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ABSTRACT

Prodigiosin is a secondary metabolite produbgdsram negativé&erratia mar-
cescengS. marcescendacteria and it is characterized by a pyrrolyl pyrromethene
skeleton and different alkyl substituents. In its production are involved different
enzymes and it is a pigment capable of inducing the apoptosis of several cancer cell
lines, so its antioxidangntifungal, antitumoral and antibiotic potential is very im-
portant.Prodigiosinproductionneeddlissolved oxygergnincubation timeofa 6 0
hours a solutiorpH of & 8, a growthtemperaturef 28°C,andpresence adfissolved
phosphatedts production is controlled by a complex regulatory network of both
N-acytL-homoserine lactonguorumsensingdependent and independent path-
ways. Prodigiosin can exist in two forms, depending on the hydrogen ion concen-
tration of the solution: in an acidedium, the red pigment exhibits a sharp spectral
peak at 535 nm, while in the alkaline medium the pigment is coloured eyahge

low and has a broader spectral curve at 470 nm. lwarl, threeisolatesof Ser-

ratia marcescen$rom blackberry fruit Rubusfruticosus cultivar "Polar"), later
named D2, D4 and D6, were used, while tbelate Serratia marcescensar
kiliensisPCM 550 (designated as PJ), from Baish Collection of Microorgan-
ismsof thelnstitute of Immunology and Experimental Therapy ofRbksh Acad-

emy of Sciencasn Wr ocgaw was used as reference
work were firstly, to characterize the pigment prodigiosin and, secondly, to verify
if the Gram variability ofS. marcescensoticed in previous worksyascomrelated

to prodigiosinproduction. To understand the spectrophotometric characteristics of
the pigment, extraction and purification methods were performed. On the other
hand, the Gram variability was studied through growth curve analysis in LB and
LB + 1%glucose, which inhibits the prodigiosin production: in this y&igesam-

ples at different timepoints were collected for Gram staining. Further understanding
of the phenomenon was proved by HPLC analysidifopolysaccharidesLPS)
carbohydratessolated from bacteria grown in shaking conditions, where no prodi-
giosin production was seen, and stable condifhsre prodigiosin was observed.

All these analyses are supported by previous information found in the literature to
understand the growing cotidns ofS. marcescerng.g.,oxygen, glucose, and nu-
trients influencejndthe localization of prodigiosin






1.INTRODUCTION

Serratia marcescens. marcescenss a saprophytic Gramegative bacillus that
belongs to thé&nterobacteriaceaerder, composed of species that are known for
being pathogens &almonellaandEscherichia col(Hejazi et al. 199)f and to the
Yersiniaceadamily. S. marcescensvhosename was assigned in 1819 by Bar-
tolomeo Bizio, a chemist and microbiology pioneer from PaHegagi et al. 199)]

Is also an opportunistic human pathogen that has been recognized atheneaf
causes of hospitalcquired diseases as septicemia, nggtig infections of the uri-
nary tract, eyes, bloodstream, and respiratory apparatugd et al. 201p as well

as endocarditisHejazi et al. 199) Environmental isolates of this species were
found also in water, soil, plants, insects, and fadat€oet al. 2019, above all the
starchy ones, for instance, breadsitavored bydamp conditions, where phospho-
rus-containing materials or fatty substances are its main feeding sowaksn-

son 2008. S. marcescenss famous for producing prodigiosinrad pigment that

in medieval times was mistaken for fresh blood, as presumably Buittearistic
miracle of Bolsenin 1263 Hejazi et al. 199) it was also first discovered by Bizio
as a result of red discoloration of polerselidev et al. 1999

Prodigiosin is a secondary metabolite produced by both ¢p@sitive and negative

bacteriafor instanceS marcescens/ibrio psychoerythrusStreptoverticillium ru-

brireticuli andsomeother eubacteriaDarshan et al. 20}5It is characterized by a

pyrrolyl pyrromethene skeleton and different alkyl substituents, that confer differ-

ent properties@odvin Sharmila et al. 2020This pigment and its derivates are
proapoptotic agents towards different cancer cell lines and cellular targets) as
asdrugresistant cells, without causing any or little toxiciBafshan et al. 20}5

furthermore, its antioxidan&antitumoral, and antibacterial potential is very im-

portant Khanafari et al. 2006 For its unique pink color, prodigiosin has also been

used in cebonated drinks, textiles, cosmetic, and dairy prod@tglyin Sharmila

et al. 202Q . I n fact, microorganismsdé pigments
to replace synthetic pigments used in the food industry, with few limitations includ-

ing sensitiviy, solubility, and short stability upon exposure to pH, light and high
temperaturesNamazkar et al. 2033In Suryawansha nd c¢ o | | woik,dtr at or s 6
was demonstrated how prodigiosin could help in the increasing of sunscreen pro-
tection factors (SPF) of eamercial sunscreens products if combined wAtbe

vera leaf andCucumis sativudruit, that owns photgrotective activity Surya-

wanshi et al. 2014

In this work, threasolates of S marcescensobtained by PhD student Martyna Ro-

gala fromblackberry fruit Rubus fruticosyscultivar "Polar") and named D2, D4

and D6, were used in the following experimemarticularlyl focused on the iso-

late D6. In addition, theisolate S marcescenwar kiliensis PCM 550, from the

Polish Collection of Mimorganismsof the Institute of Immunology and Experi-

mental Therapy of the Polish Academy of Sciencas Wr oc g a w, was use
reference microorganism; it will be designated as PJ. The aims of the following
experimentavere firstly, to characterize spgophotometrically the pigment and,

secondly, to understand tpessibleGram variability of the bacteriaonsidering
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hypothetical role oprodigiosinin this processlin fact, previous works of PhD stu-
dent Martyna Rogala and B.S. student Aleksandral@aroOdrobina 2@1) have
shown that not only the isolates of this bacteria produce the wanted pigment, but
also changefrom Gram negative to Gram positive at the late development stage.
Experiments have already demonstrated that prodigiosin producbatdsiot be
correlatedo Gram variability, but further attempts to assess the role of prodigiosin
in the phenomenowereneeded to better understand thehaviouy that was also
seen in different other specieBefveridge 199D In addition, thecharacterization
focusedon spectrophotometric techniques: extraction and purification experiments
pointed to obtainclear absorbance, fluorescence, and excitation spectra, while
quantification during different growth phasesderlinal differences betweethe
isolates. All these analysegere supported by previous information found in the
literature to understand the growing condition§omarcescen®.g.,oxygen, glu-
cose, and nutrients influenca)dthe localization of prodigiosin.

1.1.Prodigiosin production and its properties

1.1.1.Production conditions and parameters

The ecological and physiological role of the pigmerd sscondary metabolite for
its antibacterial, antifungal, or antiprotozoal activity is evident, but there are still
some points to clarifyEvidence suggests that prodigiosakes parin competition
against other organisms, regulationpobton gradientsenergy, pH homeostasis,
and determination of surface hydrophobicity (Slater et al. 2G08gigiosinpro-
ductionneedsanincubation timeofa B, @ solutionpH of & 8, growthtemperature

of 28°C,andpresence afissolved phosphaté®/illiamson et al. 2006 Its produc-
tion is controlled by a complex regulatory network of botadytL-homoserine
lactonequorumsensingdependent andndependent pathwayd\lliamson et al.
2005) Differently from what happens at lower pH values, whaeegigment con-
densation can occur spontaneously, the reaction is sensitive to tempe#afilires (
liamson et al. 2005

Knowing thatSerratiais a facultative aerobe, dissolved oxygen asoinfluence

the pigment production: in fact, it requires a supflgissolved oxygen that could

be obtained only with high rate of oxygen transfer in baffled flasks or in fermenters
supplied with both aeration and agitatidgte(nemann et al. 1970 fact, it has

been seen that, the fermentation proceeded faster higiher oxygen transfer rate,
while the pH increasegiéinemann et al. 1970Prodigiosin can exist in two forms,
depending on the hydrogen ion concentration of the solution: in an acid medium,
the red pigment exhibits a sharp spectral peak anbB8%vhilein the alkaline me-

dium the pigment is coloured orangellow and has a broader spectral curve at 470
nm (Darshan et al. 20)5



1.1.2.Biosynthesisand gene regulation

Prodigiosin appearsnly at the late stages of bacterial grofigure 1), andin
previous works, they have found over 30 genes involved in its produdtdmmo-
synthesis develops along a bifurcated pathway that leans on an enzyme condensing
the 4methoxy2-2 -dipyrrole-5-carbaldehyde (MBC) with a monopyrrole; later,

the MBC is also ondensed with a-thethyl3-pentylpyrrole (MPP) molecule to

form prodigiosin Darshan et al. 20)5Several clusters encoding the enzymes in-
volved in prodigiosin production from several species have been sequenced: these
include thepig clusters from tw@aratia sp! (Harris et al. 2004). All clusters own

a set of homologous and conserved genes for the biosynthesis of MBC, which seems
highlighting a common route requiring proline, acetate or malonate, serine and, me-
thionine (Williamson et al. 2006).
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Figure 1. Regulatiorof prodigiosin in S. marcescengodigiosin is produced during the stationary phase and
its peak arrives after 68 (Khanafari et al. 2006)

Commonly, the process starts with the pyrrolic ring formatiombgrporating the
proline in the ring Awhich is the first one out of 3 (A, B, (he reaction is cata-
lyzed generally by PigA, PigG, and Pigl or their homologues. Later uai€Cfrom
malonytCoA and a @N unit from serine are decarboxylated and incoaped by

Pigl and PigH (or homologues) to formh&droxy-2 , -Bigyrrole-5-methanol
(HBM) molecule (Williamson et al. 2005). As final step, PigM catalyzes the oxida-
tion of an alcohol group present in HBM to form théytiroxy-2,26bipyrrole-5-
carbaldehydeHBC); the hydroxyl group is then methylated in order to form MBC
(Williamson et al. 2005). This final methylation step is performed by PigF (or ho-
mologous) and facilitated by homologues of PigN.

It must be noted that many thfe reportedrticleson the regulation of the prodigiosiene cluster
were a result of studies @erratia spATCC 39006
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Serratia spstars the condensation with MBC with a diffart monopyrrole mole-
cule, the methyl amyl pyrrole (MAP), and the synthesis is catalyzed by different
enzymes and substratégayvindranret al. 2019): those have been predicted through
homology, gene knoekut, mass spectrometryquid chromatography, ancm-
plementation experiments (Williamson et al. 2009)e responsible genes are or-
ganized in an operon characterized by a total of 14 genespfg#o pigN, that

are under the control of a promoter element upstfggf The operon is then tran-
scribed as a polycistronic mRNA, and the multistage process starts fpooiihe

and transoctenal(Ravindranet al. 2019) MAP is synthetized by PigD, PigE and
PigB (Figure 2); the last one should be involved in the final oxidation g¥iAP.

The condensation of MBC to MAP should be catalyzed by a family of pyrrole
condensing enzymes, characterized by PigC (Williamson et al. 2005), that was
found in all sequenced spesifigure 2).
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Figure 2. Proposed biosynthetic pathway of the pgiasin molecule¢Darshan et al. 2015).

Smar c e prodigiosnads chemically similar thhesecreted undecylprodigiosin,

by Streptomyces coelicolor Aand to prodigiosin R1, produced Byreptomyces
griseoviridis (Kawasaki et al 2009). Undecylprodigiosin is the result of undecyl
pyrrole and MBC condensation from maloi§bA and Lproline precursors and

the catalysing proteins are encoded by theadled red gene cluster. The enzymes
required for this last reaction are arranged in three different reading f{Ranas-
dranet al. 2019)two of the 23 genes in the cluster encode pathspegific regu-
lator, while 6 are involved ind-methoxy2,26-P-bipyrrole-5-carboxaldehyde bio-
synthesis, eight in-Bndecylpyrrole biosynthesis and two are housekeeping genes
(Darshan et al. 2015
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Figure 3. Organization of the prodigisin biosynthetic gene cluster in S. coelicolor A3. Genes deduced to be
involved in 2undecylpyrrole biosynthesis are blue, genes deduced to be involvetkithdxy2,26-Pbipyrrole-
5-carboxaldehyde biosynthesis are red, putative housekeeping genes areagektory genes are in orange
and genes of unknown function are wifidarshan et al. 2015).
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Concerning its genetic regulatioprodigiosinproduction is controlled by some
global regulators, like the one from the carborp) and energy metabolisning),
nucleoid proteinsfis, IHF) and purine utilization regulatopcR, while some of

them are loca(Ravindranet al. 2019) The role of nutrition sources like glucose,
nitrites, phosphate, and maltose have an impact on the pigment production, as well
ascell density and copper ions. The presence of elements for specific nutritional
requirements like iron, cysteine, leucine, glycerol, and fatty acids could shed light
on the role and need for prodigiosinSerratia It is thought that glycine cleavage
system (GcvA) element could have a role in the operon regulation as glycine is
involved in the pigment production; on the other handAlge) element, important

in the detection of oxidation and envelope stress, gesvinteresting information

for future research, as well as various factors monitoring the growth phase of the
cell and biofilm productiorfFigure 4) (Ravindranet al. 2019)

Figure 4. Global and local regulators of thegrodigiosin operonthe six main categories of regulators are
indicatedin blue (Ravindran et al. 2019).
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1.1.3.Spectrophotometric characterization of prodigiosin

From the literature, it is known that the archetypal prodigiosin has a pyrrolyl dipyr-

romethee core skeleton (Darshan et al. 2015) with a tripyrrole structure containing

a common 4methoxy2-2 -dipyrrole ring Figure 5); differently from this last one,

the mono and bipyrrole precursors are synthetized separately and then condensed
together(Khanafari et al. 2006). These three rings are conventionally reported as

ring A, ring B and ring C (Darshan et al. 2015), but prodigiosin have been classified

into linear, as undecylprodigiosin, and cyclic derivates, for example streptorubin B

(Williamsonet al. 2006). In addition, prodigiosin exists in two rotamers, the cis or

b and the trans or U, whose balance depend:
structure can be easily protonat&egy(re 6).
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Figure5.0n the left, fron number 1 to 6, prodigiosin structures from different actinomycetes specieghehile
number seven is the one produced by Serratia marcescens; on the right, biosynthetic origin of undecylprodigi-
osinexamined by the incorportation of labelled precursdéfsgnafari et al. 2006).

