792

Mark P. Richards
Christopher M. Ashwell
John P. McMurtry

U.S. Department of
Agriculture, Agricultural
Research Service, Livestock
and Poultry Sciences
Institute, Growth Biology
Laboratory, Beltsville, MD,
USA

Electrophoresis 2000, 21, 792-798

Quantitative analysis of leptin mRNA using
competitive reverse transcription polymerase chain
reaction and capillary electrophoresis with laser-
induced fluorescence detection

Leptin, the protein hormone product of the obese (ob) gene, functions in the regulation
of appetite, energy expenditure, and reproduction in animals and humans. Since
changes in the level of circulating leptin can have marked physiological consequences,
it is important to be able to accurately quantify leptin gene expression. Toward this
goal, we have constructed a chicken leptin RNA competitor and successfully employed
it as an internal standard in the development of a quantitative-competitive reverse tran-
scription polymerase chain reaction (QC-RT-PCR) assay for leptin mRNA. Capillary
electrophoresis with laser-induced fluorescence detection (CE-LIF) was utilized for the
separation and analysis of chicken leptin target (261 bp) and competitor (234 bp)
dsDNA products from QC-RT-PCR assay samples. Leptin amplicons were separated
using a DB-1 coated capillary (27 cm X 100 um ID) at a field strength of 300 V/cm in a
replaceable sieving matrix consisting of 0.5% hydroxypropylmethyl cellulose (HPMC)
in 1 X TBE (89 mm Tris-base, 89 mm boric acid, 2 mm EDTA, pH 8.3) buffer with 0.5 ug/
mL EnhanCE™ fluorescent intercalating dye. Samples were diluted 1:100 with deion-
ized water and introduced into the capillary by electrokinetic injection. QC-RT-PCR/
CE-LIF was used to quantify leptin mRNA in liver and adipose tissue from 8-week-old
male and female broiler chickens. This study is the first report of quantitative analysis
of leptin gene expression using QC-RT-PCR/CE-LIF.

Keywords: Leptin / mRNA / Reverse transcription / Polymerase chain reaction / Capillary electro-
phoresis / Laser-induced fluorescence / DNA EL 3812

1 Introduction

Following the initial discovery of the obese gene (ob) in
mice and humans by positional cloning and the subse-
quent characterization of the protein product of this gene
called leptin, there has been growing interest in studying
its role in the regulation of feeding behavior, energy bal-
ance, and body weight [1-5]. Leptin, a 16 kDa cytokine-
like polypeptide hormone synthesized and secreted into
the bloodstream primarily by white adipose tissue in
mammals, has been reported to influence a number of
important physiological functions including: appetite, body
temperature, energy expenditure, reproduction, angio-
genesis, and immune function [3]. As a component of a
newly discovered endocrine system (the leptin axis), lep-
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tin is synthesized by adipocytes and released into the
bloodstream in relation to the amount of energy (in the
form of triglycerides) stored in adipose tissue [2, 3]. Circu-
lating leptin is then transported across the blood-brain
barrier where it binds to neuronal receptors located in dis-
crete hypothalamic regions of the brain which, in turn,
activate the specific neuroendocrine pathways that ulti-
mately lead to decreased caloric intake and increased
energy expenditure [2-5]. Thus, leptin represents an
afferent signal in a negatively regulated feed-back loop
between adipose tissue and the central nervous system
[6]. Administration of biologically active, recombinant lep-
tin to animals results in diminished food intake and a
reduction in body weight restricted to the loss of adipose
tissue while sparing lean tissue mass [6-8]. The mecha-
nisms by which energy stores are ‘sensed’” and leptin
gene expression is adjusted to maintain optimal energy
balance are not well understood. However, the physiologi-
cal responses to quantitative changes in circulating leptin
levels suggest that the regulation of leptin gene expres-
sion is a critical control point [3].

