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Transcriptional Analysis Responding to Propanol Stress in Escherichia coli
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We compared the transcriptome in response to propanol stress in wild-type and propanol-resistant
mutant Escherichia coli using the DNA microarray technique. The correlation value of RNA expression
between the propanol-treated wild type and the untreated-one was about 0.949, and 50 genes were
differentially expressed by more than twofold in both samples. The correlation value of RNA ex-
pression between the propanol-treated mutant and the untreated one was about 0.951, and 71 genes
in two samples showed differential expression patterns. However, the values between the wild type
and mutant, regardless of propanol addition, were 0.974-0.992 and only 1-2 genes were differentially
expressed in the two strains. The representative characteristics among differentially expressed genes
in W3110 or P19 treated with propanol compared to untreated samples were up-regulation of hest
shock response genes and down-regulation of genes relating to ribosome biosynthesis. In addition,
many genes were regulated by transcription regulation factors such as ArcA, CRP, FNR, H-NS, GatR,
or PurR and overexpressed by sigma factor RpoH. We confirmed that RpoH mediated an important
host defense function in propanol stress in £ coli W3110 and P19 by comparison of cell growth rate
among the wild type, zpoff disruptant mutant, and rpoffcomplemented strain.
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Fig. 1. Growth curve of E. colf W3110 and P19 in response to
propanol addition. (A) Both strains were cultured in LB
medium with 0~27.5 g/1 of propanol for 16 hr at 37C.
(B) After 2 hr cultivation (indicated in arrow) in LB me-
dium, one half of both strains (W3110+P, closed circle;
P19+P, closed triangle) received 17.5 g/1 of propanol and
the other remained untreated (W3110, open circle; P19,
open triangle). Each measurement was performed in
triplicate. Cells were taken for microarray experiment af-
ter 10 min cultivation. This experiment was conducted

one time.
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Fig. 2. RNA electrophoresis pattern of purified RNAs from 4
samples. M, molecular weight size marker; W1, purified
RNA sample from propanol-untreated W3110; W2, puri-
fied RNA sample from propanol-treated W3110 for 10
min; P1, purified RNA sample from propanol-untreated
P19; P2, purified RNA sample from propanol-treated P19
for 10 min.
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pression more than 2 fold in W1, W2, P1, or P2.
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Table 1. Genes showing a significant differential expression between W2 and W1

Gene Function Fold
Increased expression in W2 compared to W1

grol Cpn60 chaperonin GroEL, large subunit of GroESL 4.70
graoS Cpnl0 chaperonin GroES, small subunit of GroESL 447
dnak chaperone Hsp70, co-chaperone with DnaJ 3.88
cpB protein disaggregation chaperone 3.56
tnaA tryptophanase/L-cysteine desulfhydrase 3.39
htpG molecular chaperone HSP90 family 320
hslV peptidase component of the HsIUV protease 292
dpA dipeptide transporter 2.86
tnaC tryptophanase leader peptide 2.75
gatB galactitol-specific enzyme IIB component of PTS 2.66
miaA delta(2)-isopentenylpyrophosphate tRNA-adenosine transferase 2.57
gatC galactitol-specific enzyme IIC component of PTS 243
gatA galactitol-specific enzyme IIA component of PTS 2.37
lon DNA-binding ATP-dependent protease La 220
oA oligopeptide transporter subunit 217
hsIR ribosome-associated heat shock protein Hspl5 212
asr acid shock-inducible periplasmic protein 2.08
dnaf chaperone Hsp40, co-chaperone with DnaK 2.04
gatD galactitol-1-phosphate dehydrogenase 2.03
Decreased expression in W2 compared to W1