HiC
cis (or B ) rotamer trans (or & ) rotamer

Figure 6. Structure darchetypal prodigiosin with the reported A, B and C rings; the form exists in cis or trans
rotamerdepending on the pH

Regardingheabsorptiorspectra from previous works, it is known that prodigiosin
shows different spectral curves at acid, neutral and alkaline pH (Hubbard et al.
1956). In fact, the pigment exhibits a sharp peak at 535 nm and a red colour when
in acid medium Eigure 7); on thecontrary, in basic solution, the prodigiosin pre-
sents an oranggellow shade and has a wider curve shiftédre 7) to 470 nm
(Hubbard et al. 1956).
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Figure 7. The U\AVis spectrum of the prodigiosin acid and alkaline mediuii®Qui Fu et al 2019).
1.1.4.Inhibition prodigiosin production mediated by glucose

D-glucose is a good carbon source to promote growgh afiarcescendut since

the 50sit is known to be a poténnhibitor of prodigiosin productioBunting et

al . 1949) . I n James E. Fender and col |l ab
duction of prodigiosin is inhibited in glucosieh media: if previous studies indi-

cated that thisnhibitory effect was pkFtlependent and did not require cyclic AMP

(CAMP), genetic engineering techniques such as transposon mutagenesis and DNA
manipulation focused on the identification of involved genes in the inhibition me-

diated by glucose (Fender et al. 2Q012}he genes required for the response to the

pH changeareunknown it is evident that the inhibition involvesp mutants and

does not require cyclic AMP (cCAMP) receptor protein (CEF)€ et al. 2000)

Qui noprotein glucose de e thvoloegl bothanstted s ( GD
inhibition of prodigiosin production and pyrroloquinoline quinone (PQQ)digH
uinone (UBI) biosynthetic genes regulation. They observed tygti€@no 1,5 lac-

tone and Bgluconic acid, but not Byluconate, were able to inhibit thggment
production in thewvt and in thegdhSmutant (glucose dehydrogenase gettegse

data support a model in which the oxidation eglbcose by quinoprotein GDH
starts a reduction @fH that inhibits prodigiosin production througsianscriptional
control of the prodigiosin biosynthetic gene clustegr(der et al. 2012). The fact
that also the mutant presents the inhibition suggests that the product of its activity,
whichis the BDgluconal,5lactone, the cyclic ester of-Bluconic aid, is involved

in GIP (glucose inhibition of the prodigiosin phenotype). This molecule spontane-
ously converts to Bjluconic acid in aqueous medium, and its hydrolysis causes the
acidification of its environment, which causes the inhibition. The reasgrP@Q

and UBI mutants are able to produce the pigment in glugcosenedium is that

they are defective igdhSactivity. The inhibition acts particularly on the transcrip-
tional control ofpigA-N, for example, the mutation of the transcription factor hexS,
that directly bind pigA promoter, inhibits its expression. In addition, gt Smu-

tant produced higher amounts of prodigiosin in LB@r{a Bertanisupplemented

with D-glucose 110 mM) than in LB: this may be expected, as glucose inhibits
CAMP productionin LBG, and in return, CAMP inhibits prodigiosin production.
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Consistently with the cAMP model, the increased prodigiosin irgtsSmutant
and LBG was absent compared to that in LB and in the cAMP receptor protein

(CRP andgdhSdouble mutant with anditihout glucose, because CRP is required

to respond to glucosaeitiated changes in CAMP levels.

The energetic reasons of this inhibition in glucash media are to be searched in

the independent and antagonistic regulatory pathways that mediate thgpgsiadi
production. This is due to the establishment of a proton gradient mediated by quino-
protein GDH, which is used for the uptake of amino acids and other molecules,

while prodigiosin promotes YCI- symport across membranes uncoupling the pro-
ton gradien established through glucose oxidatibnn
work, theysuggest thab. marcescengses prodigiosin to reduce ATP production

Haddi x

and

col

to limit thegeneration of damaging reactive oxygen species during stationary phase
(HaddixPL et al. 2008)

1.1.5.Biofilm influence on prodigiosin production

It is known that at low cell densities and during the early phases of growth, the

transcription of thecar (carbapenem) anpig (prodigiosin) gene clusters is low
(Slater et al. 2003). These geres controlled by SmaR, which represses the tran-

scription of the genes themselves both directly, as in the cassmRfand indi-
rectly, by blocking the growtphase dependent activator genes. As cell numbers
increase, BHL/HHL molecules, that are part loé tN-AHLs family, accumulate

linearly; once the cellular population is quorate, BHL and HHL might bind to the
SmaR protein and free tipgg andcar gene clusters from transcriptional repression.

The transcriptional activation of those gene clusters isatetibyRapprotein and

other growth phasdependent or environmentally regulated transcription factors
(Ravindranet al. 2019) Expression ofmaland thepig gene cluster is also under

the Pho regulor{PhoR) control whose activity is regulated by Pgthpsphate

transpory; in fact,when phosphorous is exhausted, PhaBich is under the control

of PhoR|is activated by phosphorylation, and this activates the elerftggtse 8)
(Slater et al2003).

-
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Figure 8. Model of the regulatory mechanisms controlling prodigiosin and carbapenem production in response
to cell density angghosphate (Pi) concentratioSkater et al. 2008

14

abo



In E. coliandSalmonellaall Pho regulon genes are preceded by a promoter con-
taining an upstream activation site with a consensus Pho box sequence for transcrip-
tional activation by the phosphorylated Bh&o,it is suggestd that the prodigi-

osin and carbapenem genes clusters are pa$eifratiaPho regulon: searches for

Pho box elements revealed two potential candidates withipigleandsmalpro-
moters(Slater et al. 2003)Vhen phosphorous is linmg, the transcription admal

and thepig gene cluster is increased, leading to increased prodigiosin and car-
bapenem production. Consistent with the model that SmaR exerts a negative regu-
latory effect in the absence of BHL/HHL, disruption of this gengh&rrincreased

both prodigiosin and carbapenemh e results in Slater and
shownthat prodigiosin production b§. marcescenis elevatedby Pi concentra-

tions lower than 0.3 mNiSlater et al. 2003)

1.1.6. Prodigiosin localization

Prodigiosin is localized in vesicles (extracellular and cell associated) or intracellular
granules, secreted extracellularly (Matsuyama et al. 1986): this could be very inter-
esting to improve the extraction methods. Particulariatsuyamaand collabo-
ratorsdwork, a small amount of bacterial mass from colonieS.aoharcescensas

mixed with a drop of water on a clean glass surfaagife 9): the suspension pre-
sented a wetting activity by spreading spontaneously on the glass surface and
showed red granular material surrounding the cluster of colourless bacterial cells.
Thanks tosome observations with a phase contrast microscope, it was evident the
presence of many extracellular vesicles, with the diameter of abe8t®pm, and
vesicles associated to bacterial cells.

Figure 9. On theleft, wetting activity of Smarcescens on a glass surfate30°C (a) and37°C (b). On the
right, dectron micrographs of S. marcescens at 30°C; (a) negatai@ed micrographscanning electron
micrograph Matsuyama et al. 1986)

For development of wettingctivity and extracellular vesicles, the growth temper-

ature was importanin fact, if grown at 30°C, the strain shown both wetting activity

and extracellular vesicles; on the contrary, if grown at8M,e st r ai ns di dn
any wetting activityand vestles were smaller and hardly sd€&igure 9) (Matsu-

yama et al. 1986)n addition, sanning electron microscopy and negative staining

showed that vesicles seemed tsbereted from the surfaceigure 9 asidea) and

contained amorphous material or part of cytoplasfigure 9 aside b): the
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membrane extending from the outer membrane of the bacterial cell seemed to par-
ticipate in vesicle formation. Theetting property could come from sonaen-
phiphilic amino lipidscomposing theesiclesMatsuyama et al. 1986)

1.2. Observed Gam variability in S. marcescenisolates

Gram variability regards few bacteria that can't be classified as bothgasitive
andGramnegative due to some changes happening on the membranestionp
so they present changed Gram stBarticularly, some species, for example some
from Actinomycesr Mycobacteriumgroups, become Grammegative starting by
the initial growth phase andithin the stationaryphasefrom 15 up to 50% of the
cellshave changed Gramature, without changing shafieveridge TJ, 1990Dn
the other hand, some other groups, such aBdleélus andClostridiumones,be-
cameGramnegative as culture agebut, because they ovamore complexcell
wall, covered by an S layghey staineds Gampositive during lag and the initial
exponential phasesut, when the time doubleshe S layer beamesthinner, so,
within stationary phase, culturase Gramnegative(Beveridge TJ, 1990).

S. marcescensas neer been considered a Grarariable bacteria, but in Fatimah

and

col

aboratorsb

wor k,

t hey

descr i

producing species, isolated from slaughterhsugeste in North Surabaya (Indo-
nesia)aS. marcescensolate, changefrom Gram positive to negatiyEigure 10)
(Fatimah et al. 2019T.his variability can beausedy growth stresss for instance

nutrientsdeprivation temperatures, pH, or electrolytes, but certain bacterial species

show Granvariability even under optimal growth conditio(Beveridge TJ, 1990).

In this case, L1161 bacteria were isolated from an environment rich in proteins and

i pids,
Despite the original lod&ation, the isolate was able to change Grature in Lu-
ria-Bertani(LB) medium, withoutuindergoingany nutrient deprivation or streds.
addition, this isolate could produce lipaabput29.39 U/mL at 24 hours, and pro-
tease enzymes, with index around 1.2 after 48 hgiatimah et al. 2019)
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Figure 10. Gram staining of S. marcescens isolate aften1®), 18h (B), 24h (C), 48h (D) and 72h (E)

(Fatimah et & 2019).
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2.METHODS
2.1.Gram variability

2.1.1.Media preparation for liquid and solid cultures

For allexperimentsl.uria-Bertani (LB)broth (per 1 L: 25 gas used in both liquid
culturesandsolid cultures (with 15 g of agar per 1 Bottles with liquid broth
were sterilized in the Microjet Personal Microwave Autociwve

2.1.2 Dilution in Petri plates and ERIC-PCR (Enterobacterial Repet
itive Intergenic Consensus Polymeras€hain Reaction)control
procedure

Dilution experiment was performday distributing 10uL of the sample (D2, D4,

D6, PJ) from serial dilutionsl (3, 10°, 10°) of startingculture onPetridishwith

solid LB medium.The ODyoo0f each stock dilution was measured with Metertek
SR830® spectrophotometer to check the starting concentration. After 2 days of
growth, the colonies with different shapes were collected by pipette touching in 6
mL Falcon® tubesach and made growing for 24 houreenDNA isolation was
performed for each tube with the kit Genomic Micro AX Plant Gr&viby A&A
Biotechnology Purity of DNA was measured with Nanodrop Lite Spectrophotom-
ete® by Thermoscientific SequentiallyERIC-PCRtest was performedit fol-
lowing procedure30 times 1 cycle at 95°C for J min, 2" cycle at 93°C for &

min, 39 cycle at 50°C for 1 min,"%cycle at 65°C for 8 min; theri"xycle at 65°C

for 6 min and 8 cycle at 4°C foreveusing S100 Thermiacycle®. Each PCR
mixture (in total 251L) contained12.5 pL of PCR mix plu® (A&A Biotechnol-

ogy), different volumes of each DNA sampl@epending on DNA concentratign)

1 uL of ERIC1primer,1 uL ERIC2primer, freenucleasavate (A&A Biotechnol-

ogy) upto 25 mL per sample. Electrophoresis was performed IMitagarosevith
ethidium bromiddor 1 hour (90 V).10 pL of each sample was loadedl an elec-
trophoresis gelwhile on both sides 4 pL of DNA ladder m®x(0.1 pg/uL) (Fer-
menta3 was added.

