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Abstract 

Allergic disease occurs when an individual react abnormally to allergens. Not only 
humans, but also domestic animals have allergic diseases. One important example is 
dogs, whose allergies are very similar to their human counterparts. Unfortunately, 
current treatments in both dogs and humans almost only target symptoms and not the 
under-laying causes. New treatment methods should therefore aim at acting at a more 
early stage of the disease and also to try to cure the disease. In order to address this 
issue we have initiated the development of a new class of allergy vaccines. 
Therapeutic vaccines against three of the most important early regulators of humoral 
versus cell mediated immunity is being targeted, the cytokines IL-18, IL-33 and TSLP. 
cDNAs of the three cytokines were ligated with a pET21a (+) vector which contain 
thioredoxin (Trx) gene for the production of Trx-cytokine fusion proteins. 
Thioredoxin is a foreign protein and thereby act to break self tolerance to the cytokine 
covalently attached to it.  
 
There are two goals of this project, one is to develop and optimize production 
conditions, refolding protocols and purification methods that can be easily adopted for 
large-scale production for the dog IL-18 thioredoxin fusion protein. The second part 
of my project is to perform the initial cloning steps in the development of vaccines 
against TSLP and IL-33 and also for IL-18 in other species.  
 
Several new methods to enhance refolding were tested. However, none of them 
resulted in significant amounts of properly refolded and monomeric protein. New test 
have therefore to be performed. We may also have to change fusion parter to enhance 
the chance to obtain sufficient amounts for coming animal experiments. 
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Introduction 
Allergic 
Despite advances and developments in lifestyle and medical management, allergic 
diseases constitute a growing health care problem especially in industrialized 
countries. These allergic diseases include allergic asthma, allergic rhinitis and atopic 
dermatitis. The prevalence is increasing and the cost for treatment is a significant 
socioeconomic problem. 
 
Allergies are the immune system’s incorrect response to a foreign substance that is 
called allergens. Allergens are normally non-harmful substances, such as pollen, dust 
mites, certain foods. When an allergic response is initiated, significant amounts of the 
IgE antibodies reacting against these allergens are produced by B cells. These IgE 
antibodies then bind to the surface of mast cells and basophils. Mast cells produce and 
store histamine in cytoplasmic granules and have the ability to release its histamine 
and additional inflammatory mediators upon stimulation. Some of these mediators 
attract eosinophils, which in turn add more mediators to the response (Belvisi et al. 
2004). The process is described in figure 1. Allergic disease is divided into mild, 
moderate and severe, and the symptoms include rash or hives, itchy, watery eyes, 
congestion, severe respiratory symptoms and the most fever form anaphylaxis. Not 
only human can have allergic disease, but also animals, especially dogs, which 
frequently have atopic dermatitis. 
                            

Medications for allergic disease and asthma 
symptoms are available, such as antihistamines, 
decongestants or anti-IgE antibody therapy. 
Nasal sprays such as topical nasal steroids and 
cromolyn sodium can also be used to treat 
allergic symptoms (Akdis et al. 2005). Although 
these drugs are useful to control symptoms of 
allergy and asthma, allergen-specific 
immunotherapy (SIT, or immunotherapy) is the 
only treatment currently able to cure these 
diseases. However, although this method is 
effective in the treatment of allergic rhinitis or 
insect stinging hypersitivity, it is not effective in 
the treatment of atopic dermatitis, or urticaria 
(Huggins and Looney 2004), and it has 
sometimes severe side effects and involves years 
of treatment. Therefore, novel treatment 
strategies are urgently needed.  

 

Figure 1. The allergic reaction 
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The allergic immune response 
The first event in the development  
of allergic diseases is the generation  
of allergen-specific CD4+ Th cells.  
Naïve CD4+ cells differentiate 
into T help type I(Th1) or typeⅡ 
(Th2) cells (Fig. 2)(Tsutsui et al. 2000;  
H Tsutsui., T Yoshimoto. et al. 2004).  

Th1 cells produce the cytokine IFN-γ,  
Which can promote the development of 
cell-mediated immune response  

Figure 2. TH-cell differentiation with a pathogen 
as stimulator (Tsutsui et al 2002). and can block the development 

of Th2 cells. Th2 cells secrete  
interleukin (IL)-4, IL-5, IL-9 and IL-13, 
which are important for triggering IgE production and differentiation (Kay 2006). In 
people with allergies, these cytokines predominantly stimulate B lymphocytes to 
produce IgE antibodies against allergens and also help to stimulate other 
pro-inflammatory cells, such as eosinophils. Cross-linking of IgE to the allergen 
leads to mast cell degranulation and the secretion of mediators responsible for 
allergic inflammation. From this point, cytokines are very important factors in 
allergic reactions and cytokines therapy may interrupt the process by modulating the 
Th1 and Th2 response balance. My project is to construct vaccines against three 
important early regulators of this Th1-Th2 balance, the cytokines IL-18, IL-33 and 
thymic stromal lymphopoietin (TSLP). The vaccines described in this 
communication are aimed at modulating the levels of these cytokines in vivo.  
  
IL-18 
IL-18 is a member of interleukin-1 family of cytokines. These two cytokines namely 
have similar structure, bind to receptor of the same family and share many properties 
such as tumor suppression and pro-inflammatory activities (Okamura et al. 1995; 
Dinarello 1996). IL-18 is synthesized as a 24kDa precursor protein which needs to be 
cleaved by IL-1β-converting enzyme (ICE, or capase-1) to an 18kDa protein to 
become active (Dinarello 1999). Previous studies demonstrated that IL-18 can induce 
gene expression of tumor necrosis factor (TNF-α), IL-1, Fas ligand and several 
chemokines (Ohtsuki et al. 1997; Puren et al. 1998). The activities of IL-18 are 
orchestrated via the IL-18 receptor. The IL-18 receptor is a heterodimeric complex with 
a binding chain IL-18Rα and a signaling chain IL-18Rβ. A soluble receptor 
IL-18-binding protein (IL-18BP) is also produced, which can act as an inhibitor of 
IL-18 (Dinarello 1999). 
 
In early studies of IL-18, this cytokine was primarily regarded to be a vital mediator in 
Th1 cytokine responses because it is an important regulator in both innate and 
acquired immunity in terms of it can enhance the production of interferon-γ (IFN-γ) in 
inflammation and during a response to infection (Dinarello 1996), IFN-γ then 
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promotes Th1 cytokines. However, more recent data have shown that IL-18 is also 
associated with the development of Th2 responses especially in the absence of IL-12 
(Neumann et al. 2006). IL-18 was detected at high level in human diseases associated 
with immunoactivation. For example, IL-18 level was observed in lungs of cockroach 
allergen-induced airway responses (Campbell et al. 2000). When IL-18 levels increase, 
some innate immunity cells get activated and a lot of other cytokines are produced. It 
is well documented that mast cells and basophils can release relatively large amounts 
of Th2 cytokines (IL-4, -5, -9 and -13) (Fig.3) (Grunig;, et al. 1998; Hamelmann and 
Gelfand 2001; Kuperman et al. 2002). Tomohiro et al showed that IL-18 can induce 
innate allergic responses by activating basophils and mast cells directly and inducing 
cytokines such as IL-4, IL-9, IL-13 from these cells (Yoshimoto and Nakanishi. 2006). 
Other data also indicate that IL-18 takes part in the development of Th2 responses as 
well when it is present in the absence of IL-12 (Campbell et al. 2000). 
 
