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Solvents

Solubilization capacity of thewater in RMsfor aparticul ar surfactant
strongly depends on the type of solvent used. As the molecular size
of the solvent increasesthe micellar size decreases[39]. The ability of
penetration into interfacial surfactant layer decreases as the molecu-
lar size of solvent increases thereby increasing the inter-micellar at-
traction between surfactant tails, and reducing the size of reverse
micelles. In other words, the entropy favoring theformation of smaller
micellesreducesastherewill beanincreasein solvent molecular size.
The organic solvents commonly used in RME areisooctane, hexane,
and n-octane. Thereisaneed for selection of organic solventsduring
the study on the selective permeabilization of Escherichiacoali cellsto
extract penicillin acylase [40].

Cosolvents

Reverse micelles are formed by dissolving the surfactants in the or-
ganic solvents thereafter, these can be done by cosolvents/cosurfac-
tants. The properties which determine the suitability of cosolvents
aredielectric constant, molecular weight (Ilong-chain/short-chain) and
water solubility are some of the major factors. The exact mechanism
by which the co-solvents helps in the formation of reverse micelles
are still not well understood. The cosurfactant seems to buffer the
strong repulsive ion-ion interaction between the surfactant head
groups, thereby allowing close packing in order to form theinner core
of aRM. Therefore, not so short chain acohols like n-hexanal, n-
octanol, and n-decanol, can penetrate to a greater depth, are found
out to be more effective. Various n-alcohols tested, n-butanol was
best suited for aliquiot 336 reverse micelles. According to this study
the cosolvents with low solubility in water are to be used for the
formation of reverse micelles[41]. AccordingtoKreiset al., 1995the
cosolvents acts by increasing the solubility of surfactant in organic
phase[42]. Hong et al ., 2000 studied the effect of addition of alcohol
toimprovetheback extraction efficiency of proteins[43].

Extraction usingreversemicelles

Reverse micelles exhibit two characteristic featuresfor the extraction
and purification of target biomolecules, first they should be capable
of solubilizing target biomolecules, and they should be able to re-
lease these hiomolecules into an aqueous stripping phase such that
guantitative recovery of the purified biomolecule can be achieved. In
several recent studies and publications, extraction and purification of
enzymes has been demonstrated using various RM S[44, 45, 46] These
studies revealed that the extraction process is controlled by various
factors such as concentration and type of surfactant, pH, and ionic
strength.

Surfactant concentration
The minimum surfactant concentration needed for micelleto form and
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representing the concentration of free or unaggregated surfactant
moleculesin equilibrium with the micelleiscalled critical micellecon-
centration (CMC) [12, 47]. CMC can be dependent on variousfactors
such as temperature, pressure, solvent, and chemical structure of
surfactants which can affect RMS as CMC is a characteristic of the
system[31]. If the surfactant valueisbelow CMC, then theformation
of micelle will get inhibited and the surfactants molecules can only
existsasfree moleculesin the solution. The CMC can be determined
by measuring the surface tension at different concentrations of sur-
factant [9], physicochemical properties such as el ectric conductivity,
refractiveindex, osmotic pressure, turbidity, x-ray diffraction, or vis-
cosity.

Surfactant type

Distribution of protein is dependent on the interaction between the
proteins and the surfactant head groups while the other factors are
insignificant like pH determines the distribution pattern of the pro-
teinin reverse micelles stabilized by charged surfactants. In contrast,
the other parameters such as size of reverse micelles, the energy
required to enlarge the reverse micelles, and the density of the inner
surface of the reverse micelles may also influence the protein distri-
bution. Protein transfer using nonionic surfactants such as Tween-
85, Span-60, Triton-X-100 etc., [48,35]. These nonionic surfactants
has advantages over ionic surfactants, as there is absence of strong
charges at the agueous/organic interface this will provide suitable
environment for the protein to solubilize.

