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Supplemental information was provided to substantiate the discussion and provide additional
experimental details including figures, tables, and associated references.

Electronic Supplementary Experimental Details

ToF-SIMS

ToF-SIMS V spectrometer (ION-TOF GmbH, Minster, Germany) was used in this study. Compared to
earlier works,® optimized SIMS operation conditions were used.* The detailed comparison was described
in another publication. A 25 keV Bis* cluster ion beam was the primary ion beam in this study. During
measurements, the Biz* beam was initially focused at around 200 nm diameter to obtain an observation
area of 2 um in diameter.® In each depth profile experiment (Figure 2A, region 1), a wider pulse with a
current of 1209 pA and cycle time of 30 ps was used initially before punching through the 100 nm SiN
membrane. The punch-through time was approximately 360 s. After that the SiN membrane punch-
through, a wider pulse was used for another 150 s to obtain spectra with a relatively better spatial
resolution for image analysis (Figure 2A, region I1). In the end, a narrower pulse width was used for
another 200 s to obtain data with better mass resolution (Figure 2A, region I11).

Dry biofilm and dry MM1 sample preparation

The biofilm was harvested in a tubular biofilm reactor. Each tubular biofilm reactor was made by the
peroxide-cured silicone tubing (Masterflex, length 300 mm, internal diameter 3.2 mm). In the beginning,
each reactor was inoculated using diluted overnight cultures in MM1 medium (ODeggo ~ 0.1). After 2 hrs.
stop-flow for cells’ initial attachment, the MM1 medium was continuously supplied with a flow rate of
5.4 ml/hrs. for biofilm growth. After 168 hrs., the biofilms (wet biofilms) formed inside the tubular
biofilm reactors were harvested and extracted onto a glass slide. Then the wet biofilms were further dried
by air for 120 hrs. After totally dried, the dry biofilm samples were sent for ToF-SIMS dry sample
analysis. If the samples had too much salt content, it would affect ToF-SIMS measurements due to the
matrix effects. In this case, the wet samples need to be washed by DI water three times before applying
the air-drying process.

The dry MM1 sample was made by dispensing a drop of liquid MM1 medium solution onto a clean glass
slide or silicon wafer, followed by the freeze-drying process (-80 °C) for 120 hrs.
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Supplemental Figures

Figure S1. Fluorescence images of the biofilm in the microfluidic channels: (a) WT biofilm; (b) WT
biofilm treated with Cr; (c) CP biofilm; and (d) CP biofilm treated with Cr. The white bar represents 20
pm.

The biofilms depicted above were cultured in four different SALVI devices prior to in situ liquid SIMS
analysis. Therefore, the images are not comparable for each location. The comparison of fluorescence
images shows the difference of the thickness of the WT and CP biofilms with and without Cr (V1) attack.
In this paper, we would like to use in situ liquid SIMS to give molecular evidence and explain why the
mutant CP biofilm is more resistant to toxic pollutant attacks than the WT biofilm.
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Figure S2. Schematic of the in situ liquid ToF-SIMS analysis of S. oneidensis MR-1 biofilms.



Electronic Supplementary Information

(a) |
10*
m/z- 71
10° m/z- 138
>
& m/z- 241
< 10° m/z- 376
1= I i m/z- 445
10' AP i
" V \/ ' ; i
10° I i
1 T T T Il ’ : !
200 400 600
Sputter Time (s)
X10
(b) m/z (amu) | CP biofilm + Cr
185"?I1?98|9 107 a7 1?31;?921'5 2|?? 201217 I317|3f3I %7 351 3??41342H94?5|
103MWWMMWMW
107 CP biofilm
105 Fik ! | gl | o oy | . I I
107 S EIVEORREN W0 NN SR TN By
210, WT biofilm + Cr
E103 I : l | I | | I I l I | l
.310 T
€107 WT biofilm
105 1 L lopy 10! |
10° | el i gty
10’ DI Water
107 |
10

100 150 200 250 300 350 400
m/z (amu)
Figure S3. (a) Depth profiling of the WT biofilm in the negative mode and (b) reconstructed liquid ToF-
SIMS negative spectra. Red bars depict the location of water cluster peaks.

The value is increased by 10 times in the range of m/z* >300 for clear observation. Additional spectra are
in Figures S5 and S6.



Electronic Supplementary Information

(a) | I

" (b) m/z*175 m/z+377 m/z* 445
CIOHSN02+ C.ITFHZ.INd-c’S+ (:ZEHZ'.I'NC)S+

—_
o
3
1

m/z* 377 WT +Cr
m/z* 445

-
<
1

Intensity

i
10°; E CP+Cr-
0 200 400 600 800
Sputter Time (s) 0 10 10 1
(c) 1=
wr gl
i
WT + Cr
CcpP
CP +Cr
Matrix = Signaling Glucuronide
_Polymer CHy,0, CaHyNO;’ CsHNO;
._._ otlay . 1211, U ._.+ ‘::IE:EH‘_;_',ND__-{" ::.

Figure S4. (a) Depth profiling of the untreated biofilm; (b) representative 2D images; (c) 3D images

reconstructed from Region Il in the negative depth profile.