2.1.3.Growth curve measurements in 300 mL flasks

Cultures for obtainingrowth curve of each isolatevereacquiredoy adding500

uL of bacteriainoculumto 300 mL of liquid LB medim. For every timepoinfat

O hand afteR h, 24h, 28h, 31h,41h, 45h, 48h, 65h, 72h), 1 mL of each culture
was taken td.5 mL Eppendorf® tubes two repeatsone was centrifugkin Ep-
pendorf Centrifuge 5818® (5 min., 11000g., RTYo obtain prodigiosin containing
bacterial pellet and the other one was use®Deoo measurements with Metertek
SR830® and pH evaluation with pH tape. Additionally, 10 pL for each sample
were distributed in a glastide for Gram staining proceduf@.1.5.)and later mi-
croscope analysis. Photos were taken with the-68BFL Nexope® microscope
using 100x lenses and Topvi@software (version released in 16.02.2020).
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2.1.4.Growth curve measurements in 9évells-microplates

Cultures for this experiment were made by addi6g uL of bacterial inoculum
from the new banking flask (from $May culture)to 6 mL of liquid LB median

a 15 mL volumd-alcon®tubesand left for the night to growth in shaking condi-
tions (120 rpm). The day after, thaltureswerecentrifuged at maximum speed at
25°C for 5 minutes in Sigma Laboratory centrif@géhen 4 mL of supernatant was
taken off the tube and the pellwasresuspended, to create a high concentrated
inoculum forthe 9éwellsp | at e 6 s c ul t of 9avell$-nuicnoplatdwvasc h we | |
filled with 200 pL of LB or LB + 1% glucose (48 weltereachmedium) and 5 pL

of the previously prepared concentrated inocullihe experiment was set for 10
timepoints after2 h, 4h, 6h, 10 or 12h, 24h, 30h, 34 or 3eh, 48h, 54h and 58

or 60h). Each time poinincludedactions like: (1)ollecion of all volume from

one well in 3 replicatefr laterprodigiosin quantification(2) pH measuremenn

3 replicates by placing0 pL eaclon pH universal strig3) loading 10 pL omglass
slidefor later Gram stainingorocedure (9 replicateg¥) ODeoo measurement in 9
replicates using ECAN Infinite® M Nano microplate readg(5) taking picture of
the whole plate usinGAMAG TLC Visualize® andvision CATS 3.1® (version
3.1.21109.3) softward o measure the Qfgpwith TECAN Infinite M Nana®, the
following settingswere used20°C, agitation 5 sec and orbital agitation 2 mm. To

A

see the dispositiAgoendof the well sdé, | ook at
2.1.5.Gram staining

The first attempts were using some dilutes Lugol, whose dilution is unknown; then
Lugol was prepared with 1% crystalized iodine and 2% potassium iodide. The first
protocol used for the Gram staining procedure it is the following aBeniutes

of crystal violet, 15 min of Lugol, 30 sec 80% ethanol and 30 sec of safranine.
Later changs were made:-2 minutes of crystal violet,.3-2 min of Lugol, 30 sec
95% ethanol and 20 sec of safranine (Ko&®a&4). Photos were later taken with

the NIB-620FL Nexcop® microscope using 100x lenses and Top®esoftware
(version released in 16.02.2020).

2.1.6 LPS isolation, hydrolysis of polysaccharides, monosaccharides
labelling and Bradford assay control

The flasks with a volume of 300 mL and 50D of PJ or D6inoculum were pre-
pared in triplicatesn total theravere 6 flasks, 3 for each of the two studied growth
conditions, that means shaking, using the Sky®iskakerat 120 rpm and stable
conditions. On the 35day, dialysis tubing cellulose membrane (avg. flat width 25
mm, 1.0 in.) by Sigm&ldrich was cut into 40 cm pieces and put it into-pa@med
boiling water for 2 hours; a magnet was used to mix the water together with a mag-
netic steer while the holder waovered while boilinBonhomme et al. 2020 he
membrane is ready when both sides are easily openable; in the meanwhile, samples
were centrifuged irBigma 616K centrifug® at 6500 g and 20°C for 1 hour; su-
pernatant was removed, and pellet was reablg tased. If the centrifugation occurs

the following days, samples with the remaining pellet can be put directly to the
80°C freezer. The pelletas put in a 15 mlFalcon® tubethatwasthen filled with
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20 mL of prewarmed distilled water and, later, Wi20 mL of prewarmed 90%
phenol (temperature should be higher than 68°C)-#gieon®wasleft on the bath

for 12 minutes and med by inverting every 22 minutes. Thd-alcon®tubewas
centrifuged for 15 minutes, at room temperature and §34ith Sigmal aboratory
centrifug®; so, 2 phasewere obtained: one aqueous in the upper part and a phe-
nolic one in the below part. The two phasesedivided into 2 differenFalcon®
tubes After having taken & big flasks (6 L) and added around.4f hot water,

the membranewerefilled with the different phases (for one sample 2 phases are
obtained, so 2 membranes will be used), closed with knots at each side and bond to
a floating structure (ex.: polystyrene), which helps in the fishing of the membrane
the day &er. So, each flask was blocked overnight in the New Brungwickova

42 Incubator Shaker Seri@snachine at 40 rpm and 55°C.

The next day the membranes were taken off the flasks and syringes were used to
take off the liquid; leftovers from the dialgsemained in membrandéfter having

filled the tubes, an ultracentrifugation was performed with Optim#&0OK Ultra-
centrifug® by Beckman for 3 hours, 28000 rcf and 4Bbnhomme et al. 2020)

The supernatant was discarded the supernatant and the igsliétet! in the littlest
volume possible (around 2600 0 ¢ | ) .5 mL Eppent@f® tLbg, that
should be weigled before. Finally, the samples were storeeBarC (without lig-

uid nitrogen) for lyophilizationt-or the lyophilisation, samples were taken from the
-80° C freezer and put directly in the machine Alpka 1D Plus® for 3 days at
around-50°C.

After lyophilization the sample&ppendorf® tubes+ LPS powder) were weighted

to measure the LPS weight; the volume of MilliQ ultrapure water (MQ), in which

the total LPS mass should be dissolved, was calculated in order to have 1 mg of
LPSin20C¢k IAvolumeof 200 €l of t heEdpéh@ori®tobeut i on w
with screw cap, which were dried in miV@cthen stored aB0°C. The following

day, the thermoblock was set at 120AC an
MQ) was adde d75moM@HD.05 mt MTFAsdlutioh. The samples

were shortly vortexed and incubated in the thermoblock for 2 hrs. The samples are

then transferred to ice aheft to cooldown(Bonhomme et al. 2020)

The following phase extraction, where there is the separationiddé md mono-
saccharides, was startetgaddi ng 400 ¢ | of chloroform
solution. The samples were vortexed for 30 sec each and centrifuged for 2 minutes

at 1000 rpm inEppendorf Centrifug®818R®. The upper phase, containing the
monosacharides, was taken to new Eppend@otiibe the samples were dried un-

der gaseous nitrogen for few hours, then store@GC. The bottom layer con-
tained fatty acids but(Bomhammmeettal. 2020k en i nt o

Calculated amount (in mg) of®M MPP (3methyt1-phenyt2-pyrazolin5-one)

was dissolved in adequate amount of MeOH. Later, the following solutions were
added to the pellets: 25 ¢l of a freshly
Me OH, 155 ¢M NoafOH) and 10 emincubh@edfor3boorpl| es w
at 70AC and then n.BMHG.THeisamples weve vortexe@ 0 ¢ |
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and shortly spinned at 20AC and 1000
added. The&eppendorf® tubge were thoroughly vortexed and centrifugad?0°C

and 3000 rpm for 1 minutEppendorf Centrifug®818R® the remaining drop of
the water phase was taken to a rigppendorf® tubdthe steps must be repeated
twice from the addition of chloroform). The samples were dried in n@\Maith
thefollowing settings: method #D, 35°C, till dry. Everything was stored-80°C
(Bonhomme et al. 2020)

Bradford assay was performed in order to quantify the proteins present in the aque-
ous phase and phenolic phase obtained in the first steps of the l&RiBnsd mL

from each phase was taken right after the centrifugation. For the assay procedure
itself, standard protein solutiowas prepared with a concentrationlofng/ml al-

bumin in Q9% Nad; the solution was put in 1.5 mL Eppendorf® takier the
preparation of thestandard curven the following concentrations:

NaCl[ul] Protein standard[pl] Protein conc.[mg/ml]
1 1000 0 0
2 250 750 250
3 500 500 500
4 750 250 750
5 0 1000 1000

Tablel. Concentrations used fotandard curve preparation.

Later Bradford reagentvas mixedwith each standard curve solution and samples
at the ratior20:1, incubate for 5-15 miry absorption wasmeasurd in Tecan Infi-
nite M Nan® at595 nm

2.2.Prodigiosin quantification and assessment
2.2.1.Antioxidant capacity quantification

For the quantification of antioxidant capacity, DP@H, -dighenytb-picrylhydra-

zyl) solution was prepared by adding little of DPPH powder, dissolving it in 95%
EtOH until it gets Abg7~ 0.9. In the meanwhile,.5 mL Eppendorf® tubg con-
taining 200 pL of samples from each timepoint from the growth curve experiments
were centrifugedn the Eppendorf Centrifuge 5818Rat least 5 minutes at maxi-
mum speed. After the centrifugation, only the supernatant was usedjdalpdy,

4 uL per well were placed in microplate, then 300 pL of the DPPH solution were
added per well. After 30 minutes, 60 minutes, 24 haamd 48 hours in the dark,
absorbance was measured at 517 nm using Tecan Infinite MeN&adculations

of theantioxidant capacity were performed following the equation reported down
below (A is the absorbance of 4 uL of EtOH + DPPH solution, while A is the
absorbance at 517 nm of the sample):

n v , RS ’ N Sy R TN e \ v 6
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Equationl. Total antioxidant capacity (TAQ®f DPPH assay.
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2.2.2.Prodigiosin quantification

For each timepoint of the growth curve experiments, 20€om the microplates
were taken and centrifuged for at least 5 minutes at maximum speed: for this exper-
imentonly, the obtained pellet was used. The pellet of eashniL Eppendorf®
tubewas later dissolved in 200 pL of methanol, which is the solveetevprodi-
giosin is more stable, and a small amount of 100 um diameter glass micrbipeads
SigmaAlderich was added (around 100 pg per well). The homogenizator Tissue-
lyserLT® by Qiagen was used to break fimdution containing the glass microbeads
for 10 mnutesand50x1 oscillations pesecond The samples were then centrifuged
at maximum speed in the Eppendorf Centrifuge 5&8& 5 minutes; 100 pL
from each sample were placed in a microplate well. Using the Tecan Infinite M
Nana® absorpion spectra in the range from 350 nm to 700 nm were taken with the
following settings: 25 measurements every 5 nm.

2.3.Prodigiosin gpectrophotometrical characterization

2.3.1.Pigment isolationand lyophilisation

One week old cultures of PJ, D2, D4 and D6 strains wen&rifuged in Sigma-6

16K centrifuge (series number 11080502500 UJ60104 UJKR) for 20 minutes at
RFC set at 8000. Supernatant was then discarded tivbitentaining pigment pel-

let was put into 25 mIEalcon®tubes and put into liquid nitrogen to be froZen
the-80°C freezer. For the lyophilisation, pigment samples were taken fro®the

C freezer and put in the machine Alpha LD Plus (series number 110808613600
UJ60104 UJKR) for 3 days at arourtD°C. After that, pigment was ready to be
suspendedral analysed.

Lyophilization products were diluted in 20 mL of ethanol and disintegrated with
the disintegrator machine Sonics Viigalls® (series number 110806205600
UJ60104 UJKR); the used parameters were the following: sonication for 3 cycles
at pulse9 (t1) and 15 (t2) and Ampl1 35%. The sonication was repeated for other 5
cycles with the same parameters; after thatcon® tubesvere centrifuged for 5
minutes at 1000 RCF in the Eppendorf Centrifuge 5&L8Reries number
110805830800 UJ60104 UJKR), so supernatant was taken and distributed in 12 2
mL Eppendorf® tubse. These were centrifuged again at max speed (abo@it 16
RFC) for 10 minutes: supernatant was collected in a glass bottle to avoid plastic
contanination.

