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Abstract
Cl− transport is essential for lung development. Because gamma-aminobutyric acid (GABA)
receptors allow the flow of negatively-charged Cl− ions across the cell membrane, we hypothesized
that the expression of ionotropic GABA receptors are regulated in the lungs during development.
We identified 17 GABA receptor subunits in the lungs by real-time PCR. These subunits were
categorized into 4 groups: Group 1 had high mRNA expression during fetal stages and low in adults;
Group 2 had steady expression to adult stages with a slight up-regulation at birth; Group 3 showed
an increasing expression from fetal to adult lungs; and Group 4 displayed irregular mRNA
fluctuations. The protein levels of selected subunits were also determined by Western blots and some
subunits had protein levels that corresponded to mRNA levels. Further studied subunits were
primarily localized in epithelial cells in the developing lung with differential mRNA expression
between isolated cells and whole lung tissues. Our results add to the knowledge of GABA receptor
expression in the lung during development.
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1. RESULTS AND DISCUSSION
1.1 Significance

Cl− channels play an important role in the lung throughout an animal’s life. During the fetal
stages, the lung is a fluid-secreting organ. The main driving force for fluid secretion is the
active secretion of Cl− into the developing lungs. Therefore, Cl− channels are indispensable
for fetal lung development and morphogenesis (Folkesson et al., 1998; Olver et al., 2004; Bland
and Nielson, 1992). On the other hand, the adult lung is air-filled and maintains a “dry” state.
The apical surface is covered by a thin layer of alveolar surface fluid. This layer of fluid is
required for the proper air exchange and airway defenses. Cl− channels are also essential for
maintaining the composition and volume of the alveolar surface fluid (Brochiero et al.,
2004).
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Several Cl− channels have previously been studied in the lung. The cystic fibrosis
transmembrane conductance regulator (CFTR) (Harris et al., 1991), the voltage-gated Cl−
channels, ClC2 (Thiemann et al., 1992), ClC3 (Lamb et al., 2001), and ClC5 (Edmonds et al.,
2002), and Na+-K+-Cl− cotransporter (NKCC) (Rochelle et al., 2000) have been detected in
fetal lungs, distal airway epithelial cells and alveolar epithelial cells. Some of the channels
have been shown to be involved in fluid homeostasis in fetal and adult lungs (Brochiero et al.,
2004; Blaisdell et al., 2000; Fang et al., 2002). These Cl− channels appear in early gestation
and are expressed relatively high throughout the fetal stage, but decrease at late gestation and
remain low during adult stages (Harris et al., 1991; Murray et al., 1996; Lamb et al., 2001;
Murray et al., 1995). The Cl− channels may participate in fluid secretion in fetal lungs since
the lung undergoes a change from fluid secretion to absorption at birth. However, CFTR and
NKCC knock-out mice were not fatal (Gillie et al., 2001; Snouwaert et al., 1992). In these
mice, other Cl− channels may compensate for those channels.

Ionotropic γ-aminobutyric acid (GABA) receptors are the most important Cl− channels in the
central nervous system (CNS), and their expression has also been found in peripheral organs.
These receptors mediate a fast inhibitory neurotransmission in the CNS but their functions in
peripheral organs have not been extensively studied (Akinci and Schofield, 1999). Ionotropic
GABA receptors can be categorized into GABAA and GABAC receptors based on their subunit
compositions and pharmacological properties (Bormann, 2000). Nineteen GABA receptor
subunits have been cloned from rats, which include α1–6, β1–3, γ1–3, ρ1–3, δ, θ, ε, and π
(Whiting et al., 1999). We have recently identified the GABAA receptor π subunit as a novel
alveolar epithelial type II cell marker (Chen et al., 2004b). We have also detected the α1, α3,
β2, γ2, and γ3 subunits in adult type II cells (Jin et al., 2005). Furthermore, we have provided
evidence that GABA receptors contribute to fluid balance in adult lungs (Jin et al., 2006).

A functional GABAA or GABAC receptor requires five subunits (Whiting et al., 1999). While
GABAA receptors are assembled from at least 3 different subfamilies of subunits, GABAC
receptors can be formed from only the ρ subunit family. The most common combination of a
GABAA receptor is αβγ, in which α and β subunits appear to be essential and the γ subunit can
be replaced by other subunits (Sieghart et al., 1999). In addition to those common subunits,
“rare” subunits such as θ, ε, δ and π can assemble with αβγ (Sieghart and Sperk, 2002; Sieghart
et al., 1999). For example, the π subunit was found to assemble with α1β3γ2 or α5β3γ3 in the
co-transfected cell lines (Hedblom and Kirkness, 1997; Neelands and Macdonald, 1999).

