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ABSTRACT

NPM (nucleophosmin/B23) is a major nucleolar protein
which is 20 times more abundant in tumor or proliferat-
ing cells than in normal resting cells. Recently, it was
found that NPM gene is located at the breakpoints of
the t(2:5), t(3:5) and t(5:17) chromosome translocation.
To understand the human NPM gene’s structure and
regulation, four genomic clones were isolated from the
human chromosome 5 library and their DNA sequences
analyzed. The human NPM gene has 12 exons of sizes
ranging from 58 to 358 bp. The chromosome break-
point for t(2:5) and t(5:17) translocation is within intron 4
and the breakpoint for t(3:5) translocation is within
intron 6. The initiation site is located 96 bp upstream
from the ATG site. A typical TATA box (at —25 nt) and a
GC box (at —65 nt) were identified in the promoter
region. We identified two gel-shift bands (A and B) with
DNA fragment E (—741/-250 nt) by EMSA. A DNA
footprint was observed at (—371/—344 nt) with the nuclear
extract. A double stranded DNA with the footprint
sequence (—371/-344 nt) competed the formation of
gel-shift bands A and B in EMSA suggesting that
proteins A and B bind to the footprint region. We
confirmed that protein A is transcription factor YY1.
These results suggest that YY1 may play a role in NPM
gene expression. This is the first report on human NPM
gene structure and sequence.

INTRODUCTION

DDBJ/EMBL/GenBank accession nos U89309-U89322

synthesized ribosomal RNA accumulate in nuclei and cannot be
transported to the cytoplas(@—10). NPM is associated with
pre-ribosomal particles and other nuclear proteins as well. The
proteins it associates with include transcription factor YY1 (11),
nucleolar p120 protein (12) and HIV protein Rev/Rex (13-14).

NPM biosynthesis is related to cell proliferation and mitogenesis.
We found that NPM mRNA is 50-fold higher in Novikoff
hepatoma and 5-fold higher in hypertrophic rat liver than in
normal rat liver (1). Feuerstedt al (15-16) reported that when
B cells, T cells and Swiss 3T3 cells were stimulated with various
mitotic agents, NPM synthesis increased. On the other hand,
down regulation of NPM was observed in Jurkat T-lymphoblasts
during apoptosi§l7). These studies indicate that NPM expression
is associated with cell growth.

The rat NPM gene has been isolated and characterized (18).
However, the structure and sequence of the functional human
NPM gene is not yet known. Previously, we identified seven
human processed pseudogenes of NIFW! Geomic blot analysis
indicated that there are at least 10 copies of NPM gene per haploid
human genome. With the recent information that the chromosome
breakpoints of t(2:5), t(5:17) and t(3:5) chromosome translocation
associate with NPM gene (19-25), we searched for thiedonat
gene in the human chromosome 5 library and isolated four clones.
Here, we report the gene’s physical structure and DNA sequence.
The 3 region and the DNA sequence of the intron 4 where t(5:2)
chromosome break occurs were characterized. This is the first
report on human NPM gene structure and sequence. We also found
that the transcription factor YY1 (26—29hds to the Sregion of
the NPM gene, suggesting that YY1 may play a role in NPM gene
expression.

Nucleophosmin (NPM, also called protein B23, numatrim,
NO38) is a nucleolar phosphoprotein 20 times more abundantMATERIALS AND METHODS

cancer cells than in normal resting cells (1). Its putative functi
is the assembly and/or transport of ribosome. NPM is a mobile

enomic sequences analysis

protein; its cellular localization is affected by growth conditionA human chromosome 5 genomic library was obtained from the
and influenced by certain cytotoxic drugs. During serurmerican Type Culture Collection (cat. no. LAOSNLO3). The
starvatior(2) or treatments withrdicancer drugs—daunomycin, library was screened with cDNA prob@g and the first intron
actinomycin D, camptothecin or toyocamycin—it shifts fromprobe (p16-3/1.2S) derived from the chromosome \20R.

nucleoli to nucleoplasm (NPM-translocati¢d)-7). The ckular

Screening libraries, Southern blot analysis, DNA cloning, PCR

location of NPM is also dependent on GTP and ATP levels. Whemd DNA sequencing by dideoxynucleotide termination reactions
thede novosynthesis of GTP is inhibited and cells are depletedere performed according to the standard methods described in
of GTP, NPM-translocation occurs (8). On the other hand, whedambroolket al (30). Primers used in PCR and iaréng were

ATP levels are depleted, NPM-translocation is blocked and newdlerived from various regions of the cDNA.
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(A) The 5' of NPM gene (Clone C)
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(B) The 3' of NPM gene (Clone D)
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Figure 1.Physical structure of human NPM gene. E and H represent the locations of restriction enzyfBediiteanofiHindlll, respectively. The relative size and
position of exons 1-11 are represented by E1-B)THe 5 portion of NPM gene (clone CB) The 3 portion of NPM gene (clone D)CJ Relative locations of
special sequences in therégion.

