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ABSTRACT

Many eukaryotic membrane-dependent functions are often spatially and temporally
regulated by membrane microdomains (FMMs) also known as lipid rafts. These domains
are enriched in polyisoprenoid lipids and scaffolding proteins belonging to the Stomatin,
Prohibitin, Flotillin, and HfIK/C (SPFH) protein superfamily that was also identified in
Gram-positive bacteria. By contrast, little is still known about FMMs in Gram-negative
bacteria. In Escherichia coli K12, 4 SPFH proteins, YqiK, QmcA, HfIK, and HfIC, were
shown to localize in discrete polar or lateral inner-membrane locations, raising the
possibility that E. coli SPFH proteins could contribute to the assembly of inner-membrane
FMMs and the regulation of cellular processes.

Here we studied the determinant of the localization of QmcA and HfIC and showed that
FMM-associated cardiolipin lipid biosynthesis is required for their native localization
pattern. Using Biolog phenotypic arrays, we showed that a mutant lacking all SPFH genes
displayed increased sensitivity to aminoglycosides and oxidative stress that is due to the
absence of HfIKC. Our study therefore provides further insights into the contribution of

SPFH proteins to stress tolerance in E. coli.

IMPORTANCE

Eukaryotic cells often segregate physiological processes in cholesterol-rich functional
membrane micro-domains. These domains are also called lipid rafts and contain proteins
of the Stomatin, Prohibitin, Flotillin, and HfIK/C (SPFH) superfamily, which are also
present in prokaryotes but were mostly studied in Gram-positive bacteria. Here, we
showed that the cell localization of the SPFH proteins QmcA and HfIKC in the Gram-
negative bacteria E. coli is altered in absence of cardiolipin lipid synthesis. This suggests
that cardiolipins contribute to E. coli membrane microdomain assembly. Using a broad
phenotypic analysis, we also showed that HfIKC contribute to E. coli tolerance to
aminoglycosides and oxidative stress. Our study, therefore, provides new insights into the

cellular processes associated with SPFH proteins in E. coli.
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INTRODUCTION

In addition to separating the intracellular content of cells from the environment, lipid
bilayer membranes also contribute to specialized functions, including cross-membrane
transport, enzymatic activity, signaling as well as anchoring of cytoskeletal and
extracellular structures (1, 2). In eukaryotes, these membrane-dependent functions are
often spatially and temporally regulated by functional membrane microdomains (FMMs)
called lipid rafts (3-5). FMMs compartmentalize membrane cellular processes in
cholesterol- and sphingolipid-enriched membrane regions formed upon lipid-lipid, lipid-
protein and protein-protein interactions (5-7). A family of membrane proteins called
SPFH proteins (for Stomatin/Prohibitin/Flotillin/HfIK/C) has been shown to localize in
eukaryotic lipid rafts and to recruit and provide a stabilizing scaffold to other raft-

associated proteins (8-13).

Whereas most prokaryotes lack sphingolipids and cholesterol (14), the Gram-positive
bacteria Bacillus subtilis and Staphylococcus aureus can also compartmentalize cellular
processes in functional membrane microdomains (FMMs) (14-16). Although whether
bacterial FMMs display a distinct lipidic composition still needs to be established, they
have been reported to be potentially enriched in polyisoprenoid lipids as well as in

cardiolipins at the cell poles (14-16)

FMMs also contain SPFH proteins, including flotillins, and a pool of proteins involved
in diverse cellular processes (17) (14, 16). In B. subtilis, flotillins FloT and FloA
colocalize in membrane foci and contribute to the assembly of membrane protein
complexes (18) (15). Lack of flotillins impairs biofilm formation, sporulation, protease
secretion, motility, and natural competence, indicating that the formation of FMMs also
plays critical cellular roles in B. subtilis (15, 18-22).

SPFH proteins are also present in Gram-negative bacteria, and Escherichia coli K12 even
possesses four genes, vqiK, gmcA, hflK, and hfIC, which encode proteins with an SPFH
domain and a N-terminal transmembrane segment (23). QmcA and YqiK are predicted to
face the cytoplasmic compartment, while HfIK and HfIC are predicted to be exposed in
the periplasm, forming the HfIKC complex negatively regulating the protease activity of
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FtsH against membrane proteins (24-27). HfIC and QmcA are detected Fluorescent
microscopy also showed that E. coli SPFH proteins HfIC and QmcA are localized in
discrete polar or lateral membrane foci (28), raising the possibility that E. coli SPFH
proteins could localize in inner-membrane FMMs and regulate specific cellular processes
(29). However, apart from the functional and structural description of HfIKC as a
regulator of the FtsH membrane protease (24, 27, 30) and a recent study suggesting that
YqiK is involved in cell motility and resistance to ampicillin (31), the functions of FMM
in E. coli and other Gram-negative bacteria are still poorly understood.

In this study, we used fluorescent and super-resolution microscopy to perform a detailed
analysis of QmcA and HfIC membrane localization signals. We then showed that the
integrity of QmcA and HfIC protein domains is required for their inner membrane
localization, and that the lack of cardiolipin and isoprenoid lipids known to associate with
FMMs alters their localization. Moreover, using single and multiple SPFH gene mutants,
we showed that HFIKC SPFH proteins contribute to aminoglycosides and oxidative stress
resistance. Our study therefore provides new insights into the determinants of cellular

localization and the function associated with E. coli SPFH proteins.
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RESULTS

Chromosomal E. coli SPFH fluorescent fusion proteins show distinct localization
patterns.

To investigate the determinant of cell localization of E. coli SPFH proteins, we first
tagged YqiK and QmcA, which C-termini are predicted to be in the cytoplasm (26), with
a C-terminal monomeric super folder green fluorescent protein (msfGFP). We then
tagged HfIC and HfIK, which C-termini are predicted to be in the periplasm (26), with
the C-terminal monomeric red fluorescent protein mCherry. All these fusions were
expressed under their own promoter from their native chromosomal location (Sup. Fig.
S1). Epifluorescence and super-resolution microscopy confirmed the previously reported
polar localization of HfIK and HfIC (28), with 94% and 91% polar localization pattern
for HFIC-mCherry and HfIK-mCherry, respectively (n=150) (Fig. 1B and Sup. Fig. S2).
By contrast, C-terminally tagged QmcA-GFP showed punctate foci distributed
throughout the cell body, with 96% of the cells harboring 5 foci or more (n=150) (Fig.
1A). However, we could not detect YqiK-GFP, possibly due to its low native
chromosomal expression level. We then used anti-GFP or mCherry antibodies to perform
immunodetection on cytoplasmic as well as inner and outer membrane fractions of E. coli
strains expressing either HfIC-mCherry or QmcA-GFP. In agreement with previous
results (26, 29), both fusion proteins were detected in the inner membrane fraction and
showed minimal degradation profile (Fig. 2 and Sup. Fig. S3 and S4). Moreover, the

functionality of the HfIKC fusion could be demonstrated (see result sections below).

Domain swap analysis shows that protein integrity is essential for QmcA-GFP and
HfIC-mCherry localization.

To identify HfIC and QmcA membrane localization signals, we constructed multiple
fluorescently tagged truncated versions of both proteins. We tagged with msfGFP a
QmcA protein reduced to its transmembrane region and SPFH domain (QmcA-GFP is
therefore now named TMQMA-SPFHQ™A_GFP in Figure 3) and, separately, one reduced
to the QmcA transmembrane region only (TMQmA-GFP) (Fig. 3A). To test the role of the
QmcA transmembrane region, we also swapped TMQ™A in the three constructs by the
single-spanning TM domain of the phage coat protein Pf3 (TMPS), which orients
subsequent amino acids to the cytosol (38) (Fig. 3A). Similarly, in addition to the full
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length HfIC-mCherry, we tagged with mCherry the HfIC transmembrane region and
SPFH domain (HfIC-mCherry is therefore now named TMHIC-SPFH"C-mCherry in
Figure 3) and, separately, only its TM region (TM"C-mCherry) (Fig. 3B). We also
swapped the HfIC TM region with the single-spanning TM region of colistin M immunity
protein (TM®™), which orients subsequent amino acids to the periplasm (39) (Fig. 3B).
Epifluorescence microscopy of HfIC and QmcA derivative fusions showed that in
addition to native full-length constructs only full-length constructs with swapped TM
(TMPB-QmcA-GFP and TM®Mi-HfIC-mCherry) displayed significant punctate foci or
polar localization, respectively (Fig. 3AB), although at reduced frequency compared to
native QmcA-GFP and HfIC-mCherry (Sup. Fig. S5). Finally, we prepared inner and
outer membrane fractions of E. coli strains expressing each QmcA and HfIC derivative,
and we observed that all these constructs were still mainly located in the inner membrane
fraction. This indicates that, while we observed that QmcA-GFP and HflIC-mChery
derivatives exhibit altered cell localization, they do not exhibit significant mis-
localization and remain located in the inner membrane (Sup. Fig. S3 and Fig S4). These
results therefore indicated that specific QmcA and HfIC localization requires the
combination of a transmembrane and full cytoplasmic (QmcA) or periplasmic (HfIC)

domain.

Lack of cardiolipin and isoprenoid lipid synthesis alters the cell localization of
QmcA and HfIC.

FMMs were proposed to be enriched with negatively charged cardiolipins and
isoprenoids, which promote the localization of polar proteins and modulation of
membrane lipid fluidity (15, 18, 32-37). We first tested whether alteration of cardiolipin
synthesis could cause mis-localization of E. coli SPFH proteins QmcA or HfIKC in a
mutant lacking the major cardiolipin synthases cIlsABC (38). Whereas a super-resolution
microscopy analysis only showed an alteration of the number of QmcA-GFP punctates
(1-5 cluster per bacterium) compared to WT (10-15 cluster per bacterium) (Fig. 4A and
Sup. Fig. S6), the localization of HfIC-mCherry showed a drastic loss of polar localization
pattern (Fig. 4B and Supp. Fig. S4). We then used an idi mutant with reduced isoprenoid
lipid synthesis due to the lack of isomerization of isopentenyl diphosphate (IPP) into
dimethylallyl diphosphate (DMAPP) (39, 40). Whereas QmcA-GFP punctate localization
was not affected, HfIC-mCherry polar localization was-abolished in the Aidi mutant (Fig.
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4A and Sup. Fig. S6). These results demonstrated that the alteration of cardiolipin and, in
a lesser extent, isoprenoid lipid synthesis pathway affects HfIC fusion protein localization

in E. coli.

Phenotypic analysis of E. coli SPFH mutant shows that only the absence of HfIKC
increases E. coli sensitivity to aminoglycosides and oxidative stress.

To identify potential phenotypes and functions associated with the E. coli SPFH proteins
YqiK, QmcA, HfIK and HfIC, we introduced single and multiple deletions of the
corresponding SPFH genes. We observed that neither single mutants nor the quadruple
ARfIK, ARfIC, AgmcA, and AyqiK (hereafter referred to ASPFH mutant) displayed any
significant growth defects in rich or minimal media (Fig. SA and Sup. Fig. S7A).
Considering the role of SPFH proteins in the activation of inner-membrane kinases
involved in B. subtilis biofilm formation (15), we tested adhesion and biofilm capacity of
WT and ASPFH strains but could not detect any significant differences between these two
strains. We then used Biolog™ phenotypic microarrays to perform a large-scale
phenotypic assay comparing an E. coli WT and ASPFH mutant (Sup. Table S1). This
analysis revealed that the ASPFH mutant is metabolically less active when grown in the
presence of various aminoglycosides (tobramycin, capreomycin, sisomicin and
paromomycin) or when exposed to paraquat (Fig. 5B and Sup. Fig. S7TBC). Consistently,
the minimal inhibitory concentration (MIC) for tobramycin of the ASPFH mutant was 3-
fold lower than that of the WT MIC (Fig.5C), and the sensitivity of the ASPFH mutant to
paraquat was increased compared to the WT (Fig. 5D and Sup. Fig. S7D). Test of
individual SPFH-gene mutants for their sensitivity to tobramycin and paraquat showed
that the HfIKC complex is the sole responsible for both phenotypes, as both single 4fIK
and AfIC or a double A#fIKC mutants displayed increased sensitivity to tobramycin and
oxidative stress (Fig. SCD and Sup. Fig. S5E). This phenotype could be complemented
upon the introduction of a plasmid expressing 4fIKC genes in the double A4fIKC mutant
and C-terminally tagged HfIC-mCherry and HfIK-mCherry displayed wildtype MIC for
tobramycin and paraquat, indicating that both fusions were functional and relevant

proxies for the bacterial localization of the HfIKC complex (Sup. Fig. S8).
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Contribution of HfIC localization to tobramycin and paraquat tolerance

Whereas the MIC determination for tobramycin and paraquat of an Aidi mutant showed
no significant difference compared to the WT, the MIC for tobramycin and paraquat of a
AclsABC mutant was reduced by 2 to 3-fold (Fig.5CD). Considering the scaffolding role
of HfIKC and the importance of cell localization, we tested the localization and
contribution to aminoglycoside and stress tolerance of AcrA, a protein previously
identified in E. coli inner-membrane potentially associated with FMM (28). AcrA is an
efflux pump involved in the transport of a wide range of substrates including
aminoglycosides (41). However, while an acr4 deletion did not altered E. coli MIC
profile to tobramycin and paraquat as much as a AA4fIC mutant (Fig.5CD), the expression
of AcrA-GFP from their native chromosomal context did not lead to any distinct polar

co-localization with HfIC in exponential or stationary phase conditions (Sup. Fig. S9).

