
OOO0OO0OrRNAOOOOOOOOOOOOOOOOOO
OO0 0ORNaselll, RNAOOOODOOOOOOO, r
RNAOOOOOOOOODORNAODOODOODO ATPase
0ooooooooooD. oooooooog @oso
00000) 00o0oo0o00oo47S pre-rRNAOODO
ooooooogo (SSU) Doooooooooo
ooooooooooYsooooooooooo™.
0o0odoogd, 0Dooo gSooooog) oooo
OO000Opre-rRNAOOOLSU nobOOOOODOOO
Jooooooooooooogoooo. Ood, 8S rR
NAOOOOOOOOODNAOOPol IIIOOOOOO
oo, oooooooooooodooooooon
oodoooooooo. 0oboogoooooood
ooooo, ooooooooooooooooood
do000OooOoOoOooOoooOoOoOoOoooOooOoo™. o
gooooooooboooooooooooooon

goooboboooooobooob. oboobogooo
OrRNAOOOODOOOOOOOOoooDOoooooo,
00000000*. 000000000o0ooooo
go00oOoOoOoOoOoOoOoOoOoooooooooo) rR
NAODOORPOOODOOO, i) RPOOOOOOOO
oo0o, i) RPOODOODOD0OO0OO0O0OO, iv)yOooo
000o000DoDooooooRPSISOO0O0OO, OO
gooooooooo, booboobooobogooo
go.

II. rRNAG B ERPERR D 3544

000000000000000000000000
0000000000000000000ppGppd ppp
Gpp0 00000000000, 0000000000
000000000000000000000%. 00
0000000000000000000000000
000, 000000000000000000, OO0
0ooo000O0O00.

00, 000000000000000DOOOOO
OOrRNADOOOOOOOOOORPOOOOOOO
00000000. 0000000000 O00RPOO
000000000000000000, 000000
000000 (Table 1). OOOOORPODOOOO
O00000in vitroDDODOOOOmMRNADO OO OO
O00000®. 0000000000000, rRNA
0000000000000000000000000
O000O000. 00, rRNAOOODOOPol 10000
000000000GALODOOOOOOOOOOOO
0000000, 0000000000000rRNAO
O0000000O000C0ORPOOOOOO™. 00O

Table 1 Effects of actinomycin D treatment in vivo on the relative activity
for the biosynthesis of nascent ribosomal proteins

. I4c_ d t t
Fractions radioactivity

“H.radioactivit '
radioactivity Corrected "H/"C ratio

(dpm x 10-) (dpm x 10-)

Actinomycin D (1 h) 206.0 1,963 1.00
Total proteins 57 64 1.17
Purified r-proteins ’ ’

Actinomycin D (6 h) 209.0 1,441 1.00
Total proteins 94 20.8 1.28
Purified r-proteins ' ' '

ACrIt‘lr}Eorlnycu‘lE D (6+6 h) 9208.0 1,119 1.00

otal proteins 30 923.5 1.45

Purified r-proteins

At the indicated time after actinomycin D treatment, each of two rats were intraperitoneally injected with ["H]

leucine. Each of two normal rats were intraperitoneally injected with ["CJleucine.

After 15 min of pulse labeling,

liver homogenates were prepared from the two groups and were mixed. The ribosomal proteins were purified, and

“C- and ‘H-radioactivities of each fraction were measured.
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D Region (YY1)

TGCGCTCACCATCTTCCTTCCCGGCG +18 (+)
CGGCCCGGCCATCTTGGTGGCGCGTG +34 (+)
GCTACTCACCATCTTGGATGTAGAGT +9 (?)
GGTGGCTGCCATCTGTTTTACGGTGA +50 (+)
CTCCCCGGCCATCTTGGCGGCTGGTG +35 (+)
ATCCTTCTCCATCCCCCAAACTAGAG +90 (?)
CGAGGCCGCCATCCTCCACAATCGTC +69 (?)
+64 ATCGTCCCCCATCTGCTTCCCGCGGT +89 (?)
GCTGACCGCCATCTCCTCGCTGCTTC +27 (?)
GCCGCGGTCCATCCCTCAGTCCCAAC +92 (?)

Fig. 2 Conservation of cis-elements in ribosomal protein gene promoters Conserved nucleotides were indicated in

bold.

cL37a +57 GGCCTATCCGCCTCCATCCGCCCCAA

cL7a +58 CCGGCATCCAGCGCCATCCGCCGACC

mL32 +52 TCTGTATCGGCGGCCATCCGCCGCCC
G Region (SP1)

cL37a +160
mL32 +200

CGGGAAGCCTGGGCGGAGGCCTTGTG
GCATCGGCCAGGGCGGGCTTGCGCCA

+82 (+)
+83 (?)
+77 (+)

+185 (+)
+225 (2)
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Seq Localization

Z-RLSRKR No

Z-TLSRKR . g

Z-RTSRKR C.
T! is’

Z-RLTRKR ‘o

Z-RLSTKR i

Fig. 3 Subcellular localization of mutated B GAL-L31

7 in the left column denotes B GAL sequence. Sub-

stituted amino acids were underlined. Nu, Nucleus;
No, Nucleolus.
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Fig. 4 In vitro phosphorylation by protein kinases of
GST-RPS19 recombinant protein. (A) Phosphorylation
by protein kinase A and CaM kinase isoforms. (B)
Phosphorylation by CaM kinase ln of wild and mu-
tated GST-RPS19 recombinants.
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Fig. 5 Subcellular localization of phosphorylated S19. Arrows indicate segregating sister-chromatids at M phase in
GT1-7 cells. Insert shows an enlarged image. Positive cells to anti-PP1 antibody increased daramatically in num-
ber in nocodazole treated cells. Arrowheads show nucleolus in G1-G2 phase. The nucleolus was avidly stained by
anti-NO38 (nucloephosmin) antibody, but not by anti-PP1 antibody.
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Fig. 6 Immuno-precipitation of pre-ribosomes using

anti-HA antibody. GT 1-T cells were transfected with V1. WFa0HE
pSV-HA-S19BP. Pre-ribosomes were precipitated with
anti-HA antibody and protein A Sepharose from the 000, 00000000000000000000

cell extracts, purified and analyzed by western blot- 000o0000O00.000000000000000
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Fig. 7 Subcellular localization of pre-ribosomes during mitosis. Subcellular localization of pre-ribosomes during mi-
tosis is schematically delineated. Transfer mechanism of the pre-ribosomes is not well known. Phosphorylated S19
is observed in condensed chromosomes. PNB, prenucleolar body; NDF, nucleolus derived foci.
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