Figure S4 provides a negative depth profile of the untreated biofilm and reconstructed represented 2D
images from Region Il in the depth profile time series in the positive mode. Region I: before the SiN
membrane was eroded away; Region II: after the SiN membrane was eroded away; Region IlI: a narrower

pulse width with lower current.
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Figure S5 provides the m/z spectra of all samples in the positive mode.
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Figure S5. Liquid ToF-SIMS spectra of all samples in the positive mode. Red bars depict the location of
water cluster peaks.

The value is increased by 10 times in the range of m/z* >300 for clear observation.
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Figure S6 provides the m/z spectra of all samples in the negative mode
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Figure S6. Liquid ToF-SIMS spectra of all samples in the negative mode. Red bars depict the location of

water cluster peaks.

The value is increased by 10 times in the range of m/z* >300 for clear observation.
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Spectral PCA was performed. Selected peaks in the m/z* range 1 to 800 atomic mass unit (amu) were
used in this analysis. Figure S7 provides additional score plots and loading plots for the positive

spectral PCA using selected peaks. The selected peak list in the positive mode is summarized in Tables

S5a and S5b. Figure S7 provides additional score plots and loading plots for the negative spectral PCA
using selected peaks. The selected peak list in the negative mode is summarized in Tables S7a and S7b.
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Figure S7. The scores plot of PC1 vs. PC2 (a); PC1 vs. PC3 (b); PC1 vs. PC4 (c); PC1 vs. PC4 (d) in the
positively selected peaks spectral PCA. The loadings plots of each PC are depicted in (e). Red bars
indicate the location of water cluster peaks, purple quorum sensing signal peaks, and green fatty acid
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Figure S8. The scores plots of PC1 vs. PC2 (a), PC1 vs. PC3 (b), PC1-PC4 (c), and PC3-PC5 (d) in the

negative selected peaks spectral PCA. The loadings plots of each PC are depicted in (e). Red bars
indicate the location of water cluster peaks, blue chromium reduction related peaks, purple quorum
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Figure S9. Image PCA in the positive ion mode. (a) Reconstructed false-color 2D PCA images in RGB
corresponding to each PC scores at these locations along the microfluidic channel in the positive mode.

The RGB composite images of the three key PCs are depicted. (b) Image PCA loadings plots illustrating
the contribution of the selective chemical species in positive ion mode.

Only data within the 2 um diameter circle were considered in the analysis.
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Supplemental Tables

Table S1. Summary of sample descriptions

Sample Brief name Chemical details/ Preparation process

Shewanella CP+Cr/ CP2-1-S1 Inoculate diluted overnight mutant CP2-1-S1 cultures into

oneidensis CP-2- biofilm+Cr SALVI system. Stop the flow 4 hrs. for initial attachment.

1S1 mutant Supply MM1 medium with a flow rate of 2.88 ml/day for

biofilm + Cr biofilm growth. At Day 7, add 100 pM KZCrZO7 into MM1 and
treat the biofilms. Harvest at Day 9

Shewanella CP/ CP2-1-S1 biofilm Inoculate diluted overnight mutant CP2-1-S1 cultures into

oneidensis CP-2- SALVI system. Stop the flow 4 hrs. for initial attachment.

1S1 mutant Supply MM1 medium with a flow rate of 2.88 ml/day for

biofilm biofilm growth. Harvest at Day 9.

Shewanella WT+Cr/WT Inoculate diluted overnight MR-1 WT cultures into SALVI

oneidensis MR-1 biofilm+Cr system. Stop the flow 4 hrs. for initial attachment. Supply MM1

wild type (WT) medium with a flow rate of 2.88 ml/day for biofilm growth. At

biofilm + Cr Day 7, add 100 uM K2Cr207 into MM and treat the biofilms.
Harvest at Day 9

S. oneidensis MR-~ WT/WT biofilm Inoculate diluted overnight MR-1 WT cultures into SALVI

1 WT biofilm* system. Stop the flow 4 hrs. for initial attachment. Supply MM1
medium with a flow rate of 2.88 ml/day for biofilm growth.
Harvest at Day 9.

S. oneidensis MR- Supernatant Centrifuge the planktonic cultures at 5000 g for 10 mins. Filter

1 Supernatant*

S. oneidensis MR-
1 Planktonic
culture*

OmcA protein
film

Chemically
defined modified
M1 medium

DI water

Planktonic/Planktonic
culture

OmcA

MM1

DI water

the supernatant by 0.22 um membrane filter unit.

Inoculate 20 pl of overnight MR-1 WT cultures into 2 ml of
MM1 medium. Grow in 30 degree, 200 rpm for 24 hrs.

Load the 100ul OmcA samples into the reservoir of centrifugal
filter unit (Millipore); add buffer; Centrifuge the samples at
4000 g for 20 mins; Discard the flow through;

Add 1ml MM1 medium into the reservoir of the centrifugal
filter unit; Centrifuge the samples at 4000 g for 20 mins; repeat
twice

Collect the samples in the reservoir for ToOF-SIMS experiment,
and discard the flow through;

Contain 30.00 mM HEPES, 7.50 mM NaOH, 28.04 mM
NH4CI, 1.34 mM KClI, 4.35 mM NaH2PO4, 0.68 Mm CaCl2
supplemented with trace amounts of minerals, vitamins, and
amino acids

The DI water from pure water system in Pacific Northwest
National Laboratory's Biological Science Facility (BSF)

*: Shewanella is abbreviated as S.