Reverse micelles size

The hydrophobic interactions between surfactant and solvent deter-
mine the reverse micelle curvature which, in turn, influences the re-
versed micellesize[49]. However, thedimensions of reverse micelles
are 200A maximum, these are almost spherical, but someareéliptical.
As the ionic strength increases, the reverse micellar size decreases
dueto decreasein the el ectrostatic repul sion between the head groups
of the surfactants leading to squeezing out effect. Besides the ionic
strength, type of solvent and surfactant also influences the reverse
micellesize. There are several experimental proceduresto determine
reverse micelle size, such aslight scattering, nuclear magnetic reso-
nance and ultracentrifugation [50].

The following equation represents the radius (R ) of the agueous
coreof theempty micelle[51]:

R =@BwoMH0)/ (a,.N,,.rH,0)
Where
MH_O = molecular weight of water, N, = Avogadro constant, and r
H,O = density of water. The g, value denotes the area per surfactant
moleculeintheinterface.

145-156



Aritra Sahaet al. / Journal of Pharmacy Research 2015,9(2),145-156

Water content

Water content (W ) isthemolar ratio of thewater to that of the surfac-
tant per RM. W_depends upon the hydrophilic-lipophilic balance
(HLB) of the surfactant, & itincreaseswith HLB. It hasamajor rolein
protein solubilization and stabilization. Water ispresent intwo forms
in RM: water bonded surfactant and free water. When wo increases,
i.e., when the amount of solubilized water increases, the properties of
this water become similar to those of bulk water. The factors that
influence the W value are the type of surfactant, temperature, co-
solvent concentration, ionic strength and surfactant concentration
[51]. Several water-soluble vitamins can be selectively extracted by
reversed micelles by adjusting the micellar size properly inadditionto
proteins[52].

AqueousphasepH

In order to recover proteins from the reverse micelles, the pH of the
stripping solution needs to change towards pl; this will result in the
reduction of the protein interaction with the oppositely charged head
groups. The extent of recovery increasesasthereisincreasein pH for
anionic surfactants; however in case of cationic surfactants opposite
istrue [53]. For small molecular weight proteins such as cytochrome
C, lysozymes, and ribonuclease (MW range 12000-14500Da), the pH-
pl valuerequired for optimum solubilizationismuch lower (<2)when
compared with that of larger proteins such asa-amylase (MW 48000

Da).

lonicstrength and type

For extraction pH is not enough to strip the proteins out from RMs;
This is because of size exclusion effect results from decrease in re-
verse micelle size. Theinfluence of ionic strength purely dependson
electrostatic effect. The electroststic potential of proteinisinversely
propotional to the ionic strength of the solution and is characterized
by debye length. In different experiments different types of salts
have been used such as(NaCl, NaSCN, Na,CO,, KCl, CsCl and BaCl.));
there is a big decrease in water uptake was observed [31]. The au-
thors detected a decrease in the micelle water concentration greater
than 3.5 M when the NaCl concentration increased by 0.6 M. This
fact caused awater uptake (W ) decrease from 50 to around 15 moles
of water/mol of surfactant.

Temperature

Temperature is characteristic which influences on physicochemical
properties of reverse micelles. The solubility of proteins as well as
back extraction depends upon temperature. There is a significant
increase observed in a- chymotrypsin recovery when carrying out
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back extraction at 38°C, and when the experiment conducted on the
glucoamylase at 35°C, the recovery of enzymatic activity increased
from 40% (room temperature) to 90% [54]. Tempratureisplaying an
important role in reverse micelles assisted bioconversion. The cata-
lytic activity of laccase hosted in AOT reverse micelles displayed
highest activity at 60°C, and then decreased above 65°C dueto insta-
bility of RMs[55].

M echanism and M ethodsof Protein Solubilization

There are three commonly used methods for the incorporation of
enzymes/proteinsin RMs: (1) injection of an aqueous protein solu-
tion (2) addition of dry protein powder to areverse micellar solution
(3) phase transfer between protein containing aqueous phase and
surfactant containing organic phase[56]. In biocatalytic applications,
injection and dry addition methods are commonly used while phase
transfer is more suitable for hydrophobic proteins. To study protein
solubilization, various experimental tools such as ultracentrifugation
[57], quasi-€elastic light scattering [58], small angle X-ray scattering
[59], and fluorescence recovery after fringe pattern photobleaching
[60] areused. Ultraviolet (UV), fluorescence spectroscopies, optical
rotary dispersion aswell ascircular dichroism [61] have been used to
examine protein structure.

