Proteins dominate in surface layers formed on materials exposed to extracellular polymeric substances from bacterial cultures
Yi Yang, Agata J. Wikieł, Leonardo T. Dall’Agnol, Pierre Eloy, Michel J.Genet, 
José J. G. Moura, Wolfgang Sand, Christine C. Dupont-Gillain, Paul G. Rouxhet
Supplemental Material

1. Culture media

The composition of the VMN culture media used for Desulfovibrio alaskensis and Desulfovibrio desulfuricans is given in Tables S1 (base and complements) and S2 (Wolfe’s elixir and vitamin solution). The composition of the marine broth medium 2216 used for culturing Pseudomonas NCIMB 2021 is given in Table S1.

Table S1. Composition of culture media

	VMN 
	
	Marine broth 2216

	Compound
	Concentration
	
	Compound
	Conc.

	
	(g/L)
	(mL/L)
	
	
	(g/L)

	Base
	
	Peptone
	5.0

	KH2PO4
	0.5
	
	
	Yeast extract 
	1.0

	NH4Cl
	1.0
	
	
	Ferric citrate
	0.1

	CaCl2.2H2O
	0.04
	
	
	NaCl
	19.45

	Sodium lactate
	6 or 0.6
	
	
	MgCl2
	5.9

	Sodium citrate
	0.3
	
	
	MgSO4
	3.24

	Casamino acids
	2.0
	
	
	CaCl2
	1.8

	Tryptone
	2.0
	
	
	KCl
	0.55

	Modified Wolfe’s elixir
	1.0
	
	NaHCO3
	0.16

	Vitamin solution
	
	2.0
	
	KBr
	0.08

	Final pH set at 7.50 ± 0.05 with KOH
	
	SrCl2
	0.034

	Sulfate complement
	
	H3BO3
	0.022

	Na2SO4 
	4.5
	
	
	Na2SiO3
	0.004

	MgSO4·7H2O
	0.06
	
	
	NaF
	0.0024

	FeSO4·7H2O
	0.004
	
	
	NH4NO3
	0.0016

	Nitrate complement
	
	Na2HPO4
	0.008

	Na NO3
	2.4
	
	
	Final pH 7.6 ± 0.1

	MgCl2.6H2O
	0.05
	
	
	
	

	FeCl2.4H2O
	0.003
	
	
	
	






Table S2. Composition of modified Wolfe’s medium and of vitamin solution

	Compound
	Concentration (g/L)

	Modified Wolfe’s medium

	Nitrilotriacetic acid
	1.5

	       adjust pH to 6.5 with KOH 5 M

	MgSO4·7H2O
	0.060

	MnSO4·H2O
	0.50

	NaCl
	1.0

	FeSO4·7H2O
	0.10

	CoSO4·7H2O
	0.10

	NiCl2·6H2O
	0.10

	CuCl2·2H2O
	0.10

	ZnSO4·7H2O
	0.10

	CuSO4·5H2O
	0.010

	AlK(SO4)2·12H2O
	0.010

	H3BO3
	0.010

	Na2MoO4·2H2O
	0.010

	Na2SeO3·5H2O
	0.001

	    pH 6.5 – 7.0 at the end; store at 4oC

	Vitamin solution

	Riboflavin
	0.10

	Nicotinic acid 
	0.25

	Thiamine
	0.30

	Pentothenic acid
	0.30

	Pyridoxine
	0.30

	Cyanocobalamin
	0.025

	Ascorbic acid
	1.0

	Biotin
	0.005





2. Polyacrylamide gel electrophoresis data
After centrifugation and 0.22 µm pore size membrane filtration, the EPS solutions were concentrated using Vivacell 250/Vivacell 70 ultrafiltration concentrators (Sigma-Aldrich) with a 5 kDa cutoff at 4oC. When the retentate reached the minimum volume expected (approximately 1 mL), 12 mL of potassium phosphate buffer 100mM (KH2PO4/K2HPO4) were added, the solution was introduced into a Amicon Ultra-15 centrifugal concentrator (Merck-Millipore) with a 3.5 kDa cutoff and centrifuged at 4oC and 4.000 g. This step was repeated for 3 times to ensure the substitution of the original salts by the buffer suitable to maintain protein stability and to permit SDS PAGE analysis. PMSF was added to a final concentration of 1mM as a protease inhibitor. Aliquots were frozen, stored at ‒20°C and thawed prior to use. The chromatograms recorded on solutions of interest are presented  in Figures S1 and S2.
Figure S1 indicates the presence of numerous proteins in the range of 15 to 150 kDa in solutions of tightly bound EPS from D. alaskensis, with the most intense bands in the range of 35 to 75 kDa. The bands were weak for the loosely bound EPS but a band near 55 kDa appeared with an appreciable intensity. For loosely bound EPS from D. desulfuricans many bands were observed above 30 kDa (Figure S2). The most intense bands were at 45 and 250 kDa for the nitrate-complemented culture while a very intense band was observed above 250 kDa for the sulfate-complemented culture. No protein was detected for the fresh culture medium of Pseudomonas NCIMB 2021 (Figure S2). A diverse group of bands was observed between 35 and 200kDa for the supernatant collected in exponential growth.  The bands were more intense for the supernatant collected in stationary phase and proteins below 35 kDa were detected.
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Figure S1. Pictures of plyacrylamide gels after electrophoresis of EPS from Desulfuvibrio alaskensis cultured in 0.6 g L-1 lactate, loosely bound (1) and tightly bound (2) , and cultured in 6 g L-1 lactate, loosely bound (3) and tightly bound (4). Molar mass of markers (M) in kDa.
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Figure S2. Pictures of plyacrylamide gels after electrophoresis of fresh culture medium (1), supernatant collected in exponential growth phase (2) and supernatant collected in stationary growth phase (3) of Pseudomonas NCIMB 2021 and of EPS from Desulfuvibrio desulfuricans cultured in nitrate (4) and sulfate (5) complemented media. Molar mass of markers (M) in kDa.