cyoC cytochrome o ubiquinol oxidase subunit III -3.29
cyoB cytochrome o ubiquinol oxidase subunit I -3.09
sucA 2-oxoglutarate decarboxylase -3.02
sucB dihydrolipoyltranssuccinase 294
ompF outer membrane porin la -2.76
deaD ATP-dependent RNA helicase -2.65
sdhA succinate dehydrogenase, flavoprotein subunit -2.61
K 50S ribosomal subunit protein L11 -2.57
by2:0) 30S ribosomal subunit protein S17 -2.53
18P 30S ribosomal subunit protein S16 -2.49
pmC 50S ribosomal subunit protein L29 -2.47
18R 30S ribosomal subunit protein 518 -2.38
cyoA cytochrome o ubiquinol oxidase subunit II -2.37
mpA protein C5 component of RNase P 231
plQ 50S ribosomal subunit protein L17 -2.30
1abB 3-oxoacyl-[acyl-carrier-protein] synthase I -2.25
yidD predicted protein 223
JPotA polyamine transporter subunit 223
cyoD cytochrome o ubiquinol oxidase subunit IV 222
tpA GTP-binding protein 221
15C 30S ribosomal subunit protein S3 218
ndk multifunctional nucleoside diphosphate kinas 215
priB primosomal protein N 215
N 30S ribosomal subunit protein S14 214
rpml 50S ribosomal subunit protein L35 2213
fabH 3-oxoacyl-[acyl-carrier-protein] synthase III 211
rpmH 50S ribosomal subunit protein L34 -2.10
1pll 50S ribosomal subunit protein L7/L12 -2.05
s phosphoribosylpyrophosphate synthase -2.04
gpmM phosphoglycero mutase III, cofactor-independent -2.04
spel/ spermidine synthase (putrescine aminopropyltransferase) -2.03
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Table 2. Genes showing a significant differential expression between P2 and P1

Gene Function Fold
Increased expression in P2 compared to P1

groS Cpnl0 chaperonin GroES, small subunit of GroESL 5.53
cdpB protein disaggregation chaperone 5.36
groL Cpn60 chaperonin GroEL, large subunit of GroESL 5.15
dnak chaperone Hsp70, co-chaperone with Dna] 5.03
htpG molecular chaperone HSP90 family 4.37
lon DNA-binding ATP-dependent protease La 317
miaA delta(2)-isopentenylpyrophosphate tRNA-adenosine transferase 315
hslV peptidase component of the HsIUV protease 3.02
yjiY predicted inner membrane protein 2.81
dna/ chaperone Hsp40, co-chaperone with DnaK 2.74
cydB cytochrome d terminal oxidase, subunit II 2.73
srlB glucitol /sorbitol-specific enzyme IIA component of PTS 271
dppA dipeptide transporter 2.64
srlA glucitol/sorbitol-specific enzyme IIC component of PTS 2.60
cydA cytochrome d terminal oxidase, subunit I 2.59
gatB galactitol-specific enzyme IIB component of PTS 2.59
gatC galactitol-specific enzyme IIC component of PTS 2.59
prol glycine betaine transporter subunit 2.55
tnaC tryptophanase leader peptide 252
hsIR ribosome-associated heat shock protein Hsp15 247
oA oligopeptide transporter subunit 245
stlE glucitol/sorbitol-specific enzyme IIB component of PTS 243
proV glycine betaine transporter subunit 241
proX glycine betaine transporter subunit 2.39
gatA galactitol-specific enzyme IIA component of PTS 231
gatY D-tagatose 1,6-bisphosphate aldolase 2, catalytic subunit 225
gipE heat shock protein 222
gatZ D-tagatose 1,6-bisphosphate aldolase 2, subunit 2.20
aqpB oligopeptide transporter subunit 215
ybbN predicted thioredoxin domain-containing protein 213
apP ATP-dependent serine proteases 212
tnab tryptophan transporter of low affinity 212
otB phosphate transporter subunit 2.09
aqpC oligopeptide transporter subunit 2.04
raiA cold shock protein associated with 30S ribosomal subunit 2.04
dhakK dihydroxyacetone kinase, N-terminal domain 2.03
Decreased expression in P2 compared to P1

sdhA succinate dehydrogenase, flavoprotein subunit -4.42
sucA 2-oxoglutarate decarboxylase, thiamin-requiring -3.50
cyoC cytochrome o ubiquinol oxidase subunit III 341
sucB dihydrolipoyltranssuccinase 341
sdhD succinate dehydrogenase, membrane subunit -3.34
putA proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase 311
P50 30S ribosomal subunit protein S17 -3.08
pmC 50S ribosomal subunit protein L29 -3.06
ompF outer membrane porin la (Ia;b;F) -3.04
sdhC succinate dehydrogenase, membrane subunit 297
cyoB cytochrome o ubiquinol oxidase subunit I -2.88
yqgB predicted protein -2.88
ndk nucleoside diphosphate kinase -2.81
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Table 2. Continued

