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Abstract

Centromere protein B (CENP-B) is a L NA-binding protein present at both active and inactive centromeres. It was first localized at the
kinetochore region by human autoimmune sera from CREST patients. Using a previously identified human ¢DNA we have isolated a
genomic clone containing the complete hamster CENP-B intronless coding sequence. At the nucleotide level it was found to possess a
high degree of homology with the human and mouse CENP-B genes. being 75% and 90% respectively. This codes for 606 amino acid
residues, which represent seven more than the human and mouse centromeric proteins. Hamster CENP-B protein analysis revealed at the
N-terminal region a 133 amino acid fragment of 100% homology to the DNA binding motif identified previously for the human
autoantigen. Expression of hamster CENP-B during the cell cycle was analyzed by using a specific antiCENP-B serum generated against
the C-terminal conserved region, These data indicate that CENP-B is highly conserved and it represents a universal componer:t of the

centromere structure and function in mammals.
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The mammalian centromere is a restricted region of the
chromosome that forms the primary constriction in con-
densed metaphase chromatin, and represents the site for
sister chromatin attachment. At the surface of each cen-
tromere. a disk-shaped kinetochore structure is assembled
during early mitosis for microtubules binding [2). Struc-
tural analysis of mammalian centromeres have shown that
they contain long stretches of tandemly repeated DNA
sequences. The interaction between DNA and proteins at
the centromere region is important because they will deter-
mine the structure and function of the centromere. Several
proteins such as CENP-A, CENP-B. CENP-C. and CENP-
D. were originally identified as putative centromere pro-
teins by Western blot analysis using antisera from patients
with the autoimmune disease scleroderma [4.11.12.19].
Immunofluorescence microscopic observations revealed
that these proteins localized at the centromere throughout
the cell cycle [5.6.14.18]. Molecular cloning and expres-
sion demonstrated later on unequivocally the centromere
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localization of CENP-B [5.15] and CENP-C [14] in hu-
mans and mouse chromosomes. Other centromere compo-
nents. including CENP-E and CENP-F. translocate from
centromere 1o midbody during the cell cycle [3.8.13.20.21].
In any case the role at the molecular level of these
centromeric proteins remains to be clucidated. It was re-
ported that CENP-B binds to human alphoid DNA that
contains a 17 bp sequence. the *CENP-B box' [9.10.16].
This sequence was also found in & mouse minor satellite
repeat [9]. From these studies it was suggested that this
CENP-B /alphoid interaction may be of significance in
organizing centromeric DNA in mammalian cells. In order
to deduce the function of CENP-B/alphoid DNA com-
plexes at the centromeres, as an universal macromolecular
structure in mammalian cells. we have started to study the
expression of both components in a hamster cell line
(CHO). In this study. taking advantage of information on
CENP-B sequences in human and mouse. we have cloned
and sequenced CENP-B genomic DNA from hamster. By
using a human CENP-B probe we identified from a lambda
FIX CHO-KI genomic library (Stratagene) a DNA clone
that contained sequences encoding an intronless gene for
the hamster centromeric protein CENP-B. Several sub-
clones were obtained in the Bluescript (pBS SK-) cloning
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vector after digestion with Smal. Xbal, BamHl. Hindlll
and Kpnl enzymes. DNA sequencing was carried out
using Sequenase reagents and protocols (U.S. Biochemi-
cal) by using primers from BS and thereafter synthetic
oligonucleotide to the sequenced strand. The sequence
determined an intronless DNA for the hamster CENP-B
(Fig. 1) as indicated before for the human and mouse
CENP-B clones [5.15]. Restriction mapping and Southern
blot indicated that it corresponded to a single copy CENP-B
sequence in the hamster genome (Fig. 1). Subsequent
analysis revealed that the hamster CENP-B gene is com-
posed of 1818 codifying nucleotides with an open reading
frame encoding for 606 amino acid residues with a mass of
66.4 kDa (Fig. 2). This is in concordance with that de-
scribed for human and mouse CENP-B polypeptides which
migrates anomalously in SDS-PAGE with an apparent
mass 15 kDa larger than predicted [5.15].

