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Background: Pseudomonas aeruginosa is a bacterium able to induce serious pulmonary
infections in cystic fibrosis (CF) patients. This bacterium is very often antibiotic resistant,
partly because of its membrane impermeability, which is linked to the membrane lipid
composition. This work aims to study the membrane phospholipids of P. aeruginosa grown
in CF sputum-like media.

Methods: Three media were used: Mueller Hilton broth (MHB), synthetic cystic fibrosis
medium (SCFM) and 1,2- dioleoyl-sn-glycero-3-phosphocholine (DOPC) complemented SCFM
(SCFM-PC). Lipids were extracted and LC-MS/MS analyses were performed. Growth curves,
atomic force microscopy images and minimal inhibitory concentration determination were
performed in order to compare the growth and potentially link lipid modifications to
antibiotic resistance.

Results: Semi-quantification showed phospholipid quantity variation depending on the
growth medium. Phosphatidylcholines were detected in traces in SCFM. MS/MS experiments
showed an increase of phospholipids derived from DOPC in SCFM-PC. We observed no
influence of the medium on the bacterial growth and a minor influence on the bacterial
shape. MIC values were generally higher in SCFM and SCFM-PC than in MHB.

Conclusions: We defined a CF sputum-like media which can be used for the membrane lipid
extraction of P. aeruginosa. We also showed that the growth medium does have an
influence on its membrane lipid composition and antibiotic resistance, especially for SCFM-
PC in which P. aeruginosa uses DOPC, in order to make its own membrane.

General significance: Our results show that considerable caution must be taken when
choosing a medium for lipid identification and antibiotic testing —especially for
phospholipids-enriched media.
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Pseudomonas aeruginosa is an opportunistic pathogen bacterium which is a major
public health concern for its ability to survive on healthcare equipments [1]. This leads to
nosocomial infections which are very difficult to eradicate. Due to its high pathogenicity for
immunocompromised patients, such as cystic fibrosis (CF) patients [2,3], P. aeruginosa is one
of the deadliest bacteria in hospitals. Moreover, P. aeruginosa can easily develop many
mechanisms of resistance against antibiotics [4], leading to most antibiotics becoming
useless. For these reasons, P. aeruginosa was set priority number one for the research and

development of new antibiotics and treatments, by the world health organization (WHO) [5].

In order to develop new antibiotics, new targets and strategies are required. One of
the current new drug strategies involves targeting membrane phospholipids (e.g.
cardiolipins [6]). Such new drugs could, by themselves, allow membrane lysis or could be
used in synergy to increase the effectiveness of antibiotics [7,8]. Previous analyses of the
membrane lipid composition of P. aeruginosa were performed in culture media such as
minimal glucose medium (MGM) [9,10], Muller-Hilton broth (MHB) [11,12] or lysogeny broth
(LB) [13]. The membrane lipid composition mainly consisted of four lipid chemical classes:
phosphatidylethanolamines (PE), phosphatidylcholines (PC), phosphatidylglycérols (PG) [13]
and cardiolipins (CL) [12]. Moreover, these phospholipids were described to be constituted

of saturated, unsaturated or cyclopropylated, fatty acyl chains ranging from C14 to C18 [10].

Since P. aeruginosa is known to survive in diverse environments, by adapting its
metabolism according to the available energy resources [14], an influence of the culture
medium on the membrane lipids should be expected. Due to the high pathogenicity of P.
aeruginosa in cases of CF lungs chronic infections, the CF lung sputum was chemically
analysed with the purpose to reproduce it in laboratories [15]. This sputum was
characterized by specific amino acid concentrations, the presence of DNA, lipids and mucin
and a high viscosity [16]. Thus, several media mimicking the CF sputum were described in
the literature [15—-17]. The synthetic cystic fibrosis medium (SCFM) [15], first described,
contained amino acids, salts and sugars at adjusted concentrations, but lacked DNA, lipids
and mucin. This medium was then improved, as SCFM2, by the addition of DNA, lipids and

mucin [16].
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The Artificial Sputum medium (ASM) contained amino acids, mucin, DNA and egg yolk as a
phospholipid nutrient [17]. However, most of these media are not compatible with
membrane lipid extraction, as the high viscosity of such media [16,17] does not allow
enough bacterial growth for exploitable quantities of lipid material. For this specific reason,
this work uses the commercial MHB as a reference medium and the SCFM one [15]. By
adding phosphatidylcholine to SCFM (SCFM-PC), we also analysed the impact of this choline
nutrient source on the P. aeruginosa lipid composition. 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC) was chosen in order to simulate the presence of lipids from

eukaryote cells, since DOPC is widely used for eukaryote cell modelling [18].

Herein, to our knowledge, this work reported, for the first time, the membrane
phospholipid composition of P. aeruginosa grown in CF sputum-mimicking media —e.g.
SCFM and SCFM-PC. The membrane lipids were identified and semi-quantified using liquid
chromatography - mass spectrometry (LC-MS). Tandem mass spectrometry (MS/MS)
experiments were performed to determine the fatty acyl composition of phospholipids. With
the aim to link membrane lipid modifications and antibiotic resistance, the minimal

inhibitory concentration (MIC) of four antibiotics was determined as well.

2. Material and methods
2.1 Chemicals

All SCFM components, chemicals required for the membrane lipid extraction and
antibiotics were purchased from Sigma-Aldrich (Saint Quentin Fallavier, France). 1,2-
Dioleoyl-sn-glycero-3-phosphocholine (DOPC), and phospholipids internal standards (PC
17:0/17:0, 0.5 pg; PE 17:0/17:0, 2.5 pg; PG 17:0/17:0, 1 pug; LPC 17:0, 1 ug; LPE 13:0, 2.5 ug;
CL 14:0/14:0/14:0/14:0, 5 pg) were purchased from Avanti polar lipids (AL, USA). MHB
media, brand Difco, was purchased from Fischer Scientific (UK). Milli Q grade water was

obtained from an UltraClear TWF system (Evoqua water technologies, Germany).
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Methanol, chloroform, acetonitrile and isopropanol were purchased from Fischer Scientific
(UK), ammonium formate from Sigma-Aldrich (Saint Quentin Fallavier, France), formic acid
from Merck (Germany). Except methanol and chloroform which were HPLC grade, all

solvents and buffers used were LC-MS grade.

2.2. SCFM and SCFM-PC media preparation

The SCFM medium was first described by Palmer et al. [15]. In order to prepare this
chemically defined medium more easily by hand, the number of individual stock solutions
was reduced by mixing some of the individual stock solutions together (e.g. from 19
individual amino acids stock solutions to 6 individual or mixed amino acids stock solutions).

Moreover, part of the medium was autoclaved.

The stock solutions were prepared from powder, using either autoclaved Milli-Q
grade water or NaOH solutions (concentrations will be detailed later) and stocked in the dark

at 4°C. The bottles used for the stock solutions were autoclaved as well.

A first stock solution was prepared by mixing the following thirteen amino acids,
whose final concentrations were: 360 mM alanine, 60 mM arginine —HCIl, 40 mM cysteine —
HCI, 300 mM glutamate —HCI, 240 mM glycine, 100 mM histidine —HCI, 420 mM lysine—HCl,
120 mM methionine, 140 mM ornithine —HCI, 340 mM proline, 280 mM serine, 200 mM
threonine and 220 mM valine. A second stock solution was prepared by mixing isoleucine
and phenylalanine at 110 mM and 50 mM, respectively. Leucine was stocked at 100 mM.
Aspartate was stocked at 103 mM in 0.5 M NaOH. Tyrosine was stocked at 100 mM in 1 M
NaOH. Tryptophan was stocked at 130 mM in 0.2 M NaOH.