14
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Table S2a. Dry biofilm sample mass to charge ratios in the positive ion mode.

Unit mass Observed m/z Possible assignment Theoretical m/z
23 22.99 Na* 22.99
28 27.98 Sit 27.98
28 28.03 CoH4* 28.03
39 38.97 K* 38.96
40 39.96 Ca* 39.96
45 45.03 C,HsO* 45.03
45 44.98 SiOH* 44.98
57 57.03 C3Hs0O* 57.033
57 56.97 CaOH* 56.96
73 73.055 (H20)4H"* 73.05
73 73.055 SiC3Hqo' 73.05
103 103.06 CsH7* 103.05
133 133.07 C4H130Si>* 133.05
147 147.06 (CH3)3SiOSi(CHs),* 147.07
159 159.10 CsH7Os* 159.03
207 207.07 CsH1503Sis* 207.03
209 208.98 Bi* 208.98
231 231.13 CigH230* 231.17
239 239.25 CieHz 0" 239.24
261 261.08 CisHuCly* 261.02
310 310.32 CaoH3s02" 310.29
311 310.85 Ca0H3902* 311.29
325 324.84 CauHaO2* 325.31
327 327.08 CaoHa102" 327.23
341 340.77 C19H1706" 341.10
351 350.81 C19H2706" 351.18
367 367.30 C19H2707* 367.18
381 380.88 Ca0H2007" 381.19
397 397.23 Ca0H290s* 397.19
418 a Biy* 417.96
429 429.30 Ca9Ha902" 429.37
445 445.19 Ca3H27NOg* 445,17
453 453.13 CasH21MgN,O* 453.16
461 461.10 Ca3H27NOg* 461.17
469 469.12 CasH21MgN4O,* 469.15
477 476.31 Ca3H27NOgo* 477.16
485 485.04 C28H21|\/|§]N403Jr 485.15
509 508.69 CsoH2:MgN4O5* 509.15
541 541.33 CssHs5704" 541.43
565 565.35 Ca7Hs5704" 565.43
597 597.35 C3gHesO4" 597.49
627 a Bis* 626.94
643 a Bi;O* 642.94
659 a BizO.* 658.93
691 691.55 Cu3Hg7O4Na* 690.65
707 707.61 C43H8705Na+ 706.64
723 722.497 C43H8705Na+ 722.64

2 No m/z peaks were observed in the dry biofilm sample.
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Table S2b. Dry biofilm sample observed mass to charge ratios in the negative ion mode.

Unit mass m/z Observed m/z Possible assignment Theoretical m/z
26 26.01 CN- 26.00
42 42.00 CNO 42.00
63 62.97 POy 62.96
79 78.96 POs 78.96
137 136.92 Si20sH- 136.94
225 225.19 C2H3(CH2)11CO0" 225.19
237 237.21 C16H200" 237.22
239 239.21 C16H310 239.24
255 255.23 C16H3102" 255.23
277 277.07 CisH2002" 277.22
297 297.15 C19H3702° 297.28
311 311.21 CaoH3002" 311.30
325 324.07 Ca1Hu1 02 325.31
339 338.83 C22H1302" 339.33
341 341.05 C19H1706" 341.10
381 380.79 C20H2907 381.19
421 421.14 C21H29N207' 421.20
429 428.72 C29Ha902 429.37
507 506.98 Ca1H23MgN4O; 507.17
539 539.07 Ca2H27MgN4O5” 539.19
600 a C39He704 599.50
610 610.21 CuoHes04" 610.50
611 611.11 CssH31MgN4Os’ 611.22

2 No m/z peaks were observed in the dry biofilm sample.
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Table S3a. Dry MM1 medium sample observed mass to charge ratios in the positive ion mode.

Observed m/z

Possible assignment

Theoretical m/z

Unit mass m/z
23 22.99 Na* 22.99
28 27.98 Si* 27.98
39 38.97 K* 38.96
40 39.96 Ca* 39.96
45 44,98 SiOH* 44,98
57 56.97 CaOH* 56.96
73 73.05 SiCsHg* 73.05
133 133.07 CsH130Si,* 133.05
147 147.06 (CH3)3SiOSi(CHs),* 147.07
207 207.07 CsH1505Sis* 207.03
209 208.98 Bi* 208.98
418 a Bi,* 417.96
627 a Bis* 626.94

2 No m/z peaks were observed in the dry biofilm sample.

Table S3b. Dry MM1 medium sample observed mass to charge ratios in the negative ion mode.