Comparison of nucleotide sequences with those in com-
puter databases revealed that it shares 75% and 90%
sequence identity within the coding region with those of
human and mouse CENP-B respectively. At the amino
acid level the homology of hamster CENP-B with human
and mouse polypeptides are 92% and 95% respectively.
The hamster CENP-B polypeptide was found to contain 7
extra amino acid residues than those of the other mam-
malian CENP-B already described. Those extra residues
were located at the C-terminal long polyacidic region of
the centromeric protein. A unique feature of the three
mammalian CENP-B polypeptides so far isolated is a
100% homology of a stretch of 133 amino acid residues at
the N-terminal region. This part of the CENP-B protein
has been implicated in the binding to the alphoid satellite
DNA sequence in human and mouse [7.9.16]. This DNA
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was named as the CENP-B box. This finding suggests that
in hamster chromosomes, CENP-B could be associated
with centromeric heterochromatin underlying the kineto-
chore domain interacting with a satellite DNA close in
sequence to the CENP-box in a similar manner to that
described for the human and mouse centromeric proteins.
However, the presence in the hamster genome of a homol-
ogous centromere sequence to the human alphoid remains
to be elucidated.

The expression of the hamster CENP-B centromere
protein was further investigated by immunofluorescence
analysis on CHO culture cells with an antiserum to the
C-terminal region of the molecule. In a previous study [1]
we showed the feasibility of generating specific antibodies
to short peptide sequences of the CENP-B molecule in
spite of the great conservation of the primary structure of
the protein. In this study we revealed the expression of
CENP-B during the cell cycle of the CHO culture cells by
an antiCENP-B-peptide serum previously described for
human cells. This antibody recognizes chromosomal re-
gions from interphase to mitotic cells (Fig. 3). The staining
was characteristic of the centromeres as revealed by the
intranuclear speckles pattern in interphase cells and the
pairs of fluorescence staired dots on condensed chromo-
somes in mitosis. The C-terminal region of CENP-B has
been implicated in the self association to fold centromeric
DNA sequences into a heterochromatin structure [17]. The
highly conserved amino acid domain at the C-terminal
region of this centromere protein from human to hamster
seems plausible for a conserved role of this polypeptide in
a conserved function such as the condensate stage of the
centromerie region during the cell ¢ycle.

In summary, we have cloned the hamster centromeric
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F:ig. 1. Structure of the hamster CENP-B locus, At The panel shows a restriction map of a 4.7 kb genomic clone containing 1818 bp corresponding to the
mFrnnIcss gene for the hamster CENP-B centromere protein. Restriction enzymes sites are marked along the length of the gene (B, BamHI: Bs. BstXI: H.
Hun?lll.: Hn. Hincll: K. Kpnl: P, Pstl; S. Smal: X, Xhol; Xb. Xbal). B: Southern blot analysis of hamster genomic DNA digested with different
restriction enzymes and probed with a CENP-B clone. Xbal digests lane 1: Sucl digests lane 2: EcaRI digests lane 3. Markers size as shown on the left.

cortespond to 23, 9.4, 6.5, 4.3, 2.3, 2,0, 0.56 and 0.12 kb for A-Hindlil,
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cgecgagccgctttgtetegggeggggege 29
gcggagaggccgecaggtgceccecccgegggeccgggeggceggggcggacgagegeggtgecgggececggggeggagggegegecggy 119

ATGGGCCCCAAGCGGCGGCAGCTGACGTTCCGGGAGAAGT CGCGGATCATCCAGGAGGTGGAGGAGAACCCGGACCTACGCAAGGGCGAG 209
M G P K RROQILTV FREI KSR RTITIUOQEVETENUZPUDIULURIEKGE 30

ATCGCGCGGCGCTTCAACATCCCGCCGTCCACGCTGAGCACCATCCTGAAGAACAAGCGCGCCATCCTGGCGTCGGAGCGCAAGTACGGA 299
I ARRVFNIUPUPSTULSTTITULI KN NI KWRATITLA ASETRIKTYG 60

