


Cells grown
in low level
of 3H

Add high
level of 3H

Calculate fork rate:  5 Mb/ 40 min/2 forks = 1000 bp/sec 













Regulation of origin
firing in E. coli
by the hemi-methylated DNA
binding proteins SeqA







http://www.pnas.org/cgi/content/full/98/15/8376/F1



http://www.cell.com/cgi/content/full/96/1/153/F1







Proofreading



http://www.sciencemag.org/cgi/content/full/282/5393/1516

Who moves?  
The Polymerase or the DNA?
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Topoisomerases needed

1. Opening up DNA increases supercoiling ahead of the fork

2. Convergence of replication forks





Samples of strain KPL730 [dnaB134(ts), hutM+-lacO, lacI-cfp, dnaX-yfp]
were taken for microscopy various times after synchronization of the
replication cycle. (A–C) Sixty minutes after synchronization. (D–F) Sixty
minutes after synchronization and induction of the stringent response
(replication arrest at LSTer). LSTer is coincident with the replisome. (G–I)
Thirty minutes after release from stringent response, two copies of LSTer away
from the centrally located replisome. (J–L) A cell undergoing (or about to
undergo) multifork replication 30 min after release from stringent replication
arrest. The central polymerase is from the initial round of replication, and
additional replisomes have assembled at approximately the cell quarter
positions. (M–O) Replisomes approximately at the cell quarters in a cell that
seems to have finished the initial round (no replisome at midcell).

Left panels (A, D, G, J, and M) show foci of DNA polymerase (Tau-YFP; orange)
and cell outline (FM 4-64; gray). Middle panels (B, E, H, K, and N) show foci of
LSTer (LacI-CFP; cyan) and cell outline (gray). Right panels (C, F, I, L, and O)
merged images of the left and middle panels. Scale bar is 1 µm.

http://www.molecule.org/cgi/content-nw/full/6/6/1321/F3

DNA pol “LS-Ter (LacO”

LS-Ter is a conditional (natural) terminator site induced by amino
acid starvation (a so-called stringent response).  



Quantitative Parameters (after Mathews and vanHolde,  Table 24-1) 

                                              Feature        Prokaryotic (E.  coli)    Eukaryotic
                                                                                                     (human: HeLa cells
                                                                                                         in culture))
                                      DNA content
                                     (nucleotide pairs per
                                     cell)
                                                                            3.9.x 106               6 x 109

                                      DNA replication rate
                                     (nucleotides/sec/rep.
                                     fork)
                                                                                   850                  60-90
                                      Number of replication
                                     origins/cell
                                                                                    1                  103 - 104

                                      Hours for complete
                                     genome replication
                                                                                  0.67                     8



Budding yeast replication 

Note that not all origins fire at the
same time





Identifying origins of replication 2-D gels
size

shape



A. Ivedssa et al (in press)

Barriers to replication are exaggerated in a rrm3 helicase mutant



In the Drosophila embryo, 
S phase lasts 4 minutes

In the adult, 10 hr



Early DNA replication

Cyrus Vaziri





http://www.genesdev.org/cgi/content/full/14/22/2855  
Brian K. Kennedy, David A. Barbie, Marie Classon, Nicholas Dyson, and Ed
Harlow   Nuclear organization of DNA replication in primary
mammalian cells   Genes Dev 14: 2855-2868 (2000)



http://www.genesdev.org/cgi/content/full/14/22/2855  
Brian K. Kennedy, David A. Barbie, Marie Classon, Nicholas Dyson, and Ed
Harlow   Nuclear organization of DNA replication in primary
mammalian cells   Genes Dev 14: 2855-2868 (2000)

Treating the cells differently
reveals many more
replication foci



http://www.genesdev.org/cgi/content/full/14/22/2855  
Brian K. Kennedy, David A. Barbie, Marie Classon, Nicholas Dyson, and Ed
Harlow   Nuclear organization of DNA replication in primary
mammalian cells   Genes Dev 14: 2855-2868 (2000)



Fluorescent Replacement After Photobleaching    FRAP

Houtsmuller et al., Science 284:958, 1999 



In live S phase cells expressing GFP-PCNA (A) or GFP-RPA34 (B), an area containing several replication foci was photobleached. Stacks
of images were acquired before bleaching and at several time points after photobleaching to follow the fluorescence recovery. (A)
GFP-PCNA assembled at replication foci shows no fluorescence recovery within 1 min after photobleaching. A slight recovery occurs
first after 3 min, being clearly visible after several more minutes. In contrast, GFP-RPA34 (B) recruited to replication foci shows a
slight fluorescence recovery already about 4 s after photobleaching, being clearly visible after 20 s and still increasing until 2 min
after photobleaching (later time points not shown). In contrast to GFP-PCNA, GFP-RPA34 exhibits a fast recovery (within seconds as
opposed to several minutes for GFP-PCNA) at the bleached replication foci. Scale bar, 5 __.

FRAP