Dry addition method

Solubility of proteinin RMs greatly depends on the method used for
protein addition as well as on the size of the protein and of the RM.
Protein solubility is strongly dependent on micelle size for the dry
addition method while less dependent on size in case of injection
method [4]. For smaller proteins, maximum solubilization occurred at a
micellediameter 50-60 A whereasfor larger proteins, maximum solubi-
lization occurred at amicelle size of 80-90 A [4]. Hence, for efficient
solubilization in dry addition method, the diameter of the reverse
micelle must be approximately the same or larger than the protein
molecule.

Injection method

In injection method, protein solubilization is not greatly dependent
on micelle size because a saturated protein solution is added directly
to the surfactant containing organic phase so reverse micelles are
forced to form around the proteins already present in the solution.

Phasetransfer method

Phase transfer method of protein solubilization isdifferent from other
two methods. In this method, two bulk phases agueous and organic
are brought to equilibrium. The protein moleculesaretransferred from
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the agqueous phase to the surfactant containing organic phase under
certain conditions. Although, the enzyme solubilization is slow in
this method, large amount of solute solubilization is possible with
less values of water content. Various factors such as the size and
isoelectric point of the protein, pH of the aqueous phase and the
surfactant type were shown to have significant effect on protein
solubilization [56]. The hydrophobic and electrostatic interactions
are the main driving forces for solubilization of biomoleculesin re-
versemicelles.

A successful RME involves both forward and reverse extraction pro-
cessesfor optimum protein purification. Proteinistransferred froma
bulk agueous phase to the water pool of RMsin an organic phaseis
referred as forward extraction process while transfer of solubilized
proteins from the reverse micellar phase back to an agueous phase
congtitutes back extraction [62]. The deassembling nature of reverse
micelles in aqueous media facilitates the recovery of biomolecule
from the reverse micellar phase. The biomolecules recovered, which
retain their functional activity may be subjected to further purifica-
tion.

Forward extraction

Forward extraction involvesdiffusion of biomoleculesfrom bulk aque-
ous phase to interface, formation of a biomoleculee containing mi-
celle at the interface and diffusion of micelle into the organic phase.
Thesize of the proteinisone of the key factorsthat determine protein
partitioning into areverse micellar phase during forward extraction.
The properties of the surfactants, agueous solution and organic sol-
vent used in reverse micelle are closely related to the solubility and
structural integrity of the protein present in reverse micelle. The se-
lective separation of targeted molecules can be achieved by manipu-
lating various parameters such as concentration and type of surfac-
tants, pH and ionic strength of the aqueous phase, salts, charge of
the protein, temperature, water content, size and shape of the reverse
micellesetc.

Back Extraction

In back extraction process, coal escence of biomoleculefilled reverse
micelleswith theinterface isinvolved to transfer the biomolecule to
aqueous phase. The two significant problems with the back extrac-
tion are (1) slow rate of back extraction due to the greater interfacial
resistance and (2) decreasein activity yield dueto structural changes
in proteins as a result of the strong interaction between proteins and
micelles.
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It was reported that the back extraction was three orders of magni-
tude slower than the forward extraction [63]. It wasal so reported that
the back extraction rate could be improved more than 100 timeswith
the addition of counter ionic surfactant such as TOMAC or DTAB
[64]. The counter ionic surfactants interact with oppositely charged
surfactant and cause the rapid collapse of the RMs and facilitate the
release of the solutes back into the stripping phase [64].

The aternative techniques suggested for back extraction include the
following:

1. Addition of appropriate alcohol [65] reducestheinterfacial tension
of the reverse micelles, and promotes their fusion at the organic and
aqueous interface, causing the release of proteins into the aqueous
phase.

