
©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 12 (2): 2156-2166 (2013)

Fast preparation of a polyclonal antibody 
against chicken protocadherin 1

Y.H. Li1*, X.H. Zhao1*, M. Li1, C.Q. Yang1, L. Wang2 and J.T. Lin1,3

1Henan Cultivating Key Laboratory of Heredity Disease and Targeted 
Molecular Drugs, School of Life Sciences and Technology,
Xinxiang Medical University, Xinxiang, Henan Province, China
2School of Basic Medical Sciences, Xinxiang Medical University,
Xinxiang, Henan Province, China
3Institute of Anatomy I, University of Jena School of Medicine,
Jena University Hospital, Jena, Germany

*These two authors contributed equally to this study.
Corresponding authors: J.T. Lin / Y.H. Li
E-mail: linjuntang2002@yahoo.co.uk / yonghaili@126.com

Genet. Mol. Res. 12 (2): 2156-2166 (2013)
Received January 14, 2013
Accepted May 12, 2013
Published June 28, 2013
DOI http://dx.doi.org/10.4238/2013.June.28.3

ABSTRACT. Protocadherins constitute a large family belonging to the 
cadherin superfamily; they function in various tissues of a wide variety of 
multicellular organisms. However, their functions and expression modes 
are still unknown in many of these species and tissues. We developed a 
fast and low-cost method to produce polyclonal antibody against chicken 
protocadherin 1 (Pcdh1) that could be used in assays for immunological 
assessment of protein expression levels of chicken Pcdh1. Primers 
were designed with DNAStar, using the nuclear sequence of pcdh1 as a 
template; the pcdh101 fragment was amplified, identified by sequencing 
and cloned into expression vectors pGEX-2TK and pET-32a, separately, 
resulting in 2 recombinant plasmids, pGEX-2TK-pcdh101 and pET-
32a-pcdh101. These were confirmed by double-enzyme digestion and 
sequencing. The recombinant expression vectors were transformed and 
expressed in Escherichia coli BL21. The recombinant oligopeptides 
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glutathione-S-transferase (GST)-Pcdh101 and (His)6-Pcdh101 fused 
with the carrier protein GST and (His)6 separately, and were purified. 
Rats were immunized by injecting the emulsified GST-Pcdh101 antigen 
subcutaneously into their hind footpads, followed by a booster injection 
after 2 weeks. One week after the booster, the sera were collected and 
examined for antibody titer by indirect ELISA. The optimal dilution of 
this antiserum was 1:300. The specificity of the antiserum was confirmed 
by Western blotting. This antiserum had good specificity and could be 
used to detect chicken Pcdh1 in Western blot analysis. This method 
allows production of specific rat polyclonal antisera for Western blots in 
less than 1 month at a relatively low cost. 
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INTRODUCTION

Protocadherins (Pcdhs) are a group of transmembrane proteins with homophilic binding 
activity, and they are the largest subgroup within the cadherin superfamily of calcium-dependent 
cell-cell adhesion molecules (Sano et al., 1993). More than 70 Pcdhs have been found in human and 
mouse, which are predominantly expressed in the central nervous system (CNS) (Vanhalst et al., 2005).

The Pcdh family can be largely divided into 2 groups based on their genomic structure: 
clustered Pcdhs, and nonclustered Pcdhs. Clustered Pcdhs consist of alpha-, beta- and gamma-
Pcdh, which are encoded by gene clusters on chromosome 5q31 in the human genome (Hirayama 
and Yagi, 2006; Yagi, 2008). As with other Pcdhs that do not have a specific clustered genome 
locus, we shall collectively refer to them here as nonclustered Pcdhs. Nonclustered Pcdhs can 
be divided into delta-Pcdh and other delta-Pcdh. Redies et al. (2005) confirmed and named the 
delta-Pcdh subfamily in 2005. Members of the delta-Pcdh subfamily can be further divided 
into 2 subgroups, delta1-Pcdh and delta2-Pcdh, on the basis of overall homology, number of 
EC repeats, and conservation of specific amino acid motifs in cytoplasmic domains. Nine Pcdhs 
have been classified from existing research: Pcdh1, 7, 9, and 11 (X/Y) in the delta1 subgroup, 
and Pcdh8, 10, 17, 18, and 19 in the delta2 subgroup (Vanhalst et al., 2005; Redies et al., 
2005). Pcdh1 (previously called protocadherin-42) was one of the first Pcdhs identified by 
reverse transcription-polymerase chain reaction (RT-PCR) with degenerate cadherin primers 
by Shintaro Suzuki’s group (Sano et al., 1993). In transfected cells, it localizes to cell-cell 
junctions and mediates weak homophilic cell-cell adhesion (Sano et al., 1993; Yamagata et al., 
1999). In the rat, Pcdh1 is strongly expressed in the brain (Sano et al., 1993). Its expression was 
also found in endothelial cells of adult mouse lung (Hirano et al., 1999).

