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kinetics of dirhamnolipids biosynthesis 
and Rhamnosyltransferase 2 activity in the 
presence of Pseudomonas aeruginosa signal 

quinolone

Aim: Discovery of P. aeruginosa АТСС 15692 dirhamnolipids biosynthesis and rham-
nosyltransferase 2 activity in the presence of Pseudomonas aeruginosa exogenous 
quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS). Methods. Pseu-
domonas aeruginosa АТСС 15692 were cultured in the Giss medium with 2% glucose 
at 37  оС for 24 h. All the discoveries were performed in «plancton-biofilm» system with 
using of the «Nunclon» 48-well plates. Dirhamnolipids separation conducted by TLC 
methods on Alugram Sil G/UV 254 TLC plates. Dirhamnolipids were eluted separately 
and its content was determined by the orcinol test. Rhamnosyltransferase 2 (RhlC) 
activity was analysed in P. aeruginosa cell extracts using a rhamnosyltransferase assay 
specific for the addition of L-rhamnose to monorhamnolipid. 2-heptyl-3-hydroxy-4-
quinolon synthesized in ONU Biotechnological scientific-educational center. Results. 
The synthesis of dirhamnolipids in control culture is activated from the early stationary 
phase and the content of the biosurfactants is increased fivefold up 10 to 24 hour – up 
0.83 to 4.3 mg/ml. Addition of increasing concentrations of PQS did not affect the 
growth of P. aeruginosa but increased dirhamnolipids content. After 10 h of growth, 
there were approximately 4.6 times more biosurfactant in the cultures supplemented 
with PQS compared with the control. After 24 hours its level in culture medium was 
20.68 mg/ml in the presence of 80 µМ PQS and 4.3 mg/ml in the absence of PQS. 
The additions of PQS at the time of inoculation are sufficient to induce RhlC activity 
during the transition to stationary phase. So, after eight hours in the presence of 40, 
60 or 80 µМ PQS rhamnosyltransferase 2 activity was higher at 40%, 75% and 93%, 
respectively. After 24 hours this enzymatic activity was 1.6, 1.8 and 2.1 times higher 
as compared with the control.

K e y  w o r d s : Pseudomonas aeruginosa, dirhamnolids, PQS, rhamnosyltransferase 2. 

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 
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β-hydroxydodecanoyl-β-hydroxydodecanoat. Dirhamnolipids are more soluble in 
water and posses the highest emulsifying and antitumor activity [9].

We have previously shown that the exogenous signal quinolon (PQS) increased 
rhamnolipids biosynthesis and dirhamnolipid/monorhamnolipid ratio, and  hypoth-
esized that it was able to 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 RhlB 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 RhlC rhamnosyltransferase 
2 to produce dirhamnolipids. Unfortunately, few works have characterized these 
three enzymes. 

The aim of this study was discovering of Pseudomonas aeruginosa АТСС 15692 
dirhamnolipids biosynthesis and rhamnosyltransferase 2 activity in presence of the 
exogenous quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS).

Materials and Methods
All investigations were performed in «plancton-biofilm» system with using of 

the «Nunclon» 48-well plates. P. aeruginosa АТСС 15692 overnight cultures were 
diluted with sterile saline buffer and were added in the plate wells containing 1 ml 
of Giss media to final cell concentration equal 103 CFU. The plates were incubated 
from 2 h to 24 h at 37 оС. Optical density of cultures (λ 540 nm) and dirhamnolipids 
content were determined each 2 hours during the day. 

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 оС till appearance of pink-orange staining. 

Dirhamnolipids were eluted with chlorophorm. The samples were centrifugated 
at 1500 g for 30 minutes for silica-gel removal. After centrifugation chloroform layer 
was taken away and evaporated. Residue was diluted at 100 µM and rhamnolipids 
concentration was determined by using orcinol-assay [5]. 

Rhamnosyltransferase 2 activity was analysed in P. aeruginosa cell extracts 
using a 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 NaCl 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 оС. Monorhamnolipid used in the assay was purified from P. aeruginosa strain 
ATCC 9027, which lacks the ability to produce dirhamnolipid [16]. Dirhamnolipid 
were separated by TLC and determined using orcinol-assay [5]. One transferase unit 
corresponds to the incorporation of one nmol of rhamnose from TDP-rhamnose into 
monorhamnolipid per hour. 
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We have used in this work 2-heptyl-3-hydroxy-4-quinolon that was being syn-
thesized in ONU Biotechnological scientific-educational center, TDP-rhamnose was 
obtained from PhD V. Osetrov. PQS was used at the concentrations of 40, 60 and 80 
µМ. While choosing the concentrations there were used the data about physiological 
concentrations of autoinducers.

