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Summary

Among the drug delivery methods, oral administration is a

simple and painless method. However, oral delivery of protein

drugs has defects in their application. Low absorption rate in the

gastrointestinal tract (GIT) caused by the physical barriers of

intestinal epithelia is the most difficult challenge to overcome.

Transcytotic ligand TP1 was found in our laboratory through

peroral phage display technique, which was characterized as

having a transcytotic property to traverse intestinal epithelia by

targeting goblet cells. We demonstrated that TP1 enhanced the

efficiency of protein drug delivery via oral route as a form of

‘Conjugated drug’. We generated a model drug which was

composed with TP1 and human growth hormone (hGH) by

genetic recombination. The conjugated drug was produced from

Pichia pastoris as a mass-production system and purified by

hydrophobic interaction chromatography (HIC). The function of

this recombinant protein drug were validated by in vitro and in

vivo assays. This recombinant drug showed transcytotic property

to intestinal epithelia as well as revealed its own activity as

growth hormone. And it increased growth performance in tested

animals compared to non-treated group. We also found that only

TP1 introduced in C-terminus of hGH could maintain its

transcytotic property as an oral drug.

The present study opens up the possibility for the establishment

of an effective oral drug delivery system using transcytotic

peptide, TP1, could be applied in the pharmaceutics and animal

industry fields to improve availability of protein drugs via oral

route.
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I. Introduction

The protein drug market shows rapidly growth rate. However,

administration methods remains traditional method, including

injection. Oral administration is the most convenient, simple and

painless method for drug delivery. This method has two problems

in the application to protein drugs; enzymatic degradation and

low absorption rate in the gastrointestinal tract (GIT). Various

drug carriers help to overcome the degradation of protein drugs,

for example, nanoparticles, exosomes, bacteria, other proteins, etc.

(Kell, D.B. et al. 2011). On the other hand, the latter problem is

yet to be solved.

The absorption of an orally administered proteins is inhibited by

the physical barriers of intestinal epithelia. There is an available

solution to increase absorption efficiency of protein drugs in the

small intestine, a transcytotic peptide, TP1 (Kang, S.K. et al.

2008). TP1 is a hydrophilic, circular C7C peptide of which amino

acids sequence is CSKSSDYQC, which this peroral phage

display-screened peptide has an ability of binding to goblet cells,

then internalized into goblet cells by the mechanism known as

transcytosis.

In this study, we designed a model, ‘Conjugated drug’ using

TP1 fused with human growth hormone (hGH) to overcome the

absorption problem of protein drug across the intestinal epithelia.

The conjugated drug was produced in Pichia pastoris and the

functions of these recombinant protein drugs were demonstrated

by in vitro and in vivo assays.
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II. Review of Literature

1. Oral delivery of protein drugs

1) Protein drugs and its oral administration

Proteins and peptides were chosen as drugs for the treatment of

numerous diseases because of their incredible selectivity and their

ability to provide effective and potent action (Frokjaer, S. et al.

2005). Since 1980 when the FDA approved for clinical use of

recombinant insulin obtained from Escherichia coli, that is the

first recombinant pharmaceutical protein at the market

(Ferrer-Miralles, N. et al. 2009), the protein drug market shows

rapid growth rate to keep up with the demand. At present,

protein drugs including hormones, cytokines and subunit vaccines

are widely used in medicine field and occupy 25 % of current

commercial pharmaceuticals (Redwan, E-R. 2007).

Biopharmaceuticals sales exceeded USD 40 billions in 2008, USD

90 billions in 2011, and was expected to reach USD 170 billions

in 2014 (Estimation. BCC research RNCOS. 2012).

The most widely used administration method of protein drugs is

injection through the skin. However, injection is not preferable

method to patients because it is painful and cumbersome.

Compare to traditional injection method, oral drug delivery is

preferred routes of administration owing to its non-invasive

nature and patient compliance.

Oral administration of protein drugs, however, has some

problems. One of these problems is the poor absorbtion through
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the gastrointestinal tract (GIT). As shown in Figure 1, GIT is a

physical barrier to block penetration of large molecule in

intestinal rumen, thus protein drugs are hardly absorbed into

blood stream through the intestinal epithelia (Hillery, A. et al.

2003). Many researchers have learned in the past few decades

about protein drug absorption in the GIT. Various strategies have

been proposed to overcome such barriers and effective oral

delivery systems for proteins (Hamman, J.H. et al. 2005).

Figure 1. Physical barrier function of intestine when orally

administered drugs (Sadekar and Ghandehari. 2012).

2) Molecular transport across the intestinal epithelia

As described above, poor absorbtion in the GIT is the problem

for oral delivery of protein drugs. The greater part of this

problem results from which administered proteins cannot be

absorbed in the intestinal epithelia (Michael, G. et al. 2003).

Transportation of molecules from the intestinal epithelia to the
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blood stream takes two routes, conceptually. One is the

penetration between adjacent cells, called paracellular pathway.

The other is transcellular pathway, the way through epithelial

cells. Transcellular pathway can be classified into three main

mechanisms; Active transport, passive diffusion and transcytosis

(Figure 2) (Fasano, A. 1998). A molecule which moves across the

epithelia utilizes the best route with suitability based on its

physical and chemical properties.

Figure 2. A schematic view of main transport routes across the

intestinal epithelial barrier. RME, receptor mediated endocytosis.

Active transport and passive diffusion are used by relatively

small molecules. On the other hand, macromolecules such as

proteins have to undergo a process by which cells internalize

molecules (endocytosis) by the inward budding of plasma

membrane vesicles containing specific receptors of epithelial cells
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to the molecules being internalized. This mechanism is called

receptor-mediated endocytosis (RME).

3) Transcytotic peptide, ‘CSKSSDYQC’, and conjugated drug

Recently, many researches have been conducted to utilize RME

for oral delivery of protein drugs. As a strategy for this purpose,

the peptide showing high transcytotic activity to intestinal goblet

cells was identified previously in our laboratory through an in

vivo peroral phage display technique (Kang, S.K. et al. 2008)

(Figure 3). This peptide, designated as TP1, is circular

C7C-peptide derived from M13 phage library and amino acids

sequence is CSKSSDYQC. TP1 bind specific membrane receptor

in goblet cell and internalized into the cell.

A protein drug conjugated with TP1 peptide help its absorption

through the small intestine. This protein drug, so called

‘Conjugated drug’, binds receptor of goblet cells in the villi of

intestine and arrives baso-lateral side of goblet cell. Finally, the

vesicle fuses with cell membrane and releases its cargo to the

blood stream (Figure 4). This peptide also shows sufficient

effectiveness for the oral drug delivery with a nanocarrier (Jin,

Y. et al. 2012).
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Figure 3. Targeting efficiency of TP1. (Left) In vivo

biodistribution of P1 and native M13 phage in liver and spleen

after 30 min injection of each phage into ileum of rats. (Right)

Localization of P1 compared with M13. (Kang, et al. 2008).

