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1. Abstract 
 
Serine proteases are the major effector molecules of many cells in the immune system. They are found in 
the granula of hematopoietic cells such as mast cells, neutrophils, NK-cells and T-lymphocytes. 
To study the evolution and subclass division of the chymotrypsin family of serine proteases found in 
hematopoietic cells, a cleavage specificity analysis of three novel serine proteases found in non-placental 
mammals have been preformed. cDNA clones from a chymase like protease were isolated from a 
marsupial, the opossum, through a PCR-based strategy. Two different cDNA clones from granzyme like 
proteases from both the opossum and the platypus, a non-placental mammal belonging to the monotrem 
family, were also isolated using the same method. These proteins were produced in a mammalian cell 
line as inactive native proteins fused together with a selection peptide and an activational cleavage site. 
The produced proteins were activated through proteolytic cleavage and the activity was tested with 
chromogenic substrates. The chymase like protease found in opossum was able to cleave the chymase 
specific substrate.  
The cleavage specificity was determined using substrate phage display. The chymase like protease from 
opossum was found to prefer the aromatic amino acid tryptophan (Trp) in the P1 position. This 
specificity has not previously been observed in other chymases, they usually prefer to cleave after other 
aromatic amino acids, like phenylalanine (Phe) and tyrosine (Tyr).   
 
Antibodies were produced against these proteases in order to identify in which cells the proteins are 
located in vivo. The cDNA were cloned into a bacterial fusion protein vector for bacterial expression. 
The proteins produced by the bacteria were used to immunize rats for antibody production. 
Initial studies of a method for producing native proteins in a bacterial cell line were also preformed. 
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2. Introduction 
 
2.1 Mast cells 
Mast cells are hematopoietic cells derived from stem cells in the bone marrow. They travel through the 
blood stream as immature mast cells to their final destination in peripheral tissue sites where they 
differentiate into mature effector cells. In these tissue sites they stay as relatively long-lived cells. The 
mature cells reside primarily in connective tissue or the mucosa of the lungs or the intestinal tract. At 
these sites they are one of the first cells of the immune system to encounter foreign substances. The most 
noticeable feature of a mast cell is its granula, which are visible under microscope after staining with 
basic dyes [1].  
Mast cells have for a long time been known as a central player in allergic responses, where they are 
activated through cross-linking of surface bound immunoglobulin E (IgE) and allergens. However, 
recently, the mast cell has been shown to have a larger and more central role in the immune system both 
as a mediator and as an effector cell during bacterial and parasitic infections. For instance, mast cells 
have been shown to produce and release a number of cytokines and growth factors [2]. The mast cells 
have also proved to be of importance in the inflammatory response of the innate immunsystem. Products 
from the activation of the complement cascade bind to receptors on the surface of mast cells and activate 
these cells to produce TNF-α, a cytokine important in neutrophil recruitment [3]. Mast cells can also be 
activated by direct contact with bacteria. Lipopolysaccarides on the surface of the bacteria bind to toll-
like receptors on the mast cells and induce a production of cytokines giving rise to an inflammatory 
response [1].  
 
Mast cells can after activation respond in two different ways; by degranulation of pre-stored mediators or 
by direct production and secretion of immunological mediators. Degranulation is a process were the cells 
release pre-stored components via exocytosis. The granula contain primarily serine proteases, histamine 
and proteoglycans. The proteases constitute the major protein content of the granules and single 
proteases have been estimated to account for up to 25% of the total cellular protein. Histamine is one of 
the substances giving rise to allergic symptoms and the large negatively charged proteoglycans stabilize 
the positively charged serine proteases and counterbalance the positive charge of histamine. The pH-
value within the granula is distinctively lower then in the extra cellular matrix. This low pH keeps the 
proteases inactive and bound to the proteoglycans. 
Secretion of newly synthesized cytokines, leukotriens and prostaglandins occur within minutes to hours 
after activation of the mast cell. One of the cytokines produced by the mast cells is, as previously 
mentioned, TNF-α. Other cytokines are IL-1, -3, -4, -5, -6, -8, -13, -16 and granulocyte-macrophage 
colony-stimulating factor. The most important cytokine in allergic responses is IL-4, which together with 
IL-13 promote an isotype switch from IgM to IgE. IL-4 also turns immature T-helper cells into Th2 cells. 
Prostaglandins produced by the mast cells causes vasodilatation and bronchoconstriction by binding to 
receptors on smooth muscle cells. Leukotrienes increase mucus secretion and cause enhanced vascular 
permeability and prolong bronchoconstriction caused by the prostaglandins [1]. 
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2.2 Serine proteases 
The mast cell serine proteases all belong to the large family of chymotrypsin related serine proteases. 
These are proteolytic enzymes that take part in many biological processes, such as food digestion, blood 
coagulation, tissue development and repair, complement activation and immunity [4]. 
These enzymes have two sites or regions of importance for their substrate cleavage: the catalytic triad 
and the substrate binding pocket. The catalytic triad is made up by three amino acids from different parts 
of the protein that come together due to folding. If correctly folded the catalytic triad gain enzymatic 
activity. The three amino acids of the catalytic triad are; histidine, aspartic acid and serine, and these are 
the same for almost all serine proteases. The serine in the catalytic triad is responsible for the cleavage, 
hence the name of this protease family [1]. 
The binding pocket of the proteases determines the cleavage specificities of these enzymes. This region 
differs extensively between the various serine proteases, and it is the residues of this pocket that 
determine the biological function of the proteases. Proteases with very diverse cleavage specificities have 
been identified within this family, some examples of this are; tryptases which cleave after basic amino 
acids i.e Arg and Lys; chymases after aromatic amino acids, aspartases after aspartase, methases after 
methionin and elastases after short aliphatic amino acids. In addition, among these enzymes there are 
proteases with a broad specificity, that are relatively unselective and proteases with narrow specificity 
that are very selective in their recognition sequence.  
 
Mast cell serine proteases with at least three different specificities have been identified in placental 
mammals; tryptases, chymases and elastases. The mast cell chymases are found in all rodent mast cells 
but only in connective tissue mast cells in humans. The chymases cleave polypeptide chains at the 
carbonyl side of aromatic amino acid residues. In vivo and in vitro studies on chymases have been 
preformed to determine their biological function. These studies show that chymases are involved in 
activation of the vasoconstrictor angiotensin II, by cleavage of the precursor angiotensin I. The chymases 
has also been shown to give rise to inflammatory response and to recruit monocytes, neutrophils and 
eosinophils. Chymases increase the epithelial permeability by cleaving tight junction proteins [1]. 
 