 

Fig 3. IL-18-induced innate allergic response. IL-18-induced allergic response. IL-18 can 
stimulate basophils and mast cells to produce IL-4 and IL-13 even in the absence of FcεRI 
cross-linking. In this situation NKT cells, stimulated with IL-2 and IL-18 without TCR 
engagement, express CD40 ligand and produce IL-4, which induce B cells to secrete IgE. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The reason why we consider IL-18 as one of our main targets is that it has been 
shown to be of importance for several important immunological diseases like 
rheumatoid arthritis (RA) and allergic asthma. Genetic variation in the IL-18 locus 
influence asthma risk and IL-18 concentration and IgE level in asthma and atopic 
dermatitis patients were much higher compared to controls. It means that IL-18 may be 
the main factor in the development of asthma (Dinarello 1999). In animal model, 
IL-18 has also been shown to be of importance for the development of dermatitis. Due 
to its many important functions in early steps of an inflammatory response, IL-18 may 
serve as a prime target for anticytokine therapy in inflammatory and autoimmune 
diseases. The pathways to regulate IL-18 in vivo are illustrated in figure 4 (Muhl;, 
2004). 
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Fig 4. Regulatin of the bioactivity of IL-18 (Muhl;, 2004). NALP-1 or NALP-3 and PYCARD are 
major components of large (106 Da) protein complexes that have been called NALP-1 or NALP-3 
inflammasomes. The NALP-3 inflammasome contains also an important adaptor protein termed 
Cardinal (omitted from this figure). Inflammasome assembly mediates activation of caspase-1 with 
subsequent processing of pro-interleukin-1β or pro-interleukin-18. Potential sites of 
immunopharmacological intervention aiming at inhibition of interleukin-18 bioactivity are shown in 
red (IL, interleukin; IL-18BP, IL-18 binding protein; mat-IL-18, mature IL-18, MMP-9, matrix 
metalloproteinase-9; NALP, NACHT/LRR/PYD-containing proteins; PYCARD, PYD and 
Card-containing protein.) 

 

IL-33 
IL-33 is also a member of IL-1 cytokine family and shares the IL-1/FGF B-trefoil fold 
with the other members in this family (Priestle et al. 1988). Similar to IL-18, IL-33 
gene encodes a 32-kDa protein that lacks a signal sequence for secretion, so the 
precursor has to be cleaved by capase-1 to gain activity. The active mature IL-33 is an 
18-kDa protein (Dinarello 1996; Tsutsui et al. 2000), which has both intracellular and 
extracellular functions (Carriere et al. 2007). It can induce the production of Th2 
cytokines, such as IL-4, IL-5 and IL-13, but also act as a heterochromatin-associated 
nuclear factor in cells of high endothelial vehicle (HEV) in vivo. It has there some 
transcriptional co-repressor properties on proinflammatory genes (Fig.5) (Gadina and 
Jefferies 2007) 
 
IL-33 is the specific ligand for the ST2 receptor (Schmitz et al. 2005). Recent studies 
have shown that IL-33 bind to murine mast cells expressing ST2L in vitro. This 
interaction stimulates receptor signaling and lead to NF-κB and mitogen activated 
protein (MAP) kinase activation. In addition, injection of IL-33 to mice induces Th2 
cytokines secretion, results in increased IgE, IgA levels and mononuclear and plasma 
cells numbers as well as severe pathological changes in mucosal organs (lungs, 
gastrointestional tract) (Schmitz et al. 2005). These results demonstrated that IL-33 
signals through ST2 and played a vital role in Th2 cell-mediated immunological 
responses, especially in allergic asthma. ST2 gene also expresses a soluble form of 
ST2, which is a negative regulator of Th2 cytokines production, and thereby can 
down modulate allergic airway inflammation. IL-33 mRNA expression has also been 
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detected in several tissues after the OVA challenge in a murine model of asthma 
(Hayakawa et al. 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Figure 5. Potential anti-inflammatory 
effects of IL-33. IL-33 has dual effects. 
Il-33 precursor is cleaved by 
inflammasome in the cytoplasm. After 
released, IL-33 binds its receptor 
complex at the cell surface. NF-κB and 
MAPK are activated by the recruitment 
of kinases IRAK1, IRAK4 and TRAF6, 
Th2-specific cytokines IL-4, IL-5, and 
IL-13 are produced subsequently. 
Unprocessed IL-33 accumulates in the 
nucleus, where it acts as a transcriptional 
repressor. (NEMO, NF-κB essential 
modifier; SIGGR, sing
immunoglobulin IL-1R-related
molecule). 

le 
 

 
TSLP 
Thymic stromal lymphopoietin (TSLP) is an IL-7-like cytokine that was originally 
cloned from a murine thymic stromal cell line. It promotes B cells growth, 
differentiation and T cells proliferation (Friend et al. 1994; Sims et al. 2000). TSLP 
receptor (TSLPR) is heterodimier and contains a common γ receptor-like chain 
(TSLPR-γ) and the IL-7R-α chain (Hiroyama et al. 2000; Park et al. 2000). TSLP has 
been shown to be expressed by epithelial cells in human and mice and by bronchial 
epithelial cells in human asthmatic airways (Ying, O'Connor; et al. 2005), while 
TSLPR is expressed by hematopoietic cells, including T cells, B cells, and dendritic 
cells (Park et al. 2000). 
 
TSLP has the ability to create a Th2-permissive microenvironment. Studies have 
shown that TSLP strongly upregulated the MHC expression on human myeloid 
dendritic cells (mDCs) when mDCs were activated by stimuli such as bacterial 
lipopolysaccharide (LPS) (Soumelis et al. 2000). However, TSLP did not promote the 
mDCs maturation through the production of Th1-polarizing cytokines (e.g. IL-12) and 
proinflammatory cytokines such as TNF, but through activated neutrophils and Th2 
cells (Liu 2006). TSLP-activated DCs created a Th2-permissive microenvironment 
and induced inflammatory Th2 cells to produce cytokines such as IL-4, IL-5 and 
IL-13 but inhibited the generation of IFN-γ and IL-10 (Soumelis et al. 2000). Amin et 
al indicated that TSLP receptor (TSLPR) knockout mice exhibited strong responses 
with low levels of IL-4, IL-5, IL-10, IL-13 and IgE but high production of IL-12 and 
interferon-γ. This result demonstrated that this cytokine was involved in the 
development of inflammatory and allergic response in vivo (Al-Shami et al. 2005). 
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Zhou et al. also showed that TSLP could induce inflammatory allergic asthma in mice 
and increase the IgE level (Yoo et al. 2005). 
 
