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1. Abstract 
The aim of this project has been the optimization of growth and purification parameters for a 
therapeutic vaccine against atopic dermatitis in dogs. The target molecule is a cytokine that acts 
early in the regulation of humoral or TH2 mediated immunity. We described the cloning and 
expression of a fusion protein between a bacterial protein, thiorexoxin, and dog-IL33 in a 
bacterial host E.coli Rosetta-gami. The coding region of dog-IL33 protein was cloned into the 
vector, pET-21, with 6XHis-tag for purification purposes. The expression of the fusion protein 
was induced by the addition of ITPG at 37℃. The fusion protein was both found in a soluble 
and an insoluble fraction. The expressed protein was purified primarily through immobilized 
metal-ion affinity chromatography containing Ni-nitrilotriacetic acid agarose (Ni-NTA). The 
Ni-NTA-purified protein was concentrated on spin concentrators and the resulting protein was 
analyzed on SDS-PAGE gels. The purification from the inclusion bodies, the insoluble fraction, 
resulted in a more pure protein than after purification from the soluble fraction. The final 
protein showed signs of proteolytic degradation. In addition, the purified protein from the 
soluble fractions had several contaminating bacterial protein bands. Due to the higher purity 
when using inclusion bodies as starting material this protein was selected for an additional 
purification step by gel filtration chromatography. The fractions of insoluble parts eluted from 
the gel filtration chromatography showed almost no separation, which indicated that the protein 
formed aggregates of various sizes. Growth conditions were also optimized. We found that 
induction at room temperature resulted in a much larger fraction of the protein in the soluble 
fraction. Separation of protein purified from the soluble fraction on gel filtration columns 
showed that the eluted protein formed aggregates also from this fraction. The results from the 
purification also indicated that dog-IL33 was easily degraded. As a next step in the process of 
optimizing the purification we therefore decided to add an extra purification tag, a Strep-tag, in 
the C-terminal end of the fusion protein. Hopefully this will solve our problems with degraded 
and aggregated protein so that we can enter preclinical test in dogs with a pure dog-IL33 
vaccine antigen. 
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2. Introduction 
 
Background  Allergic diseases are very common in humans and estimates show that 20-30% 
of the population is affected. Not only humans are allergic but also our companion animals, 
horses, cats and dogs. Several mechanisms are involved in triggering allergic disease, and these 
mechanism are extremely complicated, why it is difficult to prevent allergic attacks.  
 
Allergy is the alternative name of a type Ⅰ hypersensitivity reaction. Upon contact with an 
allergen the epithelia releases several cytokines, including thymic stromal lymphopoietin 
(TSLP), interleukin 33 (IL-33), and interleukin 25 (IL-25). The movement and the maturation 
of dentritic cells (DCs) are aided by TSLP. IL-4, IL-13, IL5, and IL6 are released by several 
cell types after stimulation by IL-33, TSLP and IL-25, and this promote Th2 cells and 
eosinophil recruitment into tissues as shown in figure 1. Those cytokines are related to Th2 
cells and to allergic responses they are also called Th2 cytokines (Locksley , 2010) (Hellman, 
2008). Subsequently immunoglobulin E (IgE) antibody is produced by B cells. IgE binds to 
mast cells and basophils. Crosslinking of IgE on the surface of these cells leads to the release of 
histamine, which is one of the compounds that is important in the development of hay fever, 
asthma and dermatitis. 
 
 

 
 
Figure 1 : The mechanism of allergic reaction adopted from Hellman, 2008. 
 
 
The most widely-used treatment for allergic diseases is to reduce the effects of histamine or the 
use of more general anti-inflammatory drugs. Antihistamine is used as antagonist for histamine 
and corticosteroids are more general anti-inflammatory agents (Barnes, 2006). However, 
antihistamine or cortisones are often not sufficient to relive symptoms and they are often 
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needed to be taken several times a day why new treatment methods are needed. One potential 
new way to obtain a more long-lasting effect is by a therapeutic vaccine, and a few such 
vaccines are under development (Hellman 2008). 
 
The therapeutic vaccine concept has been studied with other target molecules. For example an 
IgE vaccine has been shown to reduce the concentration of IgE in rats by approximately 90%. 
Even though the IgE vaccine was sufficiently potent in rodents, the concept needs to be 
evaluated in a more relevant model as rodents are not naturally allergic (Hellman, 1994) 
Vernersson et al, 2002). However, the results from rats gave hope for an IgE vaccine for dogs 
that need therapeutic vaccine for allergy treatment.  
 
Both healthy dogs and dogs suffering from canine atopic dermatitis (CAD), one of the most 
common causes for dogs to come to the clinic, have high level of IgE in sera. Additionally, the 
current treatment for canine atopic dermatitis in dogs is not sufficiently effective, and is often 
accompanied by side effect. New treatment methods are therefore needed. To address this 
problem an anti-IgE vaccine was developed (Ledin et al, 2005). In the study by Ledin et al, the 
anti-IgE vaccine resulted in high anti IgE titers. However, the high IgE levels in sera of dogs 
prevented the vaccine from having sufficient activity in lowering IgE to see any clinical effect. 
As a result, the target molecules for allergy vaccines were changed into Th2-mediated 
cytokines such as IL-25, IL-18, TSLP, and IL-33 (Hellman 2008). The molecules of IL-18, 
TSLP, and IL-33 will be described more in detail here belov. The reason why we did not target 
IL-25 was because this cytokine has been shown to play an important role in parasite defense  
(Hellman 2008). 
 
