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Abstract : Incre a s i ng l e ve l s  of pol ycycl i c a roma �c hydroca rbons  (PAHs ) i n the  e nvi ronme nt contri bute  s i gni fica ntl y to pol l u�on, pos i ng a

s e ri ous  e col ogi ca l  cha l l e nge . Mi crobi a l  bi ofil m-me di a te d bi ore me di a �on ha s  prove n to be  a  promi s i ng a pproa ch for mi �ga �ng
PAH conta mi na �on i n e cos ys te ms . Among the  compone nts  of the  bi ofil m ma tri x, a myl oi d, a  prote i na ce ous  cons �tue nt of
e xtra ce l l ul a r pol yme ri c s ubs ta nce s  (EPS), pl a ys  a  cruci a l  rol e  i n e nha nci ng the  s tructura l  i nte gri ty a nd re s i l i e nce  of bi ofil ms . The
the s i s  i l l us tra te s  the  i nte ra c�on of func�ona l  a myl oi d i n Pseudomonas (Fa p) wi th pyre ne , a  commonl y e ncounte re d PAH.
Pseudomonas aeruginosa PFL-P1, a  ma ri ne  bi ofil m-formi ng ba cte ri um, s howe d s trong tol e ra nce  (2200 ppm) a nd che mota xi s  towa rd
pyre ne , i ndi ca �ng i ts  pote n�a l  for bi ore me di a �on i n PAH-conta mi na te d e nvi ronme nts . The  produc�on of a myl oi d by P. aeruginosa
PFL-P1 wa s  confirme d through Congo re d (CR) a s s a y, thi ofla vi n T (ThT) s ta i ni ng, a nd a mpl i fica �on of the  fapC ge ne . The  e xpre s s i on
o f fapC wa s  upre gul a te d s i x fol d (p<0.0001) whe n pyre ne  wa s  us e d a s  the  s ol e  ca rbon s ource . Mol e cul a r docki ng s i mul a �ons
re ve a l e d a  s trong bi ndi ng a ffini ty be twe e n Fa pC a nd pyre ne , wi th a  bi ndi ng e ne rgy of -6.75 kca l /mol , i ndi ca �ng a  robus t
i nte ra c�on. Confoca l  l a s e r s ca nni ng mi cros copy (CLSM) furthe r de mons tra te d a  s i gni fica nt i ncre a s e  i n a myl oi d produc�on duri ng
bi ofi l m forma ti on by P. aeruginosa PFL-P1 i n the  pre s e nce  of pyre ne  (p<0.0001). The  e l e va te d e xpre s s i on of fapC a nd the  hydrophobi c
i nte ra c�ons  be twe e n Fa pC a nd PAH compounds  i ndi ca te  the  cri �ca l  rol e  of Fa p i n PAH bi ndi ng, fa ci l i ta �ng the i r s ubs e que nt
de gra da �on. The  s tudy a l s o e xpl ore d the  rol e  of cycl i c di -GMP (c-di -GMP), a  ba cte ri a l  s e conda ry me s s e nge r tha t pl a ys  a  ce ntra l
rol e  i n re gul a �ng bi ofil m forma �on a nd s ta bi l i ty. P. aeruginosa  PFL-P1 s howe d re ma rka bl e  a da pta bi l i ty to va ryi ng e nvi ronme nta l
condi �ons , thri vi ng unde r ne utra l  to s l i ghtl y a ci di c pH (5-7), l ow s a l i ni ty (1-3%), a nd mode ra te  te mpe ra ture s  (30-37°C). Thi s
a da pta bi l i ty i s  a :ri bute d to the  pre s e nce  of di gua nyl a te  cycl a s e  (dgc) a nd phos phodi e s te ra s e  (pde) ge ne s , whi ch re gul a te  c-di -
GMP s ynthe s i s  a nd de gra da �on. Ge ne  e xpre s s i on a na l ys i s  re ve a l e d a  coordi na te d re gul a tory ne twork of di ve rs e  ge ne s  duri ng
bi ofil m de ve l opme nt. The  ge ne s  re s pons i bl e  for c-di -GMP re gul a �on ( dgc, pde), func�ona l  a myl oi d s ynthe s i s  ( fapC), quorum
s e ns i ng (las I a n d rhlI), a nd hydroca rbon de gra da �on ( nahAc) i n P. aeruginosa  PFL-P1 s howe d s i gni fica nt upre gul a �on a t 48 h,
i ndi ca �ng thi s  �me  poi nt a s  the  ma ture d s ta ge  of bi ofil m de ve l opme nt. At pH 4, the  e xpre s s i on of the  five  ge ne s  e xce pt pde
e xhi bi te d a  s trong a da p�ve  re s pons e  to a ci di c s tre s s  ( p<0.0001). Ge ne  e xpre s s i on s ta bi l i ze d from pH 5 to 9, re fle c�ng op�ma l
func�ona l  condi �ons . Low s a l i ni ty (&l e 1%) tri gge re d e l e va te d e xpre s s i on of a l l  s i x ge ne s , s uppor�ng bi ofil m de ve l opme nt,
quorum s e ns i ng, a nd PAH de gra da ti on, whe re a s  s a l i ni ty a bove  5% ca us e d a  de cl i ne  i n e xpre s s i on due  to os moti c s tre s s  (p<0.0001).
