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Supplementary Figure 1 Biofilm formation and curli production by various E. coli mutants. Curli production 

and biofilm formation of BW25113 wild type and the indicated isogenic mutants lacking genes responsible 

for flagella production and protein quality control in periplasm were analysed by Congo Red (CR)-binding 

assay and crystal violet staining as shown in Figure 1. Experiments were repeated at least three times. 

Means and standard errors and data plots are shown.  
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Supplementary Figure 2 Full blots for detection of CsgA and FtsZ. Portions (red squares) are used in 

Figure 1c. The positions of molecular size markers are shown to the right of the blots.   
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Supplementary Figure 3 Catalase activity of various E. coli mutants. a. Catalase activities of the BW25113 

wild-type and the isogenic mutant strains were analysed in the presence of H2O2 and Triton X-100. Pictures 

of the foam formed by O2 generation in the catalase reaction are shown. b. Relative RpoS activity in the 

indicated strains was analysed by measuring catalase activity as described in panel a. Experiments were 

repeated at least three times. Means and standard errors and data plots are shown. 
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Supplementary Figure 4 Full blots and gels for detection of DnaK, RpoS, FtsZ, and total proteins, 

respectively. Portions (red squares) are used in Figure 3a. The positions of molecular size markers are 

shown to the left and right of the blots and gel, respectively.  

20 kDa 

30 kDa 

40 kDa 
50 kDa 

80 kDa 

220 kDa 

120 kDa 

20 kDa 

30 kDa 

40 kDa 
50 kDa 

80 kDa 

220 kDa 

120 kDa 

20 kDa 

30 kDa 

40 kDa 
50 kDa 

80 kDa 

220 kDa 

120 kDa 



Δ
d
n
a
K

 p
D

n
a
K

W
T

 

Δ
d
n
a
K

 p
D

n
a
K

K
7
0
A

 

Total Soluble 

Δ
d
n
a
K

 p
D

n
a
K

V
4
3
6
F

 

Δ
d
n
a
K

 p
C

A
2
4
N

 

Δ
d
n
a
K

 p
C

A
2
4
N

 

anti-DnaK 

anti-RpoS 

Δ
d
n
a
K

 p
D

n
a
K

W
T

 

Δ
d
n
a
K

 p
D

n
a
K

K
7
0
A

 

Δ
d
n
a
K

 p
D

n
a
K

V
4
3
6
F

 

CBB- 

staining 

anti-FtsZ 

Supplementary Figure 5 Full blots and gels for detection of DnaK, RpoS, FtsZ, and total proteins, 

respectively. Portions (red squares) are used in Figure 3b. The positions of molecular size markers are 

shown to the left of the blots and gel.  
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Supplementary Figure 6 Observation of mCherry-expressing cells. Wild-type and ∆dnaK cells harboring 

pCA24-mCherry were observed with fluorescence microscopy. Scales, 10 μm. 
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Supplementary Figure 7 Effects of co-expression of csgDEFG and csgBAEFG on the biofilm formation 

and curli production in the respective csg mutants. Biofilm and curli production of the E. coli wild-type and 

csg mutant strains harboring the indicated plasmids were analysed by crystal violet staining and CR-binding 

assay as shown in Figure 1.  
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Supplementary Figure 8 Full blots and gels for detection of CsgD and FtsZ.  Portions (red squares) are 

used in Figure 4b. The positions of molecular size markers are shown to the left of the blots.  
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Supplementary Figure 9 Full blots and gels for detection of CsgD. A portion (red squares) is used in Figure 

4c. The positions of molecular size markers are shown to the left of the blot.  
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Supplementary Figure 10 Full blots and gels for detection of OmpA, CsgG, CsgB, and CsgA. Portions (red 

squares) are used in Figure 5c. The positions of molecular size markers are shown to the left of the blots.  
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Supplementary Figure 11 Cell fractionation of E. coli. After cell fractionation of the indicated, CsgA was 

detected by immunoblotting to check the cellular localization. To check accuracy of the fractionation, 

PNPase, OmpA, and MBP were also detected by immunoblotting as cytoplasmic, membrane, and 

periplasmic proteins, respectively. 



