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 Comparison of strain MG1655 (CGSC 6300) to E. coli K12 strain NCM3722 on 

glass slide DNA microarrays. Given the difficulties with MG1655 isolates, we tested whether 

MG1655-based DNA microarrays could be used to probe gene expression in other E. coli strains. 

We first compared mRNA levels in an E. coli K12 strain with no known mutational lesions 

(NCM3722; see Materials and Methods) to those in strain MG1655 (CGSC 6300) for cells 

grown to mid-exponential phase in LB (Fig. 5). To be sure there would be at least one difference 

between the strains, we induced expression of the lactose operon in NCM3722 by adding IPTG 

(to 100 µM) for 25 min before harvest. As is apparent from a genome image of the data, the K12 

strain NCM3722 not only showed higher levels of expression of the lac operon (b0341–b0344) 

but had strikingly higher mRNA levels for the flagellar and chemotaxis regulon (b1070–b1083 

[flgNMA/BCDEFGHIJ/flgKL], b1878–b1892 [flhEAB/cheZYBR-tap-tar/cheWA-motBA/flhCD]; 

b1920–b1926 [fliYZA/fliC/fliDST]; and b1937–b1950 [fliE/fliFGHIJK/fliLMNOPQR]). 

NCM3722 had =2 times higher levels of mRNA for most of the genes in this regulon (mean and 

median differences between the strains of 4.2 and 2.7 for 50 genes). Other operons/genes with 

higher levels of mRNA in the K12 strain included an operon for ribose transport and catabolism 

rbsDACBK (b3748–b3752) and its regulator rbsR (b3753), and the aer gene (b3072), which 

codes for an aerotaxis receptor. By contrast, mRNA levels for the galactitol operon 

gatYZABCDR2 (b2096–b2090) were lower in NCM3722 than MG1655, as were those for the 

rfbBDACX (b2041–b2037), and linked galF (b2042) and glf-wbbHIJK-yefJ operons (b2036–

b2031), whose products function in synthesis of the O-antigen portion of the lipopolysaccharide, 

those for the tryptophan catabolic operon tnaAB (b3708–b3709), the galactose operon galETKM 

(b0759–b0756), an operon coding for enzymes of the glyoxalate shunt aceBAK (b4014–b4016), 

and a gene coding for a 2-oxoglutarate permease kgtP (b2587). Expression of a large number of 

ribosomal protein genes and operons was also lower in the K12 strain than MG1655, as were 

mRNA levels for various copies of a gene that codes for IS5 transposase. Data on these 

comparisons are available at (http://nature.berkeley.edu/~opaliy/papers/MG1655.html). In most 

instances, differences in mRNA levels between the K12 strain and MG1655 were probably due 

to differences in gene expression (see Discussion for e.g. the flagellar and chemotaxis regulon 
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and the galactitol operon). However, in some cases the presence of an insertion element may 

prevent expression in one of the strains or a gene(s) may be deleted (see Discussion). Like 

MG1655 (CGSC 6300), the K12 strain NCM3722 showed higher levels of expression of the 

maltose regulon when grown on lactose than glucose (not shown). 

 Comparison of strain MG1655 (CGSC 6300) to E. coli K12 strain NCM3722 on 

Affymetrix chips. Comparison was made for cells grown on N–C– medium with glucose and 

NH4Cl as C- and N-sources, respectively, for cells grown with glycerol and NH4Cl as C- and N-

sources, and for cells grown with glycerol and arginine as C- and N-sources 

(http://nature.berkeley.edu/~opaliy/papers/MG1655.html). In all cases mRNA levels for genes of 

the flagellar and chemotaxis regulon were much higher for the K12 strain than MG1655. After 

averaging over the media, the mean and median differences were 54 and 30 for the 50 genes 

indicated above. Though Affymetrix arrays were run for cells grown on minimal media rather 

than LB, the data confirmed higher mRNA levels in the K12 strain for the rbs operon and the aer 

gene and indicated higher levels for genes in the fnr region that are deleted in the CGSC isolate 

