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ABSTRACT 

The goal of the current study is to prepare polyclonal 
antibody against bovine intestinal peptide transporter 
I (bPepTI) in order to develop assay for immunologi- 
cal assessment of protein levels. Antigenicity of the 
entire bPepTI was analyzed with DNAStar, and a 
fragment with high antigenicity (bPepTI ORF 1369 - 
1695) was selected, cloned in pGEX-6p-1 vector, re- 
sulting in a recombinant plasmid GST-BP, which ve- 
rified by double enzyme digestion and sequenced, the 
recombinant plasmid was introduced to BL21. Ex- 
ogenous expression was induced by IPTG and vali- 
dated by Western blot analysis. The recombinant 
protein was isolated, purified and used for production 
of antiserum in mice. The specificity of antiserum was 
evaluated with immunobloting and titer was esti- 
mated with ELISA. Results indicate that the antibody 
against bPepTI was produced. The optimal GST-BP 
antigen embedding concentration was 0.5 μg/ml. The 
optimal dilution was 1:400. An indirect ELISA assay 
indicates the effective dilution was 1:102400. 
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1. INTRODUCTION 

Evidence emerged since 1950s that animal intestine can 
directly absorb peptides of two or three amino acid resi- 
dues ([1-6]) cloned and analyzed a proton-coupled small 
peptide transporter called PepTI [6]. This transporter was 
mainly found in gut. Further studies showed that PepTI 
was specific to brush border of gastrointestinal absorp- 
tive cells [7]. To date, PepTI has been cloned from rats, 
canines, chickens, humans, rabbits, pigs, ovine and bo- 
vine.  

It has been found that certain mutations involving ma- 
lfunction of amino acid transporters result in amino acid 

deficiency (for example, tryptophan deficiency in Hart- 
nup disease patient), but the symptom can be ameliorated 
by supplement of dipeptide [8]. Therefore, absorption of 
small peptide in enterocytes has physiological values, 
although its nutritional value is unclear. Studies on amino 
acid flux in gastrointestinal blood stream showed no con- 
sistent results. In calves, for example, it has been shown 
that small peptides constituted 79% of total amino acid 
absorbed into portal vein in calves [9]. In sheep, however, 
no small peptide was found to be absorbed into portal 
vein [10]. Although differences in the results among 
these studies are attributable to species and diet, more 
important reason may be due to the inaccurate nature of 
the flux determination methods. It was clear that the 
standard errors in measurements of flux differences be- 
tween portal vein and arteries were huge. Differences 
among methods in protein preparation led to large dif- 
ferences in observed peptide absorption results [11-13]. 
The relationship between the level of transporter expres- 
sion and the amount of substrate supply may, to a certain 
extent, clarify the importance of small peptide absorption. 
Studies have shown that small peptides promoted PepTI 
capacity [14-16] and transporter mRNA levels [17,18]. 
These results supported the notion that small peptide 
absorption had nutritional values. However, it was com- 
mon for transporters to increase expression level when 
stimulated by their substrates. More convincing evidence 
may come from PepTI expression elevation seen in glu- 
cose transporter under the stimulation of substrate. Un- 
fortunately, no such studies were available to date. Also, 
changes in mRNA level may not be reflected in protein 
levels [19]. Studies on whether the substrate stimulates 
the transporter expression may provide further insight 
into small peptide uptake. 

It is of interest to study how substrate stimulates PepTI 
mRNA and protein express further. Establishment of an 
appropriate assay for PepTI protein level is an indispen- 
sible step. Protein levels are measured either directly or  
indirectly. Direct methods require the extraction and pu- 
rification of proteins directly from tissues. Indirect me- *Corresponding author. 
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thods include immunohistochemistry [20], Western blot 
[7], and ELISA. Indirect approaches require specific an- 
tibody. Due to the complexity of protein composition in 
intestinal mucosa, it is difficult to isolate PepTI. So indi- 
rect detection is more applicable. Therefore, it is neces- 
sary to prepare antibody. Currently, synthetic peptides 
have been used for human and mouse PepTI antibody 
preparation [21,22]. Here, we report the preparation of 
antibody against bovine PepTI using recombinant bPepTI 
expressed in prokaryote as antigen. 

2. MATERIALS AND METHODS 

2.1. Sample Preparation 

Healthy Limousin × Luxi hybrid calves were sacrificed 
in beef processing plant and rumen tissue samples were 
collected, washed in saline, and then placed on ice-cold 
glass plate. Rumen epithelial cells were peeled off and 
transferred to autoclaved 1.5 ml tubes, and frozen in liq-
uid nitrogen. The entire procedure from sacrifice to tis-
sue frozen did not exceed 1 h. The frozen tissues were 
transferred to lab and store at –70˚C. 

