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Monellin is an intensely sweet-tasting protein present in the berry of Dioscoreophyllum cumminsii. Natu-
rally occurring monellin (double chain monellin) is a heterodimer of two subunits commonly referred to
as chain A and chain B. Monellin is a good model system for structural and dynamic studies of proteins.
Single chain monellin has been generated by covalently linking the two subunits of naturally occurring
double chain monellin, and has been used extensively for folding and unfolding studies, as well as for pro-
tein aggregation studies. There are, however, relatively few reports on such studies with double chain
monellin. The primary difficulty associated with studies using double chain monellin appears to be the
lack of a standard purification method. Here, a simple method for the purification of double chain monel-
lin is presented. The genes encoding the two chains of monellin were cloned into a modified pETDUET
vector under separate T7 promoters. The expression vector containing the genes of the two chains was
expressed in E. coli BL21 Star (DE3). The expressed protein was purified using two steps of chromatogra-
phy, ion exchange chromatography and gel filtration chromatography. This expression system consis-
tently produced 40 mg of pure double chain monellin per litre of E. coli culture, in the correctly folded
native state. The purity of the protein was confirmed by mass spectrometry and SDS–PAGE analysis.
The purified protein was characterized using different spectroscopic methods, and the spectra obtained
were in good agreement with the published spectra of naturally occurring double chain monellin.

� 2010 Elsevier Inc. All rights reserved.
Introduction

Monellin is a sweet protein found in the fruit of Dioscoreo-
phyllum cumminsii. It is 3000 times sweeter than sucrose on the ba-
sis of weight [1], and 105 times sweeter on the basis of molarity [2].
Early on, monellin was believed to be a carbohydrate [3], but later
two groups independently showed that the sweet taste of the berry
of D. cumminsii arises from a protein [4,5]. Monellin is now known
to be made up of two subunits, namely chain A and chain B. Chain
A consists of 45 amino acid residues that form three antiparallel
b-strands. Chain B consists of 50 amino acid residues that form
two b-strands separated by an a-helix [6]. The two subunits are
held together by non-covalent interactions. The five b-strands from
both subunits form a single b sheet [7], and the protein adopts a
b-grasp fold. This is among the ten most common protein folds,
and the protein is a member of the cystatin protein family [8].

Monellin has been studied intensively by protein chemists be-
cause of its intense sweet taste. Several biophysical studies have
been carried out to understand the mystery of the sweet taste of
the monellin. It is clear that the native structure of the protein is
ll rights reserved.
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essential for its sweet taste [9–11]. Several NMR studies have given
insights into the ‘‘active site’’ of monellin which contributes to the
sweet taste [10,12]. This appears to be located in a region contain-
ing residues 16–35 of chain A, which form a loop between the
b-strands 4 and 5 [12]. Studies performed to understand the inter-
action between monellin and taste receptors, have indicated that
the sweet sensation arises due to the interaction of monellin with
the T1R2 and T1R3 receptors [13–15]. Monellin has also been used
in gustatory studies with several animals to understand the neuro-
nal basis of the taste sensation [16–19].

Protein chemists had intended to use this protein as a commer-
cial low calorie sweetener [9], but its application was limited by its
low temperature stability. The stability of monellin can be im-
proved by covalently connecting its subunits. In the native state,
the C-terminus of chain B is close to the N-terminus of the chain
A. A single chain variant of monellin was generated by connecting
the two ends of the chains. Two variants of single chain monellin
have been made, one without a linker connecting chains A and B
named as SCM [9], and the other with a Gly-Phe dipeptide linker
named as MNEI [12]. The single chain variants of monellin remain
native even at relatively high temperatures [9]. Structural studies
have shown that single chain monellin has the same conformation
and sweet taste as does double chain monellin [7,20].

http://dx.doi.org/10.1016/j.pep.2010.11.002
mailto:jayant@ncbs.res.in
http://dx.doi.org/10.1016/j.pep.2010.11.002
http://www.sciencedirect.com/science/journal/10465928
http://www.elsevier.com/locate/yprep


N. Aghera, J.B. Udgaonkar / Protein Expression and Purification 76 (2011) 248–253 249
Apart from its sweet taste, monellin is also a model system of
choice for protein folding and aggregation studies because of its
small size. Detailed studies have been done with single chain
monellin to understand the folding and unfolding mechanisms
[21–26], as well as structural dynamics [27,28]. A GroEL-assisted
folding study of single chain monellin has given insight into the
mechanism of chaperon-assisted folding of the protein [29]. Single
chain monellin has also been used as a model system for under-
standing the protein aggregation process [30].