TSLP stimulates mDCs to induce inflammatory Th2 cells by two pathways (Fig.6) 
(Liu 2006). First, TSLP stimulates DCs maturation in a Th2-permissive 
microenvironment. Second, TSLP directly triggers Th2 cells differentiation by 
inducing the TNF super family protein OX40L expression on DCs, which is important 
for the generation of inflammatory Th2 cells. TSLP is a master switch for allergic 
inflammation, which is the reason why TSLP should be a novel target for 
immunological intervention in allergic disease treatment. 
 
 
                                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Pathophysiological effects mediated 
by TSLP in an allergic inflammation. TSLP is 
produced by allergen triggered mucosal 
epithelial cells or skin cells (keratinocytes, 
fibroblasts, and mast cells) (step 1). Immature 
DCs are activated by TSLP (step 2). 
TSLP-activated DCs produce the chemokines 
IL-8 and eotaxin-2, which attract neutrophils and 
eosinophils, as well as TARC and MDC, which 
attract Th2 cells (step 3). mDCs mature and 
migrate into the draining lymph nodes (step 4). 
OX40L is also secreted by TSLP-activated 
mDCs, and triggers the differentiation of 
allergen-specific naive CD4+ T cells to 
inflammatory Th2 cells that produce IL-4, IL-5, 
IL-13, and TNF but not IL-10 (step 5). 
Inflammatory Th2 cells migrate back to the site 
of inflammation (step6). The Th2 cytokines 
IL-4, IL-5, IL-13, and TNF initiate allergic 
inflammation by triggering IgE production, 
eosinophilia, and mucus production (step 7). 
(TARC, thymus activation regulated 
chemokine; MDCA, macrophage derived 
chemokine). 

Targeting inflammatory cytokine by vaccination 
One way to modulate the levels of the above described cytokines is to construct 
vaccines that can modulate them in vivo. Vaccines that target various self-proteins are 
not aimed for prevention but therapy after the onset of the disease is classified as 
therapeutic vaccines. The basis of vaccination is to expose individuals deliberately to 
an attenuated form of the disease-causing agent or to a particular protein associated 
with this disease. Injection of the vaccine antigen into the patient stimulates B cells to 
divide and produce antibodies and the individual may become resistant to the disease. 
Cytokines like all proteins are taken up by antigen presenting cells (APC) and 
presented to the immune system. However, the immune system does not respond to 
these self-proteins, due to T cell tolerance. There are however some ways circumvent 
this tolerance and to trigger the immune system to produce autoreactive antibodies. 
By covalently coupling of the self antigen (the cytokine) to a foreign, a nonself, 
bacterial, fungal or plant protein (for example), non-tolerized T cells can be recruited 
and act to help auto reactive B cells to become activated to proliferate and to start to 
produce auto reactive antibodies. These antibodies can then target the cytokine and 
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remove a large fraction of this cytokine from the circulation. Symptoms caused by 
excessive production of the cytokine can then markedly be reduced. 
 
Some small proteins are used as fusion  

 
Figure 7. The structure of thioredoxin. 

part of vaccine, such as thioredoxin. 
Thioredoxin is a 12kDa protein that is 
found in all known organisms (Fig.7)  
(Nordberg and Arnér 2001). Thioredoxin  
facilitates the reduction of cysteine bridges  
by thiol-disulifide exchange a process that  
is necessary to all life (Holmgren 1989). It  
can also act as an electron donors to  
peroxidises and ribonucleotide reductase (Arnér and Holmgren 2000). 
 
Aim of the project 
The aim of this study has been to optimize production, refolding and purification 
protocols for the thioredoxin-dog IL-18 fusion protein. The second purpose of this 
study was to perform the initial steps in the construction of bacterial expression 
vectors for the production of thioredoxin IL-18, IL-33, TSLP fusion proteins for 
several different species in E.coli.  
 

Material and methods 
Design of vaccine antigen and expression clones 
Before I started the project, the dog IL-18 DNA had been cloned and inserted in a 
bacterial expression vector. His tagged thioredoxin was used as fusion part of IL-18 in 
this vaccine. Initial test in shaker flasks had been performed and large scale 
production in fermentor had also been initiated. The problem was that the fusion 
protein did form inclusion bodies within the bacteria that had to be dissolved in Urea 
or Guanidin hydrochloride and refolded before purification.  
 
Here I describe the cloning, fermentation and production briefly. 
 
This is the DNA sequence and protein sequence of IL-18 and thioredoxin. 
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Figure 8. DNA sequence and protein sequence of IL-18 and thioredoxin 

 
Colored base pairs and amino acids represent the sequences after primers have cut. 

*atg = startcodon 

Protein: 

MSDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKLNIDQNPGTAPKY

GIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLAGSGSGSGS 

The thioredoxin sequence 

agcgataaaattattcacctgactgacgacagttttgacacggatgtactcaaagcggacggggcgatcctcgtcgatttctgggcagagtggtgcggtccgtgcaaaat

gatcgccccgattctggatgaaatcgctgacgaatatcagggcaaactgaccgttgcaaaactgaacatcgatcaaaaccctggcactgcgccgaaatatggcatccgt

ggtatcccgactctgctgctgttcaaaaacggtgaagtggcggcaaccaaagtgggtgcactgtctaaaggtcagttgaaagagttcctcgacgctaacctggccggtt

ctggttctggtagc  

MAAMSEDSCVNFKEMMFIDNTLYFIPEENGDLESDNFGRLHCTTAVIRNINDQVLFVDKRQPVFEDMTDI

DQSASEPQTRLIIYMYKDSEVRGLAVTLSVKDSKMSTLSCKNKIISFEEMDPPENIDDIQSDLIFFQKRVPGH

NKMEFESSLYEGHFLACQKEDDAFKLILKKKDENGDKSVMFTLTNLHQS 

ggcacagctggacctggtgggggttctctgtggttccatgctttctggactcctgcctgctggctggagctgctgacaggcctgacatcttctgcaacctccagcatcag

gacaaagaaagccgcctcaaaccttccaaatcacttcctcttggcccaggaacaatggctgccatgtcagaagactcttgcgtcaacttcaaggaaatgatgtttattgac

aacacgctttactttatacctgaagaaaatg*gagacctggaatcagacaactttggccgacttcactgtacaaccgcagtaatacggaatataaatgaccaagttctct

tcgttgacaaaagacagcctgtgttcgaggatatgactgatattgatcaaagtgccagtgaaccccagaccagactgataatatacatgtacaaagacagtgaagtaaga

ggactggctgtgaccctctctgtgaaggatagtaaaatgtctaccctctcctgtaagaacaagatcatttcctttgaggaaatggatccacctgaaaatattgatgatataca

aagtgatctcatattctttcagaaacgtgttccaggacacaacaagatggagtttgaatcttcactgtatgaaggacactttcttgcttgccaaaaggaagatgatgctttcaa

actcattctgaaaaaaaaggatgaaaatggggataaatctgtaatgttcactctcactaacttacatcaaagttaggtggggagggtttgtgttccagaaagatgattagca

cacatgcgccttgtgatgacctcgcctgtatttccataacagaatacccgaggctgcatgatttatagagtaaacacgtttatttgt 