An increasing number of biomedical research studies

have focused on characterizing the underlying mecha-
nisms involved in the regulated expression of leptin and
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its receptor since recessive mutations in either of the two
genes encoding these proteins result in morbid obesity,
diabetes, and infertility [2, 3]. There is also increasing
interest in understanding what role(s) leptin might play in
domestic animal species since feeding behavior, energy
balance, and reproduction are important factors in ensur-
ing the success of commercial animal production [5, 9].
Among the various domestic animal species studied to
date, the leptin gene has recently been identified in chick-
ens and its complete coding sequence reported (Gen-
Bank Accession Nos. AF012727, AF082500). Chickens
differ from mammals in that leptin is expressed in liver as
well as in adipose tissue [10, 11]. This reflects the promi-
nent role of the liver in regulating lipogenesis and energy
metabolism in birds [12]. Thus, the chicken represents an
excellent species in which to conduct comparative studies
on leptin gene expression and its regulation.

Reverse transcription polymerase chain reaction (RT-
PCR) has been widely used to study gene expression in
humans and animal species because this assay is well
suited to the analysis of low abundance mRNA transcripts
like leptin. However, only a limited number of quantitative-
competitive RT-PCR (QC-RT-PCR) assays have been
developed to more accurately quantify leptin mRNA in
human adipose tissue and cultured mouse adipocytes
[13, 14]. The advantages of using capillary electrophore-
sis with laser-induced fluorescence detection (CE-LIF) for
both semiquantitative and quantitative-competitive analy-
ses of dsDNA products from PCR and RT-PCR reactions
have been discussed previously [15-23]. Although, to
date, analytical methods for detecting chicken leptin
protein are very limited [24], two techniques involving
RT-PCR have recently been reported for the analysis
of chicken leptin mRNA [10, 11]. Thus, RT-PCR assay
represents the best currently available method to study
leptin gene expression in chickens. The objective of this
study was to develop a combined QC-RT-PCR/CE-LIF
assay technique for the quantitative analysis of leptin
mRNA in total RNA isolated from chicken liver and adi-
pose tissues.

2 Materials and methods

2.1 Materials

Hydroxypropylmethyl cellulose (HPMC, Cat. No. H-7509)
was obtained from Sigma (St. Louis, MO). LIFluor
(EnhanCE™, Cat. No. 477409) and ¢X174 DNA, Haelll
digest (Cat. No. 477414) were from Beckman Coulter
(Fullerton, CA). All other chemicals used in the prepara-
tion of buffers and reagent solutions were of the highest
purity grade commercially available.
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2.2 Animals, tissue collection, and RNA
isolation

All studies involving the use of animals were conducted in
accordance with research protocols approved by the
Beltsville Animal Care and Use Committee. Day-old
broiler chicks (Shaver Poultry Breeding Farms, Cam-
bridge, Ontario, Canada) were raised in brooder batteries
until three weeks of age, at which time they were trans-
ferred to individual cages. At 6-8 weeks of age, male and
female birds were sacrificed, and samples of liver,
abdominal fat pad, and subcutaneous fat were obtained
and immediately frozen in liquid nitrogen. Tissues were
stored frozen at —80°C prior to RNA isolation. Total RNA
was isolated from tissue samples using the Tri-Reagent
procedure according to the manufacturer's instructions
(Life Technologies, Gaithersburg, MD). Isolated RNA was
quantified using a UV spectrophotometer (Genequant Il;
Pharmacia Biotech, Piscataway, NJ).

2.3 Primers and leptin competitor design

Forward (sense, 5-CGTCGGTATCCGCCAAGCAGAG-
GG) and reverse (antisense, 5-CCAGGACGCCATCC-
AGGCTCTCTGGC) primers were designed for chicken
leptin as described previously [11, 23]. These primers cor-
respond to bases 134—-157 and 369-394, respectively, in
the coding sequence reported for chicken leptin (Gen-
Bank Accession No. AF082500). A synthetic RNA com-
petitor (internal standard) capable of using the same pri-
mer set designed for the leptin target was constructed
from a plasmid containing a full-length chicken leptin cod-
ing sequence [11, 23]. This plasmid can be used to tran-
scribe either sense or anti-sense RNAs. The leptin coding
region (509 bp) was excised from the plasmid by EcoRI
digestion and isolated by agarose slab gel electrophore-
sis. The recovered fragment, excised from the agarose
gel, was then digested with the restriction enzyme Avall
which produced three fragments 260, 222 and 27 bp in
size (Fig. 1). The 260 and 222 bp fragments were isolated
by agarose slab gel electrophoresis and ligated using T4
DNA ligase. The resulting ligation product was amplified
by PCR using primers for the 5- and 3’-ends of the
chicken leptin coding sequence (sense, 5-ATGGAAT-
TCGCCTTCCATATGCCG; antisense, 5-TCAGCATTC-
CGGGCTAATATCC) and subjected to cloning into the
pCR2.1-TOPO vector (Invitrogen, Carlsbad, CA). The ori-
entation of the coding sequence and the 27 bp deletion
were confirmed by automated fluorescent DNA sequenc-
ing (ABI 377; Perkin Elmer Applied Biosystems, Foster
City, CA). The competitor construct was designed to con-
tinue the open reading frame, deleting the codons for
amino acids 71-80 in the leptin protein sequence [23].
Competitor and full-length (target) leptin synthetic RNAs