Taken together, these results indicate that the HfIKC SPFH protein complex contributes

to oxidative and antibiotic stress resistance.
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DISCUSSION

SPFH-domain proteins have been identified in most organisms (16, 42) and extensively
studied in eukaryotes (3, 5, 43). By contrast, prokaryotic SPFH proteins and proteins
associated with functional membrane microdomains (FMMs) are much less understood.
This is particularly the case for Gram-negative bacteria, in which potential FMMs
functions are mostly inferred from studies performed in B. subtilis and S. aureus. In this
study, we investigated the functions and the localization determinants of E. coli SPFH
proteins. Focusing on QmcA and HfIKC SPFH proteins, we used a domain deletion and
replacement approach and showed that most of the tested domain replacement variants
correctly localized to the inner membrane but failed to display WT protein localization
patterns. This indicates that inner-membrane localization alone is not sufficient for the
correct subcellular distribution of HfIC and QmcA, whose localization signals likely rely
on oligomerization for focal flotillin cluster formation (44), which could be abolished in

the domain deletion constructs, potentially explaining the observed localization defects.

QmcA and HfIKC SPFH proteins display different localization patterns and could be part
of different FMMSs, potentially using different localization signals. The punctate
localization pattern displayed by QmcA-GFP fusion was also observed in the case of E.
coli YqiK expressed from plasmid and other Gram-positive bacteria flotillin
homologues(15, 16, 36, 45, 46). Interestingly, B. subtilis, B. anthracis and S. aureus
flotillin genes are physically associated with a gene encoding a NfeD protein, which could
contribute to protein-protein interactions within flotillin assemblies (47, 48). Consistently,
E. coli gmcA gene is located upstream of the NfeD-like ybbJ gene, like NfeD-like ygiJ
gene is located upstream of yqiK (see Supplementary Figure S1). This further supports
the notion that QmcA and YqiK could be considered as E. coli FloA/FloT homologs.

By contrast, the A4fIKC transcription unit is not closely associated with a nfeD-like gene,
suggesting that HFIKC may not be a flotillin. However, while QmcA and YqiK have an
opposite orientation to HfIK and HfIC, they are structurally similar proteins and the four
E. coli SPFH proteins could therefore share some degrees of functionalities. The

topological similarity between HfIK and HfIC might contribute to HfIKC complex
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formation, and its interaction with FtsH protease, resulting in a large periplasmic FtsH-
HfIKC complex localized at the cell pole (24, 25, 49-52)

Along with phosphatidylethanolamine and phosphatidylglycerol, cardiolipins are the
primary constituent components of £. col/i membranes that concentrate into cell poles and
dividing septum (53-56). It was indeed observed that the composition of E. coli membrane
lipids at cell poles is altered in a clsABC cardiolipin deficient mutant, compensated by an
increased amount of phosphatidylglycerol (32, 57). Several studies also reported that
cardiolipin-enriched composition in membranes at cell poles influences both the
localization and activity of inner membrane proteins, such as respiratory chain protein
complexes and the osmosensory transporter ProP (33, 34, 58-60). We showed here that,
similarly to ProP, HfIC and QmcA localization patterns are affected in a Ac/s4BC mutant,
suggesting that HfIKC and QmcA complexes could act as scaffolds for cardiolipin-
enriched FMM cargo proteins. Isoprenoid lipids such as farnesol, carotenoids, and
hopanoids have been proposed to be constituents of bacterial FMMs or to interact with
SPFH proteins and FMM-associated proteins (14). Consistently, blocking the S. aureus
carotenoid synthetic pathway by zaragozic acid leads to flotillin mis-localization (15),
and the inactivation of farnesol synthesis in a B. subtilis yisP mutant impairs focal
localization of the FMM-associated sensor kinase KinC (15). We showed that interfering
with the E. coli idi isoprenoid biosynthesis pathway also strongly alters the localization
of HfIC. This further indicates that isoprenoid lipids contribute to the formation or
integrity of FMMs, possibly by altering isoprenoid-dependent membrane fluidity, as
shown in S. aureus and B. subtilis FMMs (14, 61).

Our investigation of the phenotypes displayed by an E. coli mutant lacking all SPFH
protein genes showed that the absence of HfIKC leads to an increased susceptibility to
oxidative stress and aminoglycosides. The HfIKC complex was previously shown to
modulate the quality control proteolytic activity of FtsH by regulating the access of
misfolded membrane protein products to FtsH (24, 25, 62). E. coli AhfIK and AhfIC
mutant strains were also shown to accumulate increased amounts of hydroxyl radical,
suggesting that HfIK and HfIC could influence tolerance to aminoglycosides and
oxidative stress by suppressing excessive hydroxyl radical production. Alternatively,

HfIK and HfIC could contribute to tobramycin resistance via FtsH-dependent proteolytic
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activity (63) or favoring FMM formation and the assembly of membrane proteins and
lipids, such as cardiolipin, involved in the transport and movement of aminoglycosides
within cells and cell membranes. Consistently, several proteins associated with
aminoglycosides transport potentially associated with FMMs composition, including
transporters and several components of the AcrAB-TolC efflux pump (28), suggesting
that deletion of AfIK or AfIC could reduce the activity of these proteins in FMMs and
enhance entry of aminoglycosides. Whereas the susceptibility to aminoglycosides indeed
partly relies on the AcrAB-TolC efflux pump (41, 64-66), we found that lack of the AcrA
only moderately decreases the MIC to tobramycin, compared to a 4f/KC mutation. We
also showed that the alteration of the cardiolipin pathway in a Ac/s4BC mutant altered
both the localization and sensitivity to tobramycin and paraquat of a HfIC-GFP fusion.
This suggests that cardiolipin could be required for the correct localization of HfIKC to
FMMs at cell poles. However, we observed that, although an idi isoprenoid pathway
mutant affects HfIC localization, it does not show altered sensitivity. We cannot rule out
that that the effect of AclsABC mutant on resistance to aminoglycosides and oxidative
stress could be unrelated to its impact on HfIKC polar localization. Alternatively, the lack
of effect of Aidi mutant may be due to an uncomplete inactivation of the pathway since
lycopene production in a Aidi mutant is reduced by 1/3 but not totally abolished, due to

the fact that the idi protein is a reversible isomerase.(39).

In conclusion, the present study provides new insights into the functions of E. coli SPFH
proteins and some of their interacting partners and further experiments will be needed to
fully uncover the roles played by this intriguing family of membrane proteins in Gram-

negative bacteria.
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MATERIALS & METHODS

Bacterial strains and growth conditions

Bacterial strains and plasmids used in this study are described in Sup. Table S2, and
further explained in Sup. Fig. S1 and Figure 3. Unless stated otherwise, all experiments
were performed in lysogeny broth (LB) or M63B1 minimal medium supplemented with
0.4% glucose (M63B1.G) at 37 °C. Antibiotics were used as follows: kanamycin (50
pg/mL); chloramphenicol (25 pg/mL); ampicillin (100 pg/mL); and zeocin (50 pg/mL).
All compounds were purchased from Sigma-Aldrich (St Louis, MO, USA) except for
Zeocin (InvivoGen, Santa Cruz, CA, USA).

Mutant construction

Generation of mutants in E. coli: Briefly, E. coli deletion or insertion mutants used in this
study originated either from the E. coli Keio collection of mutants (67) or were generated
by A-red linear recombination using pKOBEG (Cm®) or pPKOBEGA (AmpR) plasmids
(68) using primers listed in Sup. Table S3. Plvir transduction was used to transfer
mutations between different strains. When required, antibiotic resistance markers flanked
by two FRT sites were removed using the Flp recombinase (69). Plasmids used in this
study were constructed using an isothermal assembly method, Gibson assembly (New
England Biolabs, Ipswich, MA, USA) using primers listed in Sup. Table S3. The integrity
of all cloned fragments, mutations, and plasmids was verified by PCR with specific

primers and DNA sequencing

Construction of deletion mutants

AyqiK, AgmcA, AWfIK, AWfIC, AclsA, AclsB, AclsC, Aidi, AacrA, deletions were
transferred into E. coli MG1655strep by P1vir phage transduction from the corresponding
mutants in the E. coli BW25113 background of the Keio collection (67). The associated
kanamycin marker was then removed using the Flp recombinase expressed from the
plasmid pCP20 (69). (Details regarding the construction of all other strains used in this
study are presented in Sup.Table S2).

Construction of GFP and mCherry fusions
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See Supplementary Methods section in Supplementary Materials

Construction of complemented strains

The AhfIKC genes were amplified from MGI1655strep using primers listed in
Supplementary Table S3 and cloned at the downstream of the [IPTG-inducible promoter
of'a pZS*12 vector using the Gibson assembly to generate plasmids pZS*12-HfIKC Then,
these plasmids were introduced into AAfIKC mutants, respectively, to construct
complemented mutants (Sup. Table S2). A pZS*12 empty vector was also introduced into
wildtype and AAfIKC mutants. Mutants harbouring these pZS*12 plasmids were
incubated and used for the below experiments in the presence of IPTG (1 mM) and

ampicillin.

Epifluorescence microscopy

Bacteria were incubated into 5 mL of fresh LB medium and harvested at ODgoo 0.4 for
samples in exponential phase or ODsoo 2.0 for stationary phase. After washing twice with
M63B1 medium, cells corresponding to 1 mL of the bacterial culture were pelleted by
centrifugation and resuspended into 0.1 mL of M63B1 medium for exponential samples,
or 1 mL of the medium for stationary samples. Ten pL aliquots of the cell suspension
were immobilized on glass slides previously covered with freshly made M63B1 medium
0.8% agarose pads. Cells were observed using a ZEISS Definite focus fluorescent
microscope (Carl Zeiss, Oberkochen, Germany), equipped with an oil-immersion
objective lens microscope (Pln-Apo 63X/1.4 oil Ph3). GFP or mCherry fluorescence was
exited with a ZEISS Colibri LED illumination system and the fluorescence signal was
detected with Zeiss FS38 HE (Carl Zeiss) or Semrock HcRed filters (Semrock, Rochester,
NY, USA). GFP, and mCherry fluorescence images were taken at 1000, and 2000 msec.
exposure, respectively. Image processing was performed using ImageJ and Adobe
Photoshop. For each tested strain, the subcellular localization patterns of 50 randomly
selected bacteria were evaluated four times (a total of 200 cells), and each frequency was

expressed as percentiles.

Super-resolution microscopy

Bacteria were imaged using single-molecule localization microscopy and stochastic
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optical reconstruction microscopy (SMLM-STORM), using a previously described
method (70). Overnight cultures were fixed with PFA 4%, permeabilized with Triton
0,05%, and labeled with either GFP monoclonal FluoTag®-Q — Sulfo-Cyanine 5 (Cy5),
or RFP monoclonal FluoTag®-Q — Cy5, which are single-domain antibodies (sdAb)
conjugated to Cy5. Labeling was performed at 1:250 (concentration), and washing steps
were carried out three times using Abbelight’s SMART kit buffer. For imaging,
Abbelight’s imaging system was used with NEO software. Abbelight’s module was added
to an Olympus IX83 with 100x TIRF objective, N.A. 1.49. We used Hamamatsu’s
sCMOS Flash 4 camera and a 647nm 500mW Oxxius laser, with an astigmatic lens, to

allow for 3D imaging of the sample (71).

Inner membrane separation

E. coli overnight cultures were diluted into 1 L of fresh LB medium to ODsoo of 0.02 and
incubated at 37°C and 180 rpm until reaching ODso 0.4. Cells were harvested and washed
once with 10 mM HEPES (pH 7.4) and stored at -20°C for at least 1 h. Bacteria were then
resuspended in 10 mL of 10 mM HEPES (pH 7.4) containing 100 uL of Benzonase (3.10*
U/mL) and were passed through a FRENCH press (Thermo) at 20,000 psi. The lysate was
centrifugated at 15,000 g for 15 min at 4 °C to remove cell debris, and aliquots of the
suspension were stored at 4 °C as the whole extract. Then, the suspension was centrifuged
at 100,000 g for 45 min at 4 °C to separate supernatant and pellets, and aliquots of the
supernatant were stored at 4 °C as the cytosolic and periplasmic fractions. The pellets
were suspended into 600 uL of cold 10 mM HEPES (pH 7.4) and homogenized by using
2 mL tissue grinder (Kontes Glass, Vineland, NJ, USA). Discontinuous sucrose gradients
with the following composition were placed into ultracentrifugation tube: bottom to top
0.5 mL of 2 M sucrose, 2.0 mL of 1.5 M sucrose, and 1.0 mL of 0.8 M sucrose, and 500
puL of the homogenized samples were placed on the top of sucrose gradients. The
gradients were centrifuged at 100,000 g for 17.5 h at 4 °C. Subsequently, 400 pL of
aliquots were collected into 11 microtubes from top to bottom, and the samples were

proceeded to the immunodetection method, as described below.

Immunodetection of inner membrane proteins
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Aliquots of samples were suspended in 4x Laemmli buffer (BioRad) with 2-
Mercaptoethanol (Sigma) and incubated for 5 min at 98 °C. The protein samples (10 pL
each) were run on 4-20 % Mini-PROTEAN TGX Stain-FreeTM precast Gels (BioRad)
in 1x TGX buffer and then transferred to nitrocellulose membrane using a Trans-Blot®
Turbo™ Transfer System (BioRad). Subsequently, the membranes were blocked using
blocking buffer consisting of 5% skim milk in PBS with 0.05% Tween 20 (PBST) for 2
h at 4 °C with agitation. The membranes were then incubated in PBST containing 1%
skim milk with first antibodies, polyclonal rabbit antiserum raised against ExbB and TolC
(kindly given by Dr. Philippe Delepelaire), GFP (Invitrogen, A6455, Thermo Fisher
Scientific, Indianapolis, IN, USA) and mCherry (Invitrogen, PA5-34974) at 1:20,000
overnight at 4 °C with agitation. The membranes were washed in PBST and incubated in
PBST containing 1% skim milk with a secondary antibody, anti-rabbit IgG conjugated
with horseradish peroxidase (Cell signaling, 7074S), at 1:10,000 for 2 h at 25 °C with
agitation. After washing the excess secondary antibody, specific bands were visualized
using the ECL prime detection method (GE Healthcare) and imaged with an imaging
system, iBright™ CL1500 (Invitrogen).

