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ABSTRACT
Rhamnolipid is a well characterized lipid having a broad spectrum of application from clinics to industry.
It has been considered as one of the most vital molecules because of biological origin and surface activity.
Rhamnolipid is composed of β-hydroxy fatty acid connected by the carboxyl end to a rhamnose sugar
molecule which in nature are being produced by Pseudomonas aeruginosa. It was first discovered in 1984
and until 2018, hundreds and thousands of papers and patents have been published indicating the huge
interest of biotechnologists all over the world. Almost all countries of the world, have worked on it and
because of its diversity in structure, there are two types of rhamnolipids, mono- and di-rhamnolipids. Dirhamnolipids are of most importance and enzymes have been prepared in labs to convert the monorhamnolipids to di-rhamnolipids. During the last few years, work has been done on the enhanced
production of rhamnolipid which could fulfilled the industrial demand and can substitute the current
chemical surfactants. Understand the molecular biology of rhamnolipid production will help its enhanced
production and would explore the novel chapters of its applications.
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Introduction
Rhamnolipids, biosurfactants were first isolated
from Pseudomonas aeruginosa and described by
Jarvis and Johnson in 1949. These compounds are
predominantly constructed from the union of one
or two rhamnose sugar molecules and one or two
β-hydroxy (3-hydroxy) fatty acids (1).
Rhamnolipids with one sugar molecule are
referred to as mono-rhamnolipid, while those with
two sugar molecules are di –rhamnolipids. The
length of the carbon chains found on the βwww.genesandcells.com/journal

hydroxyacyl portion of the rhamnolipid can vary
significantly. However in the case of Pseudomonas
aeruginosa 10-C molecule chain is predominantly
formed (2). Pseudomonas aeruginosa is a facultative
anaerobe and non-spore forming bacterium.
Pseudomonas aeruginosa involves secretion of
Pyoverdin (florescence- a flourish yellow-green
siderophores under iron limited conditions, such
other siderophores are Pyocyanin (blue-green),
Pyorubin (Red-brown) pigments. Pseudomonas
aeruginosa produces exopolysacharides (Slime
Layers). Secretion of exopolysacharide makes it
difficult for Pseudomonas aeruginosa to be
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phagocytosed by human white blood cells.
Rhamnolipid from Pseudomonas aeruginosa
decrease the surface tension of the water to 26
mN/m and the interfacial tension of water /
hexadecane to < 1mN/m (3). Some biosurfactants
are stable even after autoclave (121 ˚C /20 min )
and after 6 months at -18˚C, the surface activity
did not change from pH 5 to 11 (4). Microbial
products like surfactants are easily degradable and
particularly suited for environmental applications
such as bioremediation and dispersion of oil spills
(5).

Synthesis of Rhamnolipid
Synthesis of rhamnolipid occurs with the help of
enzymes that sequentially add sugars to the lipid.
When the lipids are required to be broken down,
enzymes in the lysosome of the cell help to remove
the sugar subunits. This is important medically,
because a deficiency of any of the enzymes involved
in these processes cause an accumulation of a
particular glycolipid that cannot be further broken
down. When this accumulation occurs, the excess
lipid remains trapped in the plasma or the cells and
deposits in various organ/tissue systems and
unfortunately, damages them.

Rhamnolipids have recently emerged as promising
bioactive molecules due to their novel structures,
diverse and versatile biological functions, lower
toxicity, higher biodegradability, as well as
production from renewable resources. The
advantages of rhamnolipids make them attractive
targets for research in a wide variety of
applications, including cosmetics, agriculture,
biomedicine etc (6-8).

Precursors of rhamnolipid synthesis
Polyhydroxyalkanoates (PHAs) are bacterial storage
compounds, which are synthesized by the
polymerization of b-hydroxyacids by the PHA
synthases (PhaC), with the coenzyme A (CoA)-linked
fatty acids as substrates (10).
The NADPH-dependent b-ketoacyl-CoA reductase
(PhaB) is responsible for the reduction step in the
production of the b-hydroxyacids. These storage
compounds are intracellularly deposited as granules
in many species. P. aeruginosa mainly produces
PHAs consisting of medium-chain-length polymers,
mainly poly-b-hydroxydecanoate (11).

Rhamnolipids are well-characterized biomolecules
and gaining significance with passing every day.
As uptill now, 2019, it has witnessed the highest
number of patents and publications when
compared with any other biosurfactants. However,
cost-competitiveness and difficulty in its
production is the only remaining challenging
which is stopping Rhamnolipids becoming the
king of biosurfactants. Research needs to be
focused on suitable vigorous production strains,
cheap substrates and nominal bioreactor
technology. Currently priced as $200-225/10mg
(AGAE technologies, USA & Sigma-Aldrich,
Germany, respectively) it has the potential of
reaching the market value of $2.8 billion in 2023
(Grand View Research Inc., 2014) substituting the
global synthetic surfactant molecules (9). This
mini-review has been focused to study the
molecular genetics of rhamnolipids biosurfactant
production which will help the biotechnologists to
understand the synthesis process of rhamnolipids.

