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MAP dendrimer elicits antibodies
for detecting rat and mouse GH-binding
proteins
Roberto M. Aguilar,a Frank J. Talamantes,b Juan J. Bustamante,c

Jesus Muñoz,d Lisa R. Treviño,e Andrew O. Martinezf and Luis S. Harof∗

The membrane-bound rat GH-R and an alternatively spliced isoform, the soluble rat GH-BP, are comprised of identical N-terminal
GH-binding domains; however, their C-terminal sequences differ. Immunological reagents are needed to distinguish between
the two isoforms in order to understand their respective roles in mediating the actions of GH. Accordingly, a tetravalent MAP
dendrimer with four identical branches of a C-terminal peptide sequence of the rat GH-BP (GH-BP263 – 279) was synthesized and
used as an immunogen in rabbits. Solid-phase peptide synthesis of four GH-BP263 – 279 segments onto a tetravalent Lys2-Lys-
β-Ala-OH core peptide was carried out using Fmoc chemistry. The mass of the RP-HPLC-purified synthetic product, 8398 Da,
determined by ESI-MS, was identical to expected mass. Three anti-rat GH-BP263 – 279 MAP antisera, BETO-8039, BETO-8040, and
BETO-8041, at dilutions of 10−3, recognized both the rat GH-BP263 – 279 MAP and recombinant mouse GH-BP with ED50s within
a range of 5–10 fmol, but did not cross-react with BSA in dot blot analyses. BETO-8041 antisera (10−3 dilution) recognized
GH-BPs of rat serum and liver having Mrs ranging from 35 to 130 kDa, but did not recognize full-length rat GH-Rs. The antisera
also detected recombinant mouse GH-BPs. In summary, the tetravalent rat GH-BP263 – 279 MAP dendrimer served as an effective
immunogenic antigen in eliciting high titer antisera specific for the C-termini of both rat and mouse GH-BPs. The antisera will
facilitate studies aimed at improving our understanding of the biology of GH-BPs. Copyright c© 2008 European Peptide Society
and John Wiley & Sons, Ltd.
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Introduction

The gene containing the GH-R nucleotide sequence serves as
a template for production of both a membrane-bound GH-R
and an alternatively spliced soluble GH-BP [1]. The existence of
multiple GH-R gene products provides another layer of information
that raises questions about our understanding of the molecular
mechanisms of GH’s biological actions. Development of robust
and reproducible immunological reagents for the quantitative
and qualitative detection of GH-BPs and GH-Rs of cells and
biological fluids will help us understand the roles they play in
mediating the actions of GH. In this report, we have focused on
the development of a high-affinity antipeptide immunological
reagent for the specific detection of rat and mouse GH-BPs.

The amino acid sequence similarities and differences between
the rat GH-R and rat GH-BP [2,3] can be seen in Figure 1(A).
The rat GH-R and rat GH-BP have identical N-terminal signal
peptides (residues 1–18) and identical GH-binding domains
(residues 19–262). The unspliced rat GH-R has a 24 amino acid
transmembrane domain and a 349 amino acid cytoplasmic domain
that are absent in the rat GH-BP. Instead, the rat GH-BP contains
a substituted 17-amino acid hydrophilic sequence comprised of
residues 263–279 produced through alternative splicing of the rat
GH-R gene.

Similarly, the mouse GH-R and mouse GH-BP are products of a
single gene, and their aligned sequences are shown in Figure 1(B).
They have identical N-terminal signal peptides (residues 1–24) and
identical GH-binding domains (residues 25–270). The unspliced
mouse GH-R has a transmembrane domain (24 amino acids) and

a cytoplasmic domain (353 amino acids) not present in the mouse
GH-BP. As a substitute, the mouse GH-BP has a 27-amino acid
hydrophilic sequence comprised of residues 271–297 produced
through alternative splicing of the mouse GH-R gene.

The rat and mouse GH-BPs have approximately 90% amino acid
sequence homology [1]. The homology between the C-terminal
amino acid sequences of the alternatively spliced GH-R isoforms
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Figure 1. Aligned amino acid sequences of the rat GH-R, rat GH-BP, mouse GH-R, and mouse GH-BP. (A) Alignment of the rat GH-R and its alternatively
spliced isoform, the rat GH-BP. The isoforms have identical sequences for a stretch of the first 262 amino acids that includes the N-terminal signal peptide
(residues 1–18) and the GH-binding domains (residues 19–262), although the rat GH-R has an extra three amino acids in its GH-binding domain (residues
263–265). The rat GH-R has both a transmembrane domain (residues 266–289) and a cytoplasmic domain (residues 290–638) that are not present in the
rat GH-BP. Instead, the rat GH-BP splice variant has a substituted C-terminal hydrophilic sequence (residues 263–279) shown in bold. The rat GH-BP263 – 279
sequence was used to generate polyclonal antipeptide antisera in this work. (B) Alignment of the mouse GH-R and its alternatively spliced isoform, the
mouse GH-BP. The isoforms have identical sequences for a stretch of the first 270 amino acids that includes the N-terminal signal peptide (residues 1–24)
and the GH-binding domains (residues 25–270), although the mouse GH-R has an extra 3 amino acids in its GH-binding domain (residues 271–273). The
mouse GH-R has both a transmembrane domain (residues 274–297) and a cytoplasmic domain (residues 298–650) that are not present in the mouse
GH-BP. Instead, the mouse GH-BP splice variant has a sustituted C-terminal hydrophilic sequence (residues 271–297) shown in bold. (C) Alignment of
the alternatively substituted C-terminal sequences of the rat GH-BP263 – 279 and of the mouse GH-BP271 – 297. Differences in the aligned sequences are
depicted in plain lettering. The alternatively substituted C-terminal sequence of the mouse GH-BP has ten more amino acids than that of the rat GH-BP.
(D) Alignment of the C-terminal sequences of the rat GH-R625 – 638 and of the mouse GH-R637 – 650. Sequences are identical and were previously used to
generate the polyconal antimouse GH-R637 – 650 used in this work [4].
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of rat and mouse are shown in Figure 1(C). The aligned sequences
differ at 2 of 15 loci, and the mouse sequence has an additional ten
amino acids. The 17-amino acid C-terminal peptide sequence of
the rat GH-BP was used to construct a tetravalent MAP dendrimer
antigen for eliciting polyclonal antipeptide antibodies.