3. XPS data
The elemental compositions determined by XPS are given in Tables S3, S4, S5, S6 and S7 for residues of liquid evaporation, and for samples involving the glass, polystyrene, stainless steel and carbon steel substrates, respectively. They are expressed in mole fraction of the corresponding species, with respect to the sum of all elements except hydrogen, which is not detected by XPS. Some measurements were duplicated with independent samples. For one sample of Gl conditioned with the supernatant collected in exponential phase (Table S4) the concentration of salts indicated ineffective rinsing. 
The results of peak decompositions are also presented in mole fraction of the element responsible for the indicated component and thus involved in the related chemical functions.
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Table S3. XPS analysis of residues of evaporation of EPS solutions from D. alaskensis, and of solutions related to Pseudomonas NCIMB 2021: surface concentration (mole fraction with respect to all elements except hydrogen, %) of elements and their partitioning in functions defined by the indicated binding energy (Eb, eV) of peak components.
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Table S4. XPS analysis of glass substrates, bare, or conditioned with EPS from D. alaskensis or D. desulfuricans, or conditioned with solutions related to Pseudomonas NCIMB 2021: surface concentration (mole fraction with respect to all elements except hydrogen, %) of elements and their partitioning in functions defined by the indicated binding energy (Eb, eV) of peak components.*
[image: ]



Table S5. XPS analysis of polystyrene substrates, bare, or conditioned with EPS from D. alaskensis or D. desulfuricans, or conditioned with solutions related to Pseudomonas NCIMB 2021: surface concentration (mole fraction with respect to all elements except hydrogen, %) of elements and their partitioning in functions defined by the indicated binding energy (Eb, eV) of peak components.*
[image: ]


Table S6. XPS analysis of stainless steel substrates cleaned with acetone or UVO cleaned, as such or conditioned with EPS from D. desulfuricans, or conditioned with solutions related to Pseudomonas NCIMB 2021: surface concentration (mole fraction with respect to all elements except hydrogen, %) of elements and their partitioning in functions defined by the indicated binding energy (Eb, eV) of peak components.*
[image: ]

Table S7. XPS analysis of carbon steel substrates, bare or conditioned with EPS from D. alaskensis: surface concentration (mole fraction with respect to all elements except hydrogen, %) of elements and their partitioning in functions defined by the indicated binding energy (Eb, eV) of peak components.
 [image: ]