IL-18   
IL-1 family members include IL-1a/b,, IL-18 and IL-33 and they have been shown to play 
important roles in host defense (Dinarello 1994,2000) (Nakanishi et al, 2001). IL-18 is a single 
peptide chain with a mass of 30 kDa and is produced by macrophages and other cells. When 
cooperating with IL-12, IL-18 is a potent gamma-IFN-inducing factor. IL-18 is also considered 
as a proinflammatory cytokine (Tsutsui et al, 2004) and the role of IL-18 in chronically 
relapsing skin disorder, atopic dermatitis (AD), has been examined. The result showed that 
excessive amounts of IL-18 were detected in mice with pruritic chronic dermatitis-like atopic 
dermatitis. IL-18 also induced asthma-like symptoms, which implied that it could be a crucial 
role in Th2-mediated inflammatory reactions (Tsutsui et al, 2004). IL-18 is also involved in 
autoimmune diseases, in some cancers, and numerous infection diseases (Gracie et al, 2003). 
IL-18 therefore is a very interesting target for therapeutic vaccine development for several 
disorders. 
 
TSLP   
TSLP, an IL-7-like cytokine, is a four-helix-bundle cytokine with a molecular weight of 23 kDa 
and it is produced mainly by epithelial cells and mast cells. One of TSLP´s functions is to 
activate dendritic cells. Dendritic cells subsequently activate naïve T cells to produce the pro-
allergic cytokines, IL-4, -5, and -13 (Zhou et al). For example, allergic keratoconjunctivitis is 
one kind of ocular inflammation which is caused by pollens, perfumes, air pollution etc.. In 
Matusda et al study, the gene expression of TSLP in giant papillae obtained from the patients 
with vernal keratoconjunctivitis (VKC) or with atopic keratoconjunctivitis (AKC) was analyzed 
with RT-PCR. The gene expression of TSLP was high in VKD and AKC patients. By using the 
dendritic cell (DC) activation marker DC-LAMP, positive DC was detected around the areas 
with TSLP-positive cells. This result gave the support that TSLP does activate dendritic cells in 
areas of inflammation. In addition, the combination of TSLP and IL-33 synergistically enhance 
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the expression of IL-13 in human mast cell, LAD2 cells (Matusda et al). This was assumed that 
the cooperation between IL-33 and TSLP was crucial in allergic disease (Matusda et al). 
 
 
IL-33   
IL-33, with a mass of 30 kDa, is another member of the IL-1 family of cytokines. It has 
biological activity through binding to the IL-1 receptor, ST2. ST2 is mainly located on mast 
cells and Th2 cells. The binding of IL-33 to ST2 activates NF-kB and MAP kinases signaling 
pathways. The activation leads to the production of Th2-associated cytokines such as IL-4, IL-
5, and IL-13 (Schmitz et al, 2005). Furthermore, administration of IL-33 to mice increase the 
amount of eosinophils and lymphocytes as well as increase IgE and IgA levels in blood 
(Schmitz et al, 2005). In tissues biopsies, IL-33-treated mice showed pathological changes in 
lungs and digestive tracts. Especially, there was a lot of mucus on the epithelial lining of the 
airways. Tissue biopsies from the digestive tract showed that these tissues were infiltrated by 
eosinophils, and neutrophils (Schmitz et al, 2005).  
 
Before the study of Smithgall M. D. et al, the relation between the allergic reactions and the 
contribution of IL-33 was restricted to animal models. In Smithgall M. D. et al, a human Th2-
polarized T cell culture system obtained from allergic donors was cultured. The addition of IL-
33 into the culture increased the production of IL-5 and IL-13, which are typical Th2 cytokines. 
The result implied that IL-33 plays an important role even in Th2-mediated responses in 
humans (Smithgall et al, 2008). 
 
The other evidence of the contribrution of IL-33 in allergic reactions was the study of Matsuba-
Kitamura et al. In their study, allergic conjunctivitis (AC), one kind of allergic ocular disorder, 
was demonstrated to be induced and augmented by IL-33. AC appearing after ragweed-
challenge in mice was followed by eosinophilic inflammation. The symptoms became worse 
after mice were boosted with extra teardrops containing IL-33. As a result, IL-33 was suggested 
as a target molecule in AC treatment (Matsuba-Kitamura et al, 2010). 
 
Expression and purification of recombinant proteins   
In order to produce a therapeutic vaccine, those target molecules should be first be expressed in 
a host cells, such as E.coli, yeast, or mammalian cell line. The growth condition is of course 
considered, and it is normally recommended at 37℃. Secondly, they should be purified.  
 