Delta-Pcdh mainly mediate cell-cell adhesion and participate in transmembrane signal 
transduction (Redies et al., 2005). Members of the delta1-Pcdh subgroup appear to exercise 
tightly regulated functions in the development, regionalization, and functional differentiation 
of the mouse brain (Vanhalst et al., 2005). In particular, in vitro adhesive activity has been 
demonstrated for Pcdh1 (Sano et al., 1993), 7 (Yoshida, 2003), 8 (Obata et al., 1995), and 
10 (Favre et al., 2003). Moreover, by preferring homo- over heterophilic interactions, some 
delta-Pcdh are able to mediate cell sorting in cell culture [e.g., Pcdh1 (Sano et al., 1993) and 
10 (Favre et al., 2003] and can do this in vivo as well.
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Studies on delta-Pcdh have increased in recent years. Some mutations of pcdh genes 
have been linked to human disease. Abnormalities in delta-pcdhs genes may be responsible for 
the pathogenesis of several neurological disorders and carcinogenesis. For instance, Koppel-
man et al. (2009) found that pcdh1 was a susceptibility gene for bronchial hyperresponsive-
ness, and Koning et al. (2012) found that pcdh1 was a novel susceptibility gene for asthma that 
is expressed in airway epithelium. Philibert et al. (2012) found that the deficiency of pcdh12 
led to modifications in the structure and function of arteries. In particular, several lines of evi-
dence indicate that the dysfunction of delta-Pcdhs is associated with some cognitive dysfunc-
tion. The homozygous deletion within a protocadherin cluster proximal to pcdh10, which is 
between the pcdh10 and pcdh18 loci on 4q28.3, has been shown to be significantly associated 
with the pathophysiology of cognitive impairment (Morrow et al., 2008). Pcdh17 has been 
shown to play a part in the pathogenesis of schizophrenia (Dean et al., 2007).

It would be interesting to study expression of pcdh1 in chicken brain further. The 
establishment of an appropriate assay for Pcdh1 protein level is an indispensable step. Pro-
tein levels are measured indirectly. Indirect methods include immunohistochemistry, semi-
quantitative PCR (Lin et al., 2010), Western blotting, and ELISA (Zhao et al., 2012). Due to 
the complexity of protein composition in chicken embryo, it is difficult to isolate Pcdh1, so 
indirect detection is more applicable. Therefore, it was necessary to produce an antibody.

MATERIAL AND METHODS

Animals

Ten-week-old female Wistar rats (provided by the animal center of Xinxiang Medical Uni-
versity) were used for immunization. They were maintained under 12-h light/12-h dark laboratory 
conditions with free access to standard food and water. Each stage of chicken embryos [E4 (4 days 
of incubation), E4.5, E5.5, E6.5, E7.5, E8.5, E9, E10, E11.5, E12, E13] were provided by the labo-
ratory of Dr. Juntang Lin. All procedures were performed in accordance with the Guidelines for the 
Care and Use of Laboratory Animals by the Ethics Committee of Xinxiang Medical University.

