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Abstract Artificial gel antibodies were used to investi-
gate human growth hormone (GH) activity in preparations
purified from human pituitary glands. A partially purified
fraction containing differently sized structural variants of
GH was processed to yield monomeric and dimeric forms
suitable for synthesizing artificial polyacrylamide gel
antibodies. These two types of GH antibodies were used for
investigating GH activity in experiments using HPLC gel-
permeation and ion-exchange chromatography. In the size-
exclusion experiments, both hormone fractions eluted as
homogeneous peaks, whereas the ion exchanger resolved
the hormones into several active components. The GH
monomer antibodies exhibited a much higher affinity for
monomeric GH than for dimeric GH, and the GH dimer
antibodies exhibited a much higher affinity for dimeric GH
than for monomeric GH. It was concluded that these two
sets of antibodies might be useful for discriminating
between dimeric and monomeric GH in clinical samples.
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Introduction

Access to highly specific, sensitive, reproducible tech-
niques for the detection of peptides and proteins is essential
for most areas of biochemical and biomedical research.
This is of particular importance for studies of these mole-
cules in body fluids retrieved from patients in clinical
studies. In some diseases it is essential to be able to dis-
criminate between different variants of circulating peptides
or proteins. For instance, the ratios of the various sizes of
growth hormone (GH) and prolactin molecules differ in
patients with pituitary adenoma from those in healthy
humans (Oosterom and Lamberts 1985). It has also been
shown that the occurrence of larger forms of the GH
molecule may differ between acromegalic subjects and
normal individuals (De Palo et al. 1990). Since, in clinical
studies, most polypeptide or protein hormones present in
the circulatory system are investigated using radioimmu-
noassay (RIA), enzyme-linked immunoassay or, more
recently, chromatographic or electrophoretic immunoas-
says, their detection depends on the properties of the
antibodies. As most antibodies used in routine clinical
analysis do not discriminate between hormones of different
size, an estimated RIA value will usually reflect the con-
centration of all immunoreactive components regardless of
size (De Palo et al. 2006). With this difficulty in mind, we
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used a recently developed technique based on artificial
antibodies prepared from polyacrylamide gel to produce an
assay discriminating between differently sized hormone
components.

The idea of preparing artificial antibodies using a
polyacrylamide gel as matrix was first introduced in 1996
(Liao et al. 1996). In sharp contrast to earlier attempts at
“fishing out” proteins using molecular imprinting, Hjertén
et al. did not use ligands to attach the protein. The
individual bonds between the protein molecule and the
gel are weak (e.g. hydrogen bond and van der Waals
forces) but there are many of them because of the close fit
between the protein and the matrix, as a result of the gel
polymerization occurring in the presence of the whole
protein. We have recently prepared artificial gel anti-
bodies against various blood proteins, such as albumin,
transferrin, hemoglobin and y-globulin (Ghasemzadeh
et al. 2008a). These antibodies, which appear to be highly
selective, were used to develop a method for quantitative
analysis of the corresponding antigenic protein. We then
established suitable standard curves based on conven-
tional spectrophotometry for measuring these proteins in
body fluids. In a subsequent study, we used gel antibodies
against human albumin to quantify this constituent in
human cerebrospinal fluid (CSF) and plasma collected
from patients with amyotrophic lateral sclerosis (ALS). A
standard curve was developed and levels of albumin in
the two fluids could be determined (Ghasemzadeh et al.
2008b).

In the present study, we used gel antibodies to detect GH
activity in fractions recovered and purified from frozen
human pituitaries. The hormone was recovered as two
separate entities of different molecular size (22 and
45 kDa) and was imprinted in polyacrylamide gels to
obtain artificial antibodies which recognized the different
sizes. The selective recognition of the template entity was
studied using a very recently developed method based on
free-zone electrophoresis of the granular artificial gel
antibody (Ghasemzadeh et al. 2010). Using this approach,
the complex gel antibody/antigen only has the charge of the
template (e.g. for a protein, at a pH which differs from the
pl of the protein). When the antigen is completely removed
from the gel, it becomes non-charged again. The procedure
can distinguish very small differences in the structure of
various proteins and bio-particles. In this study, we com-
bined artificial gel antibodies and electrophoretic analysis
to study the selectivity of artificial gel antibodies for the
two recovered forms of GH, designated monomeric and
dimeric GH. We found that the generated antibodies
exhibit much higher affinity for the hormone form used as
“antigen” in the production procedure than for the other
hormone form.
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Experimental
Materials and methods

