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RHAMNOLIPIDS BIOSYNTHESIS IN PSEUDOMONAS
AERUGINOSA ONU 301 IN THE PRESENCE OF
EXOGENOUS SIGNALING QUINOLONE

Aim: Discovery of the P. aeruginosa ONU 301 rhamnolipids biosynthesis and rham-
nosyltransferase 2 activity in presence of Pseudomonas aeruginosa exogenous quorum
sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS). Methods. Pseudomonas
aeruginosa ONU 302 were cultured in the Giss medium with 2% glucose at 37°C
24 h. All discoveries were performed in «plancton-biofilmy» system with using of the
«Nunclon» 48-well plates. Di- and monorhamnolipids separation conducted by TLC
methods and its content was determined by orcinol test. Rhamnosyltransferase 2 (RhIC)
activity was analysed in P. aeruginosa cell extracts using a rhamnosyltransferase
assay specific for the addition of L-rhamnose to monorhamnolipid. Results. Afier
16 h of growth, there is approximately 4.2 times more biosurfactant in cultures
supplemented with PQOS compared with the control. After 24 hours its level in culture
medium was 16.0 mg/ml in the presence of 80 uM PQS and 3.7 mg/ml in the absence
of POS. The dirhamnolipids content in control culture after 8 hours was less than
the monorhamnolipids. But after 24 hours its level was in 2.86 time higher. The dir-
hamnolipid/monorhamnolipid ratio increased 24 hours later in 1.25; 1.55 and 2.25
times in presence of 40, 60 and 80 uM signaling quinolon concentration, respectively.
The additions of POS at the time of inoculation are sufficient to induce RhIC activity
during the transition to stationary phase. So, after eight hours in the presence of 40,
60 or 80 uM PQS rhamnosyltransferase 2 activity was 1.5, 1.9 and 2.2 times higher
as compared with the control. After 24 hours this enzymatic activity was higher at
45%, 85% and 110%, respectively. Conclusion. It is concluded that, Pseudomonas
aeruginosa quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS)
can be used in biothechnology to increase the yield of biosurfactants and enrich them
with dirhamnolipids
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Pseudomonas aeruginosa rhamnolipids have a wide spectra of biological ac-
tivity, especially antimicrobial and antitumor mode of action [10, 13]. Due to its
high emulsifying capacity they can be used in bioremediation of the polluted soil
[8] and for oil recovery enhancement [15]. P. aeruginosa biosurfactants are the
rhamnolipids mixture with different molecular structure that mainly consists of di-
and monorhamnolipids, that have two fatty acid residues in their structure, mostly
B-hydroxydodecanoyl-B-hydroxydodecanoat. Dirhamnolipids are more soluble in
water and posses the highest emulsifying and antitumor activity [9].
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We have previously shown that the exogenous signal quinolon (PQS) increased
rhamnolipids biosynthesis and dirhamnolipid/monorhamnolipid ratio in P. aeruginosa
PAO1, and hypothesized that it could activate rhamnosyltransferase 2 [7].

Three enzymatic reactions are required in the final steps of rhamnolipids bio-
synthesis in P. aeruginosa [12]: 1) RhlA is involved in the synthesis of the HAAs,
the fatty acid dimers, from two 3-hydroxyfatty acid precursors; 2) the membrane-
bound RhIB rhamnosyltransferase 1 uses dTDP-L-rhamnose and an HAA molecule
as precursors, yielding monorhamnolipids; 3) these monorhamnolipids are in turn
the substrates, together with dTDP-L-rhamnose, of the RhIC rhamnosyltransferase
2 to produce dirhamnolipids. Unfortunately, few works have characterized these
three enzymes [2, 11].

The aim of this study was discovering of Pseudomonas aeruginosa ONU 301
rhamnolipids biosynthesis and rhamnosyltransferase 2 activity in presence of the
exogenous quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS).

Materials and Methods

Bacterial strain P. aeruginosa ONU 301 used in this study was obtained from
cultures collections of Department of Microbiology, Virology and Biothechnology
of Odesa National Mechnykov University.