4. Evaluation of the contribution of DNA
The XPS spectrum was recorded on a drop of custom-made DNA-032 evaporated on glass. The main peaks are shown in Figure 1f; the deduced elemental composition and the results of peak decomposition performed as described for EPS are presented in Table S3. This analysis revealed the presence of 0.92 % fluorine, and of a C 1s component at 292.4 eV corresponding to 1.15 % C and attributed to carbon bound to fluorine; it also showed a C-(C,H) concentration much higher than expected. This is attributed to the presence of hydrocarbon-rich impurities which tend to accumulate at the liquid-air interface which generates the analyzed evaporation residue surface, as observed for food products and pharmaceutical preparations. (Bosquillon et al. 2004; Rouxhet & Genet 2011). 
The O 1s peak is not informative owing to the interference of the substratum. Beside the complication arising from the interference of contaminants, the shape of the C 1s peak of DNA may not be interpreted as resulting from a limited number of components which are assigned to well defined functions, as performed before and justified for long hydrocarbon chain lipids, proteins and polysaccharides (Genet et al. 2008; Rouxhet & Genet 2011). This is due to the abundance of double bonds and conjugation and to the influence of second neighbors (Plekan et al. 2012). For instance, the component near 289 eV may be attributed to [O=C(-N)2] of thymine, while the same function from cytosine is expected at a lower binding energy (Wang 2008). This complication is sometimes neclected (Ptasinska et al. 2008).
The P/N ratio expected form single-stranded DNA is given by P/N = A/5 + T/2 + G/5 + C/3, where  represents the proportions of the nucleobases. For sample DNA-032, this provides a P/N ratio of 0.28 to be compared with the experimental value of 0.24. For double-stranded DNA, P/N = AT*2/7 + GC*2/8, which varies only within the range of 0.25 to 0.28 according to the proportion of different base pairs.
Table S8 presents the P/N ratios measured for different sets of samples investigated here. For evaporation residues and for conditioned polystyrene, the mean values and standard deviations indicate that P/N does not exceed 0.03. For conditioned glass the average ratio and standard deviations are higher but the low values of N concentration reduce the reliability of the P/N ratio. The ratio is lower than 0.043 if only the samples with a N concentration higher than 3 % are considered. An upper limit of 0.04 for the P/N ratio corresponds to an upper limit of about 15 % for the proportion of nitrogen in the form of DNA. The results for P/N determined on conditioned stainless steel deserve a closer examination. The whole set of values shows a high mean P/N ratio, with a high standard deviation. Similar results are obtained for the set restricted to stainless steel conditioned with fresh culture medium of Pseudomonas. In constrast, the set restricted to stainless steel conditioned with solutions from running cultures, ultrafiltered or not, provide a P/N ratio of 0.10. This indicates that part of phosphorous may be due to inorganic phosphate adsorbed on stainless steel. The lower value
 (Table S8) found for stainless steel conditioned with solutions from running cultures may be due to early uptake of dissolved phosphate. The evolution of the phosphate concentration in solution and of the phosphorous surface concentration during a culture of Bacillus licheniformis indicated a rapid consumption of phosphate at the begining of the culture, followed by a redistribution in the biomass as a result of cell multiplication (Herben et al. 1990). The significance of the P/N ratio of conditioned stainless steel and carbon steel is also altered by the presence of phosphorous at the surface of the non-conditioned substrata.
Table S8. Molar concentration ratio P/N and relative intensity of the high binding energy component in N 1s peak, measured on DNA-032 and on the indicated sets of samples: number of samples, mean and standard deviation.
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[bookmark: _GoBack]The biochemical nature of nitrogen has also been evaluated by examining the shape of the N 1s peak. The N 1s peak of DNA-032 (Figure 1f) is quite different from that of all other samples, with a maximum near 401.5 eV and a lower component near 400.0 eV. The comparison with reference spectra indicates that thymine contributes mainly to the high binding energy side and adenine to the low binding energy side, while guanine and cytosine show less differenciation (Petrovykh et al. 2003; May et al. 2004; Harada et al. 2006; Ptasinska et al. 2008; Mankos et al. 2014). However, as explained for the C 1s peak, the N 1s peak shape may not be interpreted as resulting from a limited number of components which are assigned to well defined functions. It was also mentioned that the N 1s peak increased in binding energy when uracil nucleobase was bound to sugar in uridine nucleoside or nucleotide (May et al. 2004), but this seems to be contradicted by other results (Harada et al. 2006). 
The information provided by the N1s peak was treated empirically, using the same mode of decomposition for DNA-032 as for the other samples. The relative contribution of the high binding energy component (401.2 to 402 eV), Nhigh, in the N peak of DNA-032 and other samples is given in Table S8. For most of conditioned substrata, it is not significantly higher than for proteins. If it is considered that the Nhigh/Ntotal ratio does not exceed 0.05 or 0.10, the proportion of nitrogen in the form of DNA does not exceed 7 or 14 %
It turns out that, based on two independent types of information, the P/N ratio and on the shape of the N 1s peak, DNA may not account for more than 15 % of total nitrogen. 
5. Conversion of elemental concentration ratios into mass % of chemical moieties
The composition of the organic layer present at the surface of substrates may be expressed in terms of amide [HC-NH-(C=O)] quantified by Norg as a marker, CH2 quantified by C284.8 component, additional carbon Cadd quantified by [Cox – 2*Norg] and additional organic oxygen Oadd quantified by [Oorg – Norg = Cox – 2*Norg]. The concentrations of markers (mol %) may be converted into concentrations of the model moieties (mass %), which provide a more practical presentation of the surface composition. Multiplying the molar concentration of markers (X, mol/100 mol) by the molar mass (MM) of the relevant moiety provides the concentration of each constituent (W, in g/100 mol of elements detected by XPS). Dividing W of each moiety by the sum of W (T) and multiplying by 100 finally gives its % mass concentration in the volume probed by XPS. The scheme of the procedure used for the conversion is presented in Table S9.
Table S9. Computation scheme used for converting marker concentrations (molar percentage of relevant element) into mass concentration (%) of model compounds.

