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Comparison of Two Methods to Recover Lysozyme
from Reverse Micellar Phases

Youn-Ok Shin, Martin E. Weber, and Juan H. Vera*

Department of Chemical Engineering, McGill University,

Montreal, Quebec, Canada

ABSTRACT

Two methods were tested to recover lysozyme from reverse micellar

phases formed either with an anionic surfactant or with a cationic

surfactant. The conventional back extraction method of contacting the

protein-containing reverse micellar phase with a fresh aqueous phase,

with pH and salt concentration adjustment, did not recover lysozyme from

either reverse micellar phase. The lysozyme removed from the reverse

micellar phase precipitated at the aqueous–organic interface. A solvent

precipitation method using a polar organic solvent added to either

lysozyme-containing reverse micellar phase, precipitated lysozyme as a

solid, while the surfactant was solubilized in the polar solvent. Of the

seven solvents tested, acetone recovered 70% of the original lysozyme

from the anionic reverse micellar phase without loss of activity. No active

lysozyme could be recovered from the cationic reverse micellar system.
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In this case, the lysozyme was denatured by the high pH required for the

initial extraction into the reverse micellar phase.

Key Words: Reverse micelles; Lysozyme; Protein recovery; Polar

solvent; Enzyme activity.

INTRODUCTION

Reverse micelles, often referred to as water-in-oil microemulsions, are

aggregates of surfactants whose inner core contains a water pool in an apolar

solvent. Proteins and other hydrophilic species can be solubilized in the water

pool of the reverse micelles, maintaining the aqueous environment in the

organic phase.[1] Proteins, such as lipase,[2 – 5] a-amylase,[6 – 9] cytochrome

c[10 – 14] and lysozyme,[14 – 17] were successfully solubilized in reverse micellar

systems. Once extracted, the proteins must be recovered from the reverse

micellar phase.

The conventional method for protein recovery is to contact the protein-

loaded reverse micellar phase with a fresh aqueous phase. This process is often

referred to as back extraction.[6,12] Usually the pH and the ionic strength of the

receiving aqueous phase are set to favor the electrostatic repulsion between the

protein and the surfactant head group.[18] However, back extraction is a slow

process,[12,17,19] and a simple adjustment of pH and/or ionic strength often

results in a low recovery of protein in the aqueous phase.[20] Ethanol,[2]

isopropanol,[21] ethyl acetate,[22] or counter surfactants[14,23] have been added

to the receiving aqueous phase in an attempt to increase the recovery. The

addition of cosolvent to the reverse micellar phase decreases the water uptake,

causing the protein to be expelled from the reverse micellar phase.[2,21]

Instead of using a fresh aqueous phase, with pH and salt concentration

adjustment, the addition of acetone directly to the protein-containing reverse

micellar phase can break the reverse micellar structure. The surfactant

dissolves in the acetone phase while the protein precipitates as a solid due to

its low solubility in the organic solvent.[24] We refer to this process as solvent

precipitation. Using acetone, g-glutamyltransferase[25] and ribonuclease-A[26]

were recovered from a reverse micellar phase with their original enzymatic

activity.

One limitation of the conventional reverse micellar extraction method is

the back extraction step, which is slow and has poor yields. Due to this

limitation, reverse micellar extraction has not been considered as an

alternative to the existing industrial purification processes such as
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chromatography and membrane technology. Thus, the aim of this study was to

compare two methods of protein recovery from a reverse micellar phase: back

extraction and solvent precipitation. Two reverse micellar systems were used:

one formed with the anionic surfactant, sodium di(2-ethylhexyl) sulfosuc-

cinate (AOT), and the other formed with the cationic surfactant,

dioctyldimethyl ammonium chloride (DODMAC). Lysozyme was chosen to

prepare a protein-loaded reverse micellar solution. To increase the recovery

efficiency in the back extraction step, we attempted to break the reverse

micellar structure by controlling the salt concentration or by adding decanol,

ethanol, or ethyl acetate as cosolvents. As another alternative to the

conventional back extraction method, we tested acetone and seven other polar

organic solvents for solvent precipitation of the lysozyme. The results

presented here provide new information towards improving protein recovery

in the reverse micellar extraction process.