The following salts were mixed into a single stock solution at these concentrations:
23 mM NH4CI, 153 mM KCl, 511 mM NaCl, 13 mM NaH2PO4, 13 mM Na2HPO4, 3 mM
K25S04, 4 mM NaNO3. Morpholinepropanesulfonic acid (MOPS) was stocked at 100 mM. The

mixed salts and the MOPS stock solution were then autoclave sterilised for storage purpose.
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CaCl2 and MgCI2 were mixed as a stock solution at 877 mM and 303 mM
respectively. FeSO4 was stocked at 4 mM. D-glucose was stocked at 1 M. Sodium L-lactacte
was stocked at 10% w/w. CaCl2/MgCl2, Dglucose and Sodium L-lactacte stock solutions were
filter sterilised through a 0.22-um-pore-size filter. Since the FeSO4 stock solution could
neither be autoclaved (precipitation) nor filter sterilised (filter blockage), the FeSO4 powder
was diluted into an autoclave sterilised bottle using autoclave sterilised Milli-Q water. Fresh
FeSO4 stock solution was systematically prepared to prevent precipitation during the
storage. The full protocol for the preparation of the stock solutions for SCFM and SCFM-PC

medium is given in the Supplementary Information S1.

For 1 L of SCFM, the following volumes of stock solutions were added: 100 mL mixed
salts, 25 mL MOPS, 805 mL Milli-Q water, 10 mL mixed amino acids (first solution), 10 mL
isoleucine and phenylalanine (second solution), 16 mL leucine, 8 mL aspartate, 8 mL
tyrosine, 0.1 mL tryptophan. The solution was then autoclave sterilised. After cooling to
room temperature, the pH was adjusted to 6.5 using HCl 33% w/w. Finally, the following
volumes of stock solutions were added: 2 mL CaCl2/MgCl2, 1 mL FeSO4, 3 mL D-glucose,
10.5 mL L-lactate.

The SCFM-PC medium preparation was based on the SCFM 2 developed by Turner et
al. [16]. SCFM 2 is a modification of SCFM in which DOPC (PC 18:1 (9Z) / 18:1 (9Z)), DNA and
mucin are added. However, in our study, we had to develop SCFM-PC in which only DOPC
was added to SCFM. Indeed, when DNA and mucin are used, the extraction of membrane
lipids cannot be performed due to the high viscosity of the medium (unpublished work). The
SCFM-PC medium was prepared as the following: aliquots of DOPC stock solutions were
prepared in order to make different volumes of SCFM-PC with a final DOPC concentration of
100 pg/mL, (aliquots of 10 mg, or 33 mg, to respectively prepare 100 mL, or 330 mL, of
SCFM-PC). The stock solutions of DOPC (250 mg/mL) were prepared in chloroform and were
stored under argon, in the dark and at -20 °C. The DOPC stock solution was slowly added to
the fresh SCFM medium by making it run along the inside of the Erlenmeyer flask —in order
to evaporate the chloroform as much as possible. Then, the solution was stirred until neither

traces nor lipid droplets could be seen anymore. Finally, in order to make sure that no traces
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of chloroform were left, the SCFM-PC medium was left to rest 30 min under a biosafety

cabinet.

The full protocol for the preparation of SCFM and SCFM-PC medium are given in the
Supplementary Information S1. To verify that the autoclave sterilisation had not degraded
the amino acids (at the concentration of the medium and without adding sugars), SCFM
medium was checked using electrospray ionisation-mass spectrometry (ESI-MS) before and
after sterilisation (for MS parameters, see Section 2.6). No difference was observed
suggesting that no degradation occurred. Growth curves of PAK into the autoclave sterilised
or filtered sterilised media were performed as well and showed no impact of the sterilisation

method on the growth of P. aeruginosa. MS spectra and growth curves are given in S2.

2.3. Bacterial strain, growth conditions and MICs determination

The P. aeruginosa strain PAK (PAK), used in this study, was obtained from Dr.
Lhousseine Touqui (Institut Pasteur, Paris, France). The P. aeruginosa PAK strain is known for
its high virulence, a high expression of pili and flagella, glycosylations and pathogenicity
islands [19] and is commonly used in medical studies. PAK was stocked in Muller-Hinton
broth (MHB)/glycerol (70/30) at -80 °C. For growth kinetics, PAK was pre-cultured from this
stock solution, overnight at 37 °C in MHB, SCFM or SCFM-PC. This pre-culture was used to
inoculate 100 mL of MHB, SCFM or SCFM-PC (in a 250 mL Erlenmeyer flask) with 5.10° colony
forming units (CFU)/mL. The culture was incubated at 37 °C for 24 h on a rotary shaker (140
rom). Every hour for 8 h and at a final point of 24 h, ODey (optical density at 600 nm with
Cary 100 Bio spectrophotometer, Varian) was monitored and 100 pL of culture were
collected for CFU numeration. For the MICs determination of carbenicillin, gentamicin,
ciprofloxacin, and colistin, the broth dilution method, in 96-well plates, was performed
according to Wiegand et al. [20], using an inoculum at ODey = 0.001. All these experiments

were performed in biological triplicates for MHB, SCFM and SCFM-PC.
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2.4. Atomic force microscopy (AFM) imaging

All glass substrates (glass cover for haemocytometer, 20x26mm, 0.4 mm thick,
Hirschmann) were cut in 4 parts, cleaned with ethanol and dried. Using a 6-well plates, one
glass substrate was placed into each well and covered with 1 mL of MHB, SCFM or SCFM-PC.
A PAK preculture in either MHB, SCFM or SCFM-PC media (see Section 2.3) was used to
inoculate each well at 10’ CFU/mL. In order to have enough attached bacteria, but with as
low as possible phenotype changes, the plate was incubated for 6 h at 37 °C, without any
mixing, and protected from light. A bacterial monolayer and irreversible attachment of the
biofilm could be achieved using this method. Then, the culture medium was removed using a
Pasteur pipette. Each glass substrate was rinsed twice using water baths, carefully drained,

then dried overnight.

AFM imaging was performed with a Nanoscope 8 Multimode microscope (Bruker
Nano Surfaces, Santa Barbara, CA, USA) equipped with a 100 um piezoelectric scanner.
Imaging was achieved in the air either using the contact mode (for bacteria length
measurements) or using the PeakForce® mode (for image presentation). In the contact
mode, the cantilevers used were characterized by a low spring constant of about 0.06 N/m
and were equipped with classical pyramidal Silicon Nitride tip. All the measurements were
performed with the feedback loop on. For the PeakForce® mode imaging, we used a soft
Silicon Nitride cantilevers (spring constant of about 0.35 N/m) with sharp Silicon Nitride tip.
Images were obtained with a PeakForce Tapping frequency of 2kHz with the auto-amplitude

on. Average force applied during scanning was 5 nN.

2.5. Membrane lipid extraction

The membrane lipid extraction of PAK was performed as described by Deschamps et

al. [12]. Briefly, from a pre-culture overnight (see Section 2.3), PAK was grown for 7 h in
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MHB, SCFM or SCFM-PC (5.10° CFU/mL for initial inoculum) and a pellet was collected by

centrifugation.

Then, alginate lysis was performed using alginate lyase in PBS (0.15 mg/mL), followed by
sonication, centrifugation and ultracentrifugation. Finally, lipids were extracted using a
modified version of the Bligh and Dyer protocol [21]. In the present work, the liquid-liquid

extraction was modified with the addition of internal standards as followed:

For a pellet of 20 mg, 500 puL of milli-Q water was added to resuspend the pellet and
then vortex-mixed for 5 min. 1.2 mL of methanol was added and then vortex-mixed for 15
min, to degrade proteolipids. Then, the mixture was centrifuged (4000 xg, 10 min, 22 °C) and
the liquid phase recovered. After adding 0.6 mL of chloroform spiked with phospholipid
standards (PC 17:0/17:0, 0.5 pg; PE 17:0/17:0, 2.5 pg; PG 17:0/17:0, 1 pug; CL
14:0/14:0/14:0/14:0, 5 ug), the solution was vortex mixed for 15 min and sonicated for 15
min. 0.6 mL of chloroform was added, then the solution was vortex mixed for another 15
min. 0.62 mL of 1 M ammonium acetate was added and the solution was vortex-mixed for
15 min. Finally, the mixture was left to rest for 30 min. One milliliter of the organic phase
was recovered and 0.94 mL of chloroform was added to the aqueous phase for a second
liquid-liquid extraction. After vortex mixing for 15 min, the mixture was left to rest again for
30 min. The aqueous phase was removed and organic phases were pooled together and
evaporated under argon. Lipid extracts were conserved under argon at -20 °C. For other
samples pellet masses, solvent volumes and standard masses were adjusted proportionally.