There are a number of purification methods but the most common is affinity chromatography. 
Affinity chromatography is based on that the target molecules specifically bind to ligands 
covalently attaching to immobilized matrices while other molecules pass through the column. 
To make the target molecules have the ability to bind to ligands, the target molecules often 
need to be fused with tags. Besides, the most common obstacle of purifying molecules of 
interest is the solubility. The insoluble fraction, often in the form of inclusion bodies, does first 
need to be solubilized often by the treatment urea of guanidine hydrocloride. Adding tags is one 
of ways to increase the solubility of inclusion body (Esposito et al, 2006) (Chen et al, 2005) 
(Dyson et al, 2004) (Hammarström et al, 2002) (Nallamsetty et al, 2005). Tags could be a short 
sequence of peptides or protein and inert and not harmful to the target molecules. Since the 
characteristics of the proteins are miscellaneous and the application of purified molecules is 
different, a large number of commercially-tags are available, such as histidine-tag (His-tag), 
calmodulin-binding peptide (CBP), covalently-dissociable NorpD peptide (CYD), Strep Ⅱ, 
FLAG, glutathione S-transferase (GST), maltose-binding protein (MBP), and heavy chain of 
protein C (HPC). Among tags, the His-tag is the most often recommended since the yield and 
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the purity of target molecules by using His-tag are better than with other tags (Lichty et al, 
2005).  
 
This project addressed the problem of optimizing the parameters of producing and purifying 
dog-IL18, -IL33, and -TSLP, especially focusing on dog-IL33. Initially, our results showed that 
the insoluble fraction of dog-IL33 protein was more pure than the soluble by analysis on SDS-
PAGE gels, when the cells were grown at 37℃ during growth and induction. However, after 
concentrating the product we observed that it contained also partly degraded dog-IL33. In spite 
of this finding the product was however still more pure than that from the soluble fraction. Due 
to the higher purity, the insoluble fraction was later applied on a gel filtration column for 
further separation. The fractions from the gel filtration were analyzed on SDS-PAGE and 
almost all fractions looked the same. We assumed that there was aggregation occurring within 
the sample leading to poor separation. However, we found that a higher yield was obtained 
from the soluble fraction when the induction conditions were changed to room temperature. 
The products from this purification were applied onto gel filtration chromatography columns as 
well. The fractions were analyzed on SDS-PAGE and they showed the same pattern as 
previously observed with the fractions from the inclusion bodies. The aggregation also 
occurred in the soluble fraction. According to the results from Ni-NTA column and gel 
filtration chromatography, there are two problems we need to solve. The problem from Ni-
NTA column we have to solve is to prevent the proteolytic degradation of dog-IL33. The other 
problem is to prevent the formation of the aggregates. In the end, we decided to add an extra 
tag, Strep, in the C-terminal of the fusion protein to solve both problems (Tang et al, 1997) 
(Mayer et al, 2004). The other reason why we chose Strep is that the combination of His-tag 
and Strep tag, through Talon column followed by Strep-Tactin column, results in high yield of 
the target protein and short processing (Lichty et al, 2005). 
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3. Materials and methods 
 
3.1 Materials  E. coli strain Rosetta-gami was obtained available in our lab and Luria Bertani 
(LB) medium, phosphate buffered saline (PBS), the bacteria incubation shaker and the high-
speed centrifuge (Sorvall) were obtained from the Department of Cell and Molecular biology 
(ICM), Uppsala University. Ampicilin (1000X), 50% of glucose, and isopropyl-β-D-
thiogalactoside (IPTG) were obtained from ICM.  Phosphate buffered saline Tween (PBS-
Tween) solution was made from PBS-Tween tablet (Medicago AB, Uppsala). Ni-NTA column 
(His GraviTrap) was purchased from GE Healthcare (Uppsala, Sweden). Centrifugal Filter 
Units (Amicon® Ultra-15) was obtained from Millipore. Prestained Protein Ladder was 
obtained from Fermentas. NuPAGE Novel Bis-Tris Mini Gels and MES (20X) SDS running 
buffer were purchased from Invitrogen. β -mercaptolethanol was obtained from Sigma. 
Commassie dye was self-made. Bovine serum albumin (BSA) standard was obtained from 
Sigma. Blue dextran was obtained from Pharmacia (Uppsala, Sweden) and phenol red was 
obtained from Fluka AG, Buchs SG. Gel filtration columns were obtained from Pharmacia 
(Uppsala, Sweden). Sephadex G-100 was obtained from Sigma. Blue dextran and phenol red 
were obtained from ICM. The fraction collector (LKB, Bromma). Spectrometer (BIO-RAD, 
SmartSpec 3000). 
 
3.1.1 Expression constructs 
 
The following constructs in Table 1 were obtained from freezer stocks in the lab. 
 