MATERIALS AND METHODS

Materials

The commercial surfactant, BARDAC LF-80, containing 80 wt %

DODMAC, 10 wt % ethanol, and 10 wt % water, was obtained from Lonza

Inc. (Fair Lawn, NJ). This surfactant was used directly in the experiments,

without any further purification, since the presence of ethanol had a negligible

effect on the extraction process.[27] Sodium di(2-ethylhexyl) sulfosuccinate

(AOT), lysozyme (chicken egg white, pI 11.0, 14.3 kDa) and Micrococcus

lysodeikticus were obtained from Sigma (Oakville, Canada). The lysozyme

obtained from the supplier contained 5 to 10 wt % sodium acetate/sodium

chloride/acetic acid buffer. The surfactant AOT, received with 99% purity,

was used without further purification. The phosphate buffer (pH 6.2) was

purchased from Anachemia (Oakville, Canada). All of the other chemicals

were obtained from Fisher Scientific (Montreal, Canada).

Loading of Lysozyme into the Reverse Micellar Phase

Initial lysozyme solutions containing from 0.1 to 1 g/L lysozyme were

contacted with an equal volume (10 mL) of an organic phase containing either

30 mM AOT or 100 mM DODMAC. Isooctane was used as the organic

solvent, and the DODMAC reverse micellar phase contained 250 mM decanol

as a cosurfactant. For the AOT reverse micellar phase, no pH adjustment was
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made to the aqueous phase, since the pH of the lysozyme solution was between

4.5 and 5.5. The low pH of the lysozyme solution is due to the presence of the

acid in the bulk lysozyme powder. At this pH range, the extraction of

lysozyme into the AOT reverse micellar phase is 100%.[18,19] For the

DODMAC reverse micellar extraction, the pH of the initial lysozyme solution

was adjusted to 12.0 using 1 N NaOH. Complete extraction of lysozyme into

the DODMAC reverse micellar system was obtained at this pH.[16] The salt

concentration in the initial lysozyme solution was set at 0.1 M NaCl. The

lysozyme-containing aqueous phase and the reverse micellar solutions were

vortexed for 5 seconds, and left for phase separation at room temperature

(approximately 21–23 8C) for 12 hours.

Recovery of Lysozyme from the Reverse Micellar Phase

For the back extraction method, 5 mL of a reverse micellar phase

containing lysozyme were contacted with an equal volume of a fresh aqueous

solution with fixed pH and salt concentration. The pH of the aqueous solution

was fixed using 1 N HCl or NaOH solutions. The change in pH after the

aqueous phase was contacted with the reverse micellar phase was less than

0.2 pH units. The salt concentration was set using NaCl, and no other buffer

salts were added to the aqueous solution. The mixture was vortexed for 5

seconds and left for phase separation for 12 hours at room temperature. The

use of cosolvent, claimed to induce a size exclusion of protein[2,21] in the

reverse micellar phase, was attempted by adding ethanol or ethyl acetate to

yield 400 mM cosolvent in the reverse micellar phases.

For the solvent precipitation method, eight polar organic solvents were

tested: acetone, methyl acetate, methyl ethyl ketone, 30% aqueous

formaldehyde, acetonitrile, methanol, isopropanol, and pentanol. Five mL of

the lysozyme-containing reverse micellar phase were contacted with 5–20 mL

of polar organic solvent. The mixture was vortexed for 5 seconds at room

temperature, and left for lysozyme precipitation for 5 minutes. The

precipitated lysozyme was collected by centrifugation and washed twice

with the polar solvent to remove any surfactant residue.

Analytical Techniques

The concentrations of lysozyme and of surfactant in the aqueous phase

were measured using an Agilent High Performance Liquid Chromatograph

(HPLC)-1100. The mobile phase was prepared using HPLC grade water and
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acetonitrile. Solvent A contained 5% acetonitrile and 0.1% triflouric acid in

