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Production and cleavage specificity determination of serine proteases mMCP-4, 
mMCP-5, rMCP-2 and two platypus serine proteases of the chymase locus.  

 

 
Cherno O. Sidibeh 

 
Populärvetenskaplig sammanfattning 

 
Serinproteaser är en klass av enzymer vars benämning härstammar från att aminosyran serin 
agerar som en nukleofil i enzymets aktiva yta. Serinproteaser har många funktioner och finns 
hos både eukaryota och prokaryota organismer. 
 
Vi har i den här studien arbetat med serinproteaser från värddjuren mus, råtta och näbbdjur. 
Serinproteaserna i fråga är mouse mast cell protease 4 (mMCP-4) och mouse mast cell protease 
5 (mMCP-5) från mus, rat mast cell protease 2 (rMCP-2) från råtta samt platypus granzyme B-
like protease (Pl. GrzB-like) och platypus hypothetical protease (Pl. Hypo) från näbbdjur.  
 
Studiens syfte har varit att via två olika system för uttryck av rekombinanta proteiner producera 
de ovanstående serinproteaserna. Detta för att kunna erhålla en ökad förståelse för vilka 
substrat som serinproteaserna i fråga föredrar att verka på. Samtidigt ska dessa analyser hjälpa 
oss att kartlägga sambanden mellan serinproteaserna och arterna på evolutionär nivå, detta 
speciellt för mMCP-4 och mMCP-5 som har en speciell relation till det humana serinproteaset 
chymas. Särskilt mMCP-4 är välstuderat och har visat sig ha ett flertal nyckelfunktioner in vivo. 
Därför är den av speciellt stort intresse för vidare studier. 
 
I en cellkultur av HEK 293 däggdjursceller skulle rMCP-2 och mMCP-5 produceras. mMCP-4, Pl. 
GrzB-like och Pl. Hypo skulle å andra sidan produceras i ett baculovirussystem med insektceller. 
Att etablera baculovirussystemet var av extra stort intresse då förväntan är att ett sådant 
system ska kunna producera mycket större kvantiteter av de önskade serinproteaserna. Således 
skulle ett fungerande baculovirussystem kunna bli ett mycket värdefullt instrument för vidare 
studier av även andra proteaser av den klassen. 
 
Efter produktion och rening var substratstudier ämnade åt att belysa för oss de primära 
specificiteter som serinproteaserna rMCP-2 och mMCP-5 hade. Detta skulle göras med hjälp av 
bakteriofager i en så kallad ‘phage display’-teknik. Denna teknik är specifik i jämförelse med 
den teknik där kromogena kandidatsubstrat skulle användas för att studera mMCP-4, Pl. GrzB-
like och Pl. Hypo med hjälp av absorptionsmätning i en spektrofotometer. 
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1. Abbreviations 

 
mMCP-4 Mouse mast cell protease 4 
mMCP-5 Mouse mast cell protease 5 
rMCP-2 Rat mast cell protease 2 
Pl. GrzB-like Platypus granzyme B-like protease 
Pl. Hypo Platypus hypothetical protease 
IgE Immunoglobulin E 
FcεRI High-affinity IgE receptor 
NK cells Natural killer cells 
Phe Phenylalanine 
Tyr Tyrosine 
Trp Tryptophan 
Arg Arginine 
Lys Lysine 
Val Valine 
Gly Glycine 
Ala Alanine 
Met Methionine 
Leu Leucin 
Asp Aspartic acid 
TNF Tumor necrosis factor 
MC-CPA Mast cell carboxypeptidase A 
MDCK Madin-Darby Canine Kidney 
cDNA Complementary DNA 
PCR Polymerase chain reaction 
HEK 293 Human Embryonic Kidney 293 
Sf9 Spodoptera frugiperda 9 
E. coli Escherichia coli 
CMV Cytomegalovirus 
Ni-NTA Nickel nitroloacetic acid 
DMEM Dulbecco’s Modified Eagle Medium 
DMSO Dimethyl sulfoxide 
LB Luria broth 
EtOH Ethanol 
NaAc Sodium acetate 
TE 10 mM Tris PH 7.5, 1 mM EDTA in sterile H2O 
PBS Phosphate buffered saline 
LDS Lithium dodecyl sulfate 
BSA Bovine Serum Albumin 
TEB Thioester buffer  
dNTP Deoxyribonucleotide triphosphate 
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2. Abstract 
 
Serine proteases are a family of enzymes whose active sites consist of the amino acid residue 
serine acting as a nucleophile. Serine proteases are responsible for a wide array of different 
physiological as well as pathophysiological functions and they are found in both eukaryotes and 
prokaryotes.  Different serine proteases tend to possess differing activities towards different 
substrates. Thus, serine proteases are classified according to their primary specificity into the 
chymase family, the tryptase family, the elastase family, the met-ase family and the asp-ase 
family. 
 
In this study we wanted to expand our knowledge of the hematopoietic serine proteases 
mMCP-4 (chymase), mMCP-5 (elastase), rMCP-2 (chymase), Pl. GrzB-like (potential aspase) and 
Pl. Hypo (unknown serine protease family). Due to most of these serine proteases being 
naturally expressed by a variety of different cells types, they are directly involved in many 
physiological tasks. Because of their functions and their presence in a broad set of organisms, 
they are of interest not only due to possible drug discovery applications, but also in 
phylogenetic studies. We seek to understand why they function as they do in different 
organisms and how different evolutionary pathways have been established across different 
species. 
 
The serine proteases rMCP-2 and mMCP-5 were to be produced in a HEK 293 cell culture 
system and then further analyzed in a phage display assay. The serine proteases mMCP-4, Pl. 
Hypo and Pl. GrzB-like were instead to be expressed via the more novel and intricate 
Baculovirus expression system. The serine proteases were then to be exposed to a battery of 
different substrates for further analysis. 
 
Whilst mMCP-5 has yet to be produced, rMCP-2 was produced successfully; however, the 
quantities of said production were not enough to continue our investigations. DNA sequences 
corresponding to the serine proteases Pl. Hypo, Pl. GrzB and mMCP-4 were to be transferred to 
the pAcGP67A transfer vector; a plasmid vector that was compatible with a Baculovirus 
expression system for homologous recombination with Baculovirus DNA. Pl. Hypo and Pl. GrzB 
were both inserted into said plasmid vector; however their orientation in the insertion region 
was inexplicably inverted. The mMCP-4 DNA sequence was never successfully transferred to 
the new vector. 
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3. Introduction 
 

3.1 Pertinent cell types 

 

3.1.1 - Mast cells 

 
In cases of allergic reactions, mast cells are the predominant effector cells in mammals. They 
are particularly receptive to the antibody immunoglobulin E (IgE) through their expression of a 
high-affinity Fc receptor (FcεRI) [1, page 506]. Mast cells mediate allergic reactions as well as 
the presence of pathogens primarily through the contents of their many cytoplasmic granules 
[1, page 456] which contain  the mediators histamine, serotonin and heparin [1, page 450]. 
However, mast cells are also known to express large amounts of several serine proteases of the 
tryptase and chymase subsets [1, page 452; 2].  

  

3.1.2 - Natural killer (NK) cells 

 
As with mast cells, NK cells are a constituent of the innate immune system. They are effector 
cells that make up 5% to 20% of the mononuclear cells in the blood and the spleen. They are 
able to kill target cells without having to go through numerous activation mechanisms that are 
seen in the cell types that constitute the adaptive immune system [1, page 38].  
 
NK cells also possess the ability to produce several cytokines, but more importantly - with 
respect to this project – several serine proteases of the granzyme family. Akin to mast cells, NK 
cells also harbor granules in which its serine proteases are stored [3]. 

 

3.1.3 - T lymphocytes 

 
As opposed to the aforementioned cell types, T lymphocytes (or T cells) are instead part of the 
adaptive immune system. This cell type is essential in the cell-mediated immunity in that it 
triggers or activates effector cells such as phagocytic cells and NK cells, or that it can expand 
and differentiate into effector T cells (cytotoxic T cells) [1, page 49; 1, page 117]. 
 
The name of this subset of leukocytes stems from the migration of the cells from the bone 
marrow, where they are produced, to the thymus where they undergo maturation and also an 
intricate tolerance development. Much like NK cells, T lymphocytes are also avid producers of 
the granzyme serine proteases which are stored in their granules [1, page 49; 3]. 
 

 

http://en.wikipedia.org/wiki/Fc%CE%B5RI
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3.2 Serine proteases 

 
Serine proteases are a class of enzymes that are distinguished by the amino acid serine acting 
as a nucleophile at the active site of the enzyme [4]. 
 
Due to their presence in both eukaryotes and prokaryotes, as well as their broad tissue 
distribution, serine proteases are responsible for a wide array of different physiological and 
pathophysiological functions in the organisms they inhabit.  
 
In humans, trypsin, thrombin and cathepsin G are three examples of serine proteases that differ 
greatly in their functionality. Trypsin is a major serine protease in the digestive system of many 
vertebrates and, as might be expected, trypsin catalyses the degradation of digested proteins 
into more easily absorbed short peptides [5]. Thrombin on the other hand is involved with the 
coagulation of blood by the cleaving of the plasma glycoprotein fibrinogen into fibrin [6]. 
Cathepsin G is instead believed to be involved in the degradation of foreign particles or 
microorganisms that have been engulfed by cathepsin G-producing neutrophils [7]. 
 
 

 
Figure 1 – An illustration depicting the interaction between a serine protease and a target substrate. – The P-
positions of the substrate are N terminal of the cleavage site whilst the P’-positions are C terminal. The same is true 
for the S- and S’-positions of the serine protease, respectively. 