Figure 4. Strategy for conjugated drugs. (a) Concept of

conjugated drug. Protein drug and transcytotic peptide are fused

together by linker. (b) Transcytosis of the conjugated drug

through intestinal epithelia.
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2. Human growth hormone

1) A character of human growth hormone

Human growth hormone (hGH) is a single chain polypeptide

hormone of 191 amino acids (22 kDa). hGH has two disulfide

bonds and appears 4-helix bundle structure.

Growth hormone (GH) is synthesized, stored, and secreted by

somatotropic cells within the lateral wings of the anterior

pituitary gland. This hormone is up-regulated and

down-regulated by hypothalamus hormones; Growth

hormone-releasing hormone (GHRH), somatostatin (SST),

respectively. Secreted GH directly stimulates division and

multiplication of chondrocytes of cartilage, gluconeogenesis in the

liver and lipolysis in the adipose tissues. It is responsible for

wide range of biological functions, increases calcium retention of

bones and protein synthesis, stimulates the immune system, and

so on. Promoting production of insulin-like growth factor-1

(IGF-1) in the liver is the major role of GH and the effect

shows up within GH-IGF-1 axis in the body (Clemmons, D.R.

2007). IGF-1 has growth-stimulating effects on wide variety of

tissues and operates to accelerate the secretion of SST as a

negative feedback (Figure 5). IGF-1 also has variety actions,

such as healing damaged cells and developing new ones,

strengthening bones, joints and ligaments, and promoting whole

body growth (Cooper, C. et al. 2008).
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Figure 5. GH and IGF-1 axis. GH has many negative (-) and

positive (+) feedback mechanisms including IGF-1.

2) Uses of recombinant human growth hormone

hGH is one of the well-known proteins. It have been used as a

model drug in the last few decades. There are two reasons; 1.

This protein hormone had been demonstrated the heterologous

expression in many different types of host, for examples, bacteria

including E. coli, plants and animal cells (Ma, J.K-C. et al. 2003,

and Sahdev, S. et al. 2008). 2. It is easy to perform follow-up

experiments because the mechanisms of hGH functions had been

much presented. Not only as a model drug, hGH have been used

in the industrial and pharmaceutic fields.

Recombinant hGH has been used for treatment of numerous

human diseases. For example, hGH treatment works to return

GH levels for GH deficiency syndrome patients (Mukherjee, A. et

al. 2003). It widely used for both infancy and adult patients. hGH
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recovers development of muscle and bone density and regulates

energy metabolism. Another case is Turner’s syndrome

(Rosenfeld, R.G. et al. 1998). In this disease, patients miss or

have abnormality one of two X chromosomes. X chromosome is

a important sex chromosome responsible for not only

development of ovary and production of sex hormones, but also

carrying of height determination genes. Because of this

phenomenon, women with Turner’s syndrome appear poor

growth. A good choice may be the hGH treatment for patients.

In addition, hGH is commonly used to care rheumatoid arthritis,

osteoporosis, AIDS wasting (Windisch, P.A. et al. 1998).

It is also well known that administration of GH promotes

growth performance and milk production of various animals.

Milking cow that bovine somatotropin (bST) is injected shows

increased milk production, conception rate and blood IGF-1 level

and stimulated puberty (Cooke, R.F. et al. 2013 and Fernandez,

I.G. et al. 2010). Porcine somatotropin (pST) promoted growth

through increasing body weight, muscle mass and decreasing fat

mass (Gatford, K.L. et al. 2009). In case of chicken, chicken

growth hormone (cGH) also increased body weight and

stimulated growth of liver, thyroid glands and bones

(Vasilatos-Younken, R. et al. 1988).

hGH also works at various animal species. Inter-species

homology of hGH is quite low; With primates 99 %, rat 68 %,

Pig 68 %, mouse 66 %, bovine 66 %, etc. However, amino acid

sequence of third alpha-helix of hGH structure that have been

reported to form binding site to GH receptor is coterminous with

other species (Table 1) (Chen, W.Y. et al. 1994). Therefore,

recombinant hGH can be used for promoting animal growth.
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Table 1. Comparison of amino acid sequence (110-127) within

the third α-helical region among GHs and other members of the

gene family (Chen, W.Y. et al. 1994).
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III. Materials and Methods

1. Establishment of recombinant P . pastoris

1) Vector construction

Expression vector system for Pichia pastoris to produce

recombinant hGHs (TP1-hGH, hGH-TP1 and hGH) were

constructed by use of commercial vector, pPICZα B (Invitrogen),

with three types; hGH only (phGH), hGH conjugated with TP1

peptide on its N-terminus (pTP1-hGH) or C-terminus

(phGH-TP1), respectively. Each component of vectors was

synthesized individually and ligated finally (Figure 6). hGH was

cloned by PCR. TP1-G3S and G3S-TP1 were synthesized by

oligo-annealing. Sequence of used primers for oligo-annealing are

listed at Table 2.
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Figure 6. Schematic view of (a) pTP1-hGH and (b) phGH-TP1

vector map and construction procedure. Each component was

synthesized and ligated into pPICZα B vector.
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Primer names

(Length)
Sequence

TP1-G3S-F

(39)

5’TGTTCTAAGTCTTCTGACTACCAATGTGGTG

GTGGTTCT3’

TP1-G3S-R

(42)

5’GAACCACCACCACATTGGTAGTCAGAAGACT

TAGAACATGCA3’

G3S-TP1-F

(50)

5’CGGTGGTGGTTCTGCTTGTTCTAACTCTTCT

GACTACCAATGTGGTTGAT3’

G3S-TP1-R

(52)

5’CTAGATCAACCACATTGGTAGTCAGAAGAC

TTAGAACAAGCAGAACCACCAC3’

Table 2. Oligonucleotides for synthesis of TP1 and G3S

2) Transformation and selection

Constructed vectors were digested with restriction enzyme Sac I

for linearization. Transformation was performed by electroporation

of linearized vectors into P . pastoris X-33 strain and protein

expression of transformants was examined. Transformants were

cultured on YPD agar (BD Biosciences) plate at 30℃ for 48 h.

Single colony of each transformant from YPD agar plate was

inoculated into 5 ml YPD broth (BD Biosciences) added

antibiotics, 0.05 % Zeocin (Invitrogen) for 48 h at 30℃. P .

pastoris cells were harvested through centrifugation at 5000 rpm,

4℃, for 15 min. Collected cells were resuspended in 50 ml YPD

broth, cultivated for 48 h and cultured cells were reharvested.

Cells were suspended in 100 ml BMMYC (1 % yeast extract, 2

% peptone, 100 mM dibasic potassium phosphate (K2HPO4) buffer
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(pH 6), 1.34 % yeast nitrogen base w/o amino acids, 4 x 10-5 %

biotin (pH 6.5), 0.5 % methanol, 1 % casamino acids) and

cultured for 48 h. In every 12 h, 0.05 % methanol induction was

conducted and 1 ml of supernatant was sampled to validate

recombinant hGHs production levels. When cultures in BMMYC

were finished, supernatants were harvested by centrifugation at

6000 rpm, 4℃, for 20 min and analyzed by SDS-PAGE and

Coomassie staining (Figure 7).