water, and solvent B contained 5% water and 0.085% triflouric acid in

acetonitrile. The pH of the solvent A was 1.9. The initial composition of the

mobile phase was 90% solvent A and 10% solvent B. The solvent gradient was

40% solvent A and 60% solvent B in 20 minutes. All samples were filtered

before injection. The flow rate through the column was 1.0 mL/min, and the

temperature of the column was 25 8C. The sample volume was 5mL, and the

wavelength of the detector was 210 nm. The enzyme activity of lysozyme

was measured following Davis et al.[28] A substrate solution of 0.3 g/L

Micrococcus lysodeikticus was prepared in 50 mM phosphate buffer solution

set at pH 6.2. The temperature of the UV cells was 25 ^ 0:1 8C; and the

wavelength was 450 nm. A substrate solution volume of 3.0 mL was pipetted

into both the reference and the sample cuvettes, which were held in the

spectrophotometer for about 2 minutes to allow them to reach the set

temperature. The instrument was zeroed, and 100mL of phosphate buffer

solution was pipetted into the reference cuvette. Then, 100mL of lysozyme

solution was added to the sample cuvette, and the decrease in the turbidity of

the substrate solution was monitored as a function of time for 3 minutes. The

initial activity of lysozyme was measured before contact with the reverse

micellar phase. The lysozyme recovered from the reverse micellar phase was

measured and compared with the initial values.

All experiments were carried out using two to six replicates. The results

presented here are the average values and the sample standard deviations.

RESULTS AND DISCUSSION

Back Extraction from an AOT Reverse Micellar Phase

A reverse micellar solution, containing 30 mM AOT and a measured

lysozyme concentration of 1:0 ^ 0:02 g=L; was contacted with an equal

volume of a receiving aqueous phase, with pH adjusted to 9.8, 12, or 13:5 ^

0:1 using NaOH. The salt concentration in the receiving aqueous phase was

0.1 or 0.3 M NaCl. The change in pH, after the contact with a reverse micellar

phase and phase separation, was less than 0.2 pH units. Figure 1 presents the

percent of lysozyme remaining in the reverse micellar phase and the percent of

lysozyme solubilized into the receiving aqueous phase, with three replicates at

each condition, as a function of pH. When the pH of the receiving aqueous

solution was 9.8, about 1.2 units lower than the pI of lysozyme, over 90% of

the lysozyme remained in the reverse micellar phase both at 0.1 and 0.3 M

NaCl. An increase in the pH to 12.0 showed little change in the percentage of
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lysozyme remaining in the reverse micellar phase. When the pH was 13.6, the

percent lysozyme remaining in the reverse micellar phase decreased to 71% at

0.1 M NaCl and 44% at 0.3 M NaCl. These results confirm the electrostatic

repulsion between the negatively charged lysozyme and the AOT surfactant

head group,[18,29] and also the salting out effect.[17,30] The increase in the salt

concentration results in a “dewatering effect”[31] of the reverse micellar phase,

and thus, the proteins are removed from the reverse micelles due to size

exclusion.[2,21,32]

However, the concentration of lysozyme in the receiving aqueous

phase in all cases was below the detection limit of the HPLC, indicating

that no lysozyme was solubilized into the receiving aqueous phase;

Figure 1. Percent of lysozyme in the reverse micellar phase and in the receiving

aqueous phase after back extraction at room temperature. Initial reverse micellar phase:

100 mM DODMAC (open symbols) or 30 mM AOT (filled symbols) containing 1 g/L

lysozyme.
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instead, the lysozyme formed a white precipitate at the aqueous–organic

interface. As the pH and the salt concentration increased, an increasing

amount of lysozyme was removed from the reverse micellar phase. This

lysozyme was not solubilized into the receiving aqueous phase, but it

precipitated at the aqueous–organic interface. This phenomenon suggests

that the lysozyme removed from the reverse micellar phase is an insoluble

complex with the surfactant. The pH and the ionic strength adjustments

were not sufficient to separate the AOT from the lysozyme. In the

literature, about 77% recovery of lysozyme was obtained from an AOT

reverse micellar phase using a fresh aqueous phase at 2 M KCl and pH 11

and mixing time of 30 minutes.[33] Similar results were reported when the

mixing time of 45 minutes was used.[30] However, lysozyme becomes

inactive at salt concentrations higher than 0.16 M,[28] and the use of such

high ionic strength in the aqueous phase should be avoided. The results

shown in Fig. 1, compared with the literature data, confirm that the back

extraction of lysozyme from an AOT reverse micellar phase requires high

salt concentration and extensive mixing, which cannot be applied to most

proteins with less conformational stability than lysozyme. No results of

recovery of lysozyme from a DODMAC reverse micellar phase have been

previously reported.