In this study, we investigated the developmental regulation of all the ionotropic GABA receptor
subunits in the lung and pulmonary epithelial cells. This is the first study on the dynamic
changes of GABA receptor subunits in developing lungs.

1.2 Quantification of the mRNA levels of GABA receptor subunits in fetal rat lungs and
pulmonary epithelial cells

By using real-time PCR, we determined the mRNA abundance of 19 GABA receptor subunits
(α1–6, β1–3, γ1–3, δ, θ, ε, π, and ρ1–3) in fetal lungs and fetal pulmonary epithelial cells on
gestational day 18 (D18), which was selected to represent the late pseudoglandular stage of
fetal lung development. Brain tissue from adult rats was used as a positive control and contained
more than 50 copies per 108 copies of 18S rRNA for all the subunits (Fig. 1). The α1 subunit
had the highest expression in brain compared with other subunits (>105 copies per 108 copies
of 18S rRNA). Brain contained 104~105 copies per 108 copies of 18S rRNA of α2–6, β1–3,
γ1–3, δ, ε, ρ1 and ρ3 subunits. In the lung, α5, α6, ε, π, ρ1 and ρ3 subunits had >100 copies
per 108 copies of 18S rRNA. The copy numbers for α1, α2, α3, α4, β2, γ3, and ρ2 subunits in
the lung were 10–100 copies per 108 copies of 18S rRNA. In pulmonary epithelial cells, α1,
α3, α4, β2, π, and ρ1–3 subunits had >100 copies per 108 copies of 18S rRNA. Some of those
subunits (α1, α3, α4, β2, and π) appear to be enriched in pulmonary epithelial cells in
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comparison with lung tissue. As a whole, the mRNA levels of GABA receptor subunits in the
lung and pulmonary epithelial cells were much lower than that in the brain, especially for α,
β, and γ subunit families. However, π, ρ1, ρ2 and ρ3 subunits had a similar or higher abundance
of mRNA in lungs in comparison with that in brains (Fig. 1).

1.3 Developmental alteration of GABA receptor mRNA in rat lungs
The 17 subunits expressed in the lung can be classified into 4 groups based on the similarity
of changes in expression during lung development (Fig. 2A–D). Group 1 was composed of 6
subunits (α2, α5, α6, γ3, β1, and ρ3). The genes in this group exhibited a decreasing trend from
D18 to adult. These subunits had significantly lower mRNA expression in adult lungs in
comparison with the fetal or newborn lungs (Fig. 2A). Group 2 had 5 subunits (α3, γ1, γ2, θ,
and ρ1). The mRNA expression in this group was relatively steady from fetal to adult lungs,
but was slightly up-regulated at birth (Fig. 2B). Group 3 included 3 subunits (α1, β2, and π).
The genes in this group showed an increasing trend from fetal D18 to adult (Fig. 2C). Group
4 was composed of 3 subunits (α4, ε, and ρ2). The genes in this group exhibited irregular
fluctuation and had no significant difference among all the time points (Fig. 2D).

1.4 Developmental changes of GABA receptor protein during lung development
We further determined the changes in protein levels of GABA receptor subunits during lung
development. We chose one subunit in each group as a representative. Whole lung tissue was
run on SDS-PAGE, and Western blot was performed using specific antibodies. As shown in
Fig. 3, the protein level of the β1 subunit in Group 1 was high at D16 and D19 and declined
after D21. The γ2 subunit (Group 2) protein levels were the same at D16, D19 and D21, and
then dropped after birth. On the other hand, the π subunit (Group 3) protein level was the highest
in the adult lungs. Finally, the α4 subunit (Group 4) expressed the greatest amount of protein
at D16, followed by a gradual decline in expression. The equal protein loading was confirmed
by using anti-β-actin antibodies (Fig. 3).

