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SUMMARY : A cDNA clone encoding human nucleolar phosphoprotein 
B23, numatrin, was isolated from a library prepared with mPNA 
from human U cells. The complete nucleotide sequence was 
determined: it revealed a single open reading frame of 294 amino 
acids that included four in-frame AUG codons as potential sites 
of translation initiation. Comparison of the human B23 
nucleotide sequence with the rat and mouse B23 sequences revealed 
91% homology (hum:rat, and hum:mus) in the coding region: the 
predicted B23 proteins displayed 94% amino acid identity. 
Northern gel blot analysis revealed a single B23 mRNA species of 
-1.5 kb. The level of B23 mRNA in U cells was not detectably 
altered by treatment with either alpha or gamma interferon. 
Southern gel blot analysis revealed polymorphism within the human 
B23 gene structure, and suggested the presence of multiple B23 
genes and/or extensive splicing of B23 RNA transcripts. 01989Acade~ic 

Press, Inc. 

Protein B23 i.5 a major phosphoprotein component of the 

granular region of the nucleolus (l-4), the subcellular site of 

assembly of pre-ribosomal RNAs with proteins (5). Although the 

biochemical function of protein B23 has not yet been precisely 

established, the observations that protein B23 is found in the 

nucleolus (l-4), binds to single-stranded nucleic acids including 

WA, and is associated with pre-ribosomal ribonucleoprotein 

*This work wes supported in pert by Research Grants AI-12520 end ~1-20611 

from the National Institute of Allergy end Infectious Diseases, IJ. S. P. H. S. 

1 The nucteotide sequence reported in this paper has been submitted to 

GenBank, Los Alamos, New Mexico, with eccession number W26697. 

The abbreviations used ere: IFN, interferon; 823, protein 823, numatrin; 
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particles (6-8) has led to the suggestion that protein B23 may 

Play a role in ribosome biogenesis. In addition, protein B23 

appears identical to numatrin (9), a nuclear matrix protein 

associated with growth factor-induced mitogenesis of 3T3 

fibroblasts and with mitogen- and receptor-mediated proliferation 

of lymphocytes (9-11). 

As part of our studies of the molecular mechanism of 

interferon action (12, 131, we have undertaken the molecular 

cloning of IFN-regulated human proteins. Among the cDNA clones 

obtained was one that turned out to be a false-positive with 

regard to regulation by interferon (IFN) but, upon partial 

sequence analysis and comparison with the GenBank data base, 

possessed significant sequence similarity with that of a partial 

cDNA clone of the human protein B23 (14) as well as that of a 

complete cDNA clone of rat protein B23 (7). We report here the 

characterization of clone 21 which appears to be a full-length 

molecular cDNA clone of the human nucleolar protein B23, also 

known as numatrin. 

MATERIALS and METHODS 

w Svnthesis + Cloning Strategy. The cDWA library in lambda Zap bdas 

prepared using poly(A 1 RNA isolated from human amnion U cells treated with 

IFN- CL . Brief Ly, total RNA uas isolated from monolayer cell cultures by the 

guanidinium thiocyanate - cesium chloride centrifugation technique (15); 

polyadenylated RNA was prepared by two cycles of oligo(d1) ccl Lulose 

(Collaborative Research) chromatography (16). Synthesis of cDNA from poly(A+) 
RNA was by the method of Gubler and Hoffman (17). Size-selected cDNA, treated 
with MRI methylase, ligated to -RI 1 inkers and digested with fcoRl 

endonuclease, was ligated into the -RI site of X -Zap expression vector 

(Stratagene CLoning System) according to the manufacturer’s recommendations. 