In an attempt to increase the recovery of lysozyme into the receiving

aqueous phase, ethanol or ethyl acetate were added to the reverse micellar

phase as a cosolvent. Having 400 mM ethanol in the 30 mM AOT reverse

micellar phase, while the receiving aqueous phase was set at pH 12.0 and

0.1 M NaCl, only 3.2 ^ 0.2% of the lysozyme remained in the reverse

micellar phase. However, the concentration of lysozyme in

the aqueous phase was below the HPLC detection limit. Although the

percent of lysozyme remaining in the reverse micellar phase decreased

from 99% to 3.2% with the addition of ethanol, no lysozyme was

recovered in the aqueous phase. The behavior was similar for ethyl

acetate.

An attempt was also made to break the reverse micelles by reducing the

salt concentration below 0.05 M NaCl in the receiving aqueous phase. At this

salt concentration, no reverse micelles are formed in the organic phase.[34] The

pH of the receiving aqueous solution was 13.6. Upon contact, both lysozyme

and AOT were solubilized in the aqueous phase, which became milky. The

salt concentration of the aqueous phase was then increased to induce the

formation of reverse micelles. If the electrostatic repulsion theory were

correct, the lysozyme should remain in the aqueous phase while AOT should

migrate into the organic phase, forming reverse micelles. When the salt

concentration was increased to 0.3 M NaCl, the aqueous and organic phases
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became clear, but a white precipitate formed at the aqueous–organic interface,

and the lysozyme concentration in both the aqueous and the organic phases

was below the detection limit.

The formation of precipitate at the interface is due to the hydrophobicity

of the protein-surfactant complex.[10,13,19,35] Upon mixing of a protein

containing aqueous phase and a surfactant containing organic phase, the

charged surfactant head groups form an ion-paired complex with the

oppositely charged protein. This protein–surfactant complex requires

additional surfactant molecules to wrap around the protein and yield a

hydrophobic surface that solubilizes the protein into the organic phase.[35] In

contrast, the protein has to be dissociated from the surfactant to be solubilized

into an aqueous phase during the back extraction process. The formation of a

protein-surfactant precipitate was found to depend largely on interfacial

tension[10,12] and mass transfer kinetics.[35] The effect of interfacial tension on

the extraction of lysozyme was reported using an AOT reverse micellar phase

formed in different organic solvents[36] and using an aqueous two-phase

micellar system.[37] However, the fact that the addition of cosolvent or that the

breakage of the reverse micellar structure did not improve the lysozyme

recovery, as reported in this study, indicates that the conventional back

extraction method is not able to dissociate lysozyme from the surfactant AOT,

and thus lysozyme is insoluble in the receiving aqueous phase.

Back Extraction from a DODMAC Reverse Micellar Phase

A 100 mM DODMAC reverse micellar phase containing 250 mM decanol

and 1 g/L lysozyme was contacted with an equal volume of a fresh aqueous

phase with pH adjusted to 2.2, 4.2, or 6.0 using HCl. The salt concentration in

the receiving aqueous phase was at 0.1 or 0.3 M NaCl. Similar to the results

obtained from the AOT reverse micellar phase, Fig. 1 shows that there was no

recovery of lysozyme from a DODMAC reverse micellar phase into the fresh

aqueous phase. When the pH of the aqueous solution was 2.2, at 0.1 or 0.3 M

NaCl, only 2% of the lysozyme remained in the reverse micellar phase. At this

pH, lysozyme has an overall positive surface charge resulting in an

electrostatic repulsion between lysozyme and the positively charged

DODMAC surfactant head group. At a pH of 4.2, more lysozyme remained

in the reverse micellar phase. When the pH was 6.0, the lysozyme remaining

in the reverse micellar phase at 0.1 M and 0.3 M NaCl was about 30 and 26%,

respectively. This result supports the dewatering hypothesis. However, the

concentration of lysozyme in the receiving aqueous phase was below the

detection limit. As more lysozyme was removed from the reverse micellar
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phase, an increasing amount of white precipitate was observed at the

aqueous–organic interface. Ethanol or ethyl acetate was added to the

DODMAC reverse micellar phase, in order to increase the percent recovery.

However, similar to the AOT reverse micellar system, although the percent of

lysozyme remaining in the reverse micellar phase decreased upon the addition

of ethanol, lysozyme was not solubilized in the fresh aqueous phase.

