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SI Experimental Procedures 
 
Cell shape and nucleoids.  Cells were grown to an OD600 of 0.3 at 37°C in LB or 56/2 
containing 2 μg ml−1 thymidine, mixed with 4% paraformaldehyde, and incubated on ice 
for 1 h.  After the fixed cells were rinsed with PBS, nucleoids and membrane were 
stained with DAPI and FM4-64, respectively.  Cell shape and nucleoids were 
visualized with a 100x objective on a DMRE-HC fluorescence microscope (Leica 
Microsystems, Germany) with the appropriate filters.  Cell images were captured and 
analyzed by MetaMorph software (Universal Imaging, USA) and processed by 
Photoshop software (Adobe, USA). 
 
Western blot analysis of the SOS response.  The cells equivalent to 1 ml of a 
suspension at an OD600 = 0.25 were harvested by centrifugation at 4°C, suspended in 50 
μl of 1x SDS-gel loading buffer (Sambrook & Russel, 2001), and heated at 99°C for 5 
min.  An appropriate amount of the total cellular proteins from the cells was loaded in 
each lane and separated by SDS-PAGE (Sambrook & Russel, 2001).  The resolved 
proteins were transferred to nitrocellulose membranes (Schleicher & Schuell, Germany) 
and probed with rabbit anti-RecA antibodies as described elsewhere (Harlow & Lane, 
1988).  Immunoblots were developed with ECL reagents (GE Healthcare) and 
visualized by the LAS-4000 Mini luminescence image analyzer (GE Healthcare).  For 
quantification of the SOS induced levels, the linear range for the RecA protein signals 
from SOS-constitutive SMR7623 (lexA51(Def)) cells was established by serial dilution 
(Pennington & Rosenberg, 2007).  Within the linear portion of the standard curve, the 
amount of cellular RecA protein relative to that in the fully SOS-induced SMR7623 
cells was determined.  
 
Statistical analysis.  For Figure S5A, the bootstrap dataset of the fork speed was 

obtained by applying a linear regression (length = velocity × time) to the observed 

dataset of Figure 2D.  The confidence interval shown in Figure S5B was computed 

from the bootstrap samples.   
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Table S1.  Bacterial strains used in this study 
 

Name Bacterial genotype Reference or source 
 
15T- thyA42 deoB20 Roepke et al., 1944 a; not a K12 strain 
BW25113 lacIq rrnBT14 ΔlacZWJ16 hsdR514 Datsenko & Wanner, 2000 
 ΔaraBADAH33 ΔrhaBADLD78 
eCOMB MG1655 except ΔthyA Δ(yjjG-deoB) this work b 
JWK2795 BW25113 except ΔthyA::kan Baba et al., 2006; Keio collection c 
JWK4336 BW25113 except ΔyjjG::kan Baba et al., 2006; Keio collection c 
JWK4346 BW25113 except ΔdeoB::kan Baba et al., 2006; Keio collection c 

MK935 MG1655 except dnaE173 zae-502::Tn10 laboratory stock 
MK7158 MG1655 except ΔthyA this work; P1(JWK2795) x MG1655 d 
MK7167 MG1655 except ΔthyA ΔdeoB this work; P1(JWK4346) x MK7158 d 
MK7426 MG1655 except ΔthyA ΔdeoB ΔyjjG::kan this work b 
MK7927 eCOMB except zae-502::Tn10 this work; P1(MK935) x eCOMB 
MK7928 eCOMB except dnaE173 zae-502::Tn10  this work; P1(MK935) x eCOMB 
MG1655 sequenced wild-type E. coli K12  Guyer et al., 1981 a 
SMR7467  MG1655 except lexA3(Ind-) malB::Tn9 Pennington & Rosenberg, 2007 
 Δattλ::PsulAΩgfp-mut2 
SMR7623  MG1655 except lexA51(Def) malB::Tn9 Pennington & Rosenberg, 2007 
 Δattλ::PsulAΩgfp-mut2 sulA211  
  
All strains except 15T- are derivatives of E. coli K12.  For P1 transduction, “P1(A) x B” represents 
that strain B was infected by P1 phage grown on strain A.  a MG1655 and 15T- (CGSC#4906) 
were purchased from The Coli Genetic Stock Center (CGSC) at Yale University, USA.  b See 
Experimental Procedures for details.  c Keio collection strains were obtained from the National 
BioResource Project: E. coli (National Institute of Genetics, Japan).  d After P1(vir) transduction, 
the kan gene was deleted by flippase-mediated recombination.  
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Table S2.  Plasmids and oligonucleotides used in this study 