The chromatographic materials Sephadex G-100 and DEAE—
Sepharose CL-6B were purchased from GE Healthcare
(Uppsala, Sweden). Acrylamide, N,N'-methylenebisacryla-
mide, ammonium persulfate (APS), tris(thydroxy methyl)
aminomethane (Tris) and N,N,N'.N'-tetramethylethylene-
diamine (TEMED) were obtained from Bio-Rad Laboratories
(Hercules, USA). TCPK-treated trypsin from bovine pancreas
was purchased from Sigma (Stockholm, Sweden). Calcium
chloride, ammonium bicarbonate, sodium chloride, sodium
dihydrogen phosphate and disodium hydrogen phosphate
were obtained from Merck (Darmstadt, Germany). The
Cation Resource Q column was purchased from Amersham
Biosciences (Uppsala, Sweden). All other chemicals and
solvents were of analytical grade and were obtained from
commercial sources.

Preparation of growth hormone fractions

The starting material was a side fraction provided by a
previously developed process for the purification of GH
from whole frozen pituitary glands (Roos et al. 1963).
Briefly, fresh frozen human pituitary glands were
homogenized and extracted at pH 5.5. The extract was
centrifuged to yield a supernatant which was then sub-
jected to ammonium sulfate precipitation. The precipitate
was dissolved in 20 mM Tris buffer (pH 7.5) and poured
onto a gel filtration column (Sephadex G-100). This step
yielded GH activity in two peak fractions, one of which
contained proteins of molecular size ranging from
approximately 25-50 kDa (Roos et al. 1963). This frac-
tion was kept frozen pending further purification. In the
present study this frozen fraction was thawed and dia-
lyzed overnight in 20 mM Tris—HCI buffer (pH 7.5)
before further purification by successive chromatography
on DEAE-Sepharose CL-6B and Sephadex G-100. For
the DEAE-Sepharose CL-6B separation, the dialyzed
material was diluted with water (1:1) and adsorbed to the
column (5 x 15 cm), equilibrated with 50 mM Tris—HCl
buffer (pH 7.5). After washing the column with one
volume of this buffer, the GH-containing material
was eluted with 50 mM Tris buffer containing 0.5 M
NaCl. Fractions of 5 ml were collected at a flow rate of
60 ml/h. The protein fractions 40-48 (see Fig. 1) was
taken for further purification on a Sephadex G-100 col-
umn (2.5 x 80 cm), equilibrated with 0.04 M ammonium
bicarbonate and operating at a flow rate of 50 ml/h.
Fractions of 2 ml were collected, yielding GH activity in
two separate fractions, in areas corresponding to those for
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Fig. 1 Enrichment of hGH isoforms from partially purified human
pituitary extract by DEAE anion-exchange chromatography. Partially
purified human pituitary extract containing hGH isoforms was
separated on a 5 x 15 cm DEAE-Sepharose CL-6B column equil-
ibrated with 20 mM Tris—HCI buffer (pH 7.5) at 4°C and a 5-ml
fraction was collected at a flow rate of 60 ml/h and a detection
wavelength of 280 nm. Proteins were adsorbed to the DEAE column
in loading buffer A (20 mM Tris—=HCl pH 7.5). GH-containing
material was eluted with 20 mM Tris buffer containing 0.5 M NaCl.
DEAE fractions 40-48 were pooled for further fractionation

