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Previously, we purified the cathepsin B mRNA 3’-untranslated-region-binding protein
(CBBP) from Sarcophaga and suggested its participation in the translational regulation
of cathepsin B mRNA in this insect. In this study, we isolated a full length ¢cDNA for
CBBP. CBBP was an RNA-binding protein that contained four RGG boxes and four zinc
finger motifs required for RNA binding. CBBP was shown to be localized in both the
nuclei and cytoplasm of Sarcophaga hemocytes. Recombinant CBBP bound to the entire
region of cathepsin B mRNA and repressed its translation in vitro.
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In holometabolous insects, most larval tissues decompose
and adult structures develop from the imaginal discs dur-
ing metamorphosis (I). In Sarcophaga peregrina (flesh fly),
cathepsin B is known to participate in decomposition of the
larval fat body (2-6). At an early pupal stage, cathepsin B
is secreted from hemocytes on their interaction with the
larval fat body (4) and digests its basement membrane,
resulting in disintegration of the fat body into trophocytes.

In our previous study, it was suggested that the synthe-
sis of hemocyte cathepsin B is regulated at the transla-
tional level (7). Namely, whereas larval hemocytes stored
an appreciable amount of cathepsin B mRNA, their cathep-
sin B content was significantly low. When the larvae began
to pupate, cathepsin B started to accumulate in the hemo-
cytes. Subsequently, we purified a protein with a molecular
mass of 90 kDa that specifically binds to the 3'-untrans-
lated-region (3'-UTR) of cathepsin B mRNA from an em-
bryonic Sarcophaga cell line (8). This protein (CBBP) was
shown to repress the translation of cathepsin B mRNA in
vitro in a 3-UTR dependent manner. We found that the
original molecular mass of CBBP was 110 kDa, but that
the 110-kDa protein was partially degraded during purifi-
cation, a 90-kDa protein being yielded.

This paper reports the cDNA cloning of CBBP and some
characteristics of the recombinant CBBP. The amino acid
sequence of CBBP showed high similarity with that of
Drosophila PEP (protein on ecdysone puffs) (9), a member
of the heterogeneous nuclear ribonucleoproteins (hnRNPs)
(10). The recombinant CBBP inhibited the translation of
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cathepsin B mRNA in vitro regardless of its 3'-UTR.

MATERIALS AND METHODS

Cells, CBBP, and Antibody against CBBP—Embryonic
Sarcophaga cell line NIH-Sape-4 was cultured in M-M
medium at 25°C as described previously (11). Sarcophaga
hemocytes were prepared from third instar larvae. CBBP
(90-kDa protein) was purified from NIH-Sape4 cells and
anti-CBBP antibody was raised against it as described pre-
viously (8).

Cloning and Sequencing of CBBP cDNA—About 40,000
clones from an NIH-Sape-4 cDNA library were screened
with anti-CBBP antibody and alkaline phosphatase—conju-
gated secondary antibody (Bio-Rad). For nucleotide se-
quencing of the cDNA, the insert DNA was subcloned into
pBluescript (Stratagene) and then sequenced by the di-
deoxy chain termination method using a Taq dye termina-
tor sequencing kit (Applied Biosystems). The nucleotide se-
quences of both strands were determined.

Preparation of Recombinant CBBP—To obtain C-termi-
nal histidine-tagged CBBP, CBBP ¢cDNA was first ampli-
fied by PCR using 5-CTAGCTAGCATGGCATTCCGCAA-
TCAAA-3' and 5-TTTCTCGAGATAACGGTTGTAACGAC-
CAC-3' as N-terminal and C-terminal side primers, respec-
tively. The PCR product was digested with Nhel and Xhol,
and then cloned into the Nhel- and Xhol-digested pET-
23a(+) vector (Novagen). E. coli BL21(DE3)pLysS cells
were transformed with the construct and the transformed
bacteria were grown in 2 liters of LB medium at 37°C. The
recombinant CBBP was induced for 3 h with 1 mM isopro-
pyl-1-thio-B-D-galactopyranoside when ODg,, reached 0.6—
1.0. The cells were disrupted by sonication in 80 ml of bind-
ing buffer (5 mM imidazole, 500 mM NaCl, 20 mM Tris/
HCI, pH 7.9, containing 25 pg/ml aprotinin, 12.5 pg/ml leu-
peptin, 25 pg/ml pepstatin A, 1.25 mM phenylmethylsulfo-
nyl fluoride, 25 pg/ml phosphoramidon, and 25 pg/ml E-
64). After centrifugation for 20 min at 39,000 Xg, the super-
natant was loaded on a His-Bind Resin (Novagen) column.
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The column was washed with wash buffer (45 mM imida-
zole, 500 mM NaCl, 20 mM TrisyHCl, pH 7.9) and then
eluted with elution buffer (300 mM imidazole, 500 mM
NaCl, 20 mM Tris/HCl, pH 7.9). The eluate was dialyzed
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GGCACGAGCGTTCGITGAGTGAAGTTG TG TTCCTCCAACCGATTCACGCTAATTTTCTATTCTATTAACTCATACATAAAAAGTCTGGTG
TAGAACATATAGCAGCCATTTTGGTTTTTTACAACACCCTGAAAAATTAATTTTTITTGTAATTTAAACAAACATTTTAAGTGATATCTA
AAAAAGAAACAACGCTATAATTAATTAAACCGCTAAAAAGAAGTGGCAATAAATAATTTAACTAAATAAAGCTTAAAACAAATCTCTACA

.