Figure 7. The procedure for transformant selection. Transformed

P. pastoris were cultured in YPD broth and induction media,

BMMYC, to select positive clones producing recombinant hGHs.
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2. Mass-production and purification of hGHs

1) Optimization of purification condition

(1) Resin screening

To purify recombinant hGHs, HIC (Hydrophobic interaction

chromatography) was used. Four chromatography columns

(Diameter 250 mm, BIO-RAD) were packed with 6 ml

polypropylene glycol (PPG), phenyl, butyl, hexyl resin (Toyopearl

650M series, Tosoh Bioscience), respectively. Description of used

buffer condition is Table 3.

Procedure of HIC purification is described at Table 4.

Supernatant samples were prepared by inoculation of one colony

of each hGH-producing transformant into 50 ml YPD broth and

culture for 48 h, and collected cells were cultured in 30 ml

BMMYC for 24 h. Samples and buffers were loaded with flow

rate of 2 ml/min by using micro tube pump and amount of

buffer with 6 folds of resin volume was used in each purification

step (36 ml). Each fractions were collected. Purified proteins were

detected by SDS-PAGE.
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Buffers Description

NTE

(Equilibration/Washing)

0.5 M Sodium sulfate, 20 mM Tris-HCl, 1

mM EDTA, pH 8.0

TEG

(Elution)

5 % glycerol, 20 mM Tris-HCl, 1 mM EDTA,

pH 8.0

TTEG

(Strip)

5 % glycerol, 1 % Tween 20, 20 mM

Tris-HCl, 1 mM EDTA, pH 8.0

Steps and buffers Fractions and amount

Resin equilibration (NTE) Resin volume x 6

Sample flow through Sample supernatants volume

Washing (NTE)
Washing fraction 1, 2, 3

(Each resin volume x 2)

Elution (TEG)
Elution fraction 1, 2, 3

(Each resin volume x 2)

Strip (TTEG) Resin volume x 6

Table 3. Buffers for resin screening

Table 4. Procedure of HIC purification

(2) Buffer selection

A chromatography column (250 mm diameter, BIO-RAD) was

packed with 10 ml Toyopearl butyl-650M resin (Tosoh

Bioscience).

Supernatants harvested from BMMYC culture were split into 20

ml and added 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75 or 2 M each of

sodium sulfate for HIC, respectively (Sodium sulfate concentration

of NTE buffer was same with supernatants). These steps were
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performed using not only pH 8 buffers for resin screening, but

also pH 7, pH 9 buffers (8 different salt concentration x 3

different pH, total 24 trials). Samples and buffers were loaded

with flow rate of 4 ml/min and amount of buffer with 6 folds of

resin volume was used in each purification step (60 ml). Each

fractions were collected in 50 ml sample tubes. Purified proteins

were detected by SDS-PAGE and concentration was determined

by Pierce BCA assay (Thermo Scientific).

2) Optimization of mass-production process

To maximize protein production, we performed scale up from

100 ml BMMYC culture to 500 ml and optimized mass-production

protocol. The method is based on transformants selection

procedure using 100 ml BMMYC (See Figure 7). The

optimization processes were conducted with four different batch

conditions. In the first batch, 100 ml BMMYC culture volume

was changed to 500 ml. Secondarily, after 50 ml YPD broth

culture, 250 ml YPD broth culture step was added for amplifying

cell number. In the third, quantity of methanol is increased from

0.05 % to 0.2 %. In the final batch, 5 ml YPD broth culture step

was deleted. The procedures of primary 100 ml culture and batch

1 to 4 were presented at Figure 8. Produced protein was

collected by centrifuge and proteins were detected by SDS-PAGE

and concentration was determined by Pierce BCA assay (Thermo

Scientific).
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Figure 8. The optimization processes for mass-production of

recombinant hGHs base on a primary 100 ml BMMYC culture in

P . pastoris expression system. Unfilled arrows indicate changed

points at each batch.

3. Confirmation of conjugated drugs

1) Western blotting

In western blotting assay, separated supernatant proteins using

SDS-PAGE were transferred to a PVDF membrane (GE

Healthcare). The membrane was blocked with 5 % skim milk

(BD Biosciences) for 1 h at room temperature and probed with

rabbit anti-hGH polyclonal antibody (Abcam) and rabbit anti-TP1

monoclonal antibody (1:1000) at 4℃ for overnight. The signal
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was detected by using 1:5000 diluted goat anti-rabbit secondary

antibody conjugated to horseradish peroxidase (HRP, Millipore)

for 1 h with Amersham ECL prime western blotting detection

reagent as substrate (GE Healthcare).

2) In vitro validation of recombinant hGHs

To confirm bioactivity of produced proteins, we conduct in vitro

test. HepG2, a human hepatoma cell line was obtained from

KCLB. The cells were cultured in Gibco Opti-MEM (Life

Technologies) supplemented with 10 % fetal bovine serum

(Hyclone), and maintained at 37℃, 5 % CO2 in a humidified

atmosphere. The medium was changed twice a week.

Cells were seeded at a density of 5 x 104 cells per well in 12

well plates and cultured for 36 h with medium described above.

Then those plates were washed with PBS and incubated with 2

ml serum-free medium for 6 h. After PBS washing, each well

was added serum-free medium with 0.5 μg purified recombinant

hGHs and commercial recombinant hGH produced in E. coli

(R&D systems). and incubated for 24 h. Because TEG elution

buffer that recombinant hGHs were contained has inhibitors to

cell activity such as EDTA, supernatants were separated with

TEG buffer components using Amicon Ultra-10 filtering devices

(Millipore) by centrifuge at 4℃. The supernatant of medium was

collected and stored at -20℃ until used.

The IGF-1 concentration in the supernatants was determined by

using human IGF-1 ELISA kit (R&D Systems). For measurement

of cell proliferation rate, cells were counted by using

haemocytometer. Each experiment was carried out in triplicate.
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4. I n vivo oral administration

1) Immunohistochemistry

Male SD rats (8 weeks old) starved for overnight. Animals

were orally administered with 0.5 ml of neutralization solution

(four parts PBS, one part 7.5 % NaHCO3) to reduce stomach

acidity that transforms structure of administered proteins and

after 30 min, gavaged with 1 mg recombinant hGHs dissolved in

1 ml PBS. After 1 h retention time, animals were anesthetized by

abdominal injection of Zoletil (29 mg/kg) and Rompun (4 mg/kg).