a b 

P C A M P C A M P C A M P C A M 

CBB-staining 

anti-CsgA 

250 

72 

43 

28 

17 

10 

(kDa) 

0

20

40

60

80

100

Periplasm Cytoplasm Aggregates Membrane

F
lu

o
re

s
c
e
n
c
e
 f
o
 s

fG
F

P
 (

%
) 

WT CsgBA-sfGFP

dnaK CsgBA-sfGFP

WT sfGFP

dnaK sfGFP

WT pBAD-CsgA-sfGFP 

ΔdnaK pBAD-CsgA-sfGFP 

WT pBAD-sfGFP 

ΔdnaK pBAD-sfGFP 

Supplementary Figure 12 Accumulation of CsgA-sfGFP aggregates in the dnaK null mutant. a. 

Fluorescence of CsgA-sfGFP in the cellular fractions isolated from the wild-type and ΔdnaK strains was 

measured by fluorophotometer. As a control, sfGFP was also expressed in the strains. Percentages of the 

fluorescence intensities in each fraction with standard errors and data plots are shown. b. The fractionated 

CsgA-sfGFP was detected by immunoblotting using anti-CsgA antibody. Secretion precursor form and 

mature form of CsgA-sfGFP were indicated by red and blue arrowheads, respectively. In the wild type, 

CsgA-sfGFP mainly localized in the periplasm, while, in ΔdnaK, it accumulated as aggregates in the 

cytoplasm. In contrast, sfGFP localized as a soluble form in the cytoplasm of both strains. P: periplasm, C: 

cytoplasm, A: aggregates, M: membrane. The positions of molecular size markers are shown to the left of 

the gel.  
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Supplementary Figure 13 DnaK maintains CsgA as a soluble form in vitro. CsgA was synthesized by the 

cell-free translation system in the absence and presence of DnaK-DnaJ-GrpE (KJE), GroEL/ES (GroE), and 

SecB. Proteins were separated into the supernatant (S) and pellet (P) fractions by centrifugation and CsgA 

was detected by immunoblotting. An SDS-PAGE gel was also stained with CBB. The positions of molecular 

size markers are shown to the left of the gel.  



Supplementary Figure 14 RpoS levels in wild type and ∆csgD. Band intensities of RpoS in Western 

blotting data (e.g., Figure 3a) are quantified with Image Quant LAS400 Image Analyzer. Means and 

standard errors and data plots are shown. NS, not significant.  
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Supplementary Table 1. Strains and plasmids used in this study 

Strains and plasmids Description References 

E. coli strains   

DH5α F-, Φ80dlacZΔM15, Δ(lacZYA-argF)U169, deoR, recA1, endA1, hsdR17(rK-, mK+), phoA, 

supE44, λ-, thi-1, gyrA96, relA1 

Toyobo 

JM109 recA1 endA1 gyrA96 thi hsdR17(rK− mK+) e14− (mcrA−) supE44 relA1 Δ(lac-proAB)/F'[traD36 

proAB+ lacI
q
 lacZΔM15] 