 
In general, the terminology surrounding proteases and their interaction with substrates as 
defined by Schechter and Berger [8], is such that amino acid residues positioned upstream, or 
N-terminal of the cleavage site of the substrate are labeled P1, P2, P3 and P4. Amino acid 
residues that are positioned downstream, or C-terminal of the cleavage site of the substrate are 
labeled P1’, P2’, P3’ and P4’. 
 
Similar and corresponding definitions are applied to the serine proteases as well. Amino acid 
residues located N-terminal and C-terminal of the protease’s catalytic site are labeled S1, S2, 
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S3, S4 and S1’, S2’, S3’, S4’ respectively. See Figure 1 for an exemplifying illustration of a serine 
protease interacting with its target substrate. 
 

Typically, a serine protease’s activity towards a substrate is analyzed in a time-dependent 
manner where a substrate with a specific sequence is exposed to the serine protease of interest 
with measurements being made at different time-points. An example is the assay of cathepsin 
G’s ability to cleave a selection of consensus substrate sequences at four different time points 
of substrate exposure – 0 minutes, 15 minutes, 45 minutes and 150 minutes (Figure 2). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 – SDS-Page gels that show cathepsin G’s tendency to cleave a variety of consensus substrates at 
different time points. – For example, cathepsin G has a strong preference towards cleaving the human chymase 
consensus sequence compared to its cleaving of the consensus sequence for human thrombin. Almost the entire 
human chymase consensus sequence is cleaved by cathepsin G after 150 minutes of reaction time. 

 
Serine proteases are further classified into distinct families depending on their specificity 
towards a certain amino acid residue at the P1 position of the substrate. This is known as the 
primary specificity of the serine protease. The different classifications are the families 
chymases, tryptases, elastases, met-ases and the asp-ases. 
 

3.2.1 - Chymases 

 
This family of serine proteases is primarily produced by mast cells [9]. Chymases preferentially 
cleave substrates whose P1 amino acid residue is either one of phenylalanine (Phe), tyrosine 
(Tyr) or tryptophan (Trp). These are the aromatic and uncharged residues of the 22 standard 
amino acids. It seems, therefore, as if chymases are fond of bulky and uncharged amino acids at 
the P1 substrate position.  
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Chymases are considered to be chymotrypsin-like. Chymotrypsin is yet another distinct serine 
protease that is involved in the digestive process as a component of pancreatic juice [10]. Just 
as with chymases, chymotrypsin has specificity towards substrates whose P1 position carries 
one of the aromatic amino acid residues Phe, Tyr or Trp [11]. 
 

3.2.2 - Tryptases 

 
Tryptases are serine proteases that are abundantly produced by mast cells. They are produced 
by mast cells to a point that they are commonly used as markers when evaluating the activation 
of mast cells. As with many serine proteases produced by mast cells, tryptases are located in 
the mast cell granules [12, 13]. 

 
The primary specificity of tryptases is towards substrates having the basic amino acids arginine 
(Arg) and lysine (Lys) at the P1 position. 
 

3.2.3 – Elastases 

 
Many elastases are chymotrypsin-like and the family name is linked to the function of these 
types of serine proteases. Elastases digest elastin, an elastic protein of the connective tissue 
[14]. Neutrophils in particular produce elastase along with the two other serine proteases 
cathepsin G and the relatively unknown proteinase 3. These serine proteases are expressed in 
the azurophilic granules of neutrophils [15]. 
 
As opposed to chymases, elastases cleave substrates whose P1 position is occupied by the small 
and aliphatic amino acids valine (Val), glycine (Gly) or alanine (Ala). 
 

3.2.4 – Met-ases 

 
Met-ases are a serine protease family that has been found to be most commonly expressed by 
NK cells in humans [16]. 
 
As is indicated by their given family name, they tend to cleave substrates with methionine 
(Met) at the P1 position. They also cleave substrates with leucin (Leu) at that position. 

 

3.2.5 – Asp-ases 

 
Aspases prefer to cleave substrates with the amino acid residue aspartic acid (Asp) at the P1 
position.  
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3.3 Our serine proteases 

 

3.3.1 – Mouse mast cell protease 4 (mMCP-4) 

 
mMCP-4 is a well-studied chymase of the chymase locus (Figure 3) believed to have a variety of 
in vivo functions. Many of mMCP-4’s functions are related to inflammation, which is compatible 
with the key roles that mast cells are known to have in inflammatory processes. An example is 
mMCP-4’s partial involvement in the protection from post-traumatic brain inflammation in a 
study where mMCP-4-knockout mice showed a significantly increased migration of astrogliosis 
and T cells to the site of brain trauma [17]. 
 
Another example is a study that highlights mMCP-4’s degradation of tumor necrosis factor 
(TNF) [18]. The same study also shows how mMCP-4 promotes survival in a model of sepsis and 
how mMCP-4 directly limits inflammation. This was done using C57BL/6J-mMCP-4-deficient 
mice versus C57BL/6J-mMCP-4 wild-type mice. TNF is a major cytokine, principally produced by 
macrophages and known for its role in inflammation regulation [19]. 

 
mMCP-4 is very much the mouse counterpart of human chymase due to their striking 
similarities in substrate specificity; therefore its in vivo functions and potential applications are 
of high interest. 

 
3.3.2 – Mouse mast cell protease 5 (mMCP-5) 

 
mMCP-5 is a human chymase ortholog that interestingly enough is an elastase. This could be a 
result of gene duplication in the chymase locus of mice (Figure 3) with some of the gene 
duplicate segments eventually undergoing mutations. 
 
mMCP-5 is in fact the closest sequence homolog to human chymase in the mouse chymase 
locus; more so than even mMCP-4 is. Despite this, mMCP-5 has elastase activity instead of the 
chymotrypsin-like activity of human chymase. So a functional homology between the two 
serine proteases does not exist even though a sequence homology does [20]. 
 
Functionally, mMCP-5 has been implicated to have a role in the case of ischemia reperfusion 
injury, a type of tissue damage caused by an inflammatory response that occurs when the 
supply of blood is returned after a period of oxygen deficiency. Mice lacking mMCP-5 have 
demonstrated a reduction of reperfusion injury in their skeletal muscles [21]. This could, 
however, also be a consequence of the lack of mast cell carboxypeptidase A precursor (MC-
CPA), a mast cell granule protein whose deficit correlates with the deficit of mMCP-5 [22]. 
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3.3.3 – Rat mast cell protease 2 (rMCP-2) 

 
The only serine protease from a rat in this study is rMCP-2 which has been identified as a 
chymase.  

 
What is noteworthy of the rat chymase locus is that it is quite large. The occurrence of 
duplications in rat has led to the rat chymase locus being 9 to 15 times larger than the 
equivalent locus found in dog and human [23]. 
 
A 1995 study by CL Scudamore et al. [24] proposed rMCP-2 as a serine protease that aids in the 
expulsion of the nematode Nippostrongylus brasiliensis from the gut of rats. The study 
describes Type IV collagen as a candidate target substrate for rMCP-2 and how, hypothetically, 
rMCP-2’s degradation of collagen in the basement membrane would increase the mucosal 
permeability as a result of epithelial cell shedding. The increased permeability would facilitate 
translocation of cytokines and antibodies to the site of infection for effective removal of the 
parasite. The epithelial cell shedding is usually seen during anaphylaxis reactions which can be 
triggered by mast cell degranulation. 
 
A 1998 in vitro study, also by CL Scudamore et al. [25]; would go on to support this hypothesis 
through the identification of visible gaps between neighboring epithelial cells of a MDCK 
(Madin-Darby Canine Kidney) cell line following prolonged exposure to rMCP-2 at over 12 
hours. 
 

 
Figure 3 – The human and mouse chymase locus. – Picture kindly provided by Lars Hellman. 
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3.3.4 – Platypus granzyme B-like protease (Pl. GrzB-like) 

 
Pl. GrzB-like is a serine protease that is found in the chymase locus of the platypus. It is one of 
three identified candidates for serine proteases found in the locus (Figure 4). The other two are 
platypus hypothetical protease and platypus granzyme. 

 
Due to Pl. GrzB-like’s sequence homology to human granzyme B it is potentially an asp-ase. As 
of yet, it is not known if this serine protease is expressed in vivo. 

 
The granzyme family consists of serine proteases that generally function as killers of virus-
infected cells. The granzymes simply induce the apoptosis of these cells, thereby killing them 
and eradicating the virus infection [3]. Presumably, Pl. GrzB-like could very well possess this 
function due to its sequence homology to granzyme B. 

 
3.3.5 – Platypus hypothetical protease (Pl. Hypo) 

 
Out of three platypus serine proteases in the chymase locus of platypus, Pl. Hypo is the one we 
know the least about. Whilst its DNA sequence is indicative of a serine protease, it has yet to be 
verified as one. And as with Pl. GrzB-like, it is not known whether or not Pl. Hypo is expressed in 
vivo. 

 
The in vivo expression of platypus granzyme on the other hand has been verified by cDNA 
cloning but difficulties have been encountered in attempting to use polymerase chain reaction 
(PCR) to verify the other two. They could perhaps be expressed elsewhere in the platypus body; 
however, platypus tissue is hard to come by. 

 

 

 
 
 
 
 
 
 
Figure 4 – The platypus chymase locus. – Picture kindly provided by Lars Hellman. 
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3.4 – Production 

 
The production of these proteases was to be done by using two different expression systems.  

 
rMCP-2 and mMCP-5 were to be expressed using the Human Embryonic Kidney 293 cell line 
(HEK 293) expression system. mMCP-4 and the two platypus proteases were instead to be 
expressed in a Baculovirus expression system using the Sf9 insect cells: These cells originate 
from the Fall Armyworm (Spodoptera frugiperda). 
 