Methods for the development of monoclonal antibodies and
polyclonal antisera as reagents for detection of GH-Rs and/or GH-
BPs of rats, mice, and rabbits have been reported. However, draw-
backs relating to specificity of reagents and/or amount of effort in
their production are associated with the reported approaches.

Monoclonal antibodies with specificities toward epitopes
unique to either the GH-R or GH-BP have been generated. Mice
immunized with an affinity-purified preparation of rabbit liver GH-
R produced four monoclonal antibodies to the GH-R [5]. In another
study a monoclonal antibody was raised to the rat GH-BP using
a synthetic peptide comprising the C-terminal 17 amino acids as
an immunogen [6]. However, a major drawback of generating
monoclonal antibodies is that their production is labor-intensive
and costly.

The use of peptide sequences unique to the GH-R or to the
GH-BP as antigens to elicit antibodies has also been described. In
one report a synthetic peptide corresponding to amino acids
642–655 of the carboxyl-terminus of the mouse GH-R was
coupled to KLH and used as an immunogen [4]. In another study
antibodies toward the rat GH-BP were generated in rabbits with
an immunogen constructed of a 17-amino acid peptide similar to
GH-BP carboxyl-terminus coupled to KLH [7]. Similarly, a 28-amino
acid synthetic peptide corresponding to the carboxyl-terminal 27
amino acids of the mouse GH-BP was coupled to KLH and used
as an immunogen in rabbits [8,9]. The use of synthetic peptides
coupled to carrier proteins is a simple approach for the generation
of sequence-specific antipeptide polyclonal antibodies. However,
the coupling of carrier proteins (e.g. KLH, ovalbumin, bovine
gamma-globulin, or BSA) to a synthetic peptide of interest to
increase its immunogenicity has a drawback. A subset of the
antibodies in the polyclonal antisera will be directed toward
the carrier protein. Hence, immunological reagents with varying
degrees of nonspecific cross-reactions in Westerns, dot blots, and
immunoassays will confound interpretation of the results.

The disadvantages associated with using immunogenic carrier
proteins for eliciting antipeptide antibodies have been overcome
by advancements in development of highly immunogenic
peptide dendrimers described by Tam and collaborators [10–15].
The subject has been extensively reviewed by Niederhafner
and coworkers for peptide dendrimers [16] and glycopeptide
dendrimers [17–19] and by Crespo and co-workers for peptide
and amide-bond containing dendrimers [20]. The methodology
uses a peptidyl core of radially branched lysine residues to
which a peptide sequence of interest can be coupled using
standard solid-phase chemistry. The high molar ratio and dense
packing of multiple copies of the peptide epitope in the MAP
system produce a strong immunogenic response. The MAP
methodology continues to evolve as advances have been made in
the construction of various artificial carriers of synthetic peptides
[21]. New presentation strategies for the immunogen include
oligomerization, dextran bead coupling, and T-helper epitope
conjugation [22] as well as construction of lipo-MAPs entrapped in
liposomes [23]. Progress in the synthesis of MAPs with branched
architectures [24] and in chemoselective peptide ligation [25,26]
has also been made.

In this study we have used the MAP technology to generate an-
tipeptide antisera toward the C-terminal 17-amino acid sequence

(residues 263–279) of the rat GH-BP. The polyclonal rabbit anti-
rat GH-BP263 – 279 MAP antisera will be useful in delineating the
biological roles of GH-BPs.

Materials and Methods

Materials

Two pregnant Fischer 344 rats (5-month-old) and three New
Zealand white rabbits were purchased from Harlan (Indianapolis,
IN). Bovine GH (L3836) was generously provided by Drs C. H.
Li and Harold Papkoff (UCSF Hormone Research Laboratory,
University of California San Francisco). Culture media containing
recombinant mouse GH-BP was generated as previously described
[27]. Nitrocellulose sheets and Kaleidoscope molecular weight
standards were purchased from Bio-Rad (Hercules, CA). Complete
Freund’s Adjuvant, Incomplete Freunds’s Adjuvant, Protease
Inhibitor Cocktail, nonfat dry milk, goat antirabbit IgG (H + L)-
HRP, protein-A-HRP, BSA, glycine, methanol, sodium chloride,
sodium phosphate, potassium chloride, potassium phosphate,
Tris–HCl, HEPES–HCl, Tween-20, magnesium chloride, pyrogallol-
red, thimerosal, sodium molybdate, and sodium citrate were
purchased from Sigma (St. Louis, MO). Serum-separating tubes
were acquired from Sarstedt (Newton, NC). SuperSignal West
Dura Extended Duration HRP chemiluminescent substrate kit,
Micro BCA protein assay kit, and Restore Buffer were purchased
from Pierce (Rockford, IL). MagicMark XP Western Protein
Standards were bought from Invitrogen (Carlsbad, CA).