2.3.2.Spectra analysis and sample preparation

For spectra analysis quartz cuvettes were used to avoid plastic contamination and
absorption noise. For comparisons among the different solvents, samples with dif-
ferent composition were prepared, as followadt preparation with 2 mL of eth-
anol/100% methanol and 50 pL of two years old prodigiosin; second and third prep-
aration with 3 mL of ethanol and 100 pL of fresh prodigiosin (diluted in ethanol);
fourth preparation with 3 mL of ethanol and 100 pL ofggiosin (evaporated with
gaseous nitrogen); fifth preparation with 3 mL of methanol/ethanol and 100 pL of
prodigiosin in 100% methanol (evaporated with gaseous nitrogen) and 250 pL of
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prodigiosin in ethanol (evaporated with gaseous nitrogen); sixth ptepa50 uL

of prodigiosin in 100% ethanol (evaporated with gaseous nitrogen). Absorption
spectra analysis were performed thanks to Jas8b60/Spectrophotomet®r(series
number 110600536200 UJ60104 UJKR) and software Spectra M@jagesion
2.07.02 (san speed at 400 nm/min, start from 750 nm, end at 250 nm, data pitch
1.0 nm, vertical scale-Q, cycle times 1, photometric mode Abs, UV/Vis band width

of 1.0 nm, response set in medium and scan mode in continuous), while fluores-
cence spectra were perfordheith UV detector Fluoro MaP by Horiba Jobin
Yvon® (series number 110600301700) and the software Fluoressence {#8t5

at 5 nm and variable excitation wavelength, while beginning of emission range was
calculated adding 5 nm to the excitation wavetkrand its end set at 800 nm); the
excitation spectra were performed using the same spectrophotometer for the fluo-
rescence (emission set at 554 nm, emission range from 250 to 520 nm, while incre-
ment atl nm).

2.3.3.Lifetime measurements

Lifetime measurementsvere done using a K2 phasedulation fuorimeter
(DziwulskaHunek et al. 2022 The sample was excited wig65, 270, and 286m
waves and théluorescence was observed through a KV5500fttiter @>550
nM), following the observations mader absorbance and fluorescence spectra
Measurements were done in a 1x1 cm cuvette, at room tempefature@ modu-
lation frequencies in the range of 200 MHz, relative to the difising suspension
Ludox® by Sigma Aldrich. Vinci2 softwar® was used intte analysigDziwulska
Hunek et al. 202Rand, f needed, some noisy points (not more than 3) were re-
moved before analysis.

2.3.4.Prodigiosin extraction and purification by TLC

One week old cultures of PJ, D2, D4 and D6 strains were centrifuged in 6igma
16K® centrifuge for 20 minutes at RFC set at 8000. Supernatant was then discarded
while containing pigment pellet was put into 25 fRalcon®tubes and put into

liquid nitrogen to be frozen for th&0°C freezer. For the lyophilisation, pigment
samples wee taken from the80° C freezer and put in the machine Alpha LD

Plus® for 3 days at arouneb0°C. After that, pigment was ready to be suspended
and analysed.

Lyophilization products were diluted in 20 mL of ethanol and disintegrated with
the disintegator machine Sonics Vibi@ells®; the used parameters were the fol-
lowing: sonication for 3 cycles at pulse 9 (t1) and 15 (t2) and Ampl 35%. The
sonication was repeated for other 5 cycles with the same parameters; aftalthat,
con® tubeswvere centrifugedor 5 minutes at 1000 RCF in the Eppendorf Centri-
fuge 5818M®, so supernatant was taken and distributed iof 2ZmL Eppendorf®
tubes. These were centrifuged again at max speed (about 16,9 RFC) for 10 minutes:
supernatant wasvaporated iflRotovapor R200® by Blichi dissolved in 2 mL of
chloroform andcollected in a glass bottle to avoid plastic contamination. The re-
maining pellet in thé&alcon®was dissolved again in ethanol (a total volume of 20
mL) and left for about 2 months, to help the pigment toertovthe supernatant.
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For extraction, acidified methanol was used (pH 2.47): for each 2 mL of pigment
dissolved in chloroform, 12 mL of the acidified solution were added in a 14 mL
Falcon® tube (Xu et al. 2011). The tubes were made shaken at 150 rpfh for 3
minutes at 30°C itnnova 42 Incubator Shaker Sefgeby New Brunswick Later

the tubes were centrifuged at maximum speed for 30 minus#gnma Laborator®
centrifuge white pellet is obtained and the samples that previously presented dif-
ferent shadesf pink and purple have all the same colour (Xu et al. 2011). The
supernatant was taken off and evaporatdRitovapor R200® by Blichi then sus-
pended again in 2 mL of chloroform.

For TLC analysis two different plates were used: TRI@stic sheets siliogel 6®
(without fluorescence indicator) pomated 25 sheets 20x20 cm and layer thickness
0.2 mm by Merk andrLC silica gel 60, 2 mm (12 Glass plates 20x20 cm) lot
HX246150 (1.05745.0001).he plates were previously immerged in the TLC so-
lution used and then made drying in the daike chloroform solutiorwith the
dissolved pigmentvas distributed in different amunts (depending on the type of
plate used) on the plates with the machine Linor@atfhe plates were put in glass
holders, closed with aluminium foil, and made running about an hour in a 6 metha-
nol:3 ethyl acetate:1 chloroforsolution(Vu Trong Luong etl. 2018) Pigment
was then scratched, put in 2 rilppendorf® tubs, diluted in 15 mL of methanol
and centrifuged at maximum speed for 5 minutes in Eppendorf Centrifuge®818R
the supernatant was taken and put in ofmyendorf® tubg for further analgis.
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3.RESULTS

3.1.Gram variability
3.1.1.Cultivation conditions

A first cultivation of the D2, D4, D6 and sblatesshown that prodigiosin produc-

tion is inhibited wherflasks are in shaking conditions andindluenced by the

freshness ahoculum In fact,duringthe first attemys it was evident how isolates

let grown for several weeks and later used as inoculdresh LBdi dné6t produc
any pigmentanymore; on the contrarysing fresh cultures (maximum 15 days old)

as inoculum in new flasksermitted to obtain high amounts of prodigiosin

Generally, it was seen thaftter 3 days, cultures started to become pink, vttt

15 daysthey reached ahighly violet colour (Figure 11); different isolates (D2,

D4, D6 ard PJ)presentedifferences in violépink shade,as well asdifferent
amounts of produced biofilfFigure 19. Prodigiosinproduced by those first at-
temptswas lyophilized to perform the following spectrophotometric measurements

1

ELuErewm

B D& MgDL) ey,

Figurell D2, D4, D6 and PJ in 1L volume after a month: cultures are highly violet with differences in shade

8
D2 Ha(n Ay

8 D Mol )

Before starting the growth curve experiments, the 4 isolates were grown in Petri
plates to see if there was some contaminatiahto analyse the s o | gaotvth ano
solid medium. For tisereasons, 3 different dilutions (£010°, 10° were used to
isolate the colonies @2, D4, D6 and PJor a total of 12Petri plates. Because of
differences ilrmorphologyand colourbetween the coloniesn the platesKigure
13), ERIGPCR test was performed to verdypossible contaminatiqfigure 14);

so 7 samples were taken (named D2, D4A, D4B, D6A, D6B, PJA, Ri).elec-
trophoresisdl samplesin gelhad the sampattern(Figure 14) anddifferencesn
colony morphologycould be explained by isola@different sensitienesso the
environmental conditions on solid mediad diversified prodigiosin productipn
so,thetest alsoconfirmed the absence ekternalcontamination
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Figure 12. Secondcultivation of theisolates D2, D4, D5 and PJ after 7 daythe flasks preseatl different
shades because of differences in the prodigiasdhbiofilmamount isolatedependent

Figure 13. Petri plates for 16 dilutions.

Figure 14. ERIC results, in two different colours, for the D2, D4, D6 and PJ cultures taken by Petri plates;
contamination possibility was verified because of differences in shape and colour among the colonies. In the
electrophoresis gel, starting from the right, thés the marker lane, D2, D4A, D4B, D6A, D6B, PJA, PJB and
second lane of marker: the sample of D4A gave no results, but, because all the other samples presented the
same pattern, iis evident that thergrasno contamination.
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3.1.2.First growth curve attempts in flasks

Measurement oPJgrowth curve was performed in bigger volume cultures to un-
derstand when change bacterialshape andsramnatureshould have been ex-
pected For this first experiment, from a starting volume of 300 mL of LB media
with 500 pL of PJ inoculum?2 samples of 1 mL for each time point were collected:
one it was used for the Qmeasuremest while the other one, after centrifuga-
tion, was put in the freezdor later prodigiosin quantificationSlidesfor Gram
staining werealso taken to see at whi@xactpoint Gramvariability happerd
while pH was measured with pH tape to check the increase of its @&do®les
were collectedt the following timepoints(to) O h, (t2) 2 h, (t2) 4 h, (t3) 6 h, (ts) 24

h, (ts) 26 h, (ts) 28 h, (t7) 30h, (ts) 48 h, (t9) 50 h, (t10) 54 h, (t11) 74 h.

This experiment needed to be repeated because some important growth values were
missing (ex.: 19-24" hour, 3¢™-48" hour), sothe resultsvoul dnoét be repo
Nevertheless, ivasnoticeable théenfluence of oxygen in the pigment production:

never opened culturessed for other experimenfgoduced higaramount of pro-

digiosin, while aerated culturegsedfor the growth curve measuremsnd i d n 6 t
produce the same quantity of the wanted pigment. To verify this growth condition

and to complete the missed information, another attempt was made, but, in this sec-

ond case, one flask was used for the measurement, while a second one was kept
closed to promote prodigiosin production.

After a week, prodigiosin production started also in the flask that was used for the
growth curve measuremenédter thathe bottle was taken closedd never moved
because of the end of the experimehigyre 15): this confirmed the possible role

of the opening and closingf the bottlein the prodigiosin production.

Figure 15. Flaskused for the first growth curve measurement. During the experiment it presented no pigment
production, while after the ending of the experiment, prodigiosin started to be produced, because, probably of
changes in aerateand static conditions.

So, asecond growth curve attempt was made, using the previous experiment pa-
rameters, but two flasks were prepared, as said before, to evaluate the pigment pro-
duction. The second flask, prepared to check prodigiosin productiomsedcton-
ditions, presented the pink colowidure 16§ andthe maximum Ol value, of

about 1,2wasreachedif daysd ti me.
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Figure 16. Comparisorbetweentheneverpened bottl e, that presents the
one used for the meas@64hg ments after 11 days6 ti me

The prodigiosin production follogd the growth curve found in literatur&igure

1); in fact, the cultures started to become pink wleteringthe stationary phase
(Figure 17) (Khanafari et al. 2006)f the pigmentwasproduced only in noaer-
ated conditions, and its amoumasnecessary to make correlations between pig-
ment production and bacterial growth, techniques for measurin@egwithout
opening the flask should be used, like Erlenmeyer flasks.

timepoints | hours | ODgpo | pH
to 0 | 0003|556 PJ growth curve in flasks
t 2 0.002 | 5.5-6 1.8
t 17 | 0.446| 5.5-6
1.6 °
t3 21 | 0.478| 5.5-6
ty 24 | 063 | 55-6 14
® L ]
ts 41 0.822 | 5.5-6 1.2 °
ts 45 | 0.848 6 - e
t, 48 | 0.861| 6 E ! ®
" 66 | 1.001| 6 0.8 L
o 68 | 1.089 6 0.6 °
to 72 | 1.094 6 » F
t 75 | 1.094 6 ¥
t 92 1.102 6 0.2
t3 238 | 1.185 8
0®
tis 264 1 1.555| 8 0 50 100 150 200 250 300 350 400
it 289 | 1.291| 8 time [h]
i 357 | 1.312| 8

Figure 17. On the right, there is the table with the pH andéa¥alues for each timepoint, while on the left
the valuesare put in a graphdifferent colours represents different growth phases (lag phgstow, expo-
nential growthi red, stationary phaseblue).

Photos at the microscope from the first growth curve experiment were teksad
before,to see when bacteria chadgbeir Gramnature but repetition of the exper-
iment were neededn fact, timepoints picturesveremissirg due to bacterial low
concentrationsecondly, the taken photos had different coloured background, so it
washot possible to be sure about the Graatureof those sample@-igure 18).

28

prodi g



-~
/ ~ . ~/ \.
. .
\ s ' ' 8, > "
’ J. - ¢ L™
- .
ey 2 P . ¢
I\,.| » "\‘.
-~ ’ a‘ L )
- .-n =" ]
3 . .

Figure 18. Some shortcuts from the microscope pictures from first growth curve attempts in flasks.

3.1.3.Growth curve measurements ir@6-wells-microplates

The aimsf these experiments, that represeithe replication of B.S. student Ale-
ksandr a Od dQdrobimaa0d2lgwens ()tdfollow the growth &. mar-
cescenssolates in both LB and LB + 1% glucose medium, where prodigiosin pro-
duction is inhibited, (2) to colledides for Gramnatureanalysis and (3) to assess
differences in pigment production, that was later quantifié@.ODsoo, pH value,
Gramnature angrodigiosin amount erecheckedafter(t1) 2 h, (k) 4 h, () 6 h,

(t2) 12h, () 24h, (&) 30h, (t7) 36h, (i) 48h, () 54h and (tg) 60h (seeparagraph
7.1.1in theAppendixfor microplate configuration, Oddo and pH values deta)ls

3.1.3.1.Growth and size analysis

In the first attemptsing only PJthe controls were contaminatddstly, because

of the use of parafih to close tightly the covereason whythis attemptwill be
referred acso madiogtandsemsde, dee dsomecondensation phe-
nomenéahappening inside the platBesides therosscontaminationit wasalready
visible the difference in prodigiosin production and the increasing of pH values,
related toprodigiosin productiorfall values are reported paragraph 7.1.1.1in
Appendiy.

