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ABSTRACT

The human granulocyte-macrophage colony stimulation factor (hGM-CSF)
gene was cloned in the pET 23a(+) expression vector under the control of strong
bacteriophage T7 transcription and translation signals. The hGM-CSF gene was
transferred into E. coli strain BL21 (DE3) pLysS and IPTG was used for induction
of GM-CSF gene. Production of the target protein was obtained as revealed by
ELISA and Western blot analysis. The produced hGM-CSF was purified by
immunoaffinity chromatography. The dot blot positive fractions were assayed for
biological activity and it was shown that the expressed GM-CSF is active.
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INTRODUCTION

hGM-CSF was originally identified and characterized
by its ability to support the proliferation and maturation of
bone marrow-derived myeloid progenitor cells.!? Colony-
stimulating factors are a group of molecules that can
stimulate hemopoiesis in vitro.

The colonies formed in response to this factor consist
primarily of neutrophils, monocytes and granulocytes,
hence the name GM-CSF was given.? With the advent of
recombinant DNA technology, sufficient amounts of pure
substances could be produced to allow research and
development for clinical use.' The gene for hGM-CSF has
been cloned and expressed in mammalian,** yeast®¢ and
bacterial cells.”®

GM-CSF contains four cysteinresidues, and theinternal
disulfide bridges are critical to maintenance of tertiary
structure and function. Two N-glycosylation sites are
present, and mature GM-CSF is also modified by O-

glycosylation. Variations in the molecular weight of the
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mature GM-CSF is also modified by O-glycosylation.
Variations in the molecular weight of the mature GM-CSF
from 14 to 30 kDa are due to variable glycosylation, with
up to 50% of the molecule being carbohydrate.’

Recombinant hGM-CSF has considerable therapeutic
potential,'® being used for the stimulation and/or
reconstitution of the immune system, particularly in
chemotherapy-induced leukopenia.!' However, the
expression of such recombinant proteins in E. coli often
results in the formation of inactive, denatured protein that
accumulates in intracellular aggregates as insoluble
inclusion bodies.'

Specific methods and strategies have been developed to
obtain these proteins in active form. Hence in this study, we
report the extraction and purification of recombinant hGM-
CSF (rhGM-CSF) protein, with proper folding that
maintains its native biological activity.

MATERIALS AND METHODS
Strains and plasmids
pUC18 vector (Pharmacia), together with E. coli strain
XL-1blue(recAl,endAl, gyrA96, thi-1, hsdR17, supE44,
relAl, Lac [F’proAB, LacIqZAM15, Tnl10 (tetr)]), were
used for initial cloning and maintaining DNA fragments.
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For protein production, an expression vector pET23a(+)
(Novagen) carrying strong bacteriophage T7 transcription
and translation signals, coupled with the E. coli strain
BL21pLysS (FompT, hsdSB9rB mB) dem, gal (DE3)
pLysS, CMI as host strain was used. It contains a
chromosomal copy of the T7 RNA polymerase gene under
the control of the inducible Lac UV 5 promoter. Addition of
IPTG to a growing culture induces the enzyme, which in
turn transcribes the target DNA in the plasmid.'?

A plasmid containing the hGM-CSF gene was kindly
provided by Dr. V.G. Krobko (Institute for Bioorganic
Chemistry of the Russian Academy of Science).

Enzymes were purchased from GIBCO-BRL and used
under conditions recommended by the supplier.

Expression of the rhGM-CSF gene

The cloning steps of the hGM-CSF gene and its
characterization have been described in detail previously.'
Briefly, E. coli BL21 (DE3) pLY Sstransformed withpET-
GM-CSF was cultured in LB supplemented with ampicillin
(100pug/mL)at37°C withgood aeration to early exponential
phase (A 600 approximately 0.2-0.5). IPTG was added to
afinal concentration of 0.5 mM and the culture was allowed
to continue growing for 1-3 h. Bacteria were harvested by
centrifugation and GM-CSF extracted essentially as
described by the pET system manual.'®

6M Urea was used as a denaturant for solubilization of
the protein from inclusion bodies and the resulting extract
was subjected to the following assays:

SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
and Western Blot

Analyses were carried out as described by Laemmli.'®
Enzyme-linked immunosorbent assay (ELISA) was
performed by using a kit from R&D systems for detection
of GM-CSF. This assay employed the quantitative sandwich
enzyme immunoassay technique in order to measure the
amount of recombinant product using a standard curve
prepared for diluted hGM- CSF. Absorbance was measured
at450 nm.