The human skin chymase has shown to cleave after aromatic amino acid residues preferably 
phenylalanine. It has also been shown that these chymases prefer hydrophobic amino acids residues in 
the P2 and P3 position, the second and third amino acid upstream the cleavage site [5]. 
 
Granzymes are another class of serine proteases found in hematopoietic cells. These enzymes are found 
primarily in NK-cells and cytotoxic T lymphocytes and they are known to be directly involved in the 
induction of apoptosis. There are four subclasses of granzyme which are divided according to cleavage 
specificity; the tryptases of the granzyme A/K family, the aspartase granzyme B, the chymase granzyme 
H and the methase granzyme M. The human granzymes B and H are located on the gene cluster called 
the chymase locus. The other human granzymes are located on the tryptase and the methase locus. The 
granzymes located on the tryptase locus cleave with a trypsin-like specificity and granzyme M, which is 
located in the methase locus, cleaves after hydrophobic residues such as methionine. Granzyme B has 
been shown to cleave after acidic amino acids residues and granzyme H are predicted to cleave after 
aromatic amino acids residues [6]. 



UPPSALA UNIVERSITET DOKUMENTNAMN  6 (23) 
 
   
 
 
2.3 Evolution 
Serine proteases in the human and rodent immune systems are relatively well characterized and the 
knowledge about these proteases in other mammals is steadily increasing.  
Almost all subclasses of serine proteases have been found in all the placental mammals investigated with 
the exception of the β-chymases and the MMCP-8 subfamily, which are rodent specific and the 
duodenases which are only found in ruminants.  To study the subclass division of the serine proteases it 
is of interest to investigate none-placental mammalian species. 
 
Resent studies on fish have shown that distant relatives to these serine proteases exist, but it is not 
possible to find direct homology between fish and placental mammals for most of the different 
subclasses within the chymase locus. This indicates that a parallel but independent evolution of 
individual subclasses have taken place in fish and mammals. This also tells us that at least some of the 
subclasses of the immunological serine proteases are less then 450 million years old [7]. However, two 
subclasses found in Atlantic cod and channel catfish are showing homology to mammalian granzyme A 
and K. These findings suggest that granzyme A and K had separated from the common ancestor earlier 
then the other immunological serine proteases. 
 
A study of the relations between all the hematopoietic serine proteases in the chymotrypsin super family 
based on sequence homology show that the granzyme A/K subclass is distantly related to the other 
subfamilies. This study also shows that the rest of the granzymes form a group together with the 
cathepsine G enzymes and this group is closely related to the chymases [8]. The granzyme-like serine 
protease found in the monotreme platypus indicates that the division of these two groups took place 
earlier then 170 million years ago [9]. To be certain that this enzyme is in fact a granzyme and not a 
common ancestor to both the granzymes and chymases, it would be of interest to investigate the cleavage 
pattern of this enzyme. 
 
2.4 The present project 
The aim of this project has been to determine the cleavage specificity of three novel serine proteases, 
opossum chymase, opossum granzyme and platypus granzyme, found in the grey short-tailed opossum 
(Monodelphis Domestica) and the Australian platypus (Ornithorhynchus anatinus). The main focus of 
my project was to find the biological role of these new proteases and to get a better understanding of the 
evolution of the mast cell serine proteases. 
 
The known parts of the opossum and platypus genomes have been screened for genes with homology to 
the serine proteases of the chymase locus in placental mammals.  
The candidate genes of interest were amplified and the cDNA was cloned into different vectors for 
mammalian and bacterial expression. The proteins produced in mammalian cells were in an active form 
and was used to determine the cleavage specificity. The cleavages specificity was determined both with 
cleavage of synthetically substrates and with substrate phage-display.  
The proteins produced in bacterial cells were in a denaturated form and was used for immunization and 
production of polyclonal antisera.  
 
For expression of the protein in bacterial cells an expression vector called pGEX (figure 1) was used. The 
pGEX vector contains a tac promotor that can be induced for a high level of expression by IPTG. In the 
GST coding region a sequence encoding six repetitive histidines have been inserted. These will be 
transcribed together with the protein and allow the fusion protein to be purified on nickel-agarose beads 
due to an interaction between the negative histidines and the positively charged nickel molecules.  
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When the proteins are produced by bacteria, they are produced in an aggregated and inactive form. This 
is due to the bacterial inability to form cystein-briges used to give the serine proteases its three 
dimensional active form. Denaturated proteases are, however, ideal for obtaining antisera, which react 
with denaturated protein, as for example as reagent used during Western blot analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The bacterial expression vector pGEX with an inserted cDNA fragment. 
This picture shows the different genes and sites on the vector important for protein production. 
 
In mammalian expression the cDNA was cloned together with a six amino acid long histidine tag and an 
enterokinase cleavage site (figure 2) into the pCEP-Pu2 vector. The his-tag was added to enable selection 
just as in the bacterial production but it also served as an inactivation peptide. The enterokinase site was 
added to allow activation cleavage. After transfection the human embryonic kidney cell line (HEK-293) 
were cultured together with heparin, a negatively charged protein used for storage of serine proteases in 
the granula, to keep the protein in the solution instead of sticking to the culture bottles.  
However the protein production in mammalian cells is very low compared to the bacterial production, 
but has the advantage that cystein bridges can be formed and an active protein can be produced. This 
method is ideal for producing functional enzymes, for analysis of cleavage specificity.  
 
 
 
 
 
Figure 2: The cDNA fused together with a his-tag. This fragment is cloned into the pCEP vector and used in mammalian 
production. 
 
Both these methods have advantages and disadvantages as previously mentioned. Therefore a third 
method was investigated to obtain native proteins in bacteria. 
In this method an E.coli strain called Rosetta-gami was used and the fragment with the his-tag and 
enterokinase cleavage site from the mammalian expression vector was cloned into a new expression 
vector called pET-21a. This vector contained an ampicilline resistant gene to enable selection. A 
thioredoxin fragment was also cloned into the vector, making a fusion partner to the protease. The 
thioredoxin gene (trxA) reduces the tendency of the fusion proteins to form inclusion bodies [10].  
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2.3.1 The method of substrate phage display 
To study the cleavage specificity of the opossum chymases, the opossum granzyme and the platypus 
granzyme, we used a method called substrate phage display (figure 3). 
In this method a population of T7 phages has been mutated to express a fusion between a capsid protein, 
a nine amino acid long randomized sequence and a six amino acid long his-tag on their surface. This 
population of phages displaying randomized peptides makes up a phage library. These phages are 
immobilized through anchoring to nickel-agarose beads, since the negative his-tag on the phage interact 
with the positive nickel ion connected to the agarose bead. 
After this the proteases can be added to cleave the randomized sequences at a preferable site. 
The cleaved phages are collected and amplified in bacteria to generate a new library and a new round of 
immobilizing, cleaving and collecting occur. These rounds are called bio pannings and for each bio 
panning the enzyme cleaves the most preferable peptide. After about five bio pannings the cleaved 
sequences are sequenced and a consensus sequence can be generated (figure 4).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

To study the evolution of hematopoietic serine proteases and how their cleavage specificities have 
developed I here present an analysis of the cleavage specificity of three enzymes from non-placental 
mammals. 

