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THE Persister Cell Control Mechanisms in Uropathogenic Escherichia coli

UNIVERSITY William H Law’, Mary P Leatham-Jensen, Paul S Cohen’ and Jodi L Camberg’.
OF RHODE ISLAND 1Cell and Molecular Biology, University of Rhode Island, Kingston, Rl

1. Abstract 4. Stress Response Pathway 7. CFTO73 grown in minimal media with 12. Alon displays reduced persister cell

Siress Rsponse . Norma Grot ampicillin forms persister cells formation in the presence of ampicillin

¥ :
_ ) . CFTO073 cells were CETO73 . Lon_ prqtease regulates toxin-
toxin (T) antitoxin (A) grown in M9 minimal antitoxin systems by

3 \\:o media in the presence proteolysis (Maisonneuve, et
1—
\

Persister cells are a subpopulation of bacteria that demonstrate high i\&
tolerance to antibiotics, but revert to sensitivity after antibiotics are Stress Response
removed. The mechanism for induction of the persister cell state and l
antibiotic tolerance is not completely understood but likely occurs

through the establishment of dormancy. Some of the suggested

mechanisms for persister cell formation in Escherichia coli include:

toxin-antitoxin systems, starvation, gene regulation by (p)ppGpp, and - persistence (Maisonneuve
stochastic formation. In our study we examine the mechanisms 2011).

behind persistence in the E. coli strain CFT073, a uropathogenic - CFT073 produces 10 to

isolate, which forms elevated levels of persisters compared to the R ' 100 fold higher numbers We also observed a 10-fold
laboratory strain MG1655. However, CFT073 lacks many of the type Il torerZrz::r:g:ticerII: under | gi_cr';)e;;e Alllllgecr;::tear:‘zil ‘:(f) 105 CEU/mI
toxin-antitoxin pairs associated with modulating persister cell compared to other E. coli CET073 after,24 hpwith . — . .
formation. In addition, global stress response is impaired in the strains ) ‘ ' ' S ' ' ampicillin

CFTO073 isolate used in these studies, since it contains a five base : ) :
f:;{,,;";?f},‘;’ :‘h;“gff,‘ga,’"’s‘;,.sesg::‘:;p“;:;": gncodes RPoS, the master 8. CFT073 contains 3 out of 12 type Il toxin- 13. Comparison of persistence of CFT073
expression of truncated RpoS. We compared several CFT073 strains ‘- antitoxin (TA) systems found in MG1655 strains after 4 h of growth in ampicillin
mutated at the rpoS locus for the ability to form persister cells, as | '

and absence of al.,, 2011).
ampicillin. CFUs were Deletion of /on from MG1655

determined at various 1 _ causes a 10-fold decrease in
intervals.

log10 CFU / ml
log10 CFU /ml

Time (hours)

: . . During stress conditions RpoS regulates the « Type Il toxin-antitoxin Viable Count at 4 Hours
well as a strain deleted for Lon, a protease important for modulating expression of many stress response genes systems utilize an antitoxin Type Il TA MG1655 CFTO073 10

toxin-antitoxin function. To identify additional regulators of persister _ _ _ rotein that can bind and Systems
cell formation in CFT073, we performed minitransposon mutagenesis IRpoS_ls;]ac_tlver d(:]graded by CI|:I>XP during ?nhibit the action of the dinJ-yafQ
to isolate mutant strains, and screened mutants for persister cell ogarithmic growth, but accumulates during protein toxin (Maisonneuve & yaiNo

. ) : : . . stationary phase. -
formation. As many pathogenic bacterial species, including CFT073, - U _ Gerdes, 2014). hicAB
cause recalcitrant infections attributable to persister cell activity, RpoS transcription is also regulated by toxin- Overexoression of tvpe || hipBA
these studies will identify additional mechanisms underlying the antitoxin systems, which are further P YP

- toxins results in reduced cell
development of bacterial persistence in these organisms. ;(())ritlr)olled by Lon degradation (Wang, et al, growth and dormancy; excess yefM-yoeB

type Il toxins result in mIAB
increased persistence. mazEF

There is reduction in
persister cell formation in
all tested strains when
compared with WT
CFT073.

relBE

5. RpoS (0%) in CFTO73 contains a five base _ _ _ _ ViUT (masRT)
- . . Single in frame insertion
palr |nsert|0n that tru ncates Rpos deletions were made using A ygiNM
 Persister cells are dormant cells that are able to survive

e e red recombineering to address priF-yhaV
ant|b|ot|c attack and repopulate after remo\/al of ant|b|ot|cs_ MG1655  ATGAGTCAGAATACGCTGAAAGTTCATGATTTAAATGAAGATGCGGAATTTGATGAGAAC

CFT073  ATGAGTCAGAATACGCTGAAAGTTCATGATTTAAATGAAGATGCGGAATTTGATGAGAAC the im portance of toxin- chpB