[image: ]








References
Bosquillon C, Rouxhet PG, Ahimou F, Simon D, Culot C, Préat V, Vanbever R. 2004. Aerosolization properties, surface composition and physical state of spray-dried protein powders. J Controlled Release. 99:357-367.
Genet MJ, Dupont-Gillain CC, Rouxhet PG. 2008. XPS analysis of biosystems and biomaterials. in: medical applications of colloids.(Matijevic E, ed.) New York: Springer. p. 177-307.
Harada Y, Takeuchi T, Kino H, Fukushima A, Takakura K, Hieda K, Nakao A, Shin S, Fukuyama H. 2006. Electronic structure of DNA nucleobases and their dinucleotides explored by soft X-ray spectroscopy. J. Phys Chem A. 110:13227-13231.
Herben PFG, Mozes N, Rouxhet PG. 1990. Variation of the surface properties of Bacillus licheniformis according to age, temperature and aeration. Biochim. Biophys. Acta, 1033:184-188.
Mankos M, Shadman K, Persson HHJ, N’Diaye AT, Schmid AK, Davis RW. 2014. A novel low energy electron microscope for DNA sequencing and surface analysis. Ultramicroscopy. 145:36-49. 
May CJ, Canavan HE, Castner DG. 2004. Quantitative X-ray photoelectron spectroscopy and time-of-flight secondary ion mass spectrometry characterization of the c  omponents in DNA. Anal Chem. 76:1114-1122.
Petrovykh DY, Kimura-Suda H, Whitman LJ, Tarlov MJ. 2003. Quantitative analysis and chracterization of DNA immobilized on gold. J Am Chem Soc. 125:5219-5226.
Plekan O, Feyer V, Richter R, Moise A, Coreno M, Price KC, Zaytseva IL, Moskovskaya TE, Soshnikov DY, Trofimov AB. 2012. X-ray spectroscopy of heterocyclic biochemicals: xanthine, hypoxanthine, and caffeine. J Phys Chem A. 116:5653-5664.
Ptasinska S, Stypcsynska A, Nixon T, Mason N, KlyachkoDV, Sanche L. 2008. X-ray induced damage in DNA monitered by X-ray photoelectron spectroscopy. J Chem Phys. 129:129-134.
Rouxhet PG, Genet MJ. 2011. XPS analysis of bio-organic systems. Surf Interface Anal. 43:1453-1470.
Wang F. 2008. Applications of ionization spectroscopy to study small bio-molecules. J Phys, Conference Series. 141, 012019.




image2.png
97.2
75.0

‘-T— 427

—— 270

€ 143




image3.png
116

66

45

35

25

30

20

15





image4.emf
Evaporation residues P 2p S 2p Na 1s Na 2s K 2p
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Ca 2p
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Cl 2p Si 2p B 1s Al 2p Fe 2p
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E

b

 (eV) 289.0 288.0 286.2 284.8 total 532.7 531.5 total 401.2 399.8 total 133.2 1071.1 63.4 292.7 ~347 197.8 d 192.5

74.1



710

EPS from D. alaskensis, dialyzed

loosely bound, 0.6 lact 1.0 15.5 19.6 27.2 63.3 3.2 17.6 20.7 bdl 12.7 12.7 0.61 0.43 a 1.2 NM NM 0.38 NM 0.58 NM NM NM

loosely bound, 6 lact 0.7 12.9 16.6 33.9 64.1 3.6 15.9 19.4 bdl 10.2 10.2 1.12 0.55 c 2.7 NM NM 0.23 0.48 1.17 NM NM NM

tightly bound, 0.6 lact 5.1 15.8 22.5 23.2 66.5 4.6 12.1 16.7 3.3 11.7 15.0 0.28 0.62 a NM 0.2 NM 0.12 NM 0.50 NM NM NM

tightly bound, 6 lactate bdl 14.6 18.1 32.2 65.0 2.3 15.3 17.6 bdl 13.9 13.9 0.76 0.52 a NM 1.5 NM 0.51 NM 0.15 NM NM NM