Double chain monellin is an attractive model system for the
study of how chain complementation occurs during the folding
of a heterodimeric protein, and for delineating the process of chain
binding from folding. But there have been very few studies of the
folding or aggregation of the double chain protein [31–35]. Such
studies have been limited by the availability of the protein. So
far, double chain monellin has been purified from the berry of D.
cumminsii [1]. The commercially available protein is very expen-
sive, and its purity is only 60–70%. It also invariably has two forms
of chain A as well as of chain B. About 50% of the protein molecules
contain a chain A lacking the phenylalanine residue at the N-termi-
nus and 10% of the protein molecules contain a chain B lacking the
glycine residue at the N-terminus [34,36].

Several reports have been published on the heterologous
expression and purification of single chain monellin from different
host systems. Work on the purification of single chain monellin has
also been reviewed [37,38]. Surprisingly, there is not a single re-
port on the heterologous expression and purification of double
chain monellin. Here, we report a method for the heterologous
co-expression of the two chains of monellin, in E. coli, and the puri-
fication of the double chain protein. The purification method is
relatively simple, involving only two steps of chromatography.
The only change in protein sequence is that an additional methio-
nine gets introduced at the N-terminus of each chain. It shows
absorbance, fluorescence and circular dichroism (CD) spectra
similar to those reported for naturally occurring double chain
monellin [4,34,39].
1 Abbreviations used: IPTG, isopropyl-b-D-thiogalactopyranoside; TFA, trifluoroace-
tic acid; PMSF, phenylmethylsulfonyl fluoride; DTT, dithiothreitol; DCMN, double
chain monellin.
Materials and methods

All chemicals used for the purification were of analytical grade.
Restriction enzymes were from Fermentas, and DNA ligase was
from USB. DNA was synthesized by Genscript (USA).

Bacterial strain and plasmid

Escherichia coli DH5a was used as a host strain for cloning,
while BL21 Star (DE3) was used as the host strain for protein
expression. The pETDUET (Novagen) vector [40,41] was used to de-
sign the expression system.

Construction of pETDUET-DCMN

The genes encoding chain A and chain B were synthesized by
Genscript in a pUC57 vector. The codons of the genes encoding
chain A and chain B were optimized for E. coli. The synthesized
DNA construct and pETDUET were digested by NcoI and BglII
restriction enzymes (located in MCS1 and MCS2, respectively).
The digested products were gel purified and ligated into pETDUET
using T4 DNA ligase. The final construct was verified by DNA
sequencing. The DNA sequences of the genes for chain A and chain
B, as well as the protein sequences are given below.

Chain A: ATGCGTGAAATTAAAGGCTATGAATATCAGCTGTATGTG
TATGCGAGCGATAAACTGTTTCGTGCGGATATTAGCGAAGATTATAAA
ACCCGTGGCCGTAAACTGCTGCGTTTTAACGGCCCGGTGCCGCCGCCG

MREIKGYEYQLYVYASDKLFRADISEDYKTRGRKLLRFNGPVPPP
Chain B: ATGGGTGAATGGGAAATTATCGATATTGGTCCGTTTACA
CAGAACCTGGGCAAATTTGCTGTGGATGAAGAAAATAAAATCGGCCA
GTATGGTCGTCTGACGTTTAATAAAGTCATTCGTCCGTGTATGAAAAA
GACAATTTATGAAAATGAA

