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Ágrip 

Sumarexem er ofnæmi af gerð I í hrossum með framleiðslu á IgE. Sjúkdómurinn orsakast af próteinum 

(ofnæmisvökum) úr bitkirtlum smámýs (Culicoides spp.) en það lifir ekki hér og því er sjúkdómurinn 

óþekktur á Íslandi. Yfir 50% af sumarexemshestum svara líka á Simulium vittatum, einu flugutegund-

ina sem bítur spendýr á Íslandi. Exemið er mikið vandamál fyrir hrossaútflutning þar sem útfluttir 

hestar fá sumarexem í mun hærri tíðni en íslenskir hestar fæddir erlendis. 

Ellefu prótein úr bitkirtlum C. nubeculosus og fjögur prótein úr bitkirtlum S. vittatum, sem binda IgE 

úr sermi sumarexems hesta, hafa verið einangruð og tjáð í E. coli. Fjórir af þessum ofnæmisvökum, C. 

nubeculosus antigen 5, hýalúronidasi, maltasi og S. vittatum antigen 5 eru viðfangsefni þessa 

verkefnis. Markmiðið var þríþætt: 1) Magna upp og raðgreina hýalúronidasa og maltasa, tjá í skordýra-

frumum og hreinsa próteinin. 2) Nota E. coli framleidd prótein til að framleiða fjölstofna mótefni gegn 

hýalúronidasa og maltasa og einstofna mótefni gegn antigen 5 og hýalúronidasa. 3) Tjá hýalúronidasa 

úr C. nubeculosus og antigen 5 úr S. vittatum í byggi. 

Genin voru mögnuð upp úr C. nubeculosus bitkirtla λcDNA safni og þau raðgreind. Hýalúronidasinn 

er 1209 bp (402 a.s.) og maltasinn er 1809 bp (602 a.s.). Genin voru tjáð í skordýrafrumum með 

Baculoveiru-tjáningarkerfinu. 

Fjölstofna mótefni voru framleidd gegn E. coli tjáðum e16 (32 kDa hluti af hýalúronidasa) og 

maltasa. Mótefnin bundust bæði E. coli- og skordýrafrumu tjáðum próteinum. Einstofna mótefni voru 

framleidd gegn E. coli tjáðum e16 og antigen 5. Af tólf frumublendingum sértækum fyrir e16, voru tveir 

klónaðar og kviðarholsvökvi framleiddur í músum. Tveir antigen 5 sértækir frumublendingar voru 

klónaðir og kviðarholsvökvi framleiddur í músum. Einstofna mótefnin bundust viðkomandi E. coli- og 

skordýrafrumu framleiddum próteinum. 

Hýalúronidasi og maltasi sem tjáðir voru í skordýrafrumum voru prófaðir í ónæmisþrykki með 

sértækum mótefnum. Einstofna og fjölstofna mótefnin gegn e16 sýndu hýalúronidasann sem 51 kDa 

band. Maltasa sértæku mótefnin sýndu hann sem 72 kDa band. Maltasinn sem er sykraður var 

hreinsaður og hann batt sermis IgG úr sumarexemshestum í ónæmisþrykki. 

Raðirnar sem skrá fyrir C. nubeculosus hýalúronidasa og S. vittatum antigen 5 voru tákna-bestaðar 

fyrir tjáningu í byggi með Orfeus™ próteintjáningarkerfinu. Skimun á T1 fræjum frá 34 byggplöntum 

með fjölstofna og einstofna mótefnum gegn e16 sýndu 38 kDa sértækt band í fjórum línum en mótefni 

gegn próteinhalanum sýndi 26 kDa band í öðrum fjórum línum. Fyrir framleiðslu á T2 fræjum var sáð 

frá sex línum, fjórum 38 kDa prótein jákvæðum og tveimur 26 kDa prótein jákvæðum. T2 fræ frá fjórum 

línunum tjáðu 38 kDa próteinið en einungis fræin frá annarri 26 kDa jákvæðu línunni. Sáð var frá 

þremur línum fyrir framleiðslu á T3 fræjum, frá tveimur 38 kDa prótein jákvæðum og þessari einu 26 

kDa prótein jákvæðu. Byrjað var aftur á antigen 5 tjáningarferlinu með endurklónun í genaferjur þar 

sem engin framleiðsla var á próteininu í T2 fræjum. 
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Abstract 

Insect bite hypersensitivity (IBH) or summer eczema is a type I allergy in horses with production of IgE 

antibodies and release of inflammatory mediators. IBH is caused by proteins from the salivary glands 

of Culicoides species not indigenous to Iceland, therefore the disease is unknown in Iceland. More 

than 50% of IBH affected horses also react to Simulium vittatum, the only haematophagous flies that 

bite mammals in Iceland. IBH is a major problem for the Icelandic horse export as horses born in 

Iceland suffer from IBH in a much higher frequency than Icelandic horses born abroad. 

Eleven salivary gland proteins from C. nubeculosus have been expressed in E. coli and four from 

S. vittatum, they all bind serum IgE from IBH affected horses. Four of these allergens antigen 5, 

hyaluronidase and maltase from C. nubeculosus and antigen 5 from S. vittatum are the subject of this 

thesis. The aim was threefold: 1) Amplify and sequence the hyaluronidase and maltase, express the 

proteins in insect cells and purify them. 2) Use the E. coli expressed proteins to produce polyclonal 

antibodies (pAbs) against the hyaluronidase and maltase and monoclonal antibodies (mAbs) against 

the hyaluronidase and antigen 5. 3) Express the C. nubeculosus hyaluronidase and S. vittatum 

antigen 5 in barley. 

The genes were amplified from lambda cDNA library made from C. nubeculosus salivary glands, 

and sequenced. The hyaluronidase is 1209 bp (402 a.a.) and the maltase is 1809 bp (602 a.a.). The 

genes were expressed in insect cells with the Baculovirus expression system.  