Solutions related to Pseudomonas NCIMB 2021, ultrafiltered

fresh medium bdl 11.5 17.7 28.0 57.2 3.8 17.0 20.8 0.5 9.7 10.2 0.19 0.64 b NM 3.4 0.21 0.37 1.33 4.08 0.98 0.38 0.14

fresh medium bdl 12.7 18.0 29.2 59.9 3.6 14.9 18.5 0.5 10.4 10.9 0.21 0.43 b NM 3.2 bdl 0.34 1.62 3.54 0.70 0.33 0.29

supernatant exponent. bdl 14.6 21.5 27.4 63.5 3.7 14.6 18.3 0.8 11.3 12.1 bdl 0.48 b NM 2.4 bdl 0.19 2.33 0.22 bdl bdl 0.57

supernatant exponent. bdl 16.6 23.6 21.4 61.5 4.4 15.1 19.5 1.0 13.0 14.0 bdl 0.40 b NM 2.9 bdl 0.16 1.28 0.35 bdl bdl bdl

supernatant stationary bdl 14.9 21.5 28.1 64.6 5.3 14.9 20.2 bdl 12.8 12.8 0.07 0.33 b NM 1.3 bdl 0.28 0.13 0.15 bdl bdl 0.20

supernatant stationary bdl 13.5 20.0 24.8 58.3 4.0 20.0 23.9 0.5 10.4 10.9 bdl 0.29 b NM 2.0 bdl 0.23 0.46 2.89 0.39 0.22 0.17

DNA-032  e

3.00 6.3 13.9 25.5 49.9 12.1 16.4 28.5 8.3 3.3 11.6 2.76 2.71 b 0.1 NM bdl NM NM 3.60 NM NM NM

bdl, below detection limit; NM, not measured

a, S 2p near 163.5 eV

b, S 2p near 168.5 eV

c, S 2p near 168.5  and 163.5 eV

d, Si 2p in  range of 102 to 103 eV

e, DNA-032 contains 0.92 % F and 1.15 % C bound to fluorine

C 1s O 1s N 1s
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Glass

O 1s Si 2p B 1s Al 2p Ti 2p

3/2

Zn 2p

3/2

Fe 2p

3/2

Na 2s*K 2p

3/2

Ca 2p

3/2

Cl 2p

3/2

E

b

 (eV) 288.8 288.0 286.2 284.8 Total Total 402.0 400.0 Total 103 192.7 74.2 ~459 1022 ~710 63.7 293.5 ~347 198.5

Not conditioned

0.2 0.6 2.9 8.5 12.3 50.9 0.08 0.25 0.34 28.3 3.1 1.6 0.47 0.17 NM 2.1 0.74 NM NM

Conditioned with EPS from D. alaskensis, dialyzed

loosely bound, 0.6 lact 0.3 1.3 3.6 14.5 19.7 44.5 0.25 1.48 1.72 25.2 3.0 1.6 0.47 NM NM 2.3 0.99 0.05 NM

loosely bound, 6 lactate 1.5 3.0 9.5 14.0 47.7 0.10 1.47 1.57 26.2 3.3 1.7 0.57 0.35 NM 3.1 1.38 0.12 NM

tightly bound, 0.6 lact 5.1 6.9 18.6 30.6 37.0 0.32 4.94 5.26 20.2 2.3 1.4 0.35 NM NM 2.0 0.78 0.05 NM

tightly bound, 6 lactate 5.2 6.8 12.0 24.1 40.9 0.27 5.34 5.61 21.9 2.6 1.3 0.40 0.21 NM 2.1 0.91 0.03 NM

Conditioned with EPS from D. desulfuricans, dialyzed

loosely bound, sulfate 0.7 3.7 8.8 13.2 47.5 0.22 0.73 0.95 28.4 3.3 1.8 0.54 0.23 NM 2.8 1.30 NM NM

loosely bound, nitrate 0.8 3.8 8.7 13.3 43.5 0.30 1.01 1.30 26.9 3.1 1.8 0.47 0.21 NM 2.9 6.40 NM NM

Conditioned with solutions related to Peudomonas NCIMB 2021

fresh medium, as such 0.6 1.2 3.5 9.8 15.2 49.0 0.22 1.55 1.77 24.5 2.8 1.5 0.45 0.26 NM 3.3 1.10 NM 0.12

fresh medium, as such 3.6 6.1 15.6 25.3 40.7 0.20 3.43 3.63 26.8 0.3 0.9 0.15 0.05 0.16 2.0 bdl 0.07 bdl

fresh medium, ultrafiltered 1.2 4.2 10.8 16.2 46.6 0.23 1.26 1.50 27.2 3.0 1.6 0.45 0.18 0.06 2.4 0.82 bdl bdl

supernat. expo, as such 0.7 2.0 4.7 13.5 21.0 44.5 0.16 2.14 2.30 22.0 2.6 1.3 0.41 0.20 1.31 3.2 0.99 NM 0.27

supernat. expo, as such 3.3 3.5 8.2 22.5 37.4 20.0 0.43 4.17 4.60 7.1 NM 0.06 0.03 0.17 15.3 0.31 0.48 13.4

supernat. expo, ultrafiltered 0.3 1.2 4.3 10.5 16.4 46.7 0.36 1.36 1.71 27.1 2.7 1.5 0.44 0.18 0.09 2.4 0.79 bdl bdl

supernat. stat, as such 1.6 2.9 7.0 17.0 28.4 38.2 2.46 2.46 19.8 2.2 1.2 0.34 0.10 1.87 3.8 0.74 0.13 0.64

supernat. stat, as such 1.1 1.5 5.0 15.3 22.9 40.8 0.23 1.70 1.93 23.8 2.5 1.5 0.40 0.15 0.60 3.4 0.93 0.16 0.83

supernat. stat, ultrafiltered 0.3 0.6 4.0 9.6 14.5 47.2 0.34 0.81 1.14 27.8 3.0 1.8 0.47 0.19 bdl 3.0 0.92 0.03 bdl

bdl, below detection limit; NM, not measured

*Phosphorous and sulfur concentrations below 0.2 %

* Na 2s peak was recorded owing to the interference of Ti Auger peak with Na 1s.