Ideally, instead of using mammalian cells or insect cells, one would probably prefer the 
utilization of Escherichia coli (E. coli) cells. E. coli cells are easy to maintain, have relatively short 
generation times, and are thus able to produce large quantities of our target proteases in a 
short amount of time and. They are also very cost-effective. Production by means of E. coli 
expression systems for these proteases has been attempted at by our group in previous studies. 
And whilst large quantities of proteases are indeed produced, they tend to form inclusion 
bodies and are in an inactive state following refolding.  
 
It has been suspected that this could be a result of improper folding where mammalian and 
insect cells are believed to fare much better given that the source organisms that produce 
these proteases in vivo are indeed eukaryotic. 
 
mMCP-4 has previously been produced in a HEK 293 expression system by our group and phage 
display results are available [26]. However, the quantities of production have been insufficient 
for further analysis of the protease. Hence, we have here opted to use a more novel approach 
with the Baculovirus expression system for mMCP-4 as well as for the platypus proteases. The 
anticipation is that this expression system will produce high quantities of our target proteases 
and, if successful, the expression system could then perhaps be used in future studies of other 
serine proteases.  
 
All of the proteases were at our disposal as DNA sequence inserts (see Appendix for protease 
DNA sequences) in different types of plasmid vectors. mMCP-4, mMCP-5 and rMCP-2 were all 
inserts in the pCEP-Pu2 plasmid vector (Figure 5) whereas the platypus proteases, Pl. GrzB-like 
and Pl. Hypo were inserts in a pUC57 plasmid vector (Figure 6). 
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Figure 5 – A vector map of the pCEP-Pu2 vector. – The multiple cloning site was only of interest with regards to the 
mMCP-4 insert. The insert is positioned between the restriction sites NheI and EcoRI. 
No alterations needed to be made for the mMCP-5 and rMCP-2 clones of pCEP-Pu2 as they could be readily 
transfected to the HEK 293 cell cultures for production. Picture kindly provided by Lars Hellman.   
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Figure 6 – A vector map of the pUC57 vector [35]. – For this vector we were particularly interested in the restriction 
sites that flanked the Pl. GrzB-like and Pl. Hypo protease sequences. This is because they needed to be extracted 
and separated from this pUC57 vector so that they could later be ligated with the pAcGP67A Baculovirus transfer 
vector. Although the insertion sequences are not depicted in this vector map (see Appendix for protease DNA 
sequences), we can reveal that EcoRI and XhoI are the restriction sites flanking these inserts. 
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Our serine proteases were all to be expressed in an inactive form so as to not risk becoming 
toxic to the cells by which they were produced. One also wanted to avoid the serine proteases 
auto-cleaving themselves. Removal of the histidine tag was also desired so as to have the serine 
protease in its purest form. 
 
Enterokinase, another serine protease, was used to activate the serine proteases by highly 
specifically targeting and cleaving the Asp-Asp-Asp-Asp-Lys sequence which was part of our 
sequence constructs. This would simultaneously disconnect the serine protease sequence from 
the histidine tag and activate the serine protease by allowing it to fold into its active forms. 
 
Whilst enterokinase specifically cleaves that particular sequence, it is also able to cleave at 
other basic residues depending on the conformation of the substrate [27].  
 

3.4.1 – The Human Embryonic Kidney 293 cell expression system 

 
What made the HEK 293 expression system so straightforward was that the proteases that 
were to be produced by this system, rMCP-2 and mMCP-5; were inserts in pCEP-Pu2, which is 
an ideal plasmid vector for use in a mammalian expression system. As such, the pCEP-Pu2 
vector containing its insert could be readily transfected to a HEK 293 cell culture and the target 
protease could thereby be expressed by the cells.  
 
By assistance from the signal sequence (BM40) that was coupled with the multiple cloning site 
(MCS) of the vector, where the protease sequence is embedded (Figure 5); the cell would not 
only produce the serine protease, but it would simultaneously release it into the surrounding 
medium. The signal sequence is translated into a signal peptide which is a relatively short 
peptide usually spanning 15 to 25 amino acids in length. This signal peptide is attached to 
proteins that are destined for the secretory pathway in that they are involved in the 
transmembrane migration [28]. 
 
This would render later purification steps less laborious as lysis of the cells in order to release 
the proteases would not be a necessity. The medium from the HEK 293 cultures could simply be 
centrifuged and then filtered.  
 
The pCEP-Pu2 vector is a modified pCEP4 vector [29] with a major modification being a 
puromycin resistance gene having replaced the hygromycin resistance gene, allowing for 
selection in mammalian cell cultures [30]. The vector contains the highly potent 
cytomegalovirus (CMV) promoter which drives the expression [31]. 
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3.4.2 – The Baculovirus expression system 
 
In this expression system the vectors that contained our protease inserts were not of much 
relevance themselves, aside from the restriction sites that flanked the inserts. This is because 
all three inserts, mMCP-4, Pl. GrzB-like and Pl. Hypo were to be transferred to a new vector, the 
pAcGP67A Baculovirus transfer vector (Transfer Vector A) (Figure 7). 
 
Transfer Vector A is a more suitable vector for the Baculovirus expression system where the 
vector assists in recombining the serine protease DNA with Baculovirus DNA. Transfecting a 
culture of insect cells with this mixture of Transfer Vector A and Baculovirus DNA would result 
in a viral infection of the insect cells where both Baculoviruses and our proteases of interest are 
expressed. 
 
This expression system functions through the introduction of a foreign gene, our serine 
protease gene in this case; into the region of the viral genome that is not essential for the 
replication of the virus. This “introduction” is achieved via the plasmid Transfer Vector A that 
homogonously recombines the serine protease gene with the target viral genome region. The 
result is a viral genome with an incorporated serine protease gene having replaced one of the 
nonessential viral genes. The genetically modified viruses are then used to infect a culture of 
insect cells with the insect cells eventually undergoing lysis as a result of the viral infection. 
Because the serine protease gene is now part of the viral genome, it will be produced and 
expressed synchronously with the proliferation of the virus [32]. 
 
Naturally, a high level of expression is expected as a result of the rate of viral replication. And 
this high level of expression was exactly what we sought to accomplish with mMCP-4 in 
particular. 
 
During digestion, the DNA Polymerase, Large (Klenow) Fragment was used to turn non-EcoRI 
sticky ends into blunt ends. EcoRI was to be used as the common denominator sticky end for 
the ligations, with other ends being blunt. The Klenow fragment has the polymerization activity 
of DNA Polymerase but also harbors 3’ to 5’ exonuclease activity. These properties are utilized 
on order to either fill in or digest sticky ends in order to produce blunt ends [33] 
 
Refer to Figure 8 for a step-by-step procedure of how the Pl. Hypo fragment was to be 
extracted from the pUC57 vector and how the Transfer Vector A was to be opened. 
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Figure 7 – A vector map of the pAcGP67A Baculovirus transfer vector [36]. – The endonuclease restriction sites 
downstream of the gp67 secretion signal sequence (in the box) were of particular interest. It was within this region 
– the multiple cloning site (MCS) (also known as the polylinker) - of the Baculovirus transfer vector we wanted to 
insert our serine protease sequences. 
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Figure 8 – The procedure of extracting the Pl. Hypo fragment from the pUC57 vector, and the opening of Transfer 
Vector A. – We see that the EcoRI sticky ends of both products match each other perfectly. 
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3.5 – Specificity assays 
 
Following production and subsequent purification of our proteases, the goal was then to 
determine their specificity towards different substrates. 
 
For rMCP-2 and mMCP-5 we aimed to learn their specificity by using a so called phage display 
assay. A phage display assay studies protein-protein/peptide interactions by making use of 
bacteriophages in a selection-based mechanism.  
 
Initially a phage library of a plethora of different random sequences is created. These 
sequences are composed of a variable region, which is positioned N terminal of a histidine tag 
region. The random sequences are fused to viral sequences that code for the viral coat proteins. 
As a consequence, the sequences will be expressed as proteins on the surface of the virus. This 
surface expression is key in the selection process because the expressed histidine residues are 
able to conjugate to Nickel nitroloacetic acid (Ni-NTA) beads. When the protease of interest is 
then applied, it will cleave the sequence that it has specificity towards, thus disconnecting the 
viruses that express the “correct” sequence from the nickel beads [34]. 
 
Once the viruses carrying the sequence preferentially cleaved by the protease are isolated, they 
can be amplified in bacteria and then further selected in subsequent rounds. Following a 
number of selection rounds the randomly generated sequences that the serine protease has an 
affinity towards cleaving can be identified via sequencing. 
 
This assay was to give us an initial rough idea of the substrate sequences that are preferentially 
cleaved by rMCP-2 and mMCP-5, allowing us to, in the future, move on to more specific 
substrate sequences in enzymatic cleavage assays. The mechanism of phage display is depicted 
in Figure 9. 
 
Because the work associated with the Baculovirus expression system was expected to be more 
time-demanding than the HEK 293 expression system; the proteases mMCP-4, Pl. GrzB-like and 
Pl. Hypo were instead to be analyzed, following production and purification, by exposure to a 
battery of selected chromogenic serine protease substrates via microplate reading. This would 
roughly determine their substrate specificity. An additional reason for omitting a phage display 
analysis for these serine proteases was simply because phage display data for mMCP-4 was 
already available from a previous project [26]. 
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Figure 9 – The mechanism behind the phage display analysis. – A phage library of random sequences is produced. 

The sequences are expressed on the surface of the phages, with the variable region of random sequences coupled 

with a histidine tag. The histidine tag allows for conjugation of the phages to Nickel nitroloacetic acid (Ni-NTA) 

beads. A subsequent application of a protease will then be able to separate the phages from their beads by 

cleaving; should the amino acid sequence of the variable region be compatible with the specificity of the protease.  