A second attempwith only PJwas made taking measurements at the same
timepoints but not using the tape to close tightly the cover, reasothe/agtempt

wi | | be referr ed inadditidghasemegprte@uions weredakeni on s 0
to avoid the crossontamination: at every mearement the covers were disinfected
using sterilized papersgith ethanol 70%; to and condensatigna different plate
disposition was used to let each filled well being surrounded by empty Wakike(
AllandAl2 in the Appendiy, so at the end 4 plates were used, instead of 1 (2 for
LB medium and 2 for LB + 1% glucose medium); while taking the measurements
under the laminar, the plates have never been placed on the colder metal desk to
avoid the differences in temperatures tbatild have contributed to the previous
condensation phenomena. Using these care tips, theaoossnination did not
happen.

A third attemptwith only PJwas performed with the same plate configuration of
the previousattempt, but the experiment was domih fresh inoculum, coming
from the-80°C freezer, for this reason the experiment will be referred as "fresh
inoculum”. In fact, it was seen that after the ending of the second attempt, the LB
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wells had not only continued to produce more prodigiosintli®isamples colour

was more orange than pirikigure 19). The culture tends to become orange and
loose the capacity of producing the pigment as time godsigpyré 19), sostarting

with a fresh inoculum heé&din the prodigiosin quantification; last time, an inocu-
lum from almost two months old flask was used, but the wells produced less pig-
ment than expected even if the initial flask was very purple because of the prodigi-
osin.In this third attempt,ite wellswere pinkerjust by sight (Figure 20) and the

pH increased more rapidly than befquegbably because of higher growtteand
prodigiosin amount

_—

Figure 19. On the left, picture of the first attempt plate after 36 days (the samples are particularly orange); in
the middle, flasks produced the™d May (PJ culture was used for the inoculum of first and second attempt);
on the right, flasks from 220of April. It is evident how the pink and purple shade charfgem time to time;

in addition, by the time theulture aged and produced less pigméhé colourgot more orange.

Figure 20. On the right, the flask from the 28f July produced by using the fresh inocujum the left, detail
of the third experiment plate at the end of the 3 days measurertenteellswereparticularly pink

For thefourth attemptaGrampositiveanda Gramnegativespecies, whose Gram
nature was sure, were ustxrbetter assess the later Gram staining results of PJ
isolate; the experimemtasperformed usinghe same microplate configuration and
timing. In addition, from this attempt oeyventape pieces, used to @nantee the
plates closing and to avogkternal contaminationyere definitely removed: in this
way, every variable that could have influenced the aeration was deleted.

After having used PJ to improve the experimental conditions and to collect the firs
data regarding pigment quantification, Graaniability, and growth speed, a fourth,

fifth and sixth attempt were performeding a second isolate, D6, chosen because

i n Al eksandr a (OCdrdhina BOR1jt avéls the wne préducing more
prodigiosin.From these last attempt#, wasevident thateven in this caséacteria
changed shape from bacillus to roumetcauseof glucose. In addition, D6 grew
faster than PJ and growth was faster in glucose than LB. After having left the mi-
croplates in the wardrobe after the end of the experiments, it was seen that prodigi-
osin production has started even in gluensie medium: thigopic will beanalysed

in paragraph 3.1.5.where cultures in glucose wegeownin bigger volumes.
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In conclusion, from growth curve experiments in microplates, it was evidemihat
grew slower than thB6 and produced less prodigiosin as wielladdition, glucose
presence influenced not only the growéttein both PJ and D6hat grow faster
than in just LB but also the bacterial shape. In fact, it was noticed that after around
12 hours, in both isolase the initial bacillus shape started to get rounder in LB +
1% glucose, while in normal LB, bacteria maintained their elongated shiise.

last phenomenon could be explained by changes in division dpes=dise glucose
accelerates the growth, bacteria d 0 t have enough time to
shape Besides changes in shaged mediumit was seen thdtacteria decreased
their size with the timgoingby, as it is normally expected with cultural agihg.
addition,changing the operative conditioritsyvas possible to improve the experi-
ment developmd, for example, filling alternatively the wellgsinga new micro-

plate configuratioranddisinfecting at each measurement with ethahelmicro-

pl at e slelped cnawidisy the crogontamination ad condensation inside

the plates. Furthermore, prodigiosin production is highly correlated to inoculum
freshness, which should be taken into consideradomwn below, results from's

and &' attempt are reported because representative of the final considepétion
values related to prodigiosin amount egportedn Figure 27 andFigure 28.

5th growth curve: PJ and D6 in LB and LB +1% glucose (GL)
1,2 s o g8 S 3
1 L
° (]
£0,8 o ¢ °®

a
O 0,6

0,4

0,2 ..'

0 10 20 30 40 50 60 70

time [h]
OPJinLB ®D6inLB @®PJin GL @D6 in GL

Figure 21. Growth curve of PJ and D6 in both LB and LB +1% glucose (@i the 3' growth curve at-
tempt Standard deviation values will be reported in thppéndix
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6th growth curve: PJ and D6 in LB and LB +1% glucose (GL)
1,4

1,2 s s $ LJ $

20,8 8 ]
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O 0,6 °
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time [h]
®PJinLB @eD6inLB @PJin GL D6 in GL

Figure 22. Growth curve of PJ and D6 in both LB and LB +1% glucose (@i the 3 growth curve at-
tempt Standard deviation values will be repea in the Apendix

From the growth curve graphs it is visible that D6 presents higheso@&8lues

than PJ, both in LB and LB + 1@btucose (GL)also, differences between values in

LB or glucose are evidenFigure 21 and Figure 22). Concerning the rounding
phenomenon in glucose, in LBe length and width values of both PJ and Bi§-

ure 23andFigure 24dond6t get <c¢cl oser with the ti me
glucose, the distance between length and width vajetsscloser measement af-

ter measuremer{Figure 23. In the Appendix standard deviation values are re-

ported with all respectively Oday, length and width values.

PJ length and width in LB

3
°
2,5 °
°
2 o R
E ° °
E15 . . s .
°
! ° ° ° °
°
° °
05| ® - @
' o o o e o @
0
0 10 20 30 40 50 60
time [h]

®5th length @®5th width @6th length @ 5th width

Figure 23. Graphs reporting the length and width average vakieBJ in LB,measured for each timepoint
during the ¥ and 6" attempt Deviation standard values will be reported in thepandix
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D6 length and width in LB
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Figure 24. Graphs reporting the length and width average valud3taih LB, measured for each timepoint
during the ¥ and 6" attempt Deviation standard values will be reported in thepandix

PJ length and width in LB + 1% glucose (GL)
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Figure 25. Graphs reporting the length and width average values of PJ in LB + 1% glucosenf€3ured
for each timepoint during the@and 6" attempt. Deviation standard values will be reported in the Appendix
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Figure 26. Graphs reporting the length and width average values of D6 in LB + 1% glucose (GL), measured

for each timepoint during the'Band 6" attempt. Deviation standard values will be reported in the Appendix
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Figure 27. Prodigiosinproduction differences between LB and LB + 1% gludoz fifth attemptRJin red
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Figure 28. Prodigiosin production differences between LB and LB + 1% glucose from sixth attempt (PJ in red
and D6 in blue)D 6
(on the rght the legend of pH colours is reported)
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3.1.3.2.Gram staining and microscope analysis

faster

and

Improvementsn the microscope analysis were made after several attempts, in par-
ticular, it was evident that the low quality of the pictures and the differences in the
colorbackground were caused by the overuse of tape to lalstidbsand dirtiness

of them S

o,

t he

resul

t

S

from

(second attempt) shown that the isoRfel i d n 6 t
bacteria had the typical Granegative red color.

34

finot

aeratedo

c maureg becauze them

| ess gt

(fir



After the first and second attempt were performed, few adjustments have been done:
firstly, the Gram staining metMikood- was
ol ogi a SrKoslka 20143 secwndlythe Lugol solution was freshly pro-
duced (sedetailsin Methodssection)In addition,control samples were made with

two differentGrampositiveandGramnegativespeciesin this way, it was possible

to understand the shade that is expected from @egative or positive bacteria
independently of the microscope settings, light intensity, and background contrast.

The staining results from the third attempt r e f dresh iaatuluads, ficonf i r med

the Gramnegativity of PJ isolatd]ifferently from B.S.student Aleksandra Odro-
bina'sresults(Odrobina 2021)wherebacteria started to become Gram positive
from t5. As said before, the bacteria grown in LB +1% glucose medigimolader
shape, that could be better studied using the electronic microscope.

The results of the fourth attempwhere both PJ and D6 were usedrenot clear:

even Grarpositive and negative bacteria, whose natues certain, presented
changed Gramature, which shouldave no (Table2). Because the only thing that

was different was thasedcrystal violet solution, which came from a new bottle,

t hat wasnot s hhe kaease of the dnelralde rasudtavep® considered
being stain wiseSo, during PJ and D6 growth curves measurements, four samples
for each timepoint were taken (8 in total considering both PJ and D6): two of the
four were stained witfi cr yst al i zedod violet, which
shakenoput i nto a centrifuge to dissolve
a volume ofabout30 mL of crystal violet was put into centrifuge for 10 minutes at
maximum speed. This lasblstion presented a pellet made of all the precipitated
crystalst & 5 mL) , atthe bottamuof the Fadcdhtube, meaning thahe
crystalsamountwashigh considering the used volumésis evident the difference
bet ween t he #fctrycsrtyad ti &leimdbhe fisshodessGramd- e s :
turechangeswhile thein the secondnesi t  d dndhsslast ¢ase the pictuare
alsoclearer and th8. marcescerisolatesstain always as Graqmositive For these
reasons, it is reasonabletothin t hat , from the obtained
change nature and the Graariability, that was seen in previous works, was prob-
ably caused because of human mistakes. In fact, this phenomenon was impossible
to check by Gram staining, duig hypothsis will be confirmedy HPLC analysis
reportedin the next chapter3(1.4. Results fromthe sixth attempt(Table 3)are
reported as representative of the whole experinainticroscope pictures from
other attempts are reported in feragraph 7.1.1.2n the Appendix

Table2. Microscopepictures from Granpositive and negativieacteria, used as reference, and S. marcescens

isolate PJ: the fourth attempt was the one makirewonderabout the stain influence in the Gnamature
results; in facteven tle references presented changed Graature.

Gram standardsi fourth attempt
Gram + Gram i S. marcescenéPJ)
4 7 2 \,.g; B n
: A .
S e N TR
T no picture taken . “;* S f'
. - 2 ‘
~ e« /
\ { =% L] A :9 - 3
L A T St
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Table3. Sixth attempt results from microscope visualisation: fir§ityystalize@d samples in both LB and LB
+ 1% glucose (GL), secondlynaf crystalized samples in both LB and LB + 1% glucose (Ghg¢jow, pH
values are reportedith the pH colours legend

e [es] 7[5 mem

SIXTH ATTEMPT in LB - CRYSTALIZED
D6 PJ
11 11
t2 12
13 13
ta ta
ts ts
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SIXTH ATTEMPT in LB + 1% glucose (GL)- CRYSTALIZED
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SIXTH ATTEMPT in LB + 1% glucose (GL)- NOT CRYSTALIZED

D6 PJ
ta ta
no photo taken no phototaken
12 t2
no photo taken no photo taken

t3
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3.1.4.LPS isolation and HPLC analysis
3.1.4.1.Sugars analysis

The LPSs characteristic of Gramegativespeciesand it is not found ithe Gram
posiive ones: being able to isolate it amuklyzingwith HPLC its composition, in
terms of carbohydratebelpsin the recognition ofhe isolate® Gramnature To
analyze theculture® LPS carbohydratesPJ sample (120 uL totalolume) was
taken from the80°C freezer: 60 uL of fresh inoculum were distributed between a
15 mL falcon with 6 mL of LB and a 500 mL flask in a 300 mL LB volume; 100
uL from the falcon were then used to cultivate a Petri plate with solid LB. After 10
days, 6 flasks with 300 mL of LB each were inoculated respectively with 500 pL
of the culture from the 500 mL flask: 3 bottles were not shaken and labelled as
Afstable conditionso, while the other 3 were
i ng c¢ o nkgure29olmtkisoway(, 3 replicates were obtained for each condi-
tion of interestegwhosedifference in prodigiosin production could have been

lated to the processes dfiofilm formation(Slater et al2003 andQS (Williamson

et al. 200%, thathave an important role in thgeenetic regulation of prodigiosin
biosynthesigFigure 1 andFigure 8).