Polyclonal antibodies were raised against E. coli expressed e16 (32 kDa part of the hyaluronidase) 

and maltase. The antibodies reacted to both E. coli and insect cell expressed proteins. Monoclonal 

antibodies were raised against E. coli expressed e16 and antigen 5. Twelve e16 specific hybridomas 

were generated, two cloned and ascites produced in mice. Two antigen 5 specific hybridomas were 

obtained, cloned and ascites produced in mice. The specific mAbs bound to the E. coli expressed as 

well as to the insect cell expressed proteins.  

 The insect cell expressed hyaluronidase was recognized as 51 kDa band in Western blot (WB) 

with the anti e16 pAbs and mAbs. The maltase was recognized as 72 kDa band in WB with polyclonal 

anti maltase. The maltase, that was shown to be glycosylated has been purified and was recognized 

by serum IgG from IBH affected horses. 

The sequences encoding the C. nubeculosus hyaluronidase and S. vittatum antigen 5 were codon 

optimized for expression in barley with the Orfeus™ expression system. Screening of T1 

hyaluronidase seeds from 34 lines (primary transformants) with the anti e16 mAbs and pAbs showed 

specific binding to a 38 kDa protein in four barley lines, but the anti tag antibody bound specifically to 

26 kDa band in four different lines. Seeds from six lines were sown for production of T2 seeds, four 

positive for the 38 kDa and two for the 26 kDa protein. The T2 seeds from all four lines of the 38 kDa 

protein were positive but only one of the two lines with the 26 kDa protein. T2 seeds from three lines 

were sown for production of T3 seeds, two from the lines specific for the 38 kDa protein and from the 

single line specific for the 26 kDa protein. 

 The production of the antigen 5 was started again from the point of re-cloning the gene as there 

was no expression of the protein in the screening of the T2 seeds.  
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1 Introduction 

1.1 The Immune system 

The immune system is the defense system that protects the body against pathogens and diseases. It 

has to discriminate between self and non-self antigens. The primary organs of the system are bone 

marrow and thymus. The secondary organs are lymph nodes, the spleen and the mucosal lymphoid 

tissues of the gut, the nasal, respiratory tract, urogenital tract and other mucosa. The cells of the 

immune system are the white blood cells or leukocytes. They are originated in the bone marrow and 

arise from pluripotent hematopotetic stem cells, of myeloid origin (granulocytes, monocytes/ 

macrophages, dendritic cells and mast cells) or lymphoid origin (lymphocytes and natural killer cells). 

The cells use proteins/peptides called cytokines and chemokines for communication. The immune 

system can be divided into the innate and adaptive system but the responses of the two are 

intertwined (Murphy et al., 2008a).         

 

1.1.1 The innate immune system 

The innate immunity provides immediate responses to infection but does not give long lasting 

immunity. The leukocytes of the innate system are; neutrophils, basophils, eosinophils, natural killer 

cells, mast cells, dendritic cells, monocytes/macrophages. The neutrophils are the most abundant cells 

of the innate system, they take up pathogens and destroy them with their toxic substrates kept in 

granules. Basophils and eosinophils are also granulocytes, containing enzymes and toxic proteins 

released upon activation. They are important in defense against parasites and in allergy. The mast 

cells are found in connective tissues and mucous membranes, they contain large granules that store 

mediator molecules, released after activation resulting in local or systemic immediate hypersensitivity 

reaction. Natural killer cells (NK cells) belong to T-lymphocytes, and are able to recognize abnormal 

cells and kill them, but are not antigen specific. Dendritic cells take up pathogens and extracellular 

fluid, process and display antigens to T lymphocytes, hence are an important link between innate and 

adaptive immunity. Macrophages are found in most tissues of the body and differentiate from 

monocytes. Their role is to engulf and kill microorganisms, they are also antigen presenting cells 

(APCs) (Murphy et al., 2008a).  

 

1.1.1.1 PRRs and PAMPs 

The APCs of the innate immune system recognize molecular structures on the surface of 

microorganisms known as pathogen-associated molecular patterns (PAMPs) through specific 

receptors, pattern recognition receptors (PRRs). Know PRRs are toll like receptors (TLRs), C-type 

lectin receptors (CLRs), NOD-like receptors (NLRs) and RIG-I-like receptors (RLRs). The PAMPs are 

for example, lipopolysaccaride (LPS), peptidoglycans and unmethylated CpG from bacterias and 

single stranded or double stranded RNA from viruses (Murphy et al., 2008b). 
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1.1.2 The adaptive immune system 

The adaptive immune system is highly specific and can discriminate between vast numbers of different 

molecules due to somatic hypermutations and recombination of their antigen receptors. It develops 

throughout life and has the ability to recognize and remember specific pathogens, resulting in long 

lasting immunity. The effector cells of the adaptive system are B-lymphocytes (B-cells) and T-

lymphocytes (T-cells) (Murphy et al., 2008c).  

T-cells are the effector cells of cellular immunity, they mature in the thymus before entering the 

circulation to encounter their specific antigen for activation. APCs present peptides on major 

histocompatibility complex (MHC) on their surface for T-cell recognition. T-cells are mainly of two 

groups, CD4
+ 

T helper cells and CD8
+
 cytotoxic T cells. CD8

+
 cytotoxic T cells recognize antigen on 

MHC I, they kill virus infected cells and tumor cells by using cytotoxic granules that upon antigen 

recognition release cytotoxic proteins, perforin, granzymes and granulysin, leading to apoptosis of the 

target cell (Murphy et al., 2008d).  

Antigen induced CD4
+ 

T helper cells activate and direct other cells of the immune system with 

cytokines. After primary immune activation both CD8
+
 and CD4

+
 T-cells form experienced memory 

cells that upon second encounter with pathogen mount a faster and stronger immune response 

(Murphy et al., 2008d).   