This separation then makes it possible to isolate phages that carry sequences that “appeal” to the protease from 

the phages carrying sequences that do not. These phages can then be amplified in bacteria and be used for further 

rounds of selection. The variable region sequence for a final batch of phages can then be sequenced to identify the 

cleavage specificity of the protease. – Picture kindly provided by Michael Thorpe. 
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3.6 Aim of this study 

 
Because of the multifaceted nature of the serine proteases and their roles in physiological and 
pathophysiological processes, it is of great importance to get an understanding of how they 
function and operate. Such insights could then be applicable to fields such as drug discovery.  
 
Moreover, we would want to explore phylogenetic relationships that relate different proteases 
in different species. This would be helpful in elucidating the evolution of the proteases by 
explaining why they function as they do in a species and how they have evolved to attain their 
properties. Human chymase, mouse mast cell protease 4 and mouse mast cell protease 5 are 
especially interesting in this regard, with human chymase and mMCP-4 having a near identical 
substrate specificity whilst mMCP-5, although closely related to both, has markedly different 
substrate specificity. 
 
Here we primarily wanted to further expand our knowledge on mMCP-4 and its relationship to 
human chymase by testing it against a selection of recombinant substrates. The substrates we 
would use were the consensus substrates identified for the human chymase, macaque 
chymase, dog chymase and opossum chymase. A comparative analysis would then be possible. 
 
Another aim of this study has been to establish a functional Baculovirus expression system. The 
installation of such an expression system for recombinant serine proteases would greatly 
benefit and facilitate future serine protease research in our lab. 
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4. Materials and methods 
 
All restriction endonucleases, buffers, ladders and chemicals were purchased from Thermo 
Scientific (US) unless otherwise is specified. 
 

4.1 HEK 293 expression system 

 

4.1.1 – Cultivation 

 
The HEK 293 expression system was set up by using Dulbecco’s Modified Eagle Medium 
(DMEM) as the base medium for providing the HEK 293 cells with all the necessary nutrients.   
 
500 ml of DMEM from Invitrogen (US) was mixed with 25 ml of FBS (Fetal Bovine Serum) from 
SIGMA-ALDRICH (US) and 0.5 ml of Gentamicin from Invitrogen (US). This mixture was the 
normal medium for the HEK 293 cell cultures. 
 
2 ml of HEK 293 cell culture in DMSO, purchased from Corning Life Sciences (US), was mixed 
with 8 ml of normal medium in a 25 cm2 culture flask from BD Biosciences (US). The cultures 
were allowed to grow at 37 °C and 5.0 % CO2 (which was always the case for our cultivations of 
HEK 293 cells). 
 
The medium was continuously replenished when the cultures reached confluency, with 10 ml of 
old medium being replaced with 10 ml of fresh normal medium and some of the cells being 
removed as well. Confluency could be determined from a microscopical view of the cell cultures 
or by simply observing the colour of the medium. A fresh medium would have a red/orange hue 
whilst an old medium would be fairly yellowish. 
 

4.1.2 – Transfection 

 
More plasmid DNA of the clone rMCP-2 in pCEP-Pu2 needed to be produced. A 200 μl 
competent DK1 E. coli strain, from Karolinska Institutet (Sweden) was transformed with 5 μl of 
rMCP-2 in pCEP-Pu2. The mixture was diluted to 500 μl with LB (produced in-house). 100 μl and 
400 μl of this mixture was streaked on two 50 mg/ml ampicillin LB agar plates and left to grow 
at 37°C overnight. 
 
A single colony of the 100 μl transformed and plated DK1 was picked and then cultured in LB 
overnight. The plasmid DNA was then purified 8x (800 μl) from this culture using the kit and 
standard protocol of E.Z.N.A.® Plasmid Mini Kit I from Omega Bio-Tek (US). A nano drop 
instrument was then used to measure the approximate DNA concentration at 260 nm (Table 2). 
This was followed by attempts to verify the vector by digestion of 12 μl of the plasmid DNA with 
1 μl EcoRI+1 μl of BamHI, then 1 μl EcoRI+1 μl XhoI and finally 1 μl EcoRI+1 μl StuI. All samples 
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were mixed with 2 μl 10x Restriction Endonuclease Buffer (REB) 100 mM NaCl and 4 μl sterile 
H2O and then subjected to 2 hour long incubations at 37 °C. The samples then had 5 μl of 5x 
Ficoll sample buffer added to them before being loaded on 1.0% Agarose gels (80 ml 0.5x TEB 
buffer + 0.8 g Pulsed Field Certified Agarose Ultra Pure DNA Grade Agarose from Bio-Rad (US) 
and 5 μl ethidium bromide (EtBr) from SIGMA-ALDRICH (US)). 
 
The plasmid DNA was then sterilized by DNA ethanol (EtOH) precipitation to prepare it for HEK 
293 transfection. 400 μl of starting plasmid was washed with 40 μl of 3M sodium acetate 
(NaAc) and 880 μl of 99% EtOH bought from Kemetyl (Sweden). The mixture was inverted in an 
eppendorf tube and stored in a -20 °C freezer for 30 minutes. The mixture was then centrifuged 
for 10 minutes followed by removal of the supernatant. 
500 μl of 70% pre-chilled EtOH was added and another 10 minutes centrifugation + supernatant 
removal took place.  
 
The mixture-containing tube was speed vacuumed for a few minutes until all liquid had 
evaporated. The resulting DNA pellet was resuspended in 1/3rd the original volume of sterile TE 
(10 mM Tris PH 7.5, 1 mM EDTA in sterile H2O) buffer. 
 
Upon transfection, 25 μl of sterile DNA was mixed with 25 μl sterile TE. 40 μl lipofectamine 
from Invitrogen (US) and 710 μl of serum free DMEM (with 50 μg/ml gentamicin) was added. 
 
After a couple of minutes of vigorous vortexing, the mixture was left at room temperature for 
45 minutes.  This transfection mixture was later added to a falcon tube with 6 ml serum free 
DMEM (with gentamicin).  
 
The HEK 293 cells (now at 70% confluency) were initially washed with neutral PBS from 
Medicago (Sweden) and DMEM (no antibiotics), followed by addition of the transfection 
medium. The culture was left overnight (37 °C and 5% CO2) and 10% (of culture volume) of FBS 
was added the following day. 
 
Upon confluency, the culture was expanded to a 75 cm2 flask by the mixture of 8 ml of culture + 
32 ml of fresh normal medium. Once confluent, 40 ml of selection medium consisting of the 
normal medium and additionally 5 μg/ml of Heparin from SIGMA-ALDRICH (US) and 0.5 μg/ml 
puromycin from Invitrogen (US), replaced the 40 ml normal medium in order to select for HEK 
293 cells that had been successfully transfected, 
 

4.1.3 – Extraction 

 

The culture was then continuously replenished until a new confluency was reached. This was 
followed by expansion of the culture to a 225 cm2 flask by adding 20 ml of cell culture to 80 ml 
of selection medium. Upon reached confluency, the 100 ml medium was collected and stored 
at 4 °C. A small volume of cells was removed in order to keep the culture fresh, and new 
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selection medium was added. This process went on for a few weeks until 400 ml of medium had 
been collected. 
 

4.1.4 – Purifications & assays 

 
The entire collected medium was pooled and filtered through filter paper into two centrifuge 
bottles (200 ml per bottle). 140 μl of Ni-NTA slurry from QIAGEN (Germany) was added per 100 
ml of filtered medium. The solution was mixed through rotation at 4 °C for 45 minutes. The 
nickel beads were then transferred to a 2 ml column through which they were washed with PBS 
tween 0.05% + 10 mM imidazole + 1 M NaCl; and later the target protein was eluted with PBS 
tween 0.05% + 100 mM imidazole. 
 
Six 300 μl fractions were collected, of which 5 μl of each fraction was mixed with 1.5 μl of 4x 
LDS (Lithium dodecyl sulfate) sample buffer from Invitrogen (US) and 0.5 μl of β-
Mercaptoethanol, from SIGMA-ALDRICH (US), was run on an Invitrogen (US) Novex NuPAGE 4-
12% Bis-Tris Gel 1.0mm 15 well SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel 
electrophoresis) gel with PageRuler Prestained Protein Ladder 10-170kDa from Thermo 
Scientific (US) being applied to the outer wells. Another SDS-PAGE gel with 15 μl elution 
samples mixed with 4.5 μl 4x LDS sample buffer and 1.5 μl β-Mercaptoethanol was also 
produced. 
 
10 μl of a of the selected elutes, 2’ and 3’, were then run on an SDS-PAGE gel with a BSA 
(Bovine Serum Albumin) standard consisting of BSA 5 ( 2.0 μg/10 μl), BSA 6 (1.0 μg/10 μl), BSA 7 
(0.5 μg/10 μl), BSA 8 (0.25 μg/10 μl), BSA 9 (0.125 μg/10 μl); to further investigate their 
concentrations. 
 
The eluted rMCP-2 was then activated using 1 μl  of enterokinase (0.3 μg) for 100 μl  of one of 
the selected elutions. The enterokinase had been purchased from Roche Applied Science 
(Germany).  
 
A selection of chromogenic serine protease substrates, L-1400 (chymase), L-1775 (elastase),    
L-1560 (tryptase), L-1205 (tryptase), L-1890 (aspase), L-1390 (elastase/chymase), all purchased 
from Bachem (Germany) (see Appendix for more details); were then exposed to the activated 
rMCP-2 in a VERSAMax microplate reader from Molecular Devices (US) to measure the activity 
of the purified and activated serine protease. 5 µl of each substrate was used, with all of the 
substrates having a 8 mM concentration. 
 