Table 1. Expression constructs 
 
Dog IL-18 
 

 
 
Dog IL-33 
 

 
 
Dog-TSLP 
 

 
 

 
 
3.2 Expressions of proteins 
 
3.2.1 Laboratory-Scale cultivation and Induction  
One-loop of the clones in E.coli was inoculated into 400 mL of LB medium supplemented with 
50 µg/mL of ampicillin in 1-Liter flasks and then was incubated under 37℃ over night. The 

Thioredoxin 6XHis EK Dog IL-18 

Thioredoxin 6XHis EK Dog TSLP 

Thioredoxin 6XHis EK Dog IL-33 
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day after the inoculation, 100 mL of cultivation was inoculated in 5-Liter flasks with 900 mL of 
fresh LB medium containing 1mL of 1000X of ampicillin as well as 2 mL of 50% glucose ( 
final concentration : 0.1% ). The culture was grown under continuous shaking for laboratory-
scale cultivation. As soon as the optical density (O.D.) value of the laboratory-scale cultivation 
at the absorbance wavelength of 600 nanometer (nm) was up to 0.500, IPTG was added in 
order to induce the expressions of the proteins of interest. The culture was then incubated at 
vigorous shaking at 37℃ for an additional three hours. After the 3-hour´s induction, the culture 
was transferred into 1-liter bottles for high-speed centrifugation at 4,000 rpm (rotation per 
minute) in 25 minutes. The temperature condition at the centrifugation and all subsequent steps 
in the purification was 4℃. The supernatant after the centrifugation was discarded while the 
cell pellets were resuspended with PBS-Tween and then transferred into 50-mL Falcon tubes. 
The resuspended cell pellet was rhen centrifuged at 2,500 rpm for 20 minutes and the 
supernatant was discarded.  
 
3.2.2 Soni-prep  
The pellets were resuspended with PBS-Tween in appropriate volume and was sonicated three 
times 30 seconds. The time period of the sonication was set in 30 seconds as well as during 
each interval of the sonications the solution was kept on ice for 30 seconds. Later, the solution 
was centrifuged at 3,500 rpm for 20 minutes. The supernatant (soluble fraction) and the pellets 
(insoluble fraction) were both saved. The insoluble fractions of the proteins of dog-IL18, dog-
TSLP and dog-IL33 were resuspended in PBS-Tween and sonicated two times more. Once the 
solution was homogenized it was devided into Eppendorf tubes (1 mL/Eppendorf) in order to 
sonicate twice. All Eppendorf tubes were centrifuged afterwards at 10,000-12,000 rpm for 10 
minutes. The supernatants were discarded after the centrifugation and 1.0 mL of 8M urea plus 
10 mM of imidazole in PBS was added into each Eppendorf tube for the final sonication This 
solution was then called the lysate. After the sonication, the lysate was centrifuged at 10,000-
12,000 rpm for 5 minutes to remove cell debris. Furthermore, the supernatant was collected in 
one Falcon tube before performing the purification on nickel columns (His Gravitrap, GE 
Healthcare).  
 
The soluble fraction of the protein of dog-IL33, which was already in PBS-Tween solution, was 
sonicated two times. Centrifugation, at 10,000-12,000 rpm for 5 minutes, was also performed 
after sonication. All supernatant was collected in one Falcon tube for purification on nickel 
column (His Gravitrap, GE Healthcare). 
 
3.2.3 Protein isolation on nickel column  
The soni-preps of the insoluble fraction of dog-IL18, dog-TSLP and dog-IL33 were pressed 2X 
through a glass-filtered syringe. The nickel column was pre-equilibrated with 2-3 mL of 8M 
urea plus 10 mM of imidazole in PBS before the filtrated samples were applied onto a nickel 
column. Once the filtrated samples had gone through the nickel column, the column was 
washed by a series of the washing steps: 2 mL of 8M of urea plus 10 mM of imidazole in PBS 
(1 mL applied per time), 2 mL of 6M of urea plus 10 mM of imidazole in PBS, 2 mL of 4M of 
urea plus 10 mM of imidazole in PBS, 2 mL of 2M of urea plus 10 mM of imidazole in PBS, 2 
mL of 1M of urea in pure Arginine solution, 2 mL of 0.5M of urea in pure Arginine solution, 2 
mL of of pure Arginine solution, 9 mL of 2M NaCl plus 10 mM of imidazole in 0.5% of PBS-
Tween solution (3 mL per time), and 9 mL of 10 mM of imidazole in PBS. The bound target 
protein was eluted by 6 mL of 500 mM of imidazole in PBS (1 mL applied per time) and all 
effluent fractions were collected in one Falcon tube labelled as eluate ①. The remaining 
protein on the nickel column was eluted by 3 mL of 8M of urea plus 500 mM of imidazole in 
PBS (1 mL applied per time), and all three eluted fractions were collected also in one Falcon 
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tube labelled as eluate ②.  
 