This extraction was performed in biological triplicate.

2.6. Liquid chromatography - mass spectrometry (LC-MS) analysis

The sample preparation for LC-MS analyses, the MS and LC parameters —including LC
gradient— were as described by Deschamps et al. [12]. Briefly, the dried lipids extracts were
re-constituted into 50 pL of chloroform/methanol (2/1, v/v) and 1/5 diluted into

isopropanol/ acetonitrile/water (4/3/1, v/v).
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The LC-MS experiments were performed using an UHPLC system (Dionex Ultimate 3000
RSLC, Thermo Scientific, San Jose, CA, USA) coupled to a hybrid quadrupole time-of-flight
with an ion mobility cell instrument (Q-IMS-TOF, SYNAPT G2 HDMS, Waters MS
Technologies, Manchester, UK) equipped with an electrospray ionisation source. LC -MS data

were acquired in triplicate in positive and negative ion modes.

The column used was a 1.0 x 100 mm, Acquity UPLC CSH C18 1.7 um column (Waters,
Manchester, UK) equipped with a 0.2 um prefilter. Mobile phase A consisted of
acetonitrile/aqueous 10 mM ammonium formate (60/40) + 0.1% formic acid and mobile
phase B consisted of isopropanol/acetonitrile/agueous 10 mM ammonium formate (88/8/4)
+ 0.1% formic acid. Data acquisition was performed using MassLynx 4.1 (Waters,

Manchester, UK).

Data processing, automatic identification and integration of peaks were performed
using UNIFI 1.8.2.169 (Waters, Manchester, UK). Relative areas were calculated by dividing
the area of the identified phospholipids by the area of the standard from the corresponding

Areaof PE34:1
Areaof PE17:0/17:0

class of phospholipids (e.g. relative area= ). Areas were automatically

calculated, from the extracted ion chromatograms, using the monoisotopic peak of [M+H]*
or [M-H] ions, for positive or negative ionisation respectively. The monoisotopic peak was
used, instead of the sum of all isotopes, since not all isotopes could be observed for
phospholipids at small concentrations (e.g. CL 67:3). We also selected only protonated or
deprotonated species, instead of the sum of all detected adducts (i.e. [M+Na]* [M+NH,]",
[M+CH5COOQY") for similar reasons. The standard deviation and relative standard deviation of
the relative area (the number of replicates (n) in which the phospholipids were identified
were; 7<n<9 for PE, PC and PG, 3<n<6 for CL) were calculated to plot error bars and to check
the repeatability of the measurements. Anova tests and Turkey mean comparisons were

performed using OriginPro 2016 (64-bit) b9.3.226.

MS/MS experiments were performed in biological triplicate, using the parameters

previously described [12].
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MS/MS experiments were performed in negative ion mode using a collision energy ramp
from 25 eV to 45 eV. For PE (i.e. PE 32:1, PE 34:1, PE 36:2) and PG species (i.e. PG 32:1, PG
34:1, PG 36:2), the ion selected in the quadrupole was the [M-H]", whereas for PC species
(i.e. PC 32:1, PC 34:1, PC 36:2), the ion selected was the [M+HCO,]". MS/MS spectra were

processed using MassLynx 4.1 (Waters).

3. Results
3.1. Impact of the medium composition on the growth and MIC determination

The growth curves of PAK grown in MHB, SCFM or SCFM-PC are given in Fig. 1.
Measurements of ODg (Fig. 1.A) or CFU/ mL (Fig. 1.B) as a function of time showed a similar
growth of PAK in the three media. This observation included no lag phase time, an
exponential phase time of approximately 8 h and a doubling time of 43, 42 or 44 minutes in
MHB, SCFM or SCFM-PC, respectively. As a matter of fact, using these growth curves, the
growth time for the lipid extraction (7h) was chosen as it corresponds to the end of the
exponential phase. Thus, exploitable quantities of bacteria could be collected without risking

a lack of nutrients.

A B 5.E+09
1.000
5.E+08
0.100 Sl
a —s-SCFM £ 5E+07
S D
4 ——SCFM-
0.010 SCFM- G ¢ 106
0.001 #——F+—F—+—+—+—+—+—+—+—+— 5E+05 ¥~—+——+—+—+—+—+—+—+—+
0 2 46 8 1012141618 202224 0 2 4 6 8 10121416 18 20 22 24
Growth time (hours) Growth time (hours)

Fig. 1. Growth curves of PAK strain in MHB, SCFM and SCFM-PC. black circles for MHB, red squares for SCFM, blue
diamonds for SCFM-PC. A. optical density (OD) plotted against time. B. Colony Forming Unit (CFU)/ mL plotted against time.
Error bars: standard deviation.
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301 AFM images (Fig. 2. A, B, C) show similar bacterial shapes for all media. For MHB and
302 SCFM, the average lengths (2.8 um + 0.7 um) of PAK were equivalent. However, when PAK
303 was grown in SCFM-PC, the average length was a little smaller (2.6 um + 0.6 um), but as a
304 counterpart, the height was higher (Fig.2.C), showing that PAK seemed to spread less on the
305 surface than in the other media. Interestingly, as contrary to the other two media, colonies
306 of PAK grown in SCFM-PC showed bacteria were not glued to each other, probably due to

307 the presence of DOPC in the growth medium.
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Fig. 1. AFM images of PAK young biofilms grown on glass substrates. Images are shown as topographic images overlaid
with a local contrast image (Kernel size: 2; blending depth: 2; weight: 1). Classical filters as flattening and 3-points levelling
were applied to the topographic image using the Gwyddion software (http://www.gwyddion.net). A. PAK grown in MHB; B.
PAK grown in SCFM; C. PAK grown in SCFM-PC.

The MIC values of four antibiotics (carbenicillin, gentamicin, ciprofloxacin, colistin) for
PAK grown in MHB, SCFM or SCFM-PC are given in Table 1. Susceptibility (S) or resistance (R)
to the antibiotic were given according to the norm Eucast SFM 2019. In fact, a two-fold MIC
difference cannot be considered significant, since the experiment error is of one dilution (for
the protocol, see 2.4). Consequently, the influence of the medium on the MIC values could
significantly be noted for carbenicillin, gentamicin and colistin, but not for ciprofloxacin. The
MIC of gentamicin and colistin were higher when grown in SCFM or SCFM-PC rather than
into MHB. Moreover, a switch from susceptibility to resistance could be observed for colistin
and gentamicin, depending on the medium of growth. Surprisingly, the MIC of carbenicillin
was much smaller when PAK was grown in SCFM rather than in MHB, but was identical

between MHB and SCFM-PC media.

Table 1. Minimal inhibitory concentrations (MIC) for PAK strain. (S) for susceptibility of PAK to the antibiotic,
(R) for resistance. Both (S) and (R) are given according to the norm Eucast SFM 2019 —apart for carbenicillin for
which reference values was not given in the norm.

medium/ carbenicillin gentamicin ciprofloxacin colistin
antibiotic (MIC in pg/mL)
MHB 64-128 0.5(S) 0.125(S) 0.125-0.25 (S)
SCFM 16 4-8 (R) 0.125 (S) 2-4 (R)
SCFM-PC 64-128 4-8 (R) 0.25 (S) 2 (R)

3.2 Comparison of the membrane phospholipids composition
3.2.1 Semi-quantification

The membrane lipids of PAK were identified using a home-made retention time-m/z

library, which was previously described for PAK grown in MHB [12]. Lipid annotation was
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based on the nomenclature of Liebisch et al. [22]. Forty-two lipids were identified. Twenty
phospholipids were identified using positive ionisation: 7 phosphatidylcholines (PC) and 13

cardiolipins (CL).

Twenty-two were identified using negative ion mode: 13 phosphatidylethanolamines (PE)
and 9 phosphatidylglycerols (PG). Please note that PE and CL could be observed in both
positive and negative ion modes. However, using our analytical conditions (especially the LC
mobile phase with buffers), a higher signal was observed in positive ionisation mode for CL

and in negative ionisation mode for PE.