Refolding of the GM-CSF

After solubilizing the protein, refolding was done by
changing the buffer condition. One approach is to transfer
the solubilized proteins into low concentrations of urea to
allow partial refolding.!” Dialysis was done gradually with
lower concentrations of urea until complete changing of the
buffer. At first 4 M urea, then 2 M and finally tris buffer
without urea was used for gradual refolding of the protein.

Purification of the produced GM-CSF
Immunoaffinity chromatography was used for

purification of the produced GM-CSF protein. Polyclonal

neutralizing anti-human GM-CSF antibody (R&D systems)
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Fig. 1. SDS-PAGE analysis of rGM-CSF. Lanes:1) inclusion
bodies from IPTG-induced cells resuspended in 6M urea,
2) proteins from uninduced cells, 3) proteins from negative
control induced cells, 4) proteins from negative control
uninduced cells, 5) Lane M, Amersham rainbow. Low
molecular weight markers (46, 30, 21.5, 14.3 in kDa).
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Fig. 2. Western blot analysis of rtGM-CSF. Lanes: 1) negative
control, 2) rGM-CSF, 3) positive control, 4) molecular
weight markers (24, 18, 14.3 in kDa).

was coupled to CNBr-activated Sepharose4 B (Pharmacia),
according to the manufacturer’s protocol. The fractions
were eluted from the column with glycine 02 M (pH 3).

Dot blot analysis
Nitrocellulose paper, 045 um pore size (Pharmacia-
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Fig. 3. Dot blot analysis of the fractions after immunoaffinity

chromatography.
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Fig. 4. Proliferation assay.

LKB) was used forblotting of the protein. Rabbitpolyclonal
— anti-hGM-CSF antibody (R&D systems) and anti-rabbit
antibody/HRP (Sigma) was used for detection of the protein.

Biological activity assay

The GM-CSF assay was conceived in analogy to other
bioassays established on the basis of cell proliferation or
survival, and it was performed with some modifications as
previously described by Mosman.'®
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KG1 cells were used for this assay. These cells respond
to GM-CSF." Cells were cultured in triplicates in 0.2 mL
of appropriate growth medium in 96-well flat-bottomed
cultured plates. Cells were seeded at 1x10° cells/well with
different dilutions of thGM-CSF and incubated for 48 h.

[*H]- thymidine uptake wasassayed by adding 0.5uCi/
wellof PH]TdRtoeach culture well. Aftera 4-6 hincubation
the cultures were harvested on an LKB cell harvester and
the amount of [*H]TdR incorporated into cellular DNA was
measured by liquid scintillation counting.

RESULTS

Extraction of the recombinant protein

The pET-GM-CSF was induced with 0.5 mMIPTGand
incubated for 3 h. Theninduced bacteria were pelleted and
the expressed protein was extracted and subjected to the
following assays:

Analysis of rGM-CSF

The resulting protein was run on 18% SDS-PAGE
along with standard molecular weight marker. The gel was
stained with Coomassie blue and the band with
corresponding molecular weight marker of 14 kDa was
identified as seen in Fig. 1, in rtGM-CSF induced cells.

The SDS-PAGE was blotted into nitrocellulose
membrane andthe GM-CSF wasdetected using rabbit anti-
GM-CSF (Fig. 2). The yield of the protein was evaluated
with ELIS A and it was found to be 1 mg per liter of bacterial
culture.

Refolding and purification of GM-CSF

Afterinduction, the bacterial cell pelletwasresuspended
in a lysis buffer and disrupted by sonication. High urea
(6M) was used for solubilization of the produced protein.
The denatured protein was dialyzed in decreasing
concentrations of urea, with the final dialysis of proteinin
buffer not containing urea.

