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Supporting Information 

Figure S1. Raman spectra of quinolone standards. 

Table S1. Putative metabolites detected on P. aeruginosa biofilm. 

Figure S2. C60-SIMS tandem MS spectra for metabolites identified on P. aeruginosa biofilm. 

Figure S3. Full C60-SIMS images of metabolites detected in Figure 4 region of interest (ROI). 

Figure S4. Spatial co-location of characteristic fragment ions with parent quinolone classes in 
Figure 4 ROI. 
 
Figure S5. Low resolution SEM image of Figure 5 ROI. 
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Figure S1. Raman spectra of quinolone standards. Raman spectra of quinolones (i) HHQ and (ii) 
PQS are uniquely characterized by contributions from ring deformation, ring breathing and ring 
stretching vibrations.  Ring deformation vibrations are represented by the bands at 431 cm-1, 490 
cm-1 and 570 cm-1 in PQS and at 489 cm-1, 573 cm-1, 642 cm-1 and 753 cm-1 in HHQ.1,2 The band at 
1031 cm-1 in both PQS and HHQ is indicative of ring breathing vibrations. The bands found in the 
1300 -1600 cm-1 region of the spectrum are characteristic of ring stretching vibrations which are 
associated with intense bands. In the PQS spectrum the major bands in this region are at 1371 cm-1, 
assigned to the C-C stretching vibrations of the quinolone ring with contributions from CH bending 
vibrations,1-3 1557 cm-1 attributed to (C-C-C) and (C-N-C)  ring stretching vibrations,1,2 and at 1603 
cm-1 assigned to symmetric C=C stretching vibrations of the quinolone ring.1,2 In HHQ, the major 
bands are at 1353 cm-1 arising from C-C stretching vibrations of the quinolone ring with 
contributions from CH bending vibrations,1,4 1553 cm-1 attributed to (C-C-C) and (C-N-C) ring 
stretching vibrations,1 1501 cm-1 and 1593 cm-1 assigned to (C-C-C) and symmetric C=C ring 
stretching vibrations.1 Other significant bands characterized by non-ring vibrations in PQS are 1158 
cm-1 from CH bending vibrations1,4 and 1245 cm-1 attributed to contributions from CH bending and 
CH twisting vibrations.4 In HHQ, bands at 1173 cm-1 and 1239 cm-1 mark similar vibrations.1,4 CH2 
deformation vibrations are observed at 1464 cm-1 and 1471 cm-1 in PQS and HHQ, respectively.1,5,6 
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Table S1. Mass list for metabolites detected by C60-SIMS analysis of P. aeruginosa biofilm. 
Compounds listed in bold typeface were confirmed with in situ tandem MS (spectra shown in 
Figure S3). * Indicates fragment ion detected as M+ or M•+. 
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Figure S2. C60-SIMS tandem MS spectra of biofilm metabolites. Spectra were collected directly 
from the untreated biofilm surface. Characteristic fragment ions matching those reported in previous 
work7 are labeled in the spectra and color-coded in cases of isobaric species. 
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Figure S3. Full C60-SIMS images of metabolites detected in Fig. 4 ROI. Scale bar = 250 µm. 
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Figure S4. Spatial co-location of characteristic fragment ions with parent quinolone classes in 
Fig. 4 ROI. 4-quinolone HHQ and characteristic fragments m/z 172/159 show good agreement of 
spatial localization throughout the imaged region, likewise the 3-hydroxy-4-quinolone PQS and 
characteristic fragments m/z 175/188 are co-localized differently. Scale bars = 200 µm. 
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Figure S5: Low resolution SEM image of Figure 5 ROI. An electron micrograph of the region 
around the “quinolone hot spot” shown in Figure 5 shows smooth biofilm surface elsewhere, 
compared with a coarser texture and visible individual cells in the region of intense quinolone (and 
phosphocholine) signal. 
 

References 

(1) Bolboaca, M.; Kiefer, W.; Popp, J. J. Raman Spectrosc. 2002, 33, 207-212. 

(2) Frosch, T.; Schmitt, M.; Popp, J. Anal. Bioanal. Chem. 2007, 387, 1749-1757. 

(3) Neugebauer, U.; Szeghalmi, A.; Schmitt, M.; Kiefer, W.; Popp, J.; Holzgrabe, U. Spectrochim. 
Acta. A. Mol. Biomol. Spectrosc. 2005, 61, 1505-1517. 

(4) Wang, Y.; Yu, K.; Wang, S. Spectrochim. Acta. A. Mol. Biomol. Spectrosc. 2006, 65, 159-163. 

(5) Harz, M.; Rosch, P.; Peschke, K. D.; Ronneberger, O.; Burkhardt, H.; Popp, J. Analyst 2005, 
130, 1543-1550. 

(6) Neugebauer, U.; Schmid, U.; Baumann, K.; Ziebuhr, W.; Kozitskaya, S.; Deckert, V.; Schmitt, 
M.; Popp, J. ChemPhysChem. 2007, 8, 124-137. 

(7) Lépine, F.; Milot, S.; Déziel, E.; He, J.; Rahme, L. G. J. Am. Soc. Mass Spectrom. 2004, 15, 
862-869. 

 

S-7 
 