At 40°C, upre gul a �on of dgc (p=0.0457) a nd fapC (p=0.0444) i ndi ca te d te mpe ra ture -s pe ci fic re gul a �on fa vori ng bi ofil m s ta bi l i ty.
Expos ure  to hi ghe r pyre ne  conce ntra �ons  (100 ppm) i nduce d s i gni fica nt upre gul a �on of d g c (p=0.0121) , l a s I (p=0.0015) , rhlI
(p=0.0005), a nd nahAc (p=0.0020), promo�ng bi ofil m forma �on a nd hydroca rbon de gra da �on whi l e  s uppre s s i ng pde to e nha nce
bi ofil m re s i l i e nce . The  a ddi �on of 1 µg/mL of C4-HSL a nd 3OC12-HSL upre gul a te d dgc, pde, fapC, a nd nahAc, hi ghl i gh�ng the  rol e  of
quorum s e ns i ng rol e  i n bi ofil m forma �on a nd pyre ne  de gra da �on ( p<0.0001). Conve rs e l y, te rre i n, a  quorum s e ns i ng a nd c-di -GMP
i nhi bi tor, downre gul a te d fapC a nd nahAc, di s rup�ng bi ofil m forma �on a nd PAH de gra da �on ( p<0.0001). The  coordi na te d
e xpre s s i on of dgc a nd fapC wa s  s trongl y a s s oci a te d wi th i ntra ce l l ul a r c-di -GMP l e ve l s  a nd a myl oi d produc�on, de mons tra �ng the i r
cri �ca l  rol e s  i n bi ofil m re s i l i e nce  unde r di ve rs e  e nvi ronme nta l  s tre s s ors . The  pos i �ve  corre l a �on be twe e n c-di -GMP l e ve l s  a nd
a myl oi d pe rce nta ge s , a l ong wi th the  hi gh bi ndi ng e ne rgy of -11.8 kca l /mol  be twe e n c-di -GMP a nd Fa pC, hi ghl i ghts  a  dua l  rol e  for c-
di -GMP a s  both a  s i gna l i ng mol e cul e  a nd a  mol e cul a r cha pe rone  fa ci l i ta �ng a myl oi d fibri l  a s s e mbl y. Thi s  s tudy a l s o re porte d the
cha ra cte ri za �on of Fa p fibri l s  from P. aeruginosa PFL-P1 a nd the i r i nte ra c�on wi th pyre ne , furthe r a s s e s s i ng the  i mpa ct on pyre ne
de gra da �on. Ove re xpre s s i on of fap i n E. coli BL21(DE3) ce l l s  e nha nce d bi ofil m forma �on ( p<0.0001) a nd a myl oi d produc�on
(p=0.0002), pa r�cul a rl y i n the  pre s e nce  of pyre ne . De fibri l l a te d Fa p a na l ys i s  re ve a l e d Fa pC monome rs , wi th i ncre a s e d fibri l l a �on
upon e xpos ure  to pyre ne . Ci rcul a r Di chroi s m (CD), Fouri e r Tra ns form Infra re d Spe ctros copy (FTIR), a nd X-ra y Di ffra c�on (XRD)
confirme d cha ra cte ri s �c a myl oi d pe a ks  a nd s tructura l  cha nge s  i n Fa p fibri l s  upon pyre ne  e xpos ure . Thre e -di me ns i ona l  e xci ta �on-
e mi s s i on ma tri x (3D-EEM) a na l ys i s  i de n�fie d a  prote i n-l i ke  fluorophore  i n Fa p fibri l s  tha t e xhi bi te d fluore s ce nce  que nchi ng upon
pyre ne  bi ndi ng. The  bi ndi ng cons ta nts  ra nge d from 5.23 to 7.78 M&minus1, wi th a  &De l ta G of -5.10 kJ/mol  a t 298K, i ndi ca �ng a
s ponta ne ous , e xothe rmi c i nte ra c�on pri ma ri l y dri ve n by hydrophobi c force s . Exoge nous  Fa p fibri l s  s i gni fica ntl y e nha nce d bi ofil m
growth a nd pyre ne  de gra da �on by P. aeruginosa  PFL-P1, i ncre a s i ng the  de gra da �on ra te  from 46% to 64% wi thi n s e ve n da ys
(p=0.0236). Ga s  chroma togra phy ma s s  s pe ctrome try (GC-MS) a na l ys i s  i de n�fie d va ri ous  me ta bol i te s , s ugge s �ng the  i nvol ve me nt of
the  phtha l i c a ci d pa thwa y i n pyre ne  de gra da �on. Thi s  s tudy provi de s  a  de e pe r unde rs ta ndi ng of the  s tructura l  dyna mi cs  of Fa p
fibri l s  i n re s pons e  to pyre ne  e xpos ure  a nd offe rs  pote n�a l  a ppl i ca �ons  i n e nvi ronme nta l  bi ore me di a �on, pa r�cul a rl y for the
de gra da ti on of PAHs .
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