Synthesis, Purification, and ESI-MS of the Tetravalent Rat
GH-BP263 – 279 MAP Dendrimer

The Protein Core Facility of The University of Texas Health Sci-
ence Center San Antonio chemically synthesized the tetravalent
rat GH-BP263 – 279 MAP dendrimer as described [10,28] using an
automated Multiple Peptide Synthesizer Model 396 MPS (Ad-
vanced ChemTech, Louisville, KY). Solid-phase peptide synthesis
was carried out using standard Fmoc chemistry [28,29]. Briefly,
the tetravalent rat GH-BP263 – 279 MAP dendrimer synthesis was
accomplished by activating Fmoc-protected amino acids in a
0.32 M 1-hydroxybenzotriazole/N-methylpyrrolidone solution fol-
lowed by their sequential addition onto each of the reactive
amino ends of a four-branch MAP polystyrene resin having a
tetravalent lysinyl dendrimer core (resin-β-Ala-Lys-[Lys(Fmoc)2]2)
to form 17-mer arms consisting of the rat GH-BP263 – 279 se-
quence (263GPKFNSQHPHQEIDNHL279) [3] that upon cleavage
from the resin formed a free tetravalent rat GH-BP263 – 279 MAP
dendrimer containing a C-terminal ß-Ala as shown in Figure 2.

Figure 2. Structure of the synthetic tetravalent rat GH-BP263 – 279 MAP
dendrimer. The synthetic tetravalent rat GH-BP263 – 279 MAP dendrimer
consists of an oligolysine core with two sequential levels of lysine residues
onto which four copies of the rat GH-R625 – 638 peptide antigen is bound.
GH-BP263 – 279 peptide = GPKFNSQHPHQEIDNHL.
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After synthesis was complete, the tetravalent rat GH-BP263 – 279

MAP dendrimer was cleaved from the resin by incubation for 1.5 h
in TFA/triisopropylsilane/H2O 95 : 2.5 : 2.5. A total yield of 6 mg
tetravalent rat GH-BP263 – 279 MAP dendrimer was obtained. The
rat GH-BP263 – 279 sequence was selected because it is not found in
the full-length rat GH-R (Figure 1(A)).

Preparative RP-HPLC (C18) was used to separate components of
the synthetic tetravalent rat GH-BP263 – 279 MAP dendrimer using
a gradient mobile phase. Absorbance at 220 nm was used to
monitor the column eluate for peptides. To form the gradient
the initial mobile phase had a composition of 100% A (0.1% TFA)
and 0% B (acetonitrile). The final mobile phase had a composition
of 50% A and 50% B. The mobile phase was flowed through the
column at a rate of 1 ml/min for 30 min. Chromatographic fractions
corresponding to the major peak of the separated synthetic
products of tetravalent rat GH-BP263 – 279 MAP dendrimer were
pooled and lyophilized.

Analytical RP-HPLC (C18) was used to assess the purity of the
pooled tetravalent rat GH-BP263 – 279 MAP dendrimer fractions.
Separation of an aliquot of the pooled fractions (25 µg) was
accomplished using the following mobile phases at a flow rate of
1 ml/min; mobile phase A was 0.1% TFA in water and mobile phase
B was 0.1% TFA in acetonitrile. Elution segment 1 was 10 min of
isocratic 95% A/5% B. Elution segment 2 was a 25-min gradient
from 95% A/5% B to 40% A/60% B. Elution segment 3 was a 5-min
gradient from 40%A/60%B to 5%A/95%B. Elution segment 4 was
5-min of isocratic 5% A/95% B. Elution segment 5 was a 10-min
gradient from 5% A/95% B to 95%A/5% B. Elution segment 6 was
5 min of isocratic 95% A/5% B.

The mass of the synthetic tetravalent rat GH-BP263 – 279 MAP
dendrimer was determined by ESI-MS. The sample was directly
infused at 20 µl/min into a Finnigan LCQ Duo Ion-trap mass
spectrometer in ESI-positive mode and data were collected.
The sample (0.01 µg/µl) was prepared by dissolving synthetic
tetravalent rat GH-BP263 – 279 MAP dendrimer sample in 50/50
water/acetonitrile containing 0.1% acetic acid.

Immunization Protocol

Three male New Zealand white rabbits were housed at The
University of Texas Health Science Center San Antonio Animal
Facility and fed ad libidum. An IACUC-approved injection protocol
(University of Texas at San Antonio and the University of Texas
Health Science Center San Antonio) was followed. All injection
volumes were 1 ml (0.2 ml/site). Primary subcutaneous injections
were performed with 200 µg of tetravalent rat GH-BP263 – 279

MAP dendrimer solubilized in phosphate-buffered saline (150-mM

sodium chloride, 10-mM sodium phosphate, 2.5-mM potassium
chloride, 2-mM potassium phosphate, pH. 7.4) at a concentration
of 0.4 µg/µl and mixed with Complete Freund’s Adjuvant at a
1 : 1 (v/v) ratio. Secondary boosts were performed 2 weeks later
followed by third and fourth boosts 4 weeks apart in which 200 µg
of tetravalent rat GH-BP263 – 279 MAP dendrimer was injected
subcutaneously in Incomplete Freunds’s Adjuvant at a 1 : 1 (v/v)
ratio. Rabbits were ear-bled 15 days after each boost to check for
antibody titer and specificity via antigen–antibody dot blots [30].
The three rabbits were terminally bled via heart puncture 12 days
after the last boost. These rabbits yielded antisera designated as
BETO-8039, BETO-8040, and BETO-8041. All blood was collected
in serum-separating tubes. Serum was separated from cells by
centrifugation at 13 000 g for 20 min at 5 ◦C.