 

Figure 1. Differentiation of naïve CD4
+
 T helper cells 

Differentiation of naïve CD4
+
 T helper cells into different T effector subsets, the main cytokines and the function of 

the four subsets. Schematic picture: Sigurbjörg Þorsteinsdóttir 
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Depending on the type of pathogen or PAMPs, the APCs produce the relevant cytokines that steer 

the differentiation of naïve CD4
+
 T helper cells (Th) (Fig. 1). Interleukin (IL)-2 and IL-18 induce Th1 

that produce IFNγ and are essential for the defense against viruses and intracellular bacterias. Th2 

cells that control parasite infections and are responsible for allergy, need IL-4 and produce IL-4, IL-5 

and IL-13 (Park et al., 2005). Th17 cells require TGFβ, IL-6 and IL-1β, are important for defense 

against extracellular bacteria and fungal pathogens and produce IL-17, IL-21 and IL-22 (van de 

Veerdonk et al., 2009). T regulatory cells (Treg) control and suppress adaptive immune responses, 

they produce IL-10 and TGF-β upon differentiation mediated by TGF-β and IL-2 (Sakaguchi et al., 

2008). Th9 cells were recently described as new T helper cells subset, they were at first grouped as 

Th2 cells but naïve CD4
+
 T cells in presence of TGF-β and IL-4 enhance IL-9 and IL-10 production but 

not other Th2 cytokines (Soroosh & Doherty, 2009) (Fig. 1). Dendritic cells are the professional APCs 

however, they do not produce IL-4, the important cytokine for Th2 differentiation. Recent studies have 

shown that basophils and mast cells that produce IL-4 play a critical role in Th2 differentiation 

(Abraham & John, 2010; Galli & Tsai, 2010; Wynn, 2009). Basophils fulfill the criteria needed to 

function as an APCs. When exposed to antigens they express MHC class II and co-stimulatory 

molecules, take up antigen, process it and localize to draining lymph nodes and show it to T-cells 

(Mikhak & Luster, 2009). 

B-cells produce antibodies and mediate the humoral immune response. Upon activation, usually by 

interacting with CD4
+
 effector T-cells specific for the same antigen, the B-cells differentiate into plasma 

cells that produce antibodies or long lived memory B-cells. At subsequent encounter with the same 

antigen the memory B-cells respond faster and more efficiently. Antibodies or immunoglobulins are 

proteins specific for antigens, their role is to bind and neutralize pathogens, promote phagocytosis by 

opsonization and to activate the complement system (Murphy et al., 2008e). There are five isotypes of 

immunoglobulins, IgA, IgD, IgE, IgG and IgM with different functions. B-cells can also act as APCs 

(Murphy et al., 2008c, 2008f).  

 

1.1.3 The immune system of horses 

The immune response of horses is mediated by the same cells, molecules and mechanisms as in 

other mammals. The IgG antibodies of horses are divided into seven subclasses, IgG1 (IgGa), IgG2, 

IgG3 (IgG(T)), IgG4 (IgGb), IgG5 (IgG(T)), IgG6 (IgGc) and IgG7 (Wagner, 2006). The genes for many 

of the cytokines characteristic of the Th1 and Th2 pathways and Tregs have been cloned 

(Cunningham et al., 2003; Dohmann et al., 2000; Giguere & Prescott, 1999; Kato et al., 1997; Kato et 

al., 1995; Nicolson et al., 1999; Wagner et al., 2006a; Wagner et al., 2008). The cytokines and the IgG 

subclasses typical for the T helper cell differentiation in horses is the same or similar to those of mice 

and humans. For example the Th1 pathway, with production of IFNγ and IgG4, is dominating in virus 

infections (Paillot et al., 2005; Svansson et al., 2009), the Th2 pathway, with production of IL-4, IgE, 

IgG1, IgG3 and IgG5, in parasite infections and in allergic responses (Hamza et al., 2007; Hellberg et 

al., 2006) and the Tregs in suppression (Hamza et al., 2007; Heimann et al., 2011). 
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1.2 Allergy 

Allergy or type I hypersensitivity is a harmful immune reaction to innocuous antigens, know as 

allergens. Atopic dermatitis, rhinitis, asthma and food allergies are Th2 responses with production of 

IL-4, IL-5 and IL-13. These cytokines recruit eosinophils, basophils and mast cells, the cell mediators 

of allergy. The IL-4 binds to receptors on B-cells inducing IgE production. The IgE antibodies bind to 

high affinity Fc receptors (FcεRI) on the membranes of mast cells (in tissues) and basophils (in the 

blood), a process called sensitization. Due to re-exposure the mast cells and basophils are stimulated 

as the allergen cross-links the allergen specific IgE antibodies bound to the cells. When stimulated the 

cells release inflammatory mediators, such as histamine, prostaglandins and leukotrienes that are 

responsible for the allergy symtoms. They can be from mild erythema to fatal, anaphylactic shock. The 

stimulation also leads to further enhancement of IL-4 expression. Eosinophils, basophils and mast 

cells all interact in the allergic response. Eosinophils are few in absence of infection or other immune 

stimulation but when activated by IL-5 the eosinophil production in the bone marrow is increased. 

Activated eosinophils also express FcεRI, their activation and degranulation is under tight control as 

the toxic granule proteins and free radicals can be harmful for the host (Murphy et al., 2008g).  

Most allergens are from plants, animals and fungi. The route of exposure, dose and function of the 

proteins is important for allergenicity (Traidl-Hoffmann et al., 2009). What makes a protein an allergen 

is not entirely clear. They do not have structure or conformation in common. Information about 

secondary and tertiary structure of 200 allergens has revealed 4 different groups based on their 

protein folding, but none of the structural features can distinguish between allergens and other 

proteins (Aalberse, 2000; Chapman et al., 2007). Many allergens have biological activities that 

influence their allergenicity. They can be proteases, trypsin inhibitors or lipid transfer proteins etc. Der 

p 1, the major allergen of the house dust mite, belongs to papain-like cysteine protease. It cleavages 

CD23 (the low affinity IgE receptor) which enhances IgE stimulation (Hewitt et al., 1995; Schulz et al., 

1995). Der p 1 has also been shown to bias the immune response in favor of Th2 with the proteolytic 

activity (Ghaemmaghami et al., 2002; Traidl-Hoffmann et al., 2009).  