proteins of molecular weight 22 and 45 kDa, respectively.
These two fractions, designated dimeric (fractions 50-58)
and monomeric (fractions 66-75), were collected for
further purification using HPLC gel filtration and sub-
sequent analysis using HPLC ion-exchange chromatogra-
phy. The protein content in each fraction was determined
by measuring the UV absorbance in a cuvette with a 1-cm
light path length at 280 nm, assuming that one unit was
equal to a protein concentration of 1 mg/ml. HPLC gel
filtration was carried out using the AKTA System
equipped with a pre-packed Superdex 75 HR10/30 col-
umn (Pharmacia, Uppsala, Sweden). About 3 mg of
lyophilized monomeric or dimeric GH was applied for
each run. The column was eluted with 0.05 M NH,HCO;
buffer and fractions of 1.0 ml were collected at a flow
rate of 0.75 ml/min. The fractions collected were assayed
for GH activity using artificial antibody techniques com-
bined with zone electrophoresis, as described below. In a
next step, ion-exchange chromatography (IEC) was con-
ducted on the AKTA-purifier using a 6-ml pre-packed
cation exchange column (Resource Q, Pharmacia, Upp-
sala, Sweden). 1 ml of the fraction obtained from the gel
permeation experiment was diluted with an equal volume
of 20 mM Tris—HCI (pH 8.8) and loaded onto the IEC
column. Unbound sample was washed out before starting
the elution of the bound sample compounds by a linear
gradient of 0-0.5 M potassium chloride in 20 mM Tris—
HCI (pH 8.8). The length of the gradient was set to 14
column volumes and fractions of 1 ml were collected at a
flow rate of 4 ml/min.

Preparation of artificial gel antibodies selective for GH

The artificial gel antibodies against the monomeric and
dimeric GH fractions were synthesized using a procedure
described previously (Ghasemzadeh et al. 2008a, b).
Briefly, this method includes mixing of the template pro-
teins (in this case, the purified growth hormone fractions)
with the acrylamide monomer solution, polymerization,
gel-granulation and removal of template molecules. The
purified proteins were thus added to a solution of the
monomers acrylamide and bis-acrylamide. Following
polymerization the gel formed was granulated. Imprints of
the proteins are created as they are selectively adsorbed to
the gel granules and subsequently degraded by trypsin,
leaving protein molecule-shaped cavities in the gel gran-
ules. Non-charged granules were also prepared in the
absence of any template substance to be used as control
blanks.

Preparation of a standard curve for determination
of the concentration of GH in chromatographic
fractions

The standard curve for determination of the concentration
of the monomer was prepared using a procedure developed
previously for somatropin and glycosylated GH (Ghasem-
zadeh et al. 2010). The measured migration velocity of the
monomer selectively adsorbed to the gel granules was
inserted into the calibration curve (Fig. 3a), and the x-axis
then provided the concentration of the monomer in the
sample solution.

For the dimeric form of GH, the procedure was iden-
tical to that above with the exception that the dimeric
form of the hormone was used for preparation of the gel
antibodies. The migration velocity of the GH dimer in the
gel granules, determined by free-zone electrophoresis,
was plotted against the concentrations of dimer in the
sample solutions for development of the calibration curve
(Fig. 3b).

Analysis by free-zone electrophoresis

The calibration curves were then used to determine the
concentrations of monomer and dimer GH in the eluates
from the gel filtration experiments (Figs. 4, 5). To 450 pl
from each fraction obtained from gel-permeation chroma-
tography was added 450 pl of a settled suspension of the
gel antibodies and 450 pl of 50 mM Tris—HCI buffer, pH
8.5. Following incubation for 2 h, the supernatant was
removed by washing and decantation using the Tris—HCl
buffer. The analysis of the GH concentrations was
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performed as described in a previous study (Ghasemzadeh
et al. 2010).