Similarly, the soni-preps of the soluble parts of dog-IL33 were pressed 2X through a glass-
filtered syringe. The nickel column was pre-equilibrated with 2-3 mL of PBS before the 
filtrated samples were applied onto the nickel column. Once the entire filtrated samples had 
gone through the nickel column, the nickel column was washed by a series of the washing 
buffers: 9 mL of 2M NaCl plus 10 mM of imidazole in 0.5% of PBS-Tween solution (3 mL per 
time), 9 mL of 1M NaCl plus 10 mM of imidazole in 0.1% of PBS-Tween solution, 9 mL of 
1M NaCl plus 10 mM of imidazole in 0.05% of PBS-Tween solution, 9 mL of 0.5M NaCl plus 
10 mM of imidazole in 0.05% of PBS-Tween solution, 9 mL of 10 mM of imidazole in PBS. 
The bound protein was eluted by the addition of 10 mL of 500 mM of imidazole in PBS (1 mL 
applied per time) and all effluent fractions were collected in one Falcon tube labelled as eluate. 
 
3.2.4 Protein concentration in Centrifugal Filter Units (Amicon® Ultra-15)  
The dialysis filtration was operated according to the manufacturers recommendation ( Amicon 
Ultra-15 Centrifugal filter units from Millipore, Billerica, USA). The maximum volume, which 
can be added to the unit is 15 mL. The centrifugation was performed at 3,500 rpm for 30 
minutes. Following the first centrifugation 10 ml PBS was added and the sample was once 
again concentrated by centrifugation following three such rouns the sample was considered 
buffer changed and concentrated. The end product of the concentration step was labelled as the 
concentrate. 
 
3.2.5 Protein analysis on Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE)  
Ten µL of the concentrate was mixed with 10 µL of 2X sample buffer as well as 1 µL of β-
mercaptolethanol. The mixture was then kept at 95℃ for 5 minutes, before being analyzed on 
SDS-PAGE gels. If necessary, the mixture could be serially diluted, such as 3X, 5X, 10X or 
20X. 5 µL of the marker, 10 µL of the BSA standards and 10 µL of the mixture or of the 
diluted mixture were loaded on the SDS-PAGE gels. In the upper chamber contained 1X of 
MES upper buffer containing 5mM of NaHSO3 and 1X of MES only in the lower chamber. The 
SDS-PAGE was run at 120 volts. The gel was then stained in 75% of colloidal coomassie 
brilliant blue stain, which was mixed with 85% of phosphoric acid, ammonium sulfate, 5% of 
serva blue-G and dH2O, over night. The gel was destained with 20% of methanol for 30 
minutes and later washed with dH2O several times until the background approached transparent. 
 
 
3.3 Isolation of proteins 
 
3.3.1 Protein isolation on gel filtration chromatography  
Once the column was packed with Sephadex G-100 dissolved in sterile water (matrix), the 
column was closed and the excess of matrix suspension would be removed. In order to measure 
the void volume (vo) and the total volume (vt) within the gel filtration column, the mixture was 
combined with 20mg of blue dextran powder and 20mg of phenol red dissolved in 20 mL of 
PBS and then 2 mL of the mixture was applied onto the column. Once the mixture was applied 
the fractions were collected at until dextran blue appeared at the bottom of the column and we 
registered the volume of the collected effluent referring to vo. The fractions were continuously 
collected until phenol red showed up at the bottom of the column and we also recorded the 
volume of the collected effluent referring to vt. The gel filtration column was pre-equilibrated 
with the 200 mL of deaerated PBS. The concentrates from the mutated Dog-IL33 vaccine 
protein were applied onto the column as soon as the volume was up to the vo and the fraction 
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collector was turned on to start collecting fractions. Collecting fractions was completed when 
the total volume of the overall fractions were equal to the vt. 

 

3.3.2 O.D. value measurement of fractions and fractions analysis on SDS-PAGE  
All collected fractions were measured for absorbance at 280 nanometer (nm) and all fractions at 
and around the peak area were analyzed on SDS-PAGE gels.  
 
 
3.4 Expression of Dog-IL33 vaccine protein in different induction conditions 
The main procedure of the cultivation and induction was thesame as described under 3.2.1. 
One-loop of the clones in E.coli was inoculated into 400 mL of LB medium supplemented with 
50 µg/mL of ampicillin in 1-Liter flask and then was incubated under 37℃ over night. The day 
after the inoculation, each 100 mL of cultivation was further transferred into 5-Liter flask with 
900 mL of fresh LB medium containing 1mL of 1000X of ampicillin (final concentration: 50 
µg/mL) as well as 2 mL of 50% glucose (final concentration: 0.1%) under continuous shaking 
for laboratory-scale cultivation. As soon as the O.D.value reached 0.500, IPTG was added to 
induce expression of the proteins of interest. A total of four 5-Liter flasks was divided into two 
groups of two; one group was induced at 37℃ for three hours and the other was at room 
temperature over night. The purification procedure was then the same as previously described 
in 3.2. 
 