All researches were performed in «plancton-biofilmy» system with using of the
«Nunclon» 48-well plates. P. aeruginosa ONU 301 overnight cultures diluted with
sterile saline buffer were added in the plate wells containing 1 ml of Giss media to
final cell concentration equal 10° CFU. The plates were incubated at 37 °C. Optical
density of cultures (A 540 nm) and rhamnolipids content were determined after 8,
16 and 24 hours.

Rhamnolipids separation was performed with TLC method on Alugram Sil G/UV
254 TLC plates (Germany) in chloroform-methanol-water (65:12:2) mixture [14].
Rhamnolipids spots placement was determined by color reaction with rhamnose and
acetic acid—sulphuric acid—anis aldehyde solution (50:1:0.05) and TLC plates were
heated at 80 °C till pink-orange staining appearance.

Di- and monorhamnolipids were eluted with chlorophorm. The samples were
vortexed at 1500 g for 30 minutes for silica-gel removal. After centrifugation chlo-
roform layer was taken away and evaporated. Residue was diluted at 100 uM and
rhamnolipids concentration were determined using orcinol-assay [4]. Dirhamnolipids/
monorhamnolipids ratio was calculated taking monorhamnolipids content as 1 unit.

Rhamnosyltransferase 2 activity was analysed in P. aeruginosa cell extracts
using rhamnosyltransferase assay specific for the addition of L-rhamnose to mono-
rhamnolipid [11]. Cells from stationary phase cultures were washed with 100 mM
Tris-100 mM NacCl buffer, pH 7, and ruptured by sonication. Whole-cell extracts were
incubated with 0.5 mg of dTDP-L-rhamnose and 1.5 mg of monorhamnolipid for 4 h
at 37 °C. Monorhamnolipid used in the assay was purified from P. aeruginosa strain
ATCC 9027, which lacks the ability to produce dirhamnolipid [16]. Dirhamnolipids
were separated by TLC and determined using orcinol-assay [4]. One transferase unit
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corresponds to the incorporation of one nmol of rhamnose from TDP-rhamnose into
monorhamnolipid per hour. The total protein content of the whole-cell extracts was
determined by using the Lowry method [5].

We used in this work 2-heptyl-3-hydroxy-4-quinolon that was synthesizing in
ONU Biotechnological scientific-educational center, TDP-rhamnose was obtained
from PhD V. Osetrov. PQS was used at concentrations of 40, 60 and 80 uM. Data
about physiological concentration of autoinducers were used while concentrations
choosing.

All experiments were carried out triple with 6 repeats in each case.

Data are reported as the mean + standard deviation. Reliability of differences was
determined by Student's criterion at a significance level of not less than 95% (p=<0.05).
All mathematics calculations were performed using the computer program Excel.

Results and Discussion

McKnight S. et al. have demonstrated that PQS production is also initiated
in early stationary phase [6] and production of rhamnolipids are reduced in PQS-
deficient mutants [3]. All these data suggest an important role of P. aeruginosa
quinolone signal in the synthesis of biosurfactants. Therefore, we studied the effect
of exogenous PQS on the planctonic cells growth and ramnolipids biosynthesis.

The results show that addition of increasing concentrations of PQS does not
affect the growth of P. aeruginosa ONU 301. These results coincide with data [3]
showed that of exogenously added PQS at concentrations from 10 to 100 uM do not
affect the growth of P. aeruginosa PAO1 lecA::lux.

Addition of increasing concentrations of PQS enhanced rhamnolipids content
in a concentration-dependent manner (Fig.).
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Fig. Kinetics of P. aeruginosa ONU 301 rhamnolipids biosynthesis in presence
of quinolone signal molecule

Note: — distinctions are reliable as compared to control
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The results presented in Fig. show that the addition of PQS at concentration 80
UM had the greatest effect on the rhamnolipids biosynthesis. After 16 h of growth,
there is approximately 4.2 times more biosurfactant in cultures supplemented with
PQS compared with the control. After 24 hours its level in culture medium was 16.0
mg/ml in the presence of 80 uM PQS and 3.7 mg/ml in the absence of PQS.

In the presence of 60 uM PQS rhamnolipids content was 8.2 mg/ml — 2.2 times
greater than the control but less than 2 times from result obtained at adding of 80
uM PQS.