Results

The fractionation of the dialyzed material by chromatog-
raphy on a column packed with DEAE-Sepharose CL-6B
yielded the hormone-containing material in a concentrated
volume suitable for the subsequent chromatographic step
(Fig. 1). The protein material eluted after inclusion of
0.5 M NaC(l in the Tris buffer (fractions 40-48) was col-
lected (40 ml) and purified further. The distribution of
proteins, as recorded by UV absorbance at 280 nm fol-
lowing gel filtration chromatography on Sephadex G-100,
is shown in Fig. 2. The protein material resolved into at
least three separate peaks, one eluting close to the void
volume and two eluting as proteins with molecular sizes of
about 45 and 20 kDa, respectively. The UV absorption
associated with the 45-kDa protein was greater than that for
the 20-kDa protein. The fractions 50-58 (dimeric fraction)
and 6675 (monomeric fraction) were collected separately.
Aliquots of each fraction were lyophilized and then served
as antigen material for preparation of the artificial gel
antibodies. A part of the remaining material from each
fraction was further separated by HPLC gel-permeation
chromatography.

The artificial gel antibodies raised against the dimeric
and monomeric fractions were used for the preparation of
standard curves which were subsequently applied to the
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Fig. 2 Separation of hGH isoforms from partially purified human
pituitary extract by gel-filtration chromatography. The DEAE frac-
tions 40-48, containing dimeric and monomeric hGH, were pooled
for further separation on a Sephadex G-100 column, equilibrated with
0.04 M ammonium bicarbonate. Fractions of 2 ml were collected at a
flow rate of 50 ml/h and a detection wavelength of 280 nm. The
growth hormone activity yielded two separate fractions, designated
dimeric (fractions 50-58) and monomeric GH (fractions 66-75),
eluting in areas corresponding to those of proteins of molecular
weight 45 and 22 kDa, respectively. These two fractions were
collected for further purification using HPLC gel filtration and
subsequent analysis using HPLC ion-exchange chromatography
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hormone fractions separated on the HPLC gel-permeation
column (Fig. 3). The standard curves were obtained after
free-zone electrophoresis of hormone-containing fractions
in sample tubes containing artificial antibodies selective for
the dimeric or monomeric fractions, as described in the
“Materials and methods”.

As shown in Fig. 4, gel-permeation chromatography
resulted in the UV-absorbing material present in the
monomeric fraction appearing as a major peak, eluting as
homogeneous protein of molecular size about 20 kDa.
However, some UV-absorbing material consistent with a
45-kDa protein and some material close to the void volume
were also observed. Analysis using antibodies directed
against the monomeric fraction gave an activity profile in
good agreement with the monomeric UV peak, while the
assay using antibodies against the dimeric material gave an
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Fig. 3 a Standard curve for the determination of the concentration of
GH monomer (antigen) based on free-zone electrophoresis experi-
ments. The test tubes contained artificial gel antibodies selective for
the monomer, prepared as described in the “Materials and methods”
and resaturated with different concentrations of the GH monomer.
The control tube contained a suspension of monomer-selective gel
granules (control gel). The measured migration velocity (on the
y-axis) gives the concentration of the antigen in the sample solution.
b Standard curve for the determination of the concentration of GH
dimer (antigen), based on free-zone electrophoresis experiments. The
test tubes contained artificial gel antibodies selective for the dimer,
prepared as described in the “Materials and methods” and resaturated
with different concentrations of the GH dimer. The control tube
contained a suspension of dimer-selective gel granules (control gel).
The measured migration velocity (on the y-axis) gives the concen-
tration of the antigen dimer in the sample solution
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Fig. 4 Analysis of the concentration of monomeric GH by HPLC gel
filtration. About 3 mg of lyophilized monomeric hGH dissolved in
250 pul of 0.05 M NH4HCO; was applied for each run. Free-zone
electrophoresis was carried out in a rotating capillary of monomeric-
selective gel granules, incubated with monomeric (8-12 ml) or
dimeric fractions (8—11 ml) obtained from HPLC gel filtration prior
to the run. The standard curves in Fig. 3a—b were used to determine
the concentrations of monomeric and dimeric GH. The two forms of
GH were easily differentiated using artificial gel antibodies, since the
complex monomeric-selective gel granules/monomer was more
electrophoretically mobile than the complex monomeric-selective
gel granules/dimer
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Fig. 5 Analysis of the GH activity of the dimeric form of GH using
HPLC gel filtration. About 3 mg of lyophilized dimeric hGH
dissolved in 250 pl of 0.05 M NH4HCO; was applied for each run.
Free-zone electrophoresis was carried out in a rotating capillary of
dimeric-selective gel granules, incubated with monomeric f (§—12 ml)
or dimeric fractions (8-11 ml) obtained from HPLC gel filtration. The
standard curves in Fig. 3a-b were used to determine the concentra-
tions of monomeric and dimeric GH selectively adsorbed to artificial
gel antibodies. The two forms of GH were easily differentiated using
artificial gel antibodies, since the complex dimeric-selective gel
granules/dimer was more electrophoretically mobile than the complex
dimeric-selective gel granules/monomer