 
Name Plasmid properties Reference 
 
pCP20 flippase helper plasmid Datsenko & Wanner, 2000 
pKD46 Red recombinase expressing plasmid Datsenko & Wanner, 2000    
Name DNA sequences of oligonucleotides Purpose   
yjjG-F  CCGCCATTGC CCTGTACGAA G amplification of ΔyjjG::kan of JWK4336  
yjjG-R  CTTCTTGAGT AAGCGGCATC GC amplification of ΔyjjG::kan of JWK4336  
mioC-rF1 TTGAGTAAATTAACCCACGATCC  amplification of mioC for quantitative PCR  
mioC-rR1 AACATTCTTGATCACGACATTCC amplification of mioC for quantitative PCR 
tus-rF1 TGAAATCACCACGCAGTGTC amplification of tus for quantitative PCR 
tus-rR1 TCCTGATACTCTCGCTCCAGT amplification of tus for quantitative PCR  
 
Nucleotides sequences are complementary to their genomic target sequences.  DNA sequences of 
oligonucleotides are shown form the 5’ to 3’ direction.  Abbreviation: kan, kanamycin resistant 
gene. 
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Fig. S1. Salvage and de novo pathways involved in thymidylate (dTMP) biosynthesis of E. 
coli	

Numbers represent enzymes catalyzing individual steps; the corresponding genes are in 
parentheses as follows: 1, thymidylate synthase (thyA); 2, thymidine kinase (tdk); 3, thymidine 
phosphorylase (deoA); 4, phosphodeoxyribomutase (deoB); 5, phosphodeoxyriboaldolase (deoC); 
6, purine nucleoside phosphorylase (deoD); 7, nucleoside monophosphate phosphohydrolase 
(yjjG); 8, uridine phosphorylase (udp); 9, ribonucleotide diphosphate reductase (nrdAB).  The 
genes encoding the enzymes for the pathways with the red numbers were deleted in eCOMB cells.  
The route specific to BrdU is shown in blue.  Abbreviations are as follows: BrdU, 
bromodeoxyuridine; BrUra, bromouracil; BrdUMP, bromodeoxyuridine monophosphate; BrdUTP, 
bromodeoxyuridine triphosphate; dR-1-P, deoxyribose-1-phosphate; dR-3-P, deoxyribose-3-
phosphate; R-1-P, ribose-1-phosphate. 	
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Fig. S2. Physiological properties of eCOMB cells 	

Cells were exponentially grown in 56/2 medium containing 2 μg ml−1 thymidine at 37°C unless 
otherwise noted.  The mean values and corresponding their SD values were determined by three 
independent experiments except in (E).  The cells were fixed with paraformaldehyde and analyzed 
with a microscope except in (D) and (E).  (A) Mean sizes of eCOMB cells.  The MG1655 and 
eCOMB cells were visualized using a phase-contrast microscope.  The number of cells observed is 
in parenthesis.  (B) The size distributions of cell length.  The graph shows cell length distribution 
of MG1655 (gray bars) and eCOMB (black bars) cells with the same data as in (A).  (C) Cell 
shapes and nucleoid structures.  The cells grown in LB or 56/2 containing 2 μg ml−1 thymidine 
were stained simultaneously with FM4-64 and DAPI.  The cell shapes (red) and nucleoids (green) 
were visualized using a fluorescence microscope.  White bars represent 5 μm.  (D) Average 
generation time.  The generation time was evaluated by measuring OD at 600 nm and determining 
the number of colony forming units (CFU); CFU values were verified on LB agar plates 
containing 2 μg ml−1 thymidine.  (E) SOS response.  After the eCOMB cells were grown in 56/2 
containing 2 μg ml−1 thymidine, they were cultured for 6 min in the medium with either 50 μg ml
−1 thymidine or IdU.  The RecA protein was detected in the total protein fraction of these cells by 
western blotting with anti-RecA antibodies, and ECL signals were quantified using a luminescence 
image analyzer.  The bar graph shows the amount of RecA relative to that in the fully SOS-
induced SMR7623 (lexA51) cells.  Black bars show the SEM of three independent experiments.  
NS: not significant (p > 0.05) (two-tailed Student’s t-test).  (F) Mean sizes of eCOMB cells.  The 
MK7927 (dnaE+) and MK7928 (dnaE173) cells were analyzed as described in (A).  	
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Fig. S3. Distribution of DNA length combed on cover slips	