2.2. RT-PCR 

Total RNA was isolated with Trizol and evaluated with 
electrophoresis and A260/A280 ratio. Total RNA showed 
three clear bands in gel. The A260/A280 ratio was be- 
tween 1.8 and 2.0. These datas indicate the good quality 
of total RNA. The structure of bPepTI was analyzed with 
DNA star software. A segment (designated as BP, derived 
from nucleotide position 1369 - 1695 bp in the ORF) of 
high antigenicity was selected and amplified following 
the manual of Takara RNA PCR kit Ver 3.0. The primers 
were: P1 5’CGCGGATCCCATCGCCATACCCTTCTC- 
GTC-3’, and P2 5’-CCGCTCGAGGGGGCAACCGT 
TCACTCTTTC-3’. Restriction sites for BamHI and XhoI 
were separately introduced into the primers. PCR ther- 
mal cycles was consisted of pre-denature at 94˚C for 2 
min, 30 cycles of amplification (94˚C 30 s, 61.7˚C 30 s, 
72˚C 30 s) and a final extension at 72˚C for 2 min. 

2.3. Construction and Expression of 
Recombinant Vector 

Construction of prokaryotic expression vector GST-BP. 
The amplified target sequence was purified, cloned in 
pMD18-T vector. The vector was propagated in host cell 
DH5α. Then, the target fragment was transferred to ex- 
pression vector pGEX-6p-1 after both vectors were dou- 
ble digested with BamHI and XhoI. Recombinant colo- 
nies were analyzed with PCR, double digestion and se- 
quencing, which confirmed that the target sequence was  
correctly inserted in the vector. 

Expression and characterization of the recombinant 

plasmid. The positive plasmid was used to transform host 
BL21. BL21 is one kind of E.coli bacterial cells. Positive 
transformant was propagated and induced for 6 h with 
IPTG at a final concentration 0.1 mM. The resulting cul- 
ture was disrupted with lysis buffer, lysozyme and ultra- 
sound, examined with SDS-PAGE. The solubility of the 
expression product was examined. The insoluble portion 
(inclusion body) was dissolved with urea for further ana- 
lysis. The soluble portion was analyzed directly. 

Western blot analysis of the target peptide. Membrane 
was blocked with 5% skim milk at 4˚C overnight, incu- 
bated with mouse anti-GST monoclonal antibody for 2 h, 
and then with HRP-conjugated goat-anti-mouse IgG for 
1 h. Finally, color was developed by incubation with 
DAB for 5 - 30 min, and color development was termi- 
nated with distilled water. 

2.4. Polyclonal Antibody Preparation and 
Characterization 

Immunization. The target protein was isolated with SDS- 
PAGE, negatively stained with pre-chilled KCL (0.25 M) 
and the target band (white) was collected, freeze-dried, 
and grinded. The powder was mixed with 1 × PBS of 
equal volume. The preparation was injected under skin of 
abdomen and back of mice (100 µg/mouse). Immuniza- 
tion was boosted every two weeks for three times. The 
negative control mice were injected with saline. 

Antiserum collection. One week after the third boost, 
blood was collected from caudal vein, settled for 1 h at 
37˚C and transferred to 4˚C overnight. Serum was sepa- 
rated by centrifugation at 4000 rpm for 10 min, stored at 
–20˚C until use.  

Antibody specificity analysis. The constructed vector 
pET-32a-BP (His-BP, for short) was expressed in BL21 
(DE3), which is one kind of E.coli bacterial cells. The re- 
combinant protein was verified with mouse anti-His tag 
monoclonal antibody. After verification, the recombinant 
protein was used for antiserum verification. Specificity 
of the antibody was analyzed with Western blot, GST-BP 
fusion protein, GST vector protein, and His-BP fusion 
protein as antigens. The antiserum was used as the pri- 
mary antibody.  

Antibody titer analysis. The soluble GST-BP fusion 
protein was used as antigen, and diluted with embedding 
buffer to final concentrations of 8, 2, 0.5, 0.1 and 0.02 
µg/mL. Antiserum and negative serum were diluted to 
1:100, 1:200, 1: 400, 1:800, 1:1600. Color was deve- 
loped with TMB, and stopped by addition of 2 M H2SO4. 
Absorbance was measured at 450 nm with ELISA reader. 
And the optimal antigen embedding concentration and 
optimal antibody dilution were determined [23]. 