CE and CEC
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Figure 1. Procedure used for the construction of a
chicken leptin internal competitor by excision of a 27 bp
segment from a cloned DNA fragment (509 bp) containing
the full length coding region for chicken leptin. To gener-
ate the competitor construct, the following steps were per-
formed: (1) restriction enzyme (Avall) digestion, (2) liga-
tion of the resulting 222 bp and 260 bp restriction
fragments, (3) PCR amplification of the 482 bp product of
the ligation step, and (4) cloning of the PCR-amplified
482 bp dsDNA product into an appropriate expression
vector (pCR 2.1-TOPO).

were transcribed in vitro from BamHI-digested plasmids
using T7 RNA polymerase and a MAXIscript kit (Ambion,
Austin, TX). DNA template was removed following
synthesis of the RNA by treatment with RNase-free
DNase | for 15 min at 37°C according to the protocol
included with the MAXIscript kit (Ambion). RNA produced
from these reactions was isolated by ethanol precipitation
and quantified in multiple dilutions using a UV spectro-
photometer (Genequant Il; Pharmacia Biotech). The syn-
thetic RNAs were diluted to appropriate concentrations in
nuclease-free water and stored frozen at —80°C in multi-
ple aliquots until used. To minimize potential variability in
quantitation, aliquots from the same stock of synthetic
competitor RNA were used for all comparative analyses
of experimental samples.

2.4 Competitive RT-PCR assay for leptin mRNA

RT reactions (50 uL) contained 5 uL of synthetic competi-
tor RNA (diluted to contain 5-300 amol in 5 uL) and 5 ug
total RNA. A series of four reverse transcriptase (RT)
reaction tubes, each containing a different amount of syn-
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thetic competitor RNA in addition to a constant (5 ug)
amount of total RNA, were prepared for each tissue sam-
ple analyzed. First-strand cDNA synthesis was performed
using 5 pg of total RNA and 5-300 amol of added syn-
thetic competitor RNA in the presence of 100 pmol of ran-
dom hexamer primers. RNA samples were denatured at
65°C for 5 min and the primers were allowed to anneal
while slowly cooling the reaction mixture at a rate of 2°C/
min over 20 min to a final temperature of 25°C. Extension
of the first strand was completed in RT buffer (Promega,
Madison, WI) containing: 50 mm Tris-HCI, pH 8.3, 75 mm
KCI, 3 mm MgCl,, 10 mm DTT, 100 U Moloney murine leu-
kemia virus RT (M-MLV RT; Promega), 40 U RNAsin
(Promega), 1.0 mm dNTPs. The RT reaction tubes were
incubated at 37°C for 1 h. After completion of first-strand
synthesis, the M-MLV RT enzyme was inactivated by
incubating the reaction tubes at 90°C for 5 min and an ali-
quot (5 pL) of the RT reaction mixture was then subjected
to PCR.