 
Figure 4: The general consensus sequence cleaved by the enzyme. From position P4-P2’ where cleavage occur between 
position P1 and P1’. 

Figure 3: Substrate phage display. The picture is showing the different steps in one bio panning. 
(Created by Ulrika Karlsson) 
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3. Materials and methods 
 
3.1 Production of active serine proteases and analysis of the cleavage pattern of these proteases 
 
3.1.1 Preparation of vectors 
cDNA clones from platypus granzyme, opossum granzyme and opossum chymase were inserted into the 
mammalian expression vector pCEP-Pu2. This was done in E.coli of the DK1 strain. Plasmid DNA was 
purified from the bacteria with a miniprep kit (QIAprep spin miniprep kit®, Hilden, Germany).  
 
3.1.2 Transfection 
To obtain sterile DNA for transfection 15μg from each vector were diluted in double distillated water 
(ddw) to reach a final volume of 100μl. After this 250 μl 95 % ethanol were added together with 83 mM 
NaAc (Fluka®, Steinheim, Germany) and the solution was incubated at -20°C for 15 minutes. The tubes 
were centrifuged for 10 minutes at 17,000 x g at 4°C. The supernatant was discarded by pipetting under 
sterile conditions and the pellet was allowed to dry. The pellet was resuspended in 50 μl sterile TE (10 
mM Tris, 1 mM EDTA in ddw, pH 7.5). The sterile precipitated DNA were mixed together with 80 μg 
lipofectamine and 800 μl serum free Dulbecco’s modified eagle’s medium (D-MEM, Gibco®, Paisley, 
UK), vortexed and incubated at room temperature for 45 minutes. After this the mixture was diluted with 
D-MEM to reach a final volume of 6ml.   
A culture of HEK 293-EBNA cells (InvitrogenTM) was grown in 6-well plates of 9 cm2/well to reach 
70% confluency. Then the cells were washed twice with neutral phosphate-buffered saline (PBS) [11] 
and twice with serum free D-MEM after which the DNA, mixed with lipofectamine, were added and 
incubated for 12-16 hours at 37°C. After this first incubation, fetal bovine serum (FBS, InvitrogenTM, 
DE) was added to the cells to reach a final concentration of 10 %, and then the cells were incubated for 
an additional 24 hour period. 
When the cells were 100 % confluent, puromycin (1.5 μg/ml) were added, to select for cells with inserted 
vectors containing genes resistant to puromycin. Dead cells were removed daily and after a few days, 
when the cells were 100 % confluent, they were dissolved in fresh medium and transferred to bigger 
culture bottles and 5 μg/ml heparin were added to the medium. The cells were continuously expanded 
and the supernatants were saved for purification. 
 
3.1.3 Purification of cell supernatants 
The supernatants were centrifuged at 2,000 x g for 15 minutes to remove dead cells. 
To purify the proteins Nickel-agaros beads (QIAgenTM, Hilden, Germany) were added to the 
supernatants (25 μl/50 ml cell medium). The supernatants were transferred to 50 ml falcon tubes and 
smoothly rotated together with the beads for 3 h at 4°C. Then the solution was centrifuged at 200 x g and 
the nickel-agarose beads were collected in a filtered poly-prep chromatography column (Bio-Rad, 
Hercules, CA, USA). The column was washed with nickel wash buffer (1 M NaCl, 0.1 % Tween in PBS) 
10 times the nickel-agarose bead volume. After this the proteins were eluted with equal volume protein 
elution buffer (10 0mM imidazol, 0.1 % tritonX-100 in PBS) as the volume of the nickel-agarose 
column. Five fractions were collected. The amount of protein in the fractions was determined by a SDS-
PAGE gel [10] together with a size marker (rainbow marker, Amersham Life ScienceTM). 
 
3.1.4 Enzyme activation 
Different amount of proteins were activated dependent on how much the cells were able to produce. 
About 37.5 μg opossum chymase were activated by cleavage with 3.8 μl enterokinase (10 units/μl, 
Invitrogen®, Carlsbad, CA) in a volume of 500 μl for 5 h at 37°C. 
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Almost the same amount of platypus granzyme (35-50 μg) was activated with 5 μl enterokinase in a 
volume of 110 μl for 5 h in 37°C. A smaller amount of opossum granzyme (12.5 μl) was activated by 
adding 2 μl enterokinase in a total volume of 500 μl. The dilution was preformed by adding ddw. This 
reaction was incubated at 37°C for 5 h.  
The active proteins were purified on a 300 μl heparin-sepharose gel (240 μg heparin, Sigma®, Steinheim, 
Germany) in a poly-prep chromatography column from Bio-Rad. The gel was first  washed two times 
500 μl with PBS, then the activated protein was added to the gel several times to maximize the binding 
of protein to the gel. After this the gel were washed two times with 500 μl PBS and two times with 500 
μl 0.3 M NaCl in PBS. Finally the proteins were eluted with 1 M NaCl in PBS. 
The inactive protein, the active protein, the different wash and elution fractions were run on a SDS-
PAGE gel together with a rainbow marker (Amersham life science®) to determine if the proteins were 
activated and in which fractions the active proteins were. 
 
3.1.5 Activity control  
After activation and purification 5, 10 and 15 μl of the active opossum chymase were incubated together 
with 20 μl of the synthetic chymotrypsin substrate (S2586, Chromogenix®, Möndal, Sweden) in a 96-
well plate diluted in ddw to a final reaction volume of 200 μl. When cleavage occurred the substrate 
cleavage products turned yellow and the absorbance at 605 nm were measured with a Versa Max Micro 
plate reader (Molecular devices®, Sunnyvale, CA, USA) and processed by the computer program Soft 
Max Pro®.  
 