Antigen was embedded at the optimal concentration. 
Antiserum and control serum were diluted to 1:400, 1: 
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1600, 1:6400, 1:25600, 1:102400, 1:409600 and 1: 
1638400. Optical density was measured at 450 nm with 
ELISA reader for sample (P), negative control (N), blank 
control (B). The titer of antiserum was defined as the 
ratio of (P – B)/(N – B) greater than 2.1. 

3. RESULTS 

3.1. Amplification of BP Fragment from bPepTI 

Sequencing of the amplified product showed that the 
insert was the target fragment (BP fragment) of 327 bp 
(Figure 1). Compared with GenBank record (accession 
BC140526), the amplified BP fragment had three base 
pair changes: 99 (T-C), 252 (A-G), and 265 (C-T). The 
first two changes were synonymous and the last change 
was non-synonymous (Pro89Ser). 

3.2. Construction of Prokaryotic Expression 
Vector 

The BP fragment was cloned in pre-defined orientation 
into pGEX-6p-1 vector. The recombinant plasmids GST- 
BP and His-BP were double-digested with BamHI and 
XhoI, resulting in a fragment between 250 and 500 bp in 
size, which was the expected (Figures 2, 3). These re-
sults indicate that the right plasmids were obtained. 

3.3. Detection of Recombinant Protein 

3.3.1. SDS-PAGE Analysis of Recombinant Protein 
Figure 4 showed the expressed recombinant protein in 
SDS-PAGE gel. Bacterial culture with the null vector 
pGEX-6p-1 had a 26 kDa band, whereas the culture with 
the recombinant GST-BP expressed a 38.1 kDa band. 
The bacterial culture with empty vector pET-32a showed 
a 18.7 kDa band, whereas the one with His-BP produced 
a 31 kDa band. These bands were consistent with ex- 
pected sizes, indicating that the fusion proteins were 
 

 

Figure 1. Target fragment. 

 

Figure 2. Product of double digested GST-BP. 1. 
GST-BP digested with BamHI and XhoI; 2. pGEX- 
6p-1 digested with BamHI and XhoI; 3. GST-BP 
recombinant plasmid; 4. pGEX-6p-1 plasmid. 

 

 

Figure 3. Product of double digested His- 
BP. 1. pET 32a GST-BP digested with Bam- 
HI and XhoI; 2. His-BP digested with Bam- 
HI and XhoI. 

 

 

Figure 4. Recombinant protein analysis. 1. Bacteria BL21/ 
GST-BP induced by IPTG; 2. Bacteria BL21/GST-BP without 
induction; 3. Bacteria BL21/pGEX-6p-1 induced by IPTG; 4. Ba- 
cteria BL21(DE3)/His-BP induced by IPTG; 5. Bacteria BL21 
(DE3)/His-BP without induction; 6. Bacteria BL21 (DE3)/pET- 
32a induced by IPTG. 
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successfully produced. The fusion proteins were 47.3% 
and 29.3% of the total bacterial proteins, as indicated by 
analysis with BandScan 5.0 software. These levels of 
expression were of high efficient. 

3.3.2. Solubility of Recombinant Proteins 
Recombinant bacteria were disrupted with ultrasound, 
and then centrifuged. The supernatant and pellet were 
analyzed with electrophoresis (Figure 5). Results showed 
that recombinant proteins were mainly in the pellet as 
inclusion body. 

3.3.3. Western Blot Analysis of Recombinant Proteins 
The results of Western blot analysis were shown in Fig- 
ures 6, 7. Bacterial culture with GST-PB plasmid showed 
a specific band of about 30 - 40 KDa when detected with 
anti-GST antibody. Similarly, bacterial culture with His- 
BP showed a specific band of 30 KDa when detected 
with Anti-His antibody. These results indicate that the 
targeted fragment was expressed. 

3.4. Antibody Specificity 

GST-BP and His-BP fusion proteins as antigen, Western 
blot analysis using antiserum prepared in this study 
showed a 38.1 KDa and a 31 KDa band, respectively 
(Figure 8), suggesting that specific polyclonal antibody 
against target BP fragment and GST tag was produced. 

3.5. Titer Analysis 

The titer of the antiserum was determined with ELISA 
using purified GST-BP protein as antigen. Positive serum 
had an OD450 reading of about 1, while the negative con- 
trol serum had an OD450 reading of about 0.1. Based on 
maximal P/N criterion, the optimal antigen embedding  
 

 

Figure 5. Recombinant bacteria disrupted by 
ultrasound. 1. GST-BP recombinant, superna- 
tant; 2. GST-BP recombinant, pellet; 3. His- 
BP recombinant, supernatant; 4. His-BP re- 
combinant, pellet. 

 

Figure 6. Protein with GST-Tag ex- 
pressed in E.coli BL21. 1. GST-BP fu- 
sion protein; 2. pGEX-6p-1 vector. 