Unlike AOT, DODMAC requires a cosurfactant such as decanol, to form

a reverse micellar phase. A previous study using DODMAC reported that the

molar ratio of 4 between decanol and DODMAC resulted in a significant

decrease in the solubilization of lysozyme in the DODMAC reverse micellar

phase[38]. Based on this finding, upon the contact with a fresh aqueous phase

with pH 6.0 and 0.1 M NaCl, decanol was added to the 100 mM DODMAC

reverse micellar phase to increase its concentration from 250 mM to 400 mM.

Again, the concentration of lysozyme in the receiving aqueous phase was

below the detection limit, and a white precipitate was observed at the

aqueous–organic interface.

For both the AOT and the DODMAC reverse micellar systems, the

manipulation of pH and the salt concentration in the receiving aqueous phase

or the addition of cosolvent to the reverse micellar phase did not produce

solubilization of lysozyme into a fresh aqueous phase. The fact that no

lysozyme was recovered using the conventional back extraction method

suggests that the lysozyme removed from either reverse micellar phase is in

the form of a water–insoluble lysozyme-surfactant complex.

Solvent Precipitation from an AOT Reverse Micellar Phase

Five mL of acetone were added to an equal volume of a 30 mM AOT

reverse micellar phase containing 1 g/L lysozyme. The mixture was stirred for

5 seconds at room temperature. Upon the addition of acetone, lysozyme

precipitated as a white solid. In the acetone phase, the lysozyme concentration

was below the detection limit, and the water content was measured to be less

than 0.5 mass %. The precipitated lysozyme was then dissolved in three

different aqueous phases: 25 mM phosphate buffer solution[26], an aqueous

NaOH solution at pH ¼ 11; the pI of lysozyme[1], and distilled water. Figure 2

presents the percent recovery of lysozyme in the final aqueous phases vs. the

ratio of the volume of polar organic solvent, Vps, to the volume of initial

reverse micellar phase, Vo. Using a fixed micellar phase volume of 5 mL, a

volume ratio below unity was insufficient to induce precipitation of lysozyme;

instead, the acetone and the organic phase containing AOT formed two liquid

phases, a milky bottom phase and a clear top phase. The highest recovery of
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70% was obtained with distilled water at a volume ratio of unity. At most, 50%

of the lysozyme was recovered in a 25 mM phosphate buffer solution, while an

aqueous phase at a pH of 11 recovered 20% of the lysozyme. Equal volumes of

the polar organic solvent and reverse micellar phase were used in subsequent

experiments.

Table 1 summarizes the effect of different polar solvents on the lysozyme

recovery. All solvents tested provided complete removal of lysozyme from the

reverse micellar phase. The reverse micellar phase formed one clear phase

with acetone, methyl acetate, and methyl ethyl ketone, and the lysozyme

precipitated at the bottom of the test tube. The use of formaldehyde and

acetonitrile gave two clear liquid phases, and a white precipitate formed at the

solvent-organic interface. For the alcohols, methanol gave two clear liquid

phases and a white precipitate formed at the solvent-organic interface, while

Figure 2. Effect of ratio of volume of acetone (Vps) to volume of lysozyme-

containing reverse micellar phase (Vo) on the percent lysozyme recovered. Initial

reverse micellar phase: 30 mM AOT containing 1 g/L lysozyme.
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isopropanol and pentanol formed homogeneous clear solutions, and the

lysozyme precipitated at the bottom of the test tubes. The largest recovery was

72% using acetone as the polar solvent and distilled water as the final aqueous

phase. An increase in the hydrophobicity of the solvent from acetone to methyl

acetate and methyl ethyl acetate significantly reduced the recovery of

lysozyme. The precipitate recovered using formaldehyde and acetonitrile was

insoluble in water at any pH from 1 to 14, as well as in isooctane. For the

alcohols, the precipitate obtained from methanol was water insoluble. The use

of isopropanol gave a lysozyme recovery of 18%. No precipitation was found

when pentanol was used, and the concentration of lysozyme in the final

aqueous phase was below the detection limit. Before it was solubilized into the

AOT reverse micellar phase, the lysozyme activity was 48; 000 ^ 3000

units/mg protein. As shown in Table 1, the lysozyme precipitated by acetone

retained its original activity. According to Luisi et al.[39], lysozyme was found