3.1.6 Phage display 
A T7 phage library with 50 million different randomized 9 amino acid long sequences on their capside 
protein was available in the laboratory. Ten billion phages were taken from this library in each 
experiment. The phages were bound to 130 μl nickel beads together with 0.5 M NaCl in PBS in three 
different tubes during smooth rotation in 4°C for 1 hour. After this the tubes were centrifuged and the 
nickel beads washed fifteen times in nickel wash buffer (1M NaCl, 0.1% Tween in PBS) and two times 
in PBS. The last PBS wash was saved for titration.  
Tubes containing phages bound on nickel beads were added 30 μl or 60 μl opossum chymase 
respectively. PBS was added to the tubes to make a final volume of 1 ml (not taken the nickel-bead 
volume to account). A volume of 1 ml PBS was added to remaining which served as control. Then the 
enzymes were allowed to cleave in room temperature for 3 h. The cleaved phages were collected and 
purified on 15 μl new nickel beads in order to remove uncleaved phages. Then the cleaved phages were 
collected for titration. The first set of nickel beads were washed in 100 μl PBS and eluted with 100 μl 
imidazol (100 mM). 
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3.1.6.1 Titration and plating of phages 
A fraction of the phages (10 μl) from the last PBS washing, the cleaved phages and the eluted phages 
were titrated in 990 μl LB-Amp (99 μg ampicillin, Sigma®) to get a 10-2-dilution of the phages, the 
titration proceeded to produce 10-3, 10-4 and 10-6-dilutions.  
 
After having reached a suitable number (during plating the phages were diluted 1:10) the titrated phages 
were plated together with 300 μl BLT 5615 bacteria, 100 μl IPTG(100mM), and 2,5 ml top-agarose 
(FMC®, Rockland, Maine, USA) (0.6 % agarose in LB) on LA-Amp plates. The plates were incubated in 
37°C until plaques were visible and able to be counted. 
 
3.1.6.1 Amplification 
The rest of the cleaved phages (≈990 μl), not used for titration and plating, were amplified in a 10 ml 
BLT5615 bacteria culture at OD 0.5-0.6 ,measured using a biophotometer (Eppendorf®, Hamburg, 
Germany) induced with 100 μl IPTG (100 mM) for 30 minutes. After this the culture were incubated at 
37°C until lysis had occurred. Then the remainder of the cells was centrifuged down and 800 μl of the 
newly amplified phages were collected from the supernatants diluted in 0.5 M NaCl in PSB to a final 
volume of 1 ml. The phages were bound to 130 μl nickel-agaros beads to start a new bio panning. 
 
3.1.7 Preparation of phages for sequencing 
After the fourth bio panning, 20 phages from the plates cleaved by 60 μl opossum chymase were picked 
with Pasteur pipettes and the gel were dissolved in phage extraction buffer (100 mM NaCl, 6 mM 
MgSO4, 20 mM TRIS in ddw at pH 8.0) and incubated during shaking for 30 minutes. Afterwards the 
DNA from the phages in the dissolved gel pieces was amplified with PCR. 
This was done by mixing 2 μl of each phage with 2.5 pmol of both 5’ and 3’ primers (designed to 
correspond to the mutated phage capside DNA, table 1) and then adding 5 μl PCR buffer (Fermentas®) 
together with 12.5 mmol dNTPs (Fermentas®), 187.5 mmol MgCl and 0.5 μl                     Taq-
polymerase (MBI, Fermentas®). The reaction was diluted in ddw to reach a final volume of 50 μl. The 
PCR amplification took place in a programmable thermal controller (PCT-100T, MJ Research Inc. 
Watertown, MA, USA) according to PCR program 1 (table 2). 
The PCR product was purified on a 1 % agarose gel and the DNA was extracted from the gel using a gel 
extraction kit (E.Z.N.A.TM, Omega Bio Tec®, Doraville, GA, USA) The DNA concentration from each 
phage was determined using a nanodrop (Saveen®, Werner) and the samples were diluted to reach a final 
concentration of 10 ng/μl. The DNA content of each sample was sequences after addition of a 926-T7 
sequencing primer (1.6 pmol/μl, table 1). The sequencing was done at the Rudbeck laboratory. 
 
 
3.2 Production of fusion protein for immunization 
The group had cloned opossum chymase and opossum granzyme into a pGEX-5T vector containing a 
GST (glutathione s-transferase) gene. This was done in order to make a fusion between the opossum 
proteins and glutathione. The vectors have also been transformed into a DK1 bacteria strain. 
 
3.2.1 Production of opossum chymase and opossum granzyme fused with GST in DK1 bacteria 
Cultures of DK1 with fragments from opossum chymase and opossum granzyme were grown over night 
in 50 ml LB with 5mg ampicillin (Sigma®) in an E-flask at 37°C during shaking.  LB with 45 mg 
ampicilline were added to culture to make a final volume of 500 ml and the cultures were grown during 
shaking to an optical density (OD) of 0.5 after which the bacteria were induced with 1 mM IPTG. After 
this the cultures were incubated 3 h at 37°C during shaking and centrifuged at 7500 x g for 20 minutes at 
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4°C. Then the bacteria were collected and washed in PBS after which centrifugation was repeated. The 
pellets were resuspended in 10 ml PBS and then sonicated 3 times 30 seconds, using a Soniprep 150 
(MSE®, UK) to break the DNA into smaller pieces. Then the sonicated mixture were centrifuged at 
16500 x g for 10 minutes and the pellets were washed five times in 25 ml PBS and centrifuged at 16500 
x g for 10 minutes each time. After the last washing step the pellets were dissolved in 10 ml 8 M urea, 
0.5 %SDS, 5 mM betamercaptoethanol (Sigma®, Steinheim, Germany) in PBS in 65°C. Poly-prep 
chromatography columns from Bio-Rad were packed with 3 ml nickel-agarose beads and washed with 
PBS after which the dissolved pellet containing the proteins were added, the mixture were run through 
twice in order to assure binding. After this the columns were washed with 21 ml washing solution (8 M 
urea, 0.5 % SDS in PBS at pH 7.5) and then eluted into 3 ml pre-elution, 3 ml elution and 3 ml post-
elution with elution buffer (8 M urea, 0.5 % SDS in PBS at pH 6.0). 
 
3.2.2 Purification of the fusion proteins and immunization of rats 
The fusion proteins were purified by dialysis to remove urea before immunization. This was done with 
all the elution fractions from both proteins, using a dialysis tube with a cellulose membrane (Sigma®, 
Steinheim, Gemany). Firstly, the tube was boiled in PBS for a few minutes and then the proteins were 
added to the dialysis tube. Dialysis was preformed over night in 2 liters PBS during stirring. After the 
first and second hour of dialysis the old PBS was discarded and fresh PBS was added.   
After dialysis the protein concentration was determined by a SDS-PAGE gel. The proteins were run 
together with different concentrations (0.1, 0.2, 0.4, 0.8 μg) of BSA (Amersham Life ScienceTM). 
Each protein was concentrated (0.3 ml) and diluted in PBS (0.15 ml) to make a final concentration of 2 
mg/ml. The proteins were mixed with an equal volume of Freunds compleat adjuvant (DIFCO®, Detroit, 
Michigan, USA) until the mixture reached a milk-like consistency. After this each protein-adjuvant 
emultion was injected subcutaneously into a female Sprague Dawley rat.  
 