Determination of the initiation site added to the mixture and allowed to digest for 1-1.5 mihGt O
. . s . . . Th ti t ipitat i th I
To identify the initiation site, the primer extension method w ﬁ A/Zﬁrﬁgnﬁas zcoer,zg;d SSf?erp rﬁﬁﬁh?;l(;_ b%hzdzlggign anol/

employed. Antisense primer P5 (1-17 from the ATG site roduct was anal 0 SN

. . yzed by a 6% polyacrylamide—8 M urea gel. The
CDNA) was end-labeled withyf2PJATP by polynucleotide T4 ooy of the footprint was determined by an adjacent sequencing
kinase. RNAs were prepared from HeLa cells using the GIBCQJ| |adder (33).

BRL Trizol reagent. Poly-A RNA were purified with oligotex-dT
gel. Annealing of the primer to RNA was conducted aCARr
8 h. Primer extension was carried out by AMV revers
transcriptase at 42 for 90 min. The primer extended fragmentThree DNA fragments from the Begion of the NPM gene:
was analyzed in an 8% sequencing gel with both markers angl @741/+93), Il (—405/+93) and IIl (—43/+93, which is the basal

gonstruction of 5 deletion mutants and luciferase assay

sequence ladder derived from the PS5 primer. promoter with a TATA box) were prepared by PCR with
appropriate primers. Thé &nd of these clones is located 3 bases
Electrophoretic mobility shift assay (EMSA) upstream from the ATG site. These DNA fragments were

. ubcloned into the luciferase reporter gene vector (3¥land
The procedure of EMSA was according to ‘Current Protocol, V‘a/ere transfected into HeLa cells by electroporgBdiunder the
II" (31) with slight modifications. DNA fragments, P (=249 to ; y pordBdh

ollowing conditions: 1.5 kV/cm, 1 ms pulse width, 2 trains with 15
+465) and E<741 to —250), were prepared by cleavages of thg jses. Cells were cultured in Petri dishes (35 mm) for 48 h before
5 DNA with Miul (which cleaves at —249) arh¢ (Which  panest Under these condition0% of cells were transfected.
cleaves at—741 and +465) restriction enzymes. The reaction mixty{;erase activity (RLU, relative luciferase unit) was determined
(25 W) containing the MCF-7 or HeLa cell nuclg82) extract it 4 | yminometer using-lucuferin as substrate. The luciferase
(1-3pg protein), end-labeled DNA fragments (0.5-5 ng), binding, +tiyity for each sample was normalizeith their co-transfected

buffer [12 mM HEPES, pH 7.9, 4 mM Tris—HCI, 60 mM KCl, 1 5, ; vity (RL | unit) which ;
mM DTT, 1 mM EDTA. 0.05% NP-40, 5 mM Mg&l(MgChis &gagﬁtggdsjiﬁﬁfgﬁc(asggf unit) which was determined by

required for YY1 binding), 12% glycerol], poly dI-dC (u& per
reaction), BSA (30Qug/ml) + competitors, were incubated at RESULTS
25°C for 15 min. The mixture was loaded onto a 4% polyacryl-

amide gel for electrophoresis. Retardation of DNA fragments dygene structure of human NPM

to binding of protein factors was detected by autoradiography. )
About 2x 1P plaques from the human chromosome 5 library

were screened (see Materials and Methods). Four clones were
identified and purified which have inserts of 13—-20 kb. Restriction
DNA fragment E was end-labeled either by T4 kinase or Klenowapping and Southern blot analysis with probes derived from the
reaction. The labeled DNA was incubated with nuclear extrack and 3region of the NPM cDNA indicated that three clones (A,
(3-15pg) in a final volume of 5@l containing 12 mM HEPES, B and C) contained thé portion of the NPM gene and one clone
pH 7.9, 4 mM Tris—HCI, 60 mM KCI, 1 mM DTT, 1 mM EDTA, (D or clone 21-3]20) mntained the'3egion. The inserts of these
12% glycerol and 2ug of poly(dl-dC) and BSA (10Qg/ml).  clones were fragmented with restriction enzymes and subcloned
After 15 min of incubation at 2&, DNase | (0.5-1.5 unit) was into Bluescript SK vectors. Subcloning of individual introns was

DNase | footprinting
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also achieved through PCR techniques using cDNA primers. Thecation of the chromosome break point
DNA sequences of these clones were determined.