GATAAATCAAAGATGGCATTCCGCAATCAAAACCGTAACCGCAATTTCGGTGGTAACAATTATGGGGGTAATCCTATGGCTGGTGGTAAT
M A F R N Q N R NIRWNUFGGNNYGGNUPMAG G N

CGTAACATGGGTGGCAATATGAACATGTCACCCTGGGAAGGTCAAAATACTGGCGGTGGAAACT TTGGTGGCAACATGCGCCAAGGTGGT
R N M G G N M N M S P WEGOQNTGGGNTFGOGNMEMRBRDOQG G

GGTGGCGGTGGCGGCGGCAGTGGCCAAGGCATGAATGCCCAAGCCATTAATTTAGCTAATAACCTCTTGAATAACCTTTTCCGTAACCAA
G GG G G G S G Q G M N AOQATINTULANNTILTILNNTILTFRNDQ

AATCCTCCCTCACTATTGGATATGCCTCGCGGTGGCAACATGGGTAACCGTGGACAACGTGGTGGACCGATGGTCAATCGTGGTGGTCCT
N P P S L L DM PRGGNMGNIRTGU GQRGG P MV NIRGG P

GGTGGCAATCGCCCAAATAATCGTCGTGGTCAAGGAGGTTTCCAAAACCGCGCTGGTGCTAAATCAGCTTCTAAGTCCGGCGCTGGTGGC
G G N R PNNURIBRGIOQGS G FQNURAGA AIKSAS K S G A GG

GGCATTCGTAAACAGAATGCCTTTGATCGTGCAAAGAAACTTTTGGCTAAAAATGCCAACAATAAAAAGAAGGATTCCGCTTCTGGCGAT
G I R K Q N A F D RA K KULULAI KN NA ANNI KI KI KD S A S G D

AAGAAAACTGAGAGCAAAGAGTCTCCCTACGCCAATGTACCCAACGATATGTTCTACTGTCACCTTTGCAAGAAACATATGTGGGATGCC
K K T E &€ ¥ E § P Y A NV P NDMF Y CHILUCIKI KHMM®WDA

AACTCATTTGAAAACCATATTAAGGGACGCACTCATTTGATGATGCGCGAAGGTATTGAGGAAAGCTACCGCCTTAAGGCTAACATGATC
N S F E N H I K GR THL M REGTIEES Y R UL K_A N M I

CGCCAGGAAGCCAAGATTGCCGAGCAATTGAAATCAATTGAATTGGATCGCTTGAAGCGCATGGGAAAGAGCAAGCAACGTCAGTTGGAC
R Q E A K I A E Q L K 8 I E L DRULIEKUR RMGI K S K OQUROQULD

TACTGCACCATGTGCGATTTGAATTTCCATGGCCATATTTCGGCCCATCGTAAATCTGAAGGGCATTTGCAATTAAAGAAATTCTTGCAT
Y ¢ T M ¢ DL NF HGHTI S A HRI KSEGHTLQQUL KK F L H

CCCAAGTGTAACGAATGTAATAAGGAATTTGCCACTCGCATCGATTACGATACCCATTTGTTGGCTGCCGAACATTTGATAAAGGCCGCT
P K ¢C N ECNJIKETFATRTIUDTYDTHTLIULAAEHTLI KAA

GAAAAGAATACCAAGGTTGGCGAACGTAAACGCCAAACCTTGCCCATCCTTACTGAGGAGGATGAATTGAAGGATGTCCGCCCACCCACC
E K N T K V G E R K_R O T L P I L T EEDETULZX DV R P P T

AAGAAGAAGAAGAAGGTTGCTTCCAAGAAAACTACTGAAGCTGGTGAAGGCGGTGCTGAAGTTAAGAAAGAAGGTGAAGAAGAGGGTGAG
K K K K K VA S K KTTEAGEG G AEV K KEGEEE G E

GGTGAAGAAGCCGAAGCTGAAGACGGTGACGCCAAGAAGGAAGGTGAAGAAGGTGGCGATGAAACCAAAGAGGGTGAAGAACTAGCTGAA
G E E A EAEDGDAIK I KEGEEGGDE T K E_ G E E L A E

GCTCAAGAAGGCGAAGAAGAAGTTGCTTTGCCCGTTGATCCTGAGGATTGCATTCTTGATTTCCATGATGGTGACGAAATTCCCACTGAA
A Q E ¢ E E E V A L P VYV D PEDCTI LDV FHDGDETIUPT E

GTTGATAACCGCTTGCCAAAATACAACTGGACTCGCCCAGTTGGTACTGCTCTCATCACCAAGCTCGAATGTTTCGAGTGCTCTTTGTGC
V DN RIL P K Y NWTURUPUV GTAULITIKTULETCT FET CSIULC