Microbial growth phenotypic analysis

A high-throughput analysis for microbial growth phenotypes using a colorimetric reaction,
Phenotype MicroArrays (Biolog Inc., Hayward, CA, USA), was performed in accordance
with the manufacturer's protocol. Briefly, several colonies of E. coli grown on LB agar
were transferred in 10 mL of a mixture of Biolog IF-0a media (BioLog) and sterilized
water into a sterile capped test tube. The suspension was mixed gently, and the turbidity
was adjusted to achieve the appropriate transmittance using the Biolog turbidimeter
(BioLog). The cell suspension was diluted with the IF-0a plus dye mix, as mentioned in
the manufacturer's protocol. 100 uL. of the mixture suspension was inoculated into PM
plates 1-3 and 9-20 and incubated for 72 h at 37 °C. The absorbance of each well was
taken every 15 min. The OmniLog software (BioLog) was used to view and edit data, to

compare data lists, and to generate reports.

Monitoring of bacterial growth
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An overnight culture of E. coli was diluted into fresh LB and M63B1 supplemented with
0.4% glucose medium to ODeoo 0f 0.05, and 200 pL aliquots were cultured in the presence
or absence of paraquat (Methyl viologen dichloride hydrate, Sigma-Aldrich) in 96-well
microplates at 37 °C for 24 h with shaking. The absorbance of each culture at 600 nm was
measured every 15 min for 24 h using a microplate reader (Tecan Infinite, Mannedorf,

Switzerland).

Susceptibility of E. coli against Tobramycin and Paraquat

The broth microdilution method was used to determine the MIC (minimum inhibitory
concentration) values of Tobramycin (Sigma-Aldrich) and Paraquat (Sigma-Aldrich) in
96-well microtiter plates. Briefly, 100 uL. of LB medium was distributed into each well
of the microtiter plates. Tobramycin was 2-fold serially diluted in each well. Five pL of
approximately 1 x 10”7 CFU/mL of E. coli was inoculated into each well, and the plates
were incubated at 37°C for 24 h. The lowest concentration that visibly inhibited bacterial
growth was defined as the MIC. All strains were evaluated in biological and technical
triplicates.

The spot assay was performed to evaluate the susceptibility of E. coli against
paraquat. Briefly, an overnight culture of E. coli was diluted into fresh LB medium to
ODeoo of 0.05. Ten pL of the diluted culture was spotted on LB plates containing either
no or 100 uM paraquat. The plates were incubated at 37°C for 24 h, and the photographs

were taken. All strains were evaluated in triplicate.

Statistical analysis

Data analysis was performed using GraphPad Prism 9.5 software (GraphPad, La Jolla,
CA, USA). All data are expressed as mean (+ standard deviation, SD) in figures.
Statistical analysis was performed using unpaired non-parametric Mann-Whitney test.

Differences were considered statistically significant for P values of <0.05.
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FIGURE LEGENDS

Figure 1. Cell localization patterns of HfIC and QmcA. Epifluorescence microscopy
of cells expressing QmcA-GFP (A) and HfIC-mCherry (B). Representative images are
shown. Percentages indicate the frequencies of cells showing localization foci.

Arrowheads indicate polar or punctate localization foci. Scales are indicated as white bars.

Figure 2. QmcA and HfIC localize to the inner membrane. SDS-PAGE and
immunodetection analyses of whole-cell extracts, cytosolic fractions, and inner (IM) or
outer membrane (OM) fractions prepared from cells expressing QmcA-GFP (A) and
HfIC-mCherry (B). Anti-GFP and anti-mCherry antibodies were used to detect the
presence of QmcA-GFP and HfIC-mCherry, respectively. An anti-ExbB antibody were
used to detect the inner membrane- (IM) marker ExbB and anti-TolC antibodies to detect
the outer membrane- (OM) marker TolC.

Figure 3. The localization pattern and membrane topology of full-length, domain
swapped or truncated versions of QmcA and HfIC. (A) GFP fusion derivatives of
QmcA and (B) mCherry fusion derivatives of HfIC. The representative images are shown
in each strain with the frequencies of cells showing punctate (A) or polar localization (B).
In figure 3A, first panel, the control WT QmcA-GFP is re-named TMQmeA-SPFHmeA.
GFP and the fluorescence microscopy image corresponding to its localization is therefore
a duplicate of the one presented in Figure 1A. Similarly, In figure 3B, first panel, the
control WT HfIC-mCherry is re-named TM"C-SPFH"C-mCherry and the fluorescence
microscopy image corresponding to its localization is therefore a duplicate of the one
presented in Figure 1B. In membrane topology, helical structures represent
transmembrane (TM) domains; silver, native TM domain of QmcA; pink, Pf3 domain;
green, native TM domain of HfIC; black, Cmi domain. Scale bars are 2 um.

Figure 4. Alteration of QmcA and HfIC cell localization in E. coli cardiolipin and
isoprenoid pathway mutants. Two-dimensional super-resolution microscopy images of
WT, AclsABC, and Aidi strains expressing QmcA-GFP (A) and HfIC-mCherry (B) in
stationary phase. Number or nature of detected cluster is indicated. Scales are indicated
as white bars.

Figure 5. Phenotypic analysis of E. coli SPFH mutants. A: Bacterial growth curve of
WT and SPFH gene deletion mutants in LB medium. B: Biolog bacterial growth curve of
WT and ASPFH in the presence of tobramycin and paraquat. C: Minimum inhibitory
concentration (MIC) for tobramycin of E. coli WT and indicated mutants. D: Minimum
inhibitory concentration (MIC) for paraquat of E. coli WT and indicated mutants. *p <
0.05, **p <0.01, ***p < 0.001, ****p < 0.0001compared with WT.
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SUPPLEMENTARY MATERIALS

Escherichia coli SPFH membrane microdomain proteins HfIKC contributes to
aminoglycoside and oxidative stress tolerance

Wessel AK, Yoshii Y et al.

This pdf file includes supplementary methods, supplementary figures S1 to S9 and
supplementaryTables S2 and S3. Supplementary Table S1 is provided separately as a dataset.

SUPPLEMENTARY METHODS

Construction of YqiK tagged with GFP and HfIK tagged with mCherry

YqiK-GFP chromosomal construct

The yqiK (except for the stop codon), msfgfp, and aphAIIl genes encoding YqiK, msfGFP, and
KmFRT cassette were amplified from MG1655 strep, MG1655mreB-GFP (1), and
MG1655AcpxP::KmFRT (2) chromosomes, respectively. Then, the intermediate plasmid
pUCI18 yqiK-gfp-aphAIIl was constructed by combining these three DNA fragments with the
linearized backbone vector pUC18, using Gibson assembly (New England Biolabs, Ipswich,
MA, USA) and primers described in Table S3. Next, the DNA fragment encoding Y qiK-GFP-
KmFRT was amplified from the plasmid pUC18yqiK-gfp-aphAIII using the long recombining
primers described in Table S3. The resulting PCR product was introduced on its native location
under the ygiK promoter in strain MG1655 strep using pKOBEG plasmid by A-red
recombination to produce YqiK-GFP.

HfIK-mCherry chromosomal construct

The DNA gene block corresponding to the entire 4fIK gene except for the stop codon, mCherry,
and KmFRT with 40 bp-long homology regions of upstream of the AfIK start codon and
downstream of the aphAIII last codon was designed from the DNA sequence of MG1655 strep,
MG1655mreB-mCherry (3), and MG1655AcpxP::KmFRT (2) chromosomes, respectively, and
purchased from Eurofins Genomics (France). Then, the DNA oligonucleotide was introduced
on its native location under the AfIK promoter in MG1655 strep using pKOBEG plasmid by A-
red recombination to produce HfIK-mCherry.



Construction of OmcA-GFP and OmcA-derivatives tagged with GFP

The gmcA and ybbJ, msfgfp, and aphAIIl genes encoding QmcA and YbbJ, msfGFP and
KmFRT cassette, respectively, were amplified from MG1655 strep, MG1655mreB-GFP, and
MG1655AcpxP::KmFRT (2) chromosomes. The sequence of information on the pf3 gene was
obtained from (4).

o TM2"A-QmcA-GFP chromosomal construct

The intermediate plasmid pUC18gmcA-gfp-aphAIll was constructed by combining DNA
fragments of the entire gmcA gene except for the stop codon, msfGFP, the entire ybbJ gene
followed by 20 bp upstream regions of the start codon, and KmFRT, with the linearized
backbone vector pUC18 using Gibson assembly (New England Biolabs). The DNA fragment
encoding QmcA-GFP-KmFRT was amplified from the plasmid pUC18gmcA-gfp-aphAIIl using
the long recombining primers described in Table S3, and introduced on its native location under
the gmcA promoter in strain MG1655 strep using pKOBEG plasmid by A-red recombination to
produce TM™A-QmcA-GFP.

TM2meA_SPFH?"A-GFP chromosomal construct

The DNA fragment encoding msfGFP-KmFRT with 40 bp-long upstream and downstream
homology regions was amplified from the TMPB-SPFHQ™A-GFP chromosomal construct using
the long recombining primers described in Table S3. Then, the resulting PCR product was

introduced on the chromosome at the downstream position of the gmcA SPFH domain region

in strain MG1655 strep by A-red recombination to produce TMQ™A-SPFHAMA-GFP,

o TM2"<A _.GFP chromosomal construct

The DNA fragment encoding to msfGFP-KmFRT with 40 bp-long upstream and downstream
homology regions was amplified from the TM2™A-QmcA-GFP chromosomal construct using
long recombining primers described in Table S3. Then, the resulting PCR product was
introduced on the chromosome at the downstream position of the gmc4 TM domain region in

strain MG 1655 strep by A-red recombination to produce TMQ™A-GFP.

* AgqmcA::zeo chromosomal construct

The zeo gene with 40 bp-long upstream and downstream homology regions was amplified from



the MG1655 AATT:amp GFPmut3 AfimAICDFGH.:zeo
AyadyadNecpDhtrEyadMLKC: :cat (5) using long recombining primers described in Table S3.
Then, the resulting PCR product was introduced on the native location under the gmcA promoter

in strain MG1655 strep by A-red recombination to generate AgmcA::zeo.

o TMPB-QmcA-GFP chromosomal construct

The plasmid pZS*12TMPP-gfp-aphAIIl was constructed via pZS*12TMP-gfp, by combining
DNA fragments of pf3, msfGFP, and KmFRT, with the linearized backbone vector pZS*12
using Gibson assembly (New England Biolabs) and primers described in Table S3. Then, the
intermediate plasmid pZS* 12 TMP5-gmcA-gfp-aphAIIl was constructed by combining the DNA
fragment of gmcA gene except for the native TM domain region with the linearized vector
pZS*12TMPB-gfp using Gibson assembly (New England Biolabs). Next, the DNA fragment
encoding TMPB-QmcA-GFP-KmFRT with 40 bp-long upstream and downstream homology
regions was amplified from the intermediate plasmid using the long recombining primers
described in Table S3. The resulting PCR product was introduced on its native location under
gmcA promoter by A-red recombination into strain AgmcA::zeo using pKOBEG plasmid to

produce TMPB-QmcA-GFP.

o TMPB-SPFH?"A-GFP chromosomal construct

The intermediate plasmid pZS* 12 TMPR-SPFHO"A_gfn-aphAIIl was constructed by combining
the SPFH domain region of gmcA gene with the linearized vector PZ*12 TMPP-gfp-aphAIIl
using Gibson assembly (New England Biolabs). Then, the DNA fragment encoding TMPB-
SPFH™A.GFP-KmFRT with 40 bp-long upstream and downstream homology regions was
amplified from the plasmid pZS*12 TMPP-SPFH9"A-GFP-aphAIII using the long recombining
primers described in Table S3. The resulting PCR product was introduced on its native location
under gmcA promoter by A-red recombination into AgmcA::zeo strain using pPKOBEG plasmid

to produce TMPB-SPFHQ™A_GFP.

o TMPB-GFP chromosomal construct

The DNA fragment encoding TMP3-GFP-KmFRT with 40 bp-long upstream and downstream
homology regions was amplified from pZS*12TMPP-gfp-aphAIII using the long recombining
primers described in Table S3. The resulting PCR product was introduced on its native location
under gmcA promoter by A-red recombination into AgmcA::zeo strain using pPKOBEG plasmid

to produce TMPB-GFP.