Persister cells result from (Maisonneuve & Gerdes, 2014) A five base pair MG1655  GGAGTTGAGGTTTTTGACGAAAAGGCCTTAGTAGAACAGGAACCCAGTGATAACGATTTG antitoxin systems in CFTO73 14. LiVE/Dead Stain at 6 h COI‘lﬁ rms Viable CE”S

CFTO073 GGAGTTGAGGTTTTTGACGAAAAGGCCTTAGTAGAAGAGGAACCCAGTGATAACGATTTG

° StOChaStiC formation Insertion In the MG1655 GCCGAAGAGGAACTGTTATCGCAGGGAGCCACACAGCGTGTGTTGGACGCGACTCAGCTT perSIStence (Datsenko & H?yes’ et_al" Critical Reviews '_n pe rs | Stl n g
CFT073 rpo S CFT073  GCCGAAGAGGAACTGTTATCGCAGGGAGCCACACAGCGTGTGCTGGACGCGACTCAGCTT Wan her, 2000) Biochemistry and Molecular Biology, 2011

 Environmental changes (lack of nutrients) includes a STOP MG1655  TACCTTGGTGAGATTGGTTATTCACCACTGTTAACGGCCGAAGAAGAAGTTTATTTTGCG Live/Dead stain shows viable

CFTO073 TACCTTGGTGAGATTGGTTATTCACCACTGTTAACGGCCGAAGAAGAAGTTTATTTTGCG

« Cellular interactions (quorum sensing and codon TESU“ing in MG1655  CGTCGCGCACTGCGTGGAGATGTCGCCTCTCGCCGCCGGATGATCGAGAGTAACTTGCGT - . - CFT073 cells after 6 h in
biofilm formation) a truncated RpoS. ~ 77077 CorCcachcereIaanaRIerIacceieRccaceeinanteanaraTaneecet 9. AhipBA displays reduced persister cell ampicillin and minimal media.

MG1655 CTGGTGGTAAAAATTGCCCGCCGTTATGGCAATCGTGGTCTGGCGTTGCTGGACCTTATC

. . . . . CFT073  CTGGTGGTAAAAATTGCCCGCCGTTATGGCAATCGTGGTCTGGCGTTGCTGGACCTGATC 1 1 i~z .
Persister cell formation Ie\{els in WT E. c_oIl are approximately The resulting N- I e T —— fqrmatlon in the presence of amp|C|II|n Approximately 4.0% of CFT073
10-°to 102 of the populatlon in LB media (Keren, et a|_, 2004) terminal fragment CFT073  GAAGAGGGCAACCTGGGGCTGATCCGCGCGGTAGAGAGAAGTTTGACCCGGAACGTG Toxin: H|pA cells at 6 h stain as dead cells
G1655  GTTTCCGCTTCTCAACATACGCAACCTGGTGGATTCGCCAGACGATTGAACGGGCGATTR - . .
REQUlatorS of persister cell formation in E. coli are thought to is 15 kDa D(IIIFT073 G$$$CCGCggcgcﬁci$2CGCﬁCC$GG$GG§$$CGCC:GiCGiggG‘:iCGGGCGiggA Antitoxin: HipB AhipBA while remaining populatlon
include (Maisonneuve & Gerdes, 2014) MG1655 [BBAACCAAACCCGTACTATTCGTTTGCCGATTCACATCGTAAAGGAGCTGAACGTTTACC _ represents persister cells.

CFT073  [EGAACCAAACCCGTACTATTCGTTTGCCGATTCACATCGTAAAGGAGCTGAACGTTTACC M utant stra | ns Of h i p

(p) p pG p p A secon d a ry start MG1655 TGCGAACCGCACGTGAGTTGTCCCATAAGCTGGACCATGAACCAAGTGCGGAAGAGATCG d | S p | ayed mg h freq uen cy | Pre | | m | n ary resu |tS | n Cl icated

2. Persister Cells

+ + + 4+ + + + + + + + +

CFTO073 TGCGAACCGCACGTGAGTTGTCCCATAAGCTGGACCACGAACCAAGTGCGGAAGAGATCG

codon lies MG1655 CAGAGCAACTGGATAAGCCAGTTGATGACGTCAGCCGTATGCTTCGTCTTAACGAGCGCA QerSiSter formation that AhlpBA and Alon cultures
CFT073  CAGAGCAACTGGATAAGCCAGTTGATGACGTCAGCCGTATGCTTCGTCTTAACGAGCGCA (Kawano et al. 2009) - - .
Stress response pathways _downstream of the MG1655 TTACCTCGGTAGACACCCCGCTGGGTGGTGATTCCGAAAAAGCGTTGCTGGACATCCTGG ] ’ _ ’_ o f:lon::lalnTld hlgheor pe:;:entage of
inserted STOP CFT073  TTACCTCGGTAGACACCCCGCTGGGTGGTGATTCCGAAAAAGCGTTGCTGGACATCCTGG HIpB A may aid in medi atlng ea ce- S (121/) an 143/),
Cellular interactions (quorum Sensing and COdOI’I, which MG1655 CCGATGAAAAAGAGAACGGTCCGGAAGATACCACGCAAGATGACGATATGAAGCAGAGCA cell death in Stationary respectlvely).