Preparation of antigens

The transmembrane domain of pcdh1 (NCBI Reference Sequence: NM_001045827.1) 
was analyzed with the Globplot2.3 software. Primers were designed with the DNAStar 
software. The fragment was selected in the extracellular domains, designated as 
pcdh101. pcdh101 was derived from nucleotide position 97-612 bp in the ORF. The 
primers for pcdh101 were: P1 5ꞌ-TCCTGCCTGGCCCTGTGGTTCCTCT-3ꞌ and P2 
5ꞌ-CTCGGGGCCAGCCAGCAGTTCATA-3ꞌ. Restriction sites for BamHI and EcoRI were 
separately introduced into 5 terminals of the primers. Total RNA from chicken embryonic 
brains (E7) was extracted using TRIzol reagent according to manufacturer instructions (Bio 
Basic Inc., Canada) and cDNA was amplified by RT-PCR following the user manual of the 
Fermentas RevertAid First Strand Synthesis Kit. Standard PCR for pcdh101 amplification was 
performed at 95°C for 15 min for pre-denaturation, followed by 30 cycles of amplification 
(denaturation at 94°C for 45 s, annealing at 65°C for 45 s, and extension at 72°C for 45 s) and 
a final extension at 72°C for 5 min. The PCR product was analyzed on 0.8% agarose gels.
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The amplified target sequence was purified and cloned into pGEM-T Easy vector. The 
recombinant vector was introduced into Escherichia coli JM109 and identified by sequenc-
ing. The fragment was obtained by digesting the recombinant vector with BamHI and EcoRI 
and cloned into pGEX-2TK at the BamHI and EcoRI restriction enzyme sites. Recombinant 
colonies were analyzed by PCR and identified by double-enzyme digestion and sequencing. 

The constructed vector was then introduced into the E. coli BL21 and a transformed 
colony was picked up and grown in LB containing ampicillin medium up to an optical density 
of 0.5 (OD600 nm) at 37°C. Expression of the recombinant oligopeptide fused with the carrier 
protein GST (glutathione S-transferase) was induced by adding 0.1 mM isopropyl-1-thio-D-
galactopyranoside to the medium, and the bacteria were further incubated for 6 h at 21°C. The 
bacteria were collected and disrupted with ultrasound in PBS (phosphate-buffered saline, pH 
7.5) under low-temperature conditions, and the supernatant was collected from the lysate at 
12,000 rpm for 10 min. The supernatant containing the soluble recombinant GST-fused oligo-
peptide (subsequently called the recombinant protein) for Pcdh101 was incubated with Gluta-
thione Sepharose 4B (GE Healthcare) at 4°C for about 2 h. The complex of the recombinant 
protein and Glutathione Sepharose 4B was washed with PBS for 1 h. Afterwards, the recom-
binant protein was eluted with 10 mM reduced glutathione in 50 mM Tris-HCl, pH 8.0,  for 2 
h. The purity and molecular weight of the recombinant protein was estimated by 12% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), but the concentration was 
detected by the Bradford method with a micro-spectrophotometer (Thermo) at A595 nm. The puri-
fied protein was dried in a freeze-dryer (Christ Corp.).

Immunization of rats and production of polyclonal antibodies 

The immunization of the rats was performed as described elsewhere (Wakayama et 
al., 2006). Female Wistar rats were anesthetized with sodium pentobarbital (75 mg/kg body 
weight) by intraperitoneal injection, and 100 μL peripheral blood was drawn from the tail 
vein for preparation of preimmune serum. Three rats were immunized with the same antigen. 
Each rat was injected subcutaneously in the hind footpads with 200 μL emulsion containing 
200 μg recombinant protein as antigen in physiological saline mixed with Freund’s complete 
adjuvant (Sigma) at 1:1 (v/v). After 2 weeks, the animals were boosted with the same amount 
of antigen emulsified with Freund’s complete adjuvant. Another week after the booster, the 
animals were sacrificed by deep anesthesia with anhydrous ether, and whole blood was col-
lected through the femoral vein. The antiserum was separated by letting the blood stand for 
30 min at 37°C (with absolutely no shaking), followed by centrifugation at 2000 rpm for 
20 min. The antiserum was supplemented with 0.05% sodium azide, equally aliquoted into 
tubes, and stored at -80°C.