What makes an allergen an allergen is most likely its ability to induce the innate immune system of 

certain individuals through PRRs. It has been shown that the house dust mite allergen Der p 2 mimics 

MD-2 the LPS component of TLR-4. It can thereby induce the response and allergy via TLR-4 

triggering of airway structural cells (Hammad et al., 2009; Trompette et al., 2009). Recent data indicate 

that fucosylated glucans, not found in mammalian cells, can drive the immune response toward Th2 

through their interaction with C-type lectin receptors (PRRs), like the peanut glycoallergen Ara h 1 

(Hsu et al., 2010). In Western society the increased exposure to components of complex allergens 

under low exposure of bacterial products might result in shift in the TLR4 response, from tolerance into 

Th2 response through their ability to directly activate the TLR4 signaling complex on stromal cells in 

the airways (Jia et al., 2004).  

 

1.3 Insect Bite Hypersensitivity  

Equine insect bite hypersensitivity (IBH) also known as summer eczema and sweet itch, is a recurrent 

seasonal dermatitis of horses (Baker & Quinn, 1978; Riek, 1953). IBH is a type I hypersensitivity, with 
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production of IgE and inflammatory mediators, mainly caused by bites of Culicoides spp. (biting 

midges) (Fadok & Greiner, 1990). The midges are not indigenous to Iceland and the only 

haematophagous flies that bite mammals in Iceland are the black flies, Simulium vittatum 

(Johannsson, 1988), therefore the IBH does not affect horses in Iceland (Fig. 2). According to skin 

tests it seems that IBH affected horses react with all Culicoides species even species that are exotic 

(Anderson et al., 1993).      

 

Figure 2. Simulium spp. and Culicoides spp. 

 

1.3.1 Epidemiology 

The IBH is well known all over the world where Culicoides spp. exist (Anderson et al., 1993; 

Braverman et al., 1983; Bröstrom et al., 1987; Halldordsottir & Larsen, 1991; Kurotaki et al., 1994; 

Littlewood, 1998). All breeds of horses can be affected with IBH but the prevalence varies between 

countries and regions within countries. Horses born in Iceland and exported to the European continent 

are more strongly affected than other breeds. The frequency of IBH in horses exported from Iceland 

and not protected from the flies is around 50% after two years or more in Culicoides infested areas. In 

contrast, around 5 - 10% of Icelandic horses born on the continent from imported parents suffer from 

IBH, which is a similar frequency as most foreign breeds (Bjornsdottir et al., 2006; Bröstrom et al., 

1987; Halldordsottir & Larsen, 1991). Genetic factors have been indicated to influence IBH but are 

obscured by environmental factors in horses exported from Iceland (Bjornsdottir et al., 2006).     

 

1.3.2 Culicoides 

Culicoides spp. are small biting flies with wingspan of less than 2 mm, belonging to the order Diptera 

(Family: Ceratogoponidae) (Mordue & Mordue, 2003). There are over 1400 species with distribution 

worldwide, except Arctica, Antarctica, Iceland, New Zealand and the southernmost part of South 

America (Blackwell, 2001). They bite both humans and animals causing discomfort and irritation and 

can also cause severe local skin reaction like IBH in horses. Some Culicoides species are also vectors 

for Araboviruses, like bluetongue virus of sheep and cattle and African horse sickness virus of horses 

(Mordue & Mordue, 2003). The lifecycle of Culicoides includes eggs, four larval stages, pupa and 
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adult. Only the female flies bite, as they require blood for egg development. Most Culicoides species 

feed mainly on horses, cattle and deer, while some like C. imicola is a known opportunistic. Midges 

are primarily active from dusk till dawn. For the larval development moist environment and water are 

required (Mordue & Mordue, 2003).        

 

1.3.3 Clinical signs and treatment 

IBH is a chronic seasonal recurring disease appearing in the spring and disappearing in the late 

autumn (Baker & Quinn, 1978; Kurotaki et al., 1994). Affected horses suffer from strong pruritus and 

dermatitis mainly on the mane and tail area, caused by the biting flies. The severe itching causes hair 

loss (alopecia), thickening of the skin (hyperkeratosis), excoriation and sometimes secondary infection 

as shown in figure 3 (Baker & Quinn, 1978). 

 

Figure 3. Clinical signs of IBH 

IBH horses suffers from pruritus and dermatitis mainly on the mane and tail area. 

Photo: Eliane Marti, Berne, Switzerland  

 

Presently the best way to avoid IBH is to keep the horses away from the biting flies (Baker & 

Quinn, 1978) mainly by housing them in the twilight and using blankets to cover the main feeding sites 

(Fig. 4). In severe cases, symptomatic treatment like the use of corticosteroids has been applied 

(Anderson et al., 1996). 
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Figure 4. A horse wearing a blanket as a protection against Culicoides bites 

Photo: Eliane Marti, Berne, Switzerland 

 

IBH is diagnosed mainly on clinical signs but also with intradermal tests and in vitro tests. Various 

in vitro tests have been evaluated, as summarized by Marti et al. 2008. These are serological tests 

and tests based on cellular response after in vitro stimulation with Culicoides extract (like histamine 

release test and sulfidoleukotriene release test). The performance of these tests needs to be improved 

by using high affinity IgE reagents and pure recombinant allergens (Marti et al., 2008).   