Protein: 

Murine IL-18-cDNA 

MAANLIEDNCINLVKMKFVNNTLYFKAESDEGLESDYFGKLEPKLSIIRNLNDQVLFVNEGNQPVFEDMP

DSDCTDNAPHTIFIIYMYKDSLTRGLAVTISVKYKTMSTLSCKNKTISFQKMSPPDSINDEGNDIIFFQRSVP

GHDDKIQFESSLYKGHFLACKKENDLFKLILKDKDENGDKSIMFTVQNKS 

atg*gctgctaacctaatagaagacaattgcatcaaccttgtgaaaatgaaatttgttaacaatacactgtactttaaagcggaaagtgatgaaggcctggaatcagattac

tttggcaagcttgaacctaaactctcaatcatacgaaatttgaacgaccaagtcctcttcgttaacgagggaaatcaacctgtatttgggatatgcccgattctgactgtac

agataatgcaccccataccatatttatcatctatatgtataaagatagcctcactagaggtctggcagtaactatctctgtgaagtataagacaatgtctactctctcctgtaag

aacaaaactatttcctttcagaaaatgagtcctccggatagtatcaatgatgaaggaaatgacatcatattctttcagagaagtgttccaggccatgatgataagatacaattt

gagtcttcattgtacaaaggacactttctagcttgtaaaaaagagaacgatcttttcaaactcattttgaaagacaaggatgaaaatggggataaatccataatgttcactgtt

caaaacaagagctaag 

Protein: 

Canine IL-18 sequence: 

 
 
Dog IL-18 DNA was inserted into pET21a(+)Trx vector (Fig.9)( Thiorredoxin-his tag), 
then the ligated sequence was transferred into competent bacteria E.coli and the 
cultures were analysed by plasmid mini-preparation kit, E.Z.N.A Plasmid Miniprep 
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Kit 1 (200; D6943-02 Omega Bio-Tek®) and 1.5 % agarose gel running. A large 
amount of bacteria cultures were produced by fermentor. 
 

  

Figure 9. pThioHis vector from Invitrogen® 

 
 
 
 
 
 
 
 
 
 
 
 
In this project, IL-18 was purified by different methods as follows. 
 
Analysis of protein expression by SDS-PAGE gels 
Proteins were analyzed on 12.5 % SDS-PAGE gels. The running gel was produced by 
mixing 2.5 ml of 30 % acrylamide, 1.5 ml of lower buffer (18 % Trisma-base and 10 
% SDS dissolved in distilled water) and 2 ml of double distilled water (ddw) water. 
The stacking gel consisted of 0.5 ml of 30 % acrylamide, 0.75 ml upper buffer (6 % 
Trisma-base and 10 % SDS dissolved in ddw) and 1.75 ml ddw water. All samples 
were mixed with the same amount of sample buffer (to ensure that proteins were 
unfolded). For reducing gels, 5 μl β-mercaptoethonal was added into sample to break 
cysteine bridges. Different size markers were used, depending on size of the proteins 
to be analyzed. 
 
Protein purification - optimizing pH and refolding reagent  
In the denature process, different pH could cause different denature results. To 
optimize the best denaturing way, pH 7, 7.5, 8 and 9 denature buffers were used 
separately. Guanidine and L-arginine are two refolding reagents, which were 
compared in order to get the best refolding effect before other experiments could be 
done before.  
 
Protein denaturing  
Samples were reduced and denatured in a denaturing solution containing 6 M 
Guanidine (Fluka), 40 mM DTT (Fluka), 1 mM EDTA (Fluka) and 0.1 M Tris-Hcl 
(pH 8.0). The resulting solutions were incubated at 37℃ for 2 h. 
 
Protein refolding 
The reduced and denatured protein was diluted by 40 fold into the refolding buffer 
containing 0.1 M Tris-Hcl (pH 8.0), 5mM L-Glutathion, oxided (GSSH, Sigma), 150 
mM Gdn and 1 M L-arginine (Fluka). The diluted solution was mixed during 2 s and 
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then incubated at 25 ℃for 12 h without shaking. Proteins were then analyzed on 12.5 
% SDS-PAGE gels. Unfolded protein was used as marker. 
 
Protein purification 
Dialysis of protein 
Protein was dialyzed in dialysis tubing (Sigma) first at 2 h then overnight after 
changing the buffer. 
 
Ni+-NTA agarose affinity chromatography 
To the dialysis supernatants, Ni+-NTA agarose were used. Then, 150 ml washing 
buffer which contained 20 mM Imidizol (Sigma), 0.1 % Tween-20 (Fluka) and PBS 
were used to wash the proteins. Protein was checked by 12.5 % SDS-PAGE gels. 
 
Size exclusion gel chromatography- packing and calibration 
The column was packed with Sephacryl S-200 (Pharmacia) and the calibration was 
done as following: 
Column void column (Vo), elution volume (Ve) and geometric column volume (Vc) 
should be determined before loading sample. The components of standard protein 
were aprotinin, ribonuclease A, carbonic anhydrase, ovalbumin and conalbumin (table 
1). They were dissolved in sterilized water, the protein mixture volume was 0.5 % of 
the column volume and the loading concentration was in table 1. Vo and Ve were 
determined by blue dextran 2000 and calibration kit mixture separately. Kav was the 
slope of calibration curve. The formulas are: 
Calibration kit volume = 0.5 %×column volume= 0.5 %×125 ml = 0.625 ml 
 
 
 

 
Kav =  

Ve-Vo 
Vc-Vo 

Table 1. The component of standard protein mixture 

Protein (Weight 
per vial) 

Molecular 
weight 

(Dalton) 

Source Volume in 
calibration kit 
mixture (ml)

Final 
Concentration 

(mg/ml) 
Aprotinin 6500 Bovine lung 0.05 3 

Ribonuclease A 13700 Bovine 
pancreas 

0.05 3 

Carbonic 
Anhydrase 

29000 Bovine 
erythrocytes

0.05 3 

Ovalbumin 43000 Hen egg 0.067 4 
Conalbumin 75000 Chicken egg 

white 
0.05 3 

 
Gel chromatography of purified protein 
To separate monomers from multimers, the refolded protein was added to the gel 
filtration column. PBS was used as running buffer, the pump was set at 1.0 
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ml/min/tube and fractions were collected (Redirac). The tubes were stored in 4℃ 
until OD value was measured by biophotometer (Eppendorf). 
 