The exogenous signal quinolon not only increased total rhamnolipids biosyn-
thesis, but also dirhamnolipid/monorhamnolipid ratio in P. aeruginosa ONU 301.
The data presented in Table 1 show that dirhamnolipids fraction increases with the
time of cultivation and that P. aeruginosa ONU 301 show greatly influences on the
dirhamnolipids biosynthesis at concentration 80 uM.

Table 1
Effect of PQS on dirhamnolipids/monorhamnolipids ratio

8 hour 16 hour 24 hour
Control

0.7:1 14:1 20:1
PQS 40 uM 14:1 2.0:1 25:1
PQS 60 uM 14:1 2.1:1% 3.1:1%
PQS 80 uM 1.7: 1% 32:1% 4.5:1*

Note: Dirhamnolipids/monorhamnolipids ratio was calculated taking monorhamnolipids content
as 1 unit;
* — distinctions are reliable as compared to control

The dirhamnolipids content in control culture after 8 hours was less than the
monorhamnolipids. But after 24 hours its level was in 2.86 time higher. The dirham-
nolipid/monorhamnolipid ratio increased 24 hours later in 1.25; 1.55 and 2.25 times
in the presence of 40, 60 and 80 uM signaling quinolon concentration, respectively.
Thus, the PQS increases the proportion of dirhamnolipids in the total biosurfactants
mixture which is synthesized by P. aeruginosa ONU 301.

Further there were performed the analysis of activity of rhamnosyltransferase 2
(RhIC), which catalyses the addition of dTDP-L-rhamnose to the monorhamnolipid-
accepting molecule [2]. The study was conducted via 8, 16 and 24 hours of cultiva-
tion (Table 2).

The results indicate that the activity of RhlC increases in control cells 2.7 times
during cultivation from 8 to 24 hours. This increase in activity is not associated with
increased cell contents but due to enhanced expression of #4/C gene that encodes
rhamnosyltransferase 2. The additions of PQS at the time of inoculation are sufficient
to induce RhIC activity during the transition to stationary phase. So, after eight hours
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in the presence of 40, 60 or 80 uM PQS rhamnosyltransferase 2 activity was 1.5, 1.9
and 2.2 times higher as compared with the control. After 24 hours this enzymatic
activity was higher at 45%, 85% and 110%, respectively.

Table 2
Effect of PQS on rhamnosyltransferase 2 activity
in Pseudomonas aeruginosa ONU 301 (units/mg protein)

. Time 8 hour 16 hour 24 hour
Variant
Control 2.9+0.7 5.6+0.9 7.8+2.3
PQS 40 uM 43+12 7.8+1.3 11.3+£24
PQS 60 uM 56+1.1 10.1+1.8 14.5 +2.9*
PQS 80 uM 6.5+2.0* 12.6 £2.2% 16.4+3.1*

Note: * — distinctions are reliable as compared to control

We have previously shown that exogenous PQS has the same effect on the
rhamnolipids biosynthesis of other strains of P. aeruginosa [7]. As it is known
P. aeruginosa regulates the transcription of an array of genes by quorum sensing
[11]. In the case of rhamnolipids biosynthesis, the product of RhlI is the signal
butanoyl-homoserine lactone, C4-HSL, which acts as the activating ligand of the
transcriptional regulator RhIR. The RhIR/C4-HSL complex then binds to a specific
sequence in the rh/AB regulatory region to activate the transcription. The level of
expression of rh/AB is thus dependent on the local environmental concentration
of this signal. The expression of the second rhamnosyltransferase, encoded by
rhlC, is coordinately regulated with 74/4B by the same quorum sensing regulatory
pathway. As it has been shown previously, addition of increasing concentrations of
exogenous PQS enhanced C4-HSL levels (3.5 times more C4-HSL in the presence
of 60 uM PQS compared with the control) and the transcription of certain genes in
a concentration-dependent manner [3].

Therefore, PQS controls production of rhamnolipids by stimulating the RhIR/
C4-HSL quorum sensing system. Additionally, PQS act as inducing ligands of PqsR
regulator and PqsE which upregulates r4/AB transcription [1].