Observed m/z

Possible assignment

Theoretical m/z

Unit mass m/z
26 26.01 CN- 26.00
42 42.00 CNO 42.00
63 62.97 POy 62.96
79 78.96 POs 78.96
137 136.92 Si,OsH" 136.94

17
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Table S4a. List of peaks selected in the positive spectral PCA excluding no water cluster peaks.

m/z  Peak assignment Descriptions and notes Reference
23 Na* Na* !
24 Mg* Mg* 2
27 CoHs* Polysaccharides 3
29  CoHs* Polysaccharides 3
30 CHsN* Glycine 45
39 K* K* !
40  Cat Ca* 6
41  CsHs* Polysaccharides 3
44 CyHgN* Alanine 45
52 Cr Cr 7
55  C4H7* Polysaccharides 3
60  CoHeNO* Serine 45
68  CsHeN* Proline 45
70 Cs4HgN* Proline 45
72 C4H10N+ Valine 45
74 CsHgNO* Threonine 45
82 C4HgNL* Histidine 45
84 C5H10N+ Lysine 45
86  C4HgNO*/CsHiN* Hydroxyproline/Leucine 45
100  C4H1oN3* Arginine 45
107 CsH;0O* Tyrosine 45
110  CsHgNs* Histidine 45
118  CgHsN* Indole 8
120 CgHioN* Phenylalanine 45
130  CgHsN* Tryptophan 45
136  CgH1oNO* Tyrosine 45
159 C7H1;04%/CsH7Os* Polymer/Protein/Fragment of p-D-Ethyl glucuronide 9,10
1729 CgHNO3* N-Acylhomoserine lactones (signal related) 11,12
1759 CioHsNO* Hormones/ Quinolone signal (QS) related/ L-arginine 13-15
1889  C11H10NO,*/CgH14NOS* Hormones/ Quinolone signal (QS) related/ N- 13-15
Acylhomoserine lactones (signal related)
199  CioHa302* Diffusible signal factor family(DSF) 16,17
210  CiiHisNo0O3* Diketopiperazines (DKPs), Cyclo (L-Leu-L-Val) 1
213 CisHzs07* Diffusible signal factor family(DSF) 16,17
214 CioH1eNO4* N-Acylhomoserine lactones (signal related) 1
2399 CyHx 0" Palmitic acid 18,19
243  CpoHiN4Or* Riboflavin (loss of ribityl side chain)/A-factor (Signal 20-22
/C13H2304%/C15H31. 05" related)/Diffusible signal factor family(DSF)
245  CisH17NoO3* Diketopiperazines (DKPs), Cyclo (L-Phe-L-Pro) e
2574 C16H330,* Palmitic acid 18,19
2609 CieH2NO,* Quinolone signal (QS) related 13-15
261  CisHuCl* Chlorine-containing polymers 23
298  CisH2sNO4* N-Acylhomoserine lactones (signal related) 1
327  CuHxOs* Fatty acid/ Microbial mat(monoacylglycerol) 24,25
341  CyH1706" polymers %
343 CyeH27N206" N-Acylhomoserine lactones (signal related) 11,12
377d C:|_7H21N4Oe+ Riboflavin 20-22
378d C:|_7H22N4Oe+ Riboflavin 20-22
397  CooHao" Fatty acid side chain/ Cyclic lipid (from 17a(H),21p(H)- 24,25
Norhopane)
413 CygHss02* Cyclic lipid (from a-Tocopherol) 24,25
429  CyoHse02" Cyclic lipid (from a-Tocopherol) 24,25
445  Cy3Hy7NOg* Glucuronides 2
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453

461
469
477
485
509
513¢

5191

525
541
566
581
597
691
707
723

C13H30N408Na+/
C23H21M gN4O+
C23H27NOg"
CosH21MgN,O2*
C23H27NO1o*
C2sH21MgN,O3*
Ca2He104"
Cs2HesO4"

Ca2HasN204*

Ca4Hs304"
CasHs704"
CasHeoO4"
CssHe104"
CaoHes04"
CasHg7O4+Na*
CasHg7Os+Na*
CasHgrOst+Na*

Polymer/Cyclic lipid (from Chlorophyll a)
Glucuronides

Cyclic lipid (from Chlorophyll a)
Glucuronides

Cyclic lipid (from Chlorophyll a)
Microbial mat (diacylglycerol)

Palmitic acid

Quinolone signal (QS) related

Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Glycerolipids; Hydroxyarchaeol
Glycerolipids; Hydroxyarchaeol
Glycerolipids; Hydroxyarchaeol

24,25

27
24,25
27
24,25
24,25
18

13-15

24,25
24,25
24,25
24,25
24,25
28
28
28

d: The peaks were also identified by dry control samples, and the details were shown in the supplemental

information in the previous work
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Table S4b. List of water cluster peaks selected in the positive spectral PCA.

