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Abstract Large scale production of recombinant human

flotillin-2 (reggie-1) is desirable for structural and bio-

chemical studies. However, as the major lipid rafts specific

hydrophobic protein, flotillin-2 was difficult to be expres-

sed as soluble and functional form in prokaryotic system.

In this study, we first cloned and expressed human flotillin-

2 in Escherichia coli with five different fusion tags: poly-

histidine, glutathione S-transferase (GST), thioredoxin

(TRX), N-Utilization substance (NusA) and maltose bind-

ing protein (MBP). We screened the expression level and

solubility of the five flotillin-2 fusion proteins, the best

MBP tagged flotillin-2 was then large scale produced. The

optimized purification procedure included two steps of

chromatography: Ni-NTA affinity chromatography and

anion exchange chromatography. The typical yield was

36.0 mg soluble and functional recombinant flotillin-2

from 1 L of culture medium with purity above 97%. The

activity of recombinant flotillin-2 was verified by pull-

down assay with flotillin-1, showing that the purified

recombinant flotillin-2 can specifically interact with flotil-

lin-1. The circular dichroism (CD) spectroscopy showed

that recombinant flotillin-2 had a very stable secondary

structure dominated by a-helix, b-turn and random

structure.
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Lipid rafts are the microdomains of eukaryotic cell mem-

branes enriched in cholesterol and sphingolipids [1]. They

play important roles in many biological processes due to

the abundant existence of signal-transducing molecules,

such as non-receptor tyrosine kinases, receptor tyrosine

kinases, and small GTPases [2]. Additionally, lipid rafts

have some specific structural proteins, including flotillin

(reggie), caveolin, and stomatin.

Flotillin-1 (reggie-2) and its paralogue, flotillin-2

(reggie-1) were first identified by two independent research

groups in 1997 [3, 4]. Flotillins harbor the evolutionary

conserved stomatin/prohibitin/flotillin/HflK/C (SPFH)

domain in the N-terminal. In addition, the flotillins contain

another conserved flotillin domain in the C-terminal which

is not present in other SPFH domain-containing proteins

[5]. The SPFH domain’s function was commonly thought

to regulate the proteins in lipid rafts, including linkage of

lipid rafts to the actin cytoskeleton [6], regulation and

degradation of ion channels [7], and even nucleation of the

lipid species required for the formation of lipid rafts [5].

The coiled-coil structure of flotillin domain was predicted

to form homo- and hetero- flotillin oligomers [8].

Flotillin-2 has been suggested to be involved in various

signaling processes, such as G protein-coupled signaling

processes [9] and p38 MAP kinase involved signaling

processes [10]. Stimulation of cells with epidermal growth

factor (EGF) induces phosphorylation and endocytosis of

flotillin-2 by Src kinases [11]. Flotillin-2 also appears to

play a role in the regulation of the actin cytoskeleton [6]

and filopodia-like cell protrusions [12]. Furthermore, flo-

tillin-2 was identified as the direct transcriptional target of

the p53 family member genes [13].

Since the roles of flotillin-2 in these signaling processes

were not determined yet, it is desirable to express and

purify large quantity of flotillin-2 for the structural and
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functional analysis. The traditional method to separate raft

specific proteins required extraction of the Triton X-100

insoluble membrane fraction and sucrose gradient ultra-

centrifuge technology [5]. But this method only gave low

yield of raft specific protein. Bauer et al. got only 1 lg

purified flotillin-1 out of 30 goldfish brains [14]. The

hydrophobic character of flotillins makes them hard to be

purified from tissues and expressed as functional recom-

binant proteins in prokaryotic expression system. Till now,

there is still no article discussing the large scale production

of flotillin-2. In our previous work, we have expressed

recombinant human flotillin-1 in E. coli and purified the

poly-histidine tagged flotillin-1 through a refolding proce-

dure [15]. However, the refolding procedure was compli-

cated and inconvenient. We wish to establish a novel

method to express the functional recombinant flotillin-2 as

soluble protein. Here, we screened the frequently used

prokaryotic fusion tags, finally chose MBP as fusion tag for

flotillin-2. The MBP-flotillin-2 fusion protein was expres-

sed and purified in large quantity and high purity. The

binding activity of recombinant flotillin-2 was tested

through pull-down assay with flotillin-1, showed that it is

similar to the native flotillin-2. The circular dichroism

(CD) spectroscopy also showed that recombinant flotillin-2

had a very stable secondary structure.