Rabbit Antimouse GH-R Antisera

The previously described rabbit antimouse GH-R antisera (GHR-2)
[4] were used in this study to detect the rat GH-R. The polyclonal
antisera (GHR-2) were produced by coupling KLH to a synthetic
peptide that corresponds to the C-terminal 14 amino acids of the
unspliced mouse GH-R, mouse GH-R637 – 650, which are identical
to the C-terminal 14 amino acids of the unspliced rat GH-R, GH-
R625 – 638, as shown in Figure 1(D). Therefore, the GHR-2 antibody
detects both the mouse and rat GH-Rs. The GHR-2 antisera do
not cross-react with the rat GH-BP because the C-terminal 14
amino acids of the rat GH-R are spliced out of the rat GH-BP and
substituted with an alternate sequence of amino acids. Likewise,
the GHR-2 antisera do not cross-react with the mouse GH-BP.

Construction of Bovine GH-affinity Column and Purification of
Recombinant Mouse GH-BP

Culture media containing recombinant mouse GH-BP [27] was
used as the source of GH-BP. A bovine GH-affinity column was
constructed as described in the following steps. First, 15 ml of
Reacti-Gel GF-2000 was rinsed over a sintered glass funnel with
100 ml of NaHCO3 buffer (0.1 M NaHCO3, pH. 9.0), and then the
step was repeated. Next, 50-mg bovine GH (2 mg/ml NaHCO3

Buffer) was incubated with the Reacti-Gel matrix in 50-ml plastic
conical tubes for 16 h at 5 ◦C on a rotating mixer. Afterward the
supernatant containing uncoupled bovine GH was decanted and
the bovine GH-Reacti-Gel matrix was rinsed twice with 50 ml of
NaHCO3 buffer. The gel was then washed twice with 50 ml of cold
(5 ◦C) NaHCO3 buffer containing 0.5-M NaCl. The sites on the resin
remaining uncoupled were then blocked by incubating it at 5 ◦C in
Blocking Buffer (1.0-M Tris–HCl, pH 9.0) for 10 min then repeating
the step with fresh buffer.

After construction of the bovine GH-Reacti-Gel affinity matrix,
it was resuspended in Binding Buffer [0.01-M HEPES–HCl, 0.5 M

sodium chloride, 0.01% (v/v) Tween-20, pH 8.0] and combined
with culture media containing recombinant mouse GH-BP at a
ratio of 1 : 1 (v/v) in 50-ml plastic conical tubes then incubated
for 16 h at 5 ◦C on a rotating mixer. The supernatant was
decanted and the bovine GH-Reacti-Gel matrix containing bound
recombinant mouse GH-BP was resuspended in Binding Buffer
and packed into a glass column (13 × 1 cm2) to a final bed volume
of 10.2 ml. Chromatography was performed using a BioLogic
Workstation (Bio-Rad) to deliver mobile phase flow rates of
0.5 ml/min. Absorbance at 280 nm was used to monitor the column
eluate for proteins. The affinity column was first washed with ten
bed volumes of Binding Buffer then with five bed volumes of
Binding Buffer containing 1-M NaCl. Recombinant mouse GH-BP
was eluted with three bed volumes of Low Magnesium Buffer [0.01-
M HEPES–HC1, 0.2-M magnesium chloride, 0.01% (v/v) Tween-20,
pH 8.0] then with a High Magnesium Buffer [0.01-M HEPES–HC1,
2-M magnesium chloride, 0.01% (v/v) Tween-20, pH 8.0]. Column
eluates were collected in 2-ml fractions. Aliquots of fractions
were assayed for purity by precipitating proteins with Pyrogallol-
Red Molybdate Reagent [31] followed by analytical SDS-PAGE [32]
separation of precipitated proteins. Immunoreactivity of separated
proteins toward rabbit antimouse GH-BP antisera [8], which detect
the mouse GH-BP, but does not detect the rat GH-BP, was assessed
by Western blot analysis [33].

Preparation of Rat Liver Extracts

Livers were obtained from pregnant Fischer 344 rats and
homogenized in buffer [50-mM Tris–HCl, 150-mM sodium chloride,
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0.5% (v/v) NP-40, pH 8.0] containing 1 ml of Protease Inhibitor
Cocktail (Sigma) per 20 g of tissue. The homogenate was then
centrifuged at 5 ◦C for 10 min at 10 000 g and the supernatant
was collected. The protein concentration of the supernatant was
determined using the Micro BCA Protein Assay Kit with BSA as a
standard [34].

Collection and Preparation of Rat Serum Samples

Blood was collected from pregnant Fischer 344 rats in serum-
separating tubes. Serum was separated from cells by centrifuging
the tubes at 12 000 g for 15 min at 5 ◦C. The serum supernatant
was then diluted 1 : 20 (v/v) in Laemmli’s SDS sample buffer [32]
and stored at −20 ◦C until used in Western blot analyses.

Sensitivity and Specificity of Various Polyclonal Antisera to
Tetrameric Rat GH-BP263 – 279 MAP Dendrimer Assessed by Dot
Blotting