 

1.3.4 Pathogenesis of IBH 

Number of studies show that IgE mediated reactions are involved in IBH (Baselgia et al., 2006; van 

der Haegen et al., 2001; Wilson et al., 2001) and 90% of horses with IBH had IgE against Culicoides 

salivary gland proteins but only 7% of healthy horses (Hellberg et al., 2006). Wagner et al. have 

shown with modified Prausnitz-Küstner experiment that the allergic reaction in IBH can be transferred 

to healthy horses using IgE from IBH affected horses, providing strong evidence that the IgE mediates 

mast cells degranulation and allergy (Wagner et al., 2006b). The total concentration of IgE in healthy 

adult horses can be up to 1000-fold higher than in human serum (Wilson et al., 2006). With 

immunoblott analysis IgE, IgG3/5 and IgG1 antibodies have been shown to be important in IBH as 

sera from IBH affected horses bound significantly more C. nubeculosus salivary gland proteins than 

sera from healthy control horses (Hellberg et al., 2006). Figure 5 shows in a schematic way the 

interplay between allergens, cells, cytokines and antibodies resulting in allergic reactions.   
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Figure 5. IgE mediated response in IBH 

An allergen from the fly saliva is picked up by an APC and shown to naïve CD4
+
 T helper cell, which differentiates 

into a Th2 cell. The Th2 cell induces a B-cell to produce specific IgE antibodies against the allergen, The IgE 

binds to high affinity receptor FcεRI on mast cells and basophils. The horse is now sensitized against the allergen 

and upon re-exposure it will elicit allergic response due to the release of various inflammatory mediators of mast 

cells and basophils. Schematic picture: Sigurbjörg Þorsteinsdóttir. 

 

Development of IBH in horses born in Iceland and imported to Switzerland (1
st 

generation horses) 

is associated with a change in IL-4 producing T-cells. Upon polyclonal and antigen-specific 

stimulation, lymphocytes of IBH affected horses express significantly higher levels of IL-4 than 

lymphocytes of healthy control horses. Horses of 1
st
 generation express significantly higher levels of 

IL-4 than 2
nd

 generation (born in Switzerland). Lymphocytes from 2
nd

 generation horses also produce 

higher level of the regulatory cytokine IL-10 than 1
st
 generation horses (Hamza et al., 2007). IL-4 

producing cells and IL-4 production in stimulated cultures of PMBC from 1
st
 and 2

nd
 generation of IBH 

affected horses could be inhibited by supernatant of PMBC from 2
nd

 generation healthy horses and by 

a combination of IL-10 and TGF-β1 (Hamza et al., 2008). Hamza et al. have furthermore shown that 

horses living in Iceland have a high parasite burden but a low IL-4 production, supporting the 

hypothesis that heavy helminth infections have a suppressive effect on IL-4 production mediated by 

IL-10 and TGFβ1 (Hamza et al., 2010).   

Analysis of lesions of IBH affected horses compared to the skin of healthy control horses revealed 

that IBH horses had a significantly higher number of CD4
+
 cells. The total number of T cells was 

significantly increased in IBH lesions compared to non-lesional skin but the number of FoxP3
+ 

T cells 

did not differ between groups. FoxP3 mRNA level was decreased in lesional skin, both compared to 

non-lesional skin and to healthy skin. Expression level of IL-13 was significantly enhanced in the skin 

of affected horses but not IL-4 or IL-5. The IL-10 level in the blood of IBH affected horses was 
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significantly lower than in healthy horses. This indicates an imbalance between Th2 and Tregs in IBH 

(Heimann et al., 2011). 

 

1.3.5 Insect allergens 

Proteins from biting and stinging of insects, are known to cause allergy both in humans and animals 

(Arlian, 2002; McDermott et al., 2000; Orange et al., 2004; Peng & Simons, 2004).  

Stinging insects of the hymenoptera family, both honey bees and vespids (waps, hornets and 

yellow jackets) have venom containing proteins that cause IgE mediated reactions, both local and 

systemic. Sensitization to bee and vespid venoms requires only a single or few stings. An individual 

can be sensitive to multiple species of stinging insects due to cross-reacting allergens (Arlian, 2002). 

The honey bee Apis mellifera contains 10 proteins, ranging from 8 kDa to 52 kDa, that bind IgE in sera 

from honey bee venom allergic patients. At the official web site for the systematic allergen 

nomenclature (allergen.com) all the 10 proteins are listed as allergens. The four main allergens from 

the honey bee are phospholioase A2, hyaluronidase, melittin and acid phosphatase. The venom of 

vespids contains three well known allergens, Antigen 5, hyaluronidase and phospholipase A1. For the 

vespids the cross reactivity is most between yellow jacket and hornet allergens (Arlian, 2002; Hoffman, 

2006; King & Spangfort, 2000).  

Biting insects cause allergic response against the proteins in their salivary glands. If the main ducts 

of the mosquito salivary glands are transected, they are still able to feed and develop eggs, but cannot 

cause skin reaction in humans (Hudson et al., 1960). The salivary glands of the mosquito, Aedes 

aegypti contains at least 31 proteins with known cDNA sequences but with silver staining on the 

salivary gland extract of the adult Ae. aegypti only 20 proteins were seen. The proteins are both 

species-shared and species-specific with molecular weight ranging from 16 to 95 kDa (Peng et al., 

1998; Peng & Simons, 2004; Valenzuela et al., 2002). Among these 31 proteins are three major 

allergens apyrase, D7 protein and α-glucosidase (Peng & Simons, 2007). 

Salivary gland proteins of Culicoides spp. are the main allergens inducing IgE-mediated IBH in 

horses (Hellberg et al., 2006). However, Baselgia et al. 2006 showed with an in vitro sulfidoleukotriene 

release assay that more than 50% of the horses that react with Culicoides extract also react with 

extract from S. vittatum. The first IBH allergens that were isolated were from S. vittatum as a lambda 

cDNA library from their salivary glands was available (Cupp et al., 1998). Schaffartzik et al. made a 

phage surface display library from the λ library and isolated four S. vittatum allergens that have been 

assigned names according to the IUIS systematic allergen nomenclature. The allergens are antigen 5-

like protein (Antigen 5, Sim v 1), Kunitz protease inhibitor (Sim v 2) and two α-amylases (Sim v 3 and 

4) (Schaffartzik et al., 2009).  

