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Abstract of Thesis

Quorum sensing (QS) is a form of cell-to-cell communication controlled by chemical signals in the form of
molecules, including N-acyl-homoserine lactones (AHLs), which regulate biofilm. Biofilm formation depends on
the surface it is on and requires research into its chemical composition, temporal regulation, and spatial
distribution. Understanding the role of QS in biofilm formation is important for addressing microbial biofilm
growth issues. Pseudomonas putida is a well-studied biofilm-forming bacterium which was involved in bacterial
rhizosphere competence to promote plant growth and used as the biosurfactant in the bioremediation. However,
the process of P. putida biofilm formation is still poorly understood due to the lack of knowledge of the QS
system, which requires advances in analytical techniques. This study aims to develop a sample preparation and
cultivation method for widespread mass spectrometry-based chemical imaging of agar-based biofilms. Matrix-
Assisted Laser Desorption/Ionization Mass Spectrometry Imaging (MALDI-MSI) has been utilized to explore
the distribution of metabolites within the biofilms and examine the interplay between co-cultures. The
conventional method employed for MSI analysis in biofilm studies, drip flow reactor, is subject to limitations in
its visualization of QS metabolites. Reports indicate a dramatic decrease in the intensity of these QS compounds
after 48 hours, whereas the drip flow reactor method requires at least 72 hours for cultivation. Thus, this
experiment endeavors to develop a novel workflow for the cultivation and characterization of agar-based biofilms
for MALDI-MSI analysis. The workflow commences with the cultivation of P. putida 6157 directly on an ITO-
coated glass slide embedded in a thin layer of agar medium, followed by incubation for various time periods.
After incubation, the biofilm and surrounding agar attached to the glass slide undergo specific biofilm
processing, to preserve biofilm morphology during the sublimation of the 2,5-dihydroxybenzoic acid matrix prior
to MALDI-MSI analysis. The utilization of agar-based biofilms in MALDI-MSI enables the first visualization of
AHL-QS metabolites and their distributions within P. putida biofilm. A time-course analysis of MALDI-MSI
was conducted on biofilm samples incubated for 6, 12, 24, and 48 hours post-inoculation. This examination shed
light on the correlation between the spatial distribution of QS metabolites produced by P. putida 6157 and the
progression of biofilm formation. The findings revealed that the QS metabolites detected in P. putida biofilms
varied over the course of cultivation. Two prominent ion groups were recognized as QS metabolites. The first
group, N-butanoyl-L-homoserine lactone and N-3-oxo-dodecanoyl-L-homoserine lactone, was present in early-
stage biofilms and concentrated around the point of inoculation. The second group, comprised of quinolone
metabolites, 2-heptyl-4-quinolone, 2-heptyl-3-hydroxy-quinolone, and 2-nonyl-4-quinolone, was observable only
in mature biofilms and uniformly distributed across the surface of P. putida 6157 biofilms which suggests
swarming motility, resulting in a massive movement of cells and, thus, mature biofilm formation. Pyochelin was
present only in mature biofilms and primarily located at the forefront. These results highlight a distinct
association between the temporal production and spatial distribution of QS metabolites and the advancement
of biofilm development in P. putida 6157. Finally, a comprehensive genome sequencing was performed on
genomic DNA obtained from P. putida 6157 to confirm the existence of AHL-QS. This study marked the first
time that the presence of AHL-QS in the genome of P. putida 6157 was reported, resulting in the detection of
AHL-QS metabolites through MALDI-MSI visualization.
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AEHRRNEDOBRICE S E Y T, BE%, AT7A T T RMNE LT AL 47 4 v b L JEBH
DFER % | RIKREHETOBRBEAECHRE TR EORLEO%, MALDI-MSIZ47\y, P. putida
NAF T 4V ANFOMLs-QSTREM B L RE 02O Trlfb L7z, RFEDOI L5
EEDT- 0, BEfE%6, 12, 24, 4A8WFRH. 26°C TEEEE L71-/3A A 7 ¢ /L i BEOMSTHEAT 2 FH6 L
7. 8kOXF L — NIEETAH TR I74T7 THHEA 7 LE, P. putida 6157314 47 4 /L
LDORRAINC DI, FIAA T 7 4V ADOFHIF CRIE ST, ZORE%. P. putidas3A A
7 4 VA ETHRHENTZQSINEIIL., ERFEOEBEWCEZ>TRILELLDOTIXRWNWZ Ex3bho
7=. P. putida 6157TWNFEAT ZQSREM DZEM AT & SA F 7 4 v MEEEERE & DR EZ 6
DT D0 H A bhoa— AN 235 L, P. putida 615712351F QS DR A A BE & 22
A & NAF T 4V DOFTE L ORI Z2BIRN S 5 2 &R S iz, 6IRFEE KOV 21
EEEE L7o A A7 4 )V DI, T T 4 )V DO 22 U, 24FFf 36 L OM8HFfE & L 7
INATF T AV DITRASA T 4 VAOFR AR LTz, ZOFEEO A, FEKES) & OB
e E < Mo REBEIZ L7206 L, ZOME. KA LIEAA T 7 4 VARER SN D Z
EOVHEIBA LT, WFZRICHE L7P. putidablbTiE E NA F 7 4 VW AZTERT D Z E R BTN
%P. aeruginosa & D7 ) LG AT o 724558, P.putidabls7¥RIZ 7 4T Ak v v T LA WRE
EICBED D #HOBRTHOGELZMR L. LEOMRAIZEY, 74T 220 7T
% Ak & AHL-QS & W o RA A7 4 )V BTERRD A T = X N D MR BRD » T2. ABFIET
EHALIZY =7 70— 3TV TH Y BRa RBMAEM DS AT 4 )V MR G IS T 5 2
EMMFRETH D, AWFILIINA 7 4 )V AW D D 5 2 Thiged TEE /2 HMEHEICh 5
AT T4 NVDDEEGNA A= 7 HFE LT TORETH D, Ko TR T 5
XELTMENRH DD ERDD.






