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B: The permanent sites of DNA attachment to the nuclear matrix in the 
domain of chicken a-globin genes originally found in erythrocyte nuclei have 
also been shown to exist in sperm and cultured fibroblast cells. A primary 
structure of a 1.7 kb fra@aent located in 5'-upstream region of chicken 
a-globin gene domain and containing both replication origin and permanent 
nuclear matrix attachment site has been determined. It was found to possess 
homologies with papovaviral replication origins and contain short internal 
repeats and GC-rich motifs. 01990 Academic Press, Inc. 

The data on the existence of different types of association of DNA with 

the nuclear matrix have been obtained recently (1,2,3). In functionally active 

nuclei, most of specific interactions of DNA with the nuclear matrix elements 
are connected with transcription (1,4). We demonstrated that these interac- 

tions were lost in the course of terminal differentiation of chicken erythroid 
cells which led to inactivation of nuclei of mature erythrocytes (5). At the 

same time a specific group of DRA associations with nuclear matrix remains in 

inactive nuclei of mature erythrocytes (5). We designated them as permanent 
attachment sites. Further studies demonstrated that the permanent attachment 

sites were located near replication origins on the DNA chain (6). 
All these results were obtained on one type of cells, namely chicken 

erythroid cells. One may ask how ubiquitous are the permanent attachment sites 

found in erythrocyte cell. The data obtained in the present study demonstrated 

the presence of similar attachment sites in cells of other lineages. This fact 

along with the observation that the permanent attachment sites are located 
near replication origins on the DNA chain (6) made it interesting to study 

nucleotide sequences involved in formation of permanent sites of DNA attach- 
ment to the nuclear matrix. 
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In the present work we determined the nucleotide sequence of 1.7 kb DNA 

fragment from 5'-terminal region of chicken a-globin gene domain which in- 

cluded both replication origin and the permanent site of DNA attachment to the 

nuclear matrix. Analysis of this sequence allows to reveal several expected 

features of replication origins 

s The primary culture of chicken fibroblasts was obtained 
using trypsinization. The cells were grown in glass flasks in IHKM with 10% 
calf serum. Sperm was taken from mature roosters. 

Recombinant A recombinant clone CaG6, and the deletion mutant of 
clone CuG5 obtained and characterized by Kngel and Dodson (7) were used in 
the present work. The deletion mutant was isolated and characterized in the 
laboratory of Prof. K. Scherrer. 

a was 
carried out using high salt extraction of nuclease-treated nuclei as described 
(6). 

. . . onto 32pwaf me- were 
carried out as described elsewhere (8). 

r using the Maxam-Gilbert 
method modified by Chuvpilo (9). 

vsis of nucleotide seam was carried out using Microgenie (10) 
computer program. 

t to the nuclear 
the &m&n of c-s in -nuclei of culm - * 

The strategy of mapping experiments was similar to that used in our pre- 

vious work (5,6). Briefly, the restriction fragments of recombinant clones 

GxG56 and CuG6 covering different areas of alpha-globin gene domain were 

separated in agarose gel electrophoresis and transferred onto nylon filters. 

Nick-translated samples of nuclear matrix-associated DNA (nmDNA) from either 

cultured fibroblast or mature sperm nuclei were used as hybridization probes. 

In control experiments, nick-translated total chicken DNA was hybridized to 

similar filters. In agreement with our previous observations (5,6), total DNA 

probe hybridized only with those fragments of recombinant DNA that contained 

repetitive sequences (Fig. 1). In contrast, nmENA probes from both cultured 

fibroblast and sperm nuclei also hybridized with a distinct subset of recom- 

binant DNA fragments containing only unique sequences. The strongest 

hybridization signal was observed with the fragment representing the sequences 

located Ca.3 kb upstream to the x-gene. A weaker hybridization with the 
fibroblast nmEUA probe was also detected in the fragment including alpha-A 

gene and upstream sequences. The same areas of chicken alpha-globin gene 

domain were previously found to be overrepresented in the nmDNA fraction from 
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Figure 1. Southern blot hybridization of nmDNA from chicken sperm and cultured 
fibroblaat cells with the cloned fragmenta of a-globin gene domain. 
A - Electrophoretic pattern of restriction fra@nents of recombinant ENAs used 
for hybridization with nmENA. (a), HindIII-treated CaG66 DNA; (b), 
HindIII/EcoRI-treated CuG5S DNA. 
B - Hybridization with the total chicken DNA. 
C - Hybridization with nmDNA from chicken cultured fibroblaet cells. 
D - Hybridization with nmDNA from chicken sperm cells. 