All the 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% 
(р≤0.05). All the mathematical calculations were performed using the computer 
program Excel [1]. 

Results and Discussion 
The study of kinetics of planktonic cells growth and diramnolipids biosynthesis 

of control cultures of P. aeruginosa show that dirhamnolipids appear in the culture 
medium in the late logarithmic growth phase – between 6 and 8 hour of cultivation 
(Fig. 1). 

Fig. 1. Kinetics of planktonic bacteria growth and diramnolipids biosynthesis of control 
cultures of P. aeruginosa

The synthesis of dirhamnolipids is activated from the early stationary phase and 
the content of the biosurfactants is increased fivefold up 10 to 24 hour – up 0.83 
to 4.3 mg/ml. 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 [4]. 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 planktonic cells growth and diramnolipid biosynthesis. 

Fig. 2 shows that addition of increasing concentrations of PQS did not affect the 
growth of P. aeruginosa PAO1. These results are consistent with data [4] showed 
that of exogenously added PQS at concentrations from 10 to 100 µМ did not affect 
the growth of P. aeruginosa PAO1 lecA::lux.
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Fig. 2. Kinetics of P. aeruginosa planktonic bacteria growth in presence  
of quinolone signal molecule

Addition of increasing concentrations of PQS enhanced dirhamnolipids content 
in a concentration-dependent manner (Fig. 3)

Fig. 3. Kinetics of P. aeruginosa diramnolipids biosynthesis in presence 
of quinolone signal molecule

Note: – distinctions are reliable as compared to control

The results presented in Fig. 3 show that the addition of PQS at concentration 
80 µМ had the greatest effect on the dirhamnolipids biosynthesis. After 10 h of 
growth, there is approximately 4.6 times more biosurfactant in cultures supplemented 
with PQS compared with the control. After 24 hours its level in the culture medium 
was 20.68 mg/ml in the presence of 80 µМ PQS and 4.3 mg/ml in the absence of PQS. 

In the presence of 60 µМ PQS dirhamnolipids content was 11.6 mg/ml – 2.7 
times greater than the control but less than two from the result obtained at adding 
of 80 µМ PQS.
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Further there were performed the analysis of activity of rhamnosyltransferase 2 
(RhlC), which catalyses the addition of dTDP-L-rhamnose to the monorhamnolipid-
accepting molecule [3]. The study was conducted via 8, 16 and 24 hours (Table).

Table
Effect of PQS on rhamnosyltransferase 2 activity   

in Pseudomonas aeruginosa (units/mg protein)

Control
8 hour 16 hour 24 hour

4.2 ± 1.5 7.8 ± 1.6 10.3 ± 2.8

PQS 40 µM 5.9 ± 2.0 10.3 ± 2.3 16.6 ± 2.6

PQS 60 µM 7.4 ± 1.8 13.8 ± 2.7 18.7 ± 3.7*

PQS 80 µM 8.1 ± 2.6* 17.2 ± 3.5* 21.5 ± 4.1*

Note: * – distinctions are reliable as compared to control

The results indicate that the activity of RhlC increases in control cells 2.5 times 
during cultivation from 8 to 24 hours. This increase in activity was not associated 
with increased cell contents (Fig. 2) and due to enhanced expression of rhlC gene 
that encodes rhamnosyltransferase 2. The additions of PQS at the time of inoculation 
are sufficient to induce RhlC activity during the transition to stationary phase. So, 
after eight hours in the presence of 40, 60 or 80 µМ PQS rhamnosyltransferase 2 
activity was higher at 40%, 75% and 93%, respectively. After 24 hours this enzymatic 
activity was 1.6, 1.8 and 2.1 times higher as compared with the control.

Аs 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 RhlR. The RhlR/C4-HSL complex then binds to a 
specific sequence in the rhlAB regulatory region to activate the transcription. The 
level of expression of rhlAB is thus dependent on the local environmental concentra-
tion of this signal. The expression of the second rhamnosyltransferase, encoded by 
rhlC, is coordinately regulated with rhlAB 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 presence of 
60 mM PQS compared with the control) and the transcription of certain genes in a 
concentration-dependent manner [4].