C 1s N 1s
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Polystyrene

S 2p Na 1s Fe 2p

3/2

Cl 2p

3/2

Si 2p

E

b

 (eV) 291.5 288.7 288.0 286.2 284.8 Total 533 531.7 529.9 Total 401.8 400.2 Total 1071 710.6 198.7

c

Not conditioned

9.2 90.6 99.7 0.3 bdl 0.27 bdl NM NM NM NM NM

Conditioned with EPS from D. alaskensis, dialyzed

loosely bound, 0.6 lact 4.9 1.8 6.0 79.9 92.6 0.9 3.4 4.3 3.0 3.0 NM 0.18 NM NM NM

loosely bound, 6 lact 5.3 1.3 5.2 81.4 93.2 1.0 2.7 3.7 2.5 2.5 b 0.06 NM NM NM 0.54

tightly bound, 0.6 lact 3.2 2.6 7.3 77.4 90.5 1.0 4.2 5.2 0.2 4.1 4.3 NM NM NM NM NM

tightly bound, 6 lact 2.6 3.8 8.3 72.3 87.0 1.1 5.8 6.9 0.2 5.6 5.8 b 0.22 NM NM NM 0.07

Conditioned with EPS from D. desulfuricans, dialyzed

loosely bound, sulfate 4.9 bdl 4.01 86.9 95.8 0.6 1.8 2.4 1.6 1.6 NM NM NM NM 0.29

loosely bound, nitrate 3.6 1.30 5.75 82.2 92.8 1.1 2.9 4.1 0.1 2.6 2.7 NM NM NM NM 0.43

Conditioned with solutions related to Pseudomonas NCIMB 2021

fresh medium, as such 2.8 2.1 6.5 78.6 90.0 1.4 3.9 5.3 3.9 3.9 NM 0.52 NM 0.29 NM

fresh medium, as such 1.8 1.1 2.2 7.7 67.3 80.1 2.3 6.0 8.3 0.1 3.7 3.8 a 0.44 3.15 bdl 3.81 0.35

fresh medium, ultrafiltered 3.1 0.5 1.7 6.5 79.0 90.7 1.5 3.8 5.2 0.2 3.2 3.4 b 0.15 bdl bdl bdl 0.50

supernat. expo, as such 3.6 0.7 1.4 5.8 77.7 89.2 1.3 4.5 0.3 6.1 3.1 3.1 a 0.11 0.56 0.45 0.42 NM

supernat. expo, as such 1.4 1.0 2.6 8.6 63.9 77.6 3.1 7.7 1.1 12 0.2 3.3 3.5 a 0.33 2.04 0.98 2.77 0.82

supernat. expo, ultrafiltered 3.2 0.3 1.4 5.9 80.0 90.7 1.4 4.0 5.4 0.2 2.6 2.9 b 0.10 bdl 0.10 bdl 0.79

supernat. stat, as such 2.9 0.9 1.7 6.7 75.8 88.0 2.5 4.8 0.3 7.6 3.1 3.1 NM 0.42 0.35 0.47 0.11

supernat. stat, as such 3.1 0.7 1.7 6.4 75.8 87.7 2.2 4.7 6.9 0.1 2.9 3.0 a 0.22 0.52 bdl 1.05 0.67

supernat. stat, ultrafiltered 4.3 0.2 0.9 4.4 83.6 93.5 1.0 2.7 3.7 0.1 2.2 2.3 bdl bdl bdl bdl 0.51

bdl, below detection limit; NM, not measured

a, S 2p near 169.0 eV

b, S 2p near 163.5 eV

c, Si 2p in range of 102 to 103 eV

*Phosphorous concentration below 0.1 %

O 1s N 1s C 1s
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Stainless steel
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Na 1s Ca 2p
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Cl 2p
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Si 2p

E

b

 (eV)

289.0 288.0 286.2 284.8 Total 532.8 531.2 529.7 Total 401.8 400.0 c N

org

~

133 710.5 576.5

~

653 1021.5 1071.5 ~347 198.4 101.5

Cleaned with UVO

Not conditioned 0.9 1.9 2.8 33.4 39.1 2.5 19.8 19.3 41.7 0.1 0.2 0.1 0.3 0.52 b 0.52 9.3 2.1 1.01 0.41 1.42 0.27 0.16 3.1