Construction of HfIC derivatives tagged with mCherry

The AfIC, mCherry, and cat genes encoding HfIC, mCherry, and CmFRT cassette, respectively,
were amplified from MG1655 strep, MG1655mreB-mCherry, and MG1655AyfcV-P::CmFRT

(6) chromosomes. The sequence of information on cmi gene was obtained from (4).

o TM"C_HfIC-mCherry chromosomal construct

The intermediate plasmid pUC18TM"'C-HfIC-mCherry-aphAIIl was constructed by combining
DNA fragments of the AfIC gene except for the stop codon, mCherry, and KmFRT, with the
linearized backbone vector pUC18 using Gibson assembly (New England Biolabs) and primers
described in Table S3. The DNA fragment encoding HfIC-mCherry-KmFRT with 40 bp-long
upstream and downstream homology regions was amplified from the plasmid pUC18TM"C-
HfIC-mCherry-aphAIIl using the long recombining primers described in Table S3 and

introduced on its native location under the AfIC promoter in strain MGI1655 strep using

pKOBEG plasmid by A-red recombination to TMMC-HfIC-mCherry.

o TMHC. SPFH"C -mCherry chromosomal construct

The DNA fragment encoding mCherry-CmFRT with 40 bp-long upstream and downstream
homology regions was amplified from the TM™-SPFH"C-mCherry chromosomal construct,
using the long recombining primers described in Table S3. The resulting PCR product was
introduced on the chromosome at the downstream position of the 4f/C SPFH domain region by
A-red recombination into MG1655 strep strain using pKOBEGA plasmid to produce TMMC-
SPFH"C-mCherry.

o TM"C_mCherry chromosomal construct

The DNA fragment encoding mCherry-KmFRT with 40 bp-long upstream and downstream
homology regions was amplified form the plasmid pUC18 TM"'“-HfIC-m Cherry-aphAIII using
the long recombining primers described in Table S3. The resulting PCR product was introduced
on the chromosome at the downstream position of the 4f/C TM domain region by A-red

recombination into MG16535 strep strain using pPKOBEGA plasmid to produce TMPMC-mCherry.

o TM“™-HfIC-mCherry chromosomal construct



The plasmid pZS*12TM"-mCherry-cat was constructed, via pZS*12TM"-mCherry, by
combining DNA fragments encoding 7M™, mCherry, and CmFRT, with the linearized
backbone vector pZS*12 using Gibson assembly (New England Biolabs) and the primers
described in Table S3. Then, the intermediate plasmid pZS*12TM“™-hflC-mCherry-cat was
constructed by combining the DNA fragment of 4fIC gene except for the native TM domain
region with the linearized vector pZS*12TM™-mCherry-cat using Gibson assembly (New
England Biolabs). Then, the DNA fragment encoding TM™-HfIC-mCherry-CmFRT with 40
bp-long upstream and downstream homology regions was amplified from the intermediated
plasmid using the long recombining primers described in Table S3. The resulting PCR product
was introduced on its native location under AfIC promoter by A-red recombination into

AhfIC::KmFRT strain using pPKOBEGA plasmid to produce TM*™-HfIC-mCherry.

o TM™i- SPFH"C -mCherry chromosomal construct

The intermediated plasmid pZS*12TM“"-SPFH""C-mCherry-cat was constructed by
combining the 4fIC SPFH domain region with the linearized initial plasmid pZS*127TM™-
mCherry-cat, which was used for generating TM™-HfIC-mCherry chromosomal construct,
using Gibson assembly (New England Biolabs). Then, the DNA fragment encoding TM¢™-
SPFH"TC-mCherry-CmFRT with 40 bp-long upstream and downstream homology regions was
amplified from the intermediated plasmid using the long recombining primers described in
Table S3. The resulting PCR product was introduced on its native location under /f/C promoter
by A-red recombination into AAfIC::KmFRT strain using pKOBEGA plasmid to produce
TMem_SPFH"IC-mCherry.

o TM“™- mCherry chromosomal construct

The DNA fragment encoding TM™-GFP-CmFRT with 40 bp-long upstream and downstream
homology regions was amplified from the plasmid pZS*12TM™-mCherry-cat using the long
recombining primers described in Table S3. The resulting PCR product was introduced on its
native location under AfIC promoter by A-red recombination into AifIC::KmFRT strain using
pKOBEGA plasmid to produce TM*™-mCherry.

Construction of OmcA-GFP and HfIC-mCherry in the AclsABC and Aidi mutants

* OmcA-GFP chromosomal construct in the AclsABC strain
TMQmA-QmcA-GFP-KmFRT mutation from TMQMA-QmcA-GFP chromosomal construct



was introduced into strain AclsABC by P1lvir phage transduction (AclsABC QmcA-GFP).

o TM2"A-QmcA-GFP chromosomal construct in the Aidi strain
TMQmA-QmcA-GFP-KmFRT mutation from TMQMA-QmcA-GFP chromosomal construct
was introduced into strain Aidi by P1vir phage transduction (Aidi QmcA-GFP).

o TMHC_HfIC-mCherry chromosomal construct in the AclsABC strain
TMHIC_HfIC-mCherry-KmFRT mutation from TMHC-HfIC-mCherry chromosomal construct
was introduced into strain Ac/sABC by Plvir phage transduction (AclsABC HfIC-mCherry).

o TMC_HfIC-mCherry chromosomal construct in the Aidi strain
TMHIC_HfIC-mCherry-KmFRT mutation from TMHC-HfIC-mCherry chromosomal construct
was introduced into strain Aidi by P1vir phage transduction (Aidi HfIC-mCherry).

* AcrA-GFP

The DNA fragment encoding GFP-KmFRT region with 40 bp-long upstream and downstream
homology regions was amplified from the TMPB-SPFHQ™A-GFP chromosomal construct using
the long recombining primers described in Table S3. The resulting PCR product was introduced
on chromosome at the downstream position of the acr4 gene (without stop codons) in MG1655
strep by A-red recombination, to produce a GFP fusion. The mutation harboring KmFRT was
introduced into a MG1655 strep strain having clean background by Plvir phage transduction

(AcrA-GFP).
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SUPPLENTARY FIGURES

Supplementary Figure S1. Schematic representation of chromosomal GFP or mCherry
fusions to genes encoding E. coli SPFH proteins. SPFH protein-encoding genes, yqiK, gmcA,
are fused with monomeric super folder green fluorescent protein GFP (msfGFP) and 4fIK, and
hfIC to monomeric red fluorescent protein mCherry, respectively. Fusions were constructed as
described in the Materials and Method section and the associated kanamycin antibiotic
resistance marker (aphAIll) was inserted downstream of the fusion genes and removed using

pCP20 plasmid, encoding the fIp flippase.



Supplementary Figure S2. Localization pattern of HfIK and HfIC. Epifluorescence
microscopic images of cells expressing HfIK-mCherry (A) and HfIC-mCherry (B) in
exponential phase with high and low magnifications.



Supplementary Figure S3. Inner membrane localization of QmcA and HfIC in domain
swap constructs. SDS-PAGE and immunodetection analyses using proteins of whole-cell
extract, cytosolic fraction, and membrane fractions prepared from cells expressing GFP fusion
derivatives of QmcA (A) or mCherry fusion derivatives of HfIC. (B). In immunodetection
analysis, anti-ExbB antibodies were used to detect the inner membrane- (IM) marker ExbB and
anti-TolC antibodies to detect the outer membrane- (OM) marker TolC. Anti-GFP and anti-
mCherry antibodies were used to detect the expressions of GFP and mCherry fused proteins,

respectively.



Supplementary Figure S4. Detection of QmcA and HfIC fusion derivatives in domain
swap constructs. A: immunodetection of GFP fusion derivatives of QmcA using anti-GFP
antibody. B: immunodetection of mCherry fusion derivatives of HfIC using anti-mCherry

antibody.



Supplementary Figure S5. Quantification data for punctate or polar localizations in QmcA
and HfIC derivatives,. A: QmcA derivatives. B: HfIC derivatives. *p < 0.05 compared with
TMQmA_QmcA-GFP or TMMC_.HfIC-mCherry.



Supplementary Figure S6. The subcellular localization of QmcA and HfIC in mutants
with the alteration of cardiolipin or isoprenoid synthetic pathway. Three-dimensional
super-resolution microscopy images of WT, AclsABC, and Aidi strains expressing QmcA-GFP
and HfIC-mCherry in stationary phase, with colors corresponding to depth location along the Z

axis, 0-500 nm, with 0 nm expressed in red, and 500 nm expressed in deep blue.



Supplementary Figure S7. Phenotypic analysis of E. coli SPFH mutant

(A) Growth curve of E. coli WT and ASPFH mutant in M63B1glucose minimal medium. (B)
Biolog metabolic activity curve of WT and ASPFH in presence of tobramycin, capreomycin,
sisomicin, and paromycin. (C) Bacterial growth curve of WT and ASPFH in the presence of 0.8
mM paraquat. (D) Paraquat susceptibility assay of WT and ASPFH spotted on M63B1glucose
agar containing 100 uM paraquat. (E) Growth curve of WT and indicated SPFH gene mutants

in the presence of 0.8 mM paraquat.



Supplementary Figure S8. Susceptibility to tobramycin and paraquat of complemented mutants.
Minimum inhibitory concentrations (MICs) for tobramycin (A) and paraquat (B) of . coli Wt, AhfIKC
strains harboring empty vector and AfIKC- complemented strains or strain expressing AfIC or hflK-
mCherry constructs from their native chromosomal context. **p < 0.01, ***p <(0.001.



Supplementary Figure S9. Localization of AcrA-GFP fusion protein does not show polar
localization pattern when expressed from native chromosomal context. Epifluorescence
microscopic images of cells expressing AcrA-GFP in exponential and stationary phases.



Supplementary Table S2. Bacterial strains and plasmids used in this study

E. coli strains and plasmids Genotype or description Antibiotic Reference
resistance(s)

Strains

BW25113AyqiK::Kmfrt Keio collection Km® (1)
BW25113AgmeA::Kmftt Keio collection Km® )
BW25113AAfIK::Kmfrt Keio collection Km® (1)
BW25113AAfIC::Kmftt Keio collection Km® €))
BW25113AclsA::Kmfrt Keio collection Km® €))
BW25113AclsB::Kmftt Keio collection Km® €))
BW25113AclsC::Kmfrt Keio collection Km® 1
BW25113Aidi::Kmftt Keio collection Km® €))
BW25113AacrA::Kmfit Keio collection Km® €))
MG1655 strep Spontaneous streptomycin-resistant mutant of K-12 wild-type Strep? 2)

strain

MG1655mreB-GFP

Source of msfgfp gene

No resistance

Gift from Dr. Sven van

Teeffelen

MG1655mreB-mCherry

Source of mCherry gene

No resistance

Gift from Dr. Sven van

Teeffelen

MG1655AcpxP::KmFRT Source of kanamycine resistance cassette Km® 3)
MG1655AyfcV-P::CmFRT Source of chloramphenicol resistance cassette Cm® 4
DH5alpir pSW25 ptetAccdB Source of spectinomycin resistance cassette Spec® ®)




MG1655_AATT:amp_ GFPmut3_AfimAICDFGH::zeo

Source of zeocin resistance cassette Zeo® (6)
AyadyadNecpDhtrEyadMLKC::cat
P1 vir transduction from BW25113AygiK::Kmfrt into MG1655 )
AygiK Strep® This study
strep
P1 vir transduction from BW25113AgmcA::Kmfrt into MG1655 )
AgmcA Strep® This study
strep
P1 vir transduction from BW25113AAfIK::Kmfrt into MG1655 )
AWfIK Strep® This study
strep
P1 vir transduction from BW25113AAfIC::Kmfrt into MG1655 )
AWfIC Strep® This study
strep
Double mutant of AAfIK and ARfIC. MG1655strepR, )
AWIKC Strep® This study
ARIfKC::Cmfrt
Double mutant of AygiJ and AygiK. MG1655strepR, )
AygiJK Strep®, Spec® | This study
AyqiJK::Spec
Triple mutant of AgmcA and AyqiJK. MG1655strepR, AgmcA, )
AgmcA, AyqiJK Strep®, Spec® | This study
AyqiJK::Spec
uintuple mutant of AyqiK, AgmcA, AhfIK, and AhfIC. )
ASPFH Q P v 7 /! /! Strep®, Spec® | This study
MG1655strepR, AgmcA, AyqiJK::Spec, AhlfKC::Cmfrt
P1 vir transduction from BW25113AclsA::Kmfrt into MG1655 )
AclsA Strep® This study
strep
P1 vir transduction from BW25113Ac/sB::Kmfrt into MG1655 )
AclsB Strep® This study
strep
P1 vir transduction from BW25113AclsC::Kmfrt into MG1655 )
AclsC Strep® This study

strep




Double mutant of AclsA4 and AclsB. P1 vir transduction from

AclsAB Strep® This study
BW25113AclsA::Kmfrt into AclsB
Triple mutant of AclsA4, AclsB, and AclsC. P1 vir transduction )
AclsABC . Strep® This study
from BW25113AclsC::Kmfrt into Acls4AB
P1 vir transduction from BW25113Aidi::Kmftt into MG1655 )
Aidi Strep® This study
strep
P1 vir transduction from BW25113AacrA::Kmfrt into MG1655 )
Aacrd Strep® This study
strep
AgmcA::zeo MG1655 strep, AqmcA::zeo Strep®, Zeo® | This study
yqiK-gfp MGI1655 strep, yqiK::gfp Kmfrt Strep®, Km® | This study
gmcA-gfp MG1655 strep, gmcA::gfp Kmfrt Strep®, Km® | This study
hfIK-mCherry MG1655 strep, hflK::mCherry Kmfit Strep®, Km® | This study
hflC-mCherry MG1655 strep, hflC::mCherry Kmfit Strep®, Km® | This study
TMamA_SPEHI™A_ofp MG1655 strep, AgmcA:: TM"4-SPFHA_gfp Kmftt Strep®, Km® | This study
TM"eA_gfpy MG1655 strep, AgmcA:: TM#<-gfp Kmfrt Strep®, Km® | This study
TM™P-gmeA-gfp MG1655 strep, AgmcA::TMPP-gmcA-gfp Kmfit Strep®, Km® | This study
TMPR-SPFH™_gfp MG1655 strep, AqmcA::TMPR-SPFH-gfp Kmftt Strep®, Km® | This study
TM™P-gfp MG1655 strep, AgmcA::TMPP-gfp Kmfit Strep®, Km® | This study
TMYC_SPFHYC_-mCherry MG1655 strep, AhIC: : TM"C-SPFH"C_mCherry Cmfit Strep®, Cm® | This study
TMYC-mCherry MG1655 strep, AhfIC:: TM""“-mCherry Kmfrt Strep®, Km® | This study
TM™-hflC-mCherry MG1655 strep, AhfIC::TM™-hfIC- mCherry Cmftt Strep®, Cm® | This study
TM™_SPFH"C_mCherry MG1655 strep, ARfIC:: TM" -SPFH"'“mCherry Cmfit Strep®, Cm® | This study
TM™-mCherry MG1655 strep, AhfIC::TM ™ -mCherry Cmfit Strep®, Cm® | This study