Figure 29. Pictures of the 3 replicates (n°1,2,3) in stable (on the left) and shacking (on the right) conditions.

After a month from the starting inoculum, the 6 bottles were centrifuged to obtain
the pelletused for theLPS isolation (see the procedure iMethods paragraph

2.1.6. From each bottle, 2 phases were obtained, the phenolic and the aqueous one,
so samplesvere named in the following wa¥Figure 30):
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phenolic phase Al
1. flask in shaking conditions '/'

aqueous phase A2
replica n°1
phenolic phase A3

el
S

2. flask in stable conditions

aqueous phase A4

phenolic phase Bl
1. flask in shaking conditions /
\\A aqueous phase B2

replica n°2
phenolic phase B3
2. flask in stable conditions /
\‘ aqueous phase B4

phenolic phase  C1

1. flask in shaking conditions

\‘ aqueous phase Cc2
replica n°3

phenolic phase  C3

2. flask in stable conditions //V

\\‘ aqueous phase Cc4

Figure30. Sampl és® mn #dés LPS i sol ation.

The naming of the samples is importaatduse then it will be used as reference in
the HPLC results. Mvasalso important to quantify the final isolated LPS so in the
following table Table4) the weight of empty Eppendorf tubes (A), the weight of
Eppendorf tubes + LPS (B) and the final weight of LPSAjBarereported At the

end, samples containing 1 mg of LPS per 200 pL were obtained thanks to the addi-
tion of different amounts d¥lilliQ ultrapure water (MQ).

A(9) B(@ B-A(9)
Al 09701 09741 0.008
A2 0.9759 0.9903 0.0144
A3 09715 0.9757 0.0042
A4 09734 0.9905 0.0171
Bl 0.9755 0.9793 0.0038
B2 09712 0.9835 0.0123
B3 0.9756 0.9773 0.0017
B4 09788 0.9931 0.0143
Cl 09763 0.9791 0.0028
C2 0.9754 0.99 0.0146
C3 09776 1.0376 0.0600
C4 0.9800 0.9883  0.0083

Table4. Tablewith reportedweight of empty Eppendorf tubes (A), the weight of Eppendorf tubes + LPS (B)
and the final weight of LP@-A).

Since the very first steps of the experiment, the tubes containing prodgfiosin

a purple color Figure 31, picture g, in particular the phenolic phaséefore the
dialysisstep(Figure 31, picture g; after the lyophilization, the samples still pre-
sented the typical pink coloewen if more lightly
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Figure 31. Starting from the left, (a) falcon tube containing the two phases, the phenolic (bottom) and the
aqueougtop) one, from the stableonditions flask; (b) falcon tube containing the aquétip) and phenolic

phase (bottom) from the shaking conditions flask; (c) membrane containing the phenolic phase from shaking
condition flask the flask hd a purple colour because of prodigiosin presence) ready for dialysis.

From the HPLCresults, whose wiput show the carbohydrates composition of
LPS, it was possible to confirm the Gramegative nature of the cultyreecause,

if Gram-positive the isolate® HPLC spectra wouldd have shown any peakn |
addition, it seemedhatP J BPS sugarshad a similar distribution amonthe dif-
ferent replicatesn both phenolic and aqueous phégable5). In Bonhommeand
collaboratoréwork, from whichthis protocol comest is said that LPS is expected

to be found inthe phenolic phasdyut, in some casebke this one the aqueous
phasecanpresentthe LPSsugardoo (Bonhomme et al 2ID); so, botlphasesvere

taken into consideratidior the carbohydratdgpeanalysisParticularly, in A1, B1

and C1(phenolic phaseshakingconditions) mannose, glucose and unprotonic
galacturonic acigverepresent at the same ratin A3, B3 and C3phenolic phase
stable conditions the main sugarsveremannose, rhamnose, glucose, xylose and
unprotonicgalacturonicacid. A2, B2 and C2aqueous phasshakingcondition3

had in common mannose, rhamnose, glucose, xylose and unprotonic galacturonic
acid, but only B2 pesenédribose(integralarea of about 18)30n the other hand,

A4, B4 and C4aqueous phasstable conditiorjshad mannose, ribose, rhamnose,
glucose, xylose and unprotonic galacturonic acid; so, rivaspresent in B4 and
C4in minor amountgintegral area of about 2 and 5, respectiyelyo, the results
obtained from shaking (A1, B1, C1 and A3, B3, C3) and not shaking/stable condi-
tions (A2, B2, C2 and A4, B4, C4) in both phases, the phenolic and aqueous ones,
presened the same pattern with slight differences in some sugars that, generally,
didn 6 t pr es entintdgialgrba, so theirucengibutiod the final LPS

c ar b o h yampasitior wadninorthan the one of main sugalsit, above all,
beingable toidertifying the different LPS sugarsconfirmed the Grarmegativity

of the isolates
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Al Bl Ci

time  integral sugar time  integral sugar time  integral sugar
10.345 59453 mannose 10.287 53.658 mannose | 10265 62845 mannose
\ \ \ \ \ \ 11764 2.359 ribose
\ \ \ \ \ \ 13137 2.366 rhamnose

21441 35492 glucose 21068 42554 glucose 21043 22869 glucose
34871 2.662 un. galact. | 34204 1142 un. galact. | 34.042 2.045 un. galact.

A2 B2 C2
10338 41797 mannose 10282 36.285 mannose | 10.229 50.285 mannose
\ \ \ 12216 18326 ribose \ \ \

12743 5.057 rhamnose | 12634 4.345 rhamnose | 13209 2343 rhamnose
21153 17.609 glucose 20.787 16.401 glucose 20.893 36.799 glucose

24379 3.301 xylose 24.055 2.055 xylose 22949 2.053 xylose
34763 9.671 un. galact. | 34062 12360 un.galact. | 33775 2374 un. galact.
A3 B3 C3
10.318 58.088 mannose 10.260 55441 mannose | 10233 53972 mannose
\ \ \ \ \ \ 12566 2.624 ribose
13.337  0.298 rhamnose | 13225 7.297 rhamnose | 13043 2.089 rhamnose

\ \ \ 17039 2.095 unknown 16928 4.315 unknown
21333 36.482 glucose 20.990 27.187 glucose 20.795 19.304 glucose
24430 0.609 xylose 23921 1977 xylose \ \ xylose
34.680 2426 un. galact. | 33874  3.293 un. galact. | 33.745 7.170 un. galact.

A4 B4 C4
10.292 56.214 mannose 10.262 50434 mannose | 10263 28143 mannose

\ \ \ 12910 2142 ribose 12.607 5.573 ribose
13264 5.047 rhamnose | 13218 3.175 rhamnose \ \ \
21127 26.104 glucose 20.992 26.898 glucose 20.907 20.607 glucose
24146  1.650 xylose 23970 2483 xylose 22963 5.416 xylose

34251 3.751 un. galact. | 34001 5.733 un. galact. | 33929 9.588 un. galact.

Table5. LPS isolation result@ype of sugars, retention time and integral area value) from the 3 replicates in
shaking and stable condition®r PJisolate i un. g al aunprotoric galdctarantt acidf o r

This experiment was repeated in B6late: 3 replicates in both shaking and not
shaking conditions were analyzed, but, in addition, the LPS from both PJ and D6
cultures grown in LB + 1% glucose was taken into consideration. In fact, from the
growth curve analysispéragraph 3.1.2, it wasvisible how glucose presence
changd the shape of bacteria; from the HPLC analysis it was possible to check if
the different mediuncontributel to some differencesiiLPScomposition. Al, A2,

A3, A4, Bl, B2, B3, B4, C1, C2, C3 and C4 reéslto the samasampleas before
(Figure 32), while the samples in glucose have been named in this way
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phenolic phase DI

replica n°1
\A aqueous phase D2

PJ
phenolic phase D3

replica n°2
\ aqueous phase D4

phenolic phase  El

replica n°l1
\A aqueous phase E2

D6
phenolic phase  E3

replica n°2
\‘ aqueous phase E4

Figure322 Samplfes@dmnilén&s LPS isolation

The peaks from the second attempalfle §, where D6 was used instead of PJ,
weremore intense, and the quality of the analysis sekmhave improvegdn both
ageous and phenolic phasehere LPS was fourakin the previous attemphlso

in this case, the fact of hagrobtained results comfned the Granmegativity of

the isolatesFrom Al, B1 and CZesults(phenolic phase, shaking conditions), it
was visible that the mains sugavgere mannose, ribose, rhamnose and glucose,
while protonated MNacetylglucosamine/aspresent only in Clintegralarea around
1.2), and Blhadxylose and fucosg@ntegral value ofibout 1.8 and 0)9In A3, B3

and C3(phenolic phase, stable conditipnsiannoseresentedven 2 peaks, the
first one at 9 minutes and the other one at 11 minutes, so the areahealed®en
considered togethgethen, the main sugaveererepresentedybribose, rhamnose,
protonated Nacetylglucosamine, whichaspresent in all three samples, differently
from before, as well as xylose. Minor sugaexegalactose, visible in A@ntegral
area of 0.8 arabinose in B1 (0.6) and fucose in both A3, B3 aBdb@t with minor
integral values (0.2, 0.4 and 0.6 respectively). The main differences, compared to
previous attemptyverethe fact that unprotonic galacturonic aerdsnot present;

on the other hand, in the second attempt results, more sugars sucbassa,
fucose, Nacetylglucosamine and xylose contrilitie theLPS carbohydrates com-
position

In A2, B2 and C2esults(aqueous phasshaking conditions), the magarbohy-
dratesveremannose, that preseadteven in this case two peaks at 9 and 11 minutes,
ribose, rhamnose, glucose and xylose. C@ dree peak of protonic galacturonic
acid (ntegralarea of about 1.2) at 16 minutes and another smalliotegalarea

of about 0.6)after 31 minutes, while Al presesd the one of galactosentegral

area of about 1.6); minor sugaverearabinose and fucose. A4, B4 and C4 show
as majoiLPS carbohydrt@smannose, at both 9 and 11 minutes, ribose, rhamnose,
protonated Nacetylglucosamine, glucose and xylose, while minor sugersfu-
coseand unprotonic galacturonic acid. The main difference between shaking (A2,
B2, C2) and stable (A4, B4, C4) aqueobsgewasthat in the second case fucose,
xylose and protonated-Bicetylglucosamine lggpeaks in all 3 samples, while un-
protonic galacturonic acid, whiakiasabsent in A2, B2 and C®aspresent in B4
andC4. The differences betweanalysis performed usiri®g (first attempt) and the
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one using D6 (second attempiasthe presence of fucose and protonateaciityl-
glucosamine in the last onk generalfrom both attemptS r e iscar be said
thatD6and PJdiddt change. Gram natur e

Al Bl C1
time  integral sugar time  integral sugar time  integral sugar
9.659 13548 mannose | 9.619 13735 mannose | 9570 17232 mannose
12738 27919 ribose 12674 26.230 ribose 12595 26.294 ribose
14951 7.904 rhamnose| 14924 10210 rhamnose | 14806 10917 rhamnose

\ \ \ \ \ \ 18206 1.157 prot. N-ac.
20.004 49373 glucose | 19.902 45565 glucose | 19698 43132 glucose
\ \ \ 22621 1.833 xylose \ \ \
\ \ \ 27577 0917 fucose \ \ \
A2 B2 Cc2

9.675 13972 mannose | 9.623 18789 mannose | 9.578 36.083 mannose
10137 18466 mannose | 10.760 16.080 mannose | 10.994 2.328 mannose

12714 2616 ribose 12646 2.732 ribose 12.287 5971 ribose
14938 16,604 rhamnose| 14.843 21.422 rhamnose | 14746 17.680 rhamnose
prot.
\ \ \ \ \ \ 16464 1.186 galact.

20.069 43240 glucose | 19.860 38493 glucose | 19720 31.206 glucose
22253 2217 xylose 22345 1.263 xylose 22196 1.751 xylose

23253 1641 galactose \ \ \ \ \ \
\ \ \ 24811 1221 arabinose | 24282 0.776 arabinose
26253 1.244 fucose \ \ \ 25849 0501 fucose
\ \ \ \ \ \ 31890 0570 un. galact.
A3 B3 C3

9.631 14120 mannose | 9.601 12460 mannose | 9.552 12987 mannose
11679 0.716 mannose | 11678  0.944 mannose | 11628 0.850 mannose
12700 25531 ribose 12628 28128 ribose 12529 30144 ribose

14927 10941 rhamnose| 14880 10.651 rhamnose | 14767 9.639 rhamnose
19.948 47546 prot. Nac. | 19779 45452 prot. Nac. | 19540 44477 prot. N-ac.