MGEWEIIDIGPFTQNLGKFAVDEENKIGQYGRLTFNKVIRPCMKKTIY
ENE

Protein expression and purification

BL21 Star (DE3) cells were freshly transformed with the
pETDUET-DCMN construct. About 5–6 colonies were inoculated
into 300 ml of LB starter culture containing 100 lg/ml ampicillin
and the culture was grown at 37 �C until the OD600 reached
0.6–0.8. 10% inoculum was used from the starter culture to inocu-
late 3 L rich medium containing 100 lg/ml ampicillin. The culture
was induced at an OD600 of 1, with IPTG1 at a concentration of
250 lM, and then further grown for another 12 h. The bacterial
cells were harvested by centrifugation at 6000g for 10 min at
4 �C, and then resuspended in 100 ml ice-cold 20 mM sodium ace-
tate buffer containing 1 mM PMSF at pH 5.5. The cells, kept on ice,
were then lysed for 25 min using a sonicator (Vibra cell from Son-
ics) at 60% amplitude setting, with 5 s on-pulses and 3 s off-pulses.
Subsequently, the supernatant was collected after centrifugation at
P25,000g for 45 min at 4 �C. The supernatant was diluted to a final
volume of 500 ml and was stored at 4 �C for 3 h. The diluted super-
natant was centrifuged again at P25,000g for 45 min at 4 �C. The
supernatant was collected and loaded onto a 100 ml fast flow
SP-Sepharose (Sigma) ion-exchange column at 4 �C. After loading
the column, it was washed with at least 10 column volumes of
the same buffer. The protein was eluted out using 20 mM sodium
acetate buffer containing 100 mM NaCl at pH 5.5 (isocratic elution).
The eluted protein was concentrated by ultra-filtration using a
3 kDa cut-off membrane. The concentrated protein was further
purified using a Hi Load 16/60 Superdex 75 preparation grade col-
umn using an AKTA chromatography system from GE. Gel filtration
was performed in 20 mM sodium acetate buffer containing 200 mM
NaCl 1 mM DTT. The protein elution started at 60% of the column
volume. The protein was desalted by ultra-filtration using a 3 kDa
cut-off membrane, and was stored after lyophilization.

Separation and purification of the chains of monellin

The individual chains of monellin were purified using reverse
phase chromatography (RPC). RPC separation was performed in
the presence of 0.05% (v/v) TFA. Desalted protein was loaded onto
a Resource 15 column from GE in solvent containing 20% (v/v)
methanol at a flow rate of 2 ml/min. The chains were eluted using
gradient of methanol from 20% to 100%. Chain A eluted at 60%
methanol, and chain B eluted at 75% methanol. Methanol was re-
moved by vacuum evaporation before lyophilization.

ESI-MS analysis

Desalted protein was dissolved in 40% acetonitrile/0.1% formic
acid for mass spectrometric analysis. Mass spectra were acquired
in ESI-MS mode on a Q-TOF machine from Waters.

SDS–PAGE

Tricine-SDS–PAGE was performed using a 16% resolving gel, as
described previously [42,43]. Protein samples were loaded onto
the gel without any heating in the presence of 2-mercaptoethanol.



Fig. 1. Map of the plasmid constructed for the co-expression of chain A and chain B in E. coli BL21 Star (DE3). A synthesized DNA segment containing the genes of chain A and
chain B, was inserted at the NcoI and BglII restriction sites located in MCS1 and MCS2, respectively. T7 represents the T7 promoter, and T7t represents the T7 termination site.
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Electrophoresis was carried out at room temperature (25 �C) at
constant 50 V for 12 h (Bio-Rad). The gel was stained with Coomas-
sie brilliant blue R-250 and destained with 10% acetic acid.

Absorbance spectra

All spectroscopic studies of monellin and its chains were per-
formed at pH 7. The absorbance spectra of monellin and chain B
were acquired in 10 mM phosphate buffer containing 0.25 mM
EDTA and 1 mM DTT. The absorbance spectrum of chain A was
acquired in water because of the poor solubility of chain A in the
presence of salt. Absorbance spectra were acquired using an Ultro-
spec 4000 UV/Vis spectrophotometer from Pharmacia. All absor-
bance spectra were acquired at 40 lM protein concentration
using a 10 mm path length cuvette.

Fluorescence spectra

Fluorescence spectra were acquired using a Spex Fluoromax-3
spectrofluorometer. Spectra were acquired at 10 lM protein
concentration in 50 mM phosphate buffer in the presence of
0.25 mM EDTA and 1 mM DTT. The protein was excited at 280 nm
and the fluorescence emission was collected from 300 to 400 nm.
The excitation bandwidth was 0.6 nm and the emission band width
was 10 nm. Each spectrum was collected with a 2 s integration time.

CD spectra

CD spectra were acquired using a Jasco J-815 spectropolarime-
ter. Spectra were collected in 50 mM phosphate buffer in the pres-
ence of 0.25 mM EDTA and 1 mM DTT. Near-UV CD spectra were
collected at 100 lM protein concentration using 1 cm path length
cuvette. Far-UV CD spectra were collected at 10 lM protein
concentration using a 0.2 cm path length cuvette. All CD spectra
were acquired at a scan speed 50 nm/min, and a response time
of 2 s. The band width was set to 1 nm.