Using mass spectrometry analysis of the salivary gland proteome of C. nubeculosus 54 proteins 

sequences were revealed (Russell et al., 2009). Western blot analysis of C. nubeculosus salivary 

gland extract showed at least ten IgE-binding proteins. The molecular weight of the proteins ranged 

from 12 to 75 kDa. All ten proteins have now been isolated using phage surface display technology, 

expressed in E. coli and their allergenicity analyzed. They have been assigned names according to 

the systematic allergen nomenclature (Schaffartzik et al., 2011). Four of these allergens antigen 5 (Cul 
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n 1), hyaluronidase (Cul n 2), maltase (Cul n 8) and S. vittatum antigen 5 (Sim v 1) are the subjects of 

this thesis.      

 

1.3.5.1 Antigen 5 

The antigen 5 protein is a member of the CAP (cysteine-rich secretory proteins (CRISPs), antigen 5, 

and pathogenesis-related-1 (PR-1)) superfamily, a family of proteins that share amino acid sequence 

similarity and are found in eukaryotes (Gibbs et al., 2008; King & Spangfort, 2000; Lu et al., 1993). 

The CRISPs are found in salivary ducts of many snakes and lizards, and in reproductive organs of 

mammalian. Antigen 5 proteins are the most abundant and immunogenic proteins found in insect 

venom. PR-1 are found in plants after pathogen infection (Gibbs et al., 2008; Hoffman, 2006). The 

biological function of antigen 5 is unclear but that of biting insects is believed to function either in 

suppression of the host immune system or in prevention of clotting to prolong feeding (Ribeiro & 

Francischetti, 2003) and the one from Vespa mandarinia has neurotoxin activity (King & Spangfort, 

2000).  

 The antigen 5 has been reported in a wide variety of insects belonging to the dipteria and 

hymenoptera families (King & Spangfort, 2000; Lu et al., 1993). Comparison of antigen 5 from C. 

nubeculosus and S. vittatum showed 69.7% sequence homology at primary structure level. Both 

proteins, produced in E. coli, bound to serum IgE from IBH-affected horses in Western blot. When 

tested ELISA (Enzyme-linked immunosorbent assay) serum IgE from 35% affected horses (n=48) 

bound C. nubeculosus antigen 5 and 37% to S. vittatum antigen 5. Serum IgE from healthy horses 

(n=29) did not bind to the proteins. Inhibition ELISA clearly showed the cross-reactivity between these 

two proteins as the S. vittatum antigen 5 was able to inhibit serum IgE binding to solid phase coated 

C. nubeculosus antigen 5 (Schaffartzik et al., 2010).    

 

1.3.5.2 Hyaluronidase 

Hyaluronidases are family of enzymes that belong to the glycosidase family 56. They can degrade 

hyaluronan, chondroitin and chondroitin sulfate. Hyaluronidases are known both in prokaryotes and 

eukaryotes (Stern & Jedrzejas, 2006).  

Hyaluronidases are allergens in honey bees (Soldatova et al., 1998) and vespids, like the white-

face hornet, paper wasp and yellow jacket (Arlian, 2002). The enzymatic activity of Hymenoptera 

hyaluronidase is to degrade hyaluronan of the mammalian connective tissue into tetrasaccharides. It 

thereby serves as a spreading factor by facilitating the accessibility for other venom toxin (Kreil, 1995; 

Soldatova et al., 1998). The hyaluronan is degraded to low-molecular fragments that can interact with 

the cell surface receptor CD44 and TLR4 and stimulate the expression of inflammatory genes by 

variety of immune cells (Jiang et al., 2011; Li et al., 2010). It is not unlikely that the allergenicity of 

hyaluronidase is somehow connected with these immunologically active substrates of its enzymatic 

activity.   

The hyaluronidase has been reported in salivary glands of sand flies, black flies, mosquitoes and 

ticks (Ribeiro et al., 2004; Ribeiro et al., 2000). The hyaluronidase of C. nubeculosus binds to serum 
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IgE of 56.5% IBH horses (n=46) whereas IgE from healthy controls (n=29) did not bind  (Schaffartzik 

et al., 2011).      

 

1.3.5.3 Maltase 

Maltase or α-glucosidae is an enzyme that cleaves maltose to glucose and is involved in sugar meal 

digestion. The enzyme has been found in the salivary gland of mosquitoes and the sand fly (Jacobson 

& Schlein, 2001; Marinotti et al., 1996). 

The α-glucosidase has been reported as a major allergen in mosquito allergy (Peng & Simons, 

2004). In ELISA the E. coli expressed maltase of C. nubeculosus binds to serum IgE of 21.7% IBH 

horses (n=46) but not to that of healthy horses (n=29) (Schaffartzik et al., 2011). Langner et al. have 

expressed C. sonorensis maltase in insect cells. They show with immunoblot that serum IgE of 87.5% 

of affected horses (n=8) and 12.5% of control horses bound to the insect cells expressed maltase 

(Langner et al., 2009).  

 

1.4 Production of recombinant proteins 

With modern biotechnology and genetic engineering the productions of recombinant proteins has 

become an industry. Proteins are produced in both prokaryotes and eukaryotes and the main 

production systems are genetically modified bacteria, yeast, insect cells, mammalian cells and 

transgenic organisms (Boehm, 2007; Demain & Vaishnav, 2009).  

E. coli is the bacteria most used for production of recombinant proteins and is the best-

characterized system. It is used for mass production of many commercialized proteins. The 

advantages of using E. coli are rapid growth and expression, ease of culture and genome 

modification, high product yields and it is inexpensive. The disadvantages are difficulties to express 

proteins with disulfide bonds, the proteins are not glycosylated and the product can contain endotoxins 

and acetate. High protein accumulation can results in inclusion bodies (aggregation), the proteins can 

be inactive and insoluble, making purification difficult as they need to be denatured and refolded again 

(Boehm, 2007; Demain & Vaishnav, 2009).  