m/z Formula Descriptions Reference
19 (H.0)H* Water cluster 30-33
37 (H20),H*
55 (H20)sH*
73 (H20)aH*
91 (H20)sH*
109 (H20)sH*
127 (H20)7H*
145 (H20)gH*
163 (H20)oH*
181 (H:0)10H*
199 (H20)H*
217 (H,0)12H*
235 (H20)1H"
253 (H20)1eH"
271 (H,0)15H*
289 (H20)1H"
307 (H20)7H*
325 (H20)15H"
343 (H20)1H"
361 (H20)0H"
379 (H20)sH*
397 (H20)2H*
415 (H20)H"
433 (H20)24H*
451 (H20)25H"
469 (H20)26H"
487 (H20)7H*
505 (H20)28H*
523 (H20)20H*
541 (H20)30H*
559 (H20)3:H*
577 (H20)3:H*
595 (H20)33H*
613 (H20)3eH"
631 (H20)ssH"
649 (H20)s6H"
667 (H20)s7H"
685 (H20)ssH"
703 (H20)s5H"
721 (H:0)s0H*
739 (H20)eH*
757 (H,0)a2H*
775 (H,0)saH*
793 (H20)aeH"
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Table S5a. List of peaks selected in the negative spectral PCA (non-water cluster).

m/z Tentative Formula Description/Notes Reference
71 [C2HsCOOT Aliphatic chain fragment ions of fatty acids 3
85 [C2H3(CH)1COO]  Aliphatic chain fragment ions of fatty acids 3
99 [C2H3(CH,).COQ]  Aliphatic chain fragment ions of fatty acids 3
100 CrOs Cr related peak 35
103 Cr(OH)s Cr related peak 35
113 [C2H3(CH,)sCOO]  Aliphatic chain fragment ions of fatty acids 34
116 CgHsN/CrO4 Indole/Cr related peak 35
120 Cr(OH)s(s) + OH" Cr related peak 35
127 [C2H3(CH,)sCOO0]  Aliphatic chain fragment ions of fatty acids 34
138 Cr(OH)3.H,0.0H- Cr related peak %
141 [C2H3(CH)sCOQ]  Aliphatic chain fragment ions of fatty acids 3
155 [C2H3(CH)sCOQ]  Aliphatic chain fragment ions of fatty acids 3
156 Cr(OH)3.2H,0.0H  Cr related peak %
169 [C2H3(CH,);COQ]"  Aliphatic chain fragment ions of fatty acids 3
170¢ CgH12NO5" N-Acylhomoserine lactones (signal related) 11,12
173¢ C1oH7NO7 Hormones/ Quinolone signal (QS) related 13-15
183 [C2H3(CH,)sCOO]  Aliphatic chain fragment ions of fatty acids 34
186° CgH12NO4 Hormones/ Quinolone signal (QS) related/ N-Acylhomoserine 13-15
/C11HsN O lactones (signal related)
199 C12H2302' Lauric acid 36
209 C11H17N20y Diketopiperazines (DKPs), Cyclo (L-Leu-L-Val) 16,17
211 [C2H3(CH2)10CO0]"  Aliphatic chain fragment ions of fatty acids/ Diffusible signal 16,17
/C13H2302" factor family(DSF)
212 C1oH14NO4 N-Acylhomoserine lactones (signal related) 1
213 CH3(CH2)1.CO0O Tridecylic acid 36
216 Cr,07 Cr related peak %
225 [C2H3(CH,)1:CO0]"  Aliphatic chain fragment ions of fatty acids 34
227 C14H2702' Myristic acid 36
237¢ C16H290 Palmitic acid 18,19
239 [C2H3(CH,)12CO0]"  Aliphatic chain fragment ions of fatty acids 3
241¢ C12HoN4Oy Pentadecylic acid/Riboflavin/A-factor (Signal related)/ 16,17, 20-22,
/C13H2104 Diffusible signal factor family(DSF) 36
/C15H2902
243 C14H15N202 Diketopiperazines (DKPs), Cyclo (L-Phe-L-Pro) 16,17
249 C16H2502 Fatty acid 24,25
255¢ Ci6H3107" Palmitic acid/Fatty acid 18,19, 36
258° Ci6H20NOy Hormones/ Quinolone signal (QS) related 13-15
265 C17H2902" Fatty acid 24,25
277 C1gH200, Fatty acid 24,25, 37
296 Ci6H26NO4 N-Acylhomoserine lactones (signal related) 1
297 CioH3707" Fatty acid/ polar compounds 38,39
311 C20H3507" Fatty acid/ polar compounds 38,39
317 C21H3307 Polymer, lipids or protein related peaks 24,2540
325 C21H4107 Fatty acid/ polar compounds 38,39
333 C21H3305" Microbial mat (monoacylglycerol) 24,25
339 C22H4307 Fatty acid/ polar compounds 38,39
341° Ci6H2sN20¢6 N-Acylhomoserine lactones (signal related)/Fatty acid/polymer 1112
/C21H4103
3768 C17H20N40s' Riboflavin 20-22
3778 C17H21N40s' Riboflavin 20-22
419 C29H3907 Cyclic lipid (from a-Tocopherol) 24,25
429 C29HagO2 Cyclic lipid (from a-Tocopherol) 24,25
433 Ca2Hag™ Cyclic lipid (from p-B-Carotene) 24,25
445 CasHag™ Cyclic lipid (from p-B-Carotene) 24,25
447 CasHst Cyclic lipid (from p-B-Carotene) 24,25
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453
455
481
497
511¢
517¢
525
555
571
601
610
611
625
627
638
643
651
652
667
680
683
694
708
723
739
744
755

ngH21MgN4O‘
C17H20N4O9P"
CsonsM g N40'
CzoH25MgN4Oy
Ca2He3047/C33H5:04
Ca2Ha1N2O4
CasHs304
CasHs904
Ca7He304
C39HesO4
Ci0HesO4
C3sHaiMgN4Os
Cs1HesOf
CssHaiMgN4Og
C41Hs006
Ca1Hs50¢
Ca2Hs510¢
Ca2Hs20¢
Ca3Hss0¢
Ca4Hs60¢
CasHs90¢
Cs5Hs06
Ci6He0O6™
C47He306
CsgHe706”
CsgH7106
CagH700¢