2. Using agueous stripping solution with high salt concentration or
high pH or varying the temperature of the system [66], use of ion
exchange columns[67], dehydration of reverse micellewith molecular
sieves to recover the proteins [68], adsorption on to silica [69] etc.
can enhance the rate of the back extraction.

Application of RM E asabiomoleculeextraction and purification
method

A number of publications have been published in recent yearswhich
dealt with various RMS for purification of valuable enzymes from
their natural sources for production of food and pharmaceutical in-
gredients.

RME is a smple, scalable and inexpensive purification technique
used in pharmaceutical plasmid DNA production [70]. Today, RMs
are widely used in the synthesis of many types of nanoparticles. A
combination of reverse micelles and sol-gel techniquein the synthe-
sis of nanoparticles has been reported for different purposes such as
antibodies encapsulation, biosensor construction [71].

Application of RMsisin refolding of proteins produced via genetic
engineering. Hagen et al. [72] were the first use RNase as a model
protein to demonstrate the feasibility of this process. An attractive
feature of this method isthat protein concentration in the range of 1-
10 g/l can be processed which is at least 1000- fold higher than the
concentrations employed in the conventional refolding processes.
The biomolecules of food application studied using RMSaregivenin
thetable 2.
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Table2: Biomoleculesof food application studied usngRM S

Biomolecule Source RMS Ref.
a-Amylase Bacillus CTAB/isooctane/ [73]
licheniformis isobutanol/n- hexanol
Bacillus subtilus TOMAClisooctane [74]
/noctanol
Aspergillusniger AQT/isooctane [3
Lysozyme chicken eggwhite AQOT/isooctane [75]
Pepsin porcine, AOT/isooctane and CTAB/  [76]
bovine isooctane/butanol/hexanol
Glucoseoxidase Aspergillusniger AOT/noctane CTAB/ [77]
isooctane/butanol/hexanol
Invertase Baker'syeast AOQT/isooctane [78]
Lipoxygenase soybean AQT/isooctane [79]
Bromelain Pineapplefruit CTAB/isooctane/n butanol/ [80]
Pinespplewaste nhexanol [45]
PhospholipaseD Cabbage Triton X-100, phosphotidyl [81]
choline, diethyl ether
Lipase Aspergillusniger CTAB/isooctane/n butanol [82]
Yeast /nhexanol AOT/isooctane

I ntegration of RM E and other downstream processingtechniques
The potential of the reverse micellar extraction can be fully realised
when integrated with other downstream processes.

Ruiz et al. reported coupling of liquid chromatography with RME. In
their experiment alkanoic (C-C,,) and akenoic (C ) reversemicelles
containing coacervates were prepared for the first time. The process
occurred in miscible binary mixtures of a variety of solvents and
water. The coacervates had spherical droplet like structure dispersed
in a continuous phase. Efficient extraction was achieved for analytes
with wide range of polarity. The coacervates were compatible with
chromatographic determination. Non-ionic surfactants were directly
separated and subsequently quantified by liquid chromatography-
ion trap mass spectrometry [83].

Affinity Based Reverse Micellar extraction (ARMES) have gained a
lot of importance in recent years because of their higher selectivity
and higher purification levels in comparison to ionic, non-ionic and
mixed reverse micelles. Thefollowing table providesabrief overview
of the typical advantages associated with ARMES over conventional
reversemicelles.