Cloning of coding regions of TSLP, IL-33 and IL-18 into bacterial expression vectors  
Four different molecular clones (figure 10) containing the coding regions of dog, 
human and rat TSLP, IL-33 and IL-18 were ordered from GenScript Corp. The 
individual fragments containing these coding regions were excised from the cloning 
vector and the aim was then to insert them into the bacterial expression vector pET 
21a-Trx.  
 
In more detail: the 4 different molecular clones were inoculated to 10 ml LB medium 
separately, and incubated at 37℃ overnight. Then plasmids were prepared according 
to Plasmid Miniprep Kit 1 of E.Z.N.A.TM (OMEGA). Clone 1, 2 and 3 were cleaved 
by enzyme BamH1 and Xho1, whereas clone 4 was cut by enzyme NdeІ and XhoІ. At 
the same time, the vector rat IL-3 pET 21a-Trx (XhoI NdeI) was cleaved by enzyme 
Nde1 and Xho1. Another vector was pET-21a-Trx (BamHI XhoI), had already been 
prepared by my colleagues. All these samples were loaded on 1.5 % agarose gels for 
separation and purification. 
 
The desired DNA fragments in agarose gel were extracted by Gel Extraction Kit of 
E.Z.N.A.TM (OMEGA). Then DNA was ligated into the pET21a-Trx vector. Ligation 
was carried out in T4 DNA-ligase buffer, 10 mM ATP, water and T4 ligase and 
incubated at 37℃ for 2 h. Competent bacteria DK1 was then prepared from overnight 
culture and stored on ice. The ligation solution was transferred into competent 
bacteria DK1 by transformation. In more detail: the ligated vector-insert was added 
into competent bacteria and incubated on ice for 30 min. After a heat shock for 2 min 
and cooled on ice 1 min, the solution was added into LB and incubated at 37℃ for 45 
min. The solution was spread on LA ampicillin plates to obtain signal colonies. From 
the overnight plates, 4 colonies from each plate were selected and inoculated into 10 
ml LB ampicillin medium and incubated overnight. Agarose gel was used to check 
whether the DNA was inserted successfully.  
 
Test of transformation efficiency 
Because of the low transformation efficiency in previous experiment, PUC19 vector 
was used to check transformation efficiency. PUC19 (1 mg/ml) was diluted with 
distilled water until the concentration was 10 ng/ml and 1 ng/ml. Each solution was 
transformed by competent bacteria on the first, second and the third day after 
preparing the competent bacteria. 
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GGATCCCACCATCACCATCACCATGACGATGACGATAAGTACAATTTCATTGACTGTGACTTTGAG

AAGATTAGATGGAAGTATCAGGAAGTCATTTACCAAGCCCTGGAGAAATACATGGATGGGGTAAA

CAGGAGCACGGAGTTCAGCCACCCCGTGTACTGCGCGTACCCGCCCGACTGCCTGGCCAGGATCG

AGCGGCTCACCCTGCACCGCATCCGCGGCTGCGCGTCGGGCGCCCGGGAGGCCTTCGCCGAGGG

GACGGTCGCCGCGCTCGCCGCCGAGTGCCCGGGCTACGCCGCAGCGCCGATAAATAATACCCAGG

CAAAGAAGAAAAGAAAAAAAAGAGGAGTCACAACAAATAAATGCCGGGAACAAGTCGCACACT

TAATAGGGCTGTGGCGTCGTTTCAGTCGCATTTCATAGAAACCTCGAGGCGGGATCCCACCATCAC

CATCACCATGACGATGACGATAAGTACTTTGGCAAGCTTGAATCTAAATTATCAGTCATAAGAAATT

TGAATGACCAAGTTCTCTTCATTGACCAAGGAAATCGGCCTCTATTTGAAGATATGACTGATTCTGA

CTGTAGAGATAATGCACCCCGGACCATATTTATTATAAGTATGTATAAAGATAGCCAGCCTAGAGGTA

TGGCTGTAACTATCTCTGTGAAGTGTGAGAAAATTTCAACTCTCTCCTGTGAGAACAAAATTATTT

CCTTTAAGGAAATGAATCCTCCTGATAACATCAAGGATACAAAAAGTGACATCATATTCTTTCAGA

GAAGTGTCCCAGGACATGATAATAAGATGCAATTTGAATCTTCATCATACGAAGGATACTTTCTAGC

TTGTGAAAAAGAGAGAGACCTTTTTAAACTCATTTTGAAAAAAGAGGATGAATTGGGGGATAGAT

CTATAATGTTCACTGTTCAAAACGAAGACTAGCTATTCTCGAG 

 

Clone 2: Dog TSLP- Human IL-18 

GGATCCCACCATCACCATCACCATGACGATGACGATAAGTACAACTTTTCTAACTGTAACTTCGAG

ATGATTTTGAGAATATATCATGCAACAATTTTTCGTGACCTGCTTAAAGATTTGAATGGGATCTTGTT

CGACCAAATCGAGGACTGTGACAGCAGGACAGCTTGTCTCCTGAAAATCGACCACCATACCTTCA

ATCCTGTCCCTGGCTGCCCGTCACTCCCCGAGAAAGCGTTCGCTTTGAAAACGAAAGCGGCCCTC

ATTAACTACTGCCCAGGCTACTCTGAAACTGAGAGAAATGGTACTCTGGAAATGACACGAGAAAT

CAGAAACATCTGCCTGAATCAAACCTCACAAATTCTAGGATTGTGGCTTTCCTGCATTCAATCTTG

AAATCTCTCGAGGCGGGATCCCACCATCACCATCACCATGACGATGACGATAAGAGTATCCAAGGA

ACTTCACTGCTAACAGAATCTTGTGCCCTGAGCACATACAACGACCAATCTGTTAGTTTTGTTTTG

GAGAATGGATGTTACGTGATCAATGTTGAAGATTGTGGGAAAAACCAAGAAAAAGATAAGGTGCT

ACTCCGTTACTACGAGTCTTCCTTTCCTGCACAATCAGGAGACGGTGTGGATGGGAAGAAGCTG 

ATGGTGAACATGAGTCCTATCAAAGACACAGACATCTGGCTGAATGCCAATGACAAGGACTACTC

TGTGGAGCTCCAAAAGGGTGATGTCTCTCCGCCAGATCAGGCCTTCTTTGTTCTTCACAAAAAGTC

CTCTGACTTCGTTTCATTCGAATGCAAGAATCTTCCTGGCACTTACATAGGAGTAAAAGACAACCA

ACTGGCTCTGGTAGAAGAGAATGATGAGAGCTGTAACAATATCATGTTTAAGCTCTCTAAGATGTA

ACGTAACTCGAG 

Clone 1: Rat TSLP-IL-33 
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 Clone 3: Human TSLP-IL33- Fibronectin EDB 