1.5 Cellular localization of GABA receptors in fetal lung tissue
Using immunostaining, we analyzed the location of GABA receptors in D20 and new born
(NB) lung tissues. The π subunit showed positive staining primarily in the airway epithelial
cells in both D20 and NB lung tissues in particular at D20 (Fig. 4A insert). The π subunit also
co-localized partially with SP-C, an alveolar type II cell marker (Fig. 4B). The β1 subunit had
a similar staining pattern as that of the π subunit. The γ2 subunit appeared to be mainly present
in the large airway epithelial cells. However, the α4 subunit exhibited a diffuse staining pattern,
showing signals in epithelial cells and mesenchymal cells. The negative controls with omitted
primary antibodies (data not shown) or with π subunit blocking peptide did not show positive
signals (Fig. 4C).

1.6 Developmental alteration of GABA receptor mRNA in pulmonary epithelial cells
With the realization of the potential importance of pulmonary epithelial cells in fluid transport
of fetal lungs, we further determined the mRNA abundance of GABA receptor subunits in rat
pulmonary epithelial cells during fetal lung development. Similar to the fetal lung tissue, we
clustered the GABA receptor subunits based on their mRNA expression patterns (Fig. 5). They
can also be grouped into 4 groups based on their relative mRNA expression patterns. Group 1
contained 9 subunits, α1, α2, α4, β1, β2, γ1, θ, ρ1 and ρ3. All of them had a peak expression
at birth. The representative gene in Group 1 was subunit ρ3. Its mRNA level in newborn rat
pulmonary epithelial cells was 6-fold higher than that in D18 and was significantly higher than
all the other time points (Fig. 5A). Group 2 included α3, ε, π and ρ2 subunits (Fig. 5B). Those
genes either kept a relative stable expression or showed an increasing trend during
development. The representative gene in this cluster was the π subunit. Its mRNA levels in
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new born and adult were significantly higher than those of D18 and D19. Group 3 was
composed from γ2 and γ3 subunits. Both genes showed a relative low expression on D20 and
D21 in comparison with D18 and adult (Fig. 5C). The α5 and α6 subunits constituted Group
4, where both genes had a lower expression in adult pulmonary epithelial cells than in all other
time periods (Fig. 5D).

1.7 Summary and further discussion
In the current study, we used real-time PCR, Western blot and immunohistochemtry to
demonstrate that multiple ionotropic GABA receptor subunits are expressed in fetal rat lungs
and pulmonary epithelial cells. The expression of those subunits is developmentally regulated
in the lungs and pulmonary epithelial cells.

Essentially, all the GABA receptor subunits were expressed in the brain. The heterogeneous
GABA receptors may reflect the complexity in controlling nervous network. Many of the
receptors were also expressed in the fetal lung. Some of them were enriched in pulmonary
epithelial cells, but others were expressed higher in the lung tissue than in pulmonary epithelial
cells, indicating that GABA receptors may also be present in other lung cells rather than
pulmonary epithelial cells. Subunits α3, α4, β1, γ1, γ2, θ and π in fetal pulmonary epithelial
cells may also constitute functional receptors in these cells because their expression was higher
in fetal pulmonary epithelial cells than in the fetal lung (Fig. 1). The GABA receptor ρ subunits
in fetal pulmonary epithelial cells were more abundant than in brain. They could constitute the
GABAC receptors, which could be homo-or hetero-pentameric. The ρ subunit family is also
highly expressed in the retina (Enz et al., 1995). Functional GABAC receptors were also found
in several hormone secretory organs, such as the pancreas and the pituitary glands (Gamel-
Didelon et al., 2003;Jansen et al., 2000). Therefore, the necessary subunits needed to assemble
a functional GABAA or GABAC receptor are present in fetal pulmonary epithelial cells.

The expression patterns of GABA receptors during fetal lung development are much more
complicated than the channels encoded by a single gene because they are composed of multiple
subunits and each subunit has multiple isoforms. Similar to CFTR and ClC in the developing
lungs (Brochiero et al., 2004; Blaisdell et al., 2000; Harris et al., 1991; Murray et al., 1996;
Lamb et al., 2001; Murray et al., 1995), the mRNA of some GABA receptor subunits (Group
1, Fig. 2A) were relatively high in mid-gestation, but decreased in late gestation and remained
low in adult. Interestingly, some of those subunits, such as α2 and α5, were also less abundant
in the adult brain than in the fetal brain (Poulter et al., 1992). Some subunits in the lung from
Groups 2, 3 and 4 were constitutively expressed or only slightly fluctuated from mid-gestation
to adult (Fig. 2B–D). This demonstrates that these subunits are ontogeny-“conserved” in the
lung. Many of these subunits, including α3, α4, β2, and γ2, were also more developmentally
“conserved” than other subunits in the brain (Huang and Dillon, 2002; Poulter et al., 1992).
These subunits may be the basic components for forming functional GABA receptors in both
embryonic and postnatal brains and lungs. The ρ1–3 subunits were only detected in the
postnatal brain and their expression was up-regulated one week after birth. This is consistent
with the results from the visual system (Alakuijala et al., 2005; Young and Cepko, 2004). In
the lung, ρ1 subunit mRNA was up-regulated at gestational day 19 and at birth (Fig. 2B). The
other two ρ subunits had a different expression pattern than that of the ρ1 subunit.