Dot blot analyses [30] using three antisera (BETO-8039, BETO-8040,
and BETO-8041) from rabbits immunized with the tetravalent rat
GH-BP263 – 279 MAP dendrimer were carried out to monitor their
sensitivity and specificity. Peptides and proteins (tetrameric rat
GH-BP263 – 279 MAP dendrimer, recombinant mouse GH-BP, and
BSA) were dot-blotted onto nitrocellulose membranes in amounts
ranging from 2 to 20 pmol in a 96-well format using the Bio-Dot
Microfiltration Apparatus (Bio-Rad). Blots were then incubated
twice for 10 min per incubation in Tween-TBS [0.05% (v/v) Tween-
20, 10-mM Tris–HCl, 150-mM NaCI, pH 7.6]. The blots were then
incubated twice for 10 min per incubation in TBS (10-mM Tris–HCl,
150-mM NaCI, pH 7.6). Thereafter, nonspecific protein-binding sites
on the nitrocellulose blots were blocked by incubating blots in
blocking solution [TBS supplemented with 3% (w/v) nonfat dry
milk, 0.1% (w/v) BSA, 0.01% (w/v) thimerosal] for 1 h at 25 ◦C. Blots
were then incubated for 16 h at 5 ◦C with three rabbit antisera
(BETO-8039, BETO-8040, or BETO-8041) at 1 : 1000 dilutions. Next,
blots were incubated twice for 10 min per incubation in Tween-
TBS, and then incubated twice for 10 min per incubation in TBS.
Blots were then incubated with a 1 : 1000 dilution of goat antirabbit
IgG (H + L)- HRP in blocking solution for 1 h at 25 ◦C. Next,
blots were again incubated twice for 10 min per incubation in
Tween-TBS then incubated twice for 10 min per incubation in TBS.
Afterward, blots were incubated in 1 : 1 (v/v) ratio of SuperSignal
West Dura Luminol/Enhancer Solution and SuperSignal West
Dura Stable Peroxide Solution for 5 min at 25 ◦C. Subsequently,
the membranes were blotted until semi-dry, and then were placed
in a Kodak Image Station 2000R for 5 min at 25 ◦C to capture the
chemiluminescent signals of immunoreactive spots.

The total chemiluminescent densities (total pixels × average
pixel density) of spots were compiled from data obtained via image
capture. The chemiluminescent densities of the spots for each blot
were normalized to give a % total spot density (highest total spot
density = 100% and the lowest total spot density = 0%). Data
were plotted and fitted to the four-parameter logistic equation
using nonlinear curve-fitting to derive Hillslopes and ED50s for
each dose–response curve using the GraphPad Prism (GraphPad
Software Inc.) statistical suite. Hillslopes of dose–response curves
were tested for parallelism using an F test. If the Hill Slopes of given
dose–response curves were parallel, then statistical differences
between their ED50s were assessed using an unpaired t-test.

Sensitivity and Specificity of Polyclonal Antisera BETO-8041
to Tetrameric Rat GH-BP263 – 279 MAP Dendrimer Assessed by
Western Blotting

Western blotting methodology [33] was also used to assess the
specificity of the anti-tetrameric rat GH-BP263 – 279 MAP dendrimer
antisera. Recombinant mouse GH-BP (100 ng), rat serum (1 µl),
and rat liver extract (100 µg) were separated on 10% SDS-
polyacrylamide gels under reducing conditions [32]. Proteins were
electrophoretically transferred onto nitrocellulose sheets using
100 V for 1 h at a temperature of 5 ◦C in transfer buffer [25-mM

Tris–HCl, 200-mM glycine, and 20% (v/v) methanol, pH. 8.3] [33].
The nitrocellulose blots were then incubated for 16 h at 5 ◦C
in sera diluted in binding buffer containing a 10−3 dilution of
antitetrameric rat GH-BP263 – 279 MAP dendrimer antisera (BETO-
8041) or a 10−4 dilution of antimouse GH-R antisera (GHR-2). Four
negative controls were used in these experiments. In the first
negative control, a 10−3 dilution of pre-immune rabbit serum
was used as a replacement for the primary antisera. In the
second negative control, the primary antisera were eliminated
from the immunostaining protocol. In the third negative control,
blots were immunoprobed with a 10−3 dilution of antitetrameric
rat GH-BP263 – 279 MAP dendrimer antisera (BETO-8041), which
had been pre-absorbed for 2 h on ice with 10 µg of antigen
(tetrameric rat GH-BP263 – 279 MAP dendrimer). In the fourth
negative control, nitrocellulose blots were incubated with a
10−4 dilution of antimouse GH-R antisera (GHR-2), which had
been pre-absorbed for 2 h on ice with 10 µg of its antigen
(C-terminal 14-amino acid peptide of the mouse GH-R, GH-
R637 – 650) [4]. To minimize the immunoreactivity of heavy and light
immunoglobulin chains contained in rat serum samples, enzymatic
visualization of immunoprobed Westerns was carried out using
Protein-A-HRP at a final dilution of 1 µg/ml. Chemiluminescent
detection was performed as described for dot blot analyses.
Stripping of blots for subsequent re-probing was carried out by
incubating developed blots in Restore Buffer (Pierce) for 30 min
at 37 ◦C. To verify that the stripping of the probed blots was
complete, they were incubated with Protein-A-HRP followed by
HRP chemiluminescent substrate then re-imaged. The absence of
a chemiluminescent signal indicated that antibodies had been
stripped from the nitrocellulose blot and could then undergo a
subsequent immunoprobing.

Results

Synthesis, Purification, and ESI-MS Analysis of Tetrameric Rat
GH-BP263 – 279 MAP Dendrimer