GGCAAATTTTTCGATACCGAAAAGACTGTGGAAGTACACTCTCGCACTGTGACCCATCACCGTAACTTCTTGAAATTCATTAACGAGAAG
G K F F DT E K TV E V HS RTV T HHIRNUFIULI K F I NE K

GCCAGCGATACGAAGATCGCTCAAAAGCGTGCTGCCGCAGCCATTGAAGAAAGCGAACGCAAGAAGCGCAAGTTGGAAGAAGCTGAAGCC
A S DT XK I A Q KR AAMAATIUZEUESE ERI KI KIZ RIKTILEEAEA

GCCGCTAACGGTGAAGAAATAAAGAAAGAAGGCACCGAGGGTACCGAAGG TGAATTGTACGATCCATCTGAAGCTACCGGCGAAGATGAA
A A NG EEI K K E GTEGTEGETLYDUPSEATGE DE

GATGTTGAAATGAATGAAAATGGTGAAGGTGCTGAAGAAGCTGAAGGCGGCGAAGGTGAGGGTGAAGGCGAAGGTGAAGGAGAAGCTGAA
D V E M NENUGEGAUEEA AEGSGEGETGETGETGETGEAE

GAAAACGGAGAAGAAATGGAAACACAAGAAGAACAACAGGAAGATGCCGAAGTTGAAGCTGAGCCAGAACCTGAACCCGAACCAGTCAAA
E NG E E M ET Q E E Q Q EDAZEV EAEUPEUZPZEPE P V K

GAAACCCCCAAAGCAGAAACCCCTGCAMAGGCCCCCGCTAAGACTGCTGCTCCTGCTACACCTGCTTCTGCTGAAGCTTCACCCGCCAAG
E T P K A E T P A K A P A K_T A A P A T P A S A E A S P A K

AAAGCAACCCCAGCTGCCCGTGGTGGCGCCGCCAAGGGAACGCCGCGTAATCGTGGACGTGGTCGTTACAACCGTTATTAAGCTAAAATA
K AT P A ARG G AAI KSGTUPRNURGRSGRYNTZ RY -~

TTAATTTATAATAAAATATAACTTTACAAAACAAAATAAGAAACACGGATTTAATTTACTAAATCTTTAACTTTATCCATAAAAATCAAA
TAATAATGTCACAGTTACTTCTAAATATTTTTTATTTTCAAATCTTAATAATGACACTCGGAACACATTTTTAACAATATTTATTACTAT
CCAAACAAAACAAAAAATGATTAATATTTAAAACTATTTATAACAACACAAAACACATCCACTAGGACCTTTCCTTCCCGCGCTCATTCC
TTTTTTTACCGTAAACGGACATTAAATTTTTTGAATGAGCATGAGCCCATATAGGCTCTTCACAAGAATAAATATGTATTACTTTTAAGA
TTTTAGTTTAATAAGTATTAAGAAAACTGATGAAAGCTAAACGTTATTCAGAGAGCATTATATACTTATTTAAACACTCTAAAGAAATAT
GGACAAAAATTAATTACAAATTAGAAAATAATAAAATGAAGGGAARATAAACTTTCCATAGAATTATAGAACATTGGAAAATAATGAACA
AAAGAAAAATAAAAACATACCAATGTAAGTGTATAAACAAAAAAAAAAAAARAAAA
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against buffer B (20 mM Hepes, pH 7.5, 70 mM 2-mercap-
toethanol, 0.05% Nonidet P40) and then applied to a Mono
S HR 5/5 column. After washing of the column with buffer
B containing 450 mM NaCl, the recombinant CBBP was

Fig. 1. Nucleotide sequence of CBBP ¢cDNA. The deduced amino acid sequence is shown below the nudeotide sequences. Nucleotide num-
bers are given at the left and amino acid numbers starting from the first Met are given at the right of each line. Amino acid sequences deter-
mined in advance are underlined. The poly(A) addition signal is boxed. Asterisks indicate in-frame termination codons.
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eluted with buffer B containing 1 M NaCl. The eluate was
dialyzed against 10 mM Tris/HCI, pH 7.6, containing 2 mM
dithiothreitol.

Cell Fractionation—All procedures were carried out at
4°C. Hemocytes were suspended in lysis buffer (10 mM
Tris/HCI, pH 8.0, 10 mM NaCl, 3 mM MgCl,, 10% sucrose,
0.2% Triton X-100, 25 pg/ml aprotinin, 25 pg/ml leupeptin,
25 pug/ml pepstatin A, 4 mM dithiothreitol) at a density of 1
X 108 cells/ml and then homogenized. Nuclei were pelletted
by centrifugation at 1,200 Xg for 5 min and the resulting
supernatant was used as the cytoplasmic fraction. The pel-
let was resuspended in 10 volumes of 0.25 M sucrose/3.3
mM CaCl,, and then the suspension was layered onto 0.88
M sucrose and centrifuged at 1,200 Xg for 8 min. The pellet
was resuspended and sonicated in lysis buffer, and then the
suspension was centrifuged at 7,500 Xg for 5 min. The
supernatant was used as the nuclear fraction.