 
 
 
 
 
 
 
 
 
 
 
 

GGATCCCACCATCACCATCACCATGACGATGACGATAAGTACGACTTCACTAACTGTGACTTTGAGA

AGATTAAAGCAGCCTATCTCAGTACTATTTCTAAAGACCTGATTACATATATGAGTGGGACCAAAAGT

ACCGAGTTCAACAACACCGTCTCTTGTAGCAATCGGCCACATTGCCTTACTGAAATCCAGAGCCTAA

CCTTCAATCCCACCGCCGGCTGCGCGTCGCTCGCCAAAGAAATGTTCGCCATGAAAACTAAGGCTGC

CTTAGCTATCTGGTGCCCAGGCTATTCGGAAACTCAGATAAATGCTACTCAGGCAATGAAGAAGAGG

AGAAAAAGGAAAGTCACAACCAATAAATGTCTGGAACAAGTGTCACAATTACAAGGATTGTGGCGT

CGCTTCAATCGACCTTTAGATTAAAGTAGACTCTTCTGAGAATTTGTGTACTGAAAATATCTTGTTTAA

GCTCTCTGACTGAAACAACAGTAAACCACTCGAGGCGGGATCCCACCATCACCATCACCATGACGAT

GACGATAAGAGTATCACAGGAATTTCACCTATTACAGAGTATCTTGCTTCTCTAAGCACATACAATGAT

CAATCCATTACTTTTGCTTTGGAGGATGAAAGTTATGAGATATATGTTGAAGACTTGAAAAAAGATGA

AAAGAAAGATAAGGTGTTACTGAGTTACTATGAGTCTCAACACCCCTCAAATGAATCAGGTGACGGT

GTTGATGGTAAGATGTTAATGGTAACCCTGAGTCCTACAAAAGACTTCTGGTTGCATGCCAACAAC 

 
 
 
 
 

 
 

AAGGAACACTCTGTGGAGCTCCATAAGTGTGAAAAACCACTGCCAGACCAGGCCTTCTTTGTCCTTC

ATAATATGCACTCCAACTGTGTTTCATTTGAATGCAAGACTGATCCTGGAGTGTTTATAGGTGTAAAG

GATAATCATCTTGCTCTGTAAACTTAGTTGATGGAAACCCTCGAGGAGGGATCCCACCATCACCATCA

CCATAGATCTGAGGTGCCCCAACTCACTGACCTAAGCTTTGTTGATATAACCGATTCAAGCATCGGCC

TGAGGTGGACCCCGCTAAACTCTTCCACCATTATTGGGTACCGCATCACAGTAGTTGCGGCAGGAGA

AGGTATCCCTATTTTTGAAGATTTTGTGGACTCCTCAGTAGGATACTACACAGTCACAGGGCTGGAGC

CGGGCATTGACTATGATATCAGCGTTATCACTCTCATTAATGGCGGCGAGAGTGCCCCTACTACACTG

ACACAACAAACGTAGCTCGAG  
 
Clone 4: Mouse reverse IL-18 

 
 

  
CATATGCACCATCACCATCACCATGCTGCCATGTCAGAAGACTCTTGCGTCAACTTCAAGGAAATGAT

GTTTATTGACAACACGCTTTACTTTATACCTGAAGAAAATGGAGACGATGACGATAAGAACTTTGGCC

GACTTCACTGTACAACCGCAGTAATACGGAATATAAATGACCAAGTTCTCTTCGTTGACAAAAGACA

GCCTGTGTTCGAGGATATGACTGATATTGATCAAAGTGCCAGTGAACCCCAGACCAGACTGATAATAT

ACATGTACAAAGACAGTGAAGTAAGAGGACTGGCTGTGACCCTCTCTGTGAAGGATAGTAAAATGT

CTACCCTCTCCTGTAAGAACAAGATCATTTCCTTTGAGGAAATGGATCCACCTGAAAATATTGATGAT

ATACAAAGTGATCTCATATTCTTTCAGAAACGTGTTCCAGGACACAACAAGATGGAGTTTGAATCTTC

ACTGTATGAAGGACACTTTCTTGCTTGCCAAAAGGAAGATGATGCTTTCAAACTCATTCTGAAAAAA

AAGGATGAAAATGGGGATAAATCTGTAATGTTCACTCTCACTAACTTACATCAAAGTTAGGTGGCTCG

AG 

 
 
 
 
 
 
 
 
 
 

Figure 10. The sequences of four molecular clones encoding rat TSLP-IL-33, dog TSLP- 
human IL-18, human TSLP-IL33- Fibronectin EDB and mouse reverse IL-18. 
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Results 
Designing and construction of the thioredoxin-dog IL-18 fusion protein 
expression vector 
 
Before I started to do the optimization of folding and purification of dog IL-18, the 
dog-IL-18-thioredoxin fusion protein vector had already been prepared by fellow 
students. However, for clarity I will here describe the cloning process briefly. Dog 
IL-18 DNA was inserted into pET21a (+) Trx vector by fragment purification and 
ligation (thioredoxin-his tag). Then the vector construct was transferred into 
competent bacteria E.coli for production of the recombinant protein. Initially, small 
amount of cultures were incubated in shaker flasks. After checking by 
mini-preparation kit and 1.5 % agarose gel, a large amount of bacteria cultures were 
produced in fermentor, cells were pelleted and inclusion bodies was prepared. 
 
Large amounts of the dog IL-18-thioredoxin fusion proteins were produced in 
fermentor and almost all of them were in the form of inclusion bodies. The high 
production rate and most likely also problems with folding resulted in that protein 
form (unsoluble aggregates). In order to obtain pure dog IL-18, these aggregates had 
to be dissolved, refolded and separated into monomers. In my project, following steps 
were done to get pure monomers of dog IL-18 protein. The first step in the process 
was the denaturing and refolding, the next was dialysis and Ni+-NTA agarose affinity 
chromatography, and the third and last step was gel chromatography to separate 
monomers from multimeric complexes. 
 
Denaturing and refolding 
 
Denaturation can cause the loss of communal aggregation in protein, but after 
denaturation, the protein also changes in structures. To revert to the correct structure, 
refolding is necessary. The results of the refolding process may differ substantially 
depending on the pH and refolding reagents. In order to get the most effective 
refolding, pH value and refolding reagents therefore had to be optimized.  
 