Indirect ELISA analysis

Negative control, positive control, and experimental groups were established in 
ELISA analysis. (His)6-101-purified protein was used as antigen in the negative control 
group, and in which preimmune serum was used as primary antibody. GST and (His)6-101 
proteins were used as antigens in positive control and experimental groups, respectively, 
and in which rat-anti GST-Pcdh101 was used as primary antibody. Each group had a blank 
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control without primary antibody. The (His)6-Pcdh101 and GST proteins were diluted with 
coating buffer to final concentrations of 5, 10, and 15 μg/mL, which were used to coat 
ELISA plate at 4°C overnight. Preimmune serum and antiserum were diluted 1:300, 1:500, 
1:1000, 1:3000, and 1:5000. The antigens were incubated with primary antibody at 37°C for 
2-3 h. After washing, they were further incubated with horseradish peroxidase-labeled goat 
anti-rat IgG antibody (ZSGB-BIO) at a 1:5000 dilution, at 37°C, for 1 h. Color was devel-
oped with TMB, and the reaction was stopped by the addition of 2 M H2SO4. Absorbance 
was measured at 450 nm with an ELISA reader (Thermo, Germany) for experimental group 
(E), negative control (N), blank control (B), and positive control (P). The antiserum titer was 
defined as (E - B) / (N - B) greater than 2.1. 

Western blot analysis

The homogenate sample of brain (E6.5, E7.5, E8.5) and spinal cord (E6.5) tissues 
from chicken embryo and purified GST-101 and (His)6-101 (purified with Ni-NTA Sefinose 
resin at 37°C by adding 1 mM isopropyl-1-thio-D-galactopyranoside) and the total protein of 
(His)6-1701 containing 30 μg protein were subjected to SDS-PAGE followed by transfer to 
polyvinylidene fluoride membrane (Millipore Corp., USA). The blots were incubated with 
rat anti-chicken GST-101 antiserum at 1:500 dilution at 4°C overnight. After washing, the 
blots were further incubated with horseradish peroxidase-labeled goat anti-rat IgG antibody 
(ZSGB-BIO) at a 1:5000 dilution, at room temperature, for 1 h. The immunoreaction was de-
tected with X-ray film (Kodak) after treatment of the blots with the chemiluminescent reagent 
ECL-plus (Thermo, Germany).

Semi-quantitative PCR

Total RNA of different stages (E4, E4.5, E5.5, E6.5, E7.5, E9, E10, E11.5, E12, E13) 
from chicken embryonic brains was isolated using TRIzol reagent. RT-PCR was carried out 
to amplify the cDNA of each stage following the user manual of the Fermentas RevertAid 
First Strand Synthesis Kit. To investigate mRNA expression of the pcdh1, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as an internal control to monitor the amount 
of RNA. The forward primer for GAPDH was 5ꞌ-GGGCTCATCTGAAGGGTGGTGCTA-3ꞌ 
and the reverse primer was 5ꞌ-GTGGGGGAGACAGAAGGGAACAGA-3ꞌ. The amplifica-
tion of GAPDH was performed at 95°C for 5 min for denaturation, followed by 30 cycles of 
amplification (denaturation for 45 s at 94°C, annealing for 45 s at 62°C, and extension for 1 
min at 72°C) and a final extension for 5 min at 72°C. The fragments of GAPDH and pcdh101 
were analyzed on 0.8% agarose gels.

RESULTS

Analysis of PCR product 

The PCR product amplified for the construction of expression vectors was analyzed 
by 0.8% agarose gel electrophoresis. A 516-bp specific fragment was amplified as shown in 
Figure 1A.
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Identification of the expression vectors constructed

The expression vectors pGEX-2TK-pcdh101 and pET-32a-pcdh101 were double-
digested with BamHI and EcoRI and analyzed by 0.8% agarose gel electrophoresis. The ex-
pected fragment, 516 bp, was digested from the expression vectors constructed separately as 
shown in Figure 1B. They were confirmed by subsequent sequencing. 

SDS-PAGE analysis of recombinant protein

The expressed recombinant protein was analyzed by SDS-PAGE. Bacterial cultures 
with the null vector pGEX-2TK had a 26-kDa protein band, whereas the culture with the re-
combinant GST-Pcdh101 expressed a 44.9-kDa band (Figure 2). These bands were consistent 
with expected sizes, indicating that the fusion proteins were successfully produced. These 
results also indicated that there was soluble protein in supernatant of the culture. The (His)6-
Pcdh101-fused protein (37.9 kDa) was expressed and purified using the same methods (Zhao 
XH and Li YH, unpublished results of our laboratory).