PCR reactions were performed in a separate 25 uL reac-
tion volume containing: 15 mm Tris-HCI, pH 8.4, 50 mm
KCI, 1.5 mm MgCl,, 0.1% Triton X-100, 5 uL of each RT
reaction (see above), 1.25 U of Taq polymerase (Prom-
ega), 1.0 mm dNTPs, and 10 pmol each of chicken leptin
gene-specific primers [11, 23]. PCR was performed using
a commercial thermal cycler (RoboCycler; Stratagene, La
Jolla, CA). PCR thermal cycling parameters were as fol-
lows: one cycle at 94°C for 4 min, followed by 30 cycles
at 94°C for 30 s, 63°C for 30 s, and 72°C for 30 s with a
final extension at 72°C for 8 min. The products of RT-
PCR were 261 bp (57.5% GC, T, = 86°C) and 234 bp
(58% GC, T, = 86°C) for the leptin target and competitor
amplicons, respectively.

2.5 CE-LIF analysis of RT-PCR dsDNA products

Aliquots (2 uL) of RT-PCR samples were diluted 1:100
with deionized water prior to analysis by CE-LIF. A P/ACE
5510 (Beckman Coulter) equipped with an argon ion LIF
detector and controlled by P/ACE Station software
(V. 1.0) was used for the analysis of the RT-PCR sam-
ples. Excitation of the intercalating dye was at 488 nm
and emission was detected at 520 nm. The instrument
was configured for reversed polarity (i.e., cathode on the
inlet side). A uSIL-DB-1 coated capillary (Cat. No. 197-
1002, J&W Scientific, Folsom, CA) with a 100 um ID,
0.1 um film thickness, and length of 27 cm (20 cm to the
detector) was housed in a P/ACE cartridge (Beckman
Coulter) and maintained at 25°C. The sieving buffer con-
sisted of 0.5% (w/v) HPMC in 1 X TBE (89 mm Tris-base,
89 mm boric acid, 2 mm EDTA, pH 8.3). Immediately prior
to use, an appropriate amount of intercalating dye (10 uL
of EnhanCE™, 1 mg/mL stock in methanol) was added to
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20 mL of sieving buffer, which was mixed for 15-30 min
and degassed by sonication for 1 min. The sample injec-
tion/run routine was as follows: (i) Prior to the run the cap-
illary was rinsed at high pressure (20 psi) for 1 min with
sieving buffer (not subjected to prior electrophoresis);
(i) a small plug of water was injected (5 s at 0.5 psi) into
the capillary prior to loading the sample; (ii) RT-PCR
samples (diluted 1:100 in deionized water, 200 uL total
volume) were subjected to electrokinetic loading at 3.0 kV
for 10's; (iv) separations were performed at a field
strength of 300 V/cm (8.1 kV) for 5 min. At the beginning
and end of each day of use, the capillary was regenerated
by rinsing consecutively with water, methanol and water
again for 5 min each. A dsDNA standard (Haelll digest of
0X174 DNA) was used to evaluate capillary and instru-
ment performance prior to sample analysis.

2.6 Data analysis

Peak areas were calculated by P/ACE Station software
(V. 1.0, Beckman Coulter). To compensate for differences
in the amount of dye bound [23], the area of the competi-
tor peak was multiplied by a factor (261/234) to reflect the
size difference (in bp) between target and competitor
amplicons. The log of the ratio of the integrated peak
areas for leptin competitor and target amplicons was then
calculated. Linear regression analysis of the log of the
ratio of corrected competitor/target integrated peak areas
vs. the log of the amount (amol) of competitor added to
each reaction mixture was used to calculate the amount
(amol) of leptin MRNA (where log competitor/target = 0)
present in the total RNA sample (5 ug).

3 Results and discussion

3.1 Leptin competitor design

Previous estimates of chicken leptin mRNA levels have
been made by relative quantitation methods that involve
normalizing the amount of leptin PCR amplicon to a
coamplified reference template (B-actin). Such assays
have been successfully applied to investigate the effects
of different hormones (e.g., insulin, dexamethasone,
estrogen, growth hormone) on leptin gene expression in
chicken liver and adipose tissues [11, 23, 27]. This
approach, while yielding valuable estimates of relatively
large changes in gene expression, may not be able to
precisely quantify more subtle shifts in the level of a low
abundance transcript like leptin mRNA. In fact, a number
of investigators have noted the potential for inaccurate
estimation of mMRNA levels using relative or semiquantita-
tive RT-PCR analysis methods [14, 22, 25, 26]. Instead,
the use of competitive PCR or RT-PCR assays is recom-
mended for more precise mRNA quantitation because
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such assays adjust for the inherent variability in efficiency
of the RT and/or PCR steps through the use of a coampli-
fied competitor or internal standard. A major reason why
competitive-based PCR and RT-PCR assays are not rou-
tinely used is that the design and production of a suitable
competitor (either RNA or DNA) can be technically difficult
to achieve. There are two basic types of internal stand-
ards/competitors. Homologous competitors have nearly
identical sequence to that of the target with the exception
of a small addition, deletion, or modification of sequence
to produce a new restriction site. A heterologous standard
contains a mainly unrelated sequence and only shares
sequences common to primer recognition sites with the
target. Both homologous [14] and heterologous [13] com-
petitor standards have been designed and used in QC-
RT-PCR analyses of human and mouse leptin gene
expression.

