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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 eDNA 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 lbr 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~)f homology to the DNA binding motif identified previously for the human 
atttoantigen. 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 compone~..t of the 
centromere structure and function in nlammals. 
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The mammalian centromere is a restricted region of the 
chromosome that Ibrms the primary constriction in con- 
densed metaphase chromatin, and represents the site Ik~t" 
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- 
reins by Western blot analysis using antisera fi'om patients 
with the autoimmune disease scleroderrna [4.1 !.12.19]. 
lmmunofluorescence 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 cenlromere compo- 
nents, including CENP-E and CENP-F. translocalc fi'om 
centromere to midbody during the cell cycle [3,8.13.20.2 I], 
In any case the role at the molecular level of these 
centromeric proteins remains to be elucidated, it was re- 
ported that CENP-B binds to human ,'dphoid DNA that 
contains a 17 bp sequence, the 'CENP-B box' [9.10.16], 
This sequence was also tound in a 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/aiphoid DNA com- 
plexes at the centromeres, as an universal macromolecular 
structure in nlarnmalian cells, we have started to study the 
expression of both ct;mponents in a hamster cell line 
(CHO), In this study, taking advantage of information on 
CENP-B sequences in human and mouse, we have cloned 
.'rod sequenced CENP-B genomic DNA fi'om 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 Sinai, Xhal, BamHi, Hindlil 
and KImi enzymes. DNA sequencing was carried out 
using Sequenase reagents and protocols (U.S. Biochemi- 
cad 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. !) 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 lbr 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 92q 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 .~o far isolated is a 
100r,~ hotnology of a sit'etch Of 133 amino acid residues at 
the Noterminal region. This part of the CENP~B protein 
ha,~ been implicated in the binding IO the alphoid satellite 
DNA sequence in hulllan arid mouse [7,9,16]. Thi~ DNA 

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 [I] 
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 c.entromeres as revealed by the 
intranuclear speckles paltern in interphase cells and the 
pairs of fluorescence sta:,v~ed 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 hulnan to hamster 
seems plausible lbr a conserved role of this polypeptide in 
a conserved function such ',is the condensate stage of the 
centromeric region during the cell cycle. 

In summary, we have cloned the hamster centromeric 
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Fig. !. Structure of the hamster CENP-B locus, A: Tile panel shows a restriction map of a 4.7 kb generate clone containing 1818 hp corresponding to the 
int1"onle~s gene  Ibr  the han)s ter  C E N I ) - B  ceIHronle1"e p ro te iu ,  Res t r i c t i on  en~y lues  site,,, are m a r k e d  along, the leng th  o f  the ge i le  (B .  B a m H l :  Bs.  BsIXI: H.  

Hi,dil l :  Hn, Hi,ell :  K, Klml: P. P.~tl: S, Smul: X, Xtu,l: Xb, Xbal). B: Southern hie1 analysis, of hamster genomic DNA digested with different 
resll"icti~m enzymes and pl"o|~d with a CENP-B clone. XI,al digests lane I: Sacl db'ests lane 2: EcuR! digests lane 3. Markers size as shown Oll the left, 
¢t~rr~sp~11d to 23, 9.4, 6.5, 4.3, 2.3, 2.{}, 0.56 and 0.12 kb for A-Hi, dill. 
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ATGGGCCCCAAG•GGCGGCAGCTGACGTTCCGGGAGAAGTCGCGGATCAT•CAGGAGGTGGAGGAGAACCCGGACCTACGCAAGGGCGAG 209 
M G P K R R Q L T F R E K S R I I Q E V E E N P D L R K G E 30 

ATCGCGCGGCGCTTCAACATCCCGCCGTCCACGCTGAGCACCATCCTGAAGAAC~GCGCGCCATCCTGGCGTCGGAGCGCAAGTACC~ 299 
I A R R F N I P P S T L S T I L K N K R A I L A S E R K Y G 60 

GTGGCCTCCACCTGCCGTAAGACCAACAAGCTGTCCCCGTACGACAAGCTGGAGGGGCTTCTCATCGCTTGGTTCCAGCA~ATCCGCGCC 389 
V A S T C R K T N K L S P Y D K L E G L L I A W F Q Q I R A 90 

GCGGGCCTGCCTGTCAAGGGCATCATCCTGAAAGAGAAGGCGCTACGGATAG•GGAGGAGCTGGGCATGGACGACTTCACGGCTTCCAAC 479 
A G L P V K G I I L K E K A L R I A E E L G M D D F T A S N 120 

GGCTGG•TGGATCGCTTCCG•CGGCG•CACGGTGTAGTGG•CTGCAGCGG•GTGACC•GCT•CCGGGCG•GAACGTCTA•C•CACGGG•C 569 
G W L D R F R R R H G V V A C S G V T R S R A R T S T P R A 150 

CCAGCGGCACCTGCCGGcCCAGCCGCCGTGCCCTCTGAGGGCAGCGGTGGCAGTACACCAGGCTGGCGCACTCGGGAGGAGCAGCCGCCG 659 
P A A P A G P A A V P S E G S G G S T P G W R T R E E Q P P 180 

TCGGTGGCTGAGGGGTACGCCTCGCAGGACGTGTTCAGCGCCACCGAGACCAGCCTGTGGTACGACTTTCTGTCCGACCAGGCCTCGGGG 749 
S V A E G Y A S Q D V F S A T E T S L W Y D F L S D Q A S G 210 

CTGTGGGGAGGTGATGGAACGGCTCGCCAGGCCACCCAGCGTCTTAGCGTTTTGCTGTGCGCCAACCGCGATGGCAGCGAAAAGCTTCCC 839 
L W G G D G T A R Q A T Q R L S V L L C A N R D G S E K L P 240 

