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SUMMARY: A cDNA clone containing the complete coding sequence
for the human nucleolar phosphoprotein B23 was isolated from a
Burkitt’s lymphoma c¢DNA library by immunoscreening with human
autoantibodies. The B23 clone contained a 1.3 kb cDNA insert
encoding a polypeptide of 294 amino acids with a predicted
molecular mass of 32,539 daltons. The deduced B23 amino acid
sequence contained 2 acidic domains rich in aspartic and
glutamic acid, a feature shared by a number of nuclear and
nucleolar proteins. The human B23 amino acid sequence showed 98%
homology with rat B23 and 68% homology with the Xenopus laevis
nucleolar phosphoprotein, N038 showing that the primary
structure of B23 is highly conserved among these species.

© 1989 Academic Press, Inc.

B23, like nucleolin (or C23), is a major nucleolar
phosphoprotein expressed in higher amounts in tumor and growing
cells than in resting cells (1). Its function is unknown
although several lines of evidence suggest that it is involved
in ribosome assembly and/or rRNA processing (1-3). Treatment of
cells wvith actinomycin D and other inhibitors of rRNA synthesis
(2-3) or the growth of cells in serum-free medium (2) results in
the translocation of B23 from the nucleolus to the nucleoplasm.

Subsequent re-entry into the nucleolus is dependent upon rRNA
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synthesis but not upon protein synthesis (2-3), indicating that
normal rRNA processing is essential for the localization of B23
to the nucleolus. Recently, B23 has been shown to be identical
with the nuclear matrix protein, numatrin (4), the synthesis of
wvhich is induced in the early stages of cell mitogenesis (4-5).
This article reports the isolation of a 1.3kb cDNA encoding
human B23 using a serum containing a high titer antinucleolar
autoantibody. Analysis of the deduced amino acid sequence of
the B23 cDNA identified several features that have been
conserved between human (6,7), rat (8) and X.laevis (9) and are

shared by nucleolin (10) and nucleoplasmin (11).

MATERIALS AND METHODS

Cloning. Serum from a patient (Ba) with high titer (1:10,000)
antinucleolar autoantibodies reactive by immunoblotting with a
37kD Bela cell nucleolar polypeptide was used, at a dilution of
1:1,000, to screen (12) a human Burkitt’s lymphoma cDNA library
(13) in Mgtll. A single positive clone containing a 1.3kb cDNA
insert was isolated.

DNA sequencing. DNA sequencing of both strands was performed by
the dideoxy-chain termination method (14) using 3550-dATP
(specific activity >1000 mCi/mmol, Amersham, UK) and M13
templates (15) containing the 1.3 kb cDNA insert. Synthetic
oligonucleotides were used to prime reactions. The sequence was
compiled and analyzed using modified computer programmes of
Staden (16).

RESULTS AND DISCUSSION

The ¢DNA comprises 1320 nucleotides and contains one long
open reading frame beginning immediately after the EcoRl linker
at the 5 gnd of the insert in frame with B-galactosidase and
extending to the termination codon (TAA) at positions 970-972
(Figure 1). There is a putative polyadenylation signal, AATAAA
(17), at positions 1265-1270, 15 nucleotides in front of a
stretch of 28 adenosine residues presumed to be the poly A tail.

The first potential initiation codon (ATG) was identified

in frame with B-galactosidase at positions 88-90. Three

73



Vol. 163, No. 1, 1989 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

GAATTCCTCCTGCGCGGTTGTTCTCTGGAGCAGCGTTCTTTTATCTCCGTCCGCCTTCTCTCCTACCTAA
70

1
M E D $ M D MDM S P L RP QN YL
GTGCGTGCCGCCACCCGATGGAAGAT TCGATGGACATGGACATGAGCCCCCTGAGGCCCCAGAACTATCT
140
20 40
F G C E L K A D KD Y HF KV D NDENEHQ

TTTCGGTTGTGAACTAAAGGCCGACARAGATTATCACT TTAAGGTGGATAATGATGAAAATGAGCACCAG
210

60

L §$ L R TV 8§ L G A G A KDUEULMUHTI UV EATEA
TTATCTTTAAGAACGGTCAGT T TAGGGGCTGGTGCAAAGGATGAGTTGCACATTGT TGAAGCAGAGGCAA
280

80
M N Y E G § P I K Vv T L A T UL KM S V QP T V S
TGAATTACGAAGGCAGTCCAATTAAAGTAACACTGGCAACTTTGARAATGTCTGTACAGCCAARCGGTTTC
350
100