We have designed and constructed a specific homolo-
gous competitor from the complete coding sequence for
chicken leptin (509 bp) and cloned it into an appropriate
expression vector for the production of synthetic RNA.
Figure 1 describes the general steps in the design
process including: (i) restriction endonuclease digestion,
(ii) ligation, (i) PCR amplification, and (iv) cloning into a
suitable expression vector (pCR2.1-TOPQO). By taking
advantage of two naturally occurring restriction endonu-
clease (Avall) sites at positions 222 and 249, we were
able to delete 27 bp from the original coding sequence,
resulting in an approximate 5% reduction in size of the
construct (482 bp). RNA, transcribed in vitro from the vec-
tor containing the competitor construct, produces a
234 bp amplicon that is 27 bp smaller than the leptin tar-
get amplicon (261 bp) when subjected to RT-PCR. The
same gene-specific primer set can be utilized to generate
both the chicken leptin target and competitor amplicons in
the RT-PCR assay.

3.2 QC-RT-PCR/CE-LIF assay for leptin mRNA

Figure 2 depicts a typical QC-RT-PCR/CE-LIF analysis of
a total RNA sample from the liver of a 6-week-old female
broiler chicken. Typically, four quantities of competitor
(Fig. 2A-D) are chosen that will bracket the amount of
mRNA anticipated to be present in the total RNA sample
isolated from a specific tissue. In the case of a liver RNA
sample, the appropriate values were determined to range
from 15-300 amol with two of the competitor amounts
higher and two lower than the expected amount of leptin
mRNA. Although this bracketing approach must be estab-
lished experimentally by trial and error for each new sam-
ple type, it results in the most precise estimate of the tar-
get mRNA. Others have also found that four levels of
competitor are sufficient for an accurate determination of



796 M. P. Richards, C. M. Ashwell and J. P. McMurtry

Target

(261bp) > Competitor 0807\ 1874346 + 1.019312
Added (amol) y=-1. . x D
Competitor —_— r?=0.999
(234 bp) A 15 3
B 30 o 0.48
3 C
A c 150 £
o
D 300 £
2 0.16
£
=3
B [3)
°
Q
3 -0.16 1
e
5 B
C e
69 amol
& 0.48 1
- A
— -0.80 T . . . \
40 50 1.00 130 1.60 1.90 220 250

Time (minutes)
Log Competitor (amol)

Figure 2. A typical QC-RT-PCR assay for leptin mRNA.
Total RNA was isolated from liver tissue obtained from a
6-week-old female broiler chicken and analyzed by QC-
RT-PCR as described in Section 2.4. Four levels of a syn-
thetic RNA competitor (A-D; 15, 30, 150, 300 amol) were
added to four separate assay tubes, each containing 5 ug
of total RNA. The dsDNA amplicons produced by PCR
were separated and detected by CE-LIF. A portion
(1 min, corresponding to 4-5 min of the 5 min run) of each
of the four electropherograms is depicted on the left side
of the figure with the target (261 bp) and competitor
(234 bp) amplicons denoted. Integrated peak areas for
both amplicons were determined and a competitor/target
peak area ratio of was determined after correcting the
competitor peak to compensate for less dye binding due
to its slightly smaller size. The log of the corrected peak
area ratio was plotted against the log of the quantity of
added synthetic competitor RNA (right) and the quantity
of leptin mRNA in the sample (69 amol) determined from
the regression equation shown.

specific mRNA targets [14, 22]. However, it is important
to carefully choose the amounts of competitor used to
bracket the samples to be analyzed because it has been
reported that inaccurate quantification can occur if the
amounts of standard and target differ greatly [26]. Thus,
for each sample of total RNA to be analyzed for leptin
mRNA by QC-RT-PCR, four individual assay samples
containing differing amounts of the leptin competitor are
required to be run.