Gene Function Fold
Decreased expression in P2 compared to P1

IldR DNA-binding transcriptional repressor -2.63
cyoA cytochrome o ubiquinol oxidase subunit II -2.38
plK 50S ribosomal subunit protein L11 -2.36
1ldD L-lactate dehydrogenase -2.33
18P 30S ribosomal subunit protein S16 -2.30
sdhB succinate dehydrogenase, FeS subunit -2.30
by2(0 50S ribosomal subunit protein L17 -2.27
cyoD cytochrome o ubiquinol oxidase subunit IV -2.25
prs phosphoribosylpyrophosphate synthase 224
1R 30S ribosomal subunit protein S18 -2.20
mpA protein C5 component of RNase P -2.18
yidD predicted protein 213
1psC 30S ribosomal subunit protein S3 213
potA polyamine transporter subunit 212
plB 50S ribosomal subunit protein L2 -2.10
guabB IMP dehydrogenase -2.08
wbbK lipopolysaccharide biosynthesis protein -2.06
s 30S ribosomal subunit protein S10 -2.05
1plP 50S ribosomal subunit protein L16 -2.03
speA arginine decarboxylase -2.01
1dP L-lactate permease -2.01
potC polyamine transporter subunit -2.00

Table 3. Genes showing increased expression between P1 and W1 and between P2 and W2, respectively

Gene Function Fold
Increased expression in P1 compared to W1
putA Proline dehydrogenase/pyrroline-5-carboxylate dehydrogenase 3.20
Increased expression in P2 compared to W2
)4 predicted inner membrane protein 3.88
YOO predicted thioredoxin domain-containing protein 217
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Table 4. Transcription regulation factors related with differentially expressed genes in W2 or P2 compared to W1 or P1, respectively,

in response to propanol stress

Transcription factors Up-regulation genes

Down-regulation genes

ArcA cydAB,  gatYZABCD, cyoABCD, lIldPRD, rplB, rplP rpmC 1psC
oppABC tnaCAB 18P, 1psQ, sdhCDAB, sucAB,
CRP gatYZABCD, srIAEB, tnaCAB cyoABCD, guaB, sdhCDAB, sucAB
FNR - cyoABCD, 1plB, 1plP, 1pl],
1psC 1psE, 1psQ, 1pmC
sadhCDAB, sucAB
H-NS ast, cydA, B, proWX, srIAEB -
GatR gatYZABCD -
PurR - guaB, prs, speA
Atst7] 913l Regulation DBE ©]&3te Rl ZARE Al0kRIAKsigma  factors)of  BtE3k= REAL| siAM
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Table 5. Classification of sigma factors and sensing genes by propanol stress in W2 or P2 compared to W1 or P1, respectively

Sigma factors Up-regulation genes

RpoE lon
RpoF oppABC
RpoH

RpoS ast, dak, proV, pstB

cpB, dpF, dnaj, dhak, hsiR, hslV, hipG, grol, graS, grpE, ybbN




Journal of Lite Science 2012, Vol. 22. No. 3 425

Table 6. Specific growth rate of £ colf W3110, DRP17, and DRP17/pBRH46 in LB medium without propanol or with propanol

. W3110 DRP17 DRP17/pBRH46
E cali - - - X - -
without propanol with propanol without propanol with propanol without propanol with propanol
Specific . 1018 0445 0982 0304 099 0.424
growth rate (/h)
‘Specific growth rate was calculated based on growth curve in Fig. 5.
40 References
0= w3110

35 | @& W3110+P

’ i i::;p 1. Alexandre, H., Rousseaux, I. and Charpentier, C. 1994.

50 | o oremRee Relationship between ethanol tolerance, lipid composition

—&- DRPI7/pBRP46+P

2.5

OD at 600 nm
[S]
=]
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Fig. 5. Effect of rpoff gene in response to propanol-stress in wild
type E. coli W3110, rpof disruptant DPR17, and rpoffc
omplemented DRP17/pBRH46. All of cells were grown
in 500 ml flask containing 100 ml LB medium. When cell
OD reaches about 0.6~0.7, 50 ml of three types of cells
were transferred to 250 ml flask harboring 17.5 g/1 of
propanol, respectively, whereas 50 ml of 3 cells were
transferred to 250 ml flask without propanol addition,
respectively. After all of cells transferred to new flasks,
cell growth was measured by 30 min interval for 2 hr.
Each measurement was performed in triplicate.
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