Then, ileum was extracted and fixed with 4 % paraformaldehyde

(PFA) for 2 h. Fixed ileum was dehydrated with 20 % sucrose

solution at 4℃ for overnight. Samples were frozen with

Tissue-Tek optimal cutting temperature (OCT) compound (Miles

Laboratories Inc.) at -70℃ for 24 h. Sections were cut in 14 μm

thickness and attached on the gelatin-coated slide glasses. Slide

glasses were washed with PBS for 5 min twice and fixed with 4

% PFA for 10 min. Samples were incubated with blocking

solution (5 % goat serum, 1 % BSA, 0.5 % tween 20 in PBS)

for 1 h. Primary rabbit polyclonal anti-hGH antibody (1:100)

(abcam) was applied for 2 h. Then, TRITC-conjugated UEA-1

lectin (1:50) (Sigma) for 20 min, secondary Alexa 488-conjugated

goat anti-rabbit antibody (1:100) for 1 h and DAPI (1:1000) for 5

min were treated. Crystal permount solution was dropped on the

slide glasses. Slide glasses were covered with cover glass and

sealed. Immunostained tissue samples were observed with

confocal laser scanning microscope (Carl Zeiss, LSM710) at

NCIRF, SNU.
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2) IGF-1 induction test

Male SD rats (8 weeks old) were orally administered with 0.5

ml of neutralization solution (four parts PBS, one part 7.5 %

NaHCO3) and after 30 min, gavaged with 0.5 mg recombinant

hGHs dissolved in 0.5 ml PBS. Blood sampling was conducted in

1 h before administration of recombinant hGHs, 2, 4, 6, 8 and 24

h after recombinant hGHs administration (Total 6 times

sampling). Blood was sampled 100 μl at each time in tail vein by

using surgery knife. Blood samples were incubated for 30 min at

room temperature and centrifugated at 6000 rpm, 4℃ for 10 min

to collect serum. Quantity of serum proteins was calculated by

using Pierce BCA assay (Thermo Scientific).

For detecting rat IGF-1 in the collected serum, indirect ELISA

was performed. Collected rat serum (Normalized at total protein

concentration 20 μg/ml) was coated with carbonate/bicarbonate

buffer (50 mM Na2CO3, 50 mM NaHCO3, pH 9.4) onto the

polystylene 96 well plate for overnight at 4℃. Antigen-coated

plate was blocked with 5 % skim milk (BD Biosciences) in PBS

for 2 h. Primary rabbit polyclonal anti-rat IGF-1 antibody

(1:1000) (Abbiotec) was treated and incubated for 2 h. Then,

plate was washed and applied secondary HRP-conjugated goat

anti-rabbit antibody (1:2000) (Millipore) for 1 h. Substrate

solution (0.4 g/L TMB, 3,3’,5,5’-tetramethylbenzidine) was

treated after plate was washed. After 30 min, stop solution (2 M

H2SO4) was added. Signals were detected by using microplate

reader Infinite M200 Pro (Tecan) set to optical density 450 nm.



- 22 -

3) Measurement of weight gain

Sixteen male SD-rats aged 4 weeks and weighing 101.4 ± 0.7

(SEM) g were obtained from Samtako. Animals were housed in a

normal 12 to 12 h light-dark cycle at a constant room

temperature of 23℃ and were fed ad libitum and allowed free

access to water at all times.

There were 4 rats in each group. Before 30 min to oral

administration of samples, the rats were gavaged with 0.5 ml of

neutralization solution (four parts PBS, one part 7.5 % NaHCO3).

0.5 mg of recombinant hGHs were dissolved in 0.5 ml PBS,

respectively, and administered every 2 days for 4 weeks. After

administration schedule was finished, animals were raised 1 week

more (Total 5 weeks housed). Weight gain was measured before

administration, and at every week during 5 weeks (Total 6 times

measurement).

5. Statistical analysis

Results were expressed as the mean and SEM (Standard error

of the mean) unless it is indicated. ANOVA (Analysis of

variance) test and t-test were used as significance tests. Each

test was performed for its purpose using PC statistic analysis

program, OriginPro 8 software (OriginLab Corp.).
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IV. Results and Discussion

1. Establishment of recombinant P . pastoris

1) Vector construction

We considered whether TP1 on the N-terminus or C-terminus

of hGH is effective to help absorption of conjugated drug in the

small intestine. Furthermore, many cytokines including growth

factors have common 4-helix bundle structural framework and

these proteins are sensitive to their structural change (Chaiken,

I.M. and Williams, W.V. 1996). These cytokines lost their

function sometimes when being produced with fusion proteins in

recombinant hosts. TP1 is also one of fusion protein, so this

transcytotic peptide might be inhibit function of cytokine (in this

case, hGH).

For these reasons, three vectors for producing recombinant

hGHs were designed; phGH, pTP1-hGH and phGH-TP1 (Figure

9). pTP1-hGH and phGH-TP1 are vectors for producing

conjugated drugs, TP1-hGH and hGH-TP1, that TP1 is fused at

N-terminus of hGH and C-terminus, respectively.
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(a)

(b)

Figure 9. Proteins and vectors for conjugated drug strategy. (a)

Schematic view of conjugated drugs. hGH is used as a model

drug. hGH conjugated with TP1 peptide as circular form on its

N-terminus or C-terminus, respectively. (b) P ichia-expression

vector systems for oral growth hormone. TP1 and hGH are

linked with GGGS (G3S) amino acids linker for stability of TP1

and hGH structure. α-factor helps that P . pastoris secretes

expressed proteins outside of membrane.
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Each component of vectors were synthesized individually (Figure

10), and ligated into pPICZα B vectors. These constructed vectors

were transformated into E. coli for vector amplification.

Figure 10. Components of constructed vectors. Used restriction

enzymes were presented after of the lane definition.

Amplified vectors in the selected E. coli colonies were analyzed

by colony PCR and restriction enzymes to identify positive

clones. Colony PCR to detect hGH showed bands at about 600

bps and it corresponds with hGH gene sequence length (Figure

11 (a)). The result of restriction enzyme analysis was not

demonstrated construction of vectors. As shown in Figure 11 (b)

and (d), restriction enzyme Xba I did not cut constructed vectors

(pPICZα B has a restriction site for Xba I in bases 1273-1278).

To confirm this problem, sequence analysis of uncut vectors was

performed. Sequences of vectors were aligned with reference

sequences (Figure 12). Sequences matched with references both

pTP1-hGH and phGH-TP1. Therefore, vectors for producing

recombinant hGHs were constructed properly.
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Figure 11. PCR and restriction enzyme analysis for selection of

positive clones. (a) Colony PCR for detection of hGH. Restriction

enzyme analysis by using Xba I single cut (b), Xho I single cut

(c) and Xba I / Xho I double cut (d).
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Figure 12. Sequence alignment of clones versus references. (a)

pTP1-hGH and (b) phGH-TP1.
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2) Transformation

Constructed vectors (phGH, pTP1-hGH, phGH-TP1) were

digested Sac I for linearization (Figure 13). Linearized vectors

were transformed into P . pastoris X-33 by electroporation.

Transformed vectors that we constructed to produce recombinant

hGHs were integrated into P . pastoris genome by homologous

recombination (Figure 14) and recombinant hGHs were expressed

in long-term without plasmid degradation.

Figure 13. Super coiled and linearized vectors for transformation.