The microplate layout had a row of wells featuring blank samples: 195 μl PBS and 5 μl substrate 
added – no protease. A control row of wells: 190 μl PBS, 5 μl substrate and 5 μl of enterokinase. 
And finally the row of wells with our enterokinase-activated rMCP-2: 190 μl PBS, 5 μl substrate 
and 5 μl of active rMCP-2 (Table 1). Microplate reads were carried out in a 0 to 300 minute time 
frame, with measurements being taken every 15th minute at 460 nm. 
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The results from the microplate reads lead us to pool the eluted fractions 1’, 2’, 3’, 1 and 2 
together and then speed vacuum the pooled sample down to approximately 50 μl in an attempt 
to increase the concentration of rMCP-2. 5 μl of the 50 μl concentrated sample of rMCP-2 was 
then run on another SDS-PAGE gel with an accompanying BSA concentration gradient.  
 
 
Table 1 – Custom microplate well layout for the rMCP-2 activity measurements. 

 Substrate 1* 
Chymase  
 
 
L-1400 

Substrate 2* 
Elastase 
 
 
L-1775 

Substrate 3* 
Tryptase 
 
 
L-1560 

Substrate 4* 
Tryptase 
 
 
L-1205 

Substrate 5* 
Aspase 
 
 
L-1890 

Substrate 6* 
Elastase/ 
Chymase 
 
L-1390 

Blank 195 µl PBS 
5 µl substrate 

195 µl PBS 
5 µl substrate 

195 µl PBS 
5 µl substrate 

195 µl PBS 
5 µl substrate 

195 µl PBS 
5 µl substrate 

195 µl PBS 
5 µl substrate 

Blank + 
Enterokinase 
(EK) ** 

190 µl PBS 
5 µl substrate 
5 µl EK 

190 µl PBS 
5 µl substrate 
5 µl EK 

190 µl PBS 
5 µl substrate 
5 µl EK 

190 µl PBS 
5 µl substrate 
5 µl EK 

190 µl PBS 
5 µl substrate 
5 µl EK 

190 µl PBS 
5 µl substrate 
5 µl EK 

Active     
rMCP-2*** 
 

190 µl PBS 
5 µl substrate 
5 µl active 
rMCP-2 

190 µl PBS 
5 µl substrate 
5 µl active 
rMCP-2 

190 µl PBS 
5 µl substrate 
5 µl active 
rMCP-2 

190 µl PBS 
5 µl substrate 
5 µl active 
rMCP-2 

190 µl PBS 
5 µl substrate 
5 µl active 
rMCP-2 

190 µl PBS 
5 µl substrate 
5 µl active 
rMCP-2 

 

                         * Diluted in DMSO to 8 mM 

                         ** Diluted in PBS (1 µl of 0.3 mg/ml Enterokinase + 100 µl PBS) 

*** 100 µl of rMCP-2 from Elution 2’ + 1 µl of 0.3 mg/ml Enterokinase 

 
Following the results from this first attempt at producing rMCP-2, we decided to redo the 
process and also attempt to simultaneously produce mMCP-5. The mMCP-5 production largely 
went through an identical process as the first rMCP-2 attempt. However, due to time 
constraints no plasmid vector verifications by restriction endonucleases were made. 
 
The difference in methodology for the new cultivation was that two cultures were grown in 
parallel per serine protease. So two HEK 293 cultures were to be cultivated for the production 
of rMCP-2, and two HEK 293 cultures were to be cultivated for the production of mMCP-5. This 
different approach was made so as to potentially produce larger quantities that could then later 
be pooled to attain higher concentrations of serine proteases. 
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4.2 Baculovirus expression system 

 
The plasmid DNAs Pl. Hypo in pUC57, Pl. GrzB-like in pUC57, mMCP-4 in pCEP-Pu2 and 
pAcGP67A Baculovirus transfer vector were all transformed into competent DK1 E. coli bacteria 
that were ampicillin selected, cultured and then four mini-preps (400 μl per plasmid DNA) using 
the kit and standard protocol of E.Z.N.A.® Plasmid Mini Kit I from Omega Bio-Tek (US). 
 

4.2.1 – Digestions 

 
12 μl of each purified Pl. Hypo in pUC57 and Pl. GrzB-like in pUC57 was digested using 1 μl XhoI, 
2 μl 10x REB 100 mM NaCl and 5 μl sterile H2O, for 2 hours at 37 °C.  
 
The produced sticky ends were then filled-in by adding 0.5 μl Klenow Fragment mixed with 0.5 
μl of 10 mM dNTP mixture and 2 μl of 10x Klenow Fragment Buffer. Filling-in proceeded for 10 
minutes at 37 °C, followed by heat inactivation at 37 °C for another 10 minutes. 
 
1 μl of EcoRI was then added, for 2 hours at 37 °C, to complete the digestion and release the 
fragments from the rest of the plasmid vector. 
 
For mMCP-4, the digestion was nearly identical with the only exception being that it was 
cleaved with NheI instead of XhoI which was the case with the platypus plasmid vectors. 
 
For the pAcGP67A plasmid vectors, two different digestion strains needed to be produced. One 
that could ligate with the Pl. Hypo and Pl. GrzB-like fragments, and one that could ligate with 
the mMCP-4 fragment. This is because the restriction endonuclease site for NheI  flanking 
mMCP-4 in pCEP-Pu2, is upstream of the EcoRI site, whereas the XhoI sites flanking the platypus 
proteases are downstream of the EcoRI site. This forced us to insert the mMCP-4 fragment 
upstream of the EcoRI site of the pAcGP67A vector and the platypus fragments downstream of 
the EcoRI site of the pAcGP67A vector.  
 
The pCEP-Pu2 vector map (Figure 5) works to exemplify the fragment positioning of both the 
platypus proteases and the mMCP-4 protease, with respect to the EcoRI, seeing as it has an 
NheI site upstream of the EcoRI and an XhoI site downstream of the EcoRI site. 
 
A pAcGP67A plasmid vector compatible with an mMCP-4 insert having the correct orientation 
was produced by digesting 12 μl of purified pAcGP67A with 1 μl of SmaI  and 1 μl of EcoRI 
simultaneously with 2 μl 10x SmaI buffer and 4 μl sterile H2O.  
 
No Klenow fragment needed to be used in this step since SmaI digestion readily produces a 
blunt end. Therefore, SmaI and EcoRI could be used at the same time to digest the plasmid 
vector. Furthermore, 10x SmaI buffer was used instead of the standard 10x REB 100 mM NaCl 
because SmaI is more sensitive and needs its specialized buffer to function properly. 
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For the platypus proteases, 12 μl of purified pAcGP67A was digested with 1 μl of NotI in 2 μl 
10x REB 100 mM NaCl and 5 μl sterile H2O, for 2 hours at 37 °C.  
 
As with the platypus fragments, the NotI-produced sticky end was filled-in by adding 0.5 μl 
Klenow Fragment mixed with 0.5 μl of 10 mM dNTP mixture and 2 μl of 10x Klenow Fragment 
Buffer. Filling-in proceeded for 10 minutes at 37 °C, followed by heat inactivation at 37 °C for 
another 10 minutes.  
 
1 μl of EcoRI was then added, for 2 hours at 37 °C, to complete the digestion. 
 

4.2.2 – Gel extractions 

 
5 μl of 5x Ficoll sample buffer was then added to each sample. The samples were then run on a 
1.2% DNA Agarose gel (300 ml 0.5x TEB buffer + 3.6 g Pulsed Field Certified Agarose Ultra Pure 
DNA Grade Agarose from Bio-Rad (US) and 15 μl (5 μl per 100 ml) ethidium bromide (EtBr) from 
SIGMA-ALDRICH (US)). 
 
Gene ruler 1kb 0.1 ug/ul was used as a ladder at the outer lanes. The gel was run at 100 volts 
for 30 minutes. The cleaved fragments were physically extracted from the gel and then purified 
by using the chemicals and standard protocol provided by the E.Z.N.A.® Gel Extraction Kit from 
Omega Bio-Tek (US). 
 
Purified fragments were then run on another DNA agarose gel to determine the approximate 
concentrations of purified DNA fragments.  

 

4.2.3 – Ligations 

 
Depending on the concentration of purified DNA fragments, a volume of fragment was ligated 
with a volume of digested pAcGP67A Baculovirus transfer vector. Usually about 3 μl of transfer 
vector was ligated to 8 μl of fragment with 2 μl 10x T4 DNA ligase buffer, 1 μl T4 DNA ligase 
(6000 CEU/μl) and 6 μl of sterile water in a mixture.  
 
Ligation was allowed to proceed for 2 hours at room temperature. 
 
10 μl of ligation mixture were then transformed into 200 μl of competent DK1 E. coli bacteria. 
The transformation mixtures were then streaked on 50 mg/ml ampicillin LB agar plates and 
allowed to grow overnight at 37 °C. 
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4.2.4 – Colony PCR 

 
Colonies that had grown on the 50 mg/ml ampicillin LB agar plates were picked using toothpicks 
and run through a colony PCR. In cases of standard PCR, 1 μl of DNA was applied. 
 
Per colony: 
0.2 μl of 5’ primer for the pAcGP67A Baculovirus transfer vector. 
0.2 μl of 3’ primer for the pAcGP67A Baculovirus transfer vector. 
1 μl of 10x PCR buffer (mixed with MgCl2). 
1 μl of 10 mM dNTP mix. 
0.5 μl Taq-polymerase. 
 
The PCR strips used were purchased from VWR (US). 
 
5 μl of 5x Ficoll sample buffer was added to each PCR tube and the samples were run on a 1.2% 
DNA Agarose gel for 30 minutes using a Generuler 100bp 0.1 ug/ul ladder at the outer lanes.  
 

4.2.5 – Verification 

 
From the PCR results, colonies corresponding to ligations that were likely to have been 
successful were picked, cultured and mini-prepped to obtain the pure plasmid. To verify a 
successful insertion, the platypus protease plasmids were cleaved with 1 μl of BamHI and 1 μl 
BglII (restriction sites flanking the sites of insertion) for 2 hours at 37 °C. They were also cleaved 
with BglII and EcoRI. The mMCP-4 protease plasmids were cleaved with 1 μl BamHI and 1 μl 
EcoRI, also for 2 hours at 37 °C. 
 