Four different pH values were tried, pH 7.0 (A), pH 7.5 (B), pH 8.0 (C), and pH 9.0 
(D), and two kinds of refolding reagents, guanidine (Gdn) and L-argnine (L-Arg). The 
refolding samples were analyzed on SDS-PAGE gels with or without 
β-mercaptoethanol. β-mercaptoethanol was used to see what effects the additives had 
on the protein (Fig 11) . Sample loading order is found in table 2. 
 
 
 
 

 17



Jun Yin                                                                      Master thesis 2007 

Table 2. SDS-PAGE gel sample loading order of dog-thioredoxin-IL-18 in optimization. 
Well 1 2 3 4 5 6 7 8 9 10 β-mercaptoethanol 
Gel A A1 A2 B1 B2 C1 C2 D1 D2 - marker with 
Gel B A1 A2 B1 B2 C1 C2 D1 D2 - - without 

    A means pH 7.0, B means pH 7.5, C means pH 8.0, D means pH 9.0. 
1 means L-Arg, 2 means Gdn 

                   
 

A1  A2 B1 B2  C1 C2  D1 D2     M A1 A2  B1 B2  C1 C2  D1  D2 

Gel A Gel B 
Figure 11. pH and refolding reagent optimization of dog-IL-18-thioredoxin using SDS-PAGE gel. 

 

 
 
 
 
 
 
 
 
 
 
  
 
 
From gel A, no differences between the various samples could be observed. We 
therefore decided to only study unreduced samples on gels and samples without 
β-mercaptoethanol. Using these conditions we observed that (gel B) L-arginine had a 
better refolding ability than guanidine and pH 7.5 and 8.0 were also slightly better 
than pH 7.0 and 9.0. That is why L-arginine and pH 8.0 were chosen in the process of 
denaturing and refolding. 
 
Dialysis and Ni+-NTA agarose affinity chromatography 
 
Some impurities did remain in the refolded samples. To remove the low molecular 
weight substances we used dialysis and to remove bacterial proteins which do not 
contain histidine, Ni+-NTA agarose affinity chromatography is the most suitable 
method. It is a method of purifying proteins depending on the affinity of histidine 
residues on Ni+-NTA. 
 
After dialysis samples were passed through a Ni+-NTA agarose column. The bound 
protein was eluted into 25 fractions. Fractions 1-14 were loaded on gel whereas 
fractions 15-25 contained so small amounts of protein that it was not necessary to be 
loaded them. As marker we used refolded protein which was not purified by Ni+ 

column. The results from gel analysis showed that there were a lot of protein in lanes 
4 and 5, and some in lanes 6 and 7 (figure 12). Other fractions contained only small 
amounts of protein. 
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   1 2  3  4  5  6  7  8  9 10 11 12 13 14   M 

Figure12. SDS-PAGE gel analysis of Ni+-NTA agarose affinity chromatography  

of dog-thioredoxin-IL-18  
 
Size exclusion gel chromatography 
 
The Ni+-NTA agarose chromatography step had led to the removal of most impurities. 
However, dog IL-18 monomers were still mixed with aggregates. Gel 
chromatography is the way to separate monomers from aggregates depending on 
protein size.  
 
The column had first to be calibrated. A gel filtration kit with a panel of standard 
proteins was used to calibrate the column. In addition, in order to determine void 
volume we used blue dextran 2000. The OD value was measured by biophotometer 
(Eppendorf). 
 
In the left picture of figure 13, five peaks can clearly be observed. From 1 to 5 these 
were conalbumin, ovalbumin, anhydrase, ribonuclease A and aprotinin. The right one 
of figure 13 was the calibration curve of the five proteins.  
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Figure 13. Chromatographic separation (left) and calibration curve (right) for the standard 
proteins on Sephacryl S-200 
C is conalbumin, O is ovalbumin, CA is carbonic anhydrase, R is ribonuclease, Apr is aprotinin.  
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Preparation of dog IL-18 monomers by gel filtration  
 
The renatured Trx-dog-IL-18 fusion protein from the inclusion bodies of the 
fermentor run was separated on the calibrated column and almost 80 ml fractions 
were collected. The separation is depicted in figure 14. Three peaks were observed, 
but all of them appeared before fraction 60. According to standard curve in figure 13, 
it is obvious that the molecular weight of loading sample was higher than 75 kDa. 
Tubes 35-68 were diluted 10 times by distilled water and ran again. The separation is 
shown in figure 15. From the result we can see that the peaks again came out before 
60 ml had passed the column. 
 
 OD
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Figure 14. Gel filtration of lane four and five in Ni+-NTA agarose affinity analysis. 
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Figure 15. Gel filtration of diluted solution of tube 35-68 in first gel filtration run.  

 
 
 
 
 
 
 
 
 
 
 
 
Gel running of the highest peak 
 
To measure the molecular weight of proteins in the highest peaks in gel filtration, 
fraction 38, 43, 49 in figure 14 and fraction 44 in figure 15 were run on 12.5 % 
non-reducing SDS-PAGE gel. In addition to the refolded protein, the original 
concentrated protein and the rainbow marker (indicating size at proteins) were run on 
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the gel. From figure 16, we can see that all proteins were found in the wells of the gel 
indicates that almost all refolded proteins were in the form of large aggregates, which 
means no monomers were separated and could be collected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This part of my project was put on hold to look for new ideas in how to solve the 
problem of how to change the refolding protocol to obtain higher amounts of 
monomers. 
 
Construction of novel bacterial expression clones for IL-33, TSLP and IL-18 
 
Expression clones for mouse and dog IL-18 vaccine antigens had already been 
produced and tested in fermentor whereas for the other targets no expression clones 
had been produced. To produce expression clones for IL-18, IL-33 and TSLP vaccines 
of several different animal species, the following steps were followed. Nine different 
DNA fragments of IL-18, IL-33, TSLP were excised from four molecular clones 
which we had ordered from Gene script corporation. These DNA fragments were 
purified and ligated into the pET21-Trx vectors. The ligation mixes were transformed 
into competent bacteria to obtain expression clones for each of the above described 
cytokines. Plasmid DNA was prepared from individual clones and the DNA was 
digested with various restriction endonucleases and analyzed by agarose gel 
electrophoreses.. 
 
Purification of the individual cytokine fragments  
 
Plasmid DNA of the original clones, containing the individual coding regions of the 
various cytokines, were digested with different restriction enzymes and different 
cytokine fragments were purified from agarose gel separated material. 
 

220 
97 
66 
45 
30 
 
20.1 
 
14.3 

                                 concentrated refoling  rainbow 

38   43    49   44        protein    protein     

       Figure 16. Analysis at the sizes of fractions of purified 
refolded dog-thioredoxin-IL-18  
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The cDNA fragments were separated on a 1.5 % agarose gels using phage λ. DNA 
digested with the restriction enzyme BstII as size marker. The result is shown in 
figure 17. Fragments a and b of clone 1 are rat IL-33 and rat TSLP. Fragments c and d 
of clone 2 are human IL-18 and dog TSLP. Fragments e, f and g of clone 3 are human 
IL-33, human TSLP and the human fibronectin EDB domain. Fragments h of clone 4 
is mouse IL-18 with an activation peptide. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

            1   2    3    4        M 

a 

b 

c 

d 

e

f
g

h

i

Figure 17. The fragments checking of different cytokines DNA in four original clones using 
agarose gel electrophoreses.  