We also determined the protein levels of selected GABA receptor subunits during lung
development. When the developmental trend in expression level was compared, π and β1
subunits had a better correlation between protein and mRNA than α4 and γ2 subunits. A large
scale of comparison showed that mRNA and protein expression was not always correlated
(Gygi et al., 1999).
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The expression patterns of GABA receptor subunits in pulmonary epithelial cells displays a
“clearer” pattern than those in whole lung tissue probably because of the heterogeneous nature
of the lungs, which contains more than 40 types of cells. The most obvious expression
characteristics for many of the subunits are that their mRNAs are relatively unchanged during
fetal stages, but markedly up-regulated at birth (Group 1, Fig. 5A).

2. EXPERIMENTAL PROCEDURES
2.1 Materials

Pregnant Sprague-Dawley (S.D.) and adult male rats were purchased from Charles River
Breeding Laboratories (Wilmington, MA). The Oklahoma State University Animal Use and
Care Committee approved all the animal protocols used in this study. Nylon meshes (160-,
37-, and 15-µm) were purchased from Tetko (Elmsford, NY). Minimum essential medium
(MEM), trypsin, collagenase V, DNase I, rat IgG were from Sigma-Aldrich (St Louis, MO).
M-MLV reverse transcriptase was from Invitrogen (Calsbad, CA). Polyclonal goat anti-GABA
receptor π subunit was from Santa Cruz Biotechnology (sc-17714, Santa Cruz, CA). Polyclonal
rabbit antibodies against GABA receptor β1 and γ2 subunits were from Abcam (ab16703 and
ab4073, Cambridge, MA), respectively. Polyclonal rabbit GABA receptor α4-subunit
antibodies were from Abcam (ab4120) or Covance (PRB-549P, Berkeley, CA). Monoclonal
anti-rat leukocyte common antigen antibodies (anti-LC) were from Accurate (Westbury, NY).
Polyclonal anti-rat T1 α antibody was raised in rabbits by Custom Service of Affinity Bio-
reagents (Golden, CO) and affinity-purified. HRP-conjugated goat anti-rabbit and donkey anti-
goat IgG were from BioRad (Hercules, CA) and Jackson ImmunoResearch Lab (West Grove,
PA). Goat anti-rabbit IgG BioMag® beads were from QIAGEN (Valencia, CA). Sheep anti-
rat IgG magnetic beads and goat anti-mouse IgG Dynabeads were from Dynal Biotech (Lake
Success, NY). Biotinylated horse anti-goat or anti-rabbit IgG and the ABC staining kit were
from Vector Labs (Burlingame, CA). TRI reagent was from Molecular Research Center
(Cincinnati, Ohio). DNA-free TM DNase was from Ambion (Austin, Texas). Random hexamer
primers were from Promega (Madison, WI). Primers for real-time PCR were synthesized by
MWG Biotech Inc. (High Point, NC).QuantiTech TM SYBR Green PCR master mix was from
QIAGEN (Foster city, CA). GENECLEAN Turbo for PCR was obtained from Qbiogene
(Carlsbad, CA).