activity peak in an area close to the dimeric UV peak. A
similar situation was observed after HPLC gel-permeation
chromatography of the dimeric fraction (Fig. 5). Here, the

major UV peak was consistent with the dimeric hormone
(MW = 45 kDa). The assay using antibodies raised against
the dimeric fraction gave an activity profile in agreement
with the major UV peak, while the assay with the mono-
mer-directed antibodies indicated maximum activity in the
area of the monomeric hormone fraction. It appeared that
the artificial monomeric antibodies recognized the mono-
meric material better, while the antibodies directed against
the dimeric fraction were more effective for measuring the
dimeric hormone fraction than the monomeric hormone
material. In the experiments applying IEC it was found that
the ion exchanger resolved each forms of the hormone into
several active components.

Discussion

Previous studies have shown that human pituitary GH can
exist in differently sized forms. For instance, Brostedt and
Roos (1988, 1989) found that, in addition to monomeric
forms (molecular sizes of about 20 kDa), the hormone can
exist in covalently and noncovalently linked dimeric forms.
These researchers also observed that the dimeric form of
the hormone was composed of monomeric forms of various
sizes, from 20 to 22 and 24 kDa. It has also been shown
that dimeric and monomeric forms differ in their affinity to
the antibodies used for their detection (Bidlingmaier 2008).
For example, although one monoclonal antibody did not
discriminate between monomeric and dimeric GH, its
potency for polymeric GH was significantly reduced
(Ochoa et al. 1993). When a polyclonal antibody was used,
a significant lower affinity was also found for dimeric GH.
The proportion of circulating monomeric and dimeric GH
has been reported to be altered in some pathological con-
ditions, such as galactorrhea (Wallis et al. 1982).

Several studies have confirmed the existence of differ-
ently charged monomeric GH variants, as reflected by
differing migration paths in electrophoretic experiments
with both rodents (Roos et al. 1987) and humans (Silb-
erring et al. 1991). The charge difference is suggested to
reflect differences in deamidated glutamine and asparagine
residues (Silberring et al. 1991). Electrophoretic hetero-
geneity was also observed in dimeric forms of GH
(Brostedt et al. 1990). Glycosylation of GH could also be a
reason for charge or size heterogeneity. Previous research
has revealed the presence of N-glycosylated variants of GH
in human pituitary extracts (Garcia-Barros et al. 2000) and
in studies using lectin-binding techniques (Sinha and Lewis
1986). The heterogeneity of GH is one important reason for
the well-known disparity among immunoassay results
(Baumann 2009).

In our study, we observed that the affinity of GH for the
artificial antibodies seems to depend upon the antigen used
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for their production; i.e., gel antibodies raised against
monomeric GH exhibit much higher affinity for the
monomeric hormone than for the dimeric form. Con-
versely, the artificial antibodies raised against dimeric GH
were much more likely to recognize the dimeric hormone
than the monomeric hormone. This observation suggests
that the gel antibodies could be used to discriminate
between GH monomer and dimeric forms in assays of
circulating GH content.