 
3.3 Preparation for native protein production in a Rosetta-gami strain using the pET21 vector with 
thioredoxin as a fusion partner  
 
3.3.1 Transformation of the pET21 vector into DK1 bacteria 
An over night culture of DK1 bacteria were grown in 50 ml LB(0.17 M NaCl, 10 g/l bacto-tryptone, 5 g/l 
bacto-yeast extract) with 0.1 % glucose during shaking at 37°C to reach a optical density(OD) of 0.5. 
This culture was made competent. First the culture was swirled vigorously on ice for 5 minutes. Then the 
solution was centrifuged at 2000 x g for 15 minutes at 4°C after which the pellet was collected and 
resuspended in 12.5 ml cold 0.1 M MgCl. The new solution was centrifuged as previously described. 
After this the pellet was dissolved in 6 ml cold 0.1 M CaCl2 and incubated on ice for 20 minutes. 
 
The pET21a vector was added to 500 μl competent bacteria, the mixture was vortexed and incubated on 
ice for 30 minutes. After this the bacteria were heat shocked for 1.5 minutes at 42°C and then chilled on 
ice.  500 μl LB were added and the chilled mixture was vortexed and incubated for 45 minutes at 37°C. 
Then each ligation was spread on two LA-Amp plates one with 100 μl bacteria and one with 900 μl 
bacteria and incubated overnight at 37°C.  
 
3.3.2 Cleavage and purification of the pET21 vector  
Positive colonies were picked and grown in 5 ml LB-Amp medium over night. After which the overnight 
cultures were centrifuged at 2,000 x g for 15 minutes, the pellets were dissolved in 250 μl P1 buffer and 
prepped with QIAprep spin miniprep (QIAgen®, Hilden, Germany) according to the miniprep kit 
protocol. The amount of vector was estimated by measuring the optical density of the solution with a 
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biophotometer (Eppendorf®, Hamburg, Germany). After estimating the amount of vector, 5 μg were 
cleaved with restriction enzymes Nde I and EcoRI (1:30, Fermentas®) in a restriction enzyme buffer 
containing 150 mM NaCl. The cleavage occurred in a final volume of 100 μl at 37°C for 3 h.  
The cleaved pET21 vector was purified on a sepharose CL-6B gel packed on a filtered 2 ml syringe; in 
order to pack the gel tightly the syringe was precentrifuged at 200 x g for 2 minutes. Firstly the cleaved 
vectors were mixed with 300 μl fenolextraction buffer (0.1 M NaCl, 0.5 % SDS in TE) and 200 μl 
neutral chloroform (50:50, chloroform and 0.1 % β-hydroxyquinoline) after which the mixture was 
vortexed and centrifuged at 20,000 x g for 2 minutes. The upper phase was moved to a new eppendorf 
tube and 1 ml chloroform was added. The centrifugation was repeated as previously and the upper phage 
was collected once again. Two hundred μl phenolextaction buffer was added to the precentrifuged CL-
6B column after this the sample containing the cleaved pET21 vector was added and the column was 
centrifuged for 5 minutes at 200 x g. The eluted sample was placed in a new eppendorf tube and 0.3 M 
NaAc was added together with 2 volumes 95 %-ethanol. The mixture was incubated at -20°C for 15 
minutes after which it was centrifuged at 4°C for 15 minutes at 20,000 x g. Then the supernatant was 
discarded and the pellet was washed with 1 ml 70%-ethanol and centrifuged once more at 20,000 x g for 
3 minutes. The ethanol was discarded and the pellet was dried using a speed-vac (Savant®, Hicksville, 
NV, USA) for 10 minutes. Finally the pelleted vector (5 μg) was dissolved in 20 μl ddw. 
 
3.3.3 Amplification and cleavage of the thioredoxin fragment  
A thioredoxin gene (ThioFusion, Invitrogen®, Carlsbad, CA, USA) was PCR amplified together with 0.2 
mM dNTPs (Fermentas®), 0.15 mM MgCl2, 1 x PCR buffer, 1 μl Taq polymerase (Fermentas®), 600 ng 
oligo 1106 and 600 ng oligo 1107 (table 1). The amplification was done in a volume of 50 μl according 
to PCR program 2 (table 2). 
The amount of thioredoxine was estimated and the fragment was purified on a 1 % agarose gel and 
extracted with a gel extraction kit (E.Z.N.A. TM, Omega Bio Tec®, Doraville, GA, USA). The purified 
fragments (350 ng) were cleaved with the same restriction enzymes as the vector (NdeI and EcoRI, 
Fermentas®) in the same restriction enzyme buffer (150 mM NaCl) for 1h at 37°C. 
The cleaved fragments were purified on a 1 % agarose gel and extracted with a gel extraction kit 
(QIAgen®, Hilden, Germany).  
 
3.3.4 Ligation of the thioredoxin fragment into the pET21 vector 
After having cleaved and purified both vector and fragment, 118 ng pET21 vector and 32.4 ng fragment 
were ligated together with 1 x ligase buffer, 1 μg BSA, 1 mM ATP and T4 DNA ligase (USB®). The 
ligation mix was incubated for 3 h at room temperature. After the incubation the T4 DNA ligase was 
inactivated for 10 minutes at 65°C.  
Then the ligated vector was transformed into DK1 bacteria for amplification as described above and 
colonies containing the vectors were picked and DNA was extracted with QIAgens miniprep kit. 
 
3.3.5 PCR screening for positive colonies  
To identify the vectors containing the thioredoxin fragment a colony PCR was preformed. Each positive 
colony was mixed with 30 ng T7 primer, 30 ng oligo 1107, PCR buffer, 250 μM dNTPs, 2 mM MgCl2 
and 0.5 μl Taq-polymerase.  Each colony was amplified in a total volume of 10 μl according to PCR 
program 3 (table 2). The PCR products were localized and size measured with a 1 % agarose gel together 
with a λ-Bst marker (USB®) and the vectors containing thioredoxin were extracted from the gel with a 
gel extraction kit (E.Z.N.A.TM, Omega Bio Tec®, Doraville, GA, USA). 
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Table 1: The sequences of the primers used in PCR amplification and sequencing. 
The T7 primer corresponding to the T7 promotor in the pET-21 vector and the 1107 primer corresponding to the thioredoxin 
gene were used in the PCR screening for vectors containing thioredoxin. The 1107 primer was also used together with the 
1106 primer in the amplification of the thioredoxin gene. The 924-T7 select 5’ and the 925-T7 select 3’ primers, 
corresponding to the 3’ and 5’ ends of the gene encoding the mutated capside protein, were used to amplify the cleaved 
capside proteins after the forth bio-panning in the substrate phage-display. 
The 926-T7 seq 5’ primer was used when sequencing the cleaved capside proteins in substrate phage-display.      