Materials and methods

Materials

The bacterial hosts, E. coli DH5a and Rosetta (DE3)

pLysS, the vector pET21a, pET32a and pET43.1a were

obtained from Novagen (Madison, WI). The vector pMAL-

c2x was from New England Biolabs (Ipswich, MA). The

vector pGEX-4T-1, Glutathione-Sepharose 4B, HiTrap Q

Fast Flow and DEAE Sepharose Fast Flow were from GE

Healthcare (Piscataway, NJ). KOD Plus polymerase and

the DNA ligation kit were from Toyobo (Osaka, Japan).

Nucleotides, agarose gel, the DNA extraction kit, and the

PCR purification kit were purchased from Roche Diag-

nostics (Indianapolis, IN). Primer synthesis and DNA

sequence analysis were performed by Invitrogen (Shang-

hai, China). Restriction endonucleases were from Takara

(Dalian, China). The nickel-nitrilotriacetic acid (Ni-NTA)

Superflow column matrix was obtained from Qiagen

(Chatsworth, CA). Anti-flotillin-2 monoclonal antibody

was from BD Biosciences Pharmingen (San Diego, CA).

Nonionic detergent n-Octyl-b-D-glucoside (OG) was from

Dojindo Laboratories (Kumamoto, Japan). Bicinchoninic

acid (BCA) protein assay reagent kit was from Pierce

(Rockford, IL), b-mercaptoethanol, dithiothreitol (DTT),

ethylenediaminetetraacetic acid (EDTA), imidazole,

isopropyl b-D-thiogalactopyranoside (IPTG), D-glucose,

D-lactose, and Triton X-100 were from Sigma (St Louis,

MO). The Amicon Ultra-15 centrifugal filter (MWCO

10,000) was obtained from Millipore (Bedford, MA). All

other reagents were of analytical grade.

Cloning the flotillin-2 coding region into four

expression vectors

The recombinant fusion protein pT7470-FLOT2 with hexa-

histidine tag in the C-terminal was constructed as described

previously [16, 17]. The pT7470-FLOT2 plasmid was

double digested by BamH I and Xho I, the flotillin-2

fragment was ligated with BamH I and Xho I double

digested pGEX-4T-1, pET32a, pMal-C2x and pET43.1a

vectors, transformed into E. coli host DH5a. The positive

clones were selected and sequenced for verification.

Expression of five types of flotillin-2 fusion proteins

The expression vectors of pT7470-FLOT2 (His-Flot2),

pGEX-FLOT2 (GST-Flot2), pET32a-FLOT2 (TRX-Flot2),

pET43.1a-FLOT2 (NusA-Flot2) and pMBPC2x-FLOT2

(MBP-Flot2 origin) were transformed into Rosetta (DE3)

pLysS for expression using an auto-induction system [18].

After grown overnight at 37�C in 5 ml LB medium sup-

plemented with 100 lg/ml ampicillin, a portion (2 ml) of

the bacterial suspension was then transferred into 250 ml

auto-induction medium and grew in 37�C shaker (240 rpm)

to OD (600 nm) of 0.6, then the cells were cooled down to

20�C. Expression of the flotillin-2 fusion proteins was

induced overnight. The cells were collected by centrifu-

gation at 6000g for 15 min and were frozen at -80�C

until use.

Optimizing the MBP tag fused flotillin-2: MBP-Flot2

and MBP-Flot2D1–108

We have previously reconstructed an expression vector

pMBP containing the N-terminus MBP tag and the multi

cloning sites of pT7470 from the vector pMal-C2x [16]. In

order to large scale expressing and purifying MBP tagged

flotillin-2, we cloned the full length and the N-terminus

truncated (Flot2D1–108) (N-terminus 1–108 amino acids

removed) human gene into the pMBP vector. We amplified

flotillin2 and flotillin2 D1–108 fragment with primers P1,

P2 and P3 (P1&P3 for flotillin-2, P2&P3 for flotillin-2

D1–108). P1: 50-TATGGATCCATGACGTTGCAGCC

C-30, P2: 50-GGCGGATCCTATGACAAAGTGGACTA

T-30, P3: 50-TACTCGAGTCAATGGTGATGGTGATGGT

GTCCACCCCCGCCCACCTGCACACCAGTGGC-30. The

primer P3 contains the sequence encoding His6 tag in the

C-terminal. The obtained PCR fragments containing the full
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length human flotillin-2 and flotillin-2 D1–108 were double

digested by BamH I and Xho I, then cloned into the multiple

cloning site of pMBP vector, respectively.