2.2 Collection of fetal lung tissues and isolation of fetal pulmonary epithelial cells
Fetal lung tissue collection and pulmonary epithelial cell isolation were carried out as described
(Fraslon-Vanhulle et al., 1991). Briefly, fetal lungs were removed from pregnant S.D. rats at
gestational days 18, 19, 20 and 21. The fetal lungs of rats from the same mother were pooled
as one group. After removing the trachea, bronchi, thymus and hearts, 3–4 fetal lungs were
frozen in liquid nitrogen for RNA isolation; the other lungs were used for fetal pulmonary
epithelial cell isolation. The fetal lungs were chopped and digested with an enzyme solution
(1 mg/ml of collagenase V, 0.2 mg/ml of trypsin, and 20 µg/ml of DNAse I in MEM) for about
20 ~ 60 min until no tissue was left. The cell mixture was filtered sequentially through 160-
and two 37-µm nylon meshes. Thereafter, the cells were further purified by panning on a
bacterial culture plastic dish four times (40 min each time) at a density of 35 million cells per
100 mm dish for removing fibroblasts. Then a hypotonic solution (75 mM KCl) was applied
to the cell suspension for 2 ~ 5 min to remove red blood cells. The protocol for pulmonary
epithelial cells isolation from neonatal rats was the same as that for fetal lungs, except that
0.036 units/ml elastase was included in the digestion enzyme solution. The purity of the isolated
fetal pulmonary epithelial cells cells was 90 ~ 95% as determined by alkaline phosphatase
staining (Miller and Hook, 1990) and FITC-labeled Maclura pomifera agglutinin staining. The
viability was >90% as determined by Trypan blue exclusion.
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2.3 Isolation of highly pure adult type II cells
Highly pure type II cells were isolated from the lungs of adult male S.D. rats (180 ~ 200 g)
according to our recently improved methods (Chen et al., 2004a). The perfused lungs were
lavaged, digested with 3 units/ml elastase, chopped, and filtered through 160-, 37-, and two
15-µm nylon meshes. The cell mixture was panned twice on rat IgG-coated plates (40 min
each). The cell suspension was further incubated with 40 µg/ml of rat IgG at room temperature
for 15 min, and then sheep-anti-rat IgG magnetic beads (100 µl/rat) were applied to remove
macrophages. The cells were again incubated with anti-LC (40 µg/ml) and anti-rat T1 α (40
µg/ml), followed by incubation with goat anti-mouse Dynabeads (100 µl/rat) and goat anti-
rabbit IgG BioMag® beads (500 µl/rat) to remove leukocytes and type I cells. The purity of
the resulting type II cell preparation was 95 ~ 98%. The viability was >98%.

2.4 Absolute quantitative real-time PCR
Total RNA was extracted from tissue or cells with TRI reagents. Absolute quantitative real-
time PCR was performed as previously described (Jin et al., 2005). Briefly, the total RNA was
digested with DNase I to remove genomic DNA. Absence of DNA contamination in the total
RNA samples was verified by PCR, in which no PCR products were found from the
amplification of the non-reverse transcribed RNA with 18S rRNA primers for 40 cycles. The
integrity of the RNA was determined by running the RNA samples on a 1.2% agarose gel. The
intensities of the 28S rRNA bands were twice of those of the 18S rRNA bands. The total RNA
was reverse-transcribed into cDNA with M-MLV and random hexamer. The primers for real-
time PCR were the same as previously described (Jin et al., 2006). The standards used for
constructing the standard curves were amplified by traditional PCR and purified with
GENECLEAN Turbo. Real-time PCR was performed on an ABI 7700 system (Applied
Biosystems, Foster city, CA) using SYBR Green detection. The copy numbers of target genes
in cDNA samples were normalized with 18S rRNA and expressed as log values.

2.5 Western Blot
The fetal lung tissues were collected and stored at −80°C until use. The tissues were lysed with
the M-PER mammalian protein extraction reagent containing Halt Protease Inhibitor Cocktail
(Pierce) and homogenized on ice. The lysates were centrifuged at 2,500 g for 10 min. The
supernatants were then collected and the protein concentrations were determined using the
BioRad Dc protein assay. The protein samples were aliquoted and stored at −80°C. The proteins
were separated on SDS-PAGE and transferred to a nitrocellulose membrane. After being
blocked, the blots were incubated with antibodies against GABA receptor α4-, β1-, γ2-and π-
subunits (dilutions: 1:800, 1:800, 1:500 and 1:50, respectively) followed by incubation with
goat-anti rabbit or donkey anti-goat secondary antibodies (dilutions: 1:2000, 1:2000, 1:1000
and 1:1000, respectively). The blots were developed with enhanced chemiluminescence
reagents.