CFTO073 CCGATGAAAAAGAGAATGGTCCGGAAGATACCACGCAAGATGACGATATGAAGCAGAGCA

biofilm formation) would result in a MG1655 TCGTCAAATGGCTGTTCGAGCTGAACGCCAAACAGCGTGAAGTGCTGGCACGTCGATTCG phase. - Not detected > 4h

H CFTO073 TCGTCAAATGGCTGTTCGAGCTGAACGCCAAACAGCGTGAAGTACTGGCACGTCGATTCG
20 kDa protein

Toxin-antitoxin systems

log10 CFU / ml

f if d MG1655  GTTTGCTGGGGTACGAAGCGGCAACACTGGAAGATGTAGGTCGTGAAATTGGCCTCACCC Overexpression of Hi pPA 1 . - .
ragment, it made. CFT073  GTTTGCTGGGGTACGAAGCGGCAACACTGGAAGATGTAGGTCGTGAAATTGGCCTCACCC inhibits protei n, RNA, and ‘ 1 5 . CO N CI usions an d fu tu re d | reCt IONS

MG1655 GTGAACGTGTTCGCCAGATTCAGGTTGAAGGCCTGCGCCGTTTGCGCGAAATCCTGCAAA 2 4 6 8

3. Persister cell growth patterns CFT073  GIGAACGIGTTCGCCAGATTCAGGTTGAAGGCCTGCGCCGTTTGCGCGARATCCTGCAR DNA synthesis (Korch & Timo rure « Our isolate of CFT073 does not synthesize full-length RpoS,
MG1655 CGCAGGGGCTGAATATCGAAGCGCTGTTCCGCGAGTAA H||| 2006) . - . .
’ suggestlng that It IS hot I’EQUII’Ed fOI’ perS|stence.

CFTO073 CGCAGGGGCTGAATATCGAAGCGCTGTTCCGTGAGTAA

- . - : Type Il toxin-antitoxin systems seem to play a subtle role in
a\ksmssrzesponse 6. CFTO073 isolate does not synthe5|ze full- 10. AyefM—yoeB dlsplays reduced persister mediating persistence in CFT073 grown in minimal media.

' ' ' cell formation in the presence of ampicillin
l Iength RpoS durlng Iogarlthmlc or P AvefilyoeB P We plan to restore full-length rpoS in CFT073 and measure

’ ’ stationary phase « Toxin: YoeB _ persister cell formation.

Logarithmic Phase Stationary Phase - Antitoxin: YefM We will compare various antibiotics for the ability to induce
- Shares homology with ' persistence and construct double and triple toxin-antitoxin

,:}Zt;lt):;:‘lct Raerr::%\;g:izf Short 5 5 se; §(g § S(D : Axe_Txe System from & dElEthI’IS tO abOIISh perSIStence-

. RpoS (38 kDa) 3> " Enterococcus faecium,
RpoS (38 kDa - - 2
Xposure Pos (38 kba)—> —— - - which selectively Kills

N (30 sec) bacteria missing a | 16. References
antiblatic plasmid transfer Not detected > 6h

treatment lRe-lmtlatlon of

log10 CFU /ml
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i RpOS IS synthe5|zed in MG1655 and actlvely deg raded. + Datsenko, K. A., & Wanner, B. L. (2000). One-step inactivation of chromosomal genes in Escherichia coli K-12 using PCR
products. Proceedings of the National Academy of Sciences, 97(12), 6640-6645.

Y
0& U Logarithmic Phase Stationary Phase 1 1 . AprIF—yha v d i S p I ays rEd u CEd pe rs i Ste r CEI I «  Kawano, H., Hirokawa, Y., & Mori, H. (2009). Long-term survival of Escherichia coli lacking the HipBA toxin-antitoxin system
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Long
Exposure e

~20 kDa band, ‘\ fragment of . Norton, J. P., & Mulvey, M. A. (2012). Toxin-antitoxin systems are important for niche-specific colonization and stress
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« Persister cells form stochastically during growth of E. coli and of Rpos? _ 2(4) |
form in greater numbers upon cell stress. RpoS fragments are detected in CFT073, but not in CFT ArpoS YhaV cleaves mRNA at bacterial General Stross response. Natire chemioal biology, 7(6), 350.366. o sk nelps mediate e
during logarithmic and stationary phase. ribosomal site A and is a

log10 CFU / ml

« If antibiotic resistance was acquired through chromosomal or
extrachromosomal changes, cells would be expected to survive RpoS fragments are also detected in MG1655. member of the RelE super ] Not detected > 6h Acknowledgements:

) e family (Maisonneuve, et al.,
repeated treatment with antibiotics. CFTO073 does not have active RpoS and must have alternate ways 2011).)/ . - , , This research was supported by the University of Rhode Island, the URI
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