\ \ \ 22529 0.850 xylose 22333 1271 xylose
23.083 0.866 galactose \ \ \ \ \ \
\ \ \ 24798 0.673 arabinose \ \ \
27565 0.280 fucose 27436 0.394 fucose 27161 0.632 fucose
A4 B4 C4

9.636 17.888 mannose | 9.603 27.936 mannose | 9.558 34181 mannose
10.056 17663 mannose | 10040 13955 mannose | 10761  3.127 mannose
12410 7.070 ribose 12305 20.565 ribose 12271 5341 ribose
14915 18581 rhamnose| 14389 2.277 rhamnose | 14766 19.629 rhamnose
20063 26,562 prot. Nac.| 19911 20.615 prot. Nac. | 19754 33185 prot. N-ac.
22162 1481 glucose | 22438 2.792 glucose | 21656 2.464 glucose
24937 0.757 xylose 23772 1.036 xylose 23748 0.834 xylose

\ \ \ 30819 0.202 fucose \ \ \

\ \ \ 32066 0.163 un. galact. | 31.880 0.551  un. galact.

Table6. LPS isolatiorresults(type of sugars, retention time and integral area value) from the 3 replicates in
shaking and stable conditionfor D6 isolate A u n . g a | a cunprotonicsghlacturdnic adidwhile
Aproac. &N f or N-pcetglgluoosamine d
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In LB + 1% glucose medium, where thevasjust one condition, whictvasstable,
because shaking iao reason to be analysedcause themwas alreadyo pigment
production due to glucose, theresuitndot di f f er t hat much.
(phenolic phase, first repetition for PJ and D6), D3 and E3 (phenolic phesedse
repetition for PJ and D6), the major sugaere mannose, ribose, rhamnose, glu-
cose, xylose and arabinose; minor pealsrepresented by protonic galacturonic
acid in E3(Table7). D2, E2 (aqueous phase, first repetition for PJ and D6), D4 and
E4 (aqueous phase, second repetition for PJ and D6) mésEsimain sugars man-
nose, ribose, rhamnose, glucose, xylose, arabinose and protonic gala@aiehnic
The LPS composition ofall these samples was almost sameaept forprotonic
galacturonic acigoresence oabsencgalsoin this casethe Gramnegativity was
confirmed All the HPLC spectra are reportedparagraph 7.2in the Appendix

D1 El
time integral sugar time integral sugar
9.509 34627 mannose | 9.516 15.849 mannose
12285 2.673 ribose 12505 25464 ribose

14.696 23233 rhamnose | 14709 10.396 rhamnose
19.626 33136 glucose | 19488 45.629 glucose
21702 1.679 xylose 22211 1316 xylose
24393 1.379 arabinose | 25521 0.480 arabinose

D2 E2
0548 25465 mannose | 9.532 33629 mannose
11.637 2.467 ribose 12291 8.356 ribose

14721 20.965 rhamnose | 14.743 17.792 rhamnose
19.676 32341 glucose | 19683 34.749 glucose
21751 1473 xylose 21656 1451 xylose
24435 0.988 arabinose | 24408 0.845 arabinose
31848 0.979 prot. galact.| 31.800 0.137  prot. galact.

D3 E3
9.543 38947 mannose | 9.514 13348 mannose
\ \ \ 12509 25635 ribose

14.693 25.620 rhamnose | 14731 10.184 rhamnose
19.644 29.395 glucose | 19485 47.508 glucose
21934 0.823 xylose 22714 1.380 xylose
23268 0.928 arabinose | 25335 0.980 arabinose

31731 0.387  prot. galact. \ \ \

D4 E4
9.541 49962 mannose | 9.556 50.740 mannose
12295 3.376 ribose 12255 17.365 ribose

14703 20.122 rhamnose | 14731 10511 rhamnose
19.669 24122 glucose | 19914 12588 glucose
21681 1.225 xylose 22361 2985 xylose
23628 0.687 arabinose | 24648 0.625 arabinose
31751 0.079 prot. galact.| 32134 1.632 prot. galact.

Table7. LPSisolation results(type of sugars, retention time and integral area value) from the 2 replicates,
cultivated in LB +1% glucose, for both PJand;D6 i pr ot . g a pratanic gafactusoni@acid s f or
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3.1.4.2Bradford assay

Bradford assay was performed uss@mesecond attempt samplesn{y Al, A2,

A3 and A4 are missing) to quantify the protein amount in both phenolic and aque-
ous phase, after their separation mediated by phenol and distilled watear@ee

graph 2.1.6in Methodg. Fromthest andar d c¢ ahsorpion measupe! e s 0
ments, it was possible to identify the calibration line (y=0.006x + 0.378%r

used to understand the amount of proteins in the LPS isolation sgdFigle® 33).

The protein concentration goes around the value of 0.381 mg/mL in all samples
(Table8).

Bradford assay standard curve

......... y = 0,0006x + 0,3785

absorbtion at 595 nm

0 200 400 600 800 1000
BSA [mg/ml]

Figure 33. Bradford assay standard curedtained using the concentrations reported able 1.

sample Abs protein  sample Abs protein  sample Abs protein  sample Abs protein
[mg/mL] [mg/mL] [mg/mL] [mg/mL]
B1 0.482 0.381 C1 0415 0.381 E1l 0.457 0.381 D1 0.458 0.381
B2 0465 0.381 c2 0.467 0.381 E2 0.477 0.381 D2 0.482 0.381
B3 0.527 0.382 c3 0.514  0.382 E3 0.466 0.381 D3 0.463 0.381
B4 0.507 0.382 Cc4 0.497  0.381 E4 0.452 0.381 D4 0.487 0.381

Table8. Absorption values and corresponding protein quantification thank to calibratiofoimelequation.

3.1.5.Glucose inhibition in D6 isolate

Microplates were left in the wardroladter the end of the experimeamd in few
day® t, it wae seen that D6 wells were starting to produce pigmentin LB + 1%
glucose mediumEven during the growth curve experiment, it was visible that in
glucose sanmps seemed pinker than in previous attempts ju#tPJ.This pigment
production, particularly from D6 isolate, was found in LPS isolation process, when
cultures in LB + 1% glucose were prepar8d, firstly it was tested if PJ and D6
were able to produgerodigiosin after having grown in glucose: 500 uL of D6 and
PJ from LB +1% glucose medium were used as inoculum for a new liquid LB cul-
tivation (volume of 300 mL)Kigure 34).
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Figure 34. Liquid LB cultures usingJ inoculum taken from LB + 1% glucose (GL) flasks.

Secondly, PJ and D6 were magi®wn in bigger volumes of LB + 1% glucose,
because previously inhibited prodigiosin production in glucose was just tested in
microplates wells. Aer 16 days, so 10 days later than in LB, D6 started to produce
prodigiosin in glucoseich medium, differently from PJ, that, even after several
weeks, di dndt (Rdure3b). Following phe gbtaieed tesults, LB
media with glucose in different percentage (1.5%, 2%, 2.5%, 3%, 4%) were pre-
pared, but no pigment was produc€&t(re 35). It is hypothesized that once glu-
cose is used for the growth, when in lower concentrati®nsjarcescenstarts to
produce prodigiosin, whose process is not inhibited anymadrenthe percentage

of glucose is too high, sugars are not consyraed pigment inhibition is still on.
Differences in pigment production are normal for different isolates, so this finding
could be interesting to better comprehend and characterize those two isolates, PJ
and D6.

Figure 35. On the left, D6 cultures in LB + 1% glu@§GL) after 16 days; on the right, different flasks con-
taining PJ and D6 cultures in LB with glucose in different percentages.

3.2.Prodigiosin quantification and assessment
3.2.1.Antioxidant capacity

DPPH( U-diphenytb-picrylhydrazyl, GsH12NsOs, MW=394.33)assay is consid-

ered a valid accurate, easy, and economic method to evaluate radical scavenging
activity of antioxidants, since the radical compound is stable and need not be gen-
erated(Sagar et al. 2010}-ree radicalsproducedby biological systms are the
compoung able to bindree radicals by interveninip the free radical mediated
oxidative processThis assay is based on the measurement of the scavenging
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capacity of antioxidants species towards it: the odd electron of DPPH nitrogen atom
receives a hydrogen atoffrom antioxidansto the corresponding hydrazig®@agar
et al. 2010)

@@@‘uu w’ z»j~-
o@@@."v' A EIH

k d

Figure 36. D6 microplate after 24 hours under DPRH , -dipbienytb-picrylhydrazy) assay: it is evident how
the wells change fromurple to yellow with the increase of antioxidant capacity.

Measurementsf antioxidant capacity were done for every timepoint sample, in

two replicates of eacimicroplategrowth curve experiment. The reported values

are the average resulting frama ¢ h t | twe rppticatestméasured twice. The

values obtained for thig'st, second and third attempt were not taken into consider-
ation because of the presence of differe
the results reliable. As followed, thiesults for the fifthand sixthgrowth curve

attempt, where both D6 and PJ were analyzed, will be reported, and described. The
measurements have been taken aftemBtutesandvalues should be treated as
percentages.

The results from théfth attempt Bown that in both casesTable9), D6 andPJ,
the antioxidant capacityvashigher in LB + 1% glucose than in just LB. In fact,
even if the highest valuegerenot in o, that should be shown in the last timepoints
because of the theoretical higher amount of pigment, generally the wvedues
higher in glucose medium, highliglatdoy greener table cells. This evidencas
confirmed also in the results from thigth attempt for both D6 and Pdhere table
cellsweregenerally greengTable9).

D6 and PJ values in LB and LB + 1% glucose aftemafutesweregraphed to-

gether to visualize the data from a different point of view: in every graphst

evident how measurements made in LB + 1% glutaskhigher antioxidant ca-

pacity both in D6 and PJigure 37andFigure 38). It is also evident how in D6,
samples from same hadhgbep anfioridarst capacity:Fh56s o ne
wasrelated to the prodigiosin production whislasdifferent in the two isolates (it

will be highlighted in 3.2.2. paragraph with prodigiogjnantification experi-

ments). Of course, if an isolate grows faster than the other one, it will produce more
pigment it was previously clear how Difada faster growttatecompared to PJ
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sample t 2 t3 1y ts ts t7 ts to tw control
LB PJ5th -0.82 - -2.290 - -0.690  -0.500 1.043 2.309 1.620 3414 -1.820
PJ 6th -0.24 0.670 1.650  2.160 3.480 3.270 6.700 7.520 7.200 7.500 -0.290
D6 5th ~ -1.53 -0.840 -1.120 0.925 2.047 2.672 3412 3.040 -1.640
D6 6th  -0.61 -1.260 0.350 -0.570 1.610 1.310 1.600 3.810 3.940 3.460 -0.790
GL PJ5th -0.7 -1.030  0.144 5.575 6.113 9.422 6.569 1.125 5.693 -0.600
PJ 6th 0.98 1.170 1.470 2.440 9.420 9.210 11.260 -0.700
D6 S5th 2.81 0.470 4.850  4.220 5510 5.870 6.660 9.290 8.490 8.530 -1.640
D6 6th  -1.51 0.140 3.190 6.240 4.640 8.750 9.330 9.490 8.600 -0.790

Table9. D6 antioxidant capacityalues(percentagesfrom thefifth and sixth attempthe results are coloured
with different shades of re@bwer valuesyand green(higher values}o better perceived the differencés
stands for the.uria Bertani broth while GL for LB+ 1% glucose.
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% antioxidant capacity
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Fifth attempt: D6 and PJ after 30 min

i%m
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®PJinLB @eD6inLB @PJin GL @D6in GL

Figure 37. D6 and PJ in LEin light and dark bluepnd LB + 1% glucose (Gllight and dark regl from 5"
attemptafter 30 minutespeviation standard barare reported while negative values have been removed.
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Figure 38. D6 and PJ in LB (in light and dark blue) and LB + 1% glucose (GL, light and dark red)dfom
attempt, after 30 minutes; deviation standard bars are reppvtéde negative values have been removed.
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The higher valuesboth inD6 and PJwerepresent in LB + 1% glucose, where
prodigiosin productions, if not completely inhibited, lower than in just LB me-

dium. Therefore, two are the hypothesis:
oxidant capacity as much as thought egybrted in previous works or glucose in-
creases that one, even i f the LB + 1% gl

values than the LB control, indicating a diffecerinantioxidant capacitgould be

influence by glucose presen&mad Shalaby and calborators have hypothesized

how in black teaglucosecould react withoxidized phenolsbecoming scavenger

for DPPH radica(Figure 39 (Emad Shalaby et al. 2016). So, glucose could possi-

bly bind some molecules present in the i
in the final antioxidant capacity output, bat,course, thiphenomenon should be

studied apart, and further experimanepetition are needed.

CH;OH

DPPH + H DEPH radical
Non-radieal product

Figure 39. The suggested reaction between sugar and oxidized phetmlgginones) in black tea and possi-
bility for scavenging of DPPH radicaEfnadShalaby et al. 2016).

3.2.2.Prodigiosin quantification

Prodigiosin was approximately quantified by usaiggorptiorspectra: differences

in intensities should underline the main discrepancies between PJ and D6 both
grown in LB and LB + 1% glucose. As in the DPPH antioxidant assay, also in this
case there were problems related to the quantificatidcheobamples from first,
second and third attempt, because of some technical problems that will be later dis-
cussed; as previously said, for each timepoint two samples were collected for both
LB and LB+ 1% glucose (for each timepoint there are 4 samples in total for both
PJ and D6, that have different microplates).