Expression and purification of optimized MBP-Flot2

and MBP-Flot2D1–108

The expression procedure is similar to the original

pMalC2x-Flot2 expression vector by auto-induction sys-

tem. The collected cells from 250 ml auto-induction

medium were thawed and resuspended in 80 ml buffer A

(50 mM Tris–HCl, pH 8.0, 150 mM NaCl, 10% glycerol).

The cells were lysed by sonication. After centrifugation at

20,000g for 20 min, the supernatant was loaded on a 5 ml

Ni-NTA Superflow column. The Ni-NTA column was

washed by 40 ml buffer A containing 40 mM imidazole

and then eluted by Ni-NTA elution buffer (500 mM

imidazole in buffer A).

The dialyzed MBP-Flot2 and MBP-Flot2D1–108 solu-

tion were loaded onto a 5 ml HiTrap Q Fast Flow column

pre-equilibrated with anion exchange buffer A (50 mM

Tris–HCl, pH 8.0, 10% glycerol). The proteins were eluted

with a linear 0–0.5 M NaCl gradient by automatically

mixing anion exchange buffer A and anion exchange buffer

B (50 mM Tris–HCl, pH 8.0, 1 M NaCl, 10% glycerol).

The purified recombinant flotillin-2 proteins were further

concentrated to about 20 mg/ml by ultrafiltration.

The whole process was analyzed by SDS-PAGE. The

gel was stained by Coomassie Brilliant blue R-250, scan-

ned, and analyzed by BandScan Software Version 4.30

(Glyko).

For Western blot analysis, the proteins were electro-

phoretically transferred onto 0.20 lm nitrocellulose trans-

fer membrane (Schleicher & Schuell). The nitrocellulose

was blocked and incubated with anti-flotillin-2 monoclonal

antibody (1:2000) in the blocking buffer for overnight at

4�C followed by washing four times with washing buffer

(150 mM NaCl, 50 mM Tris–HCl, pH 7.4, and 0.1% (v/v)

Tween-20). The membrane was then incubated with goat

anti-mouse secondary antibody conjugated with HRP

(1:1000) for 1 h at room temperature. The unbound HRP-

conjugated secondary antibody was removed by washing

four times with washing buffer for 10 min each. Finally,

the membrane was incubated with working solution

(SuperSignal WestPico Substrate) for 10 s and then pressed

against an autoradiographic film.

Expression and purification of GST-Flot1

The plasmid pGEX4T-FLOT1 was constructed in our

previous work [15]. The GST protein (negative control)

and recombinant GST-Flot1 were expressed similarly to

flotillin-2 fusion proteins and purified as GE healthcare’s

GST tag fusion protein protocols, respectively.

Pull-down assay

The purified GST-Flot1 or control GST protein was loaded

on the Glutathione Sepharose 4B (20 ll) equilibrated with

buffer A (PBS containing 0.1% (v/v) Triton X-100) and

blocked by bovine serum albumin (100 lg each). One

hundred microgram of the probe protein (MBP-Flot2 or

MBP-Flot2D1–108) in buffer A was loaded on the beads.

The mixture was shaken gently for 1 h at 20�C. After

washing with PBS containing 0.1% (v/v) Triton X-100, the

binding proteins were analyzed by SDS-PAGE followed

with Western blot as described previously [15].

CD analysis

CD spectra were scanned at the far-UV range (260–190 nm)

with a CD spectropolarimeter in a 0.1-cm-pathlength quartz

CD cuvette at 25�C. Protein concentration for the CD

analysis was 100 lg/ml; 10 mM phosphate buffer (pH 6.5)

was used to dissolve recombinant proteins. The values of

scan rate, response, bandwidth and step resolution were

100 nm/min, 0.25 s, 1.0 nm and 0.2 nm respectively. Five

scans were averaged to obtain one spectrum. The CD results

were expressed in terms of mean molar ellipticity [h]

(degrees cm2 dmol-1).