The ligated DNA was packaged using the Gigapack Gold extract system (Stratagene) 

and plated onto Eschericia & strain 684. Initial screening was by filter 

hybridization (20) with a mixture of synthetic 17-mer oligonucleotides 

corresponding to a peptide sequence determined for protein p54. a 54.kDa 

polypeptide induced by IFN in human cells (18‘19). Candidate positive plaques 
were subjected to a second round of oligonucleotide screening prior to 
subcloning into the Bluescript-SK plasmid (Stratagene) by the in viva automatic 

excision process permitted by the h-Zap vector. Subsequent screening YBS by 

Northern blot analysis of RNA isolated from untreated and IFN-treated cells; 
probes were 

9: 
restriction fragment inserts isolated from Bluescript-SK 

recombinants and P-labeled by random priming (21). 
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Northern Analvsis w of RNA. Human U cell totat RNA, isolated from 
untreated cells and from cells treated with either IFN-~1 or IFN-y as indicated, 

YBS denatured, fractionated by electrophoresis using a 1.5% agarose- 

formaldehyde gel. and transferred to Hybond-N (Amersham) nylon transfer 
membranes (22,231. Hybridization was as described (231, using as a probe the 

full-length 1.3 kb QRI:mRI 823 fragment labeled by random priming. 

Southern Blot Analysis of Human Genome DNA. Chromosomal DNA, purified from 

human sperm or from Epstein-Barr virus transformed human lymphoblast lines, was 

digested Nith the restriction enzyme -RI or -1 (10 or 20 ug DNA, 

respectively), fractionated by agarose gel electrophoresis, and transferred to 

membranes by the method of Southern (24). The filter containing human sperm 

genome DNA uas generously provided by M. Neitz, Univ. of Calif., Santa Barbara; 

the filter containing human lymphoblast DNA from CEPH families (Centre d#Etude 

du Polymorphisme Humain, Paris, France) uas generously provided by N. Steiner 

and M. King, Univ. of Calif., Berkeley. The Southern blot filters Nere probed 

uith the 1.3 kb wRI:uRI 823 fragment. 

DWA Seauence Analysis. A family of progressive unidirectional deletions of 

623 clone 21 in the Bluescript-SK+ vector uas generated using exonuclease III 

(25). Sequencing uas done uith the dideoxy chain termination method (26) using 

modified T7 DNA polymerase (Sequenase II, United States Biochemical Corp.), 35s. 

labeled deoxy-ATP, and the T7 and T3 primers according to the Sequenase protocol 

provided by the manufacturer. In some cases, the reaction mixtures included 

dITP in place of dGTP to minimize band compressions. Computer assisted sequence 

analysis uas performed uith a Digital Equipment Corp. VAXSTATION II computer 

system and the sequence analysis software package of the Univ. of Uis. Genet its 

Group (33); comparisons of sequences uere made against Genbank release 59.0. 

RESULTS m DISCUSSION 

Nucleotide Sequence of Human B23 (Numatrin) cDNA The A 

nucleotide sequence of cDNA clone 21 isolated from a lambda-Zap 

cDNA library constructed using poly(A+) RNA from IFN- a treated 

human U cells is shown in Figure 1. The clone was identified 

by filter hybridization with a mixture of synthetic 

oligonucleotides complementary to the likely mFSA codons encoding 

a short peptide sequence derived for IFN-regulated protein p54 

(18,19). Clone 21 turned out to be a false-positive, both with 

regard to p54 and with regard to regulation by IFN (Fig. 3). 

Fiaure 1. Nucleotide sequence of human cDNA clone 21 and deduced amino 

acid sequence of human protein 823 encoded by clone 21. The numbers above each 

line refer to nucieotide position and numbers beneath each Line to amino acid 

position. ihe A of the 51-proposed AUC initiator methionine codon of the long 

ape” reading frame of clone 21 is designated as nucleotide +l; nucieotides -90 

to -1 designate the predicted 5’-untranslated region. About 40 A residues uere 

present et the 3’-end of clone 21 (sequence not shown) and are designated by 

(A)“. For purposes of comparison with the human 823 (hum) cDNA clone 21 

sequence (accession number N26697). the complete cDNA sequences determined for 

rat 823 (rat) by Chang et ai (7; accession number 503969) and mouse 623 (Pius) by 

Schmidt-Lachmrnn and Frankc (30) ere also included. Dots C.) designate identity 

of nucieotides in the compared rat or mouse sequence uith those of human 823. 