Primer Sequence 
T7 TAATACGACTCACTATAGGG 

1106 CGACATATGAGCGATAAAATTATTCACCTGACTG 
1107 AGCGAATTCGCTACCAGAACCAGAACCGGCCAG 

924-T7 select 5’ GTTAAGCTGCGTGACTTGGCT 
925-T7 select 3’ TTGATACCGGAGGTTCACCGA 
926-T7 seq 5’ TATCGCTAAGTACGCAATGGG 

 
Table 2: A list of the different PCR programs used. 
PCR program 1 was used to amplify the capside proteins cleaved by O chy after the forth bio-panning during substrate phage-
display. PCR program 2 was used to amplify the thioredoxin gene before ligating it into the pET-21 vector. PCR program 3 
was used during the colony-PCR used to determine identify pET-21 vectors containing thioredoxin. 

 Temperature 
(°C) 

Time comments 

PCR program 1   Step 2-4 repeated 35 times 
Step 1 94 5 min  
Step 2 94 30 sec  
Step 3 60 30 sec  
Step 4 72 45 sec  
Step 5 72 6 min  

PCR program 2   Step 2-4 repeated 50 times 
Step 1 95 2 min  
Step 2 95 30 sec  
Step 3 60 30 sec  
Step 4 72 1 min  
Step 5 72 10 min  

PCR program 3   Step 2-4 repeated 40 times 
Step 1 94 5 min  
Step 2 94 30 sec  
Step 3 57 30 sec  
Step 4 72 1 min  
Step 5 72 10 min  
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4. Results 
 
4.1 Production of proteolytically active recombinant serine proteases and analysis of their cleavage 
specificity 
 
4.1.1 Production of recombinant proteases 
The coding regions of the opossum chymase, the opossum granzyme and the platypus granzyme were 
cloned into the mammalian vector pCEP-Pu2 together with a fragment encoding a his-tag and an 
enterokinase cleavage site. These vectors were transfected into a mammalian cell line, HEK-293 for 
protein production. The medium in which the cells were cultured contained heparin, a negatively charged 
molecule. Heparin was added in order to bind and keep the positively charged proteins produced by the 
cells in the soluble phase. When cells were cultured without heparin no proteins were found in the 
condition culture medium (results not shown). 
The proteins produced by the cells were purified using nickel-agarose beads, which interacted with the 
his-tag. The purified proteins were assayed using a SDS-PAGE gel and the size of the proteins were 
determined by comparing with a rainbow size marker (figure 4). All three fusion proteins (opossum 
chymase, opossum granzyme and platypus granzyme) have approximately the same size (30 kDa) and 
the amount of proteins produced were approximately 10 μg/l, 50 μg/l and 200 μg/l respectively. The 
difference in size seen in the figure is due to different degrees of glycosylation.  
 
  
                                                        A                  B                C 
 
       
 
                                                                                                     
                                                                                      
                 

                          30kDa                                           
 
 
 
 
 
 
Figure 4: Opossum granzyme (A), platypus granzyme (B) and opossum chymase (C) produced by HEK-293 cells using the 
mammalian expression vector pCEP. (A) The size of the opossum granzyme is estimated to about 27-28 kDa based on this 
picture. The double band on the gel is probably due to different glycosylations. (B) The size of the platypus granzyme is 35-40 
kDa based on this picture, this indicates a larger amount of glycosylation, the band on the gel is also smeared, an other fact 
pointing to a high level of glycosylation. (C) The size of the opossum chymase is approximately 30 kDa indicating to a 
moderate level of glycosylation. To the left on the gel a rainbow size marker is located and the 30 kDa is marked with an 
arrow.  
 
4.1.2 Enzyme activation 
Following the analysis of protein size, purification and amount, a fraction of the proteins were activated 
by proteolytic cleavage. To obtain an active protease, the his-tag had to be removed. An enterokinase 
cleavage site placed between the his-tag and the N-terminal on the mature protein polypeptide was used 
to separate these, allowing the protein to fold into its active form. After the removal of the his-tag and the 
enterokinase site the protein is reduced in size by approximately 3 kDa (figure 5). The active proteins 
were purified on a heparin column to remove traces of enterokinase. The inactive proteins together with 
the activated proteases and fractions of the different washing and elution steps were analyzed on a SDS-
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PAGE gel. The active enzymes were retraced in the first and second wash and in the pre-elution (figure 
5). 
After activation, the enzymes were analysed with a synthetic chymotrypsin substrate and opossum 
chymase was found to cleave this substrate, proving that it is a chymase. When activated opossum 
granzyme and platypus granzyme (figures not shown) were presented with the same substrate no 
cleavage occurred. This indicates that these enzymes have no chymotrypsine activity. 
 
                                                                         A           B           C 
 
                
 
           
 
 
            30 kDa                                                                                                          
 
 
 
 
 
 
 
Figure 5: A SDS-PAGE gel showing opossum chymase before and after activational cleavage with enterokinase together with 
the washing and elution fractions after washing the active enzyme. The active enzyme is notably smaller then the inactive 
enzyme and the active enzyme is fond in the fraction from the first wash (A), the second wash (B) and in the fraction from the 
pre-elution volume (C).     
 
4.1.3 Substrate phage display 
The cleavage specificity of the active opossum chymase was determined with substrate phages display. 
Here the enzymes were subjected to phages with capside proteins fused with a randomized nine amino 
acid long sequences and a his-tag. The phages were anchored to nickel-agarose beads, through 
interactions between the negative his-tag and the positively charges nickel. Some of the phages that were 
subjected to the enzymes and cleaved from the nickel-agarose beads, other phages were used as a control 
to see how many phages that came off without the presence of enzymes. All the phages were collected, 
calculated and amplified and then bound to a new set of agarose-beads. After the first round of cleavage, 
so called bio panning, there were almost five times as many phages cleaved with the enzyme as control 
phages. After the fourth bio panning there were almost a twenty-fold difference between the control and 
the phages cleaved with opossum chymase (figure 6) 
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Figure 6: Results from the four bio pannings during phage display.  The histogram shows the difference in the numbers of the 
phages cleaved by the enzyme opossum chymase compared to the control, not subjected to any enzyme. The X-axis shows the 
different bio pannings and the Y-axis shows the mean number of phages (x 10-5).   
 