SDS-PAGE analysis of purified protein as antigens

The purified proteins were obtained after soluble proteins were absorbed with 
Glutathione Sepharose 4B and Ni-NTA Sefinose resin. The result shown on the SDS-PAGE 

Figure 1. Analysis of PCR amplification product of the 101 fragment and double-digestion pGEX-2TK-pcdh101 
and pET-32a-pcdh101 plasmids. A. Lane 1 = 101 fragment of Pcdh1; lane M = marker for DNA length. B. Lane 
1 = pGEX-2TK-pcdh101 recombinant plasmid; lane 2 = pGEX-2TK-pcdh101 digested with BamHI and EcoRI; 
lane 3 = target fragment of PCR amplification from pGEX-2TK-pcdh101 recombinant plasmid; lane 4 = pET-
32a-pcdh101 recombinant plasmid; lane 5 = pET32a-pcdh101 digested with BamHI and EcoRI; lane 6 = target 
fragment of PCR amplification from pET-32a-pcdh101 recombinant plasmid. Lane M = marker for DNA length.
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indicated that target protein GST-101 had a higher purity (Figure 3); the result of (His)6-
Pcdh101 was not given, but the purity was also high. The Mr 70,000 protein is probably a 
protein product of the E. coli gene dnak. This protein is involved in protein folding in E. coli. 
The other proteins were degradation products of GST-Pcdh101.

Figure 2. SDS-PAGE analysis of the recombinant GST-101-fused protein. Lane 1 = total protein of GST-Pcdh101 
without induction; lane 2 = total protein of GST-Pcdh101 induced by isopropyl-1-D-galactopyranoside (IPTG); 
lane 3 = deposit of GST-Pcdh101 without induction; lane 4 = deposit of GST-Pcdh101 induced by IPTG; lane 5 = 
supernatant of GST-Pcdh101 without induction; lane 6 = supernatant of GST-Pcdh101 induced by IPTG; lane M 
= for DNA length. 

Figure 3. SDS-PAGE analysis of the purified GST-101-fused protein. Lane 1 =  total protein of GST-Pcdh101 
without induction; lane 2 = total protein of GST-Pcdh101 induced by isopropyl-1-D-galactopyranoside (IPTG); 
lane 3 = deposit of GST-Pcdh101 induced by IPTG; lanes 4 and 5 = GST-Pcdh101 purified protein. Lane M = 
marker for protein molecular weight.
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Antibody titer analysis 

According to the ELISA results, it was evident that the optimal antigen coating con-
centration was 5 μg/mL, and the optimal dilution of the antiserum was 1:300. Under condi-
tions of optimal antigen coating concentration and optimal dilution of antiserum, the maximal 
(E - B) / (N - B) criterion of (His)6-Pcdh101 was greater than for GST, the same with the other 
2 antigen coating concentrations and antiserum dilutions. Thus, it was thought that the poly-
clonal antibody mainly aimed at the target fragment Pcdh101. Also, indirect ELISA test results 
indicated that the antibody was effective at more than 1:5000.

Antibody specificity analysis

On Western blot analysis, GST-Pcdh101 showed a single immunopositive band of 
about 45 kDa in size and (His)6-Pcdh101 about 38 kDa in size (Figure 4A). The Pcdh1 protein 
expressed in brain and spinal cord of chicken embryo is about 115 kDa, which was between 
95 and 130 kDa according to the results (Figure 4B).

Figure 4. Western blot analysis of antibody specificity. A. Lane 1 = purified His-1701-fused protein; lane 2 = 
purified His-101-fused protein; lane 3 = purified GST-101-fused protein. The positions of the molecular weight are 
indicated. B. Lane 1 = Pcdh1 expressed in spinal cord from chicken embryo (E6.5); lanes 2, 3, 4 = Pcdh1 expressed 
in brain from chicken embryos at E6.5, E7.5, E8.5, respectively.

Semi-quantitative PCR

GAPDH are used as an internal control; the same amount of cDNA amplifying 
GAPDH was used to amplify the pcdh101 in each stage. The result showed that the amount 
of pcdh101 expressed in the brain of chicken embryo was the most in E9 (Figure 5), and it 
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also explained that the amount of the full-length pcdh1 expressed in this stage was the most. 
From this result, we see that pcdh1 may be expressed from the beginning of development of 
the chicken embryo.

Figure 5. Semi-quantitative polymerase chain reaction analysis showing the amount of pcdh101 expressed at 
different stages of chicken embryonic development. E = days of incubation; GAPDH = glyceraldehyde-3-phosphate 
dehydrogenase.