 
3.5 Plasmid Construction 
The construct (concentration: 4 ng/µL) obtained from Genescript (NJ, USA), shown in Table 2, 
was transformed into competent E.coli strain DK1 and then was purified with an E.N.Z.A. 
Plasmid Miniprep Kit (E.Z.N.A. kit from Omega Bio-Tek, Doraville, USA). The plasmid 
miniprep of dog IL33-HisStrep-pUC57 was cleaved with BamHI and XhoI restriction enzymes 
in 100 mM NaCl restriction enzyme buffer (REB). The cleaved sample mixed with dH2O and 
5X sample buffer was separated on an agarose gel. The fragment, dog-IL33-HisStrep, was 
excised from the gel and purified with E.N.Z.A. gel extraction kit. The fragment was then 
inserted into plasmid pET-21 and transformed into competent E.coli strain DK1. The 
transformants was cultivated on LB+ampicillin plate over night. The day after the incubation 
on plate, six positive colonies were inoculated into 7 mL of LB+ampicillin in 50 mL of Falcon 
tubes, and incubated at 37oC under vigorous shaking over night. Subsequently, the plasmid 
pET-21 with the fragment was purified with E.N.Z.A. Plasmid Miniprep Kit Spin Protocol and 
then transformed into competent E.coli strain Rosetta-gami.  
 
Table 2. The new expression constructs of dog-IL33 
 
Dog IL-33 
 

 
 

 

Strep Thioredoxin 6XHis EK Dog IL-33 
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4. Results  

4.1 Expressions of the proteins 
After being induced by IPTG, E.coli transformed with dog-TSLP, and dog-IL18, produced 
proteins of around 24 kDa, and 30 kDa, respectively as shown in Figure 2. The sizes of the 
proteins are similar or identical to their theoretical molecular weight.  
 

 
 
Figure 2 : SDS-PAGE analysis of recombinant Dog-IL18 and Dog-TSLP, expressed by E. coli. The expression 
was induced by 1mM of IPTG at 37℃. Layouts from left to right: Marker; Lane 1: Dog-TSLP vaccine eluate ① ; 
Lane 2 : Dog-TSLP vaccine eluate ② ; Lane 3 : Dog-TSLP vaccine concentrate ; Lane 4 : Dog-18 vaccine eluate 
① ; Lane 5 : Dog-18 vaccine eluate ② ; Lane 6 : Dog-18 vaccine concentrate. Loading volume: 10 µL. 
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As for dog-TSLP and -IL18, protein from E. coli transformed with dog-IL33 protein was 
analysed on gel. The size of the protein was similar or identical to its theoretical molecular 
weight, 30 kDa.  

 
 
 

 

 
 
Figure 3 : SDS-PAGE analysis of soluble and insoluble fractions of recombinant Dog-IL33 protein expressed by 
E.coli. The expressions were induced by 1 mM of IPTG at 37℃. Layouts from left to right: Marker; Lane 1: 2.5 
µL of eluate of Dog-IL33; Lane 2 : 10 µL of eluate of Dog-IL33 ; Lane 3 : 2.5 µL of Dog-IL33 concentrate ; Lane 
4 : 10 µL of Dog-IL33 concentrate ; Lane 5 : 10 µL of eluate ① of Dog-IL33 ; Lane 6 : 10 µL of eluate ② of 
Dog-IL33; Lane 7 : 2.5 µL of Dog-IL33 concentrate; Lane 8 : 10 µL of Dog-IL33 concentrate ; Lane 9 : 10 µL of 
3X dilution of Dog-IL33 concentrate ; Lane 10 : 10 µL of 5X dilution of Dog-IL33 concentrate ; Lane 11 : 10 µL 
of 10X dilution of Dog-IL33 concentrate ; Lane 12 : 10 µL of 20X dilution of Dog-IL33 concentrate. 
 
 

        ⊢    soluble fraction   ⊣  ⊢         insoluble fraction               ⊣ 
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4.2 Expression of the Dog-IL33 protein, analysis of the insoluble fractions 
 
All concentrates of the insoluble fractions of dog-IL33 were analyzed on SDS-PAGE as shown 
in Figure 4.  
 

 
 
 
Figure 4 : SDS-PAGE analysis of the concentrates of insoluble fraction of recombinant Dog-IL33 vaccine protein. 
Layouts from left to right: Marker; Lane 1: BSA standard 0.25 µg/10µL ; Lane 2 : BSA standard 0.50 µg/10µL ; 
Lane 3 : BSA standard 1.0 µg/10µL ; Lane 4 : BSA standard 2.0 µg/10µL ; Lane 5 : BSA standard 4.0 µg/10µL ; 
Lane 6 : BSA standard 8.0 µg/10µL ; Lane 7 : 2.5µL of the concentrate of first-time expression ; Lane 8 : 10 µL of 
the concentrate of first-time expression ; Lane 9 : 2.5µL of the concentrate of second-time expression ; Lane 10 : 
10µL of the concentrate of second-time expression ; Lane 11 : 2.5µL of the concentrate of third-time expression ; 
Lane 12 :10µL of the concentrate of third-time expression ; Lane 13 : 1.0µL of the combined concentrate ; Lane 14 
: 2.5µL of the combined concentrate ; Lane 15 : 5µL of the combined concentrate ; Lane 16 : 10µL of the 
combined concentrate.  
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4.3 Isolation of the Dog-IL33 protein in the insoluble fractions using gel filtration 
chromatography 
 
All concentrates were pooled and applied onto the gel filtration column and then ten fractions 
having the highest O.D. values were selected for analysis on SDS-PAGE as shown in Figure 5. 
 