It is concluded that, Pseudomonas aeruginosa quorum sensing signal molecule
2-heptyl-3-hydroxy-4-quinolon (PQS) can be used in biothechnology to increase
the yield of biosurfactants and enrich them with dirhamnolipids.

ISSN 2076—0558. Mikpobionoeis i 6iomexnoaroeis. 2014. Ne 1. C. 15—23 —— 19



Myxiic Adenanadac, M.B. Ikin, T.O. ®@ijinosa

Myxuaic Adenanadac, M.b. I'aakin, T.O. ®@ininosa

Opecpkuii HatlioHabHUH yHiBepcuTeT imeHi 1.1. MeunukoBa,
By JIBopsiHCEKa, 2, Oneca, 65082, YVipaina, Ten.: +38 (048) 765 33 61,
e-mail: tphilippova@onu.edu.ua

BIOCUHTE3 PAMHOUJIIIIIIIB PSEUDOMONAS
AERUGINOSA ONU 301 3A IPUCYTHOCTI
EK30I'EHHOI'O CUT'HAJIBHOI'O XIHOJIOHY

Pedepar

Meta: docaidocenns 6iocunmesy pamuoninioie P. aeruginosa ONU 301 ma
AKMUBHOCMI PAMHO3UIMPAHcpepasu 2 3a NPUCymHOCMI eK302eHHOI CUSHANbHOT
monekynu — 2-eenmun-3-2iopokcu-4-xinonony (PQS). Meroau. Pseudomonas
aeruginosa ONU 301 xynomusysanu y cepedosuwi I'icca ¢ 2% enioxosu npu 37 °C
24 200. [ocnioxcenus npogoounu 8 cucmemi NAAHKMOH—OIONIIBKA Y 48-TYHKOBUX
naanwemax «Nunclony. Budinenns oupamnoninioie npogoounu 3a 8UKOPUCTNAHHA
THIX na naacmunax Alugram Sil G/UV 254. JQupamnoniniou enioroeanu 3 niacmu i
BUBHAUANU IX KITbKICHULL 6MICI 3a OONOMO2U OPYUHOB020 mecmy. AKmusHicms pam-
nosurmpancpepasu 2 (RhiC) ananizyeanu y 6eskaiimunHomy ekcmpakmi 3a peakyicio
npuUEOHanHs L-pamnosu 00 MOHOpAMHONINIOY. 2-eenmui-3-2i0poKcu-4-XiHonon 6ys
cunmesosanuil y biomexnonociunomy naykoeo-nasuanvrnomy yenmpi OHY imeni 1.1
Meunuxoea. Pesynbratu. Yepes 16 200un emicm pamuoninioie nepeguiyy8as pigeHs
KoHmponro npubnusno y 4,2 pasu. Yepes 24 coounu emicm Oiocypgakxmanmis 6
npucymnocmi 80 mxM PQOS cmanosus 16,0 me/mn npomu 3,7 me/mn 3a 8iocymuocmi
PQOS. Buicm oupamnoninioie y Konmponshiti Kyiemypi uepes 8 200 0y8 MeHWUM HidiC
MOHOPAMHONINIOI8, y MOl dce uac, uepes 000y 1020 pigens 6y Oinvwium y 2,86 pasy.
Cnisgionowenns oupamHoninio/monopammoninio yepes 24 200 niosuwyeanrocay 1,25,
1,55 ma 2,25 pasy 3a npucymuocmi 40, 60 i 80 mxM cueranbHo20 XiHONOHY, 8i0N0BIOHO.
Buecenns PQS oonouacno 3 inokynayiero cymmego inoykyeano axmuenicmoe RhIC
V nopigHaHHi 3 KoHmponem. Tak, uepes sicim 200un 3a npucymuocmi 40, 60 abo 80
mxM PQOS axmuenicms pamnosunmpancgepasvr 2 spocmana y 1,5, 1,9 i 2,2 pasu 'y
nopisuanHi 3 Konmponem. Yepes 24 200unu pepmenmamuena akmueHicms nepesuiyy-
sana koumpons Ha 45%, 85% ma 110%, 6ionosiono. BucHoBKH. CucHanbHUll XIHONOH
Pseudomonas aeruginosa (PQS) mooice bymu suxopucmanuii 6 6iomexnonozii ons
niosuuyeHHs 8uxo0y diocyppakmanmie ma 30aeauents ix cymiwii OUPamMHONINIOamu.