Cyclic lipid (from Chlorophyll a)
Flavin mononucleotide (FMN)
Cyclic lipid (from Chlorophyll a)
Cyclic lipid (from Chlorophyll a)
Palmitic acid/Microbial mat (diacylglycerol)
Hormones/ Quinolone signal (QS) related
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Cyclic lipid (from Chlorophyll a)
Microbial mat (diacylglycerol)
Cyclic lipid (from Chlorophyll a)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (triacylglycerol)
Microbial mat (triacylglycerol)
Microbial mat (triacylglycerol)

24,25
41

24,25
24,25
18

13-15
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25

& The peaks were also identified by dry control samples, and the details were shown in the supplemental
information in the previous work
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Table S5b. List of peaks selected in the negative spectral PCA (water cluster).

Mass/Charge Formula Descriptions Reference
17 OH Water cluster 30-33
35 H.O0H"

53 (H,0),0H-
71 (H20):0H-
89 (H,0),0H-
107 (H,0)s0H-
125 (H20)s0H-
143 (H20);0H-
161 (H20)s0H-
179 (H20)s0H"
215 (HzO)nOH'
233 (H20)120H'
251 (H20)130H'
269 (H20)14OH'
287 (H20)150H'
305 (HzO)mOH'
323 (H20)17OH'
341 (HzO)mOH'
359 (H20)150H"
377 (H20)200H"
395 (H20),:0H"
413 (H20)2,0H"
431 (H20)230H"
449 (H20)24OH'
467 (H20)250H"
485 (H20)260H"
503 (H20),,0H"
521 (H20)250H"
539 (H20)290H"
557 (H20)300H"
575 (HzO)310H'
593 (HzO)szOH'
611 (HzO)ngH'
629 (H20)34OH'
647 (HzO)ssOH'
665 (HzO)seOH'
683 (H20)37OH'
701 (HzO)ssOH'
719 (HzO)ngH'
737 (HzO)4oOH'
755 (H20)410H'
773 (H20)420H'
791 (H20)430H"
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Table S6a. List of peaks selected in the positive 2D image PCA excluding water cluster peaks.

m/z  Peak assignment Descriptions and notes Reference
52 Cr Cr 7
55  C4H7* Polysaccharides 3
60  CoHeNO* Serine 45
68  CsHeN* Proline 4.5
70 C4HgN* Proline 4.5
72 C4H10N+ Valine 4.5
74 C3HgNO* Threonine 4.5
82 C4HgNL* Histidine 4.5
84 C5H10N+ Lysine 4.5
86  C4HsNO*'/CsHioN* Hydroxyproline/Leucine 45
100 C4H1oNs* Arginine 45
107 CsH;0O* Tyrosine 45
110  CsHgNs* Histidine 45
118  CgHsN* Indole 8
120 CgHioN* Phenylalanine 45
130  CgHsN* Tryptophan 45
136 CgH1oNO* Tyrosine 45
159 C7H1;04%/CsH7Os* Polymer/Protein/Fragment of B-D-Ethyl glucuronide 9,10
1729 CgHNO3* N-Acylhomoserine lactones (signal related) 1,12
1759 CioHsNO* Hormones/ Quinolone signal (QS) related/ L-arginine 1315
1889  Ci11H10NO2*/CgH14aNO4*  Hormones/ Quinolone signal (QS) related/ N-Acylhomoserine 1315
lactones (signal related)
199  CioHp302* Diffusible signal factor family(DSF) 16,17
210  CiiHisNo0O3* Diketopiperazines (DKPs), Cyclo (L-Leu-L-Val) o
213 CisHzs07* Diffusible signal factor family(DSF) 16,17
214 CioH1eNO4* N-Acylhomoserine lactones (signal related) 1
2399 Ci6H30O* Palmitic acid 18,19
243 CpHiN4Or* Riboflavin (loss of ribityl side chain)/A-factor (Signal 20-22
/C13H2304%/C15H31 05" related)/Diffusible signal factor family(DSF)
245  CisH17NoO3* Diketopiperazines (DKPs), Cyclo (L-Phe-L-Pro) o
2574 C16H330,* Palmitic acid 18,19
2609 CyigH2NO,* Quinolone signal (QS) related 1315
261  CisHuCl* Chlorine-containing polymers 3
298  CisH2sNO4* N-Acylhomoserine lactones (signal related) o
327  CuHxOs* Fatty acid/ Microbial mat(monoacylglycerol) 4,2
341  CyH1706" polymers %
343 CyeH27N206" N-Acylhomoserine lactones (signal related) 1,12
377d C:|_7H21N4Oe+ Riboflavin 20-22
378d C:|_7H22N4Oe+ Riboflavin 20-22
397  CooHag" Fatty acid side chain/ Cyclic lipid (from 170(H),21B(H)- 24,25
Norhopane)
413 CyHus0o* Cyclic lipid (from a-Tocopherol) 24,25
429  CyoH0o* Cyclic lipid (from a-Tocopherol) 24,25
445  Cy3Hy7NOg* Glucuronides 2
453 C13H30N408Na+/ 24,25
CasH21MgN,O* Polymer/Cyclic lipid (from Chlorophyll a)
461  Cy3H27NOg* Glucuronides 7
469  CzH21MgN,O;* Cyclic lipid (from Chlorophyll a) 4,2
477  CyHy7NO1p" Glucuronides 2
485  CH2MgN4O3* Cyclic lipid (from Chlorophyll a) 4,2
509 CsHeO4t Microbial mat (diacylglycerol) 4,2
513¢ CaoHgs04" Palmitic acid 18
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519¢