Dashes (-I designate gaps introduced to maximize similarity. 
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Clone 21 was, however, identified as human protein B23, numatrin 

(9) # based on sequence similarity to the DNA sequence reported 

for rat protein B23 (7) and a partial sequence reported for a 

version of the human protein B23 (14). 

Human cDNA clone 21 is 1293 nucleotides of heteropolymeric 

sequence followed by a 3' poly A tail (Fig. 1). Clone 21 

possesses a single, long open reading frame of 882 nt, capable of 

encoding a 294 amino acid protein. The ORF is preceded by 90 nt 

which presumably constitute a part of the 5'-untranslated leader. 

The 5'-proximal AUG codon of the ORF is designated nt 1-3; this 

potential translation initiation codon is closely followed by 

three additional in-frame AUG codons at nt positions 13-15, 19-21, 

and 25-27. It is unclear which of these AUG codons represents 

the major translation initiation site of B23. The AUG codons at 

nt l-3 and nt 13-15 are not flanked by a favorable II-3 +4" / 

context for translation initiation, whereas the AUG codons at nt 

19-21 and nt 25-27 possess purines at the tt-3/+4" positions and 

hence would be considered more favorable (27). A number of 

different animal virus genes encode mRNA species in which 

different in-frame AUG initiation sites are utilized to generate 

related protein products that differ in their amino-terminal 

sequences (28). Different forms of B23 protein have been 

described (6,14,29); conceivably the heterogeneity of protein 

B23 is due in part to the utilization of alternative, in-frame 

translation initiation sites. 

The 3'-untranslated region of human clone 21 B23 mRNA is 

relatively long, consisting of 321 nucleotides. Two copies of 

the polyadenylation signal AAUAAA, located at nt 1178-1183 and nt 

1196-1201, are closely positioned to each other and to the 

3'-terminus preceding the poly A tail (Fig. 1). 
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Figure 2. Comparison of the amino acid sequences deduced from molecular 

clone cDNA sequences for human protein 823 <Hum), rat protein 823 (Rat), mouse 

protein 823 tlrus) and human 823 proteins HBl and HBZ (HBl, HBZ). sequences were 

aligned by computer analysis and visual inspection. Dots (.) designate identity 
of residues in the compared sequence with those of human 823. Dashes (-) 

designate gaps introduced to meximize simiLerity. Hun, human protein 823 

sequence deduced from clone 21 (Figure 1); Ret, rat protein 823 sequence deduced 

from clone XJHl (7); Mus, mouse protein B23 deduced from clone xFHL185.19 (30); 
HBl and HBZ, human protein 823 carboxyl terminal region deduced from partial 

cONA clones hpB1 and hpB2 (14). 

Relatedness of the Human, Rat and Mouse B23 (Numatrin) Genes 

J@ Encoded PolmeDtides. The human, rat and mouse 823 genes and 

encoded proteins are highly conserved (Fig. 2). Comparison of 

the B23 protein sequence predicted from the human clone 21 with 

the rat (7) and mouse (30) B23 protein sequences deduced from 

cDNA clones revealed 94% amino acid identity for both hum:rat and 

for hum:mus. The carboxyl-terminal sequence of human protein B23 

deduced from U cell clone 21 differs from the sequences of human 

B23 predicted from two partial placenta cDNA clones, HBl and HB2 

(14), by five and one amino acids, respectively (Fig. 2). As 

reported previously for the rat (7) and mouse (30) B23 proteins, 

the human B23 protein (Figs. 1 and 2) likewise possesses 

extensive sequence similarity with the Xenonus protein NO38 (31). 