 
 
Figure 5: SDS-PAGE analysis of the concentrate of insoluble fraction of recombinant Dog-IL33 vaccine protein 
separated within gel filtration chromatography. Layouts from left to right: Marker; Lane 1 : BSA standard 0.25 
µg/10µL ; Lane 2 : BSA standard 0.50 µg/10µL ; Lane 3 : BSA standard 1.0 µg/10µL ; Lane 4 : BSA standard 2.0 
µg/10µL ; Lane 5 : BSA standard 4.0 µg/10µL ; Lane 6 : BSA standard 8.0 µg/10µL ; Lane 7 - Lane 16 : fraction 
no.1-fraction no.10. 
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4.4 Expression of mutated Dog-IL33 vaccine protein in different induction conditions 
 
Both the insoluble and the soluble fractions of dog-IL33 protein were induced at room 
temperature and 37℃ respectively. The results were analyzed on SDS-PAGE as shown in 
figure 6. 
 

 
 
Figure 6 : SDS-PAGE analysis the recombinant Dog-IL33 protein expressed by E. coli. The expression was 
induced by 1mM of IPTG either at room temperature or at 37℃. Layouts from left to right: Marker; Lane 1 : BSA 
standard 0.25 µg/10µL ; Lane 2 : BSA standard 0.50 µg/10µL ; Lane 3 : BSA standard 1.0 µg/10µL ; Lane 4 : BSA 
standard 2.0 µg/10µL ; Lane 5 : BSA standard 4.0 µg/10µL ; Lane 6 : BSA standard 8.0 µg/10µL ; Lane 7 : 2.5µL 
of the concentrate of the insoluble part induced at 37℃ ; Lane 8 : 10µL of the concentrate of the insoluble part at 
37℃ ; Lane 9 : 2.5µL of the concentrate of the insoluble part induced at room temperature : Lane 10 : 10µL of the 
concentrate of the insoluble part at room temperature ; Lane 11 : 2.5µL of the concentrate of the soluble part 
induced at 37℃ ; Lane 12 : 10µL of the concentrate of the soluble part at 37℃ ; Lane 13 : 2.5µL of the 
concentrate of the soluble part induced at room temperature ; Lane 14 : 10µL of the concentrate of the soluble part 
at room temperature. 
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4.5 Isolation of the Dog-IL33 protein from the soluble fractions using gel filtration 
chromatography 
 
The concentrates of the purifications of the cultures induced at room temperature were applied 
onto the gel filtration column and then fifteen fractions having the highest O.D. values were 
selected to be analyzed on SDS-PAGE as shown in Figure 7. 
 

 
 
Figure 7 : SDS-PAGE analysis of the concentrate of soluble fraction of the recombinant Dog-IL33 vaccine protein 
induced at room temperature and separated within gel filtration chromatography. Layouts from left to right: 
Marker ; Lane 1 - Lane 15 : fraction no.1-fraction no.15. 
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5. Discussion 
5.1 Expressions of the proteins: dog-IL 18, -TSLP, and -IL 33 
The lysate after producion in the E.coli system culture and after sonication contained a 
considerable amount of the target proteins.  The lysate was then passed 2X through a glass 
filters. The purpose of the filtration was to eliminate or decrease levels of cellular debris from 
the solution. If the lysate applied onto the glass filters clogged the filter in the beginning of the 
procedure, we could resue the column by adding more the solution of 8M of urea+10 mM of 
imidazole in PBS or by heating the filtrated lysate. The aim of both procedures was to increase 
the solubility. If needed, one more centrifugation was added. The supernatant from this 
centrifugation collected.  
 
After filtration, polyhistidine-tagged dog-IL18, -TSLP, and -IL33 were applied onto Ni-NTA 
columns containing immobilized divalent metal ions, Ni2+. During the washing steps, unbound 
proteins on column were washed out with different washing buffers. By using different 
washing buffers, only the polyhistidine-tagged proteins remained on the column.  
 
After the different steps of E.coli fermentation, cell disruption by sonication, filtration and 
nickel column isolation, the proteins of interest were present in relatively low concentration in 
the eluate. Thus, it was necessary to concentrate this solution. In spite of the fact that methods 
of concentrations are diverse, dialysis filtration (diafiltration) was selected due to low cost, and 
easy use. The original concentration of imidazole in filtrated lysate was also 500 mM, which 
can be toxic in animals. The other purpose of the dialysis filtration was to reduce the 
concentration of imidazole to 2-5 mM, which is safe dose in animals as therapeutic vaccine. 
 
The products after concentration were analyzed on SDS-PAGE. The sizes of those three 
proteins are similar or identical to their theoretical molecular weight. As shown in figure 2, 
both dog-IL18, -TSLP were quite pure already after the Ni-NTA purification. Dog-IL18 
appeared only as one band, whereas dog-TSLP was shown three bands on SDS-PAGE. 
However, dog-IL33 was not so pure after the Ni-NTA purification.  