The comparatively strong ability of the artificial anti-
bodies to discriminate between the monomeric and dimeric
GH forms compared with antibodies raised in animals may
be because most of the protein molecule is recognized in
the gel material by the gel antibodies, whereas when
antibodies are raised in, for example, rabbits, only a spe-
cific part of the surface of the protein, the antigenic
determinant, is recognized. Also, when antibodies raised in
animals against monomeric GH are used to detect dimeric
forms of the hormone, the antigenic area of the hormone
could be hidden in the dimeric complex, i.e., the site for the
immunological interaction between the antibody and the
hormone could more or less coincide with the site for
the interaction between the hormone units forming the
dimeric entity. In contrast, with artificial gel antibodies,
there are enough interaction sites for both monomers and
dimers of GH to be recognized.

One important question which should be addressed
concerns the purity of the antigens used in the present
study. The artificial antibodies were raised against two
hormone fractions, which were analyzed by HPLC gel
permeation chromatography, where both fractions eluted as
apparently homogeneous fractions (see Figs. 4, 5). How-
ever, when analyzed on SDS/polyacrylamide gel, the
dimeric fraction resolved into several components (data not
shown). Nonetheless, the fact that the dimeric fraction also
contains noncovalently linked monomeric entities of sizes
20, 22 and 24 kDa raises the possibility that the dimers of
GH could be split into these entities in the presence of
SDS. In addition, even if some impurities not related to GH
were present in the material, the GH fractions were pure
enough to generate antibodies suitable for establishing
practical and useful standard curves. Earlier attempts to
raise antibodies in animals have also shown that partially
purified proteins can also serve as antigens for the pro-
duction of antibodies appropriate for radioimmunoassays
(Bagdasarian et al. 1974).

The great challenge for future studies is to further refine
the procedure, including purification, to reach detection
levels in the range of those that are relevant for routine
analysis in the clinic. The standard curve established in our
study allows detection of GH concentrations of about
60 pg/ml. The true levels of the hormone in plasma are in
the range of a few ng/ml to 100 ng/ml. Also, future studies
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need to take into consideration that the pattern of GH
polymorphism in plasma may be more complicated than
indicated by only monomeric and dimeric forms of the
hormone. It has been suggested that there may be more
than 100 GH forms in plasma (Baumann 1991). It is also
noteworthy that the free monomeric 22 kDa entity
accounts for only 21% of the total immunoreactivity in
plasma.

In conclusion, this study shows that it is possible to raise
artificial polyacrylamide gel antibodies against differently
sized forms of GH purified from human pituitary glands. It
also indicates that the artificial antibodies can discriminate
between monomeric and dimeric GH forms. Although the
antigens did not represent 100% pure protein hormones, it
was possible to use the generated antibodies to establish
standard curves for assays of the hormone in biological
samples. Access to assays discriminating between different
sizes of GH could well be of importance in clinical diag-
nostics as the proportions of monomeric and polymeric GH
seem to differ in several pathological conditions.

Acknowledgments This study was supported by grants from the
Swedish Research Council (Grant 9459).

References

Bagdasarian A, Lahiri B, Talamo RC, Wong P, Colman RW (1974)
Brain isoenzyme of creatine kinase. I. Purification of rabbit
enzyme and production of specific antibodies. J Clin Invest
54(6):1444-1454

Baumann G (1991) Growth hormone heterogeneity: genes, isohor-
mones, variants, and binding proteins. Endocr Rev 12(4):424—
449 Review

Baumann GP (2009) Growth hormone isoforms. Growth Horm IGF
Res 19(4):333-340 (Epub 2009 May 24)

Bidlingmaier M (2008) Problems with GH assays and strategies
towards standardization. Eur J Endocrinol 159(Suppl 1):S41-S44

Brostedt P, Roos P (1988) Isolation of four isomers of the 20,000
dalton variant of human pituitary growth hormone. Prep
Biochem 18(3):277-291

Brostedt P, Roos P (1989) Isolation of dimeric forms of human
pituitary growth hormone. Prep Biochem 19(3):217-229

Brostedt P, Luthman M, Wide L, Werner S, Roos P (1990)
Characterization of dimeric forms of human pituitary growth
hormone by bioassay, radioreceptor assay, and radioimmunoas-
say. Acta Endocrinol (Copenh) 122(2):241-248