The mape of recombinant DNA clones are presented below the autoradiograme. The 
poeitiona of Hind111 and EcoRI cites are indicated by small and large arrows, 
respectively. A dotted line between the two fragments of CaG56 indicates a 
deletion. 
The black and shaded rectangles indicate fragments which hybridized with total 
chicken DNA (t), nmLMA from sperm (sp), and cultured fibroblaet cells (f) The 
numerale indicate the restriction fragments of CaG56 overrepresented in 
nmtNA fraction as compared to total DNA. 

erythrocyte nuclei (5), euggeating that the permanent eitee of DNA attachment 

to nuclear matrix originally found in inactive erythrocyte nuclei actually ex- 

ist in cells of other lineages. 

eia of DNA m the ornanization of the B 
. . to the nuclear origin in the 5 -_ 

of chicken - * 

The 1.7 kb fragment located ca. 3 kb upetream to the x-gene wae found to 

include both replication origin (6) and the permanent site of DNA attachment 
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Table 1. A nucleotide sequence of the a5HR fragment of chicken a-globin 
gene domain 

a5HR 1737 bp 
GcGGcAceGGGcGGccccGG- CACJ?l'ACNGCClTGGCGGCGGGGTGCTCG 
GcGccGcGcTGGAAGGGGAAGCGGAAGAGCAGClTGTTGC CGCGGCTGCC CGAGCTCACA 
AGGATAAcGcTGATGGGGcTG(;"rGcT(=TcGCCCATGCCGCCGCGCCACAGCGAGCACCGG 
GUXGCAACGACGGACGCGGCECGCGGAA GGCGGCCCGG -c TTccGcrrcc 
GcGccrccGc -GGTrCCCCCG GGccGcGGcc GAG.cxGmx GCGGAGCTGC 
GGGCACAGCG CTccccGGGc AGGTCGCGCTCAGAGGCCGG cYxGEXE CA-G 
CCCTCAGTGCGGCCCAGCGCCGTGCCCGCA GC.GCTGCCCA CA- GGGKCUXA 
CGGCTGCTGCTTGCTCCCGGT~ TCJZK.CCAGCACCTCGCAGTGCAGCCGTGC 
cTGAAGTGcAGcccAGcAccTcAcAccrcAGccccc;GGcTcccAGTAcGACcAGcAGGTC 
ACGTTGGAGT~~GTccTcAAGAcTGcGcAc;TGTcTCAc(;TppGAGcc~~Gccccc 
CAlTCAGCCCAGCACATCACACTGTAGCCC'll'ACACCCTC ACCACAGCACAGCACCTCAC 
GTTCAGGCCC CAGCACGTCAAGATGGAGCC CTGTGCCCCCAGACAGCCAGCATGGAACCA 
TCAAATCCrrAGAGPTGGAAGATGTCTGAATCCITC;TC;CCCCCAGTI%AG~~ 
CTCACACCCCACTCAACACT CTTCAGCCAAGAGCCTACAGCKAACCCAGCACCTCACGC 
CACCCAGCAG CACTCCCGCC ATCAGCCCAG TGCCCCCAGT CCGGATCGGT ACCTCTCATG 
CCCATGCACA GTGCACCAGA TCAGCCTAGC ACCACTAGTT CAlTccAGcA CCTCACGTGC 
CCACAGCCAACCACTCCAGCACUXCGGT GCCCTAGTCACACCTCICCGCTGCCTCAAGG 
TTcATTcccAccTcpTcccACAT~CACACCCCCTCATTAmTCATGTCTCGCAAT 
CTCCTTTGGT CAClXXiAGT CA'ITCAGTTA TGACAACTCC AGAACTAGAA GCTGCDXCC 
AGCAGCAAGTGCCACAAACI GTGTTCCCCCGGCAGCTCTTCI~~~T~~A~G 
TGTGTCCAGC TGAGATCAGA AAGCTATCGG CAATTATGTC AGAGGATGGC CCAG'ITlTl'C 
ACATAGATTT GTCTGTAlTT GATAGCAATA TTTAGTA'ITT GGTGCTCCGA GTATCCCCAC 
T~TGGATTTTTCTCTGCAAGATT~~TGGACPTCAGGCAEAGAACGGCcACPGAAAG 
~~TGAGCACCCGCAGTGAGGGCTTAATCTGCACGGCCA~CTCTGCAAGGCAGGTGA 
TAACAA~GAAGCAAGAGAAGCTGTCATPGAGGGGAGAGAGTTGTTGGTGAGCGATTAAA 
GAGCAGTCACATTATCACAG CAGAGCATl'CATCGTGGCCCAGTGCl'GGGGAGCTACGTTA 
~~GCCCA(;TGTGTCTGCTTCCCAGCATAACTATGCATT~CAAITAAAAAACTGCA 
GGCATGmGC~~CCAGCTCTCGGAGATGAGITAAAGCAAAGCTCTGGAAACCTGCA 
AGCETCTGA GTGCTAGTAG AATGAAATGA AAGAATAAAG CCAGATATAG AlTCTGC 

to the nuclear matrix. In order to gain knowledge on the sequences involved in 

organization of replication origins and permanent attachment sites we have 

determined the primary DNA structure of this fragment. The complete nucleotide 

sequence of the fragment is presented in Table 1. 

