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The replication of eukaryotic genomes occurs by the activation of multiple tandemly organized 
replication units (repllcons) each containing a bldlrectlonal origin’. Somatic animal cell 
chromosomes contain several thousand repllcons (about one per SO-100 kb on the average). The key 
constltutlve element of a repllcon is the origin which, by analogy with the prokaryotlc equivalent, 
is thought to be a specific nucleotlde sequence where DNA replication starts and where the control 
mechanisms must exert their action. Orlgln activation probably requires a critical sequence of 
preceding events, a proper dosage of regulatory factors and a suitable chromatln structure. More and 
more evidence has been accumulating in favour of a correlation between replicatlve and 
transcrlptlonal controls. It 1s also possible that an active origin 1s not simply a nucleotlde sequence 
but and eplgenetlc complex (sequence plus structure) such as that envisaged by the attachment of 
DNA to some chromosome support elements (scaffold, nuclear matrix, etc). 

Cloning of putative repllcatton orlglns. Since a large number of experiments performed in 
different labs lndlcated that cloned animal cell DNA origins are lnactlve when re-introduced into 
the same cells2, we devised a method whereby presumptive orlgln sequences are isolated on the 
basls of thelr being replicated at the onset of the S-phase. The method was based on: a) 
synchronlzatlon of human HL60 cells at the Gl/S border by a double block wlth aphldlcolln; b) 
release from Inhibition and labeling of newly synthesfzed DNA with aH-BrdU; c) separation of heavy, 
newly synthesized DNA, by repeated CsCl density gradients; d) cloning of DNA fragments Into a 
suitable vector. Most of the 3H-labelled DNA banded at heavy-light (HL) density, however a fraction 
of heavy-heavy (HH) DNA was also present, possibly due either to reinitiation from the same origins 
or to extrusion of nascent DNA molecules in the double stranded form due to branch migration in 
sheared DNA. DNA from both fractions were cloned into pATl53; 67 recombinant clones were 
obtained form HL DNA and 158 from HH DNA; the size of the inserts ranged between 200 and 1500 bo 
w 1 th and average of 400 bp. 

Features 01 cloned newly synthesized DNA. The analysis of the entlre collection of 
fragments showed that: a) there are no extenslve homologles among different fragments; b) the 
sample is not significantly enriched for highly repeated sequences; c) the sample 1s significantly 
enriched in rapidly renaturing DNA (snap-back DNA, Cot=O); d) most of the longest fragments behave 
as single copy DNA in Southern blot hybrldlzatlon with genomlc DNA. 

Features of pB48. The largest of the clones obtained (pB48) was confirmed to be replicated 
exclusively durlng the first hour ( l/8) ot the S-phase by Southern blot hybridization. The fragment 
is 1560 bp long and was entirely sequenced. The nucleotlde sequence of this plasmld shows several 
lnterestlng features that could indicate a possible regulatory role. The last 189 nucleotldes 
correspond to one element of the human A/u family. At least three, thermodlnamlcally stable stem- 
loop structures can be envisaged. The flrst one contains two possible Spl factor binding sites. Two 
A-homopolymers encompass the third stem-loop structure, which contains homologies to the SV40 
and human ig (k-chain) enhancers (70X homology), and to the region of the central palindrome In the 
orlgln of replication of the human papovavirus JCV (70%). Two more regions homologous to the same 
JCV origin sequence are found in the first and the second palindromes (100% and 78% homology, 
respectively). In addltlon, in the same reglon of the thlrd loop, there 1s a 83% homology to a nuclear 
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matrix associated DNA sequence Lastly, an AT-rich region after the third pallndrome shares 
extensive slmliarltles with the putatlve regions of anchorage to the chromosomal scaffold mediated 
by the topolsomerase 113. 
Sequence Specific binding lactor. As pB48 appeared to be rich of homologies with known 
regulatory slgnals, we looked for possible binding sites for specific nuclear factors by a Band Shift 
AssayA. The incubation of a central 521 bp Aval -Awl fragment (nucleotldes 445-965) with both 
HeLa and HL60 nuclear extracts5 caused the appearance of retarded bands. 
The effect of the two extracts is qualltatlvely similar except that the HL60 extract seems to 
produce a ladder of minor bands whose nature still has to be defined. The 521 bp fragment was then 
cut at a Bgllsite into two labeled fragments of 326 and 195 bp that were submitted to the Band 
Shift Assay under different buffer conditions (Fig I, Panel A). Only the 195 bp Bg//-Avalfragment 
shows retarded bands while the other one is unaffected under any conditions. Maxlmum shift was 
observed in the presence of 5 mM Mg++. In the absence of Mg++ two weaker bands are visible that 
migrate at higher posltlons. The proof that the new bands represented specific complexes was 
obtained by performlnd binding reactions In the presence of varying amounts of cold homologous 
competitor DNA (plasmid ~648, linearized) and non homologous DNA (vector alone). As shown In Fig. 
I, Panel 8, a 20 fold molar excess of the cold 195 pb Bgll-Awl fragment almost Completely 
abolishes the complex formation (lane 6), while the same excess of heterologous DNA has no effect 
(lane 7). These data clearlv indicate that the 195 bp fragment contains a recognition sequence for 
one or more nuclear factors. 
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Fig. 1 - Blndlng of nuclear factor to ~846 DNA &@I_& Band Shift Amy on two Jdamt fragments: the 326 Av#Bgll 
fragment (nucleotides 445-770) (lanes t-2) and the 195 bp &I/-A&fragment (771-965) (lanes 3-S). Standard buffer 
(.%I): 20 ml-l Hepes,pH 7.3,SOmM N&1,0.2 mM EDTA, 5% glycerol. Lanes I and 3: without nuclear extract; all other lanes: 
with Helanuclearextract.Lanes2and 5: SB plus 5 mM M&l2 W: Binding Competltlon Analysis. Lane 1: pB48 Bg//-Aw/ 
fragment alone. Lanes 2-5: after Incubation with Hela NE. Lanes 3 to 6: plus 65, 130, 260 and 520 ng respectively of ~648 
plasmld(2.5,5, l0and20foldmolarexcess).Lane 7: plus500ngofvector (pATI 53). 

In order to determine the nucleotlde sequence of the binding site, the 195 bp fragment was 
submltted to Footprint Analysis with partial DNase I digestlot+ The results clearly indicated a 
protected reglon of 17 nucleotides on the retarded band between nucleotldes 801 and 785. The 
corresponding sequence 1s the following: 5’ TTCGTCACGTGATGCGA 3’. It 1s worth noting that the 
12 central nucleotldes of this sequence are pallndromlc except for one mismatch. 

The above mentioned features of ~848 make It a strong Candidate for a role in lnltlatlon of DNA 
replication in human cells. Purlflcatlon and characterization of the nuclear factor(s) that bind(s) to 
the described sequence are in progress. 
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