For the single-celled eukaryotic fungal organisms two main species of yeast are used, S. cerevisiae 

and P. pastoris. Yeasts are easy to work with and less expensive than insect or mammalian cells. 

They grow rapidly in chemically defined media, the production processing is similar to mammalian 

cells, they can express S-S rich proteins, glycosylate and manage protein folding. The glycosylation of 

S. cerevisiae is often unacceptable for mammalian cells as the proteins are hyperglycosylated that 

may lead to reduction in activity and receptor-binding and can also cause immunological problems 

(Demain & Vaishnav, 2009). 

When proteins are produced in insect cells the most commonly used system is the baculovirus 

expression system, where recombinant baculoviruses are used to infect cells from moths Spodoptera 

frugiperdaI (Sf-9) or Trichoplusia ni (High-five). This system has many advantages like post 

translational modifications, including glycosylation, phosphorylation, correct signal peptide cleavage 

etc. It offers the proper protein folding and S-S bond formation, and a high expression level as the 

gene to be cloned can be placed under the strong control of the viral polyhedrin promoter. The insect 
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cells can be grown without CO2. It is also easy to scale up, it is safe and the protein size is not an 

issue. If one is expressing mammalian proteins the main disadvantages are that the post translational 

modification between insect and mammalian cells are not congruent (Demain & Vaishnav, 2009).    

When recombinant proteins need mammalian post translational modification for their function it is 

logical to use a mammalian expression system. But expression in mammalian cells is very expensive 

and complicated equipment is necessary. Also the product might contain viral or oncogenic 

contamination (Demain & Vaishnav, 2009).  

Many species of plants like tobacco, rice and corn have been used to produce recombinant 

proteins. Plant cells as eukaryotic systems possess all the features necessary for the biologically 

active proteins. The protein undergoes post translational modification, are properly folded and 

assembling of complex proteins occurs. Plants have the ability to accumulate the expressed proteins 

in certain tissues like the seeds. There are two main strategies when plants are genetically modified, 

transient or stably transformed plants. With transient plants, the gene of interest is cloned into a virus 

that infects plants and the expressed proteins can be obtained within a few days after infection. With 

stably transformed plants longer time is needed to generate lines of plant to collect an acceptable 

amount of proteins. For the transformed plants the production capacity is greatly enhanced. Plants are 

easily grown and need in contrast to the mammalian cells only water, minerals and sunlight and are 

therefore inexpensive. The advantages of plants as a production system are also the low risk of 

contamination of animal pathogens or endotoxins (Boehm, 2007; Demain & Vaishnav, 2009).  

ORF Genetics is an Icelandic company that has developed a seed based expression system in 

barley plants. The company has produced > 40 recombinant proteins in its Orfeus™ system and was 

willing to test the expression of two allergens associated in IBH. 
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2 Aims of the study 

The long term aim of the IBH studies is to develop immune therapy. For this purpose it is necessary to 

be able to produce and purify the allergens causing the eczema, in some quantities, and preferably in 

more than one production system. Fifteen salivary gland proteins that bind serum IgE from IBH 

affected horses have been expressed in E. coli. Four of these allergens C. nubeculosus antigen 5, 

hyaluronidase, maltase and S. vittatum antigen 5 are the subject of this thesis.  

 

The Aim of the project can be divided into three parts 

1. Production and purification of the hyaluronidase and maltase from C. nubeculosus in insect 

cells to obtain pure proteins with the correct post – translational modification. 

2. Production of polyclonal antibodies in mice against the E. coli expressed allergens and mAbs 

against antigen 5 and hyaluronidase for detection and purification. 

3. Production of the hyaluronidase from C. nubeculosus and antigen 5 from S. vittatum in barley 

for mass production of the allergens and for future oral immunotherapy experiments.     
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3 Materials and methods 

3.1 Production of allergens from C. nubeculosus in Sf-9 insect cells 

3.1.1 DNA 

3.1.1.1 cDNA 

The genes, hyaluronidase and maltase, were amplified from λZAP II cDNA library, that was made from 

salivary glands of Culicoides nubeculosus (GATC Biotechnology, Germany),and provided by Dr. E. 

Marti, University of Berne, Switzerland. The cDNA was diluted 1:100 before being added to the PCR 

reaction.  

 

3.1.1.2 Primers design 

Primers for the hyaluronidase and maltase genes were designed from known C. nubeculosus 

sequences (GenBank accession number: EU978926 and EU978925). The primers used to amplify the 

entire genes were designed with appropriate cleavage sites in terms of the genes and the vector. All 

primers were purchased from TAG Copenhagen and are listed in Appendix I.    

     

3.1.1.3 Polymerase chain reaction (PCR) 

The sequences encoding hyaluronidase and maltase were amplified with PCR from the λZapII cDNA 

library. The PCR reactions were performed in DNA Engine® Peltier Thermal Cycler (PTC-200) from 

MJ Research and Thermal Cycler 2720 from Applied Biosystems. The Taq DNA polymerase,  

REDTaq®ReadyMix™ or Phusion™ Hot Start DNA polymerase were used in the reactions. 

 

PCR with Taq DNA polymerase 

The Taq DNA polymerase was either from Fermentas or Sigma, but the 10x Thermo Buffer from 

Sigma was used with both enzymes. The volume of the reactions was 20 µL- 50 µL.    