Immunoblotting—Proteins separated by electrophoresis
(12) were transferred electrophoretically from the gel onto a
polyvinylidene difluoride membrane (Millipore). The filter
was immersed in a blocking solution (PBS containing 5%
skim milk and 0.1% Tween 20) for 1 h at room tempera-
ture. Then the filter was successively treated with anti-
CBBP or anti-Sarcophaga histone H1 serum and horse-
radish peroxidase—conjugated anti-rabbit IgG. Signals
were detected with an ECL Western blotting detection re-
agent (Amersham) according to the manufacturer’s instruc-
tions.

Affinity Purification of Anti-CBBP Antibody—Affinity
purification of anti-CBBP antibody was achieved in the fol-
lowing way. Recombinant CBBP (200 pg) was electrophore-
sed on a 7.5% SDS polyacrylamide gel, blotted onto a poly-
vinylidene difluoride membrane (Millipore), and then stain-
ed with Ponceau S. The band of recombinant CBBP was
excised and incubated with the 6-fold diluted anti-CBBP
antibody at 4°C for 40 h. Then the membrane was rinsed in
a rinse solution (10 mM Tris/HC], pH 7.5, 150 mM NaCl, 1
mM EDTA, 0.1% Triton X-100, 0.25% skim milk, 0.01%
sodium azide), and the antibody was extracted from the
membrane with 0.2 M glycine/HCl (pH 2.5). The extract
was neutralized with 1 M KOH and then BSA was added
to the extract to a final concentration of 1%.

Immunofluorescence Study—Hemocytes were suspended
in insect saline (130 mM NaCl, 5 mM KCl, 1 mM CaCl,) at
a density of 108 cells/ml, and 15 pl of the suspension was
placed in each well of a 10-well multititest slide. The hemo-
cytes were allowed to settle for 15 min at room tempera-
ture and then fixed for 2 min with acetone at room tem-
perature. The slides were blocked in PBS (137 mM NaCl,
2.7 mM KCl, 8.1 mM Na,HPO,, 1.5 mM KH,PO,, pH 7.4)
containing 1% BSA for 1 h, and then successively treated
with affinity-purified anti-CBBP antibody (1.3 pg/ml) and
fluorescein isothiocyanate (FITC)}abeled secondary anti-
body (DAKO).

UV-Crosslinking—Recombinant CBBP (0.5 pg) or BSA (1
pg) and probe RNA (0.5 ng) were incubated in 20 pl of reac-
tion buffer (10 mM Tris/HCI, pH 7.6, 50 mM NaCl, 0.5 mM
EDTA, 2.5 mM MgCL, 5% glycerol, 1 mM dithiothreitol) on
ice for 30 min. Then, the reaction mixture was irradiated
under an Ultraviolet Crosslinker (wavelength, 254 nm.
UVP) for 20 min. Then samples were treated with RNase A
(1 mg/ml) and subjected to SDS polyacrylamide gel electro-
phoresis followed by autoradiography. Probe RNAs were
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synthesized essentially as described previously (7, 8).
Briefly, 3'-UTR, coding region, and 5'-UTR of cathepsin B
mRNA were separately amplified by PCR, cloned into the
Xhol/EcoRI-digested pBluescript SK(+) expression vector
in an orientation allowing the sense strand to be tran-
scribed by T7 RNA polymerase, and then transcribed in the
presence of [a-2P]JUTP.

In Vitro Translation—Capped cathepsin B mRNAs (full
length mRNA, 3'-UTR-deleted mRNA, 5-UTR-deleted
mRNA, and 3'- and 5-UTR—-deleted mRNA) were synthe-
sized with T7 RNA polymerase as described previously (7,
8). Firefly luciferase mRNA was synthesized by transcrib-
ing pSP-luc* (Promega) using SP6 RNA polymerase. The
translation reaction was performed in a rabbit reticulocyte
lysate (Pharmacia) in the presence of [3S]methionine
essentially as described previously (8).

RESULTS

Cloning of CBBP ¢cDNA—To identify the CBBP ¢DNA,
we determined the amino acid sequences of four peptides
derived from the purified CBBP. They were RQTLPIL-
TEEDELK, ANMIRQEAK, XGEELAEAQEGEEEVALPV-
DPE (X indicates an unidentified residue) and TAAPA-
TPASAEASPAK. The CBBP ¢DNA isolated from an NIH-
Sape-4 ¢cDNA library contained an open reading frame con-
sisting of 682 amino acid residues (Fig. 1). The amino acid
sequence contained the four peptide sequences presented
above. Moreover, an in-frame termination codon was pre-
sent upstream of the first Met codon, indicating that this
¢DNA is the full length cDNA for CBBP.

The molecular mass of CBBP in larval hemocytes was
estimated to be 110 kDa on SDS polyacrylamide gel elec-
trophoresis (Fig. 2B), whereas that of CBBP calculated
from the putative amino acid sequence was 74 kDa. To ex-
plain this discrepancy, we produced the recombinant CBBP
as a C-terminally histidine-tagged fusion protein. The puri-
fied recombinant CBBP gave two bands corresponding to
molecular masses of 110 and 105 kDa (Fig. 2A). Both bands
reacted with anti-CBBP antibody on immunoblotting (Fig.
2B). Thus, we assume that CBBP comprising 682 amino
acid residues behaves as a 110-kDa protein on electro-
phoresis, and that the 105-kDa protein is its degradation
product.