GTGGCCTCCACCTGCCGTAAGACCAACAAGCTGTCCCCGTACGACAAGCTGGAGGGGCTTCTCATCGCTTGGTTCCAGCATATCCGCGCC 383
VA ST CRIKTNIKTILSUPYDI KU LESGLTU LTI AWT FOQOQTITRA 90

GCGGGCCTGCCTGTCAAGGGCATCATCCTGAARGAGAAGGCGCTACGGATAGCGGAGGAGCTGGGCATGGACGACTTCACGGCTTCCAAC 479
A GL PV KG I I L KEI KA ALURTIAETETLGMDUDTFTA ASN 120

GGCTGGCTGGATCGCTTCCGCCGGCGCCACGGTGTAGTGGCCTGCAGCGGCGTGACCCGCTCCCGGGCGCGAACGTCTACCCCACGGGCC 569
G WL DRV FRRRUHEGVYV YV A CSGV TR SURARTSTUPRA 150

CCAGCGGCACCTGCCGGCCCAGCCGCCGTGCCCTCTGAGGGCAGCGGTGGCAGTACACCAGGCTGGCGCACTCGGGAGGAGCAGCCGCCG 659
P AAPAGUPA AAVPSEGSGGSTUPGWRTWRETENQUPFP 180

TCGGTGGCTGAGGGGTACGCCTCGCAGGACGTGTTCAGCGCCACCGAGACCAGCCTGTGGTACGAC I TTCTGTCCGACCAGGCCTCGGGG 749
S VAEGY YA ASQDVF SATETSILWYDFULSDOQA ASG 210

CTGTGGGGAGGTGATGGAACGGCTCGCCAGGCCACCCAGCGTCTTAGCGTTT TGCTGTGCGCCAACCGCGATGGCAGCGAAAAGCTTCCC 839
L WG G D GTARIOQATA QRLSVLLCANR RDTGS SEIKTLTFP 240

CCACTGGTTGCAGGCAAGTCCGCCAAGCCCCGTGCAAGCCAGGGTGGTCTGCCCTGCGACTACACTGCCAACTCTARGGGTGGAGTCACC 929
P LV AGI K S AU KZPRA ASI QGG GTLUZPO CDY YT ANSIZ KTGGUVT 270

ACCCAGGCCCTGGCTAAGTACTTGAAAGCTCTGGACACCCGAATGGCTGCAGAATCTCGTCGGGTCCTTCTGCTTGCAGGCCGTCTGGCT 1019
T Q AL AXKJYULU KA ALUDTR RMAAETGSIRIRVYVYLILULAGTRTILA 3G60

GCCCAGTCCTTGGACACCTCGGGCCTGCGGCACGTGCAGCTGGCCTTCTTCCCCCCCGGCACCGTGCATCCTTTGGAGCGAGGAGTGGTC 1108
A Q S L DTS GLRHVYVQLATFTFPUPGTV VHPTLEIRTGUVYV 330

CAGCAGGTGAAGGGCCACTACCGCCAGGCTATGTTGCTCAAGGCCATGGCAGCACTCGAGGGCCAGGATCCCTCAGGCCTGCAGCTGGGE 1199
Q Q VXK GHYROQOAMTLTLIEKAMAALTETGU QDUPSGLAQTLG 360

CTAGTGGAGGCCTTACACTTTGTGGCTGCAGCCTGGCAGGCAGTGGAGCCCGCGGACATAGCAACTTGCTTTCGCGAGGCCSGTTTTIGGA 1289
L VEALUBHTPFVAAAWGA AVETPADTIA ATT CTFRTEA AGTFG 390

GGTGGCCTTAATGCCACTATCACCACTTCCTTCAAAAGCGAGGGAGAGGAGGAGGAGGAAGAGGAGGAGGAGGAARGAGCAGGAGGAAGAA 1379
G GLNATTITTS ST FKSETG GETETETETETETEETETETETETETEE 420