Promega 

BL21(DE3) F
−
 ompT hsdSB(rB

−
 mB

−
) gal(λcI857 ind1 Sam7 nin5 lacUV5-T7gene1) dcm (DE3) Promega 

MC4100 F
−
 araDl39 Δ(argF

−
lac)U169 rpsL150 relA1 deoCl ptsF25 rpsR flbB5301 5 

BM271 MC4100 ΔdnaK52::Cm
R
 6 

BW25113 K-12 wild type strain of Keio collection 7 

JW0013-KC BW25113 ΔdnaK::Km
R
 7 

JW0014-KC BW25113 ΔdnaJ::Km
R
 7 

JW0052-KC BW25113 ΔsurA::Km
R
 7 

JW0054-KC BW25113 ΔdjlA::Km
R
 7 

JW0157-KC BW25113 ΔdegP::Km
R
 7 

JW0426-KC BW25113 Δtig::Km
R
 7 

JW0427-KC BW25113 ΔclpP::Km
R
 7 

JW0428-KC BW25113 ΔclpX::Km
R
 7 

JW0429-KC BW25113 Δlon::Km
R
 7 

JW0462-KC BW25113 ΔhtpG::Km
R
 7 

JW0554-KC BW25113 ΔompT::Km
R
 7 



JW0644-KC BW25113 ΔdjlC::Km
R
 7 

JW0645-KC BW25113 ΔhscC::Km
R
 7 

JW0865-KC BW25113 ΔclpS::Km
R
 7 

JW0866-KC BW25113 ΔclpA::Km
R
 7 

JW0984-KC BW25113 ΔcbpM::Km
R
 7 

JW0985-KC BW25113 ΔcbpA::Km
R
 7 

JW1020-KC BW25113 ΔcsgG::Km
R
 7 

JW1021-KC BW25113 ΔcsgF::Km
R
 7 

JW1022-KC BW25113 ΔcsgE::Km
R
 7 

JW1023-KC BW25113 ΔcsgD::Km
R
 7 

JW1024-KC BW25113 ΔcsgB::Km
R
 7 

JW1025-KC BW25113 ΔcsgA::Km
R
 7 

JW1058-KC BW25113 ΔflgM::Km
R
 7 

JW1063-KC BW25113 ΔflgE::Km
R
 7 

JW1732-KC BW25113 Δspy::Km
R
 7 

JW1880-KC BW25113 ΔflhC::Km
R
 7 

JW1881-KC BW25113 ΔflhD::Km
R
 7 

JW1908-KC BW25113 ΔfliC::Km
R
 7 

JW1909-KC BW25113 ΔfliD::Km
R
 7 

JW1921-KC BW25113 ΔfliE::Km
R
 7 

JW2510-KC BW25113 ΔhscA::Km
R
 7 



JW2511-KC BW25113 ΔhscB::Km
R
 7 

JW2573-KC BW25113 ΔclpB::Km
R
 7 

JW2861-KC BW25113 ΔdsbC::Km
R
 7 

JW3142-KC BW25113 ΔsecG::Km
R
 7 

JW3309-KC BW25113 ΔfkpA::Km
R
 7 

JW3478-KC BW25113 ΔhdeA::Km
R
 7 

JW3584-KC BW25113 ΔsecB::Km
R
 7 

JW3663-KC BW25113 ΔibpB::Km
R
 7 

JW3664-KC BW25113 ΔibpA::Km
R
 7 

JW3832-KC BW25113 ΔdsbA::Km
R
 7 

JW3902-KC BW25113 ΔhslU::Km
R
 7 

JW3903-KC BW25113 ΔhslV::Km
R
 7 

JW4230-KC BW25113 Δhfq::Km
R
 7 

JW4277-KC BW25113 ΔfimA::Km
R
 7 

JW4283-KC BW25113 ΔfimH::Km
R
 7 

JW5182-KC BW25113 ΔdsbB::Km
R
 7 

JW5437-KC BW25113 ΔrpoS::Km
R
 7 

JW5692-KC BW25113 ΔhslO::Km
R
 7 

Plasmid   

pET-15b pET vector with N-terminal His6-tag, Ap
R
 Novagen 

pET-28b pET vector with N-terminal His6-tag, Km
R
 Novagen 



pBAD33 Arabinose inducible expression vector Clontech 

pBAD/Myc-His B Arabinose inducible expression vector with C-terminal Myc-His6-tag Life Technologies 

pBAD/SS01 Ara promoter, p15A ori ; Cm
R
, Ap

R
 This study 

pBAD/SS02 Ara promoter, p15A ori ; Ap
R
 This study 

pCA24N Empty vector of ASKA clone, lac promter ; pBR322ori ; Cm
R
 8 

pCold I Cold shock promoter ; His6-tag gene ; ColE1ori ; Ap
R
 Takara 

pDnaKWT dnaK cloned in pCA24N, N-terminal His6-tag, ASKA clone 
 

8 

pDnaKK70A N-terminally His6-tagged DnaKK70A
 
cloned in pCA24N This study 

pDnaKV436F N-terminally His6-tagged DnaKV436F gene cloned in pCA24N This study 

pRpoS rpoS cloned in pCA24N This study 

pRpoS-mCherry rpoS::mcherry cloned in pCA24N This study 

pCA24-mCherry mcherry cloned in pCA24N This study 

pASKA-CsgD  csgD cloned in pCA24N, N-terminal His6-tag, ASKA clone 8 

pCsgD csgD cloned in pCA24N This study 

pCsgDEFG csgDEFG cloned in pCA24N This study 

pCsgD*EFG DNA-binding domain coding region was deleted from csgD in pCsgDEFG This study 