Restriction enzyme Sac I is in alcohol oxidase 1 (AOX1)

promoter region of pPICZα vector and used for linearization of

vectors.
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Figure 14. Homologous recombination of vectors into Pichia

genome. AOX1 promoter regions of vector and P. pastoris

genome were recombinated by homologous recombination.

To select transformants that produce recombinant hGHs, protein

expression of each transformant was analyzed. Finally selected

transformants and its expressed proteins were named as shown

in Table 5. Protein expression was tested with selected

transformants in every 12 h for 48 h (Figure 15). Target proteins

were collapsed and unknown proteins were increased after 36 h

of culture. It was supposed that P . pastoris degraded own

protein products because proteins of media for nutrient was

exhausted. This is the limitation of the batch type culture

(Cereghino, J.L. and Cregg, J.M. 2000). If we used a fermenter,

an automatic culture system, degradation of produced proteins

would not be occurred. So we determined to collect culture

supernatant at 24 h in the following experiments.
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Table 5. Host name, protein name and its character of each

recombinant for conjugated drugs.

Hosts Vectors Proteins Characters

GHZ phGH hGH Absence of TP1

V1 pTP1-hGH TP1-hGH TP1 on N-terminus of hGH

V2 phGH-TP1 hGH-TP1 TP1 on C-terminus of hGH

Figure 15. Protein expression patterns of selected transformants.

They were cultured for 48 h. Methanol induction and

supernatants sampling was conducted in every 12 h. Molecular

size of hGH is 22 kDa and TP1-hGH, hGH-TP1 are 23 kDa.

2. Mass-production and purification of hGHs

1) Optimization of purification condition

Hydrophobic interaction chromatography (HIC) for protein

purification is the chromatography using degree of protein surface

hydrophobicity (Figure 16). This sensitive technique is influenced

by many factors. Above all, selecting a kind of resins that was

used to purify is most important. HIC resins are classified by

strength of hydrophobicity (Figure (a)). Therefore, resin
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screening was proceeded to select suitable resin for purification

of recombinant hGHs produced from P. pastoris.

Figure 16. The principle of HIC. Hydrophilic residues of proteins

in aqueous state are exposed to water for interaction with water

molecules, the other way, hydrophobic residues are hidden in the

protein structure. When treating high salt, water molecules

interact salt rather than proteins. Then, hydrophobic residues

exposed outside of the protein. Hydrophobic resin can catch this

hydrophobic residues through hydrophobic interaction.

(1) Resin screening

As shown in Figure 17 (a), we tested four commercial

hydrophobic resins according to their hydrophobicity. Among

them, butyl resin is the most suitable to purify recombinant

hGHs (Figure 17 (b)). Recombinant hGHs were bound to the

other resins too weakly (PPG and Phenyl) or too tightly (Hexyl).



- 32 -

Figure 17. HIC resin screening. (a) Four hydrophobic resins

tested in this study. Resins are classified by its hydrophobicity.

(b) Resin test for purification of recombinant hGHs. Black arrows

indicate recombinant hGHs. Butyl resin showed the most suitable

performance for hGH-purification compared to other resins. PPG,

polypropylene glycol.
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(2) Buffer selection

Another factors that affect HIC purification quality are

following: Salt concentration, salt type, pH, temperature, column

size, etc. Because the principle of HIC is based on interaction of

water molecule and salt, salt concentration of buffers is

important. Appropriate pH is also effective to maintain activity of

proteins.

We tested buffers in various salt concentration and pH.

Concentration of sodium sulfate as salt was tested from 0.2 5M

to 2 M. pH also was tested at pH 7, 8 and 9. When 2 M of

sodium sulfate was added to supernatant in which target proteins

were dissolved, proteins in supernatant were precipitated (Figure

18 (a)). This means that too much salt makes protein as

hydrophobic state and proteins is changed to insoluble form. So

we tested buffers except for 2 M salt concentration. The protein

concentration in elution buffers was highest and target proteins

were purified only at 1.75 M, pH 8 condition (Figure 18 (b) and

(c)).
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(a)

(b)
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(c)

Figure 18. Selection of salt concentration and pH for

optimization of HIC buffers. (a) Protein precipitation at 2 M salt

concentration, pH 8. Supernatant of 2 M became cloudy because

of precipitation. (b) SDS-PAGE and Coomassie staining

purification followed salt concentration at pH 8. SFT, sample

flow through, WF, washing fraction, EF, elution fraction, SF,

strip fraction. (c) Purified protein concentration followed salt

concentration and pH. Selected buffer condition is salt

concentration 1.75 M and pH 8.

2) Optimization of mass-production process

Amount of recombinant hGHs that were produced by P.

pastoris transformants in 100 ml induction media was too small

to test. To increase production of recombinant proteins, we have

adjusted the recombinant cell numbers and composition of the

induction media for target protein expression.
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Total four batches were performed. Detailed condition of each

batch is described in ‘Materials and methods’. Among the

different batch trials with various conditions, batch 4 showed

relatively high performance in protein production (Figure 19),

which was applied in rest of the study. The optimized process is

depicted in Figure 20.

Figure 19. Protein concentration from several batches. Protein

concentration of elution fraction was presented. Batch 4 showed

the highest quantity of recombinant hGHs.

Figure 20. The optimized mass-production condition of P .

pastoris culture system for recombinant hGHs (Batch 4).



- 37 -

Recombinant hGHs which produced by P. pastoris in media

supernatant were purified through the optimized HIC. Protein

expression and purification were analyzed by using SDS-PAGE

(Figure 21) and BCA assay. Average 0.79 g/L of target proteins

were collected from the culture media through optimized

production and purification conditions. This protein concentration

was a similar level with previous reports of other research

groups. For an example, protein production level of average 1

g/L have been secreted from P. pastoris (Cregg, J.M. et al.

2009).

Figure 21. Confirmation of recombinant hGHs that were

produced and purified with optimized procedures. The size of

hGH from GHZ is 22 kDa, TP1-hGH and hGH-TP1 is 23 kDa.
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3. Characteristics of produced proteins

1) Detection of TP1 and hGH by western blotting

To validate that produced and purified proteins were hGH,

TP1-hGH and hGH-TP1, respectively, western blot was

conducted. Polyclonal anti-hGH antibody and monoclonal

anti-TP1 antibody were used for detecting hGH and TP1 of

produced proteins (Figure 22 (a)). Low signals by using

anti-hGH antibody at TP1-fused proteins (TP1-hGH and

hGH-TP1) were detected. It is because the part of hGH structure

where anti-hGH antibody can bind would have changed by TP1

conjugation. It may be that hGH lose its function to promote

growth and IGF-1 induction, because of structural change of

hGH. This doubt was tested at in vitro HepG2 cell assays for

validating hGH function.