525
541
566
581
597
691
707
723

CazHa3N204"

CasHs304"
CasHs704"
CasHeoO4"
CasHe104"
CsoHes04"
Cy3Hg7O4+Na*
Cs3Hg7Os+Na*
CasHgrOs+Na*

Quinolone signal (QS) related

Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Glycerolipids; Hydroxyarchaeol
Glycerolipids; Hydroxyarchaeol
Glycerolipids; Hydroxyarchaeol

13-15

24,25
24,25
24,25
24,25
24,25
28
28
28

d: The peaks were also identified by dry control samples, and the details were shown in the supplemental
information in the previous work ?°
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Table S6b. List of water cluster peaks included in the positive 2D image PCA.

m/z Formula Descriptions Reference
55 (H.0)sH* Water cluster 30-33
73 (H20)H"*
91 (H20)sH*
109 (H20)sH*
127 (H20)H*
145 (H20)eH"*
163 (H20)oH*
181 (H20)10H*
199 (H20)11H*
217 (H20)1H*
235 (H20)15H"
253 (H20)14H"
271 (H20)15H"
289 (H20)15H"
307 (H,0)7H*
325 (H20)15H"
343 (H20)15H"
361 (H20)0H"
379 (H20)sH*
397 (H20)5H*
415 (H20)2H"
433 (H20)24H*
451 (H20)25H*
469 (H20)26H*
487 (H20)7H*
505 (H20)2H*
523 (H20)26H*
541 (H20)30H*
559 (H20)3:H*
577 (H20)3:H*
595 (H20)33H*
613 (H20)aH*
631 (H20)3sH*
649 (H20)sH"
667 (H20)s/H*
685 (H20)sH"
703 (H20)sH"
721 (H20)a0H"
739 (H20)uH*
757 (H20)aH*
775 (H20)4H"
793 (H20)aeH"
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Table S7a. List of peaks selected in the negative 2D image PCA excluding water cluster peaks.