4.1.4 Sequencing the capside proteins from the last bio panning of the phage display 
After the last bio panning the DNA encoding capside proteins from twenty phages were amplified and 
sequenced. The sequences were compared. Three of the sequences were discarded due to contamination 
(multiple sequences) and the rest of the randomized sequences are displayed in table 3.  
 
Table 3: The randomized amino acid sequence from the mutated capside protein of seventeen phages cleaved by opossum 
chymase after the forth bio panning using the method phage display. This table also includes the number of aromatic acids 
leucine and methionines in each random sequence since these are the preferred amino acids in the P1 position during cleavage 
with chymases. 

Phage 
number 

Random sequence Number of aromatic 
amino acids 

Number of 
leucine 

Number of 
methionine

1 FRFWLGGPL 3 2 - 
2 WGAWRSRSV 2 - - 
3 CFMWSGSWK 3 - 1 
4 AWWSVGFFS 4 - - 
5 LYRERAEWF 3 1 - 
6 RRVVGYGLE 1 1 - 
7 ELMMMVVVG - 1 3 
8 TLMVPRTGS - 1 1 
9 MWATWRWID 3 - 1 
10 SVGYVMGTR 1 - 1 
11 VWLDVVSGA 1 1 - 
12 AMGFWFGVV 3 - 1 
13 RQGLWVVLW 2 2 - 
14 LAGFWYLSV 3 2 - 
15 WNALYNLTQ 2 2 - 
16 ELWRSCLWV 2 2 - 
17 AGFLGGVYL 2 2 - 

Chymases usually cleave after aromatic amino acids and if no such amino acids are present they cleave 
after methionine or leucine, [5]. Most of the random sequences have two or more aromatic amino acids. 
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However three sequences contain only one aromatic amino acid and two contained only one leucine, one 
or more methionine and no aromatic amino acids (see table 3) 
These sequences where further analyzed to establish which amino acids in other positions that are 
important for cleavage. In table 4 an alignment of the five sequences with only one cleavage site is 
shown, these alignments were made based on the one cleavage site residing in the P1 position and allow 
a comparison of the rest of the positions. The most striking similarity between all the sequences are in the 
P3 position, two amino acids upstream from the cleavage site, were only hydrophobic non-polar amino 
acids are found.  
 
Table 4: An alignment of the cleaved sequences containing only one aromatic amino acid or one leucine amino acid. The 
alignment is made so that the aromatic amino acid is put in the P1-position, the position right before cleavage, and in the 
sequence from phage 7 and 8 the leucine is put in the P1-position due to the lack of aromatic amino acids. 
The most notable similarity between these sequences is the fact that the P3-position, the third position before cleavage are 
occupied with a non-polar aliphatic amino acids in all the sequences. 

Position P4 P3 P2 P1 P1’ P2’ 
Phage 6 V V G Y G L 
Phage 10 S V G Y V M 
Phage 11 G G V W L D 
Phage 7 G G E L M M 
Phage 8 G G T L M V 

  
Another alignment was made on all the sequenced phages. This alignment was based on the previous 
findings (table 4) an amino acid was placed in the P1 position and a non-polar amino acid in the P3 
position. All the sequences contained an over representation of aromatic amino acids especially the 
aromatic amino acid tryptaphan (W). In the alignment with all the sequences, a large number of 
thyptophans were found in the P1 position, indicating a preference of cleavage after this amino acid. The 
P3 position was mostly occupied with a glycine (G) and a weak preference for positive amino acids 
(R,K) in the P1’ position was observed.  
The results of the alignment with all the sequences are compiled in figure 7, A-F, to visualize the 
preference of the amino acids in each position. From this figure a concensus sequence (figure 8) is 
created. Here the P4 position is occupied with G, the P3 position with G, the P2 position with G, the P1 
position with W, the P1’ position with arginine (R) and the P2’ position with valine (V). 
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Figure 7: Diagrams A-F show an overview of the different amino acids found in each position of the peptides cleaved with 

opossum chymase after the fourth bio panning in substrate phage-display. 
 
 
                                                                                                       
              Gly        Gly         Gly        Trp         Arg        Val 
 
 
Figure 8: The concensus sequence made from the results shown in figure 7. 
 
 
4.2 Production of fusion proteins in bacteria to be used for antibody production 
 
4.2.1 Production of fusion proteins in DK1 bacteria  
The coding regions of opossum chymase and opossum granzyme were inserted in the bacterial 
expression vector pGEX. The proteins were produced in the E.coli DK1 bacterial strain, as a fusion 
between the cDNA, a his-tag and a glutathio s-transferase gene. cDNA encoding the different proteases 
were inserted in the C-terminal region of the coding part of a GST gene to facilitate production of the 
fusion protein. 
After lysis the proteins were collected from the bacteria. Most of the protein was found in inclusion 
bodies in the bacteria. The inclusion bodies were solublized by a solution containing 8 M urea and 0.5 % 
SDS, before purified on a nickel-agarose column. The proteins eluted from the column were dialyzed to 
remove the elution buffer. The protein concentration was then estimated on a SDS-PAGE gel together 
with a known amount of BSA (figure 7). The concentration of opossum chymase and opossum granzyme 
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were estimated to 1.6 and 0.1 mg/ml respectively. The amount of proteins produced by the bacteria was 
calculated to approximately 9.6 mg opossum chymase and 0.6 mg opossum granzyme per liter bacterial 
culture.  
The proteins were then injected into rats for antibody production. Antisera from the immunized rats will 
soon be available for further analysis. 
 