AclsABC gmcA-gfp P1 vir transduction from gmcA-gfp into AclsABC Strep®, Km® This study
Aidi gmcA-gfp P1 vir transduction from gmcA-gfp into Aidi Strep®, Km® | This study
AclsABC hflIC-mCherry P1 vir transduction from AfIC-mCherry into AcisABC Strep®, Km® | This study
idi -mCherry vir transduction from -mCherry 1nto Aidi trep”, 18 study
Aidi hflC-mCh Pl vi duction from AfIC-mCh into Aid Strep®, Km® | This stud
acrA-gfp MG1655 strep, acrA::gfp Kmfrt Strep®, Km® | This study
Plasmids
pKOBEG oriR101ts araC arabinose-inducible Ared yBo operon Cm® @)
pKOBEGA pKOBEG derivative Amp® @)
pCP20 Rep(Ts) Flp* CmR®, Amp® (8)
pUC18 High-copy-number, lac promoter cloning vector, ampicillin AmpR )
resistant (AmpR)
pZS*12 Tightly regulated P tetO-1 Low copy-number vector ampicillin AmpR (10)
resistant (AmpR)
pUCI18yqiK-gfp-aphAIll Assembly of YqiK-mCherry-aphAIIl into pUC18 Amp®, Km® | This study
pUCI8TM™A-OmcA-gfp-aphAIll Assembly of TM2"!-QmcA-gfp-aphAIIl into pUC18 Amp®, Km® | This study
PZS*12TMPP-gfp Assembly of TMPP-gfp into pZS*12 Amp® This study
pZS*12TMPR-gfp-aphAIIl Assembly of aphAIll into PZ*12TM"3-gfp AmpR, Km® This study
pZS*12TMPR-QmcA-gfp-aphAIIl Assembly of gmcA into PZ*12TMP-gfp-aphAIIl AmpR, Km®? This study
pZS*12 TMPR-SPFH"A_gfp-aphAIll Assembly of SPFH into PZ*12TM"5-gfp-aphAIIl Amp®, Km® | This study
pUC18TM™'_HfIC-mCherry-aphAIIl Assembly of TM-HfIC-mCherry-aphAIIl into pUC18 Amp®, Km® | This study
pZS*12TM™-mCherry Assembly of cmi-mCherry into pZS*12 Amp® This study
pZS*12TM™-mCherry-cat Assembly of Cmfit into PZ*12 cmi-mCherry Amp®, Cm? | This study




pZS*12TM"-hfIC-mCherry-cat Assembly of AfIC into PZ*12 cmi-mCherry-Cmfit AmpR, CmR? This study

PZS*12TM " -SPFH"C_mCherry-cat Assembly of SPFH™C into PZ*12 cmi-mCherry-Cmfit AmpR, CmR? This study

pZS*12-HfIKC Assembly of AfIKC into pZS*12 Amp® This study
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Supplementary Table S3. Primers used for generating chromosomal mutants or assembling plasmids in this study

Purpose

Name

Sequence (5°-3%)

For amplifying the DNA fragment
to generate AAfIKC strain

Up.AhfIKC-CmFRT-5

gacaacagggatcaccgcataacaaatatggagcacaaacgtgtaggctggagcetgettcgaa
g

Down.AhfIKC-CmFRT-3

ggatgcggtggctttattgacctgtaccgcagtegttatacatatgaatatectecttagttee

For amplifying the DNA fragment
to generate AyqiJK strain

Up.AyqiJK-Spec-5

caaagtaaatattgcgtcactaaatggacattggagtgatatgecgtcaattgecgecgaataaatac

Down.AyqiJK-Spec-3

cceceggctttttgggccagggattattcctggaagagggttcattggetggcaccaageagttt

For amplifying the DNA fragment
to generate AgmcA::zeo strain

Up.AgmcA-Zeo-5

caattttgctgattatggacggtacaacaggaggtttttccgttctggatccgageacgtgttgac

Down.AqmcA-Zeo-3

gactgagccagaaaatatgtggatgaacgaccattaactccatctcagtectgetcctecggecac
g

For assembling the pUC18yqiK-
gfp-aphAIII plasmid

Up.GFP_pUC18yqiK-gfp-5

cacccttaacctcaacaactcccgtcgaagaaaaagcagagggcggeggcggcageatgag
taaaggtgaagaac

Down.GFP_pUC18yqiK-gfp-3

caaaatctttctgtcgttatttgtagagttcatccatg

Up.KmFRT pUCI18yqiK-gfp-5

cgacagaaagattttgggagcaaatgatgtgtetaggc

Down. KmFRT pUCI18yqiK-gfp-3

cceceggctttttgggccagggattattcctggaagagggtcagggtttactcatatgaatate

Up.linearized pUC18 pUCI18yqiK-gfp-5

gcccaaaaagecgggggaattcgtaatcatggtcatag

Down.linearized pUC18_pUC18yqiK-gfp-5

gttgaggttaagggtgggatcctctagagtcgacctg

For amplifying the DNA fragment
to generate YqiK-GFP strain

Up.yqiK YqiK-GFP-KmFRT-5

Same as Up.GFP_pUC18yqiK-gfp-5

Down. KmFRT YqiK-GFP-KmFRT-3

Same as Down. KmFRT pUCI18yqiK-gfp-3

For assembling the pUC18TMQ@meA.
OmcA-gfp-aphAIIl plasmid

Up.qmcA-gfp pUC18qmcA-gfp-5

ccgagctggtgaaagacagegcecaacaaacggactcagecaggeggeggeggcageatga
gtaaaggtgaagaactgttc

Down.gqmcA-gfp pUCI18qmcA-gfp-3

ggctgagtecgtttgttggettatttgtagagttcatccatgecgtgegtgatacctgetg

Up.ybbJ pUC18qmcA-gfp-5

cagcaggtatcacgcacggcatggatgaactctacaaataagccaacaaacggactcagec

Down.ybbJ pUCI18qmcA-gfp-3

caaaatctttctgtcgttaagacgagacggctcggatatg

Up.KmFRT pUC18qmcA-gfp-5

cgacagaaagattttgggagcaaatgatgtgtetaggc




Down.KmFRT pUC18qmcA-gfp-3

gaaaatctctccggetgctgtcatcatcgggcagggtgatcagggtttactcatatgaatate

Up.linearized pUC18 pUCI18gmcA-gfp-5

cagccggagagattttcgaattcgtaatcatggtcatag

Down.linearized pUC18 pUC18qmcA-gfp-5

ctttcaccagctcggggatcctctagagtcgacctg

For amplifying the DNA fragment
to generate TM¥°A-QmcA-GFP
strain

Up.qmcA_QmcA-GFP-KmFRT-5

Same as Up.qmcA-gfp pUC18qmcA-gfp-5

Down.KmFRT QmcA-GFP-KmFRT-3

Down.KmFRT pUC18qmcA-gfp-3

For amplifying the DNA fragment
to generate TM4™¢A-SPFH™*A-GFP
strain

UP.SPFHgqmcA SPFHgmcA-GFP-KmFRT-5

gcggaagggatcegtcaggeggaaatectcaaagecgaaggtgaatttaacaacaacatgag
taaagg

Down.KmFRT SPFHqmcA-GFP-KmFRT-3

gaaaatctctccggetgcetgtcatcatcgggcagggtgatcagggtttactcatatgaatate

For amplifying the DNA fragment
to generate TMI°A-GFP strain

Up.TMgmcA TMgmcA-GFP-KmFRT-5

ctcatttttgtcgegetggteattgtcggcgegggtgtcaaaatcgtagaatttaacaacaacatg
agtaaagg

Down.KmFRT TMgmcA-GFP-KmFRT-3

Same sequence as Down.KmFRT SPFHqmcA-GFP-KmFRT-3

For assembling the pZS*12TM?>-
gfp plasmid

Up.pf3-GFP_pZS*12pf3-gfp-5

gtgagcggataacaagatacatgcaatccgtgattactg

Down.pf3-GFP_pZS*12pf3-gfp-3

ctttactcatgttgttgttaaattcaaagaattg

Up.GFP pZS*12pf3-gfp-5

taacaacaacatgagtaaaggtgaagaac

Down.GFP_pZS*12pf3-gfp-3

tctagactcagctaattaagtcatttgtagagttcatcc

Up.linearized pZS*12 pZS*12pf3-gfp-5

ctacaaatgacttaattagctgagtctagag

Down.linearized pZS*12pZS*12pf3-gfp-3

cggattgcatgtatcttgttatccgete

For assembling the pZS*12TM?>-
gfp-aphAIll plasmid

Up. KmFRT pZS*12pf3-gfp-KmFRT-5

cgaaaggctcagtcgaacgacagaaagattttgggag

Down. KmFRT pZS*12pf3-gfp-KmFRT-3

cgaaaggcccagtcttcagggtttactcatatgaatatce

Up. linearized pZS*12 pZS*12pf3-gfp-KmFRT-5

ggatattcatatgagtaaaccctgaagactgggcectttcg

Down. linearized pZS*12_pZS*12pf3-gfp-KmFRT-3

ctttctgtegttcgactgagectttegttttatttg

For assembling the pZS*12TM?>-
gmcA-gfp-aphAIIl plasmid

Up. qmcA_pZS*12pf3-gqmcA-gfp-KmFRT-5

tggatcaaagcgcaattctttatcgtaccgcagggctatc

Down. qmcA_pZS*12pf3-qmcA-gfp-KmFRT-3

actcatgttgttgttaaattctggctgagtcecgtttgttgge




Up. linearized pZS*12_pZS*12pf3-gfp-Kmfrt-5

ggatattcatatgagtaaaccctgaagactgggcctttcg

Down. linearized pZS*12_pZS*12pf3-gfp-Kmfrt-3

ggtacgataaagaattgcgctttgatce

For assembling the pZS*12TM?>-
SPFHC"4 _gfp-aphAIIl plasmid

Up. SPFHqmcA pZS*12pf3-SPFHqmcA-gfp-KmFRT-5

Same as Up. gqmcA pZS*12pf3-qmcA-gfp-KmFRT-5

Down. SPFHqmcA pZS*12pf3-SPFHgmcA-gfp-KmFRT-3

actcatgttgttgttaaattcaccttcggcetttgaggatttce

Up. Linearised pZS*12_pZS*12pf3-SPFHqmcA-gfp-KmFRT-5

caaagccgaaggtgaatttaacaacaacatgagtaaagg

Down. Linearised pZS*12 pZS*12pf3-SPFHgmcA-gfp-KmFRT-3

Same as Down. linearized pZS*12 pZS*12pf3-gfp-Kmfrt-3

For amplifying the DNA fragments
to generate TM3-QmcA-GFP,
TMPB-SPFH™A-GFP, and TM"-
GFP strains