Figure 1 shows the restriction enzyme sites, the relative size dhwvas recently discovered that tHedgion of the NPM gene is
the location of exons in clones C and D. More than 60% of tfgsed with other genes in lymphoma cells having t(2:5), t(5:17)
gene sequence has been determined (sequences have beeif3:5) chromosome translocatig@0-25). Based on the
submitted to the GenBank). Since some of the intron sequend®B-PCR transcript sequence of the fusion protein derived from
(except introns 3, 4 and 5) were not fully determined, the relatiiells with t(2:5) and t(5:17) chromosome translocafiin24),
position between exons was determined by PCR with cDNthe N-terminal 117 amino acids of NPM are fused to anaplastic
primers and by restriction mapping. Clone C contains exons 1#8nphoma kinase (ALK) or retinoic acid receptor alpha (RARA).
and clone D contains exons 7—11. The combined sequence of king(3:5) chromosome translocation, the N-terminal 175 amino
NPM gene in clones C and D spa&5 kb. Since the overlapping acids of NPM are fused to myepodysplasia leukemia factor 1
sequence has not been found betweeri thfét& C clone and the (MLF) (25). Compared to the cDNA sequer{d@9 and &on/intron
5 ofthe D clone, the estimated total length of the NPM gene cousitions of human NPM gene (Table 1 and Fig. 1), the 117 and
be >25 kb. There are 12 exons with sizes ranging from 58 (ex&5 amino acids of NPM are located at the junctions of exon 4/exon
7) to 358 bp (exon 12). The DNA sequences of the exons dpeind exon 6/exon 7, respectively. Accordingly, the chromosome

identical to the cDNA sequence (1) except that the exon 11 is eakpoint for t(2:5) and t(5:17) translocation is within intron 4
identified in the major gene product. Table 1 shows the exon/intrémd the breakpoint for t(3:5) translocation is within intron 6. The
junctions of the human NPM gene. The same exon/intrgprecise breakpoint location within these introns is not known.

junctions are observed in the rat NPM gdi#3. Hgure 2A shows

Intron 4 is 911 bp long (Fig. 2B). Sequence analysis indicated that

the DNA sequence of théggion of the NPM gene and Figure 2B this intron contains twAlu sequences (dotted underlines) which
shows the sequence of the intron 4 where the chromosome brel&ge 70-80% sequence homology toAfuesequences observed
occur (discussed in the following).

Table 1.The exon/intron junctions of the human and the rat NPM gene

in human ABL and BCR (break point cluster regions) gé3®s
We also found that the &nd of this intron is particularly enriched
in T (denoted with italic).