pCsgBAEFG csgBA and csgEFG tandemly cloned in pCA24N This study 

pCsgA-His  csgA cloned in pCA24N This study 

pBAD-sfGFP  sfgfp cloned in pBAD/SS02 This study 

pBAD-CsgA-sfGFP csgA cloned in pBAD-sfGFP This study 

pBAD-CsgBA-sfGFP csgBA cloned in pBAD-sfGFP This study 



a
Ap

R
, ampicillin-resistance; Cm

R
, chloramphenicol-resistance; Km

R
, kanamycin-resistance. 

pBAD-CsgBA1–20-sfGFP csgB and csgA1–20 cloned in pBAD-sfGFP This study 

pBAD-CsgBA1–42-sfGFP csgB and csgA1–42 cloned in pBAD-sfGFP This study 

pBAD-CsgBA21–42-sfGFP csgB and csgA21–42 cloned in pBAD-sfGFP This study 

pBAD-CsgBA21–151-sfGFP csgB and csgA21–151 cloned in pBAD-sfGFP This study 

pBAD-CsgBA43–151-sfGFP csgB and csgA43–151 cloned in pBAD-sfGFP This study 

pBAD-CsgBAslowgo-sfGFP csgB and csgAslowgo caring Q49A/N54A/Q139A/N144A cloned in pBAD-sfGFP This study 

pBAD-CsgB-mCherry/CsgA-sfGFP mcherry cloned in pBAD-CsgBA-sfGFP This study 

pBAD-CsgD-Myc-His csgD cloned in pBAD/SS02, C-terminally Myc-His6-tag This study 

pET15-FtsZ ftsZ cloned in pET-15b 9 

pET28-PNP pnp cloned in pET-28b 10 

pCold-SecB secB cloned in pCold I, N-terminal His6-tag This study 



Supplementary Table 2. Oligonucleotide primers used in this study 

Primers Sequence (5' to 3')a
 Description 

dnaK-K70A-F ACACTCTGTTTGCGATTGCACGCCTGATTGGTCG For introduction of the substitution of Lys-70 to Ala in DnaK, forward 

primer 

dnaK-K70A-R CGACCAATCAGGCGTGCAATCGCAAACAGAGTGT For introduction of the substitution of Lys-70 to Ala in DnaK, reverse 

primer 

dnaK-V436F-F GACAACCAGTCTGCGTTCACCATCCATGTGCTGC For introduction of the substitution of Val-436 to Phe in DnaK, 

forward primer 

dnaK-V436F-R GCAGCACATGGATGGTGAACGCAGACTGGTTGTC For introduction of the substitution of Val-436 to Phe in DnaK, 

reverse primer 

pCA24N-Art-F GTCGACCTGCAGCCAAGCTTAATTAGC For linearization of the empty vector pCA24N, forward primer  

pCA24N-Art-R CAATTTCACACAGAATTCATTAAAGAGGAGAAATTAACTATG For linearization of the empty vector pCA24N, reverse primer 

rpoS-Art-F GAGAAATTAACTATGATGAGTCAGAATACGCTGAAAGTTCATGATTTAA

ATG 

For cloning of the intact rpoS gene into pCA24N, forward primer 

rpoS-Art-R TGGCTGCAGGTCGACTTACTCGCGGAACAGCGCTTCGATATTC For cloning of the intact rpoS gene into pCA24N, reverse primer 

rpoS-mcherry-R TGGCTGCAGGTCGACTTACTTGTACAGCTCGTCCATGCCGC For cloning of the rpoS-mcheryy gene into pCA24N, reverse primer 