L G G F E I TP ©PUVVLRILIEKTCGSGUP V HI
CCTTGGGGGCTTTGAAATAACACCACCAGTGGTCTTAAGGTTGAAGTGTGGTTCAGGGCCAGTGCATATT
420

120
S G Q H L VvV A VIE ED AE S E D EEE E D|V K

AGTGGACAGCACTTAGTAGCTGTGGAGGAAGATGCAGAGTCAGAAGATGAAGAGGAGGAGGATGTGAAAC
490

140
L L S I $ G KR S AP G G G S KV P Q K K V KL
TCTTAAGTATATCTGGAAAGCGGTCTGCCCCTGGAGGTGGTAGCAAGGTTCCACAGAAAAAAGTAARACT
560
160 180

A AlD E D DDUDUDODEEDUDDEDUDUDUDDTDF
TGCTGCTGATGAAGATGATGACGATGATGATGAAGAGGATGATGATGAAGATGATGATGATGATGATTTT
630

200
D D EEAEE|(K APV KK S I RDTP A K N A
GATGATGAGGAAGCTGAAGANAAAGCGCCAGTGAAGAAATCTATACGAGATACTCCAGCCARAAATGCAC
700

220
Q K § NQ N G KD S K P S §$ T PR S K G Q E § F
AAAAGTCAAATCAGAATGGAAAAGACTCAAAACCATCATCAACACCAAGATCAAAAGGACAAGAATCCTT
770
240
K K Q E K T P K T P K G P S S V ED I K A KM
CAAGAAACAGGAAAMAACTCCTAAAACACCAAAAGGACCTAGTTCTGTAGAAGACATTAAAGCARAAATG
840
260
Q A 5 I E K G G S L P K V E A K F I N Y V KN
CAAGCAAGTATAGAAAAAGGTGGTTCTCTTCCCAAAGTGGAAGCCAAATTCATCAATTATGTGAAGAATT
910
280
C F R M T D Q E A I Q DL W Q W R K S L *
GCTTCCGGATGACTGACCAAGAGGCTATTCAAGATCTCTGGCAGTGGAGGAAGTCTCTTTAAGARAATAG
980

TTTAAACAATTTGTTAAAAAATTTTCCGTCTTATTTCATTTCTGTAACAGTTGATATCTGGCTGTCCTTT
1050

TTATAATGCAGAGTGAGAACTTTCCCTACCGTGTTTGATAAATGT TGTCCAGGTTCTATTGCCAAGAATG
1120

TGTTGTCCAAAATGCCGTTTAAGTTTTTAAAGATGGAACTCCACCCTTTGCTTGGTTTTAAGTATGTATG
1190

GAATGTTATGATAGGACATAGTAGTAGCGGTGGTCAGACATGGAAATGGTGGGGAGACAAAAATATACAT
1260

GTGARATAAAACTCAGTATTTTAATAAAAAAAAAAAAARAARAARAAAAAAAAGGAATTC
1320

Figure 1. Nucleotide and predicted amino acid sequence of the
Mgtll cDNA insert. Two negatively charged clusters of repeated
glutamine and aspartic acid residues are shown in the boxed
regions. The polyadenylation signal (AATAAA) is underlined. The
numbers on the right refer to the nucleotide sequence and the
superscripted numbers refer to the amino acid sequence.
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additional in frame ATG codons are present at positions 100-102,
106-108 and 112-114 respectively. Comparison of the predicted
human B23 amino acid sequence with sequences derived from highly
homologous ¢cDNA clones encoding rat B23 (8) and the X.laevis
nucleolar phosphoprotein N038 (9) suggests that the first ATG is
the correct initiation site (8). Furthermore, in vitro
transcription of the human cDNA generated a 1.3 kb transcript
which yielded, upon in vitro translation, a 355_methionine-
labeled translation product that co-migrates with the 37kDa
immunoreactive Hela cell polypeptide, identified by the Ba serum
(Li and McNeilage, unpublished observations). Thus the predicted
polypeptide comprises 294 amino acids including the amino
terminal methionine and has a calculated molecular weight of
32.5kDa. This value is smaller than 37kDa, observed on SDS-PAGE
for B23. This anomalous migration may be due to the presence of
2 regions of negatively charged amino acids.

This distinctive feature comprises repeated glutamic and
aspartic acid residues located at positions 120-132 and 161-187
(Figure 1). The former contains 11 Glu/Asp residues out of 13,
the latter 26 out of 28. Extended Asp/Glu clusters are a feature
of a number of other nuclear and nucleolar proteins (reviewed in
18) although the function of these negatively charged motifs,
termed A~ or acidic regions (18) is not known.