of MG1655 (b1332–b1342) (>4-fold differences for 7 of these 13 genes). At least 4-fold higher 

average levels of mRNA were also observed for the ilvG1G2MEDA operon (b3767–b3772), the 

gltJKL operon (b0654–b0652) and 36 additional genes including tsr (b4355), which codes for the 

serine/ribose chemoreceptor. Affymetrix arrays confirmed lower levels of mRNA in the K12 

strain for the four operons listed above in connection with analysis of glass slide microarrays and 

indicated that mRNA levels were also at least 4-fold lower for the fimbrial operon csgDEFG 

(b1040–b1037) and 97 additional genes. 

 Comparison of strain MG1655 (CGSC 6300) to clinical isolates of E. coli on glass 

slide DNA microarrays. To determine whether use of the MG1655 arrays could be extended to 

E. coli strains isolated recently from humans and whether such strains would have physiological 

responses similar to those of laboratory strains, we worked with two urinary tract isolates and an 

intestinal commensal strain (see Materials and Methods). These had been identified as E. coli 

based solely on the fact that they were Lac+ on indicator plates and produced indole from 

tryptophan. We compared mRNA levels for cells grown on glutamine as sole nitrogen source, a 
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nitrogen-limiting condition, to those for cells grown on ammonium. Differences in gene 

expression under these two conditions were compared to those for strain MG1655 (CGSC 6300) 

(Fig. 6). Examination of aligned genome images and comparison of red to green (R/G) ratios 

indicated that differences in mRNA levels in all four strains under these two conditions were 

strikingly similar. Specifically, expression of 17 genes thought to be activated by nitrogen 

regulatory protein C (NtrC) or the nitrogen assimilation control protein (Nac) was higher on 

glutamine than ammonium (R/G ratio =2). These genes extended to 13 operons containing 37 

genes (see legend to Fig. 6 and http://nature.berkeley.edu/~opaliy/papers/MG1655.html) (60). 

Two NtrC-regulated operons appeared to have higher expression on glutamine only in CGSC 

6300 (b1744-b1748 and b2661-b2664), and one had higher expression only in the clinical 

isolates (b3268-b3271). Sixteen additional genes not under NtrC/Nac control were also more 

highly expressed on glutamine in all strains (R/G ratio =2). Two that are readily rationalized 

were the gene for a putative glutaminase (b0485) and that for the glutamine-dependent 

asparagine synthetase (b0674). Differences in expression of the gadBC operon (b1493-b1492) 

were very striking, as were those for operons in the hdeAB region (b3504-b3517), about which 

we have commented previously (60). Expression of 24 genes appeared to be elevated on 

glutamine only in CGSC 6300, but based on the genome image, data for ~1/4 of these seemed 

unreliable (http://nature.berkeley.edu/~opaliy/papers/MG1655.html). Most of these 24 genes 

were of unknown or putative function. Expression of 14 genes in 11 operons was decreased on 

glutamine in all four strains (R/G ratio =0.5). These operons code for enzymes of the TCA cycle 

(sucABCD [b0726-b0729]), carbohydrate transporters (ptsG [b1101] and manXYZ [b1817-

b1819]), the F1-F0 ATPase (atpIBEFHAGDC [b3739-b3731]), and ribosomal proteins (rplNXE-

rpsNH-rplFR-rpsE-rpmD-rplO-prlA-rpmJ [b3310-b3299], rpsJ-rplCDNB-rpsS-rplV-rpsC-rplP-

rpmC-rpsQ [b3321-b3311], and rpsLG-fusA-tufA [b3342-b3339]). Decreases in their expression 

may reflect global sensing of nitrogen-limited slow growth. Decreased expression of the 

galactitol catabolic operon (gatYZABCDR2 [b2096-b2090]) on glutamine appeared to be specific 

for CGSC 6300, as did repression of the proVW operon (b2677-b2678), which codes for 

components of an osmotically-inducible transport system for proline and glycinebetaine. 
 