Automated solid-phase Fmoc peptide synthesis produced a total
yield of 6 mg of tetrameric rat GH-BP263 – 279 MAP dendrimer
product. Preparative RP-HPLC separation of the tetrameric rat
GH-BP263 – 279 MAP dendrimer product is shown in Figure 3(A).
Fractions constituting the major peak (shaded area) eluting
between 38.7% acetonitrile and 40.3% acetonitrile were pooled.
An analytical RP-HPLC separation of the pooled fractions, shown
in Figure 3(B), was then performed. The chromatograph shows a
single peptide peak eluting at 33% acetonitrile/0.1% TFA in a range
between 32% acetonitrile/0.1% TFA and 34% acetonitrile/0.1%
TFA. The ESI-MS spectrum of the purified synthetic tetrameric rat
GH-BP263 – 279 MAP dendrimer is shown in Figure 4. The spectrum
displays signals corresponding to [M + 9H]9+, [M + 10H]10+,
and [M + 11H]11+ with m/z values of 8399, 8399, and 8397 Da,
respectively. The average molecular weight of these ions matches
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Figure 3. RP-HPLC purification and analysis of synthetic tetravalent rat GH-R625 – 638 MAP dendrimer. (A) Preparative RP-HPLC (C18) chromatograph
showing separation of synthetic tetravalent rat GH-BP263 – 279 MAP dendrimer products. Column fractions were monitored using absorbance at 220 nm
for detection of peptides. Eluent: mobile phase gradient over 30 min from 100% A (0.1% TFA) and 0% B (acetonitrile) to 50% A and 50% B. Fractions 23–24
were pooled and lyophilized. (B) Analytical RP-HPLC chromatograph showing purity of tetravalent rat GH-BP263 – 279 MAP dendrimer pooled fractions.
Absorbance at 220 nm was used to monitor the column eluate for peptides. Mobile phase A: 0.1% TFA/H2O; mobile phase B: 0.1% TFA/acetonitrile.
Elution: Segment 1, 10 min of isocratic 95% A/5% B; segment 2, 25-min gradient from 95% A/5% B to 40% A/60% B; segment 3, 5-min gradient from 40%
A/60% B to 5% A/95% B; segment 4, 5 min of isocratic 5% A/95% B; segment 5, 10-min gradient from 5% A/95% B to 95%A/5% B; segment 6, 5 min of
isocratic 95% A/5% B; flow rate:1 ml/min. A single GH-BP263 – 279 MAP peak eluted at 33% B in a range between 32% B and 34% B.

Figure 4. ESI-MS of RP-HPLC purified tetravalent rat GH-BP263 – 279 MAP dendrimer product. Positive ion mode ESI-MS of tetravalent rat GH-BP263 – 279 MAP
dendrimer provided an average observed mass of 8398 Da from signals corresponding to [M + 9H]9+, [M + 10H]10+ , and [M + 11H]11+ . The observed
molecular weight matched the calculated molecular mass of 8398 Da for the tetravalent rat GH-BP263 – 279 MAP dendrimer.
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the calculated molecular weight of 8398 Da for the tetrameric rat
GH-BP263 – 279 MAP dendrimer.

Sensitivity and Specificity of Various Polyclonal Rabbit
Antitetrameric Rat GH-BP263 – 279 MAP Dendrimer Antisera
Assessed by Dot Blot Analyses

Reactivities of three rabbit antitetrameric rat GH-BP263 – 279 MAP
dendrimer antisera are shown in the dot blots of Figure 5.
Figure 5(A)–(C) shows the reactivities of antisera BETO-8039,
BETO-8040, and BETO-8041, respectively, toward the tetrameric rat
GH-BP263 – 279 MAP dendrimer [filled circles (•–•)], recombinant

mouse GH-BP [open circles (◦–◦)], and BSA [multiplication
symbols (×–×)], which were dot blotted in amounts ranging
from 2 to 20 pmol. All three antisera at dilutions of 1 : 1000
recognized the tetrameric rat GH-BP263 – 279 MAP dendrimer and
the recombinant mouse GH-BP, but they did not react with BSA,
demonstrating the specificity of the antisera for the C-terminal
epitope of the rat/mouse GH-BP. Table 1 shows the Hillslopes
and ED50 values for detection of the tetrameric rat GH-BP263 – 279

MAP dendrimer and the recombinant mouse GH-BP by each
antisera. Regarding each antisera, the dose–response curves of
tetrameric rat GH-BP263 – 279 MAP dendrimer and of recombinant

Figure 5. Dot blots demonstrating sensitivity and specificity of three antisera raised against the tetrameric rat GH-BP263 – 279 MAP dendrimer. Dot blots
spotted with tetrameric rat GH-BP263 – 279 MAP dendrimer [filled circles (•)], recombinant mouse GH-BP [open circles (◦)], and BSA [multiplication symbols
(×)] in amounts ranging from 2 to 20 fmol were immunostained with either antisera BETO-8039 (A), antisera BETO-8040 (B), or antisera BETO 8041 (C).
Reactivities of the primary antisera toward spotted peptides and proteins were ascertained by overlaying the blots with a HRP-coupled goat antirabbit
IgG and thereafter using a substrate (Supersignal West Dura Extended Duration HRP) that is enzymatically converted into a chemiluminescent product.
The luminescence of each spot was detected and quantified using a Kodak Image Station 2000R. The Total Spot Density for each dot blot is a normalized
value (highest total spot density = 100% and the lowest total spot density = 0%). Data were plotted and fitted to the four-parameter logistic model
using nonlinear curve-fitting to derive ED50s and Hill Slopes for each dose–response curve using the GraphPad Prism statistical suite.
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Table 1. Specificity and sensitivity of several antisera developed toward the tetrameric rat GH-BP263 – 279 MAP dendrimer

Antisera Ligand Hillslope Log ED50 ED50 (moles)

BETO-8039 Tetrameric rat GH-BP263 – 279 MAP dendrimer 2.87 ± 1.24 −11.25 ± 0.07∗∗ 5.56 ± 0.90 × 10−12

Recombinant mouse GH-BP 2.93 ± 0.75 −11.01 ± 0.04 9.72 ± 0.84 × 10−12

BETO-8040 Tetrameric rat GH-BP263 – 279 MAP dendrimer 2.93 ± 0.72 −11.25 ± 0.03∗ 5.58 ± 0.34 × 10−12

Recombinant mouse GH-BP 3.58 ± 0.72 −11.05 ± 0.01 8.95 ± 0.29 × 10−12

BETO-8041 Tetrameric rat GH-BP263 – 279 MAP dendrimer 5.55 ± 1.78 −11.04 ± 0.02∗∗ 9.22 ± 0.46 × 10−12