mcherry-inv-F GAGAAATTAACTATGAAGGGCGAGGAGGATAACATGGCCATCATC For deletion of rpoS from pRpoS-mCherry, forward primer 

mcherry-inv-R ATCCTCCTCGCCCTTCATAGTTAATTTCTCCTCTTTAATGAATTCTGTGT

GAAATTGTTATCC 

For deletion of rpoS from pRpoS-mCherry, reverse primer 

csgD-Art-F GAGAAATTAACTATGTTTAATGAAGTCCATAGTATTCATGGTCATAC For cloning of csgD into pCA24N, forward primer 

csgD-Art-R TGGCTGCAGGTCGACTTATCGCCTGAGGTTATCGTTTG For cloning of csgD into pCA24N, reverse primer 

csgG-Art-R TGGCTGCAGGTCGACTCAGGATTCCGGTGGAACCGAC For cloning of csgDEFG and csgBAEFG into pCA24N, reverse 

primer 

csgB-Art-F GAGAAATTAACTATGAAAAACAAATTGTTATTTATGATGTTAACAATACT

GGGTGCG 

For cloning of csgBAEFG into pCA24N, forward primer 

csgA-Art-R TTAGTACTGATGAGCGGTCGCGTTGTTAC For cloning of csgBAEFG into pCA24N, reverse primer 

csgA-Art-F GAGAAATTAACTATGAAACTTTTAAAAGTAGAAGCAATTGCAGCAATCG For cloning of csgA-His into pCA24N, forward primer 

csgA-His5-Art-R  TGGCTGCAGGTCGACTTAATGATGATGATGATGGTACTGATGAGCGGT

CGCGTTGTTACC 

For cloning of csgA-His into pCA24N, reverse primer 

csgE-Art-F GCTCATCAGTACTAAACACAAGCGGTTTCCTGGGCAAA For cloning of csgBAEFG into pCA24N, forward primer 

csgD*-F CGTATCGGCGCGTCTAATCTTTTCAAGAAG For deletion of the DNA-binding domain coding region from 



pCsgDEFG, forward primer 

csgD*-R CTTCTTGAAAAGATTAGACGCGCCGATACG For deletion of the DNA-binding domain coding region from 

pCsgDEFG, reverse primer 

pBAD33-3000-F  ATCCCTTAACGTGAGTTCCGAAGGTAACTGGCTTCAGCAGAGC For construction of pBAD/SS01, forward primer 

pBAD33-1-R TGATGACGGTGAAAAGTCCATTTGACAGGCACATTATGCATCG For construction of pBAD/SS01, reverse primer 

pBAD/Myc-His-3033-F TTTTCACCGTCATCACCGAAACGCGCG For construction of pBAD/SS01, forward primer 

pBAD/Myc-His-1959-R CTCACGTTAAGGGATTTTGGTCATGAGATTATC For construction of pBAD/SS01, reverse primer 

pBAD33-delta-CP-F GGCGTTTAAGGGCACCAATAACTGCCTTATGGTGAAAGTTGGAACCT

CTTACGTGCC 

For construction of pBAD/SS02, for deletion of the Cm
R 

cassette 

from pBAD/SS01,
 
forward primer 

pBAD33-delta-CP-R GGCACGTAAGAGGTTCCAACTTTCACCATAAGGCAGTTATTGGTGCC

CTTAAACGCC 

For construction of pBAD/SS02, for deletion of the Cm
R 

cassette 

from pBAD/SS01,
 
reverse primer 

pBAD-mcs-F CGAAGCTTTCTAGAACAAAAACTCATCTCAGAAG For linearization of pBAD/SS02, forward primer  

pBAD-mcs-R GGTTAATTCCTCCTGTTAGCCCAAAAAACGG For linearization of pBAD/SS02, reverse primer 

sfGFP-Art-F CAGGAGGAATTAACCATGTCGAAAGGCGAAGAACTGTTTACCGG For cloning of sfgfp into pBAD/SS02, forward primer 

