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Abstract

The Gram-negative opportunistic pathogen Escherichia coli is able to cause infection by 0
surviving passage through the extremely acidic stomach environment and into the small
Intestine. TolC, the multi-drug efflux protein used for colicin transport into cells, Is required
for E. coli cells to survive in extreme acid. The Tol-Pal system, a group of five proteins
located Iin the cellular envelope, is also required for colicin uptake. Here, we demonstrated
the importance of the Tol-Pal proteins TolR, TolB, and Pal for E. coli survival in extreme
acid. Less than 0.1% of cells from tolR, tolB, and pal survived when exposed for two
hours in media at pH 2, whereas approximately 1% of cells from a tolC strain survived
under similar conditions. TolB and Pal were also required for survival in extreme base (pH
10); however, the survival phenotype observed at pH 10 was less severe than that seen at
PH 2. Despite the presence of survival phenotypes, there was no pH-specific growth
defect associated with tolR. tol-pal mutants transformed with a plasmid encoding GadBC
did not show increased survival relative to non-transformed strains. pH-dependent
ratiometric GFP fluorescence microscopy showed that the pal strain maintains a lower -
cytoplasmic pH than that of the wild type. The severe acid and base survival phenotypes -4 - - 0.01 -1 -
observed in the Tol-Pal mutants are consistent with the requirement of the Tol-Pal proteins W3110 tolR tolB pal tolC W3110 tolR  tolB pal

for membrane stability. Figure 2. TolR, TolB, and Pal are required for survival Figure 3. TolB and Pal are required for survival in
In extreme acid. Strains were exposed to pH 2 media for extreme base. Strains were exposed to pH 10 media for
two hours. For all survival assays, error bars = SEM, n=6. two hours.
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Figure 6. Growth rates of the tolR strain over arange of pH 4.5 to
PH 8.5. Cultures were grown overnight in LBK media and diluted 200-
fold into flasks containing LBK media buffered at the appropriate pH.
Each point on the curve represents a biological replicate.

Background

*The Tol-Pal system is composed of five oA A D D D . ?100 Doublings/hour were calculated using ODgq, values from the log phase
. . . ' Out —
proteins: TolR, TolQ, and TolA in the inner memubf;ne 0 - of growth.
membrane, Pal in the outer membrane, and 2 1 - tolR tolB pal 10 :
TolB Iin the periplasm. (Fig. 1) Q. oMF565 OMF565 oMF565 i T COnCIUSIOnS
*The Tol protein complexes are used by Periplasm T -2- | | ' = 1 g
colicins to gain access to the interior of the e : 7 + IPTG added *TolR, TolB, Pal, and TolC were required for survival in extreme acid,
cell (1). 2 - ‘q:'; - No IPTG however the TolR, TolB, and Pal deficient strains had much lower
S -3 =01 o survival rate than that of the TolC deficient strain (Fig. 1).
*Mutants lacking one of the five proteins are og’- : 9
also highly susceptible to detergents and bile Inner 0 i °tol-pal strains carrying pMF565 (gadBC) had virtually no increase In
salts (1) and resistant to infection by membrane nl 0,01 survival relative to the non-transformed mutant strains (Fig. 4). We
filamentous bacteriophages (1). therefore believe that unlike TolC, which was found to play a role in the
| TolQ | ToR 5 Loae Gad system (4), the Tol-Pal proteins are not involved with the Gad
*The Gad glutamate decarboxylase system  Figure 1. The proteins of the Tol-Pal W3110 _ + _ + _ + system.
is one of the primary acid resistance syst_em. TolB ﬂoats freely in the per_lplasm
mechanisms of E. coli. gadBC encodes Z:gﬁgtﬂe;dagi:gtgj:rl ;nemel;)rlaAﬁ:\?vlhlﬁe TolO Figure 4. gadBC expression does not restore the survival of tol-pal mutants to that of W3110. pMF565 is a *Relative to the WT, the pal mutant has an impaired ability to maintain
glutamate decarboxylase which converts TolR, and TolA all have trans-membrane plasmid that encodes GadBC. pMF565 expression is induced with IPTG. IPTG was either added (+) or not added (-) to cytoplasmic pH (Fig. 5). This Is consistent with the low survival rate of
glutamate into GABA and CO, (2). helices spanning the inner membrane (3). overnight cultures. the pal (and tolR and tolB) strain in extreme acid.

*W3110 growth rates at pH 4.5 and 5.0 (Fig. 6) were unusually low
compared to other growth experiments (4). Therefore, we would expect
tolR to have a lower growth rate compared to that of W3110 at all pH
values measured. Unlike the tolC mutant, we believe the tolR mutant
lacks a pH-dependent growth phenotype (4).