Comparison of the predicted amino acid sequence of our cDNA
clone with other mammalian nucleolar proteins identified 3
highly homologous sequences. The C-terminal 81 amino acids of
our cDNA are identical with the predicted 82 C-terminal amino
acids of partial cDNAs encoding rat and human B23 (7). This
identity extends beyond the coding region for a further 114
nucleotides (7). The 20 amino acids from position 117 to
position 136, which precede and include tI first negatively

charged domain, show 95% identity with the amino acid sequence
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determined for a major phosphopeptide of rat B23 (6). A second
potential phosphorylation site with the sequence DT(P)PAK
positions 198-202 (Figure 1) has been identified in B23 (19).
This site is not phosphorylated in vitro (19) and has the
predicted secondary structure found at or near phosphorylation
sites regulated by cyclic AMP-dependent kinase (20), an extra-
nucleolar protein kinase. Phosphorylation of this site may serve
a regulatory role. Evidence that this may be regulated by an
extranucleolar protein kinase is supported by the recent finding
that the nuclear matrix protein, numatrin, which has a role in
the transduction of receptor-mediated mitogenesis (4,5) is
identical to B23 (4). Our sequence also showed 97.6% identity

with the sequence recently derived for rat B23 (8) (Figure 2)

H B23 MEDSMDMD-MSPLRPQONYLFGCELKADK-DYHFKVDNDENEHQLSLRTVS
R B23 ARAKARKA kAR RRRRRRRKA AR AR KRR ARR RN RRARARRAAR AR AN KK

NO 38 *khkkkhkdNTAXAAAKKERRIRARARRRKARGIRXADRRRI R R Ik kAR
100

H B23 LGAGAKDELHIVEAEAMNYEGSPIKVILATLKMSVQPTVSLGGFEITPPV
R B23 *hhARkkkhkkkhR ARk hhhhhkkdkhkkkhkhkhhhrhkkdhhhkhkhkhkkhk

NO 38 *AASAKRKRAAyARRKGIAKKRKTAXIAXASAAPRRKAThkkok ke ke h ko
150

H B23 VLRLKCGSGPVHISGQHLVAVEEDAESEDEEEEDVKLLSISGKRSAPGGG
P B23 hekkhkhkkhhkhhkhkkhkkhk

R B23 Ak kR AR RARRRRAARKRRRRR KKK K RIARARARIGMARK AKX R AR5k
NO 38 i*AAAGARkdAYRARkAhk Rk ~*k]**ShkI*d*@HEPSPKNA**I**DSA

200
H B23 SKVPQKKVKLAADEDDDDDDEEDDDEDDDDDDFDDEEAEEKAPVKKSIRD
R B23 Nt*kkxkaktDErRdrk@Ak@hdk—thk kA hkhkkhk kg ATAX KTk kkkykk
NO 38 ****R*XTRX———Xooee*SAX***dkok kX XEXRkJXEXXET* %%k xT-DS

250
H B23 TPAKNAQKSNQNGKDSKPSSTPR----SKGUESFRKQERTPKTPKGPSSV
H HB2 P**t*****—-———*k*********************
R B23 **'k************L***—*t*——_-***********************
NO 38 *KS*A*X*LAE***A*AL*T*QKTPKTPEQKGKQDTKPQ* *****TAL*S
300

H B23 EDIKAKMQOASIEKGGSLPKVEAKFINYVKNCFRMTDQEAIQDLWQWRKSL
H HB2 *AhA kA AR AR AR ARARAXARRRRKA KN RA A kAR hkhkkhkhkhkkhdk
R B23 *AAhAkkARRRARRARRRRAAR AR KA R KA A RRRAARRRRARRARAR R A &K

NO 38 *@RAAXKKPYLAAXNUVRRAXAVAXAX AR KRR ATENAKVAER R KKR ROk &

H B23 ----
R B23 -~--
NO 38 KDGK*

Figure 2. Alignment of amino acid sequences of the rat B23 clone
(R B23;8), X.laevis N038 clone (N038;9), a human B23
phosphopeptide (P B23;6) and a partial cDNA clone encoding the
carboxyl 82 amino acids of human B23 (H HB2;7) relative to the
human B23 sequence (H B23). The sequences, shown in single-
letter amino acid code, were aligned according to the modified
programs of Staden (16). Spaces (-) have been introduced to give
maximum alignment and residues identical with those in the human
B23 sequence are represented by asterisks. Conservative amino
acid substitutions are represented in lover case letters.
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and 68% identity with the sequence for the X.laevis nucleolar
phosphoprotein N038 (9) (Figure 2).

Comparison of our sequence with that for nucleolin (13),
showed that both proteins contained extended domains rich in
glutamic and aspartic acid residues. However, outside these
regions there were significant differences in both structural
features and potential modification sites. Nucleolin contains
four potential phosphorylation sites (serines) within 3 acidic
domains in the N terminal region of the protein (10), whereas
only one potential phosphorylation site, serine at position 125,
is observed in the corresponding acidic domains of B23. 1In
addition, nucleolin contains 5 potential N-glycosylation sites

(10) compared with none in B23.
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