Therefore, PQS controls production of rhamnolipids by stimulating the RhlR/
C4-HSL quorum sensing system. Additionally, PQS acts as inducing ligands of PqsR 
regulator and PqsE, which upregulates rhlAB transcription [2]. 
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кінетика біосинтезу дирамноліпідів та активність 
рамнозілтрансферази 2 за присутності сигнального 

хінолону Pseudomonas aeruginosa
Реферат
Мета: дослідження біосинтезу дірамноліпідів P.  aeruginosa АТСС 15692 та 
активності рамнозілтрансферази 2 за присутності екзогенної сигнальної 
молекули  – 2-гептил-3-гідроксі-4-хінолону (PQS). Методи. Pseudomonas 
aeruginosa АТСС 15692 культивували у середовищі Гісса с 2% глюкози при 37 оС 
24 год. Дослідження проводили в системі планктон–біоплівка у 48-лункових 
планшетах «Nunclon». Виділення дірамноліпідів проводили за використання 
ТШХ на пластинах Alugram Sil G/UV 254. Дірамноліпіди елюювали з пластин 
і визначали їх кількісний вміст за допомоги орцинового тесту. Активність 
рамнозілтрансферази 2 (RhlC) аналізували у безклітинному екстракті за реакцією 
приєднання L-рамнози до монорамноліпіду. 2-гептил-3-гідроксі-4-хінолон був син-
тезований у Біотехнологічному науково-навчальному центрі ОНУ імені І.І. Меч-
никова. Результати. Синтез дірамноліпідів активується в контрольній культурі 
в ранню стаціонарну фазу і вміст дірамноліпідів підвищується п’ятикратно 
між 10 і 24 годинами – з 0,83 до 4,3 мг/мл. Внесення зростаючих концентрацій 
PQS не впливало на ріст P. aeruginosa, але підвищувало вміст дірамноліпідів. 
Через 10 годин він перевищував рівень контролю приблизно у 4,6 рази. Через 24 
години вміст біосурфактанту в присутності 80 мкМ PQS становив 20,68 мг/
мл проти 4,3 мг/мл за відсутності PQS. Внесення PQS одночасно з інокуляцією 
суттєво індукувало активність RhlC у порівнянні з контролем. Так, через вісім 
годин за присутності 40, 60 або 80 мкМ PQS активність рамнозілтрансферазы 
2 була вище на 40%, 75% і 93%, відповідно. Через 24 години ферментативна 
активність перевищувала контроль у 1,6, 1,8 та 2,1 рази, відповідно.

К л ю ч о в і  с л о в а : Pseudomonas aeruginosa дірамноліпіди, PQS, 
рамнозілтрансфераза 2. 
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Кинетика биосинтеза дирамнолипидов и 
активность рамнозилтрансферазы 2 в присутствии 

сигнального хинолона Pseudomonas aeruginosa

Реферат
Цель: изучение биосинтеза дирамнолипидов P. aeruginosa АТСС 15692 и актив-
ности рамнозилтрансферазы 2 в присутствии экзогенной сигнальной молекулы – 
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2-гептил-3-гидрокси-4-хинолона (PQS). Методы. Pseudomonas aeruginosa АТСС 
15692 культивировали в среде Гисса с 2% глюкозы при 37 оС 24 часа. Исследования 
проводили в системе планктон–биоплёнка в 48-луночных планшетах «Nunclon». 
Выделение дирамнолипидов осуществляли с помощью ТСХ на пластинах Alugram 
Sil G/UV 254. Дирамнолипиды элюировали с пластин и определяли их количествен-
ное содержание с помощью орцинового теста. Активность рамнозилтрансфера-
зы 2 (RhlC) анализировали в бесклеточном экстракте по реакции присоединения 
L-рамнозы к монорамнолипиду. 2-гептил-3-гидрокси-4-хинолон был синтезирован 
в Биотехнологическом научно-учебном центре ОНУ имени И.И.  Мечникова. 
Результаты. Синтез дирамнолипидов активируется в контрольной культуре в 
раннюю стационарную фазу и содержание дирамнолипидов повышается пяти-
кратно между 10 и 24 часами – с 0,83 до 4,3 мг/мл. Внесение увеличивающихся 
концентраций PQS не влияло на рост P. aeruginosa, но повышало содержание 
дирамнолипидов. Через 10 часов оно превышало уровень контроля примерно в 
4,6 раза. Через 24 часа содержание биосурфактанта в присутствии 80 мкМ 
PQS составляло 20,68 мг/мл против 4,3 мг/мл в отсутствии PQS. Внесение 
PQS одновременно с инокуляцией существенно индуцировало активность RhlC 
по сравнению с контролем. Так, через восемь часов в присутствии 40, 60 или 
80 мкМ PQS активность рамнозилтрансферазы 2 была выше на 40%, 75% и 
93%, соответственно. Через 24 часа ферментативная активность превышала 
контроль в 1,6, 1,8 и 2,1 раза, соответственно.

К л ю ч е в ы е  с л о в а : Pseudomonas aeruginosa, дирамнолипиды, PQS, рамно-
зилтрансфераза 2. 

References
1.	 Лапач С.Н., Чубенко А.В., Бабич П.Н. Статистические методы в медико-

биологических исследованиях с использованием Excel. – К.: Морион, 2001. – 
260 с.