Because each sample of total RNA must be assayed by
QC-RT-PCR in quadruplicate, a rapid method for separa-
tion and detection of the dsDNA amplicons is essential.
The standard method of agarose gel electrophoresis with
ethidium bromide staining, while adequate, suffers from a
limited range of quantitation due to dye saturation and re-
quires the added time-consuming steps of gel imaging
and image analysis to derive quantitative data. A number
of investigators have described various CE-LIF tech-
niques for the analysis of dsDNA products from PCR and
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RT-PCR samples [15-23], although some of these meth-
ods involve relatively lengthy (i.e., > 10 min) separation
times. We have developed a rapid separation technique
involving CE-LIF in which the two leptin amplicons (target
and competitor) are resolved in under 5 min. With an
additional 1 min of time required for rinsing the capillary
prior to each run, the total time required to run all four
assay samples is 24 min.

The 1 min portions (4-5 min) of actual electropherograms
shown in the left-hand portion of Fig. 2 depict changes in
leptin target and competitor dsDNA peaks separated by
CE-LIF and demonstrate the competition between target
and competitor. For the QC-RT-PCR assay results to be
valid, a true competition of competitor and target for reac-
tion components (i.e., primers, enzymes, dNTPs, efc.)
must exist to assure a constant competitor/target ratio at
any given level of added competitor [26]. The right-hand
portion of Fig. 2 depicts the results of a linear regression
analysis of the corrected competitor/target peak area
ratios plotted against the amount of added competitor
RNA. The point at which the ratio is equal to unity (i.e.,
competitor = target) defines the quantity of leptin mRNA
in the original 5 pug total RNA sample. Another important
consideration in determining the validity of QC-RT-PCR
results involves ensuring equivalence in the efficiency of
amplification for both the competitor and the target [26].
This can be determined experimentally from the slope of
the regression line. A slope of 1 indicates equal efficien-
cies, whereas a slope < 1 indicates target amplification
with a greater efficiency than that of competitor and a
slope > 1 indicates a greater amplification efficiency for
the competitor. From the results depicted in Fig. 2, it is
clear from the calculated slope value of 1.02 that the
amplification efficiencies are essentially equivalent. More-
over, an P value of 0.999 indicates excellent response lin-
earity, which suggests constant amplification efficiencies
for all four assay samples [26].