Conditioned with EPS from  D. desulfuricans, dialyzed

loosely bound, sulfate 1.3 3.2 6.0 27.6 38.0 3.5 24.8 16.7 44.9 0.2 1.8 0.1 2.0 2.88 NM 8.9 2.4 0.44 NM NM 0.26 NM NM

loosely bound, nitrate 1.8 2.9 7.5 27.1 39.4 3.0 24.4 16.0 43.5 0.4 2.2 0.1 2.5 2.55 NM 9.0 2.3 0.42 NM NM 0.25 NM NM

Conditioned with solutions related to Peudomonas NCIMB 2021

fresh medium, as such 1.2 3.3 8.3 23.7 36.5 5.7 19.0 19.2 43.9 0.1 2.0 0.2 2.0 1.39 NM 9.8 2.1 0.26 NM 0.36 0.11 0.30 3.2

fresh medium, as such 1.8 3.3 8.0 22.6 35.7 4.9 22.6 13.9 41.4 0.1 1.8 1.9 2.20 a 0.73 7.2 1.7 0.25 0.06 1.74 0.78 3.47 2.8

fresh medium, ultrafiltered 1.6 4.6 8.8 23.4 38.3 2.8 21.1 18.0 41.9 0.1 3.6 0.2 3.7 1.34 b 0.43 8.6 2.1 0.45 0.04 bdl bdl bdl 2.9

supernat. expo, as such 2.3 5.5 10.0 22.6 40.5 3.7 20.2 14.9 38.8 0.2 4.3 0.1 4.5 bdl a 0.56 7.5 1.3 0.31 0.12 0.85 0.42 2.39 2.6

supernat. expo, as such 2.0 5.3 10.8 24.4 42.5 5.0 17.5 12.8 35.3 0.2 3.5 3.7 0.38 a 0.66 5.9 1.2 0.19 bdl 2.68 0.48 4.84 2.2

supernat. expo, ultrafiltered 1.3 6.4 10.5 21.3 39.4 3.1 20.3 17.6 41.1 0.2 4.6 0.1 4.8 0.56 b 0.43 8.1 2.0 0.20 0.09 bdl bdl bdl 3.1

supernat. stat, as such 2.0 6.5 11.1 29.3 48.8 5.4 16.9 13.3 35.6 0.2 3.3 0.2 3.5 0.43 NM 6.5 1.0 0.19 NM 0.36 0.31 0.76 2.4

supernat. stat, as such 2.2 6.1 13.6 21.1 43.0 9.7 16.8 12.7 39.1 0.1 3.4 0.1 3.4 0.56 b 0.54 5.5 1.2 0.18 0.03 1.20 0.54 2.12 2.4

supernat. stat, ultrafiltered 1.7 5.5 10.3 22.6 40.2 3.0 19.8 17.6 40.3 0.1 4.4 0.2 4.5 0.52 b 0.62 8.0 1.9 0.54 0.08 bdl bdl bdl 3.1

Cleaned with acetone

Conditioned with EPS from  D. desulfuricans, dialyzed

loosely bound, sulfate 3.2 2.1 7.0 34.5 46.9 4.2 18.6 13.9 36.7 0.2 1.9 0.3 2.1 0.94 NM 9.1 3.8 0.17 NM NM 0.16 NM NM

loosely bound, nitrate

2.6 3.1 8.6 36.1 50.4 4.3 17.3 12.7 34.4 0.3 2.7 0.2 3.0 1.01 NM 7.6 3.1 0.19 NM NM 0.16 NM NM

Conditioned with solutions related to Peudomonas NCIMB 2021

fresh medium, as such 2.5 4.8 9.3 28.4 45.0 4.3 18.8 11.9 35.0 0.2 3.6 0.2 3.8 1.02 NM 7.8 2.8 0.15 NM 1.01 0.30 1.00 1.9

fresh medium, as such 1.7 4.5 9.4 29.9 45.5 4.3 18.2 10.1 32.6 0.2 3.1 0.2 3.3 0.97 b 0.98 6.3 2.4 0.14 bdl 1.67 0.51 3.40 2.1

fresh medium, ultrafiltered 2.4 4.8 9.8 27.8 44.7 3.6 18.8 13.6 35.9 0.2 3.7 0.2 3.8 0.59 b 0.75 8.3 3.1 0.16 bdl bdl bdl bdl 2.3

supernat. expo, as such 2.6 5.3 10.1 30.9 49.0 4.0 18.5 10.8 33.3 0.1 3.8 0.1 4.0 NM a 0.10 6.9 2.2 0.08 bdl 1.01 0.36 1.08 1.8