Results

pETDEUT-DCMN

The monellin expression system was designed using a pETDUET
vector and was expressed in E. coli strain BL21 Star (DE3). The DNA
sequence containing the genes of chain A and chain B was synthe-
sized. The synthesized DNA sequence contained the transcription
termination sequence located downstream of the chain B gene,
and the transcription initiation site with the ribosome binding site
upstream of the chain A gene. The transcription termination se-
quence of chain B and the transcription initiation sequence of chain
A were separated by a short stretch of DNA. The purpose of having
two transcription termination sequences, one after the gene for
each chain, was to ensure that both chains expressed to similar ex-
tents. Both chains of monellin are known to be unstructured [34],
and it was thought that biased expression of either one of the two
chains might lead to the formation of inclusion bodies rather than
to the formation of native monellin. It was, however, not deter-
mined whether in the absence of the transcription termination se-
quence after the gene for the B chain, the protein yield is affected
or not.

The synthesized DNA sequence was ligated into the pETDUET
vector in between the NcoI and BglII sites. The final construct is
shown in Fig. 1. The original pETDUET vector was modified for
the expression of monellin. In the final construct, pETDUET-DCMN
contains the transcription termination sequence after MCS1 (chain
B), whereas the original pETDUET vector does not contain it. The
final construct contains the two genes encoding chain B and chain
A, with independent transcription initiation sites upstream and
transcription termination sites downstream. After ligation, positive
clones were selected on an LB agar plate containing 100 lg/ml
ampicillin. Selected colonies were further screened by restriction
digestion. The clone was confirmed by DNA sequencing.
Expression and purification

The protein was expressed in BL21 Star (DE3). All incubations
were done at 37 �C. Different IPTG concentrations were tried out
under the same incubation condition. IPTG (250 lM) gave the
highest yield of protein, and no further increase in the yield of
the protein was seen at higher IPTG concentrations. Sonication
was done in a beaker kept in ice with 5 s on-pulses and 3 s
off-pulses for 25 min. Sonication was stopped periodically to en-
sure that the lysate remained at a low temperature, to avoid pro-
tein denaturation. The expressed protein was present in the
soluble fraction of the lysate. After sonication, the supernatant
was separated by centrifugation. The supernatant was incubated
for 3 h at 4 �C. During incubation, many unwanted proteins



Fig. 2. Mass spectrum of double chain monellin acquired in the ESI-MS mode. The intact protein dissociated into chain A and chain B under the protein ionization conditions.
The masses obtained for chain A and chain B are 5382.1 Da and 5965.7 Da, respectively, which are in good agreement with the calculated masses 5382.1 Da and 5965.8 Da.
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precipitated out, but monellin did not undergo precipitation during
this incubation. The supernatant was separated by centrifugation
and loaded onto a SP-Sepharose ion exchange column. At pH 5.5,
monellin has a net positive charge of 3, which allows weak binding
between the protein and SP-Sepharose. Weakly bound protein can
be eluted using a low salt concentration. Isocratic elution was done
using 100 mM NaCl, and the eluted protein was 95% pure, as seen
in the mass spectrum and by SDS–PAGE. The ratio of the absor-
bance at 280 to that at 260 nm was poor, in the range 1.2–1.4,
which indicated some non-protein impurity. Gel filtration chroma-
tography was then performed using a Superdex G75 column. After
gel filtration, the ratio of absorbance at 280 to that at 260 improved
to 1.8. The protein was desalted after gel filtration by ultra-filtra-
tion using a 3 kDa cut-off membrane. The protein was lyophilized
and stored for future use. The purity of the protein after the final
step was >98% as seen in the mass spectrum (Fig. 2) and SDS–PAGE
(Fig. 3A).