sfGFP-Art-R TTCTAGAAAGCTTCGTTTATACAGCTCATCCATACCATGCGTAATCCC For cloning of sfgfp into pBAD/SS02, reverse primer 

pBAD-sfGFP-inverse-F AGCGATTTTATGTCGAAAGGCGAAGAACTGTTTACCGG For linearization of pBAD-sfGFP, forward primer  

pBAD-csgB-Art-F CAGGAGGAATTAACCATGAAAAACAAATTGTTATTTATGATGTTAACAAT

ACTGGGTGCG 

For cloning of csgBA into pBAD-sfGFP, forward primer 

pBAD-csgA-Art-R CGACATAAAATCGCTGTACTGATGAGCGGTCGCGTTGTTACC For cloning of csgBA into pBAD-sfGFP, reverse primer 

csgA1-42-sfGFP-F AATAGCGGCCCAAATAGCGATTTTATGTCGAAAGGCGAAGAAC For construction of pBAD-CsgBA1–42-sfGFP, forward primer 

csgA1-42-sfGFP-R CGACATAAAATCGCTATTTGGGCCGCTATTATTACCGCCACC For construction of pBAD-CsgBA1–42-sfGFP, reverse primer 

csgA1-20-sfGFP-F GGTAGCGCTCTGGCAAGCGATTTTATGTCGAAAGGCGAAGAAC For construction of pBAD-CsgBA1–20-sfGFP, forward primer 

csgA1-20-sfGFP-R CGACATAAAATCGCTTGCCAGAGCGCTACCGGAGAATACGATTG For construction of pBAD-CsgBA1–20-sfGFP, reverse primer 

csgA43-151-sfGFP-F GAGGAATTAACCATGTCTGAGCTGAACATTTACCAGTACGGTGG For construction of pBAD-CsgBA43–151-sfGFP, forward primer 

csgA43-151-sfGFP-R AATGTTCAGCTCAGACATGGTTAATTCCTCCTGTTAGCCCAAAAAAC For construction of pBAD-CsgBA43–151-sfGFP, reverse primer 

csgA21-151-sfGFP-F GAGGAATTAACCATGGGTGTTGTTCCTCAGTACGGCGGCGG For construction of pBAD-CsgBA21–151-sfGFP and pBAD-CsgBA21–

42-sfGFP, forward primer 

csgA21-151-sfGFP-R CTGAGGAACAACACCCATGGTTAATTCCTCCTGTTAGCCCAAAAAAC For construction of pBAD-CsgBA21–151-sfGFP and pBAD-CsgBA21–

42-sfGFP, reverse primer 

Q49A_N54A-F TACGCATACGGTGGCGGTGCATCTGCACTTGCTCTGCAAACTGATG For introduction of the substitutions of Gln-49 to Ala and Asn-54 in 

CsgA, forward primer 



a 
Underlines, mutation sites. 

Q49A_N54A-R AGATGCACCGCCACCGTATGCGTAAATGTTCAGCTCAGAATTTGGG For introduction of the substitutions of Gln-49 to Ala and Asn-54 in 

CsgA, reverse primer 

Q139A_N144A-F CGTGACTGCAGTTGGCTTTGGTGCAAACGCGACCGCTCATCAGTACA

G 

For introduction of the substitutions of Gln-139 to Ala and Asn-144 in 

CsgA, forward primer 

Q139A_N144A-R GCGTTTGCACCAAAGCCAACTGCAGTCACGTTGACGGAGGAGTTAGA

TG 

For introduction of the substitutions of Gln-139 to Ala and Asn-144 in 

CsgA, reverse primer 

csgB-csgA-inter-F TAATTTCCATTCGACTTTTAAATCAATCCGATGGG For construction of pBAD-CsgB-mCherry/CsgA-sfGFP, forward 

primer 

csgB-csgA-inter-R ACGTTGTGTCACGCGAATAGCCATTTG For construction of pBAD-CsgB-mCherry/CsgA-sfGFP, reverse 

primer 

csgB-mcherry-Art-F TCGCGTGACACAACGTAAGGGCGAGGAGGATAACATGGCC For construction of pBAD-CsgB-mCherry/CsgA-sfGFP, forward 

primer 

csgB-mcherry-Art-R GTCGAATGGAAATTACTTGTACAGCTCGTCCATGCCGC For construction of pBAD-CsgB-mCherry/CsgA-sfGFP, reverse 

primer 

secB-ArtF GAAGGTAGGCATATGTCAGAACAAAACAACACTGAAATGACTTTCC Cloning of secB into pCold I, forward primer 

secB-Art-R AGAGATTACCTATCTTCAGGCATCCTGATGTTCTTCAGTACCTTC Cloning of secB into pCold I, reverse primer 