to be denatured in AOT reverse micelles. However, when recovered from the

reverse micelles by solvent precipitation with acetone, lysozyme recovered its

original activity. When precipitated by methyl acetate, less than 40% of the

original activity remained. The use of isopropanol resulted in a lysozyme

activity of 35,000 units/mg, about 75% of its original value. The AOT

concentration in the aqueous phase was below the HPLC detection limit for all

cases. Since the lysozyme recovered using acetone showed the same activity

as the initial lysozyme sample, it was concluded that the recovered lysozyme

was free of surfactant. Successful recovery of g-glutamyltransferase[25] and

ribonuclease-A[26] from an AOT reverse micellar phase was reported using

Table 1. Effect of polar solvents on the percent lysozyme precipitated and

subsequently recovered: initial reverse micellar phase, 30 mM AOT with 1 g/L

lysozyme; Vps=Vo ¼ 1; final aqueous phase, distilled water.

Polar solvents

% Lysozyme

precipitated

% Lysozyme

recovered

Activity unit/mg

protein

Acetone 100% 72 ^ 2% 48,000 ^ 3,000

Methyl acetate 100% 3 ^ 1% 18,000 ^ 3,000

Methyl ethyl ketone 100% 0% 2

Formaldehyde 100%a 0% 2

Acetonitrile 100%a 0% 2

Methanol 100%a 0% 2

Isopropanol 100% 18 ^ 1% 35,000 ^ 5,000

Pentanol 0% 0% 2

a The lysozyme precipitated at the solvent-reverse micellar phase interface.
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acetone. The decreased activity of the lysozyme recovered by methyl acetate

or isopropanol may be due to the AOT being associated with the protein and

thus not appearing in the HPLC analysis. To test this possibility, the

precipitate obtained with these solvents was washed in acetone several times,

dried, and then solubilized in distilled water. Table 2 gives the percent of

lysozyme recovered after being washed with acetone and the values obtained

without acetone washing. The percent recovery increased significantly after

washing with acetone. Acetone dissociated the surfactant–lysozyme complex

precipitated with the other polar solvents, and produced a surfactant-free

lysozyme with its original activity.

Solvent Precipitation from a DODMAC Reverse Micellar Phase

Five mL of a 100 mM DODMAC reverse micellar phase containing 1 g/L

lysozyme were contacted with an equal volume of acetone. The mixture formed

a clear liquid phase, and lysozyme precipitated as a white solid. Unlike the AOT

reverse micellar system, the lysozyme recovered with acetone from a

DODMAC reverse micellar phase was not soluble in distilled water, i.e., the

concentration of lysozyme was below the HPLC detection limit. To investigate

further, an aqueous solution containing 1 g/L lysozyme and 0.1 M NaCl was

prepared with a pH of 12, the same condition used for the extraction of

lysozyme into the DODMAC reverse micellar phase. This solution was

contacted with an equal volume of acetone. No DODMAC, decanol, or

isooctane, was present in this experiment. The lysozyme, which precipitated

from the aqueous phase, was not soluble in water. In contrast, when no NaOH

was added to the initial lysozyme solution, i.e., pH ø 5; the recovery of

lysozyme into water after precipitation with acetone was 75 ^ 10%: In this

case, the denaturing of lysozyme is due to the extreme pH required for a

DODMAC reverse micellar system to extract lysozyme.

Table 2. Comparison of the effect of washing with acetone on

the percent recovery of lysozyme dissolved in distilled water.

Polar solvents

Without acetone

wash

With acetone

wash

Methyl acetate 3 ^ 1% 55 ^ 5%

Methyl ethyl ketone 0% 24 ^ 5%

Isopropanol 18 ^ 1% 65 ^ 5%
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CONCLUSIONS

The recovery of lysozyme from the reverse micellar phases created with

an anionic surfactant (AOT) and with a cationic surfactant (DODMAC) was

studied using back extraction and solvent precipitation. Back extraction using

a fresh aqueous phase with pH and salt concentration adjustment reduced the

lysozyme concentration in the reverse micellar phase, but no lysozyme was

recovered into the aqueous phase, from either the AOT or the DODMAC

reverse micellar phase. Solvent precipitation with acetone recovered lysozyme

from the AOT reverse micellar phase with its original activity. Active

lysozyme could not be recovered from the DOMAC reverse micellar phase,

because the high pH needed to extract lysozyme into the reverse micellar

phase denatured the protein.
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