Exon no. Exon size 5' Splicing site 3’ Splicing site Identification of the initiation site and sequence analysis of
Exon 1 154 TTC Glgtaactgc cag/GT TGT the 5 region of NPM gene
154 TTC Glgtaact /GT TGT
glaaciag - cag To identify the initiation site for NPM transcription, the primer
Exon 2 80 ACGlgtacttaa  cacag/GTC extension method was employed. Figure 3 shows the autoradiograph
80 ACGlgtatgtaa  cacag/GTC of the primer extended DNA fragments. We found one major and
Exon 3 120 ACGlgtaagggca  ttctag/GTT thre? mino)r pri(;ner eétended frag:jnentr? Wi;cjh lengths of 111, 112,I
113 (major) and 114 bp. Compared to the adjacent sequencing gel,
120 ACA/gtaagt ttttag/GTT ‘ X
Hyaagiaca a9 the major fragment (113 bp long) extended to the cytosine (C) at
Exon 4 94 GTAGlgtatgt  ttag/CT GTG 96 bp upstream from the ATG site. Accordingly, the initiation site
94 GTA G/gtagga  ttag/CT GTA (+1) is assigned to this position (Fig. 2A). A well defined TATA
Exon 5 107 CAG/gtaga aaag/AAA box (TATATAA) and a GC box (GGCG) were observed at—25 nt
107 CAGgtaaa {cag/AAA and —66 nt, respectively (Fl_g_. 2A). Sequence _analy5|s with a
computer search program idified four potentiakis-elements
Exon 6 65 GAA GAlgtaagt  tgtag/T GAT upstream from the promoter region. They(Bre1A-F (AGGA-
62 GAA GA/gtaagt tgtag/T GAT CGT) (37) at 293; (ii) UCR core (CGCCATTTT(26) at -352;
Exon 7 58 mwggagt  weagrer () ZREL(TTACACA) (38) at 377, and (i) UBP-L (CTCTCT-
58 AAA/gtacat tgcag/TCT ) (39), located at — an ’
Exon 8 87 AAA/gtaag ttcag/GGA
84 AAG/gtaag ttcag/GGT Electrophoretic mobility shift assay (EMSA)
Exon 9 102 AAA/gigagt  tgcag/GCG To identify proteins that bind to the 'egion of the NPM gene,
102 AAA/gtgagt tgcag/GCG an electrophoretic mobility shift assay (EMSA) was employed.
Exon 10 332 .poly (A) site  aatag/GGT ;rwo DNA frag)ments P aRd E) We[r:)e usid (Fig.bl). Fradgment I;’
: —249 to +465) contains the TATA box, the GC box and part o
324 ..poly (A) sit tag/GGT e i )
poly () site aatiag the first intron. Fragment E (—741/-250) is locatédrém
Exon 11 (& GAG/gcaactg  tccag/GCT fragment P. Nuclear protein extracts of HeLa or MCF-7 cells were
75 GAG/gtaactga  cctag/GCT incubated with the DNA fragments. Retardation of these
Exon 12 358 .poly (A) site fragments by proteins was identified (Fig. 4). One gel-shift band
346 poly (A) site (arrow) was identified using fragment P (Fig. 4A), and two

The upper rows are the human sequences, the lower rows are the rat seque@g,

gel-shift bands (A and B) were identified using fragment E
. 4B). Formation of these gel-shift bands was not affected by

upper case letters represent the exon sequences; lower case letters represef@AaPetition with non-specific competitors: calf thymus DNA
intron sequences. The difference between human and rat NPM coding sequef¥éBich was sheared to siZés00 bp), poly dI-dC/poly dI-dC and

were underlined.

BSA, but was competed out by the unlabeled DNA fragments.
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A DNA sequence of the 5’ region.

aagctttatgtgacacaggag-1201
ctctcagaaaggaacagttaaattataacatgtccatattatgegttagtatgtgtccacaactaacccataatatggacatgttataatttaactgtte-1101
attcctctcttgatagacactgaaatcgtctctataattttectgtaagaaataatgecttggggtgggggtgtcttectttegaggetateatttgtac-1001
ttcctcacttcttaaatttgtttgatatgttgaggcttaaaaaaaaaagattacgggtcttcagaacgceccaatgectgeggggtgetggggtgecteg -901
gagtttgtcaaggtgtagcttaaaacgttaattcccatgctegetcccaaatattcgaattaaggettetgtagttcttacaagtcacecgetttettte -801
aggaggaatgttaaagattaagagcgqcaagaagtcagagtcggcccaccctccgagctctcttagggcgatgtccttgctaatttggagactqattcag =701
tccecttttggeccccaagttacgtaaagataaggactttggagatgttttctcaggaaggacagagctgaaaaacaaagttecgtaagtetggecggta -601
actacatctttecttcctaacaaagaataagccgeaattcactetetetggecacctgaactttggggtaacgattaactgegatecgaagecttecaggea ~501 UBP-1
agtaaaaaattcctgaagtgattacgcctgtttggaggettgecagggecactaggggatggggaaaggtgaatcgaggtgctcetetggeteattegeagee -401 UBP-1
ggctaacccgecatatcttacacagetaagggetgecgacgccattttgecagggtgggctgegecagactettggegggaggeeggegegettgageggga -301 ZRE, UCR
gaggacgtggaagggttggaggtggggagtgcgcgttacgactggaaagcacgcgtgcgcacaqgcgacagcagcggaggggtggggccagtgtacgagt -201 EI1A-F
gcgegtgeteggtgggageccgeggagtacctggaaggaggtgggggcgaggtagaaaggagtggggttgaaaagecttgegcaggacggetacggtacg -101
ggggatgggagggct tcggagcacgegegeggaggegggacttgggaagegetegegagatettcagggtetatatataagegegggagectgegtecttt -1 GC,TATA
CCCTGGTGTGATTCCGTCCTGCGCGGTTGTTCTCTGGAGCAGCGTTCTTTTATCTCCGTCCGCCTTCTCTCCTACCTAAGTGCGTGCCGCCACCCGATGG 100 El
AAGATTCGATGGACATGGACATGAGCCCCCTGAGGCCCCAGAACTATCTTTTCGgtaactgetggggggagetggagegaggccgageggggectggtgg 200
cggtgagggtgggggtgaggggcgggaatcecggetgcaaccgggtctggtggagaccgecagacecgacgggaggectgagegggtgggaagagetgectg 300
agccctggacctggagggattggageegeggggggageeggtggegtgaagggggaggagacgageggectgaagegtectggggegtgageggteecgage 400
ccggggectgaggtaaagtggaaccggecgectggaagtteggectttgeceggggatacgtggeg - 500