5.2 Expressions of the dog-IL33 protein 
After incubation and induction of 37℃, the soluble fraction of dog-IL 33 proteins was not so 
pure after Ni-NTA isolation.  There were more bacteria protein or unrelated protein showing 
up at the same time as shown in figure 3. Comparing to the soluble fraction, the insoluble 
fraction of dog-IL33 was more pure but the protein amount was lower. However, since the 
insoluble fraction resulted in more pure dog-IL33 protein, it was selected for further 
purification by gel filtration chromatography. 
 
The results from SDS-PAGE also showed another problem with the purification of IL-33. The 
dog-IL33 was partly degraded. Why the IL-33 vaccine antigen was proteolytic degraded is not 
known but could be due to the growth conditions in the culture (eg. temperature, pH value, 
etc.), or the purification conditions, the times or the period time of the sonication used for cell 
disruption, or buffer solutions employed in Ni-NTA affinity chromatography (Sinha et al, 
2004). One suggestion to avoid degradation was to add protease inhibitor in the washing buffer. 
Most widely employed inhibitors are serine protease inhibitors, thiol protease inhibitors, 
aspartic protease inhibitor, and exopeptidase inhibitors (Sinha et al, 2004). However, it is time-
consuming to find out which protease we need.  
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First, the insoluble part was selected for further separation in gel filtration chromatography. 
Thus, different volumes of the concentrates from the insoluble fractions of the dog-IL33 protein 
were loaded on SDS-PAGE as shown in Figure 4. Because we needed much higher 
concentration of concentrates applied into gel filtration chromatography we pooled three 
concentrates and analyzed on SDS-PAGE.  

5.3 Isolation of the the insoluble part of the dog-IL33 protein on gel filtration 
chromatography 
All collected concentrates were applied onto the gel filtration column and then ten fractions 
showing the highest O.D. values were analyzed on SDS-PAGE as shown in Figure 5. 
Unfortunately, the peak that was supposed to show up after the vo volume; appeared in the very 
beginning instead. Because the target protein did not go into beads within matrix, it was 
passing outside the beads on the column. The reason for that the target protein not is going into 
beads could be that they form aggregates. Hydrophobic residues exposed on the surface of the 
target protein may make them form aggregates. Due to these hydrophobic interactions, several 
huge aggregated complexes formed and theses were not able to enter the beads. The reason for 
that such aggregates form could possibly be that the target protein did not get full aid from 
chaperones during the refolding process (Kataeva et al, 2005)(Shi et al, 2005).   

5.4 Expression of dog-IL33 protein in different induction conditions 
In order to optimize the parameter of protein purification, the growth condition was also 
considered. As shown in Figure 6, there was no big difference for the insoluble fraction at 
different induction temperature. In contrast, the soluble fraction was more abundant when the 
culture was induced at room temperature.  
 
As a result, when optimizing purifies the target protein from the insoluble fraction was the 
choice, and the induction temperature should be kept at 37℃. On the other hand, if we want to 
purify the target protein from the soluble fraction, the induction temperature should be set at 
room temperature.  

5.5 Isolation of the soluble part of dog-IL33 protein on gel filtration chromatography 
All collected concentrates from the soluble fractions of dog-IL33 protein were applied onto the 
gel filtration column. Fifteen fractions having the highest O.D. values were selected to analyze 
on SDS-PAGE as shown in Figure 7.  
As for the insoluble fraction samples applied on the gel filtration chromatography, formed 
aggregates. 
 
Thus, we have two problems to overcome. One was the proteolytic degradation and the other 
was the formation of aggregates. We decided to add an extra purification tag, Strep in the C-
terminal end of the protein. We assumed that an unknown protease degrades dog-IL33 from the 
C-terminal end. So by using a c-terminal tag we will only get the full size protein all degraded 
variants will de coming in the washing solution.  
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6. Conclusion 

Based on the same purification procedure including cell culture, cell disruption, and primarily 
isolation on nickel column, dog-IL18, and -TSLP appeared fairly pure on SDS-PAGE analysis 
while dog-IL33 did not. The reason why dog-IL33 was not so pure after the NI-NTA isolation 
was that it comprised of degradation products in both soluble and insoluble fractions. In 
addition, the soluble fraction had more bacterial contaminants as well.  

Furthermore, the insoluble fraction was more pure than the soluble fraction in comparison by a  
SDS-PAGE analysis of the products after Ni-NTA isolation. Due to the higher purity, the 
insoluble fraction was subjected to further purification on a gel filtration column. The target 
protein was however not more pure because aggregates did form. 

Growth conditions were also optimized. We found that induction at room temperature resulted 
in a larger fraction of the protein in the soluble fraction. Thus, the products induced at room 
temperature from the soluble fraction were applied on gel filtration chromatography. 
Unfortunately, aggregates did also form during the purification from this soluble fraction. 

Therefore, our conclusion is that dog-IL33 is more easily degraded than IL-18 and TSLP and 
also that agregate form that make it not possible to purify further on gel filtration columns. As a 
result, we decided to add an extra purification tag, Strep tag in the C-terminal end of the protein 
to be able to remove proteolytic degradation products. 
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