(A) (B)
12
kba kDa
116 - . l10KkDa
97 - “ 105 kDa 1;3: - -‘:}(l)gg
66 -

Fig. 2. Electrophoresis and immunoblotting of recombinant
CBBP. (A) Recombinant CBBP (0.5 png) was subjected to 7.5% SDS
polyacrylamide gel electrophoresis. (B) A hemocyte lysate of third in-
star larvae which contained 110-kDa CBBP and recombinant CBBP
were subjected to immunoblotting with anti-CBBP antibody Lane 1,
hemocyte lysate (5 pg); lane 2, recombinant CBBP (40 ng). The gels
were calibrated with molecular mass markers.
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CBBP Is a Homologue of Drosophila PEP—Database
searches revealed that the primary sequence of CBBP is
highly homologous to that of Drosophila PEP (9). The
amino acid identity between CBBP and PEP was 72%,
when the sequences were to attain maximum
matching (Fig. 3). Like Drosophila PEP, CBBP contained
four C,H, type zinc fingers (I13) and four RGG boxes (14),
which are known as RNA binding motifs, nuclear localiza-
tion signals, acidic domains, and a Gly- and Asn-rich do-
main at its N-terminal region. Thus, we concluded that
CBBP is the Sarcophaga homologue of Drosophila PEP.

Drosophila PEP was reported to be a component of
hnRNP complexes, and was shown to associate preferen-
tially with active ecdysone-inducible puffs on polytene chro-
mosomes (9, 10). However, the function of Drosophila PEP
is not clear, although it is speculated to be involved in the

T. Nishikawa et al.

transcription or post-transcriptional regulation of ecdysone-
inducible genes.

Intracellular Localization of CBBP in Larval Hemo-
cytes—We originally detected CBBP in the lysate of larval
hemocytes (7), and purified it from a cytoplasmic fraction of
NIH-Sape4 cells (8). However, as Drosophila PEP was
reported to be localized in the nucleus (9, 10), we examined
the intracellular localization of CBBP in larval hemocytes.
For this, we fractionated larval hemocytes into cytoplasmic
and nuclear fractions, and then subjected these fractions to
immunoblotting. CBBP was detected in both the cytoplas-
mic and nuclear fractions under the conditions where his-
tone H1 was detected only in the nuclear fraction (Fig. 4A).
These results were confirmed by an immunofluorescence
study. The fluorescence of affinity-purified anti-CBBP anti-
body was detected in both the nuclei and cytoplasm, al-

Gly- and Asn-rich region

RGG RGG RGG

_________________________ e N

CBBP GGGG.GGGGSGQGNAQAINLANNLLNNLFRNQNPPSLLWPRGG-MNRGQTR(;GPNVNRGGPGGNRPNNRRGQ—GGFQN 132

WE A SRR R AR R R RR NN AN PR RN E R KRB E  FREE ARRERRR Rk

WHE kR E EERRE

(17 J— GG-GQ-MNAQATNLANNL LNNLFRNQNPPSL L DL PRGGGGMGNRNQRGGPMYSRGGGAGNRL NNRRGQGGGFQN 148

CBBP  RAGAKSASK- - S-GAGGGTRK(NAFDRAKKL LAKNAN-NKKKDSASGOKKTES - -KESPYANVPNDME YCHLCKKHMWDA 206
= =%

* = HEEERRERRRERNRE NN KRk

P T T

!
PEP  RGATGSGPKPPPKQGGGGIRKQNAFDRAKKL LAKNANQNKKKEPTPGEKKIESPTKESPYASVPNDMFYCHLCKKHMWDA 228

ZF

CBBP  NSFENHIKGRTHLMMREGIEESYRLKANMIRQEAKIAEQLKSTELDRLKRMGKSKQRQLDYCTMCDLNFHGHISAHRKSE 286

R T L e e L L LT P P

PEP  NSFENHIKGRTHLMMREGIEESYRLKANMIRQEAKIAEQLKSIEFDRLKRMGKSKQRQLDYCTMCDLNFHGHISTHRKSE 308

_ZF

NLS

[a:1:13 GHlQLKKFLMéNECNKEFATRIDYDTHLLAAEI-ﬂ.IKAAEKNTKVGERKRQTLPILTEEDELKDVRPPTKKKKKVASKK 366

BEBPEEBERRERS BRAKAHPERRRRERA K FHEE KRR HER R AR R Kk &

* % & % EAE L)