B DNA sequence of the intron 4.

CACTTAGTAGgtatgttatttttatatattatactacttagtttgtectctttagtgcagttgettggttcccagtttggacttaaagcatgggtatagt E4
actactgtetttttaataggttccaatgtgagtctagaaattggagaggacaaataaatttttggggegggggggagaggaaatetttgetgtcacecag
gctagagtacagtggcacgatcttggctcactggaacctetecgggattcaagegatectectgtctcagectecccagtagetggggecacagacgtge
accaccaagtccagttgegtttcatagttatagtagagaaggggtttcgtgatgttggeccaggecgatcttgaactectggeettaacgtgatetgeacy
ccectggectetcaaagtgetagtattacacgtgtcagecactgtgectggectaaaaattattttttaataaagacagtctcattataacggetggagtyg
cagtgatgtgatcatagettgctatatcectcgaactgctactgggttcacctcagecctetggaatagctagaactacaggeacactccacgectggcetaa
ttttttttgtatatgtgcagatggggtctcagtatgttgecccagattggactcttggectcaagtggtecgecttggectcececaaagtgagattacagg
catgagccaccctccccaggettettgecatttaaaacctggcagtgaacattaggectcaaaatacttttgttaaaaagttectttteccatgtgetett
tttttttttttttttaaatagaatagaagtctcagtttttagagtatttactatcagtgttetttttttttctgacttettgetgettgagttttataat
gtctaataaattgtattttagCTGTGGAGGAAGATGCAGAGTCAGAAGATGAAGAGGAGGAGGATGTGAAACT CTTAAGTATATCTGGAAAGCGGTCTGC E5

Figure 2.(A) DNA sequence of theé Begion. B) DNA sequence of intron 4. The TATA box, the GC box, the initiation site and the ATG site are blotted. Other features
were underlined and described in the text. Exon sequences (E1, etc.) are typed in upper case letters and double underlined Aepetjtieaeesiwere underlined
region of NPMeis-1 are removed and inserted into the consensus

with dots.
=
ug
13 "” :
—
: region of the NPMeis-1, (see Table 2)] was not effective in

199 competition (lane 10-16). This result indicates that a specific
DNA sequence is required for the binding of proteins A and B.

) the sequence of GGGCTGCCGACGCCATTTTAGGGTGG
(NPM<is-1). To study whether the protein(s) protecting this
region is related to the gel-shift band(s) observed in EMSA (in
Fig. 4B), a double-stranded DNA oligo with the footprint
sequence (NPMis-1) was made and used as a competitor in
EMSA. As shown in Figure 6, this synthetic oligo effectively
competed against the protein binding of fragment E in EMSA
(lane 2-8). Both the major and minor gel-shift bands (proteins A
and B) were effectively competed off by the oligo (12.5 ng). A
modified oligo [NPMeis-A, of which three Gs in the nonconsensus