Table3: Comparison of ionicand affinity RMs

Type Reverse Protein Purification Recovery Ref.
Micelle factor
lonic AOT Nattokinase 2.7 80% [21]
AOT Arginine
deaminase 4.52 85% [84]
Affinity Anti-CTN  Lipase 108 76% [14]
antibodies
CB-Span 85  Lysozyme 21.2 71% [85]
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The technique revolves around the affinity interaction between dif-
ferent affinity ligands and the protein of interest. There are two fun-
damentdl ligand types: specificligand and group ligand. Specificligand
hasasinglewell defined specificity for aparticular compound whereas
the later one has affinity for multiple biomolecules that is they are
multivalent [38]. The salient features of ARMES include: (1) No re-
quirement for the chemical modification of theligand. (2) Highligand
utilisation isobtained by theintraphasi c interaction between theligand
and the ligate. (3) Comparatively easy technique and inherent
scalability duetotheoperation of liquid-liquid extraction [86]. Kumar
et a., successfully implemented ARMES technique for the purifica-
tion and recovery of bromaline which is an important commertially
important proteolytic enzyme used as meat tenderiser, digestive aid,
anti-inflammatory agent etc. [80]. In comparison to conventional RME
the purification and activity recovery for bromaline were found to be
higher having values of 12.32 fold and 185.6% respectively. There-
verse micellar system was composed of CTAB while concanavalin
A(ConA) was used as affinity ligand.

Dong et al. [87] developed an affinity reverse micellar system by
blending two surfactants, Triton X-45 and Span 80. Di (2-ethylhexyl)
phosphoric acid was introduced into the micelles for chelation of
transition metal ions which have binding affinity for histidine rich
proteins. Selective metal chelate extraction of His rich protein was
successfully performed for myoglobin and lysozyme. From the ob-
servations it was quite evident that as because various transition
metal ions can be chelated to the reverse micelle, the system can be
useful for the purpose of protein purification and simultaneousisola
tion of recombinant His tagged proteins.

Anintegrated approach of coupling RME with ultrafiltration hasalso
been approached by Hebber et al. [88] where after extraction of
bromaline it has been subjected to ultrafiltration by tangential flow
filtration system with cellulose acetate as the membrane. The RME
system comprising of CTAB/Isoocatne/Hexanol/Butanol has pro-
duced purification of 5.9 fold and activity recovery of 95.8%. The
purification fold of bromaline wasincreased to 8.9 fold after ultrafil-
tration.

Fujiwara et al. [89] presented a fast and sensitive method for the
determination of atropine, an alkal oid which can be present asacon-
taminant in pharmaceutical formulations and artificial urines. The
method relies on chemiluminescence determination by using a re-
verse micellar system of cetylmethyl ammonium chloride in
dichloromethane-cyclohexane-water containing luminol after solvent
extraction of the component. An analytical chemiluminescent signal
was produced using the reverse-flow injection system when theion-
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pair complex of tetrachloroaurate with atropine entered the reversed
micellar water pool.

One of the most developed coupled RME systems has been devel-
oped by Roosta et al. [90]. They have utilised ultrasound assisted
reverse micellesdispersiveliquid liquid microextraction (USA-RM-
DLLME) followed by HPLC for the determination of presence of
acetoinin butter. Acetoinisan important metabolite and may be harmful
if swallowed. The process of microextraction wasfacilitated by ultra-
sound mixing. The method possesses several advantages like rapid-
ity, smplicity and sensitivity. A relatively largeamount of chlorinated
and organic dispersive solvent is eliminated in comparison to con-
ventional DLLME.

Memordica charantia has been widely used as a medicina plant
since ancient times. Li et al. [91] reported for the first time a system
consisting of high speed counter current chromatography (HSCCC)
coupled with a RME system to separate three proteins from M.
Charantia which have anticancerous activity. The stationary phase
was a RM system composed of isooctane and bis-(2-ethylhexyl)-1-
sulfosuccinate sodium (AOT). There were two mobile phases. (1)
MobilephaseA (Tris-HCI buffer containing KCl of pH 7.0) (2)Mobile
phaseB (Tris-HCI buffer containing KCl of pH 10.0). SDS-PAGE andly-
sis of the separated fractions later revealed high purity confirming
the effectiveness of this extraction system.

Yin et a. [92] aso utilised this technique for the first time for the
separation of C-phycocyanine (C-PC) from spirulinaplantesis. They
utilised a stationary phase of reverse micelle solvent system contain-
ing CTAB and isooctane-hexyla cohol, mobile phase A (Sodium phos-
phate buffer of pH 4.0 and KCI) and mobile phase B (Sodium phos-
phate buffer of pH 8.0 and KClI). Furthermore analysisof the extracted
protein by MALDI-TOF/TOF-MS and SDS-PAGE confirmed high
purity increased almost 6.85 folds compared with crude extract.