PEP  GHLQLKKFLHPKCIECNKEFATRIDYDTHLLSAEHLKKAAENNTKVGERKRQTLPISTEEEETRDLRL PQKRKKK-PVKK 387

acidic domain

__________ -1

CBBP T'TEAGEGGAEVKKEGEEEGEGEEAEAEDGDAKKEGEEGGDETKEGEELAEAQEGEEEVALPVDPEDCILDFHDGDEIPTE, 446

» * F Ekex L L L Ld L LS L) EARRESE AE % R AEERREAREE R R Rk HkE xR ﬂ

PEP EGEAAD-G-EAKKEGAGDGEGAEGDEAEGEEAKEGEEAADETKEGDELNESQE—EEEVALPVDPEDCILDFNDGDEIPSE! 464

ZF

csBpP

VDNRLPKYNWTRPVGTALITKLECFECSLCGKFFDTEKTVEVI-ISRTVT]-D'IRNFLKFINEKASDTKIAQKRAAAAIEE;E_R 526

E LB L LE L I T K RREE KER A REKERE Kk RRKR ARRRRKKREERE S RERRRAA AR M

PEP VDTRLPKYNNQRAVGPGLISKLECYECSVCSKFFDTEVTAEIHSRTATW{RNFLKFINEKSSDTKLAQKRAAMLEEEE_R 544
NLS e acidicdomain_ _ _ _ _

CBBP KKRKLEEAEAAANGEEIKKEGTEGTEGELYDPSEATGEDEDVEM-NENGEGAEEAEGG-EGEGEGEGEGEAEENG-EEME 603
wkkE dhrAk & * W AEE XANEANEREREE RN ERS * ¥ * ®a - x » L R SENX

PEP  KKRKVEEAEAPA-AEGAAEETTEGAEGELYDPSEATGDDEDVEMYDONAEGEGEGEGDEEAEAEVEEDGAGQDNGEEEME 623
________________ . RGG

CBBP TQEEQQEDAEYEAEPEPEP-E-PV-KE-TPKAETPAKAPAKTAAP---ATP---A-SAEA--SPAKKATPAARGGAAKGT 670
EE 2] L B £ 2 L B .__ﬂ ¥ ¥ RXEEE ¥ ¥ WY - » * *» ¥ LR R L L) R L B

PEP AQEEEGQEG_EQEPEPE APVQTPAPAE PAPPAKTPAKTPTKAAAPAAVASPAAAAT SADASPSPAKKATPARAAAGAKAT 703

(BBP P-RNRGRGRYNRY 682
® d & WRERRNN

PEP  PQRQRARGRYNRY 716

682 a.a

= S -

=== Gly- and Asn-rich region I RGG box

=
Tt NLS l:l acidic domain

a zinc finger motif
p]

Fig. 3. Sequence comparison of
CBBP with Drosophila PEP. Gaps
were introduced to obtain maximal
matching. Identical amino acid residues
are indicated by asterisks. RGG box mo-
tifs (RGG), zinc finger motifs (ZF), and
putative nuclear localization signals
(NLS) are boxed. The N-terminal Gly-
and Asn-rich region and acidic domains
are boxed with dotted lines. A schematic
illustration of CBBP is presented at the
bottom.
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though the fluorescence in the cytoplasm was fainter than
that in the nudei (Fig. 4B). The fluorescence in the nuclei
was not homogeneous, suggesting the heterogeneous distri-
bution of CBBP in ecdysone-responsive loci, as previously
reported for Drosophila PEP (9, 10). From these results, we
concluded that CBBP is present in both the nuclei and
cytoplasm of larval hemocytes.

Inhibition of Translation by Recombinant CBBP In
Vitro—Previously we showed that the 90-kDa CBBP pref-
erentially repressed the translation of cathepsin B mRNA
having a 3'-UTR in vitro (8). We examined whether or not
recombinant CBBP retained the same character. As shown
in Fig. 5A, recombinant CBBP repressed the translation of
cathepsin B mRNA in a dose-dependent manner. However,
unlike the 90-kDa CBBBP, this inhibition did not necessarily
depend upon the 3-UTR (Fig. 5B). Recombinant CBBP
repressed the translation of cathepsin B mRNA irrespec-
tive of the presence of 3'-UTR and/or 5-UTR. It also re-
pressed the translation of firefly luciferase mRNA. From
these results, we concluded that recombinant CBBP non-
specifically inhibits the translation reaction in vitro in a
rabbit reticulocyte lysate.