2.	 Abdel-Mawgoud A.M., Hausmann R., Lépine F., Müller M.M., Déziel E. 
Rhamnolipids: Detection, Analysis, Biosynthesis, Genetic Regulation, and Bioengi-
neering of Production / In: G. Soberoґn Chaґvez (ed.), Biosurfactants. From Genes 
to Application // Springer-Verlag Berlin Heidelberg, 2011,VIII. – P. 13–55.

3.	 Burger M.M., Glaser L., Burton R.M. The enzymatic synthesis of a rhamnose-
containing glycolipid by extracts of Pseudomonas aeruginosa // J. Biol. Chem. – 
1963. – V. 238. – P. 2595–2602.

4.	 Diggle S.P., Winzer K., Chhabra S.R., Worrall K.E., Camara M., Williams P. 
The Pseudomonas aeruginosa quinolone signal molecule overcomes the cell density-
dependency of the quorum sensing hierarchy, regulates rhl-dependent genes at 
the onset of stationary phase and can be produced in the absence of LasR // Mol. 
Microbiol. – 2003. – V. 50. – P. 29–43.

5. Koch A. K., Kappeli O., Fiechter A., Reiser J. Hydrocarbon assimilation and 
biosurfactant production in Pseudomonas aeruginosa mutants // J. bacteriol – 1991. – 
V. 173. – № 13. – P. 4212–4219.

6. McKnight S.L., Iglewski B.H., Pesci E.C. The Pseudomonas quinolone signal 
regulates rhl quorum-sensing in Pseudomonas aeruginosa // J. Bacteriol. – 2000. – 
V. 182. – P. 2702–2708.



Мухліс Абедалабас, М.Б. Галкін, Є.Ю. Пахомова, Т.О. Філіпова

52 ISSN 2076–0558. Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ. 2014. № 1. С. 45–52

7. Mukhlis Abedalabas, Galkin N.B., Pachomova E.Yu., Filipova T.O. Influence 
of the exogenous quorum sensing autoinducers on Pseudomonas aeruginosa rhamno-
lipids biosynthesis // Microbiology & Biotechnology. – 2013. – № 4(24). – P. 38–45.

8. Nguyen  T.T., Youssef  N.H., McInerney  M.J., Sabatini  D.A. Rhamnolipid 
biosurfactant mixtures for environmental remediation // Water Research. – 2008. – 
V. 42. – P. 1735–1743.

9. Peker S., Helvaci S.S., Özdemir G. Interface-subphase interactions of rhamno-
lipids in aqueous rhamnose solutions // Langmuir. – 2003. – V. 19. – Р. 5838–5845.

10.Piljac G., Piljac V. Pharmaceutical preparation based on rhamnolipid // USA 
Patent № 5455232, 3 Oct. 1995.

11. Rahim R., Ochsner U.A., Olvera C., Graninger M., Messner P., Joseph S. 
Lam J.S., Soberon-Chavez G. Cloning and functional characterization of the Pseu-
domonas aeruginosa rhlC gene that encodes rhamnosyltransferase 2, an enzyme 
responsible for di-rhamnolipid biosynthesis // Molecular Microbiology. – 2001. – 
V. 40(3). – P. 708–718.

12. Soberon-Chavez G., Lepine F., Deziel E. Production of rhamnolipids by 
Pseudomonas aeruginosa // Appl Microbiol Biotechnol. – 2005. – V. 68. – P. 718–725. 

13.Vatsa P., Sanchez L., Clement C., Baillieul F., Dorey S. Rhamnolipid bio-
surfactants as new players in animal and plant defense against microbes // Int. J. 
Molecular Sci. – 2010. – V. 11. – P. 5095–5108.

14. Wadekar S.D., Kale S.B., Lali A.M., Bhowmick D.N., Pratap A.P. Microbial 
synthesis of rhamnolipids by Pseudomonas aeruginosa (ATCC 10145) on waste 
frying oil as low cost carbon source // Preparative Biochemistry & Biotechnology. – 
2012. – V. 42. – Р. 249–266. 

15. Wang Q.H., Fang X.D., Bai B.J., Liang X.L., Shuler P.J., Goddard W.A., 
Tang Y.C. Engineering bacteria for production of rhamnolipid as an agent for en-
hanced oil recovery // Biotech. Bioeng. – 2007. – V. 98. – P. 842–853.

16. Wild M., Caro A.D., Miller R.M., Soberon-Chavez G. Selection and partial 
characterization of a Pseudomonas aeruginosa mono-rhamnolipid deficient mutant // 
FEMS Microbiol. Lett. – 1997. – V. 153. – P. 279–285.

Стаття надійшла до редакції 15.02.2014 p.