tata

"
w,u

B

YY1 binds to NPM-cis-1 and fragment E

Figure 3. Determination of the initiation site. The primer extended DNA ,The footpr_lnt (,NP,MGIS',]') has the_seq_uence CCATTTTG WhIC.h
fragment (lane P) was analyzed on a 8% sequencing gel. Lane M has DNAS & potential binding site for the zinc finger DNA binding protein,
size-markers; lanes G, A, T and C represent the nucleotide sequence of the ¥Y1 (& factor, UCRBP, NF-E1}26—29). Table 2 shows the
region determined by dideoxynucleotide chain-termination method using thexomparison of this sequence to other sequences that associate
same primer. Compared to the adjacent sequencing gel and the markers, Wth protein YY1. To confirm whether YY1 is involved in the
Zwﬁéors;‘tr;gment (113 bp long) corresponds to an extension to 96 bp from th%inding of DNA and causes the gel-shift, recombinant His-YY1
(a gift from Dr E. Seto) was employed in EMSA. Purified
His-YY1 (a single band in SDS gel with >95% pure) was
incubated with the end-labeled oligo NRi-1. As shown in
Figure 7, YY1 caused the gel-shift of NRli4-1 (lane 2).

To determine the DNA region that bound to protein(s), DNaseGompared to the gel-shift band positions induced by the nuclear
footprinting technique was employed. Fragment E was erutotein extract which produced a major and a very weak minor
labeled with {-32P]ATP and incubated with the nuclear extract oband (lane 3), the band produced by YY1 corresponded to the
MCF-7 cells. The DNA region protected by proteins wasnajor band. The slightly slower mobility of the YY1 shifted band
determined by DNase | digestion and footprinting analysis. Asould be due to a small difference in the charge and M.W. of the
shown in Figure 5, a footprint was identified from —371 to —344 withecombinant His-YY1. However, this difference in mobility was

Identification of protein binding site by footprinting analysis
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Figure 4.Electrophoretic mobility shift assay (EMSA). Nuclear extracts of HeLa or MCF-7 cells were incubatéd WitA(fragment P (—249/+465) dB DNA
fragment E (—741/-250). Gel-shift bands were denoted with arrows. These shifted bands were not affected by competition with calf thymus DNA (20—100-fold exc
poly dI-dC/poly dI-dC and BSA, but were competed out by the unlabeled DNA fragment.

not observed with the longer DNA fragment E. Addition of YY1These results indicated that the major band was a result of binding

antibody to the reaction mixture containing nuclear proteito YY1.

extract (lane 5) or purified YY1 (lane 10) produced a weak

supershift band. Only a small fraction of band was supershiftelixpression of the 5deletion mutant of NPM gene

This could be due to a partial dissociation of the immuno—compl%Iuciferase reporter gene assav was emploved to study the 5

under high ionic strength PAGE conditid3d). The supershift is NA domai pf NFgM y Th mlgl ty N ty f

specific because normal rabbit serum or purified rabbit Ig in(s) for expression. gletion mutants o

(lanes 6,7) had no such effect. These results indicate that Y M gene were subcloned into the luciferase reporter gene

binds to the footprint sequence NRN-L. vector pXP1 (34). These constructs were transfected into HelLa
cells and the expression of luciferase activity was determined

(Materials and Methods). As shown in Figure 8, the promoter/

enhancer activity with the DNA sequence up to —405 (fragment 1)

including the YY1 binding site (-361/-353) is 93499.45x 1P

Table 2. DNA sequences that bind to protein YY1

NPM (cis-1) GGGCTGCCGACGCCATTTTEGAGGGTGGG  RLU/B-gal unit. This activity is 157 times higher than the basal
MuLV UCR (UCRBP)(25) CTGCAGTAACGCCATTTTGCAAGGCAT prqmoter (fragment 1I1) activity (0.5% 0.12>f 1P RLU/B-gal .
Adenovirus PS(YY1)(26) AGGGTCTCCATTTTGAAGCGGG unit). It was also found that the construct with fragment | (which

extended from —405 to —741) has a lower activity (48:09.8 x

Igk3'enhancer(NF-E1)(28) CCTACCCCACCTCCATCTTGTTTGATA element in the region between —741 and —405.
NPM-<cis-1 QGGCTGCCGACGCCA T GC&GTGG DISCUSSION
NPM-cis-Aa GGCTGCCGACGCYCATGTTgTGCAGTGG

Sequence comparison between human and rat NPM genes

®ouble-stranded oligo NPlls-A was modified from NPMis-1 by rearranging  The exon/intron junctions for the human NPM gene are identical
three Gs in the nonconsensus region (underlined) to the consensus region (den@ieghose of the rat NPM gene (Table 1). The number and the size
by lower case letters). of exons between human and rat NPM are the same, although the
human gene spans >25 kb while the rat gene §fidri. Many