Computer analysis revealed that the fragment (further referred to as 

a5HR) had multiple stop-codons in all reading frames. The distribution of AT- 

pairs in the a5HR is shown in Pig. 2A. It is quite nonrandom: the first part 

of the insertion (O-500 bp) is very (X-rich (21% AT-pairs), the next part 

(501-1300 bp) is moderately GC-rich (42% AT-pairs), and the last part (1300- 

1737 bp) is moderately AT-rich (55% AT-pairs). The last domain has several 

areas with AT-pair content exceeding 80% (e.g. at positions 1695-1X9, 1588- 

1614). The moderately (X-rich domain of a5HR was found to contain multiple im- 

perfect internal repeats (Pig.PB) 

The most important task of the analysis of the nucleotide sequence of 

a5HR was to find certain patterns which could be involved in organization of 

putative replication origin. We have found a region with pronounced multiple 

homology with replication origin of SV 40 and other papovaviruaes in positions 

205-222, 247-266, 288-314, and 331-354. A large (ca. 200 bp) single-stranded 

DNA stretch which contains the region with multiple homologies to SV 40 ori 

can be folded into a hairpin-like secondary structure shown in Fig. 3B. 
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The last two domains of a5HR contain a rather long GGrich inverted 

repeat GCIGCIGGCCAGCAGC in position8 1130-1146 and binding sites for several 

sequence specific DNA-binding proteine (Table 2). Indeed, several sequence 

specific DNA-binding proteins were footprinted in different subfragmente of 

a5HR (Razin et al, submitted). 

The permanent sites of DNA attachment to the nuclear matrix were 

originally found in the nuclei of erythroid cells (5). The present study 

demon&rated that the permanent attachment sites exist in cells of different 

lineages including sperm cells. Our interest in DNA sequences located in 

vicinity of the permanent attachment sites is mostly determined by the previ- 

ous observation that replication origins coincide with or are located in the 

vicinity of the permanent attachment sites (6). Hence, the study of DNA se- 

CAGAGG 
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G-G-G-C C 

279 314 / \ 337 Gc G 
---GGGc G(;TOCOOOCACCOCGC GGGCA- G 
GGcm-ccoc tax COA-GACGCGA -GcG G 
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UnnGL A putative hairpin structure in the GC-rich domain of a5HR. 
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Table 2. Computer-derived protein-binding sites in the a5BR fragment 

Protein factor Number of matches 

ADR-1 5 

Positions 

1004 
1080 
1381 
1474 
1846 

ANTP 1 1505 

AP-1 2 1010 
1181 

AP-2 4 15 
266 
313 
512 

ATF 3 1086 
1226 
1600 

C/EBP 2 638 
1034 

CP-1 1 958 

cm 2 1150 
1629 

DTF-1 1 93 

E2 1 252 

E4E2 1 1023 

EBP20 2 638 
1034 

GT-2 motif (SV40) 1 940 

SP-1 motif 3 9 
179 
289 

Sph motif GV40) 2 1591 
1596 

T-antigen binding site 1 333 

quences originating from these attachment sites might allow to identify the 

structures involved in organization of replication origin. We have sequenced 

the 1.7 kb fragment of chicken alpha-globin gene domain containing both the 

replication origin and the site of permanent DNA attachment to the nuclear 

matrix. This DNA fragment has a distinct region with the anticipated features 

of replication origin. It contains recognition sequences for several proteins 

which are supposed to be involved in regulation of initiation of replication. 

The precise position of replication origin within the sequenced DNA fragment 

is not known yet. One may speculate that it is located in the GC-rich domain 
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of a5HR because it has very strong homology with SV 40 replication origin and 

replication origins of other papovaviruses. 

It is interesting that a transcriptional enhancer is located near the 

region of homology to viral ori (Razin et al, J.Mol. Biol., in press). It has 

been previously suggested that transcriptional enhancers might be involved in 

regulation of both transcription and replication (11). 

The :precise position of a matrix attachment site is also unknown. 

However, several observations indicate that it is located somewhere in the 

moderately GC-rich domain of a5HR. Recently we have sequenced several short 

fragments of erythrocyte nmDNA (12). A large share of the sequenced DNA frag- 

ments was found to contain multiple imperfect repeats (similar to those ob- 

served in the moderately GC-rich domain of a5HR) and possess several strict 

homologies to this domain of a5HR (13).The existence of the internal repeats 

in the nmDNA fragments isolated from cells arrested in Gl phase was previously 

reported (14). Besides, it has been reported that the nuclear matrix attach- 

ment sites coincided with the positions of enhancer elements on the DNA chain 

(15). Further experiments are required to map exact positions of the replica- 

tion origin and the nuclear matrix attachment site. The experiments of this 

type are being carried out in our laboratory. 
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