When PAK grown in SCFM or SCFM-PC, no new phospholipids were detected.
Therefore, a semi-quantitative approach was used in order to highlight the influence of the
medium. Please note that, while PC 34:0, PE 34:0 and PG 34:0 were detected as traces in the
membrane of PAK, the relative area of these phospholipids could not be determined.
Actually, using our chromatographic conditions, these phospholipids could not be separated
from the standards (i.e. PC 17:0/17:0, PE 17:0/17:0, PG 17:0/17:0), therefore, the PC 34:0, PE
34:0 and PG 34:0 produced by PAK were excluded from the study.

Fig. 3.A,, 3.B. and 3.C. show relative areas of some depictive examples of the
membrane phospholipids extracted from PAK grown in MHB, SCFM or SCFM-PC media. The

relative areas for all the identified phospholipids are given in S2 (Fig S2.4 to S2.7).
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. . . . PAK PI area
Fig. 2. Relative areas of phospholipids extracted from PAK. R elative area= . Black bars: PAK
PL standard area

grown in MHB, red bars: PAK grown in SCFM, blue bars: PAK grown in SCFM-PC. Error bars: standard deviation (7<n<9 for
PE, PC and PG, 3<n<6 for CL). P-values are reported —between MHB and SCFM, SCFM and SCFM-PC and MHB and SCFM-PC
— as: * for p<0.05, ** for p<0.01, *** for p<0.001, ns for non-significant. A. PC less or equally produced in SCFM-PC than
MHB and mostly not produced in SCFM; B. phospholipids more produced in MHB than SCFM or SCFM-PC; C. phospholipids
more produced in SCFM-PC than SCFM or MHB.

Depending on the medium of growth, three trends of relative areas could be observed. As
shown in Fig. 3.A., apart from PC 34:1 and PC 36:2 (Fig. 3.C.), PC were significantly less
produced for PAK grown in SCFM rather than MHB or SCFM-PC. As shown in Fig. 3.B. and S2
(Fig S2.4 to S2.7), most phospholipids (23) were more produced in MHB than SCFM or SCFM-
PC. As shown in Fig. 3.C., phospholipids containing oleic acid (C18:1) were greatly over-
produced in SCFM-PC, especially for PE 34:1, PC 34:1, PG 34:1 and PE 36:2, PC 36:2, PG 36:2.
Caution must be taken regarding the high relative area of PC 36:2 extracted from PAK grown
in SCFM-PC. Indeed, this may be due to i) direct incorporation of DOPC inside the bacteria
membrane —without any modifications, ii) contamination of our samples with the culture
medium DOPC or iii) both of i) and ii). However, it is clear from the over-production of PE
36:2, PG 36:2 and phospholipids containing oleic acid, that DOPC is at least recycled by the
bacteria to produce phospholipids. Then, the presence of DOPC directly incorporated into

the bacteria membrane would be a very likely hypothesis.

3.2.2 Fatty acid composition

In order to evaluate the influence of the growth medium on the fatty acid
composition, MS/MS experiments were performed, on the most intense phospholipids, in
biological triplicates and for each medium. Fragment identification was performed using
phospholipid fragments described in the literature [23,24]. S3 gives all the fatty acid
fragments of interest in negative ion mode —carboxylate anions R;COO~ — for PC/PE/PG
32:1, 34:1 and 36:2. Please note that for SCFM medium, PC species could not be detected in
negative ion mode, since they were only produced as traces in this medium (see 3.2.1) and

PC are known to not ionize well in negative ion mode, even with the [M+HCO,]™ adduct.
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As previously described by Hsu et al. [23], the loss of the fatty acid in the sn-2
position is favoured. Hence, in order to compare the proportion of the two sn-1/2 position

isomers (e.g. PG 16:0/16:1 and PG 16:1/16:0) between the three media, the following ratio

Intensity fatty acid sn—1
Intensity fatty acidsn—2"

was calculated ratiol= When several isomers of fatty acyl chain

length (e.g. PE 16:0/16:1 and PE 14:0/18:1) were observed, the following ratio was

calculated:

Intensity fatty acid sn—2 of isomer 2
Intensity fatty acid sn—2 of isomer 1°

ratio2= The ratio 2 was calculated using only the sn-2

fatty acid since the sn-1 fatty acid of the second isomer (less abundant) was not detected for
all phospholipids. Fig 4. shows the MS/MS spectra obtained for PG 34:1 in the three media
(A. MHB, B. SCFM, C. SCFM-PC) and illustrates the determination of the ratio 1. The sn-2
fatty acid of isomer 2 (C16:1) was also given to illustrate the abundance difference between
isomer 1 and isomer 2. The sn-1 fatty acid of isomer 2 (C18:0) was not detected. All

calculated ratios means, standard deviation and relative standard deviation, are given in S3.

16 | 42



67

A. B [C 16:0-H]
255.2285
1007 (14066) | [C 18:1-HJ
1 281.2486 . 9555
(9955) rato1= —— =07
[C 16:1-H] 14066
253.2139
2 (1202)
[PG 34:1-H]
| PG headgroup-H,0} 747.5112
(152.9983) (1878)
Ot AT e eI T T T T e miz
50 100 150 200 250 300 350 400 450 500 550 600 650 700 75¢ 800
B. SCFM C 16:0.H]
_ 2552285 _
100 ] (23192) 13496
[C 18:1-H] ratio1= ——— =06
[C 16:1-H] 281.2486 23192
253.2139 (13496)
2 (1283)
[PG 34:1-H]
[PG headgroup-H,0I 747.5112
(152.9983) (3348)
O e s L L L e L L L b L L s L L M L L i L e s b s s s BT
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
C. SCFM-PC [C 18:4-H]
[C 16:O_H]- 281.2487
100 2552286 _ | (138995)
1 (129379) 138995
ratio 1= — 8 — =11
129379
c\c_
[PG 34:1-H]
[PG headgroup-H,0T 747.5126
(152.9927) (19167)
O M L L L e e e B L L L L L L L e B
394 50 100 160 200 250 300 350 400 450 500 550 600 650 700 75 800
395  Fig. 4 MSMS Spectra of [PG 34:1-H] and determination of the ratio 1.Ratio 1 allows to compare the proportion of the two
. Intensity fatty acid sn—1
396  sn-1/2 position isomers | ratiol= t‘yf Ly - between the three media. Bracket values: ion
Intensity fatty acid sn—2
397 intensities. A. PAK grown in MHB; B. PAK grown in SCFM; C. PAK grown in SCFM-PC.
398 Table 2 shows the major isomers identified for PC 32:1, PE 32:1, PG 32:1, PC 34:1, PE
399 34:1 and PG 34:1. The major isomer was identical in MHB and SCFM media. However, when
400 compared to MHB and SCFM, the SCFM-PC medium shows different isomers for two
401 phospholipids: PC 32:1 and PG 34:1. In SCFM-PC, the major isomer was PC 14:0/18:1 for PC
402 32:1 (PC 16:0/16:1 in MHB), and PG 16:0/18:1 for PG 34:1 (PG 18:1/16:0 in MHB or SCFM).
403 Regarding sn-1/2 position isomers, for PG 32:1, PC 34:1/ PE 34:1/ PG 34:1, the respective
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16:1/16:0 and 16:0/18:1 isomers were significantly more produced in SCFM-PC than in SCFM

or in MHB (ratio values in S3).

Table 2. Fatty acid composition of the major isomer for six phospholipids, depending on the medium of
growth.

PC32:1 PE 32:1 PG 32:1 PC34:1 PE 34:1 PG 34:1

MHB 16:0/16:1 16:0/16:1 16:0/16:1 18:1/16:0 18:1/16:0 18:1/16:0

SCFM nd 16:0/16:1  16:0/16:1 nd 18:1/16:0 18:1/16:0

SCFM-PC  14:0/18:1 16:0/16:1 16:0/16:1* 18:1/16:0* 18:1/16:0* 16:0/18:1

nd: not detected; * for PG 32:1, PC 34:1 and PE 34:1, the respective 16:1/16:0, 16:0/18:1 and 16:0/18:1
isomers were significantly more produced in SCFM-PC than in SCFM or in MHB.