Absorption spectra were measuiiedthe range of 40 and 700 nmbecause the

mi cr opl at e sreachthealWVevavelehgtidrange; beside that, plastic mi-
croplates absorbs the UV light, and it would have been impossible to check the
absorptionunder400 nm. The solution would be collecting samples from flasks
couplal with the usage of quartz cuvettésit as previously reporteid paragraph

3.1, it would be impossibléo verify the prodjiosin absorptiorbecause the flask
opening and closing, necessary to coll ec
mulation In fact, quartz cuvettes with path length of 1 cm were the only ones
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available, but it would be helpful to have smaller path lesdtr instance 2 mm.
For each timepoint there were two replicates, but just the results from one of the
two were reporteds spectra to make the visual analysis easier.

From the fifth attempt result§igure 40 andFigure 41), it is evident how D6 pre-

sents in LB the characterizing peak around 535 nm, while PJ shows the draft of a

peak, but it is not as clear asdde. Samples in LB + 1% glucose, both from the 5th

and 6th attemptFigure 42 Figure 43 Figure 46 andFigure47), donod6t present
peak at 535 nm, as confirmation of prodigiosin absence. This technique is good to

make first analysis, but it is not veryggise. This could beaused byhe extraction

of the pigment by glass beads is not sufficient and, probably, a better method is

needegas | ast, the starting amount wasnodt enou
sufficient amount of pigment.

Fifth attempt: PJ in LB

0,19

400 450 500 550 600 650 700

Wavelenght [nm]
t7 t8 t9 t10 control

Figure 40. Absorptionspectra (range frord00 to 700 nm) oPJin LB sampledaken indifferent timepoints
(t2-t20) during thefifth growth curve attempivith control(methanol) values that differed were not taken into
consideration (corresponding timepoints are not reported).
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Fifth attempt: D6 in LB
0,19

0,17
0,15

0,13

0,11 A _‘/\

Abs

0,07
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Wavelngth [nm]
t3 t4 t5 t6 t7 t8 t9 t10 control

Figure 41. Absorption spectra (range frod00 to 700 nm) oD6 in LB sampledaken indifferent timepoints
(t2-t10) during thefifth growth curve attemptwvith control(methanol) values that differed were not taken into
consideration (corresponding timepoints are not reported).

Fifth attempt: PJ in LB + 1% glucose (GL)
0,19

0,17
0,15

0,13

Abs

0,11
0,09

0,07
400 450 500 550 600 650 700

Wavelength [nm]
—tl t3 t4 t5 t6 8 t9 t10 control

Figure 42. Absorption spectra (range fro#00 to 700 nm) oPJin LB + 1% glucose (GLyampledaken in
different timepoints {ttio) during thefifth growth curve attempwith control(methanol) values that differed
were not taken into consideration (corresponding timepoints are not reported).
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Fifth attempt: D6 in LB + 1% glucose (GL)
0,19

0,17

0,15

0,13

Abs

0,11

0,09 eee————

0,07
400 450 500 550 600 650 700
Wavelength [nm]
—_—12 t3 t6 t7 t8 t9 t10 control

Figure 43. Absorption spectra (range frod00 to 700 nm) oD6 in LB + 1% glucose (GLyampledaken in
different timepoints {ttio) during thefifth growth curve attempwith control(methanol) values that differed
were not taken intaonsideration (corresponding timepoints are not reported).

Sixth attempt: PJ in LB
0,19

0,17
0,15

3
2013

0,11 \
————

0,09 —_—

0,07
400 450 500 550 600 650 700

Wavelength [nm]
—_—tl —1t2 t3 ——t5 ——16 control

Figure 44. Absorption spectra (range fro400 to 700 nm) oPJin LB samples taken in different timepoints
(t2-t10) during thesixthgrowth curve attempt, with contr@inethanol); values that differed were not taken into
consideration (corresponding timepoints are not reported).
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Sixth attempt: D6 in LB
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Figure 45. Absorption spectra (range frod00to 700 nm) oD6 in LB samples taken in different timepoints
(t2-t10) during thesixthgrowth curve attempt, with contr@inethanol); values that differed were not taken into
consideration (corresponding timepoints are not reported).

Sixth attempt: PJ in LB + 1% glucose (GL)
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Figure 46. Absorption spectra (range froA00to 700 nm) oPJin LB + 1% glucose (GLpamples taken in
different timepoints {tti0) during thesixthgrowth curve attempt, with contr@hethanol); values that differed
were not taken into consideration (correspamgltimepoints are not reported).



Sixth attempt: D6 in LB + 1% glucose (GL)

0,07
400 450 500 550 600 650 700
Wavelength [nm]
—_—t —12 t3 t4 t5 t6 t7 t8 t9 control

Figure 47. Absorption spectra (range frod00 to 700 nm) oD6 in LB + 1% glucose (GLpamples taken in
different timepoints {tt10) during thesixthgrowth curve attempt, with contr@hethanol); values that differed
were not taken into consideration (corresponding timepoints are not reported).

3.3.Spectrophotometric characterization

Spectra analysiwantedto highlight the interactioof prodigiosinwith the solvent
whereit is dissolvedo comprehend its composition and to characterize its structure.
In fact, experiments were done with ethanol and methanol and many different sol-
vents will be used in next analygspectra in thé\ppendixparagraph7.2.1).

3.3.1.Absorption and fluorescencespectra

As previously said, early analysis were performed using ethanol and, later, metha-
nol, whose properties donodét differ that muc
methilenic group, so spectra results were expected to present similar patterns and
peaks. Bsides the used solveahsorpion spectra were measured from 240 nm to

700 nm: in literaturegaragraph 1.1.3, generally, theeported spectra start from

300 nm, while in our case, because we were interested in the UV interactions, the
range was broadened to 240 nm. Regarding the fluorescence spectra, it was decided
to use as excitation wavelengths the peaks values from thdabse results. This
means that the individuated peaks wavelengths at around 260, 330, 390, 400, 470,
500 and 537 nm were used to excite the samples in the fluorescence analysis, whose
range extended from 240 and 800. As last step, excitation spectréateerdone

in the range of 25654 nm to make comparisons between the interactions in ethanol
and methanol. Two things should be underlined: first, the experiments were per-
formed once a week, for this reason the week number will be repottezigraphs

and mentionegsecondly, the sample freshness and the measurements timing, that
will be later discussed, caused aggregates formation and, hence, the results. There-
fore, to not let the solvent to influence the spectra analysis, samples in both ethanol
and mehanol were made evaporating with gaseous nitrogen and prodigiosin was
later resuspended the in fresh solvent.
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Starting from ethanol, the firstosorptiorspectrum, which will be referred as first
sample (first week), was performed usingearsold sample4 peaks were identi-

fied, at 266 nm, 328 nm, 387 nm, and 500 nm. In all fluorescence spectra there was
asoc al | ed # gdoeots Somepuaspekific light scatterimghich means a

peak that changes in intensity and wavelength depending on the ercisatithis
wavelength was not taken into consideration; as solution, filters or correction pro-
grams should be used. The spectrum with excitation at 390 nm was, during this first
measurement, discarded, because there was no signal, if not only the edebyaus

the ghost peak.

The second measurement in ethanol, which will be referred as second sample (sec-
ond week), was done with PJb6s fresh isol
ethanol: the absorption spectrum was measured, and the peaks were3@6262,

390, 470, 500 and 537 nm. For fluorescence analysis, the peak at 390 nm was the
only one not used as excitation wavelength; from the fluorescence spectra, it was
noticeable that the peaks were less intense than the ones from first measurement
and thiscould have been caused by pigment aggregation or differences in concen-
tration. A third measurement was done with the same sample used in the second
measurement (second sample, third week), which was, at the time of the experi-
ment, 2 weeks old. The absoqut spectra revealed that the peaks having the same
pattern of previous measurements, but the values were slightly shifted. What was
different in the fluorescence spectra was the presence of a peak at 670 nm, when
sample was excited at 440 nm. This disaregy was seen also in the 390 nm spec-
trum, and it could have been caused by aggregation phenomenon. Therefore, 5 sam-
ples of 100 pL of prodigiosin in ethanol were made evaporating with gaseous ni-
trogen, to obtain pure pigment. A fourth measurement was(ftmmth week), with

the second sample that was made evaporating and then prodigiosin was diluted with
3 mL of ethanol. In the absorption spectra, the only difference was represented by
the greater intensity of the peak at 470 nm, meaning that there em@dben the
coexistence of two species. So, fluorescence spectra were done and the peak at 670

nm that was identified in the previous a
were no aggregates or contamination, so the results of the second measurement
wasndt take into consideration.
Concerning samples in methanol, they we

(named first and fourth measurement): in the first analysis 2 mL of methanol and

50 pL of prodigiosin were used, while in the second attempt 3 ndL180 pL,
respectively. From the absorption and fluorescence spectra, it was evident that be-
sides differences in concentration, the
other and the ethanol ones.

A fifth measurement was done, both with ethanol aethamol to confirm all the
results obtained: for the first one, 250 pL of fresh evaporated prodigiosin were used
(to reach the appropriate intensity of 0,2) in 3 mL of ethanol, while for the second
one, 100 pL of fresh evaporated prodigiosin were usedmh 8f 100% methanol
(Figure 48). From a comparison between methanol and ethanol fluorescence spec-
tra from the #and %" measurements for methanol afttiBeasurement for ethanol,
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all the results are the same, but differences are present in the 265 and 470 nm spectra
(Figure 49). In fact, ethanol presented peaks with higher intensity around at 350
and 700750 nm, while methanol had the major peaks at 300 and 600 nm. It was
evident that both absorption and fluorescence spectra from the first analysis
changed and this iiexpected because the two solvents have similar properties, so
spectra should not differ that much. To understand these differences in the fluores-
cence spectra, excitation spectra were taken, and lifetime of the excited states meas-
ured paragraph2.3.2. The excitation spectra were performed with emission wave-
length fixed at 554, because it was the value of the highest peak in 470 nm spectrum,

and excitation range from 250 to 540 nm.

Because of the probable presence of two species or impuritiesethtm| sam-

ples, absorption, fluorescence, and excitation spectra were performed starting from
250 pL of fresh prodigiosin, that was made evaporated with gaseous nitrogen and
dissolved in 3 mL of 100% ethan@Figure 50). The absorption spectra results
(sixth measurement) shown the presence of two species, because in pure ethanol
the peak at 470 nm was the most intefsguie 48). There are differences among

the impure ethanol, 100% pure ethanol and 100% pure methanol spectra: regardless
of the concentration differences, the peaks have a different evolution and pattern,
so the presence of two different species is probable andidshe investigated. To

do that, pigment should be purified and studied in different pH buffer to understand
the behaviour of those two speciBawn below, peal®aluesarereported Table

10).

Tablel0.

Starting

from the

c o | @thamol (ahove)tahdeethdna@(below)and a mp | e s 6
experimental week, peaks values in the aligmrgpectra, excitation wavelength used for fluorescence spectra
and peaks values obtained in the excitation spectra. The different attempts are reported in different colours to

help in the data visualizain; in red, unique values are highlighted.

Samples measured in ethanol

attempt peaksab.(nm) excitationa-(nm) peakdl. (hm)
First sample 266 260 300, 350, 530,
(2 years oljl 630, 700750
T 387 390 350, 706750
first week 500 500 500
Secondsample 262 265 360, 656800
(fresh) 336 336 360, 706800
T 470 440 550
second week 500 440 /
537 537 550
Second sample2( 265 265 360, 656800
weeks old) 330 330 370, 708800
T 470 440 550,670, 725
third week 500 440 /
537 537 550
Second sample 264 265 330
(evaporated) 341 341 375, 706800
i 470 440 550
fourth week 537 537 550
Third sample 265 265 330,
(evaporated) 344 340 375, 706800
T 470 470 550
fifth week 537 537 550
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Samples measured in rethanol

attempt peaksab(nm) excitationa-(nm) peaksfl. (nm)
First sample 265 260 300, 350, 530, 630
(fresh) 700-800
T 356 328 350, 650,
first week 700-800
465 450 500
503 / /
536 / /
First sample 260 265 300
(evaporated) 328 356 =
i fourth week 500 440 550
Second sample 264 265 300
(evaporated) 355 = S
T 470 470 550
fifth week 500 ! /
537 / /

Figure 48. Comparison between the absorption spectrum done in impure ethanol as fifth measurement (in
green), in 100%thanol as sixth measurement (indland in 100% methanol as fiftheasurement (in red).

Figure 49. On theleft, the comparison between methanol spectra at 265 and 264 nm from the fourth and fifth
measurements and ethanol spectra at 262 nm from the second measurement; on the right, the comparison
between methanol spectra at 465 and 470 nm from the fourthfmchéasurements and ethanol spectra at

470 nm from the second measurement.
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