 

 

Figure 7. Protein with His-Tag ex- 
pressed in E.coli BL21 (DE3). 1. His- 
BP fusion protein; 2. pET-32a vector. 

 

 

Figure 8. Specificity of polyclonal anti- 
body. 1. His-BP Fusion protein; 2. pGEX- 
6p-1 empty vector; 3. GST-BP fusion pro- 
tein; 4. Pre-stained marker. 
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concentration was 0.5 μg/ml, and the optimal dilution of 
the antiserum was 1:400. Indirect ELISA test results in- 
dicated that the antibody was effective at 1:102400 dilu- 
tions. 

4. DISCUSSION 

PepTI is a transmembrane transporter. Results from hy- 
drophobicity analysis (Kyte-Doolottle) indicate that bPepTI 
has 12 transmembrane motifs, which is identical to that 
found in rabbit [6], ovine [24], and bird [25]. We at- 
tempted to express the entire protein in prokaryotes, but 
it was unsuccessful. This difficulty may be due to the 
transmembrane and hydrophobic region of the protein. 
We later analyzed the antgenicity of the protein and se- 
lected a fragment of high antigenicity for expression in 
prokaryote [26].  

Antigenic epitopes in bPepTI are concentrated be- 
tween amino acid residues 400 - 600. The current trial 
selected the peptide containing residues 378 - 548. This 
fragment is the largest extracellular domain in the entire 
protein, located between transmembrane domains 9 and 
10. This fragment was expressed successfully. Other 
smaller extracellular domains of bPepTI may also be 
used for antibody preparation. Antibody against these 
smaller domains may have better specificity. However, 
their antigenicity may be inferior. They may be used for 
diagnostic or hybridization. The goal of the current study 
was to prepare antibody to be used for expression analy- 
sis. Therefore, we selected the domain of high antigeni- 
city. This domain in bPepTI shares 58.7%, 61.5%, 66.1% 
and 92.7% amino acid sequences with those in mice, 
rabbit, human and goat PePTI. Since the entire bPepTI 
shares 80.3%, 78.9%, 82.8% and 95.1% amino acid se- 
quences, respectively, with those species mentioned 
above, the domain selected for antibody preparation is 
more divergent among species. This feature is beneficial 
for preparation of more specific antibodies. 

Using right plasmid vector and the host cell is the key 
for high level expression of cloned proteins. In the cur- 
rent trial, the vector was Pgex-6P-1. This vector contains 
a Tac promoter, which is a highly effective hybrid made 
from Lac and Trp [27]. BL21 is an expression system 
suitable for non-T7 promoters (Tac promoter, such as 
pGEX, PMal). TL21(DE3) is suitable for T7 (pET), T7/ 
Lac expression. In order to increase the express effect, 
BL21 was used to express GST-BP and BL21 (DE3) was 
used to express His-BP recombinant protein.  

Small peptides (basically less than 15 amino acid re- 
sidues) was routinely used for producing Polyclonal an- 
tibodies, and purified natural proteins, and recombinant 
large peptides as the antigen. Small peptides are immu- 
noreactive, but weak or even lack of antigenicity. There- 
fore, small peptides are normally conjugated with large 
carrier protein to produce complete antigen [28]. Be- 

cause the immune properties are determined by spatial 
structure of protein, synthetic peptide has a high failure 
rate for antibody production compared with large peptide 
expression in vitro. To produce antibody in use of natural 
protein, purification of easily accessible natural protein 
sources is required. This approach is not feasible to 
bPepTI. Therefore, in the current trial, the recombinant 
large peptide approach was used. The prokaryotic ex- 
pression system allowed the production of large amount 
within a short period of time, which is beneficial for the 
purification and analysis. 

Animals that used for producing antibody in labora- 
tory are usually rabbits or mice. It is generally thought 
that the greater the difference between the antigen and 
host, the better the immunogenicity. The gastroinstestinal 
tract of rabbit is more similar to bovine’s. bPepTI shares 
61.5% and 58.7% amino acid sequence with rabbit and 
mice respectively. Therefore, mice were selected for im- 
munization to obtained greater immunogenicity. 

The antigen used for immunization had a GST tag. In 
order to exclude the possibility that the antiserum is 
against GST only, His-BP fusion protein that has the 
same epitope was expressed. His-BP fusion protein was 
reactive with the antiserum, indicating the antiserum had 
antibody against bPepTI.  

5. CONCLUSION 

We have got the polyclonal antibody against a fragment 
bPepTI ORF 1369 - 1695 of bovine intestinal peptide 
transporter I (bPepTI). 
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