Recombinant mouse GH-BP 4.34 ± 0.16 −11.12 ± 0.00 7.67 ± 0.05 × 10−12

Numbers indicate values ± SE.
∗∗ P < 0.001 and
∗ P < 0.05 when comparing tetrameric rat GH-BP263 – 279 MAP dendrimer to recombinant mouse GH-BP using unpaired t-test.

mouse GH-BP were parallel because their Hillslopes were not
statistically different from each other in an F-test. Parallelism of
the dose–response curves for tetrameric rat GH-BP263 – 279 MAP
dendrimer and of recombinant mouse GH-BP allowed statistical
comparison of their ED50s, which were within a range of 5–10
pmol. The ED50s of tetrameric rat GH-BP263 – 279 MAP dendrimer
and recombinant mouse GH-BP were statistically different from
each other regardless of the antisera used. The tetrameric rat
GH-BP263 – 279 MAP dendrimer was detected at a lower ED50 dose
(5.56 fmol) compared with the recombinant mouse GH-BP (9.72
fmol) by BETO-8039. Similarly, the BETO-8040 antisera detected
the tetrameric rat GH-BP263 – 279 MAP dendrimer at a lower ED50

dose (5.58 fmol) than recombinant mouse GH-BP (8.95 fmol). In
contrast, BETO-8041 antisera detected recombinant mouse GH-BP
at a lower ED50 dose (7.67 fmol) compared with the tetrameric rat
GH-BP263 – 279 MAP dendrimer (9.22 fmol).

Sensitivity and Specificity of Antitetrameric Rat GH-BP263 – 279
MAP Dendrimer Antisera BETO-8041 Assessed by Western Blot
Analyses

To further assess antirat GH-BP263 – 279 MAP titer and specificity,
samples containing recombinant mouse GH-BPs, rat serum
GH-BPs, and rat tissue GH-BPs were separated by SDS-PAGE,
transferred to nitrocellulose, and probed with antitetrameric rat
GH-BP263 – 279 MAP dendrimer antisera (BETO-8041), as shown in
Figure 6. When the antitetrameric rat GH-BP263 – 279 MAP dendrimer
antisera was used at a dilution of 10−2 (Figure 6(A)), it readily
detected 100-ng recombinant mouse GH-BP (Lane 1), GH-BPs in
1 µl of rat serum (Lane 2), and GH-BPs in 100 µg of rat liver extract
(Lane 3). The 37-kDa recombinant mouse GH-BP immunoreactive
band (Lane 1) corresponds to that previously described [27].
The 75-kDa recombinant mouse GH-BP immunoreactive band
(Lane 1), absent in our initial purified recombinant mouse GH-BP
preparation, was apparent after storage. It may be a disulfide-
linked dimer, which is stable to reducing agents as observed for
a mercaptoethanol-stable dimeric isoform of human GH [35]. The
rat serum GH-BPs (Lane 2) had apparent molecular weights of
44 and 46 kDa, consistent with those reported for glycosylated
serum GH-BPs [6,36,37]. The rat liver GH-BPs (Lane 3) had apparent
molecular weights of 44 and 120 kDa, similar to those reported for
rat serum GH-BPs [6]. When antitetrameric rat GH-BP263 – 279 MAP
dendrimer antisera were used at a dilution of 10−3 (Figure 6(B)),
it again visualized 100-ng recombinant mouse GH-BP (Lane 1),
GH-BPs in 1 µl of rat serum (Lane 2), and GH-BPs in 100 µg of
rat liver extract (Lane 3). When antitetrameric rat GH-BP263 – 279

MAP dendrimer antisera were used at a dilution of 10−4, it easily

Figure 6. Western blots demonstrating sensitivity and specificity of
antisera toward the tetrameric rat GH-BP263 – 279 MAP dendrimer. Samples
of purified recombinant mouse GH-BP (100 ng) in Lane 1, rat serum (1 µl)
in Lane 2, and rat liver extract (100 µg) in Lane 3 were loaded onto
10% polyacrylamide gels and transferred onto nitrocellulose membranes.
Blots were subsequently immunoprobed with rabbit antitermeric rat GH-
BP263 – 279 dendrimer antisera (BETO-8041) at dilutions of 10−2 (A, 10−3 (B),
and 10−4 (C). Antigen–antibody complexes were visualized by overlaying
the blots with a HRP-coupled goat antirabbit IgG and thereafter using
a substrate (Supersignal West Dura Extended Duration HRP) that is
enzymatically converted into a chemiluminescent product. Images of the
chemiluminescent blots were acquired with a Kodak Image Station 2000R.

detected 100 ng of purified recombinant mouse GH-BP; however,
the GH-BPs in 1 µl of rat serum were not detected and the GH-BPs
in 100 µg of rat liver extract were only slightly visible.