During the course of optimizing the QC-RT-PCR assay
for leptin mRNA, we investigated the effect of changing
the annealing temperature on the slope of the regression
line. In a previous study, 60°C was used for the annealing
temperature step in the PCR protocol [23]. This resulted
in slopes of the linear regression lines less than unity,
which was indicative of PCR amplification favoring target
over competitor. Figure 3 clearly shows that at tempera-
tures <62°C target amplification is favored. Between
61°C and 63°C there is a sharp transition and improve-
ment toward equivalent amplification efficiencies. This
undoubtedly reflects secondary structure effects on the
annealing of the gene-specific primers resulting in differ-
ent amplification efficiencies for target and competitor.
Thus, annealing temperature is an important factor to
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consider and must be optimized experimentally for each
mRNA analyzed.
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Figure 3. A plot of the slope of the regression line deter-
mined from a series of QC-RT-PCR/CE-LIF analyses of
total RNA vs. the annealing temperature used in the PCR
step. Replicate samples of total RNA isolated from 8-
week-old male broiler fat pad tissue were used to gener-
ate the data that was analyzed as described in the legend
to Fig. 2.
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Figure 4. A plot of calculated vs. added amounts of a
synthetic target RNA produced by in vitro transcription of
an expression vector containing full-length chicken leptin
coding sequence. A series of synthetic target RNA sam-
ples ranging from 15-140 amol (determined spectropho-
tometrically) were subjected to QC-RT-PCR using two
separate competitor RNA brackets consisting of 5, 10, 40,
100 amol for target RNA samples added at < 40 amol
and 15, 30, 150, 300 amol for target RNA samples added
at > 40 amol. The amount of target RNA was calculated
as described in the legend to Fig. 2. The line shown was
derived from linear regression analysis and exhibited a
slope of 0.998 and a coefficient of variation (/*) of 0.998.
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A final step in validating the QC-RT-PCR assay for
chicken leptin was to demonstrate linear response of the
assay over a range of RNA amounts encompassing the
quantities of leptin mRNA likely to be found in tissues.
Figure 4 demonstrates the linear response for differing
amounts of synthetic target RNA (synthesized by in vitro
transcription of the expression vector) ranging from 15—
140 amol. Each of the values was calculated using an
appropriate four-level competitor bracket. From the slope
(0.998) and r? (0.998) values, excellent agreement be-
tween the calculated amount and the amount added
(determined spectrophotometrically) is seen. Although we
show linear response over two log unit amounts of added
RNA in Fig. 4, it is likely that the linear dynamic range for
the assay extends beyond that point. Thus, this QC-RT-
PCR assay for chicken leptin mRNA demonstrates an
excellent linear response over the complete range of val-
ues likely to be encountered in typical tissue of total RNA
samples. Four independent determinations made on a
single synthetic target RNA sample gave a value of 20.5
+ 1.0 (mean £ SD, 20 amol expected) with a relative
standard deviation of 4.9%. This result is typical of the
reproducibility and reliability we routinely achieve using
this technique.

3.3 Application of QC-RT-PCR/CE-LIF to
quantify tissue leptin mRNA levels

Figure 5 depicts the results from QC-RT-PCR/CE-LIF
analyses of total RNA samples isolated from liver and adi-
pose tissue (abdominal fat pad and subcutaneous fat) ob-

80 1
- Males
Females

B o2}
o o
1 1

Leptin mRNA (amol)

N
o
1

Liver Abdominal Subcutaneous
Fat Pad Fat

Figure 5. Leptin mRNA levels determined by QC-RT-
PCR/CE-LIF for total RNA (5 ug) samples isolated from
liver and adipose (abdominal fat pad and subcutaneous
fat) tissue from male (n = 3) and female (n = 3) broiler
chickens at 8 weeks of age. The values shown represent
the mean + SD.
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tained from male and female broiler chickens at eight
weeks of age. Although there is a tendency toward higher
leptin mRNA in female vs. male tissues, this gender-
related trend was not statistically significant (p > 0.05).
One finding demonstrated by the current results that has
been shown repeatedly in previous studies using semi-
quantitative RT-PCR assay methods [11, 23, 27] is that
leptin mRNA levels in chicken liver tend to be twice as
high as those found in abdominal fat. This holds true for
both males and females at this age. It appears to indicate
more active expression of the leptin gene by liver as
compared to adipose tissue in chickens, which would be
consistent with an important role of the liver in energy
metabolism [12]. An additional finding in this study is that
subcutaneous fat obtained from 8-week-old birds demon-
strated the lowest level of leptin expression of the three
tissues analyzed. Currently, we are investigating the
effects of age and gender on leptin gene expression in tis-
sues obtained at different times during embryonic and
post-hatching development.

4 Concluding remarks

This and a previous study [23] are the first reports of the
application of CE-LIF to the analysis of leptin gene
expression as determined by RT-PCR. In this study, we
employed a rapid (6 min/sample) CE-LIF method to sep-
arate and quantify leptin amplicons produced by a QC-
RT-PCR assay of total RNA samples from chicken liver
and adipose tissues. We have also developed and evalu-
ated a specific internal competitor for chicken leptin and
successfully applied it in a QC-RT-PCR assay. Since no
techniques currently exist for the quantitative measure-
ment of chicken leptin protein, QC-RT-PCR/CE-LIF repre-
sents a promising method to accurately quantify leptin
gene expression in chickens. The utility of this assay was
clearly demonstrated by quantifying leptin mRNA in total
RNA samples isolated from liver and adipose tissues col-
lected from 8-week-old male and female broiler chickens.
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