Digestions were run on 1.2% DNA Agarose gels and plasmid preps from colonies that were 
seemingly positive were sent to GATC BIOTECH (Germany) for sequencing. 
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5. Results 
 

5.1 HEK 293 expression system 

 
Prior to transfection of our 70% confluent HEK 293 cultures, a larger batch of rMCP-2 in pCEP-
Pu2 plasmid vector DNA needed to be made. Following mini-preps of a cultivation of DK1 E. coli 
bacteria that had been transformed with the plasmid vector, the DNA concentrations were 
measured twice via nanodrop at 260 nm.  
 
Table 2 – Results from a couple of nano drop assays to determine the sample concentration of the pCEP-Pu2 
vector carrying the rMCP-2 insert. 
Sample ID User ID Date Time ng/ μl 

rMCP-2 in pCEP-Pu2 Default 2012-06-28 14:45 66.40 

rMCP-2 in pCEP-Pu2 Default 2012-06-28 14:47 65.65 

 
Attempts were also made to cleave the plasmid vector at certain sites to verify that it was 
indeed the pCEP-Pu2 vector with the rMCP-2 insert. Digestions of the plasmid vector were 
made with EcoRI+BamHI but also EcoRI+XhoI (Figures 9-10). The rMCP-2 insert should be 
positioned between the EcoRI and XhoI restriction sites (refer to the plasmid vector map in 
Figure 5). A faint band was indeed detected when the vector was digested with EcoRI+BamHI. 
The lack of a band when the vector was digested by EcoRI+XhoI was probably a result of the 
XhoI site having been disrupted by use of the restriction endonuclease SalI upon insertion of 
the rMCP-2 fragment. 
 
The plasmid vector was again digested with EcoRI+BamHI, and then with EcoRI+StuI. 
The results for the former were inconclusive and a possible explanation was that the fragment 
being extracted from the plasmid vector was very small with respect to the rest of the plasmid 
vector such that it was difficult to detect it on a gel. The EcoRI+StuI digestion produced a result 
of three fragments, where two were expected if the vector map was to be believed. 
 
Elutions of HEK 293-produced and purified rMCP-2 were then quantified on SDS-PAGE gels. 
Initially 5 μl samples of purified rMCP-2 elution samples were used, and then 15 μl samples 
(Figures 11-12). 10 μl of fractions 2’ and 3’ were on an SDS-PAGE gel (Figure 13) coupled with a 
BSA concentration gradient to get an estimate of the concentrations. Fractions 1’, 2’, 3’, 1 and 2 
were then pooled In order to attain a sample of higher concentration. This sample was also run 
on an SDS-PAGE gel (Figure 14) with a BSA concentration gradient. 
 
Following production, purification as well as activation of rMCP-2; a selection of candidate 
chromogenic serine protease substrates was exposed to rMCP-2 in order to determine its 
activity (Figures 15-18). The measurement of blank samples was as expected in that miniscule 
fluctuations were observed, however, overall the absorptions were fairly constant (Figure 15). 
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Figure 9 – Digestion of the pCEP-Pu2 vector containing the rMCP-2 insert. - Two samples are shown here. One 
where the plasmid vector is digested with EcoRI+BamHI and one where it is cleaved with EcoRI+XhoI. A faint, yet 
noticeable band is seen in the lane corresponding to the sample cleaved with EcoRI+BamHI. 

 
For the samples with enterokinase and the candidate substrates, a notable activity of 
enterokinase towards the L-1560 substrate, a tryptase substrate, was observed. This type of 
behaviour was not observed for L-1205, another tryptase substrate. As has been explained, 
enterokinase is very specific towards the Asp-Asp-Asp-Asp-Lys sequence of amino acid residues. 
However, as was also explained was that enterokinase is able to cleave at other basic residues 
depending on the conformation of the substrate being cleaved. Both L-1560 and L-1205 carry 
the basic amino acid arginine but L-1560 is one amino acid residue smaller than L-1205 and has 
a different amino acid composition (see Appendix). Therefore, a differing conformation 
between the two substrates could account for enterokinase effectively cleaving one of the 
substrates, L-1560, and not the other, L-1205. 
 
Finally, the sample with enterokinase-activated rMCP-2 showed absolutely no activity towards 
any of the chymase substrates from rMCP-2 (Figures 17-18). The low concentrations of our 
rMCP-2 purifications were held accountable. Even with the L-1775 substrate outlier (considered 
an anomaly in the data collection) removed (Figure 18), virtually no chymase activity was 
observed. However, tryptase activity towards both the L-1560 and L-1205 substrates was again 
detected. An explanation was the likely presence of residual enterokinase. 
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Figure 10 – Digestion of the pCEP-Pu2 vector containing the rMCP-2 insert. – Two samples are shown here. One 
where the plasmid vector is digested with EcoRI+BamHI and one where it is cleaved with EcoRI+StuI. It is difficult to 
draw a conclusion from the EcoRI+BamHI digestion; however the EcoRI+StuI digestion reveals three distinct bands. 
Ladder labels are omitted here due to the blurriness. 
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Figure 11 – 5 μl of eluted fractions from purified rMCP-2-containing medium were run on an SDS-PAGE gel – At 
the lane corresponding to the number 2 eluted fraction, a faint band appears corresponding to rMCP-2 (   28 kDa).  
No bands are visible in the lanes corresponding to other eluted fractions. 
 

 
 
Figure 12 – 15 μl of eluted fractions from purified rMCP-2-containing medium were run on an SDS-PAGE gel – We 
see stronger bands corresponding to eluted rMCP-2 fractions at several lanes compared to the previous figure. This 
is a result of the increased sample volume of 15 μl instead of 5 μl. The 2’ fraction clearly carries the highest 
concentration of rMCP-2. rMCP-2 has an approximate molecular weight of 28 kDa. 
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Figure 13 – 10 μl of eluted fractions 2’ and 3’ from purified rMCP-2-containing medium were run on an SDS-PAGE 
gel with a BSA concentration gradient. – The BSA concentration gradient consists of BSA standards of varying 
known concentrations. The standards were BSA 5 ( 2.0 μg/10 μl), BSA 6 (1.0 μg/10 μl), BSA 7 (0.5 μg/10 μl), BSA 8 
(0.25 μg/10 μl), BSA 9 (0.125 μg/10 μl). 10 μl of each standard was applied to the wells according to the labeling. 
The rMCP-2 bands are quite faint here; again with the 2’ fraction appearing to have the highest concentration of 
rMCP-2 and the 3’ fraction of rMCP-2 having lower concentration. rMCP-2 has a molecular weight of     28 kDa. 
 

 
 
Figure 14 – 5 μl of pooled and speed vacuumed (to 50 μl) rMCP-2 fractions were run on an SDS-PAGE gel with an 
accompanying BSA concentration gradient. – The BSA concentration gradient consists of BSA standards having 
known concentrations. The standards are BSA 5 ( 2.0 μg/10 μl), BSA 6 (1.0 μg/10 μl), BSA 7 (0.5 μg/10 μl), BSA 8 
(0.25 μg/10 μl), BSA 9 (0.125 μg/10 μl). 10 μl of each standard was applied to the wells according to the labeling. 
We see that the rMCP-2 concentrations are shockingly low here in the outer well corresponding to the sample of 
pooled rMCP-2 fractions. rMCP-2 has a molecular weight of     28 kDa. 
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Figure 15 – Blank microplate well activity measurement. – As is expected with only the substrates and buffers 
added to the 200 μl wells, the absorptions are fairly constant overall with respect to the scale. Measurements were 
taken at 15 minute intervals. Raw data is available upon request. 

 
 

 
 
Figure 16 – Blank+Enterokinase microplate well activity measurement.– Due to the high specificity of 
enterokinase towards the Asp-Asp-Asp-Asp-Lys sequence, not a lot of activity is really expected here. However, 
enterokinase is obviously cleaving the L-1560 substrate which is a tryptase substrate, yet it does not appear to be 
cleaving L-1205, another tryptase substrate. An explanation is that L-1560’s conformation makes it more 
susceptible to cleavage by enterokinase than the conformation of L-1205 does. Measurements were taken at 15 
minute intervals. Raw data is available upon request. 
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Figure 17 – Microplate well activity measurement of enterokinase-activated rMCP-2. – Here the cleavage activity 
of our activated rMCP-2 seems to be flat across the board for all of the candidate substrates. L-1400 (Chymase) 
activity or L-1390 (Elastase/Chymase) activity was expected due to rMCP-2 being a chymase. The most plausible 
explanation for the lack of rMCP-2 activity is simply the low concentration of the serine protease in our solutions. 
The L-1775 peak was considered an anomaly, a result of erroneous data collection; seen here as an outlier that 
affects the scale. Measurements were taken at 15 minute intervals. Raw data is available upon request. 
 
 

 
 
Figure 18 – Microplate well activity measurement of enterokinase-activated rMCP-2, without the L-1775 outlier. 
– With the outlier removed, we notice tryptase activity for both L-1560 and L-1205. A probable cause is the 
presence of residual enterokinase targeting the substrates carrying the basic amino acid residue arginine. Again 
there is no chymase activity. Measurements were taken at 15 minute intervals. Raw data is available upon request. 
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5.2 Baculovirus expression system 

 
We needed to extract the fragments/inserts corresponding to our serine proteases of interest 
from their original plasmid vectors so that they could be inserted into the more appropriate 
pAcGP67A plasmid vector for Baculovirus expression. The respective plasmid vectors were thus 
cleaved with restriction endonucleases according to the positions of the fragments and the 
restriction sites that flanked them. 
 
Digested samples were run on a DNA agarose gel (Figure 19) and the appropriate fragments 
were extracted, purified and run on yet another DNA agarose gel (Figure 20) so that the proper 
sample volumes would be used in the ligations with the now open pAcGP67A Baculovirus 
transfer vector. 
 