Up.Pf3_pf3-(QmcA)-GFP-KmFRT-5

caattttgctgattatggacggtacaacaggaggtttttccgatgcaatccgtgattactgatg

Down. KmFRT pf3-(QmcA)-GFP-KmFRT-3

Same sequence as Down.KmFRT SPFHqmcA-GFP-KmFRT-3

For assembling the pUC 18 TM* €.
HfIC-mCherry-aphAIII plasmid

Up.hfIC-mCherry pUC18hflC-mCherry-KmFRT-5

gatttcttccgctacatgaagacgccgacttccgcaacgegtggeggeggeggcageatggttt
ccaagggcegaggag

Down. hflC-mCherry_pUC18hflC-mCherry-KmFRT-3

caaaatctttctgtcgttatttgtacagctcatccatg

Up.KmFRT_ pUC18hflC-mCherry-KmFRT-5

cgacagaaagattttgggagcaaatgatgtgtetaggc

Down. KmFRT pUC18hflC-mCherry-KmFRT-3

gaggatgcggtggctttattgacctgtaccgcagtcgttatatcagggtttactcatatgaatatc

Up.linearized pUC18_ pUCI18hflC-mCherry-KmFRT-5

caataaagccaccgcatcctcgaattcgtaatcatggtcatag

Down.linearized pUC18_ pUC18hflC-mCherry-KmFRT-3

catgtagcggaagaaatcggatcctctagagtcgacctg

For amplifying the DNA fragment
to generate TM"C-HfIC-mCherry
strain

Up.hflIC_HfIC-mCherry-KmFRT-5

Same as Up.hflC-mCherry pUC18hflC-mCherry-5

Down. KmFRT HfIC-mCherry-KmFRT-3

gaggatgcggtggctttattgacctgtaccgcagtcgttatatcagggtttactcatatgaatatc

For amplifying the DNA fragment
to generate TMMC-.SPFHMC.
mCherry strain

Up.SPFHhfIC_SPFHhfIC-mCherry-CmFRT-5

gagcgtgaageggtagegegtegtcaccgttcacaaggtcaggaatttaacaacaacatggttt
ccaagg

Down.CmFRT_SPFHhfIC-mCherry-CmFRT-3

ggatgcggtggctttattgacctgtaccgcagtcgttatacatatgaatatcctecttagttectattce
c

For amplifying the DNA fragment
to generate TM-mCherry strain

Up. TMhfIC_TMhflIC-mCherry-KmFRT-5

catcgtgctggtagtactttacatgtetgtetttgtcgtcggeggeggcggcageatg

Down. KmFRT TMhflC-mCherry-KmFRT-3

gaggatgcggtggctttattgacctgtaccgcagtcgttatatcagggtttactcatatgaatatc

Up.cmi-pZS*12cmi-mcherry-5

gaaaggtaccatgaaagtgattagcatgaaatttatttttattc




For assembling the pZS*12TM“™"-
mCherry plasmid

Down.cmi-pZS*12cmi-mCherry-3

tggaaaccatgttgttgttaaattcgec

Up.mCherry pZS*12cmi-mCherry-5

taacaacaacatggtttccaagggcgag

Down.mCherry pZS*12cmi-mCherry-3

ctaattaagcttatttgtacagctcatccatge

Up.linearized pZS*12_pZS12cmi-mCherry-5

gtacaaataagcttaattagctgagtctagagg

Down.linearized pZS*12 pZS12cmi-mCherry-3

tcactttcatggtacctttctectctttaatg

For assembling the pZS*12TM“™"-
mCherry-cat plasmid

Up.CmFRT pZS*12cmi-mCherry-CmFRT-5

gctcagtcgagtgtaggctggagcetgcette

Down. CmFRT pZS*12cmi-mCherry-CmFRT-5

gcccagtcttcatatgaatatcctecttagttectattec

Up.linearized pZS*12_ pZS*12cmi-mCherry-CmFRT-5

tattcatatgaagactgggcctttcgttttatc

Down.linearized pZS*12_ pZS*12cmi-mCherry-CmFRT-3

cagcctacactcgactgagcctttcgttttatttg

For assembling the pZS*12TM -
hfIC-mCherry-cat plasmid

Up.hflC_ pZS*12cmi-mCherry-CmFRT-5

agataaaggcgtcgtcaaagaaggtgagcge

Down.hflC_ pZS*12cmi-mCherry-CmFRT-3

tgttaaattcacgcgttgcggaagtcgg

Up.linearized pZS*12_ pZS*12cmi-hflC-mCherry-CmFRT-5

cgcaacgcgtgaatttaacaacaacatggtttcc

Down.linearized pZS*12_ pZS*12cmi-hflC-mCherry-CmFRT-3

ctttgacgacgcctttatcttcgctccaaaaaaac

For assembling the pZS*12TM -
SPFHC_mCherry-cat plasmid

Up. SPFHhfIC  pZS*12cmi-SPFHhfIC-mCherry-CmFRT-5

Same as Up.hflC_ pZS*12cmi-mCherry-CmFRT-5

Down. SPFHhfIC pZS*12cmi-SPFHhfIC-mCherry-CmFRT-3

tgttaaattcctgaccttgtgaacggtg

Up.linearized pZS*12_ pZS*12cmi-SPFHhflIC-mCherry-CmFRT-5

acaaggtcaggaatttaacaacaacatggtttcc

Down.linearized pZS*12_ pZS*12cmi-SPFHhfIC-mCherry-
CmFRT-5

Same as Down.linearized pZS*12_ pZS*12cmi-hflC-mCherry-
CmFRT-3

For amplifying the DNA fragments
to generate TM™-HfIC-mCherry,
TMem-SPFH"C-mCherry, TM™i-
mCherry

Up.cmi_cmi-(HfIC)-mCherry-CmFRT-5

ccaacgcgcagcegtaacgactaccagegtcagggggaataacgatgaaagtgattageatga
a

Down.CmFRT_cmi-(HfIC)-mCherry-CmFRT-3

ggatgcggtggctttattgacctgtaccgcagtcgttatacatatgaatatcctecttag

For amplifying the DNA fragment
to generate AcrA-GFP strain

Up.acrA_AcrA-GFP-KmFRT-5

ccagcaagccgceaageggtgctcagectgaacagtccaagtctgaatttaacaacaacatgag
taaaggtgaagaac

Down.KmFRT AcrA-GFP-KmFRT-3

cgggcegatcgataaagaaattaggcatgtcttaacggetcetgtttaagtcagggtttactcatat
gaatatcctce




For assembling the pZS12*hfIKC
plasmid

Up.hfIKC_ pZS*12-HAIKC-5

cattaaagaggagaaaggtaccatggcgtggaatcagecccggtaataacgg

Down.hfIKC_ pZS*12-HfIKC -3

gatgcctctagactcagctaattaagcettttaacgcgttgecggaagtecggcg

Up.linearized pZS*12_ pZS*12 -5

aagcttaattagctgagtctag

Down.linearized pZS*12_ pZS*12-3

ggtacctttctcctctttaatgaattcgg




Phenotype

PM1 MicroPlate™ Carbon Sources

MicroArrays™

A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 Al1 A12
Negative L-Arabinose N-Acetyl-D- D-S. haric Acid D-Galact L-Aspartic Acid |L-Proline D-Alanine D-Trehalose D-Mannose Dulcitol
Control Glucosamine Acid
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
D-Serine D-Sorbitol Glycerol L-Fucose D-GlI onic D-GlI D,L ly ol- |D-Xylose L-Lactic Acid Formic Acid D-Mannitol L-Glutamic Acid
Acid Acid Phosphate
C1 c2 Cc3 Cc4 C5 cé c7 c8 c9 c10 C11 C12
D-Gli 6 D-Galact D,L-Malic Acid [D-Ribose Tween 20 L-Rhamnose D-Fructose Acetic Acid a-D-Glucose Maltose D-Melibiose Thymidine
Phosphate Acid-y-Lactone
-1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
L-Asparagine D-Aspartic Acid |D-Glucosaminic |1,2-Propanediol | Tween 40 a-Keto-Glutaric |a-Keto-Butyric |a-Methyl-D- a-D-Lactose Lactulose Sucrose Uridine
Acid Acid Acid Galactoside
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
L-Glutamine M-Tartaric Acid |D-Glucose-1- D-Fructose-6- |Tween 80 a-Hydroxy a-Hydroxy p-Methyl-D- Adonitol Maltotriose 2-Deoxy Adenosine
Phosphate Phosphate Glutaric Acid-y- |Butyric Acid Glucoside Adenosine
Lactone
F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12
Glycyl-L- Citric Acid M-Inositol D-Threonine Fumaric Acid Bromo Succinic |Propionic Acid [Mucic Acid Glycolic Acid Glyoxylic Acid |D-Cellobiose Inosine
Aspartic Acid Acid
G1 G2 G3 G4 G5 Gé G7 G8 G9 G10 G11 G12
Glycyl-L- Tricarballylic L-Serine L-Threonine L-Alanine L-Alanyl- Acetoacetic N-Acetyl-p-D- |Mono Methyl Methyl D-Malic Acid L-Malic Acid
Glutamic Acid |Acid Glycine Acid Mannosamine |Succinate Pyruvate
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
Glycyl-L- p-Hydroxy m-Hydroxy Tyramine D-Psicose L-Lyxose Glucuronamide |Pyruvic Acid L-Galactonic D-Galacturonic |Phenylethyl- 2-Aminoethanol
Proline Phenyl Acetic  |Phenyl Acetic Acid-y-Lactone |Acid amine
Acid Acid
[ ™
PMZ2A MicroPlate ™ Carbon Sources
A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 At1 A12
Negative Chondroitin a-Cyclodextrin |B-Cyclodextrin |y-Cyclodextrin |Dextrin Gelatin Glycogen Inulin Laminarin Mannan Pectin
Control Sulfate C
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
N-Acetyl-D- N-Acetyl- p-D-Allose Amygdal D-Arabil D-Arabitol L-Arabitol Arbutin 2-Deoxy-D- I-Erythritol D-Fucose 3-0-p-D-
Galactosamine [Neuraminic Ribose Galacto-
Acid pyranosyl-D-
Arabinose
C1 c2 c3 Cc4 C5 cé c7 c8 c9 c10 C11 C12
Gentiobiose L-Glucose Lactitol D-Melezitose Maltitol a-Methyl-D- p-Methyl-D- 3-Methyl p-Methyl-D- a-Methyl-D- p-Methyl-D- Palatinose
Glucoside Galactoside Glucose Glucuronic Acid [Mannoside Xyloside
D1 D2 D3 D4 D5 Dé D7 D8 D10 D11 D12
D-Raffinose Salicin Sedoheptulosa [L-Sorbose Stachyose D-Tagatose Turanose Xylitol y-Amino 8-Amino Valeric |Butyric Acid
n Butyric Acid Acid
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
Capric Acid Caproic Acid Citraconic Acid |Citramalic Acid |D-Glucosamine |2-Hydroxy 4-Hydroxy p-Hydroxy y-Hydroxy a-Keto Valeric |lItaconic Acid 5-Keto-D-
Benzoic Acid Benzoic Acid Butyric Acid Butyric Acid Acid Gluconic Acid
F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12
D-Lactic Acid Malonic Acid Melibionic Acid |Oxalic Acid Oxalomalic Quinic Acid D-Ribono-1,4- |Sebacic Acid Sorbic Acid Succinamic D-Tartaric Acid |L-Tartaric Acid
Methyl Ester Acid Lactone Acid
G1 G2 G3 G4 G5 Gé G7 G8 G9 G10 G11 G12
Acetamide L-Alaninamide |N-Acetyl-L- L-Arginine Glycine L-Histidine L-Homoserine |Hydroxy-L- L-Isoleucine L-Leucine L-Lysine L-Methionine
Glutamic Acid Proline
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
L-Ornithine L- L-Pyroglutamic |L-Valine D,L-Carnitine Sec-Butylamine [D.L- Putrescine Dihydroxy 2,3-Butanediol |2,3-Butanone 3-Hydroxy 2-
Phenylalanine |Acid Octopamine Acetone Butanone
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Phenotype MicroArrays™

PM3B MicroPlate™ Nitrogen Sources

A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
Negative Ammonia Nitrite Nitrate Urea Biuret L-Alanine L-Arginine L-Asparagine L-Aspartic Acid |L-Cysteine L-Glutamic Acid
Control
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
L-Glutamine Glycine L-Histidine L-Isoleucine L-Leucine L-Lysine L-Methionine L- L-Proline L-Serine L-Threonine L-Tryptophan
Phenylalanine
C1 c2 Cc3 Cc4 C5 cé c7 c8 c9 c10 C11 c12
L-Tyrosine L-Valine D-Alanine D-Asparagine D-Aspartic Acid |D-Glutamic D-Lysine D-Serine D-Valine L-Citrulline L-Homoserine |L-Ornithine
Acid
D-1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
N-Acetyl-D,L- N-Phthaloyl-L- |L-Pyroglutamic |Hydroxylamine [Methylamine N-Amylamine N-Butylamine Ethylamine Ethanolamine Ethylenediamin |Putrescine Agmatine
Glutamic Acid |Glutamic Acid [Acid e
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
Histamine p-Phenylethyl- |Tyramine Acetamide Formamide Glucuronamide |D,L-Lactamide |D-Glucosamine |D- D- N-Acetyl-D- N-Acetyl-D-
amine Galactosamine |Mannosamine |Glucosamine Galactosamine
F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12
N-Acetyl-D- Adenine Adenosine Cytidine Cytosine Guanine Guanosine Thymine Thymidine Uracil Uridine Inosine
Mannosamine
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
Xanthine Xanthosine Uric Acid Alloxan Allantoin Parabanic Acid |D,L-a-Amino-N- |y-Amino-N e-Amino-N D,L-a-Amino- 3-Amino-N- a-Amino-N-
Butyric Acid Butyric Acid Caproic Acid Caprylic Acid Valeric Acid Valeric Acid
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
Ala-Asp Ala-Gln Ala-Glu Ala-Gly Ala-His Ala-Leu Ala-Thr Gly-Asn Gly-GIn Gly-Glu Gly-Met Met-Ala
i ™
PM4A MicroPlate™ Phosphorus and Sulfur Sources
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 Al1 A12
Negative Phosphate Pyrophosphate |Trimeta- Tripoly- Triethyl Hypophosphite |Ad i 2'- |Ad i 3'- |Ad i 5'- |Ad Ad
Control phosphate phosphate Phosphate monophosphate |[monophosphate |monophosphate |2',3'-cyclic 3',56'-cyclic
monophosphate |[monophosphate
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Thiophosphate |Dithiophosphat |D,L-a-Glycerol |B-Glycerol Carbamyl D-2-Phospho- |D-3-Phospho- |Guanosine-2'- |Guanosine- 3'- |Guanosine- 5'- |Guanosine- Guanosine-
) Phosphate Phosphate Phosphate Glyceric Acid Glyceric Acid monophosphate |[monophosphate |monophosphate |2',3'-cyclic 3',56'-cyclic
monophosphate |[monophosphate
C1 c2 c3 Cc4 C5 cé c7 c8 c9 c10 C11 C12
Phosphoenol Phospho- D-Gli 1- D-Gli 6 2-Deoxy-D- D- 6-Phospho- Cytidine- 2'- Cytidine- 3'- Cytidine- 5'- Cytidine- 2',3'- |Cytidine- 3',5'-
Pyruvate Glycolic Acid Phosphate Phosphate Glucose 6- Glucosamine-6- Gluconic Acid monophosphate |[monophosphate |monophosphate |cyclic cyclic
Phosphate Phosphate monophosphate [monophosphate
D1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
D-Mannose-1- |D-Mannose-6- |Cysteamine-S- |Phospho-L- O-Phospho-D- |O-Phospho-L- |O-Phospho-L- |Uridine- 2'- Uridine- 3'- Uridine- 5'- Uridine- 2',3'- Uridine- 3',5'-
Phosphate Phosphate Phosphate Arginine Serine Serine Threonine monophosphate |[monophosphate |monophosphate |cyclic cyclic
monophosphate |[monophosphate
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
0O-Phospho-D- |O-Phospho-L- |Phosphocreatin |Phosphoryl O-Phosphoryl- |Phosphono 2-Aminoethyl Methylene Thymidine- 3'- |Thymidine- 5'- |[Inositol Thymidine
Tyrosine Tyrosine ) Choline Ethanolamine Acetic Acid Phosphonic Diphosphonic monophosphate [monophosphate |Hexaphosphate |3',5'- cyclic
Acid Acid monophosphate
F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12
Negative Sulfate Thiosulfate Tetrathionate Thiophosphate |[Dithiophosphat |L-Cysteine D-Cysteine L-Cysteinyl- L-Cysteic Acid |Cysteamine L-Cysteine
Control ) Glycine Sulfinic Acid
G1 G2 G3 G4 G5 Gé G7 G8 G9 G10 G11 G12
N-Acetyl-L- S-Methyl-L- Cystathionine Lanthionine Glutathione D,L-Ethionine L-Methionine D-Methionine Glycyl-L- N-Acetyl-D,L- L- Methionine L-Methionine
Cysteine Cysteine Methionine Methionine Sulfoxide Sulfone
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
L-Djenkolic Thiourea 1-Thio-p-D- D,L-Lipoamide |Taurocholic Taurine Hypotaurine p-Amino Butane Sulfonic |2- Methane Tetramethylene
Acid Glucose Acid Benzene Acid Hydroxyethane |Sulfonic Acid Sulfone
Sulfonic Acid Sulfonic Acid
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Phenotype