m/z Tentative Formula Description/Notes Reference
71 [C2HsCOOT Aliphatic chain fragment ions of fatty acids 3
85 [C2H3(CH,)1COO]  Aliphatic chain fragment ions of fatty acids 3
99 [C2H3(CH,).COQ]  Aliphatic chain fragment ions of fatty acids 3
100 CrOs Cr related peak 35
103 Cr(OH)s Cr related peak 35
113 [C2H3(CH,)sCOO]  Aliphatic chain fragment ions of fatty acids 34
116 CgHsN/CrO4 Indole/Cr related peak 35
120 Cr(OH)s(s) + OH" Cr related peak 35
127 [C2H3(CH,)sCOO0]  Aliphatic chain fragment ions of fatty acids 34
138 Cr(OH)3.H,0.0H- Cr related peak %
141 [C2H3(CH)sCOQ]  Aliphatic chain fragment ions of fatty acids 3
155 [C2H3(CH)sCOQ]  Aliphatic chain fragment ions of fatty acids 3
156 Cr(OH)3.2H,0.0H  Cr related peak %
169 [C2H3(CH,);COQ]"  Aliphatic chain fragment ions of fatty acids 3
170¢ CgH12NO5" N-Acylhomoserine lactones (signal related) 11,12
173¢ C1oH7NO7 Hormones/ Quinolone signal (QS) related 13-15
183 [C2H3(CH,)sCOO]  Aliphatic chain fragment ions of fatty acids 34
186° CgH12NO4 Hormones/ Quinolone signal (QS) related/ N-Acylhomoserine 13-15
/C11HsN O lactones (signal related)
199 C12H2302' Lauric acid 36
209 C11H17N20y Diketopiperazines (DKPs), Cyclo (L-Leu-L-Val) 16,17
211 [C2H3(CH2)10CO0]"  Aliphatic chain fragment ions of fatty acids/ Diffusible signal 16,17
/C13H2302" factor family(DSF)
212 C1oH14NO4 N-Acylhomoserine lactones (signal related) 1
213 CH3(CH2)1.CO0O Tridecylic acid 36
216 Cr,07 Cr related peak %
225 [C2H3(CH,)1:CO0]"  Aliphatic chain fragment ions of fatty acids 34
227 C14H2702' Myristic acid 36
237¢ C16H290 Palmitic acid 18,19
239 [C2H3(CH,)12CO0]"  Aliphatic chain fragment ions of fatty acids 3
241¢ C12HoN4Oy Pentadecylic acid/Riboflavin/A-factor (Signal related)/ 16,17, 20-22,
/C13H2104 Diffusible signal factor family(DSF) 36
/C15H2902
243 C14H15N202 Diketopiperazines (DKPs), Cyclo (L-Phe-L-Pro) 16,17
249 C16H2502 Fatty acid 24,25
255¢ Ci6H3107" Palmitic acid/Fatty acid 18,19, 36
258° Ci6H20NOy Hormones/ Quinolone signal (QS) related 13-15
265 C17H2902" Fatty acid 24,25
277 C1gH200, Fatty acid 24,25, 37
296 Ci6H26NO4 N-Acylhomoserine lactones (signal related) 1
297 CioH3707" Fatty acid/ polar compounds 38,39
311 C20H3507" Fatty acid/ polar compounds 38,39
317 C21H3307 Polymer, lipids or protein related peaks 24,2540
325 C21H4107 Fatty acid/ polar compounds 38,39
333 C21H3305" Microbial mat (monoacylglycerol) 24,25
339 C22H4307 Fatty acid/ polar compounds 38,39
341° Ci6H2sN20¢6 N-Acylhomoserine lactones (signal related)/Fatty acid/polymer 1112
/C21H4103
3768 C17H20N40s' Riboflavin 20-22
3778 C17H21N40s' Riboflavin 20-22
419 C29H3907 Cyclic lipid (from a-Tocopherol) 24,25
429 C29HagO2 Cyclic lipid (from a-Tocopherol) 24,25
433 Ca2Hag™ Cyclic lipid (from p-B-Carotene) 24,25
445 CasHag™ Cyclic lipid (from p-B-Carotene) 24,25
447 CasHst Cyclic lipid (from p-B-Carotene) 24,25
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453
455
481
497
511¢
517¢
525
555
571
601
610
611
625
627
638
643
651
652
667
680
683
694
708
723
739
744
755

ngH21MgN4O‘
C17H20N4O9P"
CsonsM g N40'
CzoH25MgN4Oy
Ca2He3047/C33H5:04
Ca2Ha1N2O4
CasHs304
CasHs904
Ca7He304
C39HesO4
Ci0HesO4
C3sHaiMgN4Os
Cs1HesOf
CssHaiMgN4Og
C41Hs006
Ca1Hs50¢
Ca2Hs510¢
Ca2Hs20¢
Ca3Hss0¢
Ca4Hs60¢
CasHs90¢
Cs5Hs06
Ci6He0O6™
C47He306
CsgHe706”
CsgH7106
CagH700¢

Cyclic lipid (from Chlorophyll a)
Flavin mononucleotide (FMN)
Cyclic lipid (from Chlorophyll a)
Cyclic lipid (from Chlorophyll a)
Palmitic acid/Microbial mat (diacylglycerol)
Hormones/ Quinolone signal (QS) related
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Microbial mat (diacylglycerol)
Cyclic lipid (from Chlorophyll a)
Microbial mat (diacylglycerol)
Cyclic lipid (from Chlorophyll a)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (carotenoids)
Microbial mat (triacylglycerol)
Microbial mat (triacylglycerol)
Microbial mat (triacylglycerol)

24,25
41

24,25
24,25
18

13-15
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25
24,25

& The peaks were also identified by dry control samples, and the details were shown in the supplemental
information in the previous work
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Table S7b. List of water cluster peaks included in the negative 2D image PCA (water cluster).

Mass/Charge Formula Descriptions Reference
71 (H20)s0H" Water cluster 30-33
89 (H,0),0H-
107 (H20)s0H"
125 (H20)s0H"
143 (H,0);0H"
161 (H20)s0H"
179 (H20)s0H-
215 (HzO)nOH'
233 (H20)120H'
251 (H20)130H'
269 (H20)14OH'
287 (H20)150H'
305 (HzO)mOH'
323 (H20)17OH'
341 (HzO)mOH'
359 (HzO)1gOH'
377 (HzO)zoOH'
395 (HzO)21OH'
413 (H20)2,0H"
431 (H20)230H"
449 (H20)240H"
467 (H20)250H"
485 (H20)260H"
503 (H20)27OH'
521 (HzO)ngH'
539 (HzO)ngH'
557 (H20)300H'
575 (H20)310H'
593 (H20)320H'
611 (H20)330H'
629 (H20)34OH'
647 (HzO)ssOH'
665 (HzO)seOH'
683 (H20)37OH'
701 (HzO)ssOH'
719 (HzO)ngH'
737 (HzO)4oOH'
755 (H20)410H'
773 (H20)420H'

791 (H20)430H'
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