 
Clone1 was rat TSLP plus IL-33, clone2 was dog TSLP plus human IL-18, clone3 was human TSLP, IL-33 plus 
Human Fibronectin EDB domain. Clone4 was mouse IL-18- REV (revise) plus act (activate) peptide.  
a is rat IL-33, b is rat TSLP, c is human IL-18, d is dog TSLP, e is human IL-33, f is human TSLP, g is EDB 
domain, h is mouse IL-18, I is active peptide. 

 
 
 
 
 
Large amounts of these fragments were then purified by the same protocol (enzyme 
digestion and gel separation). The results are shown in figures 18 and 19. Nine 
different fragments were obtained. These fragments of different DNA were then 
purified from gels by a gel extraction kit. 
 
         1        2         3         4 

Figure 19. DNA cleavage of original clone 3 
and 4 by agarose gel electrophoreses. 
 
Clone 3 was human TSLP, IL-33 plus Human 
Fibronectin EDB domain. Clone 4 was mouse 
IL-18- REV (revise) plus act (activate) peptide. 
e is human IL-33, f is human TSLP, g is EDB 

 
 
 
 
 
 
 
 
 
 
 
 
 

domain, h is mouse IL-18, I is active peptide. 
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a 

b 

c

d

Figur 18. DNA cleavage of original 
clone 1 and 2 by agarose gel 
electrophoreses.  
 
Clone 1 was rat TSLP plus IL-33, clone 
2 was dog TSLP plus human IL-18. 
a is rat IL-33, b is rat TSLP, c is human 
IL-18, d is dog TSLP 

ca 

b d
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For the ligation, we also needed a vector. Large amount of vector was therefore 
cleaved by enzyme NdeІ and XhoІ (Figure 20). 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
Figure 20. Result analysis of vector pET 21a-Trx cleavage  

by agarose gel electrophoreses. 

Vector  

 
 
Transformation 
 
In order to obtain the cytokine-thioredoxin fusion proteins, fragments were ligated 
into the vector and transferred into competent bacteria by transformation. The 
transformation efficiency of the competent bacteria, at different time points after 
preparation, was first tested with control plasmid DNA. Vector PUC19 was used as 
standard in this experiment. 
 
After incubation, 0.1 ml culture was spread on LA ampcillin plates. The results are 
calculated and shown in table 3. The highest transformation efficiency was 8.4×105 

/μg, that was on day three. The result shows that the bacteria (DK1) have different 
transformation competence between days 1 and 3, with the highest efficiency on day 
three. 

Table 3. Transformation efficiency of competent bacteria DK1 
PUC19 

Day 
10 

ng/ml 
Transformation 
efficiency (/μg) 

1 
ng/ml

Transformation 
efficiency (/μg) 

Day 1 10 104 2 2×104

Day 2 27 2.7×104 9 9×104

Day 3 150 1.5×105 84 8.4×105

 
Transformation of DNA-vector ligations 
 
Competent bacteria were used to transform the nine different ligations. The 
transformations were spread on LA ampicillin plates, which were incubated at 37℃ 
overnight. At least four clonies on each plate were picked to check whether DNA 
fragments were inserted successfully. Following plasmid DNA preparation and 
restriction enzyme digestion, the clones were analyzed on 1.5 % agarose gels. As 
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controls we used the four original molecular clones. The result was negative and only 
DNA fragments, which were smaller than expected was seen in some clones. Most 
clones seem to be without inserts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 21. Agarose gel analysis of transformed bacteria of nine different cytokine-vector fragments. 
 

C1, C2, C3, C4 mean original clone 1 (rat IL-33 plus TSLP), clone 2 (human IL-18 plus dog TSLP), 
clone 3 ( human IL-33, human TSLP plus EDB) and clone 4 (mouse IL-18 and activate peptide) 
1, 2, 3 mean all the transformed bacteria minipreps 

C1 1 
C2 

 

C2 

 

C3 
2 

C3 C4 
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Discussion 
To perform refolding of solubilized inclusion bodies and to purify monomers from 
aggregates, several different methods can be used. Guanidine and L-arginine are two 
different additives in refolding buffer which are widely used. In our hands and with 
the Trx-dog-IL-18 fusion protein L-arginine seemed to work much better than 
guanidine in these experiments. L-arginine, can increase protein refolding efficiency 
by suppressing protein aggregation and protein-protein or protein-surface interactions 
during refolding (Arora and Khanna 1996; Tsumoto et al. 1998; Umentsu et al. 2003). 
Tsutomu et al. indicated that arginine may reduce both hydrophobic and electrostatic 
(ionic interactions and hydrogen bonding) between amino acids (Arakawa et al. 
2007).  
 
Although large efforts were made to find conditions which resulted in properly 
refolded monomers, no such monomers of dog IL-18 were detected upon gel filtration. 
According to standard curve and known molecular weight, the result meant all 
proteins were bigger than 75 kDa, which were more than expected molecular weight 
35 kDa. The results indicated that all monomers were aggregated. A possible 
explanation for this may be the cysteine bridges in monomers which interacted with 
thioredoxin amino acids. It is not easy to solve this kind of problem unless we change 
thioredoxin to another low molecular weight protein and use it as the foreign protein 
to covalently couple to dog IL-18. This result also indicates that thiroredoxin maybe 
not be an optimal or a suitable foreign carrier protein for dog IL-18. 
 
The second part of my project did involve experiments to produce expression 
constructs for a number of additional cytokines. We had in initial experiments got low 
transformation frequencies why we made a careful optimization of this process. The 
highest efficiency was seen day 3 after preparing the competent cells. So, all nine 
DNA transformations were done on the third day after competent cells were prepared. 
 
According to the results from agarose gel analysis of the minipreps only a small 
fragment did appear in some clones. However, this fragment was smaller than the 
smallest of the nine fragments used for ligation. We have so far no explanation to this 
result and new purifications of fragments and new ligations have to be performed to 
obtain the clones needed for large scale production of this new set of target proteins. 
However no time remained to do these experiments.  
 
 

Future experiments  
To solve the problem of monomers separation, a new small molecular protein should 
be used as a non-self fusion partner. One possibility is to use streptavidin.  
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New ligations have to be done to obtain the bacterial expression clones encoding the 
remaining vaccine targets. These have then to be cultivated in fermentor and to look for 
conditions to obtain soluble properly folded monomers in large amounts. Finally, these monomers 
are able to initiate animal experiments. 
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