Results and discussion

Cloning and expression of poly-histidine tagged

flotillin-2

Since the fusion of target protein with small poly-histidine

tag was the most convenient, we first tested the expression

level and solubility of recombinant flotillin-2 with poly-

histidine tag. In order to increase the expression level of

His-Flot2, we also tried the Rosetta (DE3) pLysS strain

which can overcome the codon bias of E. coli. Figure 1

showed that although His-Flot2 can be detected after

induction by SDS-PAGE and Western blot, the yield is

relatively low and most of the expressed His-Flot2 was in

inclusion bodies (supplementary table S1, only 12.1%

soluble form). We also tried to change the factors of

inducing time, temperature, and IPTG concentration, but

there was no significant improvement. Though we can get

functional proteins expressed in inclusion bodies by rena-

turation [19], the renaturation process is time consuming

and complicated. So we wish to increase the soluble

expression level of recombinant flotillin-2 directly. We
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screened the most frequently used fusion tags which may

increase flotillin-2’s solubility.

Expression and comparison of five flotillin-2 fusion

proteins

We tried four most frequently used prokaryotic expression

tags to improve the expression level and solubility of

recombinant flotillin-2. Aside from the His6 tag included in

pT7470 vector mentioned above, we also tested fusion tags

of glutathione S-transferase (GST) [20], thioredoxin (TRX)

[21], N-Utilization substance (NusA) [22] and maltose-

binding protein (MBP) [23, 24]. The expression level of the

five fusion proteins was visualized by SDS-PAGE and

Western blot. The SDS-PAGE and Western blot result

(Fig. 1 and supplementary table S1) showed that the

expression level of TRX-Flot2, GST-Flot2, NusA-Flot2 and

MBP-Flot2 was higher than His-Flot2. More importantly,

the solubility of these four fusion proteins was greatly

improved. His-Flot2 only gave 12.1% soluble expression,

while GST-Flot2, TRX-Flot2, NusA-Flot2 and MBP-Flot2

gave 50.4% 95.3% 92.6% and 93.7% soluble expression

respectively. Though GST-Flot2, TRX-Flot2, and NusA-

Flot2 were mostly expressed as soluble form, large portion

of the fusion proteins were not full-length but in truncated

forms (36.5, 63.8, and 24.8% soluble and full-length form

respectively). Only MBP-Flot2 was mostly expressed in the

soluble form and almost all the soluble fusion protein were

full-length expressed (85.9% soluble full length form),

much better than other tags. We finally chose the MBP as

fusion tag to improve the solubility and expression level of

recombinant flotillin-2, and did not test other protein tag just

like Mycobacterium tuberculosis HSP70 [25]. Since the

original pMal-C2x expression vector did not contain the

poly-histidine tag, and the binding ability of MBP-Flot2 to

the amylose resin was not high (less than 20%, data not

Fig. 1 SDS-PAGE and

Western blot analysis of the

expression of recombinant

flotillin-2 fusion proteins with 5

different tags (His, GST, TRX,

NusA and MBP). a SDS-PAGE

analysis of the recombinant His-

Flot2, GST-Flot2, TRX-Flot2,

NusA-Flot2 and MBP-Flot2’s

expression, b Western blot

analysis of the five recombinant

proteins using anti-flotillin-2

antibody. M protein molecular

weight marker, (-) uninduced

bacterial lysate, (?) induced

whole bacterial lysate, S:
soluble fraction of induced

bacterial lysate

2094 Mol Biol Rep (2011) 38:2091–2098

123



shown), we further optimized the expression vector pMal-

C2x by adding a C-terminal His6 tag through PCR.

Expression and purification of MBP-Flot2

and MBP-Flot2D1–108

Since the original pMal-C2x expression vector did not

contain TEV protease cleavage site and the multiple cloning

site contained few restriction endonuclease recognition

sites, we reconstructed an expression vector pMBP which

was reported previously [16]. We cloned the flotillin-2

coding sequence into this vector to further optimize the MBP

tag fusion expression. By bioinformatics analysis, we found

that the N-terminal 1–108 residues of human flotillin-2 had

several hydrophobic residues. In order to demonstrate

whether the removal of these residues is beneficial to the

stability and purification of flotillin-2, we also constructed

the pMBP-FLOT2D1–108 expression vector. The positive

pMBP-FLOT2 and pMBP-FLOT2D1–108 clones were

verified by DNA sequencing. In order to minimize the

possibility of truncated expression of fusion proteins, we

added a His6 tag in the C-terminal, which would make sure

that only the full length expressed protein bound to Ni-NTA

affinity column and thus were purified.