Bhavya et al. [93] carried out downstream processing of lipase en-
zyme extracted from Aspergillus niger using RM containing liquid
emulsion membrane (LEM). The membrane phase was prepared by
mixing the surfactants CTAB and Span 80 and cosolvents as isooc-
tane and parrifin light oil. The mechanism of the transport of lipase
through the LEM resides on three steps viz. Lipase solubilisation in
reverse micelles, transportation of lipase loaded reverse micelles
through the membrane and finally release of the lipase into the inter-
nal agueous phase. Thework clearly showed the prospect of LEM for
the downstream processing of lipase with activity recovery of 78.6%
and purification of 3.14 fold.
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Extraction of peptides were carried out by Rodthongkum et al. [94]
using RM E technique prior to matrix assisted |aser desorption ioniza-
tion mass spectrometry (MALDI-MS) to enhance peptideion signal.
Coalescence of polymer-peptide conjugates into hotspots on the
MALDI target resulted into the significant enhancement of the sig-
nals. Further work revealed that the MALDI-MS signals can be en-
hanced by 3-5 orders of magnitudein case of extraction by amphiphilic
homopolymers and was subsequently detected on the MALDI tar-
get. The combined advantage of signal enhancement with extraction
selectivity of RM forming homopolymers makes thistechnique a po-
tential tool for peptide detection in various complex mixtures.

Current developments

Solubilization of proteinsin reverse micelles has been carried out by
Peterson [95] after extraction from asolid support. The determination
of protein structure is an essential component for our understanding
of itsnature and in the drug designing purpose. There are mainly two
techniquesfor this (1) X-ray crystallography (2) NMR spectroscopy.
Each of the methods has its own disadvantages. Former one requires
proteins to be presented in a crystalline form but the problem isit is
very difficult to produce crystals from majority of proteins used for
pharmaceutical purpose. For this purpose NMR spectroscopy pro-
videsamethod for determining the structure of proteinsin adynamic
manner. But the current NM R technique can be only applied for pro-
teins of defined size range and many proteins are out of this range.
However by encapsulating the proteins in reverse micelles a robust
construction can be made by which it can be studied by variety of
spectroscopic techniques. Fulton et a. [96] discovered aRM system
that can exist in supercritical low-polarity and non-polar fluids be-
sides alkanes. Thisreverse micelles micro emulsions have some dis-
tinct specialised characteristics in the supercritical fluid phase like
theability to effect achangein micellesizeor cluster size by variation
of density, the high diffusivities of solutesand micellesin near critical
and supercritical fluids, the ability to change a phase behaviour of
the RM system by varying the density with changes in pressure and
temperature, the ability to control selectivity for a specific solute by
variation of density. There are several number of important potential
applications of thisinvented system. It can be applied in chromatog-
raphy, for separation of proteins and for the extractions. Thisinven-
tion of RM structuresin supercritical and near critical fluidscreatesa
scope for investigating the properties of the solutions using the vari-
able density and solvating power of the supercritical continuous
phase. Wang et al. [97] developed anovel nickel chelated surfactant
by modifications of Triton X-114 (TX). The number of hydrophilic
groups were more for the nickel coated surfactant (TX-Ni). Affinity
partitioning of histidinetagged GFPindicated over 20 foldincreasein
partition coefficient. Thus this affinity based aqueous two phase
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micellar system is considered to be apromising tool for providing a
versatile platform for extraction of histidine rich proteins with the
additional advantage of cost effectiveness. The effect of injection
mode has been reported by Hemavathi et a. [44] for extraction and
purification of 3-glucosidase by mixed RM systems (MRM) compris-
ing of sodium bis (2-ethylhexyl) sulfosuccinate (AOT) and non-ionic
surfactant tween in isooctane. Studies carried out on both phase
transfer as well as injection mode revealed the later one to be more
suitable for the extraction. MRM system was found to solubilise
almost threetimes more volume of protein and water than AOT alone.
Maximum activity recover was obtained as 95.18% and purification
fold of 4.8. The injection mode took lesser time for extraction and
simultaneously ensured higher enzymatic stability. Recently a novel
affinity based RM system consisting sorbitan triolate (Span 85) has
been devel oped and modified with cibacron blue F-3GA (CB) by Liu
et a. [37]. The hydrodynamic radius and water content of thereverse
micelles have been significantly increased by theintroduction of CB-
Span 85 conjugate as CB ligand. In the subsequent work they also
proved that the addition of hexanol to the system can improve the
solubilisation capacity [98]. For pharmaceutical applicationsthe sepa-
ration of plasmid DNA from RNA is one of the mgjor problems of
bioprocessindustry. Streitner et a. [ 70] reported asystem comprising
of isooctane, ethylhexanol and the surfactant methyltriocty
lammoniumchloride (TOMAC) for the separation of plasmid pUT 649
and E. coli RNA. The concentration difference for the inversion of
partitioning of plasmid DNA and RNA made selective removal of the
RNA from adidfiltered cleared lysate thereby proving that RME can
be applied as simple, rapid, cost effective and scalable technique for
the separation of pharmaceutical grade plasmid DNA.