Regarding PC/PE/PG 36:2 (see S3), the major isomers were PC/PE/PG 18:1/18:1 for all
media. However, whereas no other isomer could be observed for PC 36:2 in any media,
other isomers were observed for PE 36:2 and PG 36:2. For PE 36:2, PE 19:1/17:1 was
detected, in trace level, in MHB (ratio 2 = 0.07 * 0.02), SCFM (ratio 2 = 0.05 + 0.02) and
SCFM-PC (ratio 2 = 0.01 + 0.01). For PG 36:2, PG 20:1/16:1 was observed in MHB (ratio 2 =
0.55 +0.09), SCFM (ratio 2 = 0.52 £ 0.19) and in trace level in SCFM-PC (ratio 2 = 0.04 + 0.01).

4. Discussion

To our knowledge, this is the first study to analyse the membrane lipid composition
of P. aeruginosa in CF sputum-like media (e.g. SCFM and SCFM-PC) and compare it with a

classical medium. The three following media were used: the commercial MHB —as a
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reference medium, SCFM [15] and a modified version of SCFM by the addition of a
phosphatidylcholine (SCFM-PC).

When studying the influence of the culture medium on the production of molecules
by bacteria, checking that the bacterial growth is not affected by the culture medium is
crucial. Here, growth curves (see 3.1) showed that the growth of PAK was identical when
grown in MHB, SCFM or SCFM-PC. As detailed in the protocol of the membrane lipid
extraction (see 2.5), the culture was stopped at the same time for every medium (end of the
exponential phase, see 3.1). Therefore, the following discussion could be made assuming
that the membrane lipid composition modifications were not linked to a difference in the
bacterium growth phase. This should be noted as a recent work by Le Sénéchal et al. [13]
showed that the phospholipid content of P. aeruginosa PAO1 was closely related to the

bacterial growth.

Before going further into the discussion, one should note that a plausible criticism of our
methodology is that P. aeruginosa was grown in planktonic conditions instead of biofilm
conditions, which should better reproduce the CF sputum growth conditions. However, since
laboratory biofilm are grown on abiotic sterile surfaces, the adherence of the biofilm is likely
to differ from the one in CF sputum, leading to possible lipid modifications. Moreover, many
studies on clinical P. aeruginosa were performed in shaken flasks since even the sampling of
the bacterium would be enough to alter its metabolic phenotype [25]. Despite these
limitations, we believe that SCFM-PC is a good compromise medium for rigorous analysis of

the membrane lipids of P. aeruginosa.

The main focus of this study was to investigate the influence of the medium on the
phospholipids composition of the membrane. Using LC-MS in qualitative manner, as a first
approach, we could not observe any influence of the medium on the type of identified

phospholipids.

Therefore, a semi-quantification approach (comparison of relative intensities, using internal
standards) was used (see 3.2.1). The most remarkable result was that most phospholipids
were less produced into SCFM, compared to MHB. Knowing that lipids could be found in CF-

sputum [26], SCFM-PC was made, by adding DOPC to SCFM, in order to avoid the lack of PC
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species. When PAK was grown in SCFM-PC, we could see the increase of the phospholipids
with the longest fatty acyl chains (see Fig. 3.C). This increase might counterbalance the
shortage of other lipids. However, for SCFM, we haven’t identified any new phospholipids
nor increase of other phospholipids. Ornithine-lipids, which were described to be produced
by P. aeruginosa when grown in phosphate limiting conditions [27], were not detected. Two
hypothesis can be assumed regarding the decrease of phospholipids of PAK grown in SCFM:
i) novel phospholipids species were produced, but were neither extracted using our
extraction conditions (see 2.6), nor detected using our analytical conditions (see 2.7), ii) the
lipid-protein ratio, which is supposed to be around 1/1 (w/w) for bacteria [28], was modified.
The hypothesis that PAK grown in SCFM could be smaller than grown in MHB —leading to an
overall lighter weight of phospholipids— was also considered. However, as shown by the
AFM images in Fig. 2. (see 3.1), no significant influence of the medium on size nor on the

shape of PAK was observed, consequently this hypothesis was rejected.

MS/MS experiments were performed, as well, in order to evaluate the influence of
the growth medium on the fatty acid composition of phospholipids (see 3.2.2). The most
remarkable observation was that the fatty acid C18:1 was strikingly more abundant in
phospholipids produced by PAK grown in SCFM-PC than SCFM or MHB. This resulted into an
inversion of the most abundant isomer for PC 32:1 and PG 34:1 (from MHB or SCFM to
SCFM-PC). Indeed, for PC 32:1, both PC 14:0/18:1 and PC 16:0/16:1 were detected into MHB
and SCFM-PC, but for SCFM-PC the major isomer was PC 14:0/18:1, whereas for MHB, the
major isomer was PC 16:0/16:1. Also, for PG 34:1, the major isomer was PG 16:0/18:1 in the
case of SCFM-PC, whereas for MHB or SCFM, the major isomer was PG 18:1/16:0. Moreover,
isomers containing C 18:1 in sn-2 position were favoured when PAK was grown in SCFM-PC.
Regarding PG 32:1, PC 34:1 and PE 34:1, the respective 16:1/16:0, 16:0/18:1 and 16:0/18:1

isomers were significantly more produced in SCFM-PC than in SCFM or in MHB.

The most likely explanation for these observations would be that P. aeruginosa would take
DOPC from the SCFM-PC, and modify it, in order to produce its own phospholipids, as
previously described for polyunsaturated fatty acids [29]. As a matter of fact, this hypothesis

can also be supported by the overproduction of PE 36:2 and PG 36:2 (see Fig. 3.C. in part
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3.2.1) in SCFM-PC. Indeed, in most bacteria, PC are synthesised from PE, while PG are
synthesised using another pathway [30]. However, in the case of P. ageruginosa, it was
demonstrated that PC are synthesised from a phosphatidic acid (PA) and a choline [31].
Therefore, PC, PE and PG are synthesised from three different pathways which uses PA as a
common precursor. Thus, PA 36:2, recycled from DOPC, is likely used to synthesise PE 36:2
and PG 36:2. Consequently, these modifications would include: i) change of the polar head
group and ii) replacement of the sn-1 fatty acid. Since adding a phospholipid to the growth
medium had an influence on the membrane phospholipids of P. aeruginosa, we should note
that caution must be taken when choosing this phospholipid, in regards to the aim of the

study.

Finally, as described in 3.4.1, the other less abundant isomer of PE 36:2 (i.e. PE 19:1/17:1)
and PG 36:2 (i.e. PG 20:1/16:1) were produced for MHB and SCFM, but only in traces for
SCFM-PC. Taking into account these observations and the inversion of the major isomer
previously described, one should note that caution must be taken when analysing the fatty
acid composition of phospholipids. Our results show that for an identical fatty acyl chain
length, the fatty acid composition might not be the same for different polar heads (e.g. PC
32:1, PE 32:1 and PG 32:1).

In a second approach, the MIC values of four antibiotics were determined (see 3.1)
with the aim to link membrane lipids modifications and antibiotic resistance. Indeed, the
antibiotic susceptibility of P. aeruginosa is related to its ability to guarantee membrane
homeostasis —maintenance of the membrane physical properties [32]. This homeostasis can
happen by modifying phospholipids in different ways. The stability of the membrane and,
accordingly, the decrease of the permeability, can be enhanced by increasing the fatty acyl
chain length [33]. Conversely, the fluidity and permeability can be increased by introducing a
double bond or a cyclopropyl (more stable to acidic conditions than a double bond), or a

terminally branched methyl on the fatty acyl chain [34].

The ratio of negatively charged phospholipids (CL and PG) and neutral (PE) or positively
charged phospholipids (PC) can also be modified in order to make the membrane less
sensitive to pH or to the medium ion composition [35]. The replacement of PE by PC was
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also described to enhance the membrane stability due to the ability of PC to form bilayers

more easily than PE [33].