Metabolic Synthesis:
Two primary metabolic precursors namely
hydrocarbon and carbohydrate are involved in the
synthesis of their hydrophobic and hydrophilic
moieties, respectively. The pathways for the
synthesis of these two groups of precursors are
diverse and utilize specific sets of enzymes. In many
cases the enzymes for the synthesis of these two
precursors are regulatory enzymes, therefore in spite
of the diversity, there are some common features of
their synthesis and regulation. The detailed
biosynthetic pathway for the major hydrophobic and
hydrophilic moieties has been extensively
investigated and are well documented (12).
8
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According to Syldatk and Wagner (1985), there are
four possibilities exist for the synthesis of different
moieties of biosurfactants and their linkage (13).
i.

The hydrophobic and hydrophilic moieties
are synthesized de novo by two independent
pathways.

ii.

The hydrophilic moiety is synthesized de
novo while the synthesis of the hydrophobic
moiety is induced by the substrate.

iii.

The hydrophobic moiety is synthesized de
novo while the hydrophilic moiety is
substrate dependent.

iv.

The synthesis of both hydrophobic and
hydrophilic
moieties
are
substrate
dependent.

RhlAB (rhamnosyltransferase) and proceeds by a
glycol transfer reaction in which dTDP–L-rhamnose
is transferred to the fatty acids acceptor molecules (βhydroxydecanoyl-β-hysroxy decanoate). The gene
encoding rhamnosyltransferase 1 are organized as an
operon. The rhlA consist of 888 nucleotides (295
amino acids and encode a protein with a molecular
mass of 32.5 kDa. Although rhlA seems to play an
important role in the synthesis of rhamnolipids it
exact function is unknown (19).
Ochsner suggests that rhlA protein is necessary for
the stabilization of the rhlB in the cytoplasm
membrane. rhlB is hypothesized to be the cateretic
subunit of the rhamnosyltransferase 1 (Ochsner et al,
1994). Several evidences indicateed that rhlA is
probably involve in the synthesis of 3-hydroxyacyACP precursors that are common intermediates in the
biosynthesis of polyhydroxyalkanoic acid (20).
The active rhamnosyltransferase complex is located
in the cytoplasmic membrane, with the 32.5kDa. rhlA
protein harboring a putative signals while the 47kDa
rhlB protein is located in the periplasmic region and
contains at least two putative spanning domains (19).

Rhamnolipid synthesis occurs through two
sequential trans- ference reactions of deoxythymidine-diphosphate-l-rhamnose
(dTDP-lrhamnose), catalyzed by the enzymatic complexes
rhamnosyltransferase I (RhlA/RhlB) (14) and
rhamnosyltransferase II (RhlC) (15), tohydroxydecanoil--hydroxydecanoate
or
rhamnosyl--hydroxydecanoil--hydroxydecanoate,
respectively (16). The synthesis of the
hydrophobic portion occurs through a not well
known deviation pathway in the de novo synthesis
of fatty acids (17). The synthesis of the rhamnosil
group is a ubiquitous pathway carried out by the
rmlBDAC operon (18).

The rhlR gene encodes a transcriptional activator, the
28 kDa rhlR protein belonging to the luxR family,
which positively regulate rhamnolipid biosynthesis.
Recently identified another regulatory gene rhlL
located downstream of the rhlABR operon. After it
was also found that the regulation of rhamnolipid
production in Pseudomonas aeruginosa is mediated
by rhlL-rhlR systems involving an autoinducer (19).
The binding of activated rhlR protein upstream of the
rhlA promoter, enhances the transcription of the
rhlAB operon encoding rhamnosyltransferase 1. The
expression of the rhlAB genes in heterologous hosts
has also been studied. In Pseudomonas fluorescences
and Pseudomonas putida, these genes were expressed
and produced rhamnolipid. However in E.coli, active
rhamnosyltransferase
was
synthesized
but
rhamnolipids were not produced. According to the
biosynthetic pathway proposed by Burger et al,
(1963) rhamnolipid synthesis proceeds by two

Genetics of Rhamnolipid Synthesis:
Ochsner et al in 1994, have extensively studied the
genetics of rhamnolipid biosynthesis in
Pseudomonas aeruginosa the rhlABR gene cluster
found to be responsible for the synthesis of RhlR
regulatory protein and a rhamnosyltransferase,
both are essential for rhamnolipid synthesis. The
synthesis of mono-rhamnolipid is catalyzed by
9
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sequential glycosyl transfer reactions, each
catalyzed by a different rhamnosyltransferase. The
first rhamnosyltransferase which catalyses the
transfer
of
TDP-L-rhamnose
to
3-(3hydroxyalkanoyloxy) alkanoic acid (HAA) is
encoded by the rhlAB operon (19).