Pure-Niwa-F GGCCTAATACGACTCACTATAGGAGAAATCATAAAAAATTTATTTGCTTT

GTGAGCGG 

For in vitro translation using PURE System, forward primer 

Pure-CsgD-R GTTATTGCTCAGCGGTTAGCGGCCGCATAGGCC For in vitro translation of CsgD using PURE System, reverse primer 

csgB-UTR-Alexa-F GATAACAGCGTATTTACGTGGGTTTTAATACTTTGG For gel-shift analysis, amplification of Alexa488-labeled csgB 

promoter forward primer 

csgB-UTR-R ACGCAACCTGTATTTTGTTAACGCTGC For gel-shift analysis, amplification of Alexa488-labeled csgB 

promoter reverse primer 

RT-csgA-F TCTGGCAGGTGTTGTTCCTC For RT-PCR, forward primer 

RT-csgA-R CCACCACCATGCTGGGTAAT For RT-PCR, reverse primer 

RT-csgD-F TCTCGTTATTAGACGCGCCG For RT-PCR, forward primer 

RT-csgD-R CAATGGATTGCAAGGCGTCC For RT-PCR, reverse primer 



SUPPLEMENTARY DISCUSSION 

 

Biofilm quantification data 

We compared growth of E. coli BW25113 wild type and ∆dnaK on LB plates and 

LB liquid media and found that there was no remarkable difference between at 

least these strains (Fig. 1f and data not shown). Therefore, normalization of 

biofilm biomass by cell growth (optical density or colony forming units) was not 

performed in this study.  

 

Microarray data 

We summarized microarray data of previously reported RpoS-regulated genes1 

and RpoH-regulated genes2 in Fig. 2c. Full data set is also shown in 

Supplementary Data 1. Expression of many, but not all, genes positively 

regulated by RpoS was decreased in ∆dnaK compared to wild type. Given that a 

few soluble RpoS is present in ∆dnaK (Fig. 3b), some of the unaffected genes 

may be regulated by small but enough amount of active RpoS. It is also likely 

that expression of these genes may be independent on RpoS under the 

conditions tested in this study (in YESCA medium at 30°C for 48 h), since culture 

conditions affect the RpoS-dependency1,3.   

 

Cellular localization and aggregation analyses using fluorescent proteins 

To visualize cellular localization and protein aggregates, we used mCherry and 

sfGFP. As shown in Fig. 6b and Supplementary Fig. 6, no aggregation of these 

proteins was observed. Therefore, aggregates of RpoS-mCherry and 

CsgA-sfGFP derivatives formed in dnaK cells were likely not due to the fusion of 

these fluorescent proteins. The fluorescent fusion proteins can be prone to 

aggregation and the foci visualized may not be the real foci but instead are 

demonstrating the underlying trend that the ∆dnaK strain has more aggregates. 

The RpoS data is supported by fractionation (Fig. 3).    

 

SUPPLEMENTARY METHODS 



Protein purification 

C-terminal Myc-His tagged CsgD (CsgD-Myc-His) was purified as follows. E. coli 

BL21 (DE3) harboring pBAD-CsgD-Myc-His was cultured in 20 mL LB medium 

containing 100 μg/mL ampicillin overnight at 30°C with shaking at 150 rpm. 