As described in 3.4.1., PAK was found to produce less PC species when grown in SCFM than
into MHB. MIC values of carbenicillin were also seemingly smaller when PAK was grown in
SCFM (MICscem = 16 pg/mL) than in MHB (MICyus = 64-128 pg/mL). Carbenicillin mechanism
of action consists in inhibiting the synthesis of the bacterial cell-wall peptidoglycan. Also,
since carbenicillin is an hydrophobic antibiotic (logP = 1.13 [36]), we may assume that this
antibiotic can cross the lipid membrane instead of going through the porins. Hence, we can
make the hypothesis that PAK, when grown in SCFM, was more susceptible to carbenicillin
because the membrane cell was less stable due to the lack of PC species. Then, when DOPC
was added to the SCFM medium, the presence of PC in the membrane restore a

susceptibility to carbenicillin similar to the one in MHB (MICyys = MICscempc).

Regarding the other antibiotics tested, the influence of the growth medium on the
MIC values was observed for colistin and gentamicin, but not for ciprofloxacin (see 3.1). It is
notable that, MIC values of gentamicin, colistin and ciprofloxacin in SCFM were in agreement
with those from Pusic et al. [37] SCFM medium). We also observed an increase of MIC values
from a rich medium (MHB) to the chemically defined SCFM (see Table 1). This observation
was also described by Pusic et al. (from LB to SCFM), and for colistin between MHB and ASM,
by Diaz Iglesias et al. [38]. In SCFM-PC, the MIC values of colistin and gentamicin were equal
to the ones in SCFM. Therefore, the link between the membrane stability (decrease of the
membrane stability in SCFM but restored in SCFM-PC) and the MIC, described for
carbenicillin, might not be suitable for other antibiotics. The membrane permeability
changes, induced by the growth medium, may partly explain P. aeruginosa antibiotic
susceptibility modifications. Actually, it is rather a multi-factor issue since the nutrients
present in the growth medium can induce particular resistance mechanisms of P. aeruginosa

[26].
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5. Conclusion

In this study, we reported the membrane lipid composition of P. aeruginosa grown
into CF sputum-mimicking media (SCFM and SCFM-PC). We showed that the growth medium
had an influence on the phospholipid quantities. We observed that PC species were
produced in trace level in SCFM. Implementing DOPC to SCFM (SCFM-PC medium), as a
choline nutrient, not only had an influence on the quantities of PC species, but also on the
length of the fatty acids parts of the phospholipids and phospholipid isomerism. Such
modifications may affect the membrane permeability. Actually, MIC variations of the
hydrophobic carbenicillin antibiotic support this hypothesis. These results suggest that the
membrane lipid composition should be taken into account for antibiotic susceptibility
testing. Since we showed that the growth medium can influence the membrane lipid

composition, caution must be taken when choosing a medium, especially for clinical studies.
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Supplementary Information S1: SCFM and SCFM-PC preparation
Stock solutions preparation for the SCFM medium

Part |: amino acids

Solutions can be kept in the dark at 4 °C for less than two months.

Amino acids stock solution to dilute into 100 mL of Mili-Q water

amino acid m (g)
Alanine 1.60
Arginine — HCI 0.63
Cysteine — HCI 0.32
Glutamate — HCI 2.75
Glycine 0.90
Histidine — HCI 0.96
Lysine — HCl 3.84
Methionine 0.90
Ornithine — HCI 1.18
Proline 1.96
Serine 1.47
Threonine 1.19
Valine 1.29

Note: a few minutes of mixing at 37°C can help the dissolution of the amino acids.

Isoleucine and phenylalanine stock solution to dilute into 100 mL of Mili-Q water

amino acid m (g)
Isoleucine 1.44
Phenylalanine 0.83

Leucine stock solution to dilute into 200 mL of Mili-Q water

amino acid m (g)
Leucine 2.62
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Using Mili-Q water, prepare the following NaOH solutions for the last 3 amino acids

solutions
C (mol/L) V(L) m (g)
1 0.10 4.00
0.5 0.10 2.00
0.2 0.10 0.80

Aspartate stock solution to dilute into 50 mL of NaOH 0.5 M

amino acid m (g)

Aspartate 0.69

Tyrosine stock solution to dilute into 50 mL of NaOH1 M

amino acid m (g)

Tyrosine 0.91

Tryptophan stock solution to dilute into 50 mL of NaOH 0.2 M

amino acid m (g)

Tryptophan 1.33
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Part II: salts and others

Solutions can be kept in the dark at 4 °C for less than two months.

Mixed salts stock solution to dilute into 500 mL of Mili-Q water

This solution can be autoclave sterilised for storage purpose.

Salt m (g)
NH,CI 0.61
KCl 5.70
NaCl 14.92
NaH,PO, 0.78
Na,HPO, 0.72
K.SO, 0.24
NaNO; 0.15

Morpholinepropanesulfonic acid (MOPS) to dilute into 250 mL of Mili-Q water

This solution can be autoclave sterilised for storage purpose.

Buffer m (g)
MOPS 5.23

CaCl,/ MgCl, stock solution to dilute into 25 mL of Mili-Q water

Filter sterilise through a 0.22-um-pore-size filter.

Salt m (g)
CaCl, 2.43
MgCl, 0.72

FeSO4 stock solution to dilute into an autoclave sterilised bottle using 100 mL of autoclave

sterilised Mili-Q water

Regularly check for precipitation; prepare fresh stock solution in case of precipitation.

Salt m (g)
FeSO, 0.10
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D-glucose stock solution to dilute to 50 mL using Mili-Q water

Filter sterilise through a 0.22-pum-pore-size filter.

Sugar m (g)
D-glucose 9.01

60 % (w/w) Sodium L-Lactate to dilute to 10 % (w/w) using Mili-Q water

Filter sterilise through a 0.22-pum-pore-size filter.
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709 SCFM preparation
710 This medium needs to be prepared in sterile conditions.
711
Stock solution V for 1 L of SCFM V for 330 mL of SCFM
Mixed salts 100 mL 33 mL
MOPS 25 mL 8.25mL
Mili-Q water 805 mL 265 mL
Mixed amino acids 10 mL 3.3mL
Isoleucine + Phenylalanine 10 mL 3.3mL
Leucine 16 mL 5.28 mL
Aspartate 8 mL 2.64 mL
Tyrosine 8 mL 2.64 mL
Tryptophan 0.1mL 33 uL

Autoclave sterilise
Wait for the medium to cool to room temperature
Adjust pH to 6.5 using HCI 33 % w/w (approx. 600 pL for 330 mL)

CaCl,/ MgCl, 2mL 0.66 mL

FeSO, 1mL 0.33 mL

D-glucose 3mL 0.99 mL

Sodium L-lactate 10.5 mL 3.5mL
712
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Before SCFM-PC preparation

/\1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) should be Avanti polar Lipids quality.

Make DOPC aliquots of 10mg or 33mg (depends on the required volume of SCFM-PC
required; in SCFM-PC, DOPC is at a final concentration of 100ug/mL), in chloroform, at
approximately 250 mg/mL.

Stock these aliquots in chloroform, under argon, at -20°C, in the dark.

SCFM-PC preparation

In order to add the aliquot of DOPC to SCFM (SCFM not older than 3 weeks):

/!\ Use an erlenmeyer or a bottle at least 3 times bigger than the volume of required SCFM-

PC.

Under a biosafety cabinet:

1 Rince Paster pipette several times with chloroform,

2 Add DOPC slowly 20uL per 20uL, making it run along the inside of the Erlenmeyer flask —in

order to evaporate the chloroform,

/\ Lipid traces and lipid droplets will be visible on the inside of the flask, and in the bottom

of the flask, respectively.
3 Gently manually shake to "rinse" the lipids traces,
4 Shake until lipids droplets can't be seen anymore: the medium will appear cloudy.

If lipids drops are hard to dissolve, alternate shaking and resting (5 min) under the biosafety

cabinet: This allows to evaporate last traces of chloroform which are trapped in lipid vesicles.