2- The
membrane-bound
RhlB
rhamnosyltransferase (encoded by rhlB gene)
uses dTDP-l-rhamnose and a HAA molecule as
precursors, yielding mono-RL (19).
3- These mono-RLs are in turn the substrates,
together with dTDP-l-rhamnose, of the RhlC
rhamnosyltransferase (encoded by rhlC gene) to
produce di-RLs (15). In P. aeruginosa, a
bicistronic rhlAB operon encodes the first two
enzymes while rhlC is elsewhere on the genome.
While P. aeruginosa produces a mixture of
mono- and di-RLs.

Both genes co-expressed from the same promoter,
are essential for rhamnolipid synthesis but whereas
rhlB is known to encode the catalytic subunit of
the rhamnosyltransferase, rhlA is probably an
inner –membrane-bound protein (15).
Ochsner reported in 1994 that rhlA involved in the
synthesis or transport of rhamnosyltransferase
precursor substrates or in the stabilization of rhlB
protein (21). Furthermore Cell-to-cell signaling
regulates the expression of rhlAB operon. This
quorum sensing system is composed of rhlI, the Nbutyrylhomoserine lactone auto inducer synthase
gene, and rhlR which encode the transcriptional
activator. RhlR positively regulates the expression
of genes involved in rhamnolipid production

It is hypothesized that since P. aeruginosa harbors
rhlA and rhlB in one operon and rhlC in another, this
may result in different levels and timing of expression
of the first and second rhamnosyltransferases (RhlB
and RhlC, respectively), thus decoupling both
activities.
For the synthesis of monorhamnolipid, the enzyme
rhamnosyltransferase 1 (Rt 1) catalyzes the rhamnose
transfer to b-hydroxydecanoylb-hydroxydecanoate,
while Rt 2 synthesizes dirhamnolipid from TDP–Lrhamnose and monorhamnolipid. Genes coding for
biosynthesis, regulation, and induction of Rt 1
enzyme are organized in tandem in the rhlABRI gene
cluster around min 38 of the P. aeruginosa
chromosome (24).

The second rhamnosyltransferase encoded by
rhlC, has been and its expression shown to be
coordinately regulated with rhlAB by the same
quorum sensing system (15).
HAA are extra cellular compounds produced by
the Pseudomonas aeruginosa are the intermediates
in the rhamnolipid synthesis and rhlA is required
for the production of HAA (14).

rhlG gene is involved in rhamnolipid biosynthesis.
Complementation studies and measurement of the
rhlG mRNA suggest that the RhlG protein is required
for rhamnolipid biosynthesis and can be used in PHA
production (25).

Steps in genetics based synthesis:
On the genetic level, biosynthesis of RLs in P.
aeruginosa occurs through three sequential steps
(22):

RhlR protein is necessary for the efficient expression
of the rhlA gene. RhlR protein is necessary for the
transcriptional activation of the rhlAB genes
encoding the rhamnosyltransferase (19). Biosynthetic
pathway of rhamnolipid has been well investigated to
the genetic level (26).

1- RhlA (encoded by rhlA gene) is involved in
the synthesis of the fatty acid dimer (HAAs)
moiety of RLs from 3-hydroxyfatty acid
precursors (23).
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also remained a biggest challenge, but with the
discovery of several non-pathogenic strains
producing Rhamnolipids, have given a big push to
enhance its production capacity and scaling up to
fulfil the biosurfactants market demand (31).
Downstream processing is being applied for the
enhanced production and cost-effectiveness of
production of other biomolecules. Focusing more
research on the genetics basis of its bio-synthesis and
implementing these strategies in the bioreactor for its
molecular production could fulfilled the promising
industrial applications (32).

Regulation of Rhamnolipid Synthesis:
Rhamnolipids are biosurfactants produced by
Pseudomonas aeruginosa (26) that are regulated by
the quorum-sensing response dependent on the
transcription activator RhlR (19) and the
autoinducer (Al) N-butyryl-homnoserine lavtone
(C4-HSL) synthesized by RhlI (27).
The rhlAB operon encodes rhamnosyltransferase
1, which is responsible for monorhamnolipid
production from TDP-L-rhamnose and β-hydroxyfatty
acids
(19)
and
rhlC
encodes
rhamnosyltransferase
2,
which
produces
dirhamnolipid by using monorhamnolipid and
TDP-L-rhamnose as substrates (28).
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The model for the transcription activation of rhlAB
and rhlC is that with increasing bacterial cell
density the concentration of C4-HSL reaches a
threshold level and then attaches to the
transcription activator RhlR (19)
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