The specificity and cross-reactivity of the antitetrameric rat
GH-BP263 – 279 MAP dendrimer antisera were assessed using the
immunoprobed Western blots shown in Figure 6. Blots shown
in Figure 6 were stripped of bound antibodies then re-probed,
and the results are shown in Figure 7. Figure 7(A) shows that
upon re-probing blots with antitetrameric rat GH-BP263 – 279 MAP
dendrimer antisera at a dilution of 10−3, strong immunoreactive
bands appeared for the recombinant mouse GH-BPs (Lane 1), rat
serum GH-BPs (Lane 2), and rat liver GH-BPs (Lane 3). Figure 7(B)
shows that when re-probing blots with a 10−3 dilution of
antitetrameric rat GH-BP263 – 279 MAP dendrimer antisera that had
been pre-absorbed with 10 µg of tetrameric rat GH-BP263 – 279 MAP
dendrimer, detection of mouse GH-BP was drastically minimized
(Lane 1) while GH-BPs in rat serum (Lane 2) and liver (Lane
3) were undetectable, demonstrating the antiseum’s specificity.
Figure 7(C) shows that re-probing blots with pre-immune rabbit
serum did not immunostain the mouse GH-BPs (Lane 1), the rat
serum GH-BPs (Lane 2) nor the rat liver GH-BPs (Lane 3), indicating
that the immunoreactive bands visualized with the antitetrameric
rat GH-BP263 – 279 MAP dendrimer antisera are not due to antibodies
present in serum from the pre-immunized rabbits. Figure 7(D)
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Figure 7. Western blots showing lack of superimposition of immunoreactive bands detected by antitertameric rat GH-BP263 – 279 MAP dendrimer with
those detected by anti-GH-R antisera. Blots that had been immunoprobed in Figure 3 were stripped then re-probed. Lanes 1–3 of each blot contained
purified recombinant mouse GH-BP (100 ng), rat serum (1 µl), and rat liver extract (100 µg), respectively. (A) A blot that was re-probed with rabbit
antitetrameric rat GH-BP263 – 279 MAP dendrimer antisera (BETO-8041) at dilution of 10−3. (B) A blot that was re-probed with rabbit antitetrameric rat
GH-BP263 – 279 MAP dendrimer antisera (BETO-8041) at dilution of 10−3 that had been pre-absorbed with 10 µg of tetrameric rat GH-BP263 – 279 MAP
dendrimer. (C) A blot that was re-probed with pre-immune rabbit serum at a dilution of 10−3. (D) A blot that was re-probed with rabbit antirat GH-R625 – 638
antisera (GHR-2) specific for the C-terminal portion of the rat GH-R at a dilution of 10−4. (E) A blot that was re-probed with rabbit antirat GH-R625 – 638
antisera at a dilution of 10−4 that had been pre-absorbed with 10 µg of synthetic peptide corresponding to the C-terminal 14 amino acids (625–638) of the
rat GH-R. Antigen–antibody complexes were visualized by overlaying the blots with a HRP-coupled goat antirabbit IgG and thereafter using a substrate
(Supersignal West Dura Extended Duration HRP) that is enzymatically converted into a chemiluminescent product. Images of the chemiluminescent
blots were acquired with a Kodak Image Station 2000R.

shows that re-probing blots with rabbit antisera specific for the
C-terminal portion of the rat GH-R (rat GH-R625 – 638) at a dilution
of 10−4, the mouse GH-BPs were not immunoreactive (Lane 1) nor
were the GH-BPs of either rat serum (Lane 2) or rat liver extract
(Lane 3). However, immunoreactive GH-R bands were observed
in the rat liver extract with apparent molecular weights of 27,
94, and 96 kDa, consistent with previous reports [2,37–40]. The
27-kDa band corresponds to a proteolytically cleaved product
of the full-length GH-R [41]. Figure 7(E) shows that re-probing
blots with rabbit antirat GH-R625 – 638 antisera at a dilution of
10−4 that had been pre-absorbed with 10 µg of synthetic peptide
rat GH-R625 – 638, eliminated rat GH-R immunoreactive bands in
the rat liver extract (Lane 3), demonstrating the specificity of
the antirat GH-R625 – 638 antiseum for the rat GH-R. The immuno-
stained bands detected with the antisera developed toward the
tetrameric rat GH-BP263 – 279 MAP dendrimer shown in Figure 7(A)
do not correspond to the antirat GH-R625 – 638 immuno-stained
bands of Figure 7(D), demonstrating that the antitetrameric rat
GH-BP263 – 279 MAP dendrimer antisera do not detect the rat GH-R.

Discussion

The GH-R and the GH-BP are important in the regulation of
reproduction [42], metabolism [43], pregnancy [44], adiposity
[45,46], lung development [47], retinal development [48], B-
cell development [49], and longevity [50]. Although it has been
demonstrated that the GH-BP regulates the bioactivity of GH, the
biological functions of the GH-BP are unknown [51,52]. Multiple
studies have shown that a correlation exists between GH-BP levels
and clinical/biological parameters such as body composition, age,
gender, pregnancy, diabetes, cirrhosis, and gonadal dysfunction;
however, the cause–effect relationships are unclear [51,52].
Furthermore, although we have some knowledge regarding
the structure and regulation of the GH-R/GH-BP [9,53–55], the
membrane-associated GH-BP [56–58], and their interactions with
GH [59], the relationships between them are unclear.

To help us better understand the physiological regulation and
biological actions of the GH-BPs, we have developed polyclonal
antisera specific for GH-BPs of rat and mouse by immunizing rabbits
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with a synthetic tetrameric rat GH-BP263 – 279 MAP dendrimer. The
tetrameric rat GH-BP263 – 279 MAP dendrimer was immunogenic,
without the need to couple the peptide to a carrier protein.
Although it has been argued that carboxy-terminal epitopes are
not good immunogens as they may assume an unusual structure
that would not mimic the structure of the cognate protein [60], the
antisera recognized low pmol amounts of recombinant mouse GH-
BP. Our laboratory is using the antisera to help us in understanding
the role of GH-BPs in the brain. In a preliminary study employing the
antisera we were able to detect the rat GH-BP in a rat hippocampal
cell line [61]. Studies in progress are aimed at understanding
endocytosis and cellular trafficking of the rat GH-BP in a rat
hippocampal cell line. In other studies we are employing the
antisera to measure the regulation of GH-BP levels during the
lifespan of the rat. We are also planning to use the antisera to
study the role of GH-BPs in neuronal stem cell differentiation.
Future applications will also use the antisera for quantification
of GH-BPs in biological fluids of animals through the use of
enzyme-linked immunoassays and radioimmunoassays.
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