After ligations, transformations of ligation mixtures into competent DK1 E. coli bacteria and 
plate streaking on 50 mg/ml ampicillin LB agar plates; colonies that had grown on the plates 
were picked and cultivated for plasmid extraction. Extracted plasmids were then digested with 
BamHI+BglII and run on a DNA agarose gel (Figure 21) to reveal if inserts had been successfully 
ligated with the pAcGP67A Baculovirus transfer vector.  
 
The plasmid vectors Pl. Hypo C4, Pl. GrzB-like C3 and Pl. GrzB-like were selected and further 
digested by the combinations  BamHI+BglII and also BglII+EcoRI for Pl. Hypo C4 and Pl. GrzB-like 
C3 (Figure 22) to investigate the ligations and in particular the EcoRI restriction site. We 
speculated that the EcoRI site had somehow been disrupted due to the absence of expected 
digestion fragments where digestions with BamHI and BglII had produced fragments for all of 
these three clones. 
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Figure 19 – Extractions of inserts from the corresponding plasmid vectors. – The serine protease fragments in our 
carrier vectors were extracted by digestions using a number of restriction endonucleases. The fragments cleaved 
from pAcGP67A in order to open these vectors were too small to be detected on the DNA Agarose gel. We see 
fragments at approximately 700 bp in the lanes that correspond to Pl. Hypo, Pl. GrzB-like and mMCP-4. And open 
pAcGP67A vectors at approximately 9700 bp in their corresponding lanes. 
 

 
 
Figure 20 – Determination of fragment concentrations following gel extractions. – Once the fragments had been 
extracted from the first gel, we needed to get an understanding of the concentrations of our fragments. This would 
be important for the subsequent ligation steps. As shown, we have relatively high fragment concentrations (5 μl of 
gel extracted samples used per well). 
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Figure 21 – Digestions of mini-preps from picked colonies – Following ligations, transformations and plating; 
colonies that had grown were picked and cultivated. In order to confirm that the ligations had been successful, the 
plasmids of the picked colonies were digested with BamHI+BglII. The Pl. Hypo C4, Pl. GrzB-like C3 and Pl. GrzB-like 
colonies were selected and subject to further investigation. 

 
 

 
 
Figure 22 – Further digestion of the selected plasmid preps from the C3, C4, Lars colonies – Here the selected 
plasmids have been digested with BamHI+BglII and also BglII+EcoRI. The plasmids do indeed seem to contain the 
inserts; however, the EcoRI sites seem to have been damaged. 
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Figure 23 – Usage the Pl. Hypo C4 and Pl. GrzB-like C3 plasmids as positive controls in PCR. – Since the Pl. Hypo 
and Pl. GrzB-like serine protease inserts had been successfully ligated into the pAcGP67A Baculovirus transfer 
vector, they could be used as positive controls for future colony PCR reactions. The contrast between the pAcGP67A 
vector containing an insert and an empty pAcGP67A was remarkably sharp. A negative control of no DNA was also 
used. 

 
A PCR of the plasmids Pl. Hypo C4 and Pl. GrzB-like C3 served as a confirmation that our inserts 
had indeed been successfully ligated (Figure 23). However, for further verification and also 
elucidation on what had happened to the EcoRI restriction sites, the plasmids were sequenced. 
 
The sequence results were surprising in that, whilst the inserts were in place, they were 
oriented in an inverted manner. And as was expected at this point, the EcoRI sites for both of 
the clones had been inexplicably destroyed.
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6. Discussion 
 

400 ml of HEK 293 culture medium for rMCP-2 production had been collected before an 
unfortunate turn of events with an untimely fungal contamination halted further medium 
extractions. Although rMCP-2 had indeed been produced, the quantities were unfortunately 
not sufficient enough to proceed with further experiments, including phage display assays. As a 
result, two new batches of HEK 293 were used to produce more rMCP-2 and we decided to 
produce mMCP-5 in much the same way. Both serine proteases are still under production in 
HEK 293 cultures in a second round of production. 
 
With the Baculovirus expression system we suspect that the use of the Klenow Fragment to 
blunt-end the sites of digestion that were not EcoRI, could be at fault for the resulting platypus 
fragment to pAcGP67A insertions, which were inverted in their orientation with a damaged 
EcoRI site. A future outlook is to try and circumvent having to create blunt ends by instead 
creating custom oligonucleotides. 
 
The idea behind custom oligonucleotides is to create a custom fragment for insertion into the 
pAcGP67A Baculovirus transfer vector. This custom fragment is set to have restriction sites 
whose sticky ends, following digestions, are compatible with the sticky ends produced when 
the fragments are extracted from their original plasmid vectors. When customizing these 
oligonucleotides, the restriction sites have to be unique with respect to the rest of the plasmid 
vector, in this case the pAcGP67A Baculovirus transfer vector.  
 
We never managed to produce a clone with the mMCP-4 insert. However, we hope to be able 
to do so by using the custom nucleotide design which would, if successful, allow us to continue 
with our research and in turn, hopefully, allow us to establish a functional Baculovirus 
expression system.  
 
The future analysis of three members of the chymase locus, human chymase, mMCP-4 and 
mMCP-5, could unlock a few doors depending on how far future investigations take us. mMCP-
4 has been shown to have a very diverse functionality, both in vivo and in vitro. With its strong 
relationship to human chymase, mMCP-4 is undoubtedly the most important serine protease in 
this study.  
 
With the lack of evidence for the in vivo expression of two of the platypus serine proteases in 
the platypus chymase locus, it would also be interesting from an evolutionary standpoint to 
understand just how functional or active/dormant the chymase locus of platypus really is and 
how this functionally relates to other species. Even if we were to attain confirmation on Pl. 
GrzB-like and Pl. Hypo being functional serine proteases when expressed in vitro, knowledge of 
their physiological roles will remain in the dark and are less interesting unless platypus 
expresses them in vivo. However, they can still give us substantial information concerning 
evolutionary events involved in shaping the chymase locus genes. 
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rMCP-2 is one of the proteases of the large rat chymase locus. It was fairly easy to actually 
produce in this study although the quantities proved to be less than satisfactory. With a slight 
alteration of production variables, higher quantities should be expected. 
 
What is fascinating is of course the prospect and implications of having a Baculovirus expression 
system to express all our serine proteases of interest. The potential relative ease and 
streamlined production of high quality and quantity serine proteases for this project, and 
others, is something that should be actively strived for. Perhaps in a dedicated Baculovirus 
expression system establishment project? 
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9. Appendix 
 

Serine protease sequences 

 

The DNA sequences corresponding to our serine proteases are listed here along with the open 
reading frames of their amino acid sequences.  
 
The cloning sites are depicted here in red. Some of the cloning sites are not highlighted in the 
amino acid sequences due to them being outside the open reading frame or not being in the 
”correct” frame. Histidine tags are in blue and enterokinase cleavage sites in green. 
 

Mouse mast cell protease 4 (mMCP-4) 
 

GCTAGCACATCACCATCACCATCACGACGATGACGATAAGATTATTGGTGGTGTTGAGTCTAGA

CCACATTCTCGCCCTTACATGGCCCATCTGGAGATCACCACTGAGAGAGGGTTCACAGCTACCT

GTGGTGGGTTTCTCATAACCCGCCAATTTGTGATGACTGCTGCACACTGTAGTGGAAGAGAAAT

CACTGTCACCCTTGGAGCTCATGATGTGAGCAAGACAGAATCCACACAGCAGAAGATAAAAGTA

GAAAAACAAATCGTTCACCCAAAGTACAACTTCTATTCCAATCTCCATGACATCATGTTACTGA

AGCTTCAAAAGAAAGCCAAAGAGACTCCCTCTGTGAATGTAATTCCTCTGCCTCGTCCTTCTGA

CTTTATCAAGCCGGGGAAGATGTGCCGGGCAGCTGGCTGGGGGCGAACTGGAGTGACAGAACCT

ACCTCAGATACACTGAGGGAGGTGAAACTGAGAATCATGGATAAAGAGGCCTGTAAAAACTATT

GGCATTATGACTATAACCTCCAGGTCTGCGTGGGCAGTCCCAGAAAGAAAAGATCGGCATACAA

GGGAGACTCTGGAGGACCTCTACTGTGTGCTGGGGTGGCCCACGGTATTGTATCTTATGGACGC

GGAGATGCAAAGCCCCCTGCAGTCTTCACCCGAATCTCCTCATATGTGCCCTGGATTAACAGAG

TCATAAAGGGCGAGTAGTGAAAAGCCTGACCTGCGTGCATCAGAGTCTTCAAGCCAGAGCTCTT

CTAATAACCCTTGGGTTCAACAAAGCATGTGTCCATCCTGTCCCCTGCCTGCCCCCAGCCTGTC

CCCAGCCTGTCCCCAGCCTGCCCCCAGCCTGCCCCCAAGATGATCTGAAAGATGAATTC  

 
LAHHHHHHDDDDKIIGGVESRPHSRPYMAHLEITTERGFTATCGGFLITRQFVMTAAHCSGREI

TVTLGAHDVSKTESTQQKIKVEKQIVHPKYNFYSNLHDIMLLKLQKKAKETPSVNVIPLPRPSD

FIKPGKMCRAAGWGRTGVTEPTSDTLREVKLRIMDKEACKNYWHYDYNLQVCVGSPRKKRSAYK

GDSGGPLLCAGVAHGIVSYGRGDAKPPAVFTRISSYVPWINRVIKGE. 
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Mouse mast cell protease 5 (mMCP-5) 
 