supernat. expo, as such 2.2 5.9 11.7 30.8 50.6 5.5 15.0 7.7 28.2 0.2 4.0 0.2 4.2 0.28 b 0.80 4.3 1.4 bdl bdl 2.91 0.42 4.90 1.8

supernat. expo, ultrafiltered 2.4 4.9 10.0 30.4 47.6 3.3 17.9 12.7 33.9 0.3 3.8 0.2 4.1 0.43 b 0.77 7.5 3.0 0.18 bdl bdl bdl bdl 2.3

supernat. stat, as such 3.0 5.4 11.6 35.8 55.8 5.2 15.1 9.6 29.9 0.1 3.7 0.2 3.8 0.33 NM 5.5 1.5 0.14 NM 0.38 0.26 0.51 1.6

supernat. stat, as such 2.1 6.5 12.8 29.0 50.3 8.0 15.4 9.0 32.4 0.1 3.6 0.2 3.7 0.49 b 0.81 4.6 1.5 0.15 bdl 1.23 0.57 2.21 1.8

supernat. stat, ultrafiltered 3.1 3.4 9.3 25.8 41.7 3.0 19.9 14.8 37.7 0.2 3.6 0.3 3.8 0.32 b 0.86 9.0 3.6 0.19 bdl bdl bdl bdl 2.6

bdl, below detection limit; NM, not measured a, S 2p near 169 eV

* The Ni 2p peak was not detected in the survey spectrum b, S 2p near 162 eV

c, N 1s component or Mo 3p

3/2 

in the range of 397 to 398 eV

C 1s N 1s O 1s
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Carbon steel

O 1s P 2p S 2p Fe 2p

3/2

Mn 2p

3/2

Na 1s Ca 2p

3/2

Eb (eV) 288.2 286.3 284.8 Total Total 401.5 399.9 ~398.5 N

org

~133 a b ~642 1072 ~347

Not conditioned

1.6 5.6 29.3 36.6 47.2 bdl bdl 2.88 12.3 0.37 bdl 0.73

2.8 4.8 38.9 46.5 38.0 0.4 0.4 0.28 14.7 bdl bdl bdl

Conditioned with EPS from D. alaskensis (D, dialyzed, ND, non-dialyzed)

loosely bound, 0.6 lact - D 6.4 5.9 37.0 49.3 29.8 2.3 0.5 2.3 0.38 0.35 17.5 bdl bdl bdl

loosely bound, 0.6 lact - ND  6.4 5.7 36.8 48.8 30.2 2.8 0.8 2.8 0.15 2.38 14.5 bdl 0.4 bdl

loosely bound, 6 lactate -  D 6.9 6.5 34.3 47.6 31.4 3.4 0.6 3.4 0.40 1.45 14.8 0.23 bdl 0.08

loosely bound, 6 lact - ND 9.7 11.8 36.6 58.1 16.6 0.3 7.1 0.8 7.3 bdl 9.63 5.5 bdl 2.03 0.05

tightly bound, 0.6 lact -D 9.7 13.2 27.3 50.3 29.8 0.2 7.3 0.5 7.5 0.96 0.75 10.2 bdl bdl 0.05

tightly bound, 6 lactate - D 12.6 15.5 27.6 55.7 25.0 0.4 11.3 0.6 11.6 0.44 1.1 5.5 bdl bdl 0.02

bdl, below detection limit

a, S 2p with contributions of varying intensities  near 162, 164 and 167 eV 

b,  Fe 2p

3/2

 with contributions of varying intensities  near 707 (Fe metal), 709 and 713 eV

C 1s N 1s
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Sample nature

Solutions n mean   st.dev. mean   st.dev.

DNA-032 1 0.24 0.72

Evapor. residue D. alaskensis, Pseudomonas 10 0.03 0.03 0.05 0.07

Glass all  15 < 0.11 0.05 0.13 0.08

samples with N > 3 % 4 < 0.043 0.009 0.06 0.02

Polystyrene all  15 < 0.03 0.01 0.03 0.03

Stainless steel  D. desulfuricans,Pseudomonas 21, 22 0.35 0.40 0.06 0.03

Pseudomonas fresh medium   6 0.49 0.38 0.05 0.01

 Pseudomonas running culture 11, 12 0.10 0.04 0.04 0.01

Carbon steel D. alaskensis 6 0.08 0.06 0.02 0.02

n, number of samples

P/N N

high

/N

tot
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(b)

HC-NH-C=O  56.02 N
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Total
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Tot = ●●● 100

(mole / 100 moles excluding hydrogen)

(c) In gram of constituent / 100 moles of elements other than hydrogen

●●●

 From measurements

W = X*MM 

(c)

W*100/Tot 

constituent 

concentration 

[mass%]

(a) Molar mass of constituent

(b) Name of marker, concentration X deduced from XPS spectra

Model constituents
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