PM9 MicroPlate ™ Osmolytes

MicroArrays™

Sodium Lactate
1%

Sodium Lactate
2%

Sodium Lactate
3%

Sodium Lactate
4%

Sodium Lactate
5%

Sodium Lactate
6%

Sodium Lactate
7%

Sodium Lactate
8%

Sodium Lactate
9%

Sodium Lactate
10%

Sodium Lactate
1%

A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 Al1 A12
NaCl 1% NaCl 2% NaCl 3% NaCl 4% NaCl 5% NaCl 5.5% NaCl 6% NaCl 6.5% NaCl 7% NaCl 8% NaCl 9% NacCl 10%
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
NaCl 6% NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% + NaCl 6% +
Betaine N-N Dimethyl Sarcosine Dimethyl MOPS Ectoine Choline Phosphoryl Creatine Creatinine L- Carnitine
glycine sulphonyl choline
propionate
C1 c2 c3 Cc4 C5 cé c7 c8 c9 c10 C11 c12
NaCl 6% + NaCl 6% + NaCl 6% + NaC1 6% + NaC1 6% + NaC1 6% + NaCl 6% + NaC1 6% + NaC1 6% + NaC1 6% + NaCl 6% + NaC1 6% +
KCI L-proline N-Acethyl B-Glutamic acid |y—Amino -n- Glutathione Glycerol Trehalose Trimethylamine |Trimethylamine |Octopine Trigonelline
L-glutamine butyric acid -N-oxide
D-1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
P ium P ium P ium P ium Sodium sulfate |Sodium sulfate |Sodium sulfate |Sodium sulfate [Ethylene glycol |Ethylene glycol |Ethylene glycol |Ethylene glycol
chloride chloride chloride chloride 2% 3% 4% 5% 5% 10% 15% 20%
3% 4% 5% 6%
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
Sodium formate [Sodium formate |Sodium formate [Sodium formate [Sodium formate |Sodium formate |Urea Urea Urea Urea Urea Urea
1% 2% 3% 4% 5% 6% 2% 3% 4% 5% 6% 7%
F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12

Sodium Lactate
12%

Sodium Nitrate
10mM

Sodium Nitrate
0OmM

Sodium Nitrate
OmM

Sodium Nitrate
OmM

Sodium Nitrate
OmM

Sodium Nitrate
100mM

Sodium Nitrite
10mM

Sodium Nitrite
20mM

Sodium Nitrite
40mM

Sodium Nitrite
60mM

Sodium Nitrite
80mM

G1 G2 G3 G4 G5 Gé6 G7 G8 G9 G10 G11 G12

Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Ammonium Ammonium Ammonium Ammonium

Phosphate pH 7 |Phosphate pH 7 |Phosphate pH 7 |Phosphate pH 7 |[Benzoate pH enzoate pH Benzoate pH5.2 |[Benzoate pH sulfate pH8 sulfate pH 8 sulfate pH 8 sulfate pH8

20mM 50mM 100mM 200mM 5.2 5.2 100mM 5.2 10mM 20mM 50mM 100mM
20mM 50mM 200mM

H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12

Sodium Nitrite
100mM

PM10 MicroPlate™ pH

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l A12
pH 3.5 pH 4 pH 4.5 pH 5 pH 5.5 pH 6 pH7 pH 8 pH 8.5 pH 9 pH 9.5 pH 10
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
pH 4.5 pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 +
L-Alanine L-Arginine L-Asparagine L-Aspartic Acid |L-Glutamic L-Glutamine Glycine L-Histidine L-Isoleucine L-Leucine L-Lysine
Acid
C1 C2 c3 c4 C5 Cé c7 c8 c9 c10 C11 C12
pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 +
L-Methionine L- L-Proline L-Serine L-Threonine L-Tryptophan |L-Tyrosine L-Valine Hydroxy- L-Ornithine L-Homoarginine |L-Homoserine
Phenylalanine L-Proline
D-1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 + pH 4.5 +
Anthranilic acid [L-Norleucine L-Norvaline a- Amino-N- - L-Cysteic acid |D-Lysine 5-Hydroxy 5-Hydroxy D,L-Diamino Trimethyl Urea
butyric acid Aminobenzoate Lysine Tryptophan pimelic acid amine-N-oxide
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
pH 9.5 pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 +
L-Alanine L-Arginine L-Asparagine L-Aspartic Acid |L-Glutamic L-Glutamine Glycine L-Histidine L-Isoleucine L-Leucine L-Lysine
Acid
F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12
pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 +
L-Methionine L- L-Proline L-Serine L-Threonine L-Tryptophan |L-Tyrosine L-Valine Hydroxy- L-Ornithine L-Homoarginine |L-Homoserine
Phenylalanine L-Proline
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 + pH 9.5 +
Anthranilic acid [L-Norleucine L-Norvaline Agmatine Cadaverine Putrescine Histamine Phenylethylamin |Tyramine Creatine Trimethyl Urea
[} amine-N-oxide
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
X-Caprylate X-a-D- X-B-D- X-a-D- X-B-D- X-a- D- X-B- D- X-B-D- X-B-D- X-a-D- X-PO4 X-S04
Glucoside Glucoside Galactoside Galactoside Glucuronide Glucuronide Glucosaminide |Galactosaminid [Mannoside
®
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BIiOLOG

Phenotype MicroArrays™

PM11C MicroPlate™

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
Ami Ami Ami A Chlortetracycline | Chlortetracycline | Chlortetracycline | Chlortetracycline | Lil Li Li Li
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
A icillin A icillin A icillin A icillin Cloxacillin Cloxacillin Cloxacillin Cloxacillin L L L L
1 2 3 4 1 2 3 4 1 2 3 4
c1 c2 C3 [} C5 cé c7 cs8 c9 c1o0 c11 c12
Bleomy Bleomy Bleomy Bl Colistin Colistin Colistin Colistin Minocycli Minocy Minocy Minocy
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
Cap y Cap y Cap y Cap y D locycli D locycli D locycli D locycli Nafcillin Nafcillin Nafcillin Nafcillin
1 2 3 4 1 2 3 4 1 2 3 4
E1 E2 E3 E4 ES E6 E7 E8 E9 E10 E11 E12
Cefazol Cefazoli Cefazoli Cefazoli E E E E Nalidixic acid Nalidixic acid Nalidixic acid Nalidixic acid
1 2 3 4 1 2 3 4 1 2 3 4
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Cli Cli Cli Cli Erythromycin Erythromycin Erythromycin Erythromycin y y y y
1 2 3 4 1 2 3 4 1 2 3 4
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
Ceftriaxone Ceftriaxone Ceftriaxone Ceftriaxone P i P i P i P i
tellurite tellurite tellurite tellurite
1 2 3 4 1 2 3 4 1 2 3 4
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
Ci Ci Ci C K y K: y K: y K: y o o o o
1 2 3 4 1 2 3 4 1 2 3 4
PM12B MicroPlate™
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
Penicillin G Penicillin G Penicillin G Penicillin G T yel T yel T ycl T ycl Carbenicillin Carbenicillin Carbenicillin Carbenicillin
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Oxacillin Oxacillin Oxacillin Oxacillin Py Py Py Py Polymyxin B Polymyxin B Polymyxin B Polymyxin B
1 2 3 4 1 2 3 4 1 2 3 4
c1 Cc2 c3 Cc4 C5 Cé c7 cs8 c9 c10 c11 c12
P y P y P y P y y y y y D,L-Serine D,L-Serine D,L-Serine D,L-Serine
hydr hydr hydr hydr
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
1 2 3 4 1 2 3 4 1 2 3 4
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E1 E12
2,4-Diamino-6,7- |2,4-Diamino-6,7- |2,4-Diamino-6,7- |2,4-Di 6,7-
diisopropy diisopropy diisopropy diisopropy chloride chloride chloride chloride
pteridine pteridine pteridine pteridine
1 2 3 4 1 2 3 4 1 2 3 4
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
T y T y T y T y 5-Fluoroorotic 5-Fluoroorotic 5-Fluoroorotic 5-Fluoroorotic
acid acid acid acid
1 2 3 4 1 2 3 4 1 2 3 4
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
y y y y Sulfa- Sulfa- Sulfa- Sulfa- L-Aspartic-B- L-Aspartic-B- L-Aspartic-B- L-Aspartic-B-
hydr hydr hydr hydr
1 2 3 4 1 2 3 4 1 2 3 4
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
pi y pi y pi Y pi y i i i i Dodecyltrimethyl | Dodecyltrimethyl | Dodecyltrimethyl | Dodecyltrimethyl
bromide bromide bromide bromide
1 2 3 4 1 2 3 4 1 2 3 4
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PM11 (Chemical Sensitivity Bacteria)
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Value [OmniLog units]

PM12 (Chemical Sensitivity Bacteria)
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Value [OmniLog units]

PM12 (Chemicals)
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BIiOLOG

Phenotype MicroArrays™

PM13B MicroPlate™

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
Ampicillin Ampicillin Ampicillin Ampicillin Deq D D D Nickel chloride Nickel chloride Nickel chloride Nickel chloride
chloride chloride chloride chloride
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Azlocillin Azlocillin Azlocillin Azlocillin 2, 2'-Dipyridyl 2, 2'-Dipyridyl 2, 2'-Dipyridyl 2, 2'-Dipyridyl Oxolinic acid Oxolinic acid Oxolinic acid Oxolinic acid
1 2 3 4 1 2 3 4 1 2 3 4
c1 c2 C3 [} C5 cé c7 cs8 c9 c1o0 c11 c12
6-Mercapto- 6-Mercapto- 6-Mercapto- 6-Mercapto- Doxycy Doxycy Doxycy Doxycy P P P P
purine purine purine purine
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
Cefuroxime Cefuroxime Cefuroxime Cefuroxime 5-Fluorouracil 5-Fluorouracil 5-Fluorouracil 5-Fluorouracil i i i i i i i i
1 2 3 4 1 2 3 4 1 2 3 4
E1 E2 E3 E4 E5 E7 E8 E9 E10 E1 E12
Cytosine-1-beta- |Cytosine-1-beta- [Cytosine-1-beta- |Cytosine-1-beta- (G418) (G418) (G418) (G418) |Ruth red [Ruth red [Ruth red [Ruth red
D-arabi L D-arabi L
1 2 3 4 1 2 3 4 1 2 3 4
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Cesium chloride |Cesium chloride |Cesium chloride |Cesium chloride |[Glycine Glycine Glycine Glycine Thallium (1) Thallium (1) Thallium (1) Thallium (1)
acetate acetate acetate acetate
1 2 3 4 1 2 3 4 1 2 3 4
G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
Cobalt chloride |Cobalt chloride |Cobalt chloride |Cobalt chloride Trifluop: Trifluop: Trifluop: Trifluop:
chloride chloride chloride chloride
1 2 3 4 1 2 3 4 1 2 3 4
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
Cupric chloride |Cupric chloride |Cupric chloride |Cupric chloride Tylosin Tylosin Tylosin Tylosin
1 2 3 4 1 2 3 4 1 2 3 4
PM14A MicroPlate™
A1 A2 A3 A4 AS A6 A7 A8 A9 A10 A1 A12
Acriflavine Acriflavine Acriflavine Acriflavine F F F F ine ine ine ine
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5S B6 B7 B8 B9 B10 B11 B12
9 idine |9: idine |9: idine |9: idine |Fusaric acid Fusaric acid Fusaric acid Fusaric acid Sodium arsenate |Sodium arsenate |Sodium arsenate |Sodium arsenate
1 2 3 4 1 2 3 4 1 2 3 4
c1 c2 C3 [} C5 cé c7 cs8 c9 c1o0 c11 c12
Boric Acid Boric Acid Boric Acid Boric Acid 1-Hydroxy- 1-Hydroxy- 1-Hydroxy- 1-Hydroxy- Sodium cy Sodium cy Sodium cy it Sodium cy it
pyridine -2- pyridine -2- pyridine -2- pyridine -2-
thione thione thione thione
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
C i C i C i C Sodium Sodium Sodium Sodium
chloride chloride chloride chloride dichromate dichromate dichromate dichromate
1 2 3 4 1 2 3 4 1 2 3 4
E1 E2 E3 E4 E5 E7 E8 E9 E10 E1 E12
Cefoxitin Cefoxitin Cefoxitin Cefoxitin Nitr Nitr Nitr Sodium Sodium Sodium Sodium
borate borate borate borate
1 2 3 4 1 2 3 4 1 2 3 4
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Cl Cl Cl Cl Piperacillin Piperacillin Piperacillin Piperacillin Sodium Sodium Sodium Sodium
1 2 3 4 1 2 3 4 1 2 3 4
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
Chelerythrine Chelerythrine Chelerythrine Chelerythrine Carbenicillin Carbenicillin Carbenicillin Carbenicillin Sodium nitrite Sodium nitrite Sodium nitrite Sodium nitrite
1 2 3 4 1 2 3 4 1 2 3 4
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
EGTA EGTA EGTA EGTA Pr Pr Pr Pr Sodium Sodium Sodium Sodium
orth orth orth orth
1 2 3 4 1 2 3 4 1 2 3 4