GAATTCCATCACCATCACCATCACGACGATGACGATAAGATCATTGGAGGCACGGAGTGCATAC

CACACTCCCGCCCCTACATGGCCTATCTGGAAATTGTCACTTCTGAGAACTACCTGTCGGCCTG

CAGTGGCTTCCTGATAAGAAGAAACTTTGTGCTGACTGCAGCTCACTGTGCGGGAAGGTCTATA

ACAGTCCTCCTAGGAGCCCATAACAAAACATCTAAAGAAGACACGTGGCAGAAGCTTGAGGTGG

AAAAGCAATTCCTTCATCCAAAATATGATGAGAATTTGGTTGTCCACGACATCATGCTACTGAA

GTTGAAGGAGAAAGCCAAGCTAACCCTAGGTGTGGGAACCCTCCCACTCTCTGCCAACTTCAAC

TTTATCCCACCCGGGAGAATGTGCAGGGCAGTTGGCTGGGGCAGAACAAACGTGAATGAGCCAG

CCTCCGACACACTGCAGGAAGTAAAGATGAGACTCCAGGAGCCCCAAGCCTGCAAACACTTCAC

CAGTTTTCGACACAATTCCCAGCTGTGTGTGGGCAACCCCAAGAAGATGCAAAATGTATACAAG

GGAGACTCTGGAGGACCTCTGCTGTGTGCTGGGATAGCCCAAGGCATTGCATCCTATGTACATC

GGAATGCAAAGCCCCCTGCTGTCTTTACCAGAATCTCCCATTACAGGCCCTGGATCAATAAGAT

CTTGAGGGAGAATTAACTCGAG   

 
EFHHHHHHDDDDKIIGGTECIPHSRPYMAYLEIVTSENYLSACSGFLIRRNFVLTAAHCAGRSI

TVLLGAHNKTSKEDTWQKLEVEKQFLHPKYDENLVVHDIMLLKLKEKAKLTLGVGTLPLSANFN

FIPPGRMCRAVGWGRTNVNEPASDTLQEVKMRLQEPQACKHFTSFRHNSQLCVGNPKKMQNVYK

GDSGGPLLCAGIAQGIASYVHRNAKPPAVFTRISHYRPWINKILREN. 

 

Rat mast cell protease 2 (rMCP-2) 
 

GCTAGCACATCACCATCACCATCACGACGATGACGATAAGATTATCGGTGGTGTGGAGTCTATT

CCTCACTCCCGCCCTTACATGGCCCATCTGGACATCGTCACTGAGAAAGGTTTAAGGGTCATCT

GTGGTGGGTTTCTCATAAGCCGTCAATTTGTGCTGACTGCTGCACATTGTAAAGGAAGAGAAAT

CACAGTCATCCTTGGAGCCCATGATGTGAGAAAGCGAGAATCCACACAGCAGAAGATAAAAGTC

GAAAAACAAATCATTCACGAAAGTTACAACTCCGTTCCCAATCTTCATGACATCATGTTACTGA

AGCTTGAAAAAAAAGTTGAGTTGACTCCTGCTGTGAATGTAGTTCCTCTGCCCAGTCCCTCTGA

CTTTATCCACCCTGGGGCAATGTGTTGGGCAGCTGGATGGGGGAAAACTGGAGTTAGAGATCCT

ACCTCGTATACACTGAGAGAGGTTGAACTGAGAATCATGGATGAAAAGGCCTGTGTGGACTACA

GGTATTATGAATACAAATTCCAGGTCTGCGTGGGCAGTCCCACAACTTTAAGAGCAGCATTCAT

GGGAGACTCTGGCGGACCGCTACTGTGTGCTGGTGTGGCTCATGGTATTGTATCTTATGGGCAT

CCAGATGCAAAGCCCCCTGCAATCTTCACCCGAGTCTCCACATATGTGCCCTGGATTAATGCAG

TCATTAATACAAGTAGCTGAAAAGCCTCACCTGCTTGAATTC  

 

LAHHHHHHDDDDKIIGGVESIPHSRPYMAHLDIVTEKGLRVICGGFLISRQFVLTAAHCKGREI

TVILGAHDVRKRESTQQKIKVEKQIIHESYNSVPNLHDIMLLKLEKKVELTPAVNVVPLPSPSD

FIHPGAMCWAAGWGKTGVRDPTSYTLREVELRIMDEKACVDYRYYEYKFQVCVGSPTTLRAAFM

GDSGGPLLCAGVAHGIVSYGHPDAKPPAIFTRVSTYVPWINAVINTSS. 
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Platypus granzyme B-like protease (Pl. GrzB-like) 
 

GAATTCCATCACCATCACCATCACGACGATGACGATAAGATTATCGGCGGCAGGGAAGTAAAGC

CGCACTCTCGCCCATACATGGCGTATTTGAGTTTCTACAAGAACGACAATCTGCATACCTGTGG

GGGGTTCCTGGTGCGAAAGGATTTTGTGCTGACAGCTGCTCATTGCAGTGGAAGCAAAATGAGT

GTCCTTCTCGGGGCTCACGACATCGCATATCGAGAAGCCACTCAACAGCGAATCCCTGTAGCGG

AGAAATTCTCTCTCGACTATAACAACAGCACCCACGTCAACGACATCATGTTACTTAAGCTGGC

CCACGCAGCGAATATGACAAAGGAGGTGAATGTCATCCGTCTGCCTCGGGGGTTGACTGGTGTG

AAACCCGGGGCCTCGTGTTCTGTGGCTGGATGGGGGAGGACAGAAGTGAATGGTCAGGGATCCA

GCACGCTGCAGCAGTTGCAGTTAGATGTGATATCTCCAAACCACTGCTATATCTTCAGTGGTTT

CCACTCCTGTTATCAACTGTGCGTGGGGGATCCCGAATCGTATAAGTCCTCCTACAAGGGAGAC

TCAGGAGGCCCTTTGGTGTGTGGAAAGCGAGCCCAGGGCATTCTCTCCTATGTGAAATGGGGTG

GGAAACCGCCCAACGTCTTTACTCGCATCTCCTTTTACCTTCACTGGATCAAGAAGATTCTAGA

GAACTATTAGCTCGAG 

 

EFHHHHHHDDDDKIIGGREVKPHSRPYMAYLSFYKNDNLHTCGGFLVRKDFVLTAAHCSGSKMS

VLLGAHDIAYREATQQRIPVAEKFSLDYNNSTHVNDIMLLKLAHAANMTKEVNVIRLPRGLTGV

KPGASCSVAGWGRTEVNGQGSSTLQQLQLDVISPNHCYIFSGFHSCYQLCVGDPESYKSSYKGD

SGGPLVCGKRAQGILSYVKWGGKPPNVFTRISFYLHWIKKILENY. 

 

Platypus hypothetical protease (Pl. Hypo) 
 

GAATTCCATCACCATCACCATCACGACGATGACGATAAGATCATTGGAGGAAAGGATGCAAAGC

CCCATTCCCGTCCCTACATGGCATATCTGACAATCACCAGGAGCAATAGAGAAAGGACTAATTG

TGGAGGGTTTCTGGTACGAGAGGACTTTGTGATGACAGCCGCTCACTGCTATGGAAGGACAATC

AACATCACCCTGGGAGCCCACAACATTGAGAAGAAAGAAGAAACCCAGCAGCATATGATCCTGC

TTCGTTCAGTCACCCACCCAGAATATAAAAAGAATCCCCCTACTAATGACATCATGTTACTTCA

GCTGGAGAAGAAGGCTAAGGTGACTAAAGCCGTGAGGCCCCTTAAACTGCCTCGCTCCCTTGTC

AAGTTGAAGCCCGGAATGGTGTGTAGCGTGGCTGGATGGGGCGGAAACCTGCAGTCTAAGGTGC

AGCCAATCCTTCAGGAAGTGAAGCTCAAAGTGATGGGGGATGAAGTATGCACATCCTGCTACCC

CAGGAACTTCAAGAACAAGACTCAGATTTGTGCAGGAGACCCCCGCCAGTACAAGTCCTCATAC

CAGGGCGATTCCGGAGGCCCCCTGGTGTGTGGCAAGGTAGCCGAAGGCATTGTTTCGTATGGAA

ACAAAAATGGGTCCCCTCCCCGGGTCTTCACCCGCATTTCAAGCTACCTGTCCTGGATAAAGAC

AACGATGAACTCCCCAAGGCCACAGGGACCCTCTGAGTTCCCATCTCGAATTTAACTCGAG 

 

EFHHHHHHDDDDKIIGGKDAKPHSRPYMAYLTITRSNRERTNCGGFLVREDFVMTAAHCYGRTI

NITLGAHNIEKKEETQQHMILLRSVTHPEYKKNPPTNDIMLLQLEKKAKVTKAVRPLKLPRSLV

KLKPGMVCSVAGWGGNLQSKVQPILQEVKLKVMGDEVCTSCYPRNFKNKTQICAGDPRQYKSSY

QGDSGGPLVCGKVAEGIVSYGNKNGSPPRVFTRISSYLSWIKTTMNSPRPQGPSEFPSRI. 
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Candidate chromogenic serine protease substrates 

 
http://shop.bachem.com/ep6sf/prodL1560.html  
 

L-1400 

 
Type: Chymase 
Sequence: Suc-Ala-Ala-Pro-Phe-pNA 
Molecular weight: 624.65 g/mol 
 
 

 

L-1775 

 
Type: Elastase 
Sequence: Suc-Ala-Ala-Pro-Ala-pNA 
Molecular weight: 548.55 g/mol 
 

 

http://shop.bachem.com/ep6sf/prodL1560.html
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L-1560 

 
Type: Tryptase 
Sequence: Z-Gly-Pro-Arg-pNA 
Molecular weight: 532.62 g/mol 
 

 

L-1205 

 
Type: Tryptase 
Sequence: Boc-Val-Leu-Gly-Arg-pNA 
Molecular weight: 663.78 g/mol 
 

 

  