We examined whether or not recombinant CBBP has
RNA-binding activity. For this, we separately synthesized
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Fig. 4. Intracellular localization of CBBP in larval hemocytes.
(A) Detection of CBBP in the cytoplasmic and nudear fractions of
larval hemocytes on immunoblotting Cytoplasmic and nuclear frac-
tions of larval hemocytes were subjected to 7.5% (top) or 12.5% (bot-
tom) SDS polyacrylamide gel electrophoresis followed by immuno-
blotting with anti-CBBP antibody (top) or anti-Sarcophaga histone
H1 antibody (bottom). Lane 1, cytoplasmic fraction (5 pg); lane 2,
nuclear fraction (1 pg); lane 3, cytoplasmic fraction (50 ug); lane 4,
nuclear fraction (10 pg). (B) Immunofluorescence study of CBBP in
larval hemocytes. Larval hemocytes were successively treated with
anti-CBBP antibody (left) or control antibody (right), and then
FITC-conjugated secondary antibody Top panels, bright field; mid-
dle panels, fluorescence microscopy of FITC; bottom panel, fluores-
cence microscopy of propidium iodide (nudei). C and N represent
cytoplasm and nucleus, respectively. The bar indicates 10 um.
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the 5-UTR, coding region and 3-UTR of cathepsin B
mRNA, and then examined their binding to recombinant
CBBP by means of UV cross-linking. As shown in Fig. 6,
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Fig. 5. Repression of cathepsin B mRNA translation by re-
combinant CBBP. (A) Cathepsin B mRNA (0.1 pg) was translated
in a rabbit reticulocyte lysate in the presence of increasing amounts
of recombinant CBBP. [®S]methionine-labeled products were sub-
jected to 12.5% SDS polyacrylamide gel electrophoresis followed by
autoradiography. Amounts of recombinant CBBP added: Lane 1, 0
pg; lane 2, 0.15 pg; lane 3, 0.5 pg; lane 4, 1 pg. (B) Inhibition of the
translation of various mRNAs by recombinant CBBP. Each mRNA
(0.1 pmol) was translated in a rabbit reticulocyte lysate in the ab-
sence or presence of 1 pg recombinant CBBP. cat B and luc denote
cathepsin B and firefly luciferase, respectively. UTU, complete cathe-
psin B mRNA; UT, 3-UTR-deleted mRNA; TU, 5'-UTR—deleted
mRNA; T, 3'- and 5'-UTR—deleted mRNA. Translation of cathepsin B
and luciferase mRNAs was quantified by scanning of the bands, and
expressed as a percentage of the control level without the addition of
recombinant CBBP.
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Fig. 6. Binding of recombinant CBBP to cathepsin B mRNA.
Recombinant CBBP (0.5 pg) was incubated and UV-crosslinked with
3P-labeled cathepsin B mRNA 3'-UTR, 5-UTR, and coding region
probes. Cross-linked RNA was detected by 7.5% SDS polyacrylamide
gel electrophoresis followed by autoradiography. As a negative con-
trol, 1 pg of BSA was used instead of recombinant CBBP. Lane 1, re-
combinant CBBP and cathepsin B mRNA 3-UTR,; lane 2, BSA and
cathepsin B mRNA 3'-UTR; lane 3, recombinant CBBP and cathep-
sin B mRNA 5'-UTR; lane 4, BSA and cathepsin B mRNA 5'-UTR,;
lane 5, recombinant CBBP and cathepsin B mRNA coding region;
lane 6, BSA and cathepsin B mRNA coding region.
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CBBP was shown to bind to all of these regions, but no
appreciable binding was detected with BSA. Thus, recombi-
nant CBBP seems to bind to various RNAs through its
RNA-binding motifs.

DISCUSSION

CBBP was originally purified from the cytoplasmic fraction
of NIH-Sape4 cells as a 90-kDa protein that specificaily
binds to the 3'-UTR of cathepsin B mRNA (8). The 90-kDa
CBBP was shown to repress the translation of cathepsin B
mRNA in a 3'-UTR dependent manner in a rabbit reticulo-
cyte translation system. However, the 90-kDa CBBP was
found to be produced through partial proteolysis of the 110-
kDa protein during the course of its purification. So far, we
have characterized the artificially produced 90-kDa CBBP,
not the intact 110-kDa CBBP.

In this study, we demonstrated that the 110-kDa CBBP
i8 a Sarcophaga homologue of Drosophila PEP, and that it
is located in both the nuclei and the cytoplasm. Drosophila
PEP is a member of the hnRNP family. Recently, Hamann
and Striitling reported that Drosophila PEP specifically
binds to hsp70 transcripts by mainly recognizing two se-
quences, GAU and GRRCG (R = purine) (15). However, we
could not identify specific binding sequences for the 110-
kDa CBBP.

Although many hnRNPs are located in nuclei (16), some
are known to function in the cytoplasm. For example,
hnRNP Al is involved in the transport of mRNA from the
nucleus to the cytoplasm (17, 18), and hnRNP K and E1
are involved in mRNA silencing in the cytoplasm during
erythroid differentiation (19). Thus, CBBP is assumed to be
involved in the translational regulation of a certain mRNA
species, such as cathepsin B mRNA, in the cytoplasm.

We found that recombinant CBBP inhibited the transla-
tion of cathepsin B mRNA and firefly luciferase mRNA,
indicating that it has the ability to inhibit translation like
the 90-kDa CBBP. However, contrary to 90-kDa CBBP, re-
combinant CBBP inhibited the translation of cathepsin B
mRNA regardless of its 3'-UTR. This may be explained by
the difference in the number of RNA-binding motifs be-
tween the two proteins.

Previously, we determined the partial N-terminal amino
acid sequence of the 90-kDa CBBP to be XXXXNKKKDSA,
in which X is an unidentified residue (unpublished result).
The sequence of NKKKDSA was located between residues
166 and 172 of the 110-kDa CBBP. If we assume that the
90-kDa CBBP was produced through cleavage between res-
idues 161 Ala and 162 Lys of the 110-kDa CBBP, the
resulting 90-kDa CBBP should lack the Gly- and Asn-rich
region that contains three RGG boxes (Fig. 3). Possibly,
deletion of these RNA binding motifs changes the binding
specificity of the 90-kDa CBBP so that it binds preferen-
tially to the 3'-UTR of cathepsin B mRNA.