The correct pMBP-FLOT2 and pMBP-FLOT2D1–108

constructs were also transformed into Rosetta (DE3) pLysS

cells for large scale expression. We used auto-induction

system in large scale expression [18]. The auto-induction

system simplified the expression process and greatly

increased the yield than traditional IPTG induction. To

reach the maximum soluble expression level of MBP-Flot2

and MBP-Flot2D1–108, overnight induction (about 16 h)

at 20�C was necessary.

A single step purification by the Ni-NTA affinity col-

umn described in the previous section afforded 193.3 and

146.6 mg soluble MBP-Flot2 and MBP-Flot2D1–108

fusion proteins with purity of 86.3 and 90.5%, respectively,

from 1 L of cultured E. coli cells (supplementary table S2).

The Ni-NTA purification removed most of the contam-

inants in a single step, but the purity (about 85–90% by

SDS-PAGE) still can not meet the requirement of structural

analysis by X-ray crystallography. In order to further

increase the purity of recombinant flotillin-2 for crystalli-

zation assay, we then screened several chromatography

columns (anion ion exchange, hydrophobic interaction and

ceramic hydroxyapatite) in the polish step to further purify

the recombinant flotillin-2 fusion proteins. The screen

result showed that anion exchange by HiTrap Q Fast Flow

column delivered good resolution with high speed and

reproducibility, while the hydrophobic interaction chro-

matography had low resolution and ceramic hydroxyapa-

tite’s loading capacity was not satisfied (data not shown).

The theoretical pI of the recombinant MBP-Flot2 (5.28)

and MBP-Flot2D1–108 (5.39) was relatively low, which

enable these two recombinant proteins to bind to the Hi-

Trap Q resin in the physiological pH buffer under low salt

concentration. The recombinant MBP-Flot2 and MBP-

Flot2D1–108 proteins were eluted at around 0.35 M NaCl

on HiTrap Q resin. Figure 2 shows the SDS-PAGE and

Western blot analysis of the expression and purification

of recombinant MBP-Flot2 and MBP-Flot2D1–108. The

recombinant MBP-Flot2 and MBP-Flot2D1–108 protein

Fig. 2 SDS-PAGE and Western blot analysis of the expression and

purification procedure of recombinant MBP tagged flotillin-2 and

flotillin-2-D1–108. Lane 1–5 the SDS-PAGE analysis of the MBP-

Flot2 purification procedure, lane 1 induced whole MBP-Flot2

bacterial lysate, lane 2 the supernatant of sonication loaded on Ni-

NTA column, lane 3 flow-through fraction of Ni-NTA affinity

chromatography, lane 4 the primary purified MBP-Flot2 eluted from

Ni-NTA affinity chromatography, lane 5 the eluate from HiTrap Q

fast flow column. Lane 6 protein molecular weight marker, lane 7–11

the SDS-PAGE analysis of the MBP-Flot2D1–108 purification

procedure, lane 7 induced whole MBP-Flot2D1–108 bacterial lysate,

lane 8 the supernatant of sonication loaded on Ni-NTA column, lane
9 flow-through of Ni-NTA affinity chromatography, lane 10 the

primary purified MBP-Flot2D1–108 eluted from Ni-NTA affinity

chromatography, lane 11 the eluate from HiTrap Q Fast Flow column.

Lane 1’–11’ represents the Western blot result of lane 1–11 by anti-

flotillin-2 antibody, respectively
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were very pure ([97%) after two steps of purification by

Ni-NTA and HiTrap Q, so we did not include a gel filtra-

tion chromatography step, which would significantly

reduce the protein yield and dilute the protein sample.

Supplementary table S2 summarizes the whole purification

procedure for recombinant flotillin-2, we retrieved 36.0 mg

of recombinant MBP-Flot2 and 97.0 mg of recombinant

MBP-Flot2D1–108 from 1L cultured E. coli cells, which

was sufficient for biochemical analysis and a preliminary

crystallization test using the hanging drop vapor diffusion

method.

Biochemical characterization of recombinant flotillin-2

by pull-down assay with GST-Flot1

Previous work done by us and other researchers showed that

flotillin-2 interacted with flotillin-1 in vitro and in vivo

[17, 26], so we decided to test if the recombinant flotillin-2

was fully functional by pull-down assay with GST-Flot1.

Figure 3a showed the association of MBP-Flot2 and

MBP-Flot2D1–108 with GST-Flot1 by pull-down assay.