Materials and Methods

Fluorescence Microscopy
Survival Assay. For extreme acid and base survival, strains were grown at pH 5.5 and pH 8.5,

respectively, overnight for 16-18 hours at 37°C, rotating. When necessary, IPTG (0.5 mM) was " -
added to overnight cultures to induce the expression of pMF565 (For more on pMF565 and BefO re Sh |ft After Sh |ft b)

overnight growth conditions, see reference 4). Overnight cultures were diluted into exposure 7.75 -
tubes containing LBK media at pH 2 or pH 10 and control tubes buffered at pH 7 (20 mM MOPS)
or pH 8 (20 mM TAPS), respectively. Exposure tubes were rotated at 37°C for 2 hours. Control AC kn OWI Ed g e m e ntS
tubes were immediately diluted into M63A media and plated. All exposure tubes were then diluted T _ _ _
and plated in the same manner. Colonies were counted as viable cells. Percent survival was - I v_vould.llke to thank Dr. Joan SlonczewskS| for. her gwd_ance thVQUQhOUt
assessed by subtracting the log number of viable exposure colonies from the log number of S 750- T this project. Thank you also to Ryan Kitko for his help with experimental
control colonies. O L T protocol and discussion of results. pMF565 was generously provided by
Growth Overniaht cult ¢ oH 7 for 16.18 h £ 37°C. rotat g | John W. Foster. This work was funded by grant MCB-1050080 from the

rowth assay. LVernight cultures were grown at p or ~o- ours a , rotating. National Science Foundation and the Kenyon College Summer Science
Overnight cultures were then diluted in triplicate 100-fold into 10 ml LBK with 100 mM of the g_ oaram y J
appropriate buffer (pH 5.0: HOMOPIPES, pH 5.5-6.0: MES, pH 6.5: PIPES, pH 7.0-7.5: MOPS, o prog '
pH 8.0-8.5: TAPS). Cultures were grown at 37°C, rotating at 260 rpm. Culture OD,, was Iy 7.235 - T
recorded every 30 minutes after dilution. Growth rates were calculated at similar OD, values in I
early log-phase for each strain and mean population doublings/hour were determined. Refe re N Ces
Fluorescence microscopy. E. (_:0I|_W3110 and JLS1054 (W3110 pal::Km) carry_mg_plasmld _ Cascales, E.: Buchanan. S.K.: Duche. D.: Kleanthous, C.: Lioubes.
PGFPRO1 were observed at excitation wavelengths of 425 nm and 465 nm. Excitation was from a 2 00 R - Postle. K- Rilev. M - Slatin. S.- C 4. D. Microbiol. and Mol
xenon lamp (Sutter) on an Olympus BX61WIF-5 microscope (100X oil-immersion objective). IW3110 pal | IW3110 pal | ostie, ™., _' €y, M., sialin, >., Lavard, 0. MICroblol. .an Ol.
Bacteria were cultured to early log phase in LBK 100 mM MOPS pH 7.5 at 37°C, then spotted on Before shift After shift Biol. Rev. 71(1):158-229
cover slips coated with 0.01% poly(L-lysine) (1). Cells were observed in a FCS3 flow cell chamber . Kleanthous, C. 2010. Nat. Rev. Microbiol. 8:843-848.
f(BI_IIOEthhg)lee/fiuieHdPV\él)th EAG?I:A\(QII-Im)mSaIOmGZdIU/T Supple?%m?d thth ;?Sem/m/(dégbllasaf:e (%-4 tgllf—l Figure 5. pH-dependent ratiometric GFP fluorescence microscopy with W3110 and pal strains. a) Microscopy . Foster, J.W. 2004. Nat. Rev. Microbiol. 2:898-907

,04¢9 , 20 , 2 g/L casein hydrolysate, 7.45 g uffered at p - - - : . _ _ _

7.52(108 mM MOPZS) or E)H 5.5 (1004r121M I\L}IES). Cytoplasmic pH values were calculated using a I(r:i%%% (;:):eegr(;er]s z?r?igvaetCeeellcshb;:c;rsa(lgﬂl;tfg 32%?5; g?[la_lnSdaSr) dsgljf:{,g1,?}132?2;?:2??;2? pH values of cells . Deininger, _K.N.W.; Horlkawq, A.; Kitko, R.D.; Tatsumi, R.; Rosner,
standard curve of fluorescence ratios (R.D. Kitko and J.P. Mershon, unpublished). | J.L.; Wachi, M.; Slonczewski, J.L. 2011. PLoS ONE 6(4):e18960.