Among the more intriguing structural domains displayed by the 

human B23 protein encoded by clone 21 is a negatively charged 

domain corresponding to amino acid residues 161 to 188. Within 

181 



Vol. 164, No. 1, 1989 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

this domain, 26 of 28 codons are GAN and specify Asp or Glu; 

furthermore, 17 of the 18 Asp codons are GAU, and 6 of the 8 Glu 

codons are GAG (Fig. 1). 

Comparison of the human clone 21 B23 nucleotide sequence 

with the cDNA nucleotide sequences reported for rat (7) and mouse 

(30) B23 clones revealed 91% nucleotide homology for both hum:rat 

and for hum:mus in the coding region (Fig. 1). The 3'- 

untranslated sequences possessed a comparable homology, 90% for 

hum:rat and 89% for hum:mus. However, the 5'-untranslated 

sequences displayed a somewhat lower homology, 74% for hum:rat 

and 71% for hum:mus. Following the completion of the clone 21 

cDNA sequence corresponding to human amnion U cell B23, we became 

aware of the complete cDNA sequence for human placenta B23 

recently reported by Chan et al. (32); the U cell (Fig. 1) and 

placenta (32) human B23 cDNA sequences are equivalent. 

Northern Gel Blot Analysis of Human B23 (Numatrin) m in 

Untreated and IFN-treated &&&. Northern blot analysis of total 

RNA isolated from human amnion U cells revealed a single mRNA 

transcript with an electrophoretic mobility slightly faster than 

18s rRNA (Fig. 3A,B). The size of the U cell B23 transcript was 

estimated to be about 1.5 kb. The level of the B23 transcript was 

comparable in U cells not treated with IFN and in cells treated 

with alpha IFN, gamma IFN, or a combination of IFNs (Fig. 3A,B). 

Genomic Southern Analysis of the Human B23 (Numatrinl Gene -. 

To study the molecular organization of the human B23 gene, human 

genomic DNA digested with either -RI or -1 was analyzed, by 

the method of Southern (24), for hybridization to the clone 21 

cDNA probe of human U cell B23. No -RI or StuI restriction 

sites are present within the human B23 clone 21 cDNA (Fig. 1). 

Human sperm DNA obtained from two individuals, when digested with 

-RI, yielded multiple fragments that hybridized under stringent 
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Figure 3. (Fig. 3A.B) Northern blot analysis of 623 mRNA expression in 
untreated and interferon-treated human emnion u celLs. ” CelL monolayer 
cl.81 tures were untreated or treated with IFN-C( or IFN-Yas indicated. RNA was 
purified from cells, denatured and elef;rophoresed on an agarose gel, blotted 
onto a nylon membrane, and probed uith P-labeled cDNA to human B23 message as 
detai Led under “Materiels and Methods.” (A) Untreated (none) or treated with 
alpha IFN ( a), gamma IFN (Y ), or alpha + gamma IFN (comb’n) for 24 h; (6) 
Treated with IFN- Y  for 0, 1, 2, 4, 6, OP 24 h. (Fig. JC) Southern blot 
analysis of human genornic DNA. Human genomic DNA isolated from Epstein-Barr 
vi PUS transformed Lymphoblasts of six CEPH individuals was digested with -1, 
blotted and probed as described. Sizes of DNA standards, in kilobases, are given 

0” the 

(A), (8) 

Left. end positions of polymorphism on3;he m.  The blots shown in 
and (Cl were hybridized with B P-Labeled full-Length 1.3 kb 

EcoRI:MRI insert of human 823 clone 21. 

wash conditions to human B23 clone 21 cDNA (data not shown). 

Similar results were obtained when human lymphoblast genomic DNA 

from six CEPH individuals was analyzed (Fig. 3C). Multiple 

genomic -1 fragments hybridized with the clone 21 probe. 

Furthermore, -1 site polymorphism was observed with human 

genomic DNA hybridizing to the clone 21 probe (Fig. 3C). These 

results suggest that the human B23 gene is interrupted by several 

intervening sequences, and/or that the human genome includes 

multiple genes related to the human B23 cDNA clone 21. 
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