2.7 Immunohistochemistry
This was done as previously described (Weng et al., 2006). The D20 fetal lung tissue sections
were treated with 3% H2O2 for 10 min. After being washed, the slides were boiled in 20 mM
citrate buffer (pH 6.0) for 20 min and then permeabilized in 0.3% Trition X-100 for 10 min.
The fetal lung tissues were blocked with 10% horse serum for 30 min. Slides were then
incubated with antibodies against GABA receptor α4, β1, γ2 and π subunits (dilutions: 1:100,
1:100, 1:100 and 1:50, respectively) for 3 h at 37°C or overnight at 4°C inside a moisture
chamber, followed by incubation with biotinylated horse anti-rabbit or anti-goat secondary
antibodies (dilution: 1:100) for 45 min at 37°C, followed by incubation with the ABC reagents
for 30 min at room temperature. The slides were stained with DAB peroxidase substrate,
counterstained with hematoxylin QS solution and mounted with Permount solution.
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2.8 Statistics
The relative expression levels were expressed as ratios to D18 lungs/cells. Data were means ±
S.E. in all the graphs. Statistical analysis was performed using SigmaStat 3.2 by one-way
ANOVA, followed with the Least Significance Difference (LSD). Significance was taken when
P<0.05.
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Figure 1. Expression of GABA receptor subunits in fetal rat lungs and pulmonary epithelial cells
Total RNA was isolated from rat fetal lungs and pulmonary epithelial cells (PEC) at gestational
day 18 and reverse-transcribed into cDNA. The mRNA abundance of 19 ionotropic GABA
receptors was quantified by real-time PCR, normalized to 18S rRNA and expressed as log copy
number per 108 copies of 18S rRNA. The adult brain was used as a positive control. Data
shown are means ± SE (n ≥3 independent cell preparations).
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Figure 2. Developmental alteration of GABA receptor mRNA in rat lungs
Total RNA was isolated from fetal lungs at gestational day 18 (D18), day 19 (D19), day 20
(D20) and day 21 (D21), or from newborn rat lungs (NB) and adult rat lungs (AD). Total RNA
was reverse-transcribed into cDNA, mRNA levels of GABA receptor subunits were
determined with real-time PCR and the results expressed as log copy number per 108 copies
of 18S rRNA. Those subunits were classified into 4 groups according to their expression
patterns. Group 1, α2, α5, α6, β1, γ3 and ρ3 (A); Group 2, α3, γ1, γ2, θ and ρ1 (B); Group 3,
α1, β2 and π (C); Group 4, α4, ε and ρ2 (D). Data shown are means ± SE (n ≥ 3 independent
preparations).
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Figure 3. Protein expression levels of GABA receptors during lung development
Rat fetal lung tissues at gestational day 16 (D16), day 19 (D19), day 21 (D21) and lung tissues
from newborn (NB), postnatal day 6 (P6), day 14 (P14) and adult (AD) rats were separated on
SDS-PAGE. Each subunit (β1, γ2, π and α4) was detected with specific antibodies by Western
blot. β-actin was used as a loading control. The blots shown are one representative of two
independent preparations.
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Figure 4. Localization of GABA receptors in fetal lungs
(A) Fetal lung tissues at gestational day 20 (D20) or newborn lung (NB) tissues were stained
with anti-GABA receptor β1, γ2, π and α4 subunits antibodies. (B) Co-localization of π subunit
and SP-C (an alveolar type II cell marker). Two serial day 20 fetal lung sections were stained
with anti-π subunit and anti-SP-C antibodies. (C) Negative control. Anti-π subunit antibodies
were incubated with a blocking peptide (Pep) overnight before performing immunostaining on
D20 lung tissue.
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Figure 5. Developmental alteration of GABA receptor mRNA in pulmonary epithelial cells
Pulmonary epithelial cells were isolated from fetal rats at gestational day 18 (D18), day 19
(D19), day 20 (D20) and day 21 (D21), or from newborn rats (NB) and adult rats (AD). Total
RNA was extracted and reverse-transcribed into cDNA. The mRNA levels of GABA receptor
subunits were determined with real-time PCR and expressed as log copy number per 108 copies
of 18S rRNA. These subunits were classified into 4 groups according to their expression
patterns. Group 1, α1, α2, α4, β1, β2, γ1, θ, ρ1 and ρ3 (A); Group 2, α3, ε, π and ρ2 (B); Group
3, γ2 and γ3 (C); Group 4, α5 and α6 (D). Data shown are means ± SE (n ≥ 3 independent
preparations).
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