CCACTGGTTGCAGGCAAGTCCGCCAAGCCCCGTGCAAGCCAGGGTGGTCTGCcCTGCGACTACACTGCCAACTCTAAGGGTGGAGTCACC 929 
P L V A G K S A K P R A S Q G G L P C D Y T A N S K G G V T 270 

Ac•CAGGCCCTGGCTAAGTACTTGAAAGCTCTGGACACCCGAATGGCTGCAGAAT•TCGT•GGGTCCTT•TG•TTGCAGGCCGTCTGGCT 1019 
T Q A L A K Y L K A L D T R M A A E S R R V L L L A G R L A 300 

GCCCAGTCCTTGGACACCTCGGGCCTGCGGCACGTGCAGCTGGCCTTCTTCCCCCCCGGCACCGTGCATCCTTTGGAGCGAGGAGTGGTC 1109 
A Q S L D T S G L R H V Q L A F F P P G T V H P L E R G V V J30 

CAGCAGGTGAAGGGCCAcTACCGCCAGGCTATGTTGCTCAAGGCCATGGCAGCACTCGAGGGCCAGGATCCCTCAGGCCTGCAGCTGGGC 1199 
Q Q V K G H Y R Q A M L L K A M A A L E G Q D P S G L Q L G 360 

CTAGTGGAGGCCTTACAcTTTGTGGCTGCAGCCTGGCAGGCAGTGGAGCC•G•GGACATAGCAACTTGCTTTCG•GAGGCCGGTTTTGGA 1289 
L V E A L H F V A A A W Q A V E P A D I A T C F R E A G F G 390 

GGTGGCCTTAATGCCACTATCACCACTTCCTTCAAAAGCGAGGGAGAGGAGGAGGAGGAAGAGGAGGAGGAGGAAGAGCKGGAGGAAGAA 1379 
G G L N A T I T T S F K S E G E E E E E E E E E E E E E E E 420 

GAGGAGGGTGAAGGGGAAGAGGAGGAGGAGGAAGAGGAAGAAGGGGAGGAGGAAGGAGGGGAAGGAGAGGAGGTGGGAGAGGAGGAGGAG 1469 
E E G E G E E E E E E E E E G E E E G G E G E E V G E E E E 450 

GTAGAAGAGGAGGGTGATGAGAGTGATGAAGAGGAGGAGGAGGAGGAGGAGGAGGAGGAAGAAAGCTCCT•TGAGGG•TTAGAGG•TGAA 1559 
V E E E G D E S D E E E E E E E E E E E E S S S E G L E A E 480 

GA•TGGG•ACAGGGAGTAGTGGAGG•cAGTGGTGGCTTTGGGGGTTACAGTGT••AGGAAGAGGC•cAGTGCCCAACT•TC•ATTTCCTG 1649 
D W A Q G V V E A S G G F G G Y S V Q E E A Q C P T L H F L 510 

GAAGGTGGGGAGGACT•TGAcTcGGAcAGTGATGAAGAGGAGGAAGATGAAGAGGAGGATGAGGAAGATGAAGAAGATGA•GATGA•GAT 1739 
g G G E D S D S D S D E ~ E E D E E E D E E D E E D D D D D 540 

GAGGATGGTGATGAGGT•CCTGTGCCCAGCTTTGGGGAGGCCATGGCTTACTTTGCCATGGTCAAGAGGTAcCTGAc•TC•TTT•cCATT 1829 
E D G D E V P V P S F G E A M A Y F A M V K R Y L T S F P I 570 

GACGACCGCGTACAGAGTCACATCCTTCAcTTGGAACATGATCTGGTC•ATGTGACTAGGAAGAACCATGCCTGGCAGGCGGGAGTTCGG 1919 
D D R V Q S H I L H L E H D L V H V T R K N H A W Q A G V R 600 

GGT•TTGGA•A••AAAG•TGAgctgctggacatatctgtgctccagcccagatgcgagcacctgccaaggcaggagaactccgggcagct 2009 
G L G H Q S 606 

gctggaga•ag•tggagaagtc•cagggccttcag•aatgctttgc•agcctgagacagg•caggggttgaggtctgcctcactgctatt 2099 

gcctctttctcagagtcctgtttcctccccattagtccctgggctcagggcactgggtgggaggggagctgtccggtgctaccacaccat 2189 

gccatcagtgggctagaccacagcagcagccagggacgggtcctggaagctcttggccagagagtgcctctccccctgcctcccaaccag 2279 

gtc~ttggtggggggatcccaaagccattctggaagggctccagaggaaggtccagcctaggctcccacaaaattagcagcccccctcct 2369 

gcacctctaggttgtctaaagaagcacagtgtaacttagggcaggctcctgaacctgcctcttcctgctttccacctccctaaatccctt 2459 

tctctggcccagtctttggcccttggttttctttctaga 2498 

Fig. 2. Complete nucleotide sequence of the hamster CENi'-B gene. The sequence of 2498 bases segment of the 4.7 kb genomic Xhal Ihlgmcnt 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 l~sidues of human and mouse CENP-B genes. A 

polyadenylation signal was not ~und in this clone. 
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~,luges of 1h¢ CHO cell ¢y¢1¢ is shown iu b and d, inlel*phase, meluphas¢ and anapha,,,¢ cells are all observed with a ¢luu'acteristic speckled staillillg pattern 
Ibr ¢¢nlronler¢, Sit111¢ cells were slained for DNA wilh Hoechst 33528 (a,c), Bar~ 20 /,¢111, 

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