Note: If the lipid droplets are fully dissolved, the medium can be stored a week, at 4°C, in the

dark!
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Supplementary Information S2
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Fig. S2.1. Mass spectra, in ion negative mode, of SCFM media collected during preparation,
before (A) or after (B) autoclave sterilisation. The ions detected whose m/z are specified

correspond to the deprotonated molecules [M-H] of the amino acids.
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Fig. $2.2. Optical Density (A) or Colony Forming Unit (B) plotted against growth time for PAK
grown into SCFM autoclave sterilised (red squares) or filtered sterilised (green triangles).
Experiments were made in biological triplicates. Standard deviations are represented by

error bars.
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C. SCFM-PC

753

754  Fig S2.3. Optical images of PAK grown into: A. MHB, B. SCFM, C. SCFM-PC. Influence on the
755 biofilm production depending on the growth medium was observed. Less biofilm were
756  observed for PAK grown into MHB rather than in SCFM or in SCFM-PC. In SCFM-PC, bacterial

757 colonies were smaller and more dispersed than the ones observed in the other two media.
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760 Fig S2.4. Relative areas of phosphatidylcholines extracted from PAK grown into MHB (black),
761  SCFM (red) or SCFM-PC (blue). Error bars: standard deviation (7<n<9). P-values are reported
762 —between MHB and SCFM, SCFM and SCFM-PC and MHB and SCFM-PC— as: * for p<0.05,
763 **for p<0.01, *** for p<0.001, ns for non-significant.
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767  Fig S2.5. Relative areas of phosphatidylethanolamines extracted from PAK grown into MHB
768 (black), SCFM (red) or SCFM-PC (blue). Error bars: standard deviation (7<n<9). P-values are
769 reported —between MHB and SCFM, SCFM and SCFM-PC and MHB and SCFM-PC— as: * for

770 p<0.05, ** for p<0.01, *** for p<0.001, ns for non-significant.
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774  Fig S2.6. Relative areas of phosphatidylglycerols extracted from PAK grown into MHB (black),
775 SCFM (red) or SCFM-PC (blue). Error bars: standard deviation (7<n<9). P-values are reported
776  —between MHB and SCFM, SCFM and SCFM-PC and MHB and SCFM-PC— as: * for p<0.05,

777  ** for p<0.01, *** for p<0.001, ns for non-significant.
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Fig S2.7. Relative areas of cardiolipins extracted from PAK grown into MHB (black), SCFM
(red) or SCFM-PC (blue). Error bars: standard deviation (3<n<6). ). P-values are reported —
between MHB and SCFM, SCFM and SCFM-PC and MHB and SCFM-PC— as: * for p<0.05, **

for p<0.01, *** for p<0.001, ns for non-significant.
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Supplementary Information $S3: MS/MS