De Palo E, Gatti R, Sicolo Na, De Palo C (1990) Human growth
hormone association and binding study in vitro: high perfor-
mance size exclusion chromatography and radioimmunoassay-
measured levels in plasma of normal and acromegalic subjects.
Clin Physiol Biochem 8(4):211-220

De Palo EF, De Filippis V, Gatti R, Spinella P (2006) Growth
hormone isoforms and segments/fragments: molecular structure
and laboratory measurement. Clin Chim Acta 364(1-2):67-76

Garcia-Barros M, Costoya JA, Rios R, Arce V, Devesa J (2000)
N-glycosylated variants of growth hormone in human pituitary
extracts. Horm Res 53(1):40-45

Ghasemzadeh N, Nyberg F, Hjertén S (2008a) Highly selective
artificial gel antibodies for detection and quantification of



Application of artificial gel antibodies for investigating molecular polymorphisms 1255

biomarkers in clinical samples. I. Spectrophotometric approach
to design the calibration curve for the quantification. J Sep Sci
31(22):3945-3953

Ghasemzadeh N, Nyberg F, Hjertén S (2008b) Highly selective
artificial gel antibodies for detection and quantification of
biomarkers in clinical samples. II. Albumin in body fluids of
patients with neurological disorders. J Sep Sci 31(22):3954-3958

Ghasemzadeh N, Wilhelmsen TW, Nyberg F, Hjerten S (2010)
Precautions to improve the accuracy of quantitative determina-
tions of biomarkers in clinical diagnostics. Electrophoresis
31(16):2722-2729

Liao JL, Wang Y, Hjertén S (1996) A novel support with artificially
created recognition for the selective removal of proteins and for
affinity chromatography. Chromatographia 42:259-262

Ochoa R, Mason M, Fonseca E, Moran C, Zarate A (1993)
Distribution of growth hormone isoforms in sera from women
with normal ovarian function, galactorrhea, and normoprolac-
tinemia. Fertil Steril 60(2):272-275

Oosterom R, Lamberts SW (1985) Comparison of RIA kits with
polyclonal antiserum and IRMA kits with monoclonal antibodies
for the determination of plasma prolactin and somatotropin in
patients with pituitary adenoma. J Clin Chem Clin Biochem
23(1):51-54

Roos P, Fevold HR, Gemzell CA (1963) Preparation of human growth
hormone by gel filtration. Biochim Biophys Acta 13(74):525—
531

Roos P, Nyberg F, Brostedt P, Jansson JO, Isaksson O (1987)
Isolation of three electrophoretic variants of rat pituitary growth
hormone. Prep Biochem 17(1):25-49

Silberring J, Brostedt P, Ingvast A, Nyberg F (1991) Analysis of
human pituitary growth hormone and its charge variants by fast-
atom bombardment mass spectrometry. Rapid Commun Mass
Spectrom 5(12):579-581

Sinha YN, Lewis UJ (1986) A lectin-binding immunoassay indicates
a possible glycosylated growth hormone in the human pituitary
gland. Biochem Biophys Res Commun 140:491-497

Takatsy A, Sedzik J, Kilar F, Hjertén S (2006) Universal method for
synthesis of artificial gel antibodies by the imprinting approach
combined with a unique electrophoresis technique for detection
of minute structural differences of proteins, viruses, and cells
(bacteria): 1. Gel antibodies against virus (Semliki Forest Virus).
J Sep Sci 29(18):2810-2815

Wallis M, Ivanyi J, Surowy TK (1982) Binding specificity of
monoclonal antibodies towards the size variants of human
growth hormone. Mol Cell Endocrinol 28(3):363-372

@ Springer



	Application of artificial gel antibodies for investigating molecular polymorphisms of human pituitary growth hormone
	Abstract
	Introduction
	Experimental
	Materials and methods
	Preparation of growth hormone fractions
	Preparation of artificial gel antibodies selective for GH
	Preparation of a standard curve for determination of the concentration of GH in chromatographic fractions
	Analysis by free-zone electrophoresis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