Anti-TP1 antibody did not detect TP1 in TP1-hGH (Figure 22

(a)). This is supposed that TP1 conjugated C-terminus of hGH

internalized into hGH when protein folding occurred as shown in

Figure 22 (b) and anti-TP1 antibody could not bound to

TP1-hGH. N-terminus of hGH forms linear amino acids

structure, on the other hand, C-terminus of hGH is linked with

disulfide bond that immobilizes amino acids of C-terminus

(Figure 22 (c)). Because of this difference of termini, C-terminus

would form fixed structure, but N-terminus would form flexible

structure. Such flexibility of proteins that has linear structures

was reported many times (Kirkitadze, M.D. and Barlow, P.N.

2002 and Wright, P.E. and Dyson, H.J. 1999). If TP1 on the

N-terminus of hGH might be hidden in the structure of hGH,
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targeting moiety of TP1-hGH would be disappeared. Then,

TP1-hGH would be not absorbed into the small intestine just

like wild type hGH without any transcytotic moiety and this

phenomenon would influence that TP1-hGH-treated animals

showed no goblet cell targeting effect at in vivo assays.

Figure 22. Western blotting of recombinant hGHs and its

structural characteristics. (a) Western blotting for detection of

TP1 and hGH. (b) The expected diagram of TP1 internalization

into hGH in case of TP1-hGH. (c) 3D structure of hGH (RCSB

Protein data bank, http://www.pdb.org/).

2) Validation of hGH function in vitro

The structure of hGH is formed by 4-helix bundle and its 3rd α

-helix structure is the most important in hGH functions (Chen,

W.Y. et al. 1994). It may be that 3rd α-helix structure of hGH

was changed because of conjugated TP1 as described above. In

this case, conjugated drugs would lost its function as growth

hormone. To identify whether hGH parts of conjugated drugs
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work normally, in vitro IGF-1 induction test and cell proliferation

assay were conducted by using HepG2 cells (Figure 23).

HepG2 is a human hepatoma cell line. It produce IGF-1 in

response of hGH and hGH stimulates HepG2 cells to proliferate

with induced IGF-1 (Andus, T. et al. 1991). IGF-1 levels were

significantly increased in recombinant hGHs treated groups.

Furthermore, recombinant hGHs produced from P. pastoris in this

study were as effective as commercial recombinant hGH (rhGH

in Figure 23), which could induce IGF-1 and stimulate cell

proliferation. These results indicate that the structure changes of

TP1-conjugated drugs did not affect to functional change of

recombinant hGHs as growth hormone. However, cell proliferation

assay was not showed significant difference by recombinant

hGHs treated groups (Figure 23 (b)). It is supposed that

increased IGF-1 was not only just because of increasement of

HepG2 cell numbers, but also other mechanisms occurred in cells

including increased transcription of IGF-1 gene (Liu, J-L. and

Leroith, D. 1999).
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Figure 23. Functional assays of recombinant hGHs by using

HepG2 cell line. IGF-1 induction detected by using ELISA (a)

and cell proliferation assay (b). 5 x 104 cell were seeded and

treated 0.5 μg recombinant hGHs per well. Recombinant hGHs

had activity of growth hormone as similar as commercial

recombinant hGH (rhGH). There is no significant difference in

cell proliferation assay. **: P-value < 0.01.
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4. The effects of conjugated drugs in vivo

1) Immunohistochemistry

In order to confirm that TP1-conjugated drugs are effective to

accelerate absorption of hGH in the intestinal epithelia, we traced

recombinant hGHs in the intestinal villi of SD rats by using

immunohistochemistry (IHC) technique (Figure 24). The process

for HIC is described in ‘Materials and Methods’. Anti-hGH panels

display recombinant hGHs tracing. hGH-TP1 showed that it was

absorbed into the villi of ileum more efficiently than hGH and

PBS group (Negative control). But in case of TP1-hGH,

nonetheless TP1 was fused with hGH, signals of anti-hGH are

similar to hGH that was not conjugated with TP1. This result

supports that TP1 of TP1-hGH protein hided into the hGH

structure and lost its own function of TP1 to targeting goblet

cells as western blotting result (Figure 22 (a)).



- 43 -

Figure 24. Immunostained ileal villi of rats 1 h after oral

administration of 1 mg recombinant hGHs. hGH-TP1 showed

remarkable results of anti-hGH. DAPI: Nucleus (Blue); UEA-1

lectin: Goblet cells (Red); Anti-hGH: Treated recombinant hGHs

(Green). Scale bar=50μm.
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2) In vivo IGF-1 induction test

Pichia-produced recombinant hGHs will stimulate IGF-1

induction not only in vitro, but also in vivo. We analyzed

whether absorbed recombinant hGHs in the blood stream arrived

at liver and increased IGF-1 secretion. As shown in Figure 25,

hGH-TP1 significantly increased IGF-1 level in systemic

circulation at the point of 6 h after oral administration (1.35 fold

increasement). And as expected, TP1-hGH and hGH of which

absorption rate had been low showed little increasement of IGF-1

compare to hGH-TP1.

Figure 25. In vivo IGF-1 induction test. Relative IGF-1 level

compared to PBS group (Negative control) according to the

times. hGH-TP1 showed a peak of IGF-1 level at 6 h after

administration. Blood IGF-1 level was detected by ELISA.
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3) Animal growth analysis

From results confirmed above, we hypothesized that IGF-1

induction in response to hGH administration could promote

growth of animals and hGH-TP1 treated group would present

higher growth performance. To demonstrate this, animal growths

were monitored with oral administration of recombinant hGHs for

5 weeks (Figure 26). Rats were orally administered 0.5 mg of

recombinant hGHs dissolved in 0.5 ml PBS every two days for 4

weeks and not administered at last week. Weight was measured

six times at the interval of one week.

The weight of rats was increased about 50 g every week in all

groups. Among them, the weight of hGH-TP1 group was more

increased than other groups (Figure 26) and at the final

measurement, hGH-TP1 group was remarkable. They were 10 %

heavier than others. PBS, hGH and TP1-hGH groups have

similar weight to each others. This result implicated that

hGH-TP1 has growth promoting effect as a oral growth hormone

due to the function of TP1 by stimulating absorption of hGH

through the intestinal epithelia.



- 46 -

Figure 26. Measurement of weight gain during 5 weeks in rats.

Recombinant hGHs were administered every 2 days during 4

weeks. Results is showed as (a) a scatter plot to visualize

weights of all animals and (b) a linear graph to show a trend of

weight changes. There is no significant difference between

groups.

5. Conclusion

Transcytotic ligand, TP1, was demonstrated as a candidate that

improves the efficiency of protein drug delivery via oral route.

TP1 was conjugated with hGH between G3S linker as a model

drug, and this recombinant protein is called as ‘Conjugated drug’.

Conjugated drugs were designed with two types; TP1 was fused

on N-terminus of hGH (TP1-hGH) and on C-terminus of hGH

(hGH-TP1). For production of these proteins, we constructed

expression vectors based on pPICZα B and transformed it into P .

pastoris.

Protein purification process using hydrophobic interaction
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chromatography was optimized through resin screening and

selection of buffer condition. P . pastoris culture process for

protein mass-production were also optimized to 500 ml culture.