Cultures were diluted in 1-L LB medium supplemented with 100 μg/mL ampicillin 

and incubated at 30°C with shaking at 100 rpm. When optical density at 660 nm 

reached 0.5, the culture was supplemented with 0.02% arabinose followed by 

overnight incubation at 15°C. After centrifugation at 6,000 × g for 20 min at 4°C, 

harvested cells were resuspended in 50 mL buffer A supplemented with protease 

inhibitor cocktail. After sonication on ice, cell lysates were centrifuged at 9,400 × 

g for 30 min at 4°C, and the supernatant was loaded onto a 1-mL bed volume of 

TALON resin, which was washed with buffer A supplemented with 5 mM 

imidazole; recombinant proteins were then eluted with 250 mM imidazole. Since 

the eluted fractions formed aggregates, insoluble proteins were pelleted by 

centrifugation at 20,000 × g for 10 min at 4°C and washed with buffer D [10 mM 

Tris-HCl (pH 8.0), 1% (w/v) Nonidet P-40, and 500 mM NaCl]. Following 

centrifugation at 20,000 × g for 10 min at 4°C, insoluble proteins were incubated 

overnight at room temperature in buffer E [10 mM Tris-HCl (pH 8.0), and 8 M 

urea], centrifuged at 20,000 × g for 10 min at room temperature, and solubilized 

in buffer F [50 mM Tris-HCl (pH 8.0), 6 M Guanidine-HCl (Gdn-HCl), and 200 

mM NaCl] at room temperature for 1 h before purification using TALON resin 

under denature conditions. The resin was washed with buffer F supplemented 

with 10 mM imidazole, and recombinant proteins were eluted using buffer F 

supplemented with 250 mM imidazole. Eluted fractions were pooled and 

dialyzed overnight at 4°C against buffer G [10 mM Tris-HCl (pH 8.0), 10 mM 

MgCl2, 100 mM KCl, and 1 mM DTT] supplemented with 6 M Gdn-HCl, overnight 

at 4°C in buffer G supplemented with 2 M Gdn-HCl and 400 mM L-arginine-HCl, 

for 5 h at 4°C in buffer G supplemented with 1 M Gdn-HCl and 400 mM 

L-arginine-HCl, and overnight at 4°C in buffer G supplemented with 400 mM 

L-arginine-HCl and 20% glycerol using the Slide-A-Lyzer Dialysis Cassette 

(Thermo Fisher Scientific). Purified CsgD-Myc-His was quantified with the 



Bradford Assay Kit. 

 N-terminally His6-tagged SecB (His-SecB) was expressed in E. coli 

BL21(DE3). Cells harboring pCold-SecB were grown at 30°C in LB medium 

containing 100 μg/mL ampicillin, and expression of His-SecB was induced by the 

adding IPTG (0.1 mM) and incubating overnight at 15°C. Cells from 2-L culture 

were harvested by centrifugation and resuspended in 50 mL buffer A 

supplemented with a protease inhibitor cocktail. After sonication on ice, cell 

lysates were centrifuged at 9,000 × g for 30 min at 4°C, and the supernatant was 

loaded onto a 2-mL bed volume of TALON resin that was washed with buffer A 

supplemented with 5 mM imidazole. Recombinant proteins were eluted using 

250 mM imidazole. Eluted fractions were dialyzed against buffer B using 

Slide-A-Lyzer Dialysis Cassette and purified by chromatography using a HiTrap 

Q column (GE Healthcare) and a 0–1,000 mM NaCl gradient in buffer B. Each 

fraction containing His-SecB was pooled and further purified by size exclusion 

chromatography (Superdex G-75 Increase 10/300 GL; GE Healthcare) in buffer 

C. Purified His-SecB was pooled and quantified using a Bradford Assay Kit.   

 

Catalase activity assay 

Catalase activity in overnight cultures was measured as previously described4 

with minor modifications. Bacteria were grown in 5 mL LB medium without 

supplementation or supplemented with 30 μg/mL chloramphenicol at 30°C for 16 

h with shaking under aerobic conditions. Bacterial cells were harvested by 

centrifugation at 8,000 × g for 20 min and suspended in 1 mL PBS supplemented 

with 1% Triton X-100. A 200 μL volume of the solutions was mixed with 200 μL 

undiluted hydrogen peroxide (30%) and incubated at room temperature for 5 min 

before measuring the height of O2-forming foam. 
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