Potential edgeof RM E over other separation processes

Most commonly used separation processes such as electrophoresis
and chromatography has one possible disadvantage of become ex-
pensive and thereby economically unviable except the product is of
high value. This is the reason which paves the path for the develop-
ment of acost effective and efficient downstream processing method.
The promising liquid-liquid extraction technique like RME can be a
potential solution of this problem. Other factors involving ease of
scale up, continuous operation, separation of proteins with little or
no denaturation make it a candidate for immense attention gaining
thelimelight of research. One of the major advantages of RME isthe
selective separation of solute based on either charge or size. The
aqueous phase pH determines the charge of the solute and by the
suitable manipulation of this the electrostatic force of attraction and
repulsion can be varied between the solute and the surfactant. Aires-
Barroset a. [6] reported the complete separation of large molecular
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weight lipase A and relatively smaller lipase B using RME. Thelarge
differencein molecular weight and electrostatic interaction wasfound
out to be the reason for separation. Competitive advantages of RME
method like high capacity, biocompatibility, low interfacial tension
etc. makes the technique capable to overcome the major limitations
associated with ordinary liquid liquid extraction processes.

Conclusion

In this article a detailed discussion has been provided over RME
system. Starting from the different components of the RM system,
various methods of RME, influencing parameters and applications
have been discussed. Current developments like separation of pro-
teins from solid support and their structural analysis, invention of a
RM system that can exist in supercritical fluid, use of nickel chelated
surfactant, rapid injection method , Cibacron blue modified medium
have also been analysed. Not only for the extraction of protein but
also separation of RNA and plasmid DNA has been carried out by
this method due to its efficiency. Recent trend is to integrate RME
with other downstream processes for better purification and activity
recovery. One of the critical factors for bioprocessesinvolving DSP
by using RM isthe selection of appropriate reverse micellar system.
Use of anionic or cationic surfactants has the problem of denatur-
ation of proteins as the solubilisation of proteins involve electro-
static interactions and also lower recovery. That is why though the
cost of organic solvents are generally higher yet due to the unique
property of recovery and reuse the overall cost of the process auto-
matically comes down. Current trend is the use of environmental
friendly, benign, non-pollutant green solvents instead of common
hydrocarbons.

Futurepossibilities

Although various research works are currently going on over RME,
still there exists a lot of issues which hinders the scale up and
commercialisation of this technique: An efficient RME process re-
quires less costly, biocompatible and non-toxic surfactants having
the capacity to form reverse micelleswith good hydraulic core. Rate
of masstransfer in case of back extraction isless compared to forward
extraction. So research work needs to be done for enhancing the
solute transfer rate without affecting the functionality. More stress
can be given on the integration of this technique with other DSPs to
enhancethe overall efficiency of the system. Finally keeping process
economics in mind more study can be demanded for recycling of
various RM components.
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