Value [OmniLog units]

PM13 (Chemical Sensitivity Bacteria)
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Value [OmniLog units]
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PM13 (Chemicals)
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Value [OmniLog units]

PM14 (Chemical Sensitivity Bacteria)

ASPFH-2
WT-2

[ole]e] [ole]e] [ole]e] [ole]e)] [ole]e] [ole]e]
OAT© OAT© OAT© OANT© OAT© OANT©
L1 1 L1 1 L 111 L1 1

(Acriflavine} (Acriflavinep (Acriflavine} (Acriflavine|(Furaltadond(Furaltadond(Furaltadond(Furaltadond SanguinarinfSanguinarin[Sanguinarin|Sanguinarin

300
200 /r s
(Aminacring (Aminacring (Aminacring (Aminacring(Fusaric Aci(Fusaric Acid(Fusaric Acid(Fusaric Acigodium Arsenpdium Arsenpdium Arsenpdium Arsen|
300
— { I / / — 100
M
(Boric Acidp (Boric Acidp (Boric Acid} (Boric Acid [xy—Pyridine{xy—Pyridine{xy—Pyridine{xy—Pyridineqodium Cyanjodium Cyanfodium Cyanfodium Cyan
300 — —
200 — —
100 - A -
e
dmium Chlogdmium Chlcgdmium Chlokdmium Chlgodoacetic Adodoacetic Aqodoacetic Adodoacetic Aqdium Dichrofdium Dichroidium Dichrordium Dichro
— — 300
— — 200
— — 100
1 (Cefoxitin 42 (Cefoxitin 43 (Cefoxitin #4 (Cefoxitin 4NitrofurantoiNitrofurantoi|NitrofurantoifNitrofurantoidium Metabddium Metabddium Metabddium Metabd
300
200 — —
100 —
m
hloramphenilhloramphenifhloramphenilhlorampheni| (Piperacillin| (Piperacillin| (Piperacillin| (Piperacillinjum Metavanjum Metavanjum MetavanjJum Metavan|
300
3/ [ [ 8
— — 100
ChelerythrinfChelerythrifChelerythrinChelerythrin(Carbenicillij(Carbenicillij(Carbenicillij(CarbenicillifSodium Nitri{Sodium NitrifSodium NitrifSodium Nitri
300 —

100

i
—~
&35
|

71/ ——

01 (EGTA #102 (EGTA #303 (EGTA #J04 (EGTA #4PromethazirlPromethazirjPromethazirfPromethazirjum Orthovarjum Orthovarum Orthovarum Orthovar

— — 300
— ! — 200
— /’“" e sty | e | ooy m— 100
rrrrr1r7r7r 1711117171710 117 T1T1T 1TT 1T T T T T T TTTT TTTTTTTTTTTTTTTI
(olo]ele) [olo]e]e) (olo]e]e) [olole]e) (olo]e]e) [olo]e]e)
ATO AT O AT O AT O AT O AT O

Time [h]



Value [OmniLog units]

PM14 (Chemicals)
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BiOLOG Phenotype MicroArrays™

PM15B MicroPlate™

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
Procaine Procaine Procaine Procaine idii idii idii idii C C C C
hydrochloride hydrochloride hydrochloride hydrochloride
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
D-Cycloserine D-Cycloserine D-Cycloserine D-Cycloserine EDTA EDTA EDTA EDTA 5,7-Dichloro- 8- 5,7-Dichloro- 8- |5,7-Dichloro- 8- |5,7-Dichloro- 8-
hydroxy- hydroxy- hydroxy- hydroxy-
1 2 3 4 1 2 3 4 1 2 3 4
c1 c2 C3 [} C5 cé c7 cs8 c9 c1o0 c11 c12
5,7-Dichloro-8- 5,7-Dichloro-8- 5,7-Dichloro-8- 5,7-Dichloro-8- Fusidic acid Fusidic acid Fusidic acid Fusidic acid 1,10- 1,10- 1,10- 1,10-
hydroxyquinoline | hydroxyquinoline | hydroxyquinoline | hydroxyquinoli Ph oline |Ph oline |Ph oline |Ph oline
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
Phleomyci Phleomyci Phleomyci Phleomyeci Domiph Domiph Domiph Domiph Nordihydroguaia [Nordihydroguaia [Nordihydroguaia |Nordihy
bromide bromide bromide bromide retic acid retic acid retic acid retic acid
1 2 3 4 1 2 3 4 1 2 3 4
E1 E2 E3 E4 ES E6 E7 E8 E9 E10 EN E12
Alexidi Alexidi Alexidi Alexidi 5-Nitro-2- 5-Nitro-2- 5-Nitro-2- 5-Nitro-2- Methyl violog Methyl violog Methyl violog Methyl violog
semicarbazone |semicarbazone |semicarbazone |semicarbazone
1 2 3 4 1 2 3 4 1 2 3 4
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
3, 4-Di 3, 4-Di 3, 4-Di 3, 4-Di o) yci 0 yei o yei o) yei P yci P yci P yci P y
benzyl alcohol benzyl alcohol benzyl alcohol benzyl alcohol
1 2 3 4 1 2 3 4 1 2 3 4
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
cccep cccep cccep cccep Sodium azide Sodium azide Sodium azide Sodium azide i i i
1 2 3 4 1 2 3 4 1 2 3 4
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
2-Nitroimi 2-Nitroimi 2-Nitroimi 2-Nitroimi Hy yurea Hy yurea Hy yurea Hy yurea Zinc chloride Zinc chloride Zinc chloride Zinc chloride
1 2 3 4 1 2 3 4 1 2 3 4
PM16A MicroPlate™
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
[ i [ i [ i [ i Phosphomycin [Phosphomycin  |Phosphomycin  |Phosphomycin  [5-Chloro-7-iodo- |5-Chloro-7-iodo- |5-Chloro-7-iodo- |5-Chloro-7-iodo-
8 RAvhasd 8 RAvhasd 8 RAvhasd 8 RAvhasd
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Norf i Norf i Norf i Norf i ilami ilami ilami ilami Tri prim Tri prim Tri prim Tri prim
1 2 3 4 1 2 3 4 1 2 3 4
c1 c2 C3 c4 C5 cé c7 cs8 c9 c1o0 c11 c12
Di i Di i Di i Di i Pr i Pr i Pr i Pr i Cetylpyridinium |Cetylpyridinium |Cetylpyridinium |Cetylpyridinium
sulfate sulfate sulfate sulfate chloride chloride chloride chloride
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
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PM16 (Chemical Sensitivity Bacteria)
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BIiOLOG

Phenotype MicroArrays™

PM17A MicroPlate™

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
D-Serine D-Serine D-Serine D-Serine B-Chloro- B-Chloro- B-Chloro- B-Chloro- Thi { Thi Y Thi Y Thi y
L-alani L-alani L-alani L-alani acid acid acid acid
hydrochloride hydrochloride hydrochloride hydrochloride
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Sodium Sodium Sodium Sodium Hygromycin B Hygromycin B Hygromycin B Hygromycin B i i i i
i Y i Y i Y i Y
1 2 3 4 1 2 3 4 1 2 3 4
c1 c2 C3 [} C5 cé c7 cs8 c9 c1o0 c11 c12
4-Aminopyridine |4-Aminopyridine [4-Aminopyridine |4-Aminopyridine 0- If: If: If:
pyridazine pyridazine pyridazine pyridazine h,
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
Oxycarboxin Oxycarboxin Oxycarboxin Oxycarboxin 3-Amino-1,2,4- 3-Amino-1,2,4- 3-Amino-1,2,4- 3-A 1,2,4- Chlorp Chlorpr Chlorpr Chlorpr
triazole triazole triazole triazole
1 2 3 4 1 2 3 4 1 2 3 4
E1 E2 E3 E4 ES E6 E7 E8 E9 E10 E1 E12
Niaproof Niaproof Niaproof Niaproof Ci d 48/80 |C d 48/80 |C d 48/80 |C d 48/80 |Sodium Sodium Sodium Sodium
1 2 3 4 1 2 3 4 1 2 3 4
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
Lithium chloride |Lithium chloride |Lithium chloride [Lithium chloride |DL. DL. DL DL Tannic acid Tannic acid Tannic acid Tannic acid
hydr hydr y hydr
1 2 3 4 1 2 3 4 1 2 3 4
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
Chlor i Chlor i Chlor i Chlor i Ci Ci Cef: c Cefop! Cefop Cefop Cefop
nafate nafate nafate nafate
1 2 3 4 1 2 3 4 1 2 3 4
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
C i Ci i Ci i Ci i Caffeine Caffeine Caffeine Caffeine Phenylarsine Phenylarsine Phenylarsine Phenylarsine
oxide oxide oxide oxide
1 2 3 4 1 2 3 4 1 2 3 4
PM18C MicroPlate™
A1 A2 A3 A4 AS A6 A7 A8 A9 A10 A1 A12
Ketoprofen Ketoprofen Ketoprofen Ketoprofen Sodium Sodium Sodium Sodium Thi Thi Thi Thi
Py Py Py Py
Y Y Y Y
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Trifluorothymidin | Trifluorothymidin | Trifluorothymidin | Trifluorothymidin | Pi idic Acid Pi idic Acid Pi idic Acid Pi Acid ine ine ine ine
e e e e
2
1 3 4 1 2 3 4 1 2 3 4
c1 c2 C3 [} C5 cé c7 cs8 c9 c1o0 c11 c12
Poly-L-lysine Poly-L-lysine Poly-L-lysine Poly-L-lysine Sulfi Sulfi Sulfi Sulfi F F F F
phenol phenol phenol phenol
1 2 3 4 1 2 3 4 1 2 3 4
D1 D2 D3 D4 D5 Dé D7 D8 D9 D10 D11 D12
Sodium Sodium Sodium Sodium Sodium bromate |Sodium bromate |Sodium bromate |Sodium bromate |Li Li Li Li
m-arsenite m-arsenite m-arsenite m-arsenite
1 2 3 4 1 2 3 4 1 2 3 4
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E1 E12
Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Antil y (1) Antil y (1) Antil y (1) Antil y (1)
metasilicate metasilicate ili ili m-periodate m-periodate m-periodate m-periodate chloride chloride chloride chloride
1 2 3 4 1 2 3 4 1 2 3 4
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
icarbazide icarbazide icarbazide icarbazide Tini Tini Tini Tini
1 2 3 4 1 2 3 4 1 2 3 4
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
Triclosan Triclosan Triclosan Triclosan 3,5-Di 3,5-Di 3,5-Diamino- 3,5-Di - Myricetin Myricetin Myricetin Myricetin
1,2,4-triazole 1,2,4-triazole 1,2,4-triazole 1,2,4-triazole
1 2 3 4 1 2 3 4 1 2 3 4
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11 H12
5-fluoro-5’- 5-fluoro-5’- 5-fluoro-5’- 5-fluoro-5’- 2-F ylp 1 |2-F ylp 1 |2-F ylp 1 |2-F ylp I |F F F F
deoxyuridine deoxyuridine deoxyuridine deoxyuridine
1 2 3 4 1 2 3 4




Value [OmniLog units]

PM17 (Chemical Sensitivity Bacteria)
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Value [OmniLog units]
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Value [OmniLog units]
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Phenotype MicroArrays™

late™

PM19 MicroP

A1 A3 A4 A5 A6 A7 A8 A9 A10 A1 A12
y ycil y y Gallic acid Gallic acid Gallic acid Gallic acid Coumarin Coumarin Coumarin Coumarin
1 2 3 4 1 2 3 4 1 2 3 4
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Methyltrioctyl- Methyltrioctyl- Methyltrioctyl- Methyltrioctyl- Harmane Harmane Harmane Harmane 2,4-Di h 2,4-Di h 2,4-Di h 2,4-Di h
chloride chloride chloride chloride
1 2 3 4 1 2 3 4 1 2 3 4
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Patulin Patulin Patulin Patulin Toly Toly Toly Toly Trol rol rol rol
1 2 3 4 1 2 3 4 1 2 3 4
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