Separation of the chains of monellin

The chains of monellin were separated using reverse phase
chromatography. Methanol was used as the organic hydrophobic
solvent, and TFA as the ion-pairing agent. Chromatographic
separation was monitored using absorbance at 280 nm and at
295 nm. Chain A does not contain any tryptophan, and hence, does
not absorb at 295 nm. Thus, the chromatogram itself indicates the
quality of separation (Fig. 3B). The chains were separated by a
shallow gradient of methanol. Chain A eluted first at around 60%,
and chain B eluted later at around 75% methanol concentration.
Fig. 3. Purity of monellin and separation of the chains A and B of monellin. (A) SDS–
PAGE analysis of the purified protein. Lane 1 is single chain monellin, lane 2 and 3
are double chain monellin, 2 lg and 0.2 lg, respectively, lane 5 and 6 are chain A
and chain B, respectively. The protein band in lane 4 marked with the arrow
corresponds to a mass of 10 kDa. (B) Reverse phase chromatogram. Reverse phase
chromatography was performed to separate the chains of monellin. In the
chromatogram, the dashed line represents the absorbance monitored at 280 nm,
and the solid line represents the absorbance monitored at 295 nm.
The result indicates that chain B is more hydrophobic than chain
A in the presence of TFA. After the separation of the chains, meth-
anol was removed by vacuum evaporation, and the chains were
lyophilized.
ESI-MS analysis

ESI-MS analysis was performed with monellin, and the result is
shown in Fig. 2. During mass spectrometric analysis, the chains of
monellin dissociated from each other under the ionization condi-
tions. Thus, the mass spectrum shows peaks that correspond to
two different polypeptides. Analysis of the mass spectrum gave
masses of 5382.1 Da and 5965.7 Da. The obtained masses are in
good agreement with the theoretically calculated masses, which
are 5382.1 Da for chain A and 5965.8 Da for chain B. The mass
spectrometry result confirms the presence of the protein of inter-
est, without any modification or adduct. The mass spectrum does
not show any other peaks apart from those for chain A and chain
B, indicating the very high purity of the protein. The mass spectro-
metric analysis of the separated chains was also done, and gave the
expected masses, indicating that no modification of the chain oc-
curred during the process of reverse phase chromatography (data
not shown).
Absorbance spectra

Absorbance spectra are shown in panel A of Fig. 4. Spectra
were acquired at 40 lM protein concentration at pH 7 in 10 mM
Fig. 4. Absorbance and fluorescence spectra of monellin and its individual chains.
Panel A shows the ultraviolet absorbance spectra of double chain monellin and its
purified chains. All absorbance spectra were acquired at 40 lM protein concentra-
tion. Double chain monellin and chain B were in 10 mM phosphate buffer, while
chain A was prepared in milli-Q water. Panel B shows the fluorescence spectra of
monellin and its chains. All fluorescence spectra were acquired at 10 lM protein
concentration in 50 mM phosphate buffer, pH 7. In each panel, the short dashed line
represents chain A, the long dashed line represents chain B, and the solid line
represents double chain monellin.



Fig. 5. CD spectra of double chain monellin. Mean residue ellipticity is plotted
against wavelength. (A) Far-UV CD spectrum of native double chain monellin. (B)
Near-UV CD spectrum of native double chain monellin.
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phosphate buffer containing 0.25 mM EDTA and 1 mM DTT. The
published values of the extinction coefficients were used to calcu-
late the concentrations of chain A, chain B and monellin [4,34]. The
published values were confirmed by estimating protein concentra-
tion using the BCA protein estimation method [44]. Each protein
shows an absorbance maximum at 277 nm. Monellin and chain B
show similar absorbance spectra with only a difference in their to-
tal absorbance. Chain A, which does not contain any tryptophan
residue, does not show absorbance at wavelengths longer than
300 nm.

Fluorescence spectra

Fluorescence spectra of monellin and its chains are shown in
panel B of Fig. 5. They were acquired by exciting monellin at
280 nm which is close to the wavelength of maximum absorbance
of monellin. At 280 nm, tyrosine and tryptophan both absorb and
contribute to fluorescence. The fluorescence spectrum was col-
lected from 300 nm to 400 nm. It appears very symmetric, with
the maximum of the spectrum at 346 nm. This maximum at
346 nm arises from the fluorescence of the single tryptophan resi-
due, which is the fourth residue of chain B. Monellin contains se-
ven tyrosine residues, but the protein does not show any
fluorescence maximum in the region of 300–305 nm, where tyro-
sine emission peaks are typically seen. This is because the absor-
bance at 280 nm of tyrosine is much less than that of the
tryptophan residue. Furthermore, the absorption spectrum of tryp-
tophan overlaps with the emission spectrum of tyrosine. In native
conditions, where the tyrosine and tryptophan residues are very
close, tyrosine fluorescence is quenched by the tryptophan residue
through the process of fluorescence resonance energy transfer
(FRET). The fluorescence spectrum of chain A, which contains five
tyrosine residues shows an emission maximum at 304 nm. Chain
A does not show any fluorescence at any wavelength longer than
380 nm, which indicates that it is free of any contamination by
chain B or any other tryptophan-containing protein. Chain B con-
tains two tyrosine residues and one tryptophan residue. The fluo-
rescence spectrum of chain B shows a fluorescence maximum at
355 nm, which indicates that the tryptophan is solvent-exposed.
This observation suggests that chain B in isolation loses its native
structure.