Full Excel file downloadable at https://doi. org/10.1016/j.bbamem.2020.183482

FA: Fatty Acid isa1: most intense isomer iso2: second most intense isomer nd: not detected
PC 32:1 PC 16:0016:1 PC 14:0/18:1
Growth medium - Phospholipid fragment FAlisol) sn2 FAlisol) sm1 sn-1/=n-2 ratio FAlisa2) sn2 FA(iso2) sm1 isomer 2f isomer 1 sn-1/5n-2 ratio
replicates {isomer 1) rafio (isomer 2)
miz intensity | identification m'z intensity |identification mz intensity |identification| m'z intensity |identification m'z intensity |identification)
PAK - MHE1 50 2 b nd nd nd 157 131 0.46 0.83
PAK - MHBZ 716.5381 203 PC 32:1-CH3| 263.2182 | 4384 16:1 nd nd nd 281.2545 1465 18:1 2272068 440 14:0 18:116:1 0.33 14:0718:1 0.30
PAK - MHBE3 257 14 nd nd nd 1740 487 0.51 0.28
average 0.43 average 047
std dew 0.08 std dew 0
RSD % 20.82 RSD % BE.68
PAK - SCFM-PC1 25 LTE] 150 D28 1529 47 287 0.03
PAK - SCFM-PC2| T716.5381 75 PC 32:1-CH3 || 253.2182 053 18:1 255 2407 616 18:0 16:0/16:1 085 | 281.2545]| 3719 18:1 2272068 373 14:0 18:116:1 3.80 14:0/18:1 0.10
PAK - SCFM-PC3 303 1302 1175 084 Gaonz 1286 4.53 0.20
average 059 average 370 average 011
std dew 0.28 std dew 0.95 std dew 0.09
RSD % 48.80 RSD % 25.57 RSD % 78.08
PC 34:1 PC 18:1/16:0 PC 15:0M16:1
Growth medium - Phospholipid fragment FA(iso1) sn2 FA(isa1) snl sn-1f=n-2 ratio FAliso2) sn2 FA(isa2) sn1 isomer 2 isomer 1
replicates {isomer 1) rafio
'z intensity | identification 'z intensity |identification 'z intensity |identification| miz intensity |identification miz intensity |identification
PAK - MHE1 700 2482 2104 084 il nd nd nd 0.01
PAK - MHB2 T44 5784 2556 PC 34:1-CH3 | 265.2475 | 12843 16:0 281.2545 7448 18:1 18:116:0 058 | 253.2261 216 16:1 nd nd nd 16:1M16:0 0.02
PAK - MHB3 2168 13518 7568 0.58 22 nd nd nd 0.02
average 0.66 average 0.1
std dew 016 std dew 0.00
RSD % 24.00 RSD % 24.57
PAK - SCFM-PC1 1041 4457 16:0 4a62 1.05 nd nd nd nd nd nd nd nd
PAK - SCFM-PCZ2| 744 5784 3B35 PC 34:1-CH3 | 255 2475 20425 16:0 281.2545 17718 18:1 18:1116:0 0.87 2532261 73 181 nd nd md 16:1/18:0 0.00
PAK - SCFM-PC3 10562 48507 16:0 40821 028 43 nd nd nd 0.00
_Mote: in SCFM-PC, close abundance of| average 0.53 average 0.00
PC 18:1/18:0 & PC 16:018:1 std dev 010 std dev 0.00
{sn-1fsn-2 ratio close to 1) RSD% | 10.71 RSD% | 8329
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PC 34:2 PC 18:1M16:0 PC 171171
Growth medium - Phospholipid fragment FAliso1) sn2 FAliso1) sni sn-1/sn-2 ratio FAliso2) sn2 & sni isomer 2/ isomer 1
replicates - - e = Tt = e {isomer 1) - —— ratio
me intensity | identification m'z intensity |identification] m& intensity |identification m'z intensity |identification
PAK - MHB1 157 682 853 1.25 nd nd nd nd nd
PAK - MHBEZ 742 5516 545 PC 34:2-CH3| 253.2261 | 4380 16:1 281.2545 1551 18:1 18:1M6:1 0.35 205 . . . 0.07
PAK - MHB3 465 4209 1435 0.33 2672387 262 17 17116 0.06
average 0.65 average 0.06
std dev 0.52 std dev 0,00
RSD % 81.03 RSD % 7.06
PAK - SCFM-PCH 133 1067 649 0.61 nd nd nd nd nd
PAK - SCFM-PC2| 7425516 77e PC 34:2-CH3| 253.2261 | 3909 16:1 281.2545 2411 18:1 18:1/16:1 0.62 45 . 5 , 0.01
PAK - SCFM-PC2 1660 11447 7830 0.68 207.2387 H 171 1116 0,00
average 0.64 average 0.01
std dev 0.04 std dev 0.01
RSD % 6.21 RSD % 87.56
PC 36:2 PC 18:1/18:1
Growth medium - Phospholipid fragment FA sn2 & sni
replicates e intensity | iaentification | /2 | intensity [identification
PAK - MHEA1 8062 57703
PAK - MHBZ Tr0.6135 3806 PC 36:2-CH3| 281.2545 | 27041 18:1
PAK - MHB3 1281 7516
PAK - SCFM-PCA 859538 88528
PAK - SCFM-PC2| 7706135 47975 PC 36:2-CH3| 2812545 | 6021 18:1
PAK - SCFM-PC2 12062 15605
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FA: Fatty Acid isoi: most intense isomer iso2: second most intense somer ts03: third most intense isomer i not detected
PE 36:2 PE 18:1/18:1 PE 19:1/117:1 PE 20:1/16:1
Gruwm_rnediurn - FA(iso2) sn2 & sni FA(isoZ) sn2 FAfiso2) snl isomer 2.'.isamer 1 sn-1/sn-2 ratio (isa2) FA(is03) sn2 FAjiso3) sn1 T S p—
replicates miz intensity [identification]| m/=z | intensity [identification] m.= intensity [dentificatior] HE miz intensity dentificatid m/z intensity |identification
PAK - MHE1 570 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
PAK - MHB2 | 281.2545 | 8570 18:1 733 214 0.09 0.20 75 nd nd nd 0.01
FAK  MHB3 TR 72331 o 171 2052815 ( O 0 19:1 17-1118:1 - ez 2532139 - 16:1 = i = 18:1/18:1 T
average 0.07 average 0.45 average 0.01
std dew 0.02 std dev 0.23 std dew 0.00
RSD % 2492 RSD % 49 89 RSD % 12.84
PAK - SCFM 1 5143 251 50 0.05 024 26 nd nd nd 0.01
PAK - SCFM 2 | 2813545 | 4380 18:1 267.2331| 324 171 285.2818 58 tet 17-118:1 0.07 18T 017 2532130 o4 16:1 nd nd nd 18:1/18:1 0.02
PAK - SCFM 3 1887 50 nd nd nd 0.03 nd nd 43 nd nd nd 0.02
average 0.05 average 020 average 0.02
std dew 0.02 std dev 0.04 std dew 0.01
RSD % 41.81 RSD % 21.57 RSD % 60.10
PAK - SCFM-PC1 26226 267.2331| 953 17:1 2052615| 270 19:1 17-1118:1 0.01 19:117:1| 0.39 2532139 66 16:1 nd nd nd 18:1/18:1 0.00
PAK - SCFM-PC2| 281.2545 | 25714 181 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
PAK - SCFM-PC3 53411 2672331 120 17:1 205.2615 51 12:1 17-1118:1 0.00 19:117:1| 043 253.2139 34 16:1 nd nd nd 18:1/18:1 0.00
average 0.01 average o4 average 0.00
std dew 0.01 std dev 0.03 std dew 0.00
RSD % 89.12 RSD % 6.39 RSD % 5.27
] | | rRspw | 13.43 | | | rsp% | 1502 | RsD%| 194
PE 34:1 PE 18:1/16:0 PE 18:0/16:1
Growth medium - FA{=01) sn2 FAfiso1) sni . FA{=02) sn2 FAfiso2) sn1 isomer 2 isomer 1
replicates : — — Seee il — : — ratio
miz intensity |identfication| m% mtensity | identification miz intensity | identification] m% intensity | identification|
FPAK - MHE1 4735 T8 i 202 nd nd nd 004
FPAK - MHE2 2652475 | TO116 1840 2312545 41841 18:1 18:11840 | 050 | 253.2281 2182 18:1 nd nd nd 16:1M16:0 | Q.03
PAK - MHE3 iy et 42871 02 314 nd nd nd 003
AvErage 060 Average 004
std dev 0 std dew 001
RSD % 242 . RSD % 16.77 |
PAK - SCFM 1 Tr8T1 33154 042 XT3 nd nd nd 0.03
PAK - SCFM 2 | 2652475 | B0BDD 1840 2812545| 30080 18:1 1%:11ed | par || 253.2281 2128 16:1 nd nd nd 16:1M16:0| 003
PAK - SCFM 3 JBhER 17722 048 8a7 nd nd nd 002
Average 044 average 003
std dew 006 std dew 0,00
RSD % 13.95 RSD % 10.79
PAK - SCFM-PC1 732023 RABETT [iE] TI56 nd nd nd [iXi]]
PAK - SCFM-PCZ| 2862475 | 421282 1840 2812545 401287 18:1 18:11840 ) 085 | 253.2261 1817 18:1 nd nd nd 16:1/16:0 | 0.00
PAK - SCFM-PC3 388R3T 3RET38 1.08 1205 nd nd nd 0.00
_Hate: In SCFM-PC, ciose abundance | average | 082 average | 0.01
of PE 18:1/16:0 & PE 16:0/116-1 {sn- | std dew AT std dew 000
1#gn-2 ratio closz 10 1) RSD % 18.90 RSD % 6050
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FA: Fatty Acid isof: most intense isomer iso2: second most intense isomer isad: third most intense somer nd: not detected
PG 32:1 PG 16:0/16:1 PG 14:0/18:1
Growth miedium - FA{isc1) sn2 FA(isol) =nl sn-1/sn-2 ratio FA{isol) sn2 FA{iso2) sn1 isomer 2 isomer 1 sn-1/sn-2 ratio
replicates mz | intensitt|identificaton] mz | intensité|identfication fiso1} mz | inmensité|identificaton  miz | intensité [identificaton — (a2}
PAK - MHB1 595 215 0.36 124 3] 021 045
PAK - MHBZ | 2532182 B450 16:1 255220 | 2806 180 16:0018:1 | D40 [ 2272063 1320 140 2812412 D44 18:1 14:0018:1| o028 [18:1114:0 D52
PAK - MHB2 5617 25a2 046 1500 B32 0.27 0.55
awerage | 0.41 average 0.25 | average | 0.31
std dew 0.03 std dev 0.04 std dev | 0.03
RSO % | 1230 RSD % 1538 | RSD% | 10.29
PAE - SCFM 1 T023 3336 048 2313 BBY 033 0.38
PAK - SCFM 2 | 2532182 8701 16:1 255228 | 3123 180 16:0018:1 | 038 [ 2272062 1924 140 2612412 B72 18:1 1400181 | o022 [18:1114:0| D45
PAE - SCFM 3 X263 1125 0.50 To4 278 0.34 0.36
awerage | 0.44 average 0.30 | average | 0.40
std dew 0.or std dev 0.06 std dev | 0.03
_ RSO % | 1673 RSD % 2196 | RSD% | 12.02
PAK - SCFM-PC1 12412 Eipod 048 4368 2852 0.35 0.65
PAK - SCFM-PCZH 253.2192| VOB 16:1 255229 | 503 16:0 1600181 | 071 | 2272068 801 140 2812412 603 18:1 14:0M16:1 | 0.85 (18:1/14:00 1.00
PAK - SCFM-PCH 1706 1172 0.68 1198 1058 0.70 088
awerage | 063 average 0.63 | average | 083
std dew 013 std dev 0.26 stddev | 0.18
RSO % | 20.21 RSD% | 4025 | RSD% | 21.07
PG 34:1 PG 18:116:0 PG 18:0M6:1
Growth miedium - FA{iso1) sn2 FA(isol) =n1 sn-1/sn-2 ratio FA{iso2) sn2 FA{isc2) =n1 isomer 2 isomer 1
replicates m= | intensitt|identficason  mz | intensine|igentfication (==l mz | imensits |identficason  mz | intensis [identficaton ratio
PAK - MHB1 1175 Ge0 0.56 115 nd nd nd 0.10
PAK - MHBZ |2552475| 14088 18:0 281255 | 9055 18:1 1B:118:0| 071 [ 253.2261) 1202 16:1 nd nd nd 16:1/16:0 | Q.09
PAK - MHB2 14509 10187 070 828 nd nd nd 0.08
average 066 average 0.08
std dewv 008 std dev 0.02
RSO % | 1254 RSD % 2610
PAE - SCFM 1 23192 13438 0.58 1283 nd nd nd 0.08
PAK - SCFM 2 | 2552475 23202 18:0 281255 | 11823 18:1 18:1180 | 050 [ 2532261 1012 16:1 nd nd nd 16:1116:0 | Q.04
PAE - SCFM 3 5406 4613 0.54 601 nd nd 0.07
awerage | 0.34 average 0.08
std dewv 0.04 std dev 001
RSO % 744 R5D % 2405
PAK - SCFM-PC1 31395 32177 1.02 413 nd nd nd 0.01
PAK - SCFM-PCZ 2552475 | 128370 18:0 231255 | 138885 18:1 1B:1118:0| 1.07 [253.2261) 1312 16:1 nd nd nd 16:1/116:0| 0.1
PAK - SCFM-PCH 171763 184063 1.08 1427 nd nd nd 0.01
_Mobe: In SCFM-PC, close average | 1.08 average | 0.1
abundance of PG 151160 & PG std dev 0.03 std dev 0.00
TE-DAE (sn-1isn-2 rafioclse o 1)) RSO % 277 RSD % 2323
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