Knwuwosi cnoea: Pseudomonas aeruginosa oupammnoniniou, PQS,
pamuosinmparcgepaza 2.
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BUMOCHUHTE3 PAMHOJIMIINIOB PSEUDOMONAS
AERUGINOSA ONU 301 B ITPUCYTCTBUU
IK30I'EHHOT'O CUT'HAJIBHOT'O XNHOJIOHA

Pedepar

Hean: usyuenue buocunmesa pamuonunudos P. aeruginosa ONU 301 u akmusnocmu
pamuozunmpancghepasvl 2 8 NPUCYMCMEUU IK302CHHOU CUSHANLHOU MONEKYIbl —
2-eenmun-3-eudpokcu-4-xunonona (PQS). Metonnl. Pseudomonas aeruginosa ONU
301 kynemusupoeanu 6 cpeoe l'ucca ¢ 2% emoxosvl npu 37°C 24 uaca. Mccrnedosanus
npoeoOUIU 6 cucmeme NIAHKMOH—OUONIEHKA 8 48-1yHounbix nianuwemax « Nunclony.
Buioenenue oupamnonunuooe ocywecmensaiu ¢ nomowvro TCX na naacmunax
Alugram Sil G/UV 254. JJupamHonunuosl s10upo6any ¢ nAACmun i onpeoensiu
UX KOIUHECMBEHHOe COO0epIHCaHe ¢ NOMOWbIO OPYUHOB020 mecma. AKmueHocmb
pamuosunmpancgepasor 2 (RhIC) ananuzuposanu 6 OeckiemouyHom dKCmpakme no
peaxyuu npucoedunenus L-pamnoszol K MOHOpAMHOIUNUOY. 2-eenmui-3-2u0poxcu-4-
Xunonon ovLn cunmesuposar 6 buomexnonocuueckom nayuno-yueonom yenmpe OHY
umenu U.U. Meunuxosa. Pe3ynwsTathl. Yepes 16 uacos codepoicarue pamHoIunuoos
NpesuIaio YposeHb KOHMpOos npumepHo 6 4,2 pasa. Yepes 24 uaca cooepoicanue
ouocyppaxmanmos 6 npucymcmeuu 80 mxM PQOS cocmaensano 16,0 me/mn npomug
3,7 me/mn 6 omcymemeuu POS.

Cooeporcanue OupamHonunuoos 8 KOHMpOILHOU Kyabnype yepes 8 uacos 6viio MeHb-
WUM YeM MOHOPAMHOIUNUOOE, 68 MO Jice BPEMsl, Uepe3 CYMKU e20 YPO8eHb Dbl gblule
6 2,86 pasza. Coomnouienue OupamMHOIUNUO/MOHOpamHorunuo yepes 24 yaca ysenudu-
sanocw 6 1,25; 1,55 u 2,25 pasza 6 npucymcmeuu 40, 60 u 80 mxM cuenanvrozo xuno-
JI0Ha, coomeemcmeenno. Buecenue POS 00Ho6pemMento ¢ uHOKyiAyuell cyujecmeeHHo
unoyyuposano axmuernocmos RhIC no cpasnenuio ¢ konmponem. Tak, uepes éocemvb
uacos 6 npucymemeuu 40, 60 u 80 mxM PQOS akmusnocms pammosunmpancghepasvl
2 nosviwanacy 6 1,5, 1,9 u 2,2 paza. Yepes 24 uaca pepmenmamugHas akmug-
HOCMb npesviuiana KoHmpoab nHa 45%, 85% u 110%, coomeemcmeenno. BoiBonbl.
Cuenanvuviii xunonon Pseudomonas aeruginosa (PQS) mooicem dvimo ucnonvzoean
6 Ouomexnonocuu 0iisi NOBbIUEHUS 8bIX00A OUOCYPDAKMAHMOE U 0002aujeHUs UX
cmecu OUPAMHOTUNUOAMU.

Knwuesvie cnoea: Pseudomonas aeruginosa, oupamuonunuoet, PQS, pamuo-
sunmpancgepaza 2.
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