Approximately 0.79 g/L culture media of proteins were obtained

through the optimized production and purification conditions.

Through in vitro and in vivo tests, we confirmed that hGH-TP1

was effective to absorption in the intestinal epithelia. In case of

hGH-TP1, TP1 increased conjugated drug to absorption at small

intestine. Furthermore, IGF-1 induction was increased almost 1.4

fold higher than control groups at liver and growth performance

was promoted. On the other hand, TP1 in TP1-hGH seems like

hiding in the conjugated hGH during protein fold process. This

means that TP1-hGH cannot bind a receptor of goblet cell, and

lost their goblet cell targeting property.

Orally administrable hGH can be treated in human or livestock

with simple, painless method compare to traditional injection

method. In human, hGH was used as medicine to treat diseases

including GH deficiency syndrome. In livestock, growth hormone

was used as growth and milk production enhancer. And also,

TP1 could be powerful ligand to help absorption of

TP1-conjugated protein drugs in intestine, not only hGH but

other protein drugs. It can be applied to hormones, vaccines,

medicines, dietary supplements, animal husbandry for increasing

productivity in the future.
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VI. Summary in Korean

최근 생명공학의 비약적인 발전으로 다양한 단백질 약물이 개발되

고, 또 사용되고 있다. 하지만 이를 투여하는 방식에 있어서는 기존

의 주사 방식에서 크게 진보하지 못하고 있는 실정이다. 주사 방식

의 단백질 약물 투여는 환자나 대상 동물에게 있어 매우 번거로운

투여 방식이다. 이러한 단백질 약물의 이용성을 증진시키기 위해서

는 좀 더 편리한 방법이 필요하다. 하나의 대안으로 제시할 수 있는

약물의 경구 투여 방식은 약물을 체내로 전달하는 데 있어 가장 간

단하고 고통이 없는 방법 중 하나이다.

하지만 경구 투여의 경우 소화기 내에서 흡수가 제대로 이루어지

지 않아 그 효율이 떨어지는 것이 단점이다. 이러한 문제점은 소장

의 물리적 장벽, 즉 소장의 상피층 때문에 발생한다.

이러한 문제점을 해결하기 위해 본 실험실에서는 파지 디스플레이

기법 (Phage display technique)을 이용해 소장 흡수 촉진 펩타이드

인 TP1을 선발하였다. 이 펩타이드는 아미노산 9개 (CSKSSDYQC)

로 구성되었으며, 소장 상피층에 존재하는 배상세포 (Goblet cell)의

특정 막 수용체 (Membrane receptor)에 결합하여 수용체 매개 물질

운송 기전 (Receptor-mediated endocytosis)을 통해 흡수된다.

본 연구는 단백질 약물 전달에 있어서의 TP1의 효과를 검증하기

위해 진행되었으며, 이를 위해 융합 약물 (Conjugated drug)을 고안

하였다. 이 융합 약물은 소장에서의 흡수를 도와주는 TP1과 단백질

약물이 결합된 형태를 가진다. 본 연구에서 TP1과 결합된 단백질

약물로써 이용된 모델 약물은 인간 성장 호르몬 (Human growth

hormone)이다. 이 융합 약물은 대량 생산을 위해 Pichia pastoris에

서 생산되었다. 이를 위해 Pichia pastoris 특이적인 벡터 (Vector)

를 구축하였으며, 이를 P. pastoris에 형질전환 (Transformation)하

였다. 또한 P. pastoris 배양액으로 분비되는 융합 약물의 회수를 위

해 소수성 상호작용 크로마토그래피 (Hydrophobic interaction
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chromatography)를 이용하여 정제를 실시하였다. 생산 및 정제에서

최적화 과정을 거친 뒤 생산된 재조합 단백질의 양은 평균 0.79 g/L

으로, 산업적으로 P. pastoris가 이용될 때 (1 g/L) 와 유사한 수준

까지 도달하였다.

생산된 융합 약물의 기능을 평가하기 위해 다양한 실험이 진행되

었다. 인간 간암 세포주인 HepG2를 이용하여 융합 약물이 인간 성

장 호르몬 고유의 성장 촉진 기능인 인슐린양 성장인자

(insulin-like growth factor-1, IGF-1)의 분비를 유도하는 것을 확인

하였다. 생체 내 (In vivo) 실험에서는 총 세 가지의 실험이 진행되

었다. 첫 번째로는 면역조직화학법 (Immunohistochemistry)를 통해

TP1이 결합된 융합 약물이 인간 성장 호르몬만 단독으로 처리된 경

우보다 소장 상피층의 융모 (Villi)에 흡수가 잘 이루어진다는 것을

확인하였으며, 두 번째로는 융합 약물이 간에서 인슐린양 성장인자

분비량을 증가시키는 것을 확인하였다. 세 번째는 융합 약물의 최종

기능 평가로써 본 재조합 약물의 성장 촉진 효과를 증체량 측정을

통해 확인하였다. 또한 실험 과정 중에 TP1이 인간 성장 호르몬의

아미노 말단 (N-terminus)에 결합된 경우에는 TP1의 소장 흡수 촉

진 기능이 소실되며, 인간 성장 호르몬의 카복실 말단 (C-terminus)

에 결합된 경우에만 TP1이 제대로 작동한다는 것을 확인하였다.

위와 같은 일련의 실험을 통하여 TP1이 단백질 약물과 융합된 상

태로 약물의 소장 흡수를 촉진한다는 사실을 규명하였다. 이러한 단

백질 약물의 효과적인 경구 투여 방법은 인간과 가축을 비롯한 동

물에 있어 치료제, 백신, 건강 보조제 등 다양한 분야에 있어 단백

질 약물의 이용성을 증진시킬 것으로 기대된다.
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이. 네 덕분에 마지막 힘들었던 실험들 성공적으로 마칠 수 있었던
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상 날 도와주고 싶어 안달을 내던 창윤형. 형이 사준 콜라랑 밥은

제 대학원 생활의 한줄기 빛이었어요. 똑똑하지만 어딘가 나사 풀린

것 같은 밤박사 태은이. 동기지만 본받을 점도 많았고, 덕분에 재미

있게 실험실 생활을 할 수 있었던 것 같아. 나랑 같이 박사과정 시

작하는 우리 실험실 귀요미 슈나슈나 수나. 박사 입학하기까지 우여

곡절이 많았는데 옆에서 힘이 되어줘서 고마워. 또 후배 같지만 후

배 같지 않은 원석이. 네가 보여준 학문에 대한 열정은 꼭 본받도록

할게. 사실은 수나보다 더 귀여운 건구. 너랑 같은 실험실이어서 정

말 다행이다. 앞으로도 잘 부탁한다. 실험실의 숨은 권력가였던 차

도녀 현정누나. 남편이랑 알콩달콩하시고 종종 뵈요.