 Figure 7: The picture show different volumes of the proteins produced in DK1 bacteria compared with different 
concentrations of BSA. With this picture the opossum chymase concentration is estimated to 1.6 mg/ml and the concentration 
of opossum granzyme to 0.1 mg/ml. 
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4.3 Bacterial production of native proteins using a fusion between protein DNA and thioredoxin 
cloned into a pET21 vector and produced in a Rosetta-gami strain 
 
4.3.1 Cloning of a thioredoxin gene into the pET21 vector 
This vector and bacterial strain are investigated in order to find a way to rapidly produce large amounts 
of native recombinant proteins. In this method an E.coli strain called Rosetta-gami is used to produce 
native proteins. The strain has an intracellular environment that allows cystein-brige formation and it 
contains a set of tRNAs optimized for eukaryotic protein production. The coding DNA is fused together 
with a thioredoxin gene and expressed in a bacterial vector. The thioredoxin is added in order to keep the 
proteins from forming inclusion bodies.  
The thioredoxin gene was amplified, cleaved with restriction enzymes and purified before ligation with 
the pET-21 vector. The vector had been cleaved with the same enzymes and purified before ligation. 
The ligation was then transformed into a DK-1 bacterial strain and colonies from this strain were 
screened for vectors containing a thioredoxin clone. To establish were ligation had taken place a colony-
PCR screening were made using one primer matching the vector and one with homology to the 
thioredoxin gene. Three colonies with vectors containing a thioredoxin gene were found (results not 
shown). The expression levels and the amount of soluble mature and properly folded proteins are 
presently being analyzed. 
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5. Discussion 
 
5.1 Production of native proteins in a mammalian cell-line 
Protein productions in the mammalian cell-line differed a lot depending on the proteins produced. The 
differences in expression indicate that some or all of the proteins may to some extent be toxic to the host 
cells. Expression of these proteins may therefore be down regulated.  
In vivo these positively charged proteins are stored in the granula of the mast cells were they are 
stabilized through binding to negatively charged molecules such as heparin and proteoglycan. 
When the cells were cultured without heparin no proteins were found in the culture medium, this may be 
due to the fact that the positively charged proteins were attached to the plastic of the culture bottles. 
When heparin is present in the culture medium the proteins are more inclined to interact with these and 
stay in the soluble phase. The positively charged protein may also be toxic to the cells, though no 
intracellular heparin is present. But if heparin is in the medium the cells may secrete proteases to reduce 
the negative effects of the protein.  
 
5.2 Activation of the proteases 
On order to obtain the proteins active form the his-tag, fused with the inactive protein, needs to be 
removed. This is done by proteolytic cleavage with enterokinase. After cleavage the active proteases are 
reduced in size (figure 3) indicating that the his-tag has been removed. To make sure that the folding of 
the enzyme is correct and that the enzyme is active, it is incubated with a chymotrypsin substrate. The 
opossum chymase is able to cleave this substrate, this proves not only that the enzyme is active but also 
that it cleaves with chymotrypsin like specificity. The fact that the enzyme cleaves with a chymotrypsin 
like specificity it is evident that this enzyme belongs to the chymase family. The fact the opossum 
granzyme and platypus granzyme is not able to cleave the chymotrypsin substrate indicated that they do 
not cleave with a chymotrypsin like specificity. When comparing the peptide sequence of the binding 
pocket from platypus granzyme to chymase and granzyme binding pockets the sequences are more 
homologues to the chymase binding pocket. This indicates that the cleavage specificity should be more 
like the chymases. The fact that the platypus granzyme is not able to cleave the chymotrypsine substrate, 
however suggest that the granzyme don’t have any or alternatively a very specific chymase activity.  
The activity against other substrates is resently being analysed. 
 
5.3 Determination of the cleavage specificity of opossum chymase using substrate phage display 
After the forth bio panning, phages cleaved with opossum chymase were sequenced to determine 
cleavage specificity of this enzyme. From these sequences a clear over representation of aromatic amino 
acids were observed, with a high preference for tryptophan (W). The fact that the sequences contain high 
frequency of aromatic amino acids were not surprising, though this is the expected cleavage position of 
the chymases. But the over representation of tryptophan in these sequences was unexpected, knowing 
that this amino acid is a poor substrate for chymases found in human skin mast cells [5]. Interestingly, rat 
mast cell proteases (rMCP-4) show an high preference to aromatic amino acids but do not cleave after 
tryptophan [13].  
Further study of the sequences showed that the P3 position was usually occupied with glycine, a non-
polar amino acid. This finding correlated rather well with results from studies with other chymases. Non-
polar amino acids were expected in the P3 position, but the large preference for glycine indicates a 
narrower substrate preference. The fact that positive amino acids were present at the P1’ position in some 
of the sequences was interesting. A similar finding was observed in an experiment with rMCP-4 were an 
arginine was found at the P1’ position in 30% of the peptides [13]. It is off course difficult to draw any 
conclusions from a study with these few sequences. But if the same pattern occurs in a larger study a 
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greater understanding of the cleavage specificity of this enzyme can be obtained. Potential substrates can 
also be located and an understanding of the biological activity of the enzyme may be deduced.  
Since the activation of the granzymes was troublesome, no substrate phage-display was preformed with 
these enzymes. It would be very interesting to find the cleavage specificity of these proteases, especially 
the platypus granzyme, though this would show if the enzyme belong to the chymase family or the 
granzyme family.  
 
5.4 Bacterial production of fusion proteins used for immunization 
Proteins produced in a bacterial strain, using a bacterial vector that fused the coding DNA of the protein 
together with a GST gene for expression, were produced as a denaturated fusion product. Only opossum 
chymase and granzyme was produced this way though the coding DNA from platypus granzyme was 
difficult to clone into the vector.  
The production of opossum chymase and granzyme was estimated to 9.6mg and 0.6mg per liter bacteria 
at OD 0.5. The difference in production can be due to the fact that opossum granzyme is made up by 
amino acids that are uncommon in the bacteria and the production of these proteins are limited by the 
amount of amino acids present in the bacteria.     
The denaturated proteases produced by the bacteria are presently being used for antibody production, 
through immunization of rats. Antibodies produced against opossum chymase and granzyme may be 
used to determine the location of the proteases in tissues. The antibodies can be labeled with fluorescence 
and added to different tissues from opossum to determine in what part of the body and by which cells the 
proteases are produced.  This will give an idea for the function of the proteases as well as enable a 
comparison with chymase and granzyme production in other species. 
 
5.5 Production of native proteases in a bacterial strain using a new expression vector. 
Some proteins are difficult to produce in mammalian cells due to toxicity. Almost all proteins are 
however possible to produce in bacterial cells but the products are usually inactive. 
It would be of great advantage if these proteins could be produced in an active form by a bacterial 
system. By fusing the coding DNA together with a thioredoxin gene, expressing the fusion in a vector 
and producing it in a bacterial strain that allow the formation of cystein-bridges, native eukaryotic 
proteins can be produced in bacteria. This system was explored briefly before heparin was used in the 
cell medium in the mammalian cell system.  
Only the thioredoxin gene was incerted into the vector before this strategy was taken over by another 
member of the laboratory. If native eukaryotic proteins, such as opossum chymase and granzyme, are 
able to be produced in bacterial systems, the production time and effort would be reduced, not to mention 
the cost of producing the recombinant protein. This could significantly increase the possibilities to study 
a larger number of members of this and other hematopoietic serine proteases. 
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