Immunoaffinity chromatography was used for
purification of GM-CSF. A column was constructed which
anti-GM-CSF was coupled to CNBr-activated Sepharose
4B. The renatured protein was loaded on the column and
eluted by the buffer containing 0.2 M glycine (pH 3). The
eluted fractions were checked with dot blot using polyclonal
anti-GM-CSF antibody (Fig. 3). Three fractions gave
positive results and were used for their biological activity
using [*H]-thymidine incorporation (*H-TdR method). The
best measure of the efficiency of refolding to yield active
protein is to assay biological activity. Measuring increases
or decreases in DNA synthesis is a very effective method
for estimating proliferation and commonly takes the form
of detecting the amount of tritiated thymidine incorporation
into DNA,
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In order to assay biological activity, the KGlI cells were
culturedand {*H]-thymidine incorporation CH-TdR method)
was measured (Fig. 4).

As shown by this assay, the protein was biologically
active. The stimulation index was 5-6 for 1/10 dilution of
the fractions.

DISCUSSION

Inbacteria no glycosylation takes place and the influence
of carbohydrate on the bioactivities differs among various
proteins. Nevertheless it was shown that removal of N-
linked oligosaccharides from the GM-CSF produced in
yeast and mammalian cells increased their
immunoreactivities 4 to 8-fold. Removal of these
oligosaccharides also increased their specific biological
activity about 20-fold, to reach approximately the specific
activity of thGM-CSF from E. coli.”®

Eukaryotic proteinsexpressedin E. colioftenaccumulate
within the cell asinsoluble protein aggregates or inclusion
bodies.? In our study the expressed GM-CSF was also in
the form of inclusion bodies. Inclusion bodies, despite their
advantages (i.e., they facilitate the isolation of protein in
high purity and concentration, protect the target protein
from proteases, and are desirable for proteins whose active
form are lethal to the host cell), are denatured and inactive,
hence an important step in the purification of such proteins
is to obtain proteins in their active form.?

In inclusion bodies, the recombinant protein is in a
misfolded form, and it is likely that the disulfide bonds are
incorrectly formed. The first step of renaturation is to
solubilize the protein using strong chaotropes, such as
guanidine hydrochloride or urea.?! In our experience, urea
worked well and lead to renaturation of protein. These
chemicals strongly solubilize the protein as the bands
between the chaotrope and the protein are greater than
those internal to the protein. Solubilization usually occurs
under a reducing environment to break the disulfide bonds.
The result of this step is a soluble but misfolded protein.
The protein will refold to its correct structure as the
denaturant concentration is reduced. Refolding is initiated
by diluting the denatured protein solution into a refolding
buffer.?!

Refolding of these less-soluble proteins was achieved
by using a two-stepdilution. The protein solution containing
a high denaturant concentration was initially diluted to an
intermediate denaturant concentration before undergoing a
second dilution to remove the denaturant. The first dilution
allows the protein to fold to a stable state in the presence of
alow concentrationof denaturant. This prevents aggregation
either by destabilizing aggregates or by decreasing the rate
of aggregation. The second dilution removes the denaturant
and the protein can fold to its native, active structure.? This

356

method was used in our study and it was found to be quite
an efficient method. The protein concentration is also an
important consideration when two-step dilution was used.

In this work it was revealed that gradual dialysis and
lowering the concentration of the protein is auseful method
for correct folding of the protein.

Several reports have been published regarding the
isolation and purification of recombinant proteins from
inclusion bodies, without an indication of a separate
renaturation/reoXidation procedure. A fter the solubilization
of polypeptide material from inclusion bodies, the proteins
canbe purified, concentrated or dialyzed, and active material
obtained. Itis obvious thatproteins such as interleukins and
growth hormones possess relatively simple renaturation
properties.'? Examples of proteins successfully renatured
using these methods are human interleukin-1§3,* human
interleukin-2,* human interleukin-4,% human interleukin-
6, human tumor necrosis factor-o,”” mouse epidermal
growth factor® and insulin-like growth factor-1.*° Several
of these proteins had notbeen reduced during solubilization
of the inclusion body material.?* 2630

In this study it was shown that GM-CSF with two
disulfide bonds was active after renaturation withoutreduced
condition.

In conclusion, on the basis of this study and existing
literature, it was shown that for some proteins simple
methods for purification and renaturation exist which yield
properly folded and active forms of protein.
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