CD spectra

Monellin was characterized using far-UV and near-UV CD spec-
troscopy. Panel A of Fig. 5 shows the far-UV CD spectrum of monellin,
whereas panel B shows the near-UV CD spectrum of monellin. The
far-UV spectrum of monellin shows a single minimum at 214 nm,
and there is no minimum observed at 208 nm or 222 nm. The result
indicates that the protein is rich in b-sheet content and poor in
a-helix content. The result agrees with the crystal structure of the
protein and with published spectra [39]. The mean residue ellipticity
(MRE) of the protein at 214 nm is �9000 deg cm2 mol�1. The near-
UV CD spectrum of monellin shows 4 local minima between 255
and 275 nm, and a global minimum at 269 nm. The near-UV CD
spectrum suggests that the aromatic amino acid residues are in
asymmetric environments.
Discussion

Different methods have been standardized for single chain
monellin expression and purification using different host systems.
Single chain monellin has been expressed in eukaryotic as well as
in prokaryotic systems [45–47]. It has also been expressed in
plants [48,49]. There are also reports of the solid phase synthesis
of single chain monellin and chain B [35,50,51]. Surprisingly, there
is not a single report on the heterologous expression and purifica-
tion of wild type double chain monellin. In this study, we have
developed a protocol for the heterologous expression and purifica-
tion of double chain monellin.

Our protocol for the purification of double chain monellin is sim-
ple, and involves only two chromatographic steps. Our expression
system does not use any protein tag for the expression and purifica-
tion of protein. The purified protein is more than 98% pure as re-
vealed by the mass spectrometry and SDS–PAGE. The yield of the
protein is also good; up to 40 mg monellin per litre of E. coli culture
are obtained. The protein purified using this method retains the first
methionine residue on both subunits at their N-termini, without any
detectable cleavage. This is commonly seen in the case of many
recombinantly-expressed proteins. The expressed protein is suit-
able for all kinds of structural and biophysical studies, including
mass spectrometric and aggregation studies.

Single chain monellin has a higher temperature stability than
wild type monellin. This increases its applicability and for that rea-
son considerable work has been done with the single chain protein.
The availability of several protocols for the purification of single
chain monellin has facilitated its use for studies of protein folding,
unfolding and aggregation. The only purification method reported
for wild type monellin is from its natural source, the fruit of
D. cumminsii [1].The protein is therefore limited by the availability
of the fruit around the world as a source of the protein. Currently,
commercially available protein is very expensive and sold at very
low purity. This report will be of help to researchers interested in
studying double chain monellin.

Spectroscopic characterization was performed using different
probes. All the spectroscopic data are in good agreement with pub-
lished data [4,34,39] on the protein purified from its natural
source. The fluorescence spectrum of native monellin shows a kmax

at 346 nm, which indicates that the tryptophan residue is buried.
The observation is in accordance with the crystal structure [6].
The fluorescence spectrum of chain B shows a kmax at 355 nm,
which indicates that the tryptophan residue is exposed to the sol-
vent. This observation suggests that chain B in isolation has non-
native structure. The CD spectrum shows a minimum at 214 nm,
which indicates a protein rich in b-sheet content. Again, the result
is in accordance with the crystal structure of protein.

Very limited studies have been done so far with double chain
monellin. Work with the commercially available wild type protein
has given insight into the contribution of electrostatic interactions
to the stability of the double chain protein [34,35]. Work on the
aggregation of monellin has been reported but has not been
continued [32,33]. We believe that the availability of the purifica-
tion method will accelerate research on the folding and aggrega-
tion of double chain monellin.

In summary, we have reported a method that enables the
expression and purification of double chain monellin. The purified
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protein has an extra methionine residue at the N-terminus of each
of the chains. The method allows purification of 40 mg of double
chain monellin per litre of E. coli culture, and the protein obtained
has more than 98% purity. The purified protein has spectroscopic
properties that agree with the previously published results of stud-
ies on the commercially available protein from its natural source.
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