It is questioned that the 110-kDa CBBP in fact partici-
pates in the translational control of cathepsin B mRNA in
larval Sarcophaga hemocytes. Judging from our present
results, the inhibition of translation by recombinant CBBP
i not specific for cathepsin B mRNA. As the binding of
recombinant CBBP to cathepsin B mRNA does not seem to
depend upon a specific RNA sequence, it is likely to interef-
ere with the translation of any mRNA used by binding to it

T. Nishikawa et al.

nonspecifically. Even so, we cannot exclude the possibility
of participation of CBBP in the translational regulation of
cathepsin B mRNA in larval Sarcophaga hemocytes.

REFERENCES

1. Bodenstein, D. (1950) The postembryonic development of
Drosophila in Biology of Drosophila (Demerce, M., ed.) pp. 275—
367, Hafner, New York

2. Kurata, S, Komano, H., and Natori, S. (1989) Dissociation of
Sarcophaga peregrina (flesh fly) fat body by pupal haemocytes
in vitro. J. Insect Physiol. 35, 559-565

3. Kurata, S, Saito, H., and Natori, S. (1990) Participation of
hemocyte proteinase in dissociation of the fat body on pupation
of Sarcophaga peregrina (flesh fly). Insect Biochem. 20, 461465

4. Kurata, S., Saito, H., and Natori, S. (1992) The 29-kDa hemo-
cyte proteinase dissociates fat body at metamorphosis of Sar-
cophaga. Dev. Biol. 158, 115-121

5. Kurata, S,, Saito, H., and Natori, S. (1992) Purification of a 29-
kDa hemocyte proteinase of Sarcophaga peregrina. Eur. J. Bio-
chem. 204, 911-914

6. Takahashi, N., Kurata, S., and Natori, S. (1993) Molecular clon-

ing of cDNA for the 29 kDa proteinase participating in decom-
position of the larval fat body during metamorphosis of Sarco-
phaga peregrina (flesh fly). FEBS Lett. 334, 153-157
. Yano, T, Takahashi, M., Kurata, S., and Natert, S. (1995) Regu-
lation of the expression of cathepsin B in Sarcophaga peregrina
(flesh fly) at the translational level during metamorphosis. Eur.
J. Biochem. 234, 3943
8. Yano, T, Kobayashi, A., Kurata, S, and Natori, S. (1997) Purifi-
cation and characterisation of cathepsin B mRNA 3'-untrans-
lated-region-binding protein (CBBP), a protein that represses
cathepsin B mRNA translation. Eur. J Biochem. 245, 260-265
9. Amero, S.A,, Elgin, S.C.R,, and Beyer, A_L. (1991) A unique zinc
finger protein is associated preferentially with active ecdysone-
responsive loci in Drosophila. Genes Dev. 5, 188-200
10. Amero, S.A., Matunis, M.J., Matunis, E.L., Hockensmith, JW,,
Raychaudhuri, G., and Beyer, A.L. (1993) A unique ribonucle-
oprotein complex assembles preferentially on ecdysone-respon-
sive sites in Drosophila melanogaster. Mol. Cell. Biol. 13, 5323—
5330
11. Komano, H., Kasama, E., Nagasawa, Y., Nakanishi, Y., Mat-
suyama, K., Ando, K., and Natori, S. (1987) Purification of Sar
cophaga (fleshfly) lectin and detection of sarcotoxins in the
culture medium of NIH-Sape-4, an embryonic cell line of Sar
cophaga peregrina. Biochem. J. 248, 217-222
12. Laemmli, UK. (1970) Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature 227, 680—
685
13. Johnson, P.F. and McKnight, S.L. (1989) Eukaryotic transcrip-
tional regulatory proteins. Annu. Rev. Biochem. 58, 799-839
14. Kiledjian, M. and Dreyfuss, G. (1992) Primary structure and
binding activity of the hnRNP U protein: binding RNA through
RGG box. EMBO J. 11, 26552664
16. Hamann, S. and Striitling W.H. (1998) Specific binding of
Drosophila nuclear protein PEP (protein on ecdysone puffs) to
hsp70 DNA and RNA. Nucleic Acids Res 26, 4108-4115
16. Dreyfuss, G., Matunis, M.J,, Pifiol-Roma, S., and Burd, C.G.
(1993) hnRNP proteins and the biogenesis of mRNA. Annu.
Reuv. Biochem. 62, 289-321
17. Pinol-Roma, S. and Dreyfuss, G. (1992) Shuttling of pre-mRNA
binding proteins between nudeus and cytoplasm. Nature 355,
730~732
18. Visa, N., Alzhanova-Ericsson, A.T., Sun, X., Kiseleva, E., Bjérk-
roth, B., Wurtz, T, and Daneholt, B. (1996) A pre-mRNA-bind-
ing protein accompanies the RNA from the gene through the
nuclear pores and into polysomes. Cell 84, 253-264

19. Ostareck, D.H., Ostareck-Lederer, A., Wilm, M., Thiele, B.J,,
Mann, M., and Hentze, M.W. (1997) mRNA silencing in eryth-
roid differenciation: hnRNP K and hnRNP E1 regulate 15-lipo-
xygenase translation from the 3’ end. Cell 89, 597606

=1

. Biochem.

2702 ‘T Joqo100 uo Aiseaiun Bupd e /io'sfeuinolpioxoqly/:diy woly pspeojumoq


http://jb.oxfordjournals.org/