The binding of purified YY1 to DNA fragment E was also repetitive sequences were found in the introns of the human gene.
studied with EMSA. We found that YY1 shifted fragment E to th&Vhile the sequence homology between the coding portions of
major band position (protein A) like the nuclear protein did (datauman and rat NPM is94%, we observed only 75% sequence
not shown). We also found tht addition of YY1 to the nucleahomology in the Snoncoding region, the promoter and the
extract enhanced the intensity of the major band (data not showenhancer regions. Chang and Ol$40) identified two NPM
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nuclear extract of MCF-7 cells with the competing oligo Né#/t (lane 2—8)

or the modified oligo NPMsis-A (lane 10-16). Both the major and the minor
gel shifted bands (arrows) were competed out by 12.5 ng of &*Mbut not

by NPM<is-A.

———. —
S ————
! Figure 6. Competition of NPMeis-1. DNA fragment E was incubated with
R
==

VP-NPM-cis-1 T O
Figure 5. DNase | footprint analysis of binding sites. DNA fragment E e S R el e
(=741/-250) was end labeled wi##P and incubated with the nuclear extract ) ) mclear exract
of MCF-7 cells. The DNA protected region was identified by DNase | digestion. " PoTeTREE v -4
A footprint was identified within the DNA sequence of —371 and —344. Samples ~ Y¥!#itedy - - - - YY1 anibody i s %
in lane 1 contain no nuclear extract; lanes 2, 3, 4 and 5 contain 8, 16, 24 an Mo mbbit senoey = = = - - v - T
32 g protein, respectively. Rabbit IgG g i

Rabbit I5G

cDNA clones (B23.1 and B23.2) from rat tissues. The long forr

(B23.1) contains exons 1-9 and 11-12, and the short for & b
(B23.2) contains exons 1-10. The short form of NPM (B23.2) i
a result of alternative splicing of the NPM géb®). A sequence
corresponding to the rat's exon 10 (expressed in the short fori
was also identified in the human NPM gene (with 80% sequen
homology). The expression of exon 10 in human tissue is n
known and remains to be investigated. Intron 4 of the humé
NPM gene where chromosome break occurs (discussed below
longer (911 bp) than the corresponding rat sequence (558 bp), |
there is no sequence homology between them. |

Figure 7.YY1 and nuclear protein extract bind to NRig-1. Purified YY1 or

Sequence analysis of intron 4, chromosome breakpoint nuclear protein extract was incubated with the synthetic oligo biBW-and
their binding was analyzed by EMSA. Lanes 1, 4 ariiB][DNA (NPM<is-1)

NPM gene rearrangement is observed in certain types @fone; lane 2 and 934P]DNA plus YY1 (0.5ug); lane 3, $2PJDNA plus
norvHodgkin's lymphom¢20-25). The Sportion of the NPM __ e iene; e SFIDNA L uecer oers i Y00 smmony,
gene (in chromosome 5) is fused '[C_) other genes in F(Z:S)_’ t(s:lgP]Dl’\lA plus nucFI)ear proteins gnd rabbit 19G; lane 3@]DNA plus YY1 ’
and t(3:5) chromosome translocations. These findings indicaig s,g) and YY1 antibody.

that within the NPM gene, there are regions vulnerable to

chromosome breaks. Our results indicate that the chromosome

break occurs [for t(2:5) and t(5:17) translocation] within intron 441). The ighly consistent breakpoint of NPM observed in t(2:5)
of the NPM gene. Intron 4 is relatively smaller (911 bp long) thaand t(5:17) suggests that there may be a ‘fragile site’ in intron 4
those in Philadelphia chromosome translocation where theilnerable to cleavage instead of rejoining to the correct
breakpoints are located in a 20 kb region inside a 70 kb intrahromosome. Intron 4 contains td sequences and T-stretches
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-741 YY1 TATA +1 493
Fragment [ [ * * S 48.0119.8 x10°
405
Fragment II — I 93.19+19.45 x10°
43
Fragment 0T [ | 0.5940.12 x10°
NPM LUC
Figure 8. Determination of NPM expression with luciferase assay. DNA fragments (1, Il, Ill) frorhrébgidih of NPM gene were subcloned into luciferase reporter

gene vector pXP1. These constructs were transfected into HelLa cells and their expression activities were determined. The luciferase activity was normalizec
B-galactosidase reporter gene (co-transfected) activity and the data represents theta&Dagkfive experiments.
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