꼼꼼하고 세심한 성현이, 실험실을 이끌어 갈 차세대 리더이자 매

력 넘치는 인선이, 싹싹하고 씩씩한 동석이, 예쁘고 맑은 정인이, 나

랑 공통점이 참 많은 호빈이, 귀엽고 의외로 참한 윤정이, 그리고

성실한 실험실 막내 도운이. 모두 못나고 성격 나쁜 선배 잔소리 참

으며 함께 있어줘서 고마워. 너희들 덕분에 실험실에서 짜증내는 일

보다 웃는 일이 더 많았던 것 같아.

같은 전공에서 함께 대학원 생활을 해온 분들께도 감사드리고 싶

습니다. 서로의 버팀목이 되어주던 동현이형, 재연이, 태원이. 그리

고 언제나 신세만 지게 되는 홍조형, 형철이형, 탄솔이형. 박사과정

중에도 같이 고생할 영준이, 영선이, 광환이, 윤철이, 종남이, 기현이,

재학이까지. 여러분들과 함께 대학원 생활을 하게 되어 정말 다행이

었고, 또 즐거웠습니다.

인생 선배로써 따끔한 충고를 아끼지 않아주셨던 정규형, 준우형을

비롯한 선배님들과 항상 마주치면 기분 좋아지는 고마운 후배들. 노

땅을 언제나 즐겁게 맞이해주는 우리 FC동자 일원들. 이름 다 못

불러드려서 죄송합니다. 이름은 못 불렀지만 한 명 한 명 가슴 속에
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로도 계속 함께 했으면 좋겠다.

항상 날 이해해주고 도와준 나의 단짝 은미. 많이 부족한 사람 옆

에 있느라 고생이 많은 것 같아 미안하고, 또 고마워. 앞으로도 잘

부탁해. 우리 서로 힘들 때 의지할 수 있는 사람이 되자.

또, 하나 밖에 없는 내 동생 준석이. 내가 아버지 어머니께 제대로

하지 못하는 효도를 오롯이 혼자 하고 있는 것 같아 항상 미안하고

고맙다.

항상 맏손주 걱정만 하시는 할머니, 할아버지, 그리고 외할아버지.

걱정만 끼쳐드리는 것 같아 죄송하고 감사합니다. 맏조카를 항상 예

뻐해준 복희이모, 깜보이모, 따숌, 호진이 삼촌, 엽이 삼촌에게도 감

사하다는 말 전하고 싶습니다.

아낌없이 주시느라 당신의 건강이나 행복은 뒷전으로 밀어놓으시

고, 오매불망 두 아들들만 바라보며 살아오신 어머니, 아버지. 항상

고마운 마음, 표현도 제대로 못해서 죄송합니다. 건강하게 오래오래

사셔서 장남이 제대로 효도하게 해주시길 하느님께 기도드립니다.

이 외에도 미처 이름을 불러드리지 못한, 저에게 있어 소중하고 고

마운 분들께도 감사의 말씀을 전합니다.

끝으로 하늘나라에서 제가 살아가는 모습을 지켜보고 계실 외할머

니. 저를 제일 아끼고 사랑해주셨던 외할머니. 그렇게 많은 사랑을

주셨는데도 떠나시는 마지막까지도 감사하다는 말, 사랑하다는 말

한 번 못 해드린 외할머니. 학위 과정 중에 바쁘다는 핑계로 병상에

누워 계실 때도 제대로 찾아뵙지 못하고, 손 한 번 못 잡아드린 이

못난 손자를 용서해주세요. 이 논문을 당신께 바치며 마무리하고 싶

습니다.

2013년 7월 15일 늦은 시각에, 관악에서.

이 준 영


	I. Introduction 
	II. Review of Literature 
	1. Oral delivery of protein drugs 
	1) Protein drugs and its oral administration 
	2) Molecular transport across the intestinal epithelia 
	3) Transcytotic peptide, ‘CSKSSDYQC’, and        conjugated drug  

	2. Human growth hormone 
	1) A character of human growth hormone 
	2) Uses of recombinant human growth hormone 


	III. Materials and Methods 
	1. Establishment of recombinant P. pastoris 
	1) Vector construction 
	2) Transformation and selection 

	2. Mass-production and purification of hGHs 
	1) Optimization of purification condition 
	(1) Resin screening 
	(2) Buffer selection 

	2) Optimization of mass-production process 

	3. Confirmation of conjugated drugs 
	1) Western blotting 
	2) In vitro validation of recombinant hGHs 

	4. In vivo oral administration 
	1) Immunohistochemistry 
	2) IGF-1 induction test 
	3) Measurement of weight gain 

	5. Statistical analysis 

	IV. Results and Discussion 
	1. Establishment of recombinant P. pastoris 
	1) Vector construction 
	2) Transformation 

	2. Mass-production and purification of hGHs 
	1) Optimization of purification condition 
	(1) Resin screening 
	(2) Buffer selection 

	2) Optimization of mass-production process 

	3. Characteristics of produced proteins 
	1) Detection of TP1 and hGH by western blotting 
	2) Validation of hGH function in vitro 

	4. The effects of conjugated drugs in vivo 
	1) Immunohistochemistry 
	2) In vivo IGF-1 induction test 
	3) Animal growth analysis 

	5. Conclusion 

	V. Literature Cited 
	VI. Summary in Korean 
	VII. Acknowledgement 


<startpage>12
I. Introduction  1
II. Review of Literature  2
  1. Oral delivery of protein drugs  2
    1) Protein drugs and its oral administration  2
    2) Molecular transport across the intestinal epithelia  3
    3) Transcytotic peptide, ¡®CSKSSDYQC¡¯, and        conjugated drug   5
  2. Human growth hormone  7
    1) A character of human growth hormone  7
    2) Uses of recombinant human growth hormone  8
III. Materials and Methods  11
  1. Establishment of recombinant P. pastoris  11
    1) Vector construction  11
    2) Transformation and selection  13
  2. Mass-production and purification of hGHs  15
    1) Optimization of purification condition  15
      (1) Resin screening  15
      (2) Buffer selection  16
    2) Optimization of mass-production process  17
  3. Confirmation of conjugated drugs  18
    1) Western blotting  18
    2) In vitro validation of recombinant hGHs  19
  4. In vivo oral administration  20
    1) Immunohistochemistry  20
    2) IGF-1 induction test  21
    3) Measurement of weight gain  22
  5. Statistical analysis  22
IV. Results and Discussion  23
  1. Establishment of recombinant P. pastoris  23
    1) Vector construction  23
    2) Transformation  28
  2. Mass-production and purification of hGHs  30
    1) Optimization of purification condition  30
      (1) Resin screening  31
      (2) Buffer selection  33
    2) Optimization of mass-production process  35
  3. Characteristics of produced proteins  38
    1) Detection of TP1 and hGH by western blotting  38
    2) Validation of hGH function in vitro  39
  4. The effects of conjugated drugs in vivo  42
    1) Immunohistochemistry  42
    2) In vivo IGF-1 induction test  44
    3) Animal growth analysis  45
  5. Conclusion  46
V. Literature Cited  48
VI. Summary in Korean  54
VII. Acknowledgement  56
</body>