(A, B) A typical image of DNA on a glass surface.  (A) Chromosomal DNA of eCOMB cells and (B) 
λ DNA.  DNA was stretched on the glass surface, stained with YOYO-1, and visualized using a 
fluorescence microscope.  The black bar represents 10 μm.  (C–F) Size distributions of combed 
DNA molecules: (C–E) chromosomal DNA of eCOMB cells and (F) 48.5-kb λ DNA.  The relative 
numbers of DNA molecules (%) are presented as a histogram of length.  (C, D) The eCOMB cells 
were grown in 56/2 medium containing 50 μg ml−1 IdU for 2 min (gray bars) and 3 min (black bars).  
The chromosomal DNA was extracted, stretched on glass, and stained with YOYO-1.  DNA 
molecules larger than the field of view in a microscope were classified as > 300 kb in (C).  DNA 
molecules smaller than 300 kb were measurable, and their size distribution is shown in (D).  The 
number of molecules analyzed was 103 for 2 min and 91 for 3 min.  (E) The graph shows the size 
distribution of the IdU tracks used to determine the fork speed in Figure 2D.  (F) Under our 
experimental conditions, the length of λ DNA was 21 μm (mode value for the 214 molecules 
observed).  To remove negative effects of breakdown products in the dataset, the mode length of the 
histogram was used.  This value provided a direct relation between the measured length of combed 
DNA (in μm) and the number of nucleotides in kb (where 1 μm equals to 2.3 kb).  Since one 
nucleotide pair corresponds to 3.4 Å (Saenger, 1984), the crystallographic size of the λ DNA is 16.5 
μm, indicating that under our experimental conditions the molecules were stretched 1.3-fold.	
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Fig. S4. Dual-labelled molecules on cover slips 	

(A) Frequencies of the dual-labelled molecules in double-labelling experiments.  eCOMB cells 
were pulse-labelled first with CldU for 2 min and then with IdU for 1, 2, 3, and 4 min.  The 
frequency of the dual-labelled DNA fibers at each incubation time with IdU was calculated by 
dividing the number of the DNA fiber containing both CldU and IdU signals by the total number 
of the DNA fibers detected with antibodies.  (B) Images of the CldU- and IdU-labelled DNA 
molecules.   Among the dual-labelled DNA molecules, the DNA fibers with an IdU stretch lined 
up end-to-end with a CldU stretch were selected to determine the fork speed.  The three DNA 
molecules shown at each incubation time with IdU are representative of those used for 
determination of the fork speed.  The black bar corresponds to 10 kb. 	
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Fig. S5. Statistical analysis of the fork speed distribution 	

(A) Histogram of bootstrap samples of the average fork speed.  The samples were computed from the 
data in Figure 2D by the bootstrap algorithm (n=1,000).  (B) Comparison of the average fork speed.  
The confidence interval for the average fork speed shown in Figure 2D was determined from the 
distribution in (A).  The blue line shows the 95% confidence interval (632–656 nt s-1).  The red arrow 
represents the accurate fork speed (653 nt s-1) determined by the time-course experiments shown in 
Figure 4.  (C) The Gaussian curve of the fork speed distribution.  The fork speed distribution in Figure 
2D was converted to probability density (filled circles) and fitted to the mixed-Gaussians curve (left) 
and the single-Gaussians curve (right).  The Akaike Information Criterion (AIC) values for the mixed 
and single Gaussian curves are 8559 and 8673, respectively.  The three-Gaussian model (left) has the 
smallest AIC, and the four-Gaussian model has the next smallest AIC.  In the model selection using the 
AIC, the model having the smallest AIC is strongly supported if the difference between the AICs for 
the models is more than four (Burnham and Anderson, 1998).  (D) Distribution of fork speed at the 1-
min time point.  Fork speeds were calculated from the DNA length at the 1-min time point in Fig. 4C, 
and the median value is shown above the panel.  Nearly 60% (57.7%) of the replication forks had 
speeds between 550 and 750 nt s-1 (blue bars).  The total number of DNA fibers observed was 213.  	
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Fig. S6. Determination of the fork speed in dnaE173 cells	

The MK7927 (A-C; eCOMB, zae-502::Tn10) and MK7928 (D-F; eCOMB, dnaE173, 
zae-502::Tn10) cells were pulse-labelled with CldU for 2 min and then with IdU for 1, 2, 3, and 4 
min in triplicate: (A, D) Experiment #1, (B, E) Experiment #2, and (C, F) Experiment #3.  (G) The 
mean fork speed and SEM.  The data were analyzed and presented as described in the legend for 
Figure 4.  The total number of DNA fibers observed was 1638 for MK7927 and 2056 for MK7928.	
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