Both the full length recombinant MBP-Flot2 and MBP-

Flot2D1–108 could be specifically pulled-down by GST-

Flot1 while the control GST protein could not. Figure 3b

showed that the binding ability of MBP-Flot2 and MBP-

Flot2D1–108 with GST-Flot1 compared to GST. Previous

researches showed that the interaction of flotillin-1 and

flotillin-2 was by the C terminal flotillin domain. Our pull-

down assay result proved that C terminal flotillin domain

was the key region to the formation of flotillin-1 and flo-

tillin-2 hetero oligomers. The pull-down assay results

showed that the purified recombinant flotillin-2 was bio-

chemical active in some respects. Since the removal of the

MBP tag of MBP-Flot2 or MBP-Flot2D1–108 would

decrease the stability of flotillin-2 (the MBP tag removed

recombinant flotillin-2 or flotillin-2D1–108 preserved in

4�C degraded in less than one week, data not shown) and

the existence of MBP tag did not affect the binding activity

of flotillin-2 (according to the result of pull-down assay

experiment), we did not remove N-terminal’s MBP tag.

CD spectra of flotillin-2 protein

The far-UV CD spectra of a protein are a direct reflection of

its secondary structure. Figure 4 showed the CD spectrum of

purified MBP-Flot2 and MBP-Flot2D1–108 proteins. The

spectra of MBP-Flot2 protein revealed one strong positive

peak in the vicinity of 194 nm, one negative shoulder at

222 nm and one negative trough at 215 nm. The spectra of

MBP-Flot2D1–108 protein revealed one strong positive

peak in the vicinity of 194 nm, one negative shoulder at

221 nm and one negative trough at 212 nm. The positive

peak at 194 nm and negative shoulder are both indicative of

the presence of turn structure(s). The negative trough is

caused by a negative cotton effect characteristic of a-helical

structure(s). According to jascow32 software analysis,

the secondary structure prediction of MBP-Flot2: 49.9%

a-helix, 0.0% b-sheet, 26.0% b-turn and 24.1% random

structure; the secondary structure prediction of MBP-

Flot2D1–108: 57.9% a-helix, 0.0% b-sheet, 22.3% b-turn

and 19.8% random structure. The results obtained from the

CD spectra analysis revealed that the secondary structures of

MBP-Flot2 and MBP-Flot2D1–108 proteins were composed

of three different conformations including a-helix, b-turn

and random structure. This suggested that purified proteins

remain a stable secondary structure in 10 mM phosphate

buffer (pH 6.5) at 25�C.

Fig. 3 Association of recombinant MBP-Flot2 and MBP-

Flot2D1–108 with GST-Flot1 by pull-down assay. a The Western

blot analysis of the pull-down assay. The purified GST negative

control (lanes 2 and 5) and GST-Flot1 (lanes 3 and 6) were loaded on

the Glutathione Sepharose 4B. The target protein, purified recombi-

nant MBP-Flot2 (lanes 2 and 3) and MBP-Flot2D1–108 (lanes 5 and

6), were incubated with the resin. After washing, the proteins eluted

were analyzed by Western blot using anti-flotillin-2 antibody. Lane 1

positive input control of MBP-Flot2, lane 4 positive input control of

MBP-Flot2D1–108. b The relative binding capability of MBP-Flot2

and MBP-Flot2D1–108 with Flot1. The relative Western blot band

intensity was calculated by Bandscan software. Control1 and

Control2 were the pull-down result of MBP-Flot2 and MBP-

Flot2D1–108 by negative GST control. The results are the

means ± SD of three separate experiments (n = 3)
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Our research also showed that for hydrophobic raft

protein flotillin-2’s expression, the MBP tag is superior to

other commonly used GST, TRX and NusA solubility

enhancement tags. The MBP tag may also be beneficial to

the soluble expression of other hydrophobic proteins

especially the lipid raft specific membrane proteins in

prokaryotic expression system. Combined the MBP solu-

bility enhancement tags with pT7 high level promoter,

auto-induction system and MBP/poly-histidine dual tag

purification system, we can simply produce hundred mil-

ligram scale purified hydrophobic recombinant proteins for

structural and functional analysis.

In conclusion, we have cloned, expressed, purified and

characterized soluble and functional recombinant human

flotillin-2, a very hydrophobic lipid raft membrane protein.

The yield was significantly improved by approximately

fivefolds compared with our previous flotillin-1 refolding

method. The soluble recombinant flotillin-2 is now being

used in in vitro protein–protein interaction studies to

investigate the raft proteomics and also in X-ray crystal-

lography analysis.
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