GAGGAGGGTGAAGGGGAAGAGGAGGAGGAGGAAGAGGAAGAAGGGGAGGAGGAAGGAGGGGARGGAGAGGAGGTGGGAGAGGAGGAGGAG 1469
E EGEGTETETETETETETEETETGETEETG GG GEGETEVGETETEE 450

GTAGAAGAGGAGGGTGATGAGAGTGATGAAGAGGAGGAGGAGGAGGAGGAGGAGGAGGAAGAARGCTCCTCTGAGGGCTTAGAGGCTGAA 1559
VEETEGTDTETSTDTETETEETEETETETETETEESSSEGLERBAE 480

GACTGGGECACAGGGAGTAGTGGAGGCCAGTGGTGACT T TEGEGGTTACAGTOTCCAGGARGAGGCCCAGTGCCCAACTCTCCATTTCCTG 1645
D WAQGGV VYV EASG GGTFGOGY SV QETEHR AQCPTTULHTFL 510

GAAGGTGGGEAGAACTCTGACTCAGACAGTGATGAAGAGGAGGAAGATGARGAGOAGGATGAGGAAGATGARGARGATGACGATGACGAT 1739
E GG ED SDSDSDETETETEDETEEDEEDTEEDUDUDTDTD 540

GAGGATGGTGATGAGGTCCCTGTGCCCAGCT TTGGGGAGGCCATGGCTTACTTTGCCATGGTCAAGAGGTACCTGACCTCCTTTCCCATT 1829
EDGDTEVZPVUPSFGEA AMAYTFA AMYZ KRYTLTSSTFZPI 570

GACGACCGCGTACAGAGTCACATCCTTCACTTGGAACATGATCTGGTCCATGTGACTAGGARGAACCATGCCTGGCAGGCGGGAGTTCGG 1919
D DRV QSHTILUHLTETUHTDTILVYVHYVTRIEKNIHAWQ QA AGYVR 600

GGTCTTGGACACCAAAGCTGAgcr.gctggacar.atcr.gtgctccagcccagatgcgagcacctgccaaggcaggagaactccgggcagct zgg:
G L G H Q S8

gctggagacagctggagaagtcccagggccttcagcaatgctttgccagcctgagacaggccaggggt:tgaggtctgcctcactgctatt 2099
gcctctt:tctcagagtcctgtctcctccccattagtccctgggctcagggcactgggtgggaggggagctgtccggtgctaccacaccat 2189
gccatcagtgggetagaccacageagcagecagggacgggtectggaagetcttggecagagagtgectetcecectgectcccaaccag 2279
gtcuttggtygggggatcocanagecat touggaagggetcecagaggaaggt ccagectaggetcecacaaaat tageageeccectect 2369
gcacctctaggttgt:chaaagaagcacagtgtaactt:agggcaggctcctgaacctgcctcttcctgctttccacctccctaaatccctt 2459
tctetggcccagtetttggeeoettggttttetttetaga 2498

Fig. 2. Complete nucleotide sequence of the humster CENY-B gene. The sequence of 2498 bases segment of the 4.7 kb genomic Xbal fragment is shown,

Sequence was unambiguosly determined on both DNA strands. The complete predicted polypeptide sequence is shown below the DNA sequence. The

hamster CENP-B polypeptide contains 606 amino acid residues in comparison with those 599 residues of human and mouse CENP-B genes. A
polyadenylation signal was not found in this clone.
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Fig. 3. Immunofluorescence pattern of CHO culture cells after incubation with unti-peptide-CENP-B serum. Centromere {Tuorescent stuining of different

stages of the CHO cell eyele ix shown in b and d. Interphase, metaphuse and anuphase cells are all observed with a characteristic speckled staining pattern
for centromere, Sume cells were stained for DNA with Hoechst 33828 Gae). Bar = 20 um,

protein CENP-B. and showed its expression during CHO
culture cells. Further analysis of the CENP-B binding
sequences in the hamster genome may hopefully elucidate
how centromeric heterochromatin structure is integrated in
mammals,
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