DISCUSSION

Pcdhs are mainly expressed in the CNS, and since the role of Pcdh in neural synapses 
was discovered, studies on Pcdhs have increased, especially with regard to function. However, 
there are still many unknown mechanisms.

Now, studies on delta-Pcdh are focused on the expression analysis of a single or sev-
eral genes and their relationship with some diseases, but recent studies have not been con-
cerned with the following questions: 1) In the process of embryonic development, there is no 
systematic research on the expression patterns of the delta-Pcdh family in the CNS; 2) The 
similarities and differences in expression location and evolutionary relationship between spe-
cies; 3) The regulation mechanism of expression on delta-Pcdh; 4) Abnormal expression of 
delta-Pcdh can influence the formation and development of the CNS. If the above problems 
can be answered through basic research, the important basic material will be provided for 
further study of delta-Pcdh, and the foundation for experiment and theory can be established 
for the analysis of the relationship between delta-Pcdh and disease, and the guidance can be 
used for clinical diagnosis and treatment of the diseases associated with these genes. Thus, the 
preparation of a Pcdh polyclonal antibody is necessary for subsequent research.

This topic mainly uses chicken embryos and rats as experimental animals. Chicken 
embryo is one of the important experimental animal models in the research field of embryonic 
development and molecular biology. Compared with the other experimental animals, chicken 
embryo has many advantages, such as short development cycle, explicit genetic physiological 
background, simplicity, easily to obtain and handle, and so on (Bellairs and Osmond, 2005). 
Rats were used for producing the antibody in the laboratory in this case. It is generally thought 
that the greater the difference between the antigen and species used for immunizing animals, 
the better the immunogenicity. In addition, the age, weight and cost should also be considered. 
Also, the polyclonal antibody could not be prepared on a large scale in the laboratory, so we 
chose the rat as the immune animal.



2165

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 12 (2): 2156-2166 (2013)

Polyclonal antibody to protocadherin 1

In the process of GST-fused protein purification, some other protein could combine 
with resin (Glutathione Sepharose 4B) or target protein in disulfide bond forms. Protein bound 
to the target protein is also absorbed by the resin. Thus, non-target protein will be washed off 
when target protein is eluted. Therefore, to reduce the non-target protein, 5 mM DL-dithioth-
reitol was added to the binding buffer and elution buffer. DL-dithiothreitol is a reducing agent 
that can prevent the formation of disulfide bonds between proteins. Consequently, the content 
of non-target protein can be reduced. In E. coli, there is another protein (70 kDa) expressed 
by itself. This protein could not be removed totally from the purified protein, but this problem 
could be alleviated using a certain method. It has been reported that this association can be 
disrupted by incubating the tagged protein with 50 mM Tris-HCl, 2 mM ATP, 10 mM MgSO4, 
pH 7.4, for 10 min at 37°C prior to loading on Glutathione Sepharose 4B.

Because the GST tag could not be removed from the purified protein, the antibody 
could also have specificity for GST. In Western blot analysis, we considered that aliquots of 
the antisera for practical use were absorbed with GST-purified protein, but it was found that 
the specificity for GST could not be completely eliminated. As a result, to avoid interference 
of GST and to determine whether the antiserum showed specificity for the target protein, we 
used (His)6-101 in addition. In the antibody titer analysis, (His)6-tag fusion protein [(His)6-
101-purified protein] and GST-purified protein were used to coat ELISA plate. Thus, the inter-
ference of the GST-tag could be avoided, and the specificity of antibody for the target protein 
and the GST protein could also be achieved.

In antibody specificity analysis, we found that antiserum could react with Pcdh1 ex-
pressed in brain tissues of chicken embryos. To a certain extent, it was illustrated that the prepa-
ration of a polyclonal antibody was successful. Because there is higher homology between 
Pcdh, we also did the analysis of homology with (His)6-Pcdh17 fusion protein [(His)6-Pcdh17 
is used to avoid the interference of GST-tag]. It was found that the antibody could not react with 
(His)6-Pcdh17, which indicated that the antibody was not cross-reactive with Pcdh17. Because 
we could not do the analysis of homology with the other Pcdh, this result was not universal.
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