 

PCR reaction solution 

  
PCR program 

  10x Thermo Buffer 2 µL 
 

1. Denaturing  95°C for 5 min 

2mM dNTP 2 µL 
 

2. Denaturing  95°C for 15 sec 

20 µM Forward primer 1 µL 
 

3. Annealing 50°- 60°C for 30 sec 

20 µM Reverse primer 1 µL 
 

4. Elongation 72°C for 1-4 min 

DNA  1 µL 
 

5. Elongation 72°C for 7-10 min 

Taq polymerase (5u/µL) 0.1 µL 
    ddH2O 12.9 µL 
    Total volume  20 µL 

     

Steps 2 to 4 were repeated 30-35 times. The annealing temperature depended on the primers and in 

step 4 the time depended on the size of the gene amplified.    
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PCR with REDTaq®Ready Mix™  

REDTaq®Ready Mix (Sigma) was used when testing bacterial cultures after transformation. The mix 

contains a Taq polymerase, 99% pure deoxynucleotides, a reaction buffer and an inert red dye in a 2x 

concentration. The PCR products could therefore be loaded directly onto agarose gel.     

 
PCR reaction solution 

  
PCR program 

  REDTaq mix 10 µL 

 
1. Denaturing 93°C for 3 min 

Forward primer (20 µM) 0.8 µL 

 
2. Denaturing 94°C for 45 sec 

Reverse primer (20 µM) 0.8 µL 

 
3. Annealing 50-55°C for 45 sec 

DNA  1 µL 

 
4. Elongating 72°C for  1-5 min 

ddH2O 7.4 µL 

 
5. Elongating 72°C for 7 min 

Total volume  20 µL 

     

Steps 2 to 4 were repeated 30 times. The annealing temperature depended on the primers and in step 

4 the time depended on the size of the gene amplified.    

 

PCR with Phusion™ Hot Start DNA polymerase  

Phusion™ Hot Start DNA polymerase (Finnzymes) was used to amplify the genes that later on were 

expressed in Sf-9 insects cells. The PCR reactions were performed in 50 µL as the products were 

used afterwards in ligation.   

 
PCR reaction solution 

  
PCR program 

  5x HF pusion buffer 10 µL 

 
1. Denaturing  95°C for 5 min 

dNTP (2mM) 5 µL 

 
2. Denaturing  95°C for 15 sec 

20 µM Forward primer 2 µL 

 
3. Annealing  50°- 60°C for 30 sec 

20 µM Reverse primer 2 µL 

 
4. Elongation  72°C for 1-4 min 

DNA(cDNA) 2 µL 

 
5. Elongation  72°C for 7-10 min 

Phusion polymerase 0.5 µL 

    ddH2O 28.5 µL 

    Total volume 50 µL 

      

Steps 2 to 4 were repeated 35 times. The annealing temperature depended on the primers and in step 

4 the time depended on the size of the gene amplified.    

 

3.1.1.4  DNA electrophoresis 

All the PCR products were run on 0.7-1.5 % agarose gel (Sigma), depending on the size of the gene. 

The agarose was melted in 0,5x Tris borate-EDTA (TBE, appendix II) and 1-3 drops of ethidium 

bromide (Sigma) added. Prior to the PCR products being loaded on the gel, the 10x restriction buffer 

(RBS, appendix II) was added to each sample and electrophoresis was carried out at 60-75V for 30-60 

min. The size of the products was estimated by comparison to a 2-log ladder (New England Biolabs) 

or a 1 kb ladder (Invitrogen).  
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3.1.1.5 Extraction of DNA from agarose gel 

A QIAquick Gel Extraction Kit (QIAGEN) was used to extract DNA from agarose gel. The DNA was 

visualized under UV light and excised from the gel. The gel extraction was performed according to 

manufacturer´s procedures.   

 

3.1.1.6 DNA quantification 

DNA samples were measured in Nanodrop®ND-1000 Spectrophotometer (NanoDrop Technologies 

Inc.) according to protocol.   

 

3.1.1.7 Restriction enzyme digestion and ligation 

Restriction sites were incorporated on the 5’-end of the forward and reverse primers to facilitate 

cloning of the coding sequences into pFastBac HT B vector (Invitrogen) or pFastBacV5. The 

hyaluronidase was amplified with primers containing BamHI and HindIII restrictions sites and the 

maltase with BamHI and XhoI. The genes and the vectors were digested with endonucleases BamHI 

and HindIII/XhoI. First with BamHI over night and then with HindIII/XhoI also over night, everything 

else was carried out according to protocol. After restriction the products were run on agarose gel, 

excised and extracted from the gel. Before ligation all products were measured in NanoDrop. The 

genes were ligated into the vectors with T4 DNA ligase (Fermentas) as described by the manufacturer, 

except ligation reactions were carried out in 16°C for 24-48 hrs with the ratio between gene and vector 

3:1 and 6:1.    

 

3.1.1.8 Transformation of bacterial cells 

Chemically competent E. coli cells 

E. coli strain DH5α from stock was plated on LB agar (appendix II) and incubated over night at 37°C. 

Colonies were picked and cultured in SOB-broth (appendix II) on a shaker at 16°C until the OD600 was 

between 0.45 – 0.60, put on ice for 10 min, centrifuged for 15 min at 2000 x g at 4°C. After this step 

the work was performed on ice in a cold room. The supernatant was discarded and the pellet 

dissolved with cold HTB buffer (appendix II, 3.2 mL per 10 mL of SOB) and kept on ice for 10 min, 

centrifuged for 15 min at 2000 x g at 4°C. The pellet was resuspended carefully in HTB buffer (0.8 mL 

per 10 mL of SOB) and finally dimethyl sulfoxide (DMSO, 60 µL per 10 mL SOB) added. The 

competent cells were dispensed in 100 µL aliquots, quickly frozen in liquid nitrogen and stored at -

80°C.   

 

Transformation 

The chemically competent cells, kept at -80°C, were put directly on ice. Six µL of the ligation mix were 

added to these cells and kept on ice for 10-30 min, heat-shocked at 42°C for 30 sec and put on ice for 

2 min. After that, 200 µL of SOC medium (appendix II) was added and the cells incubated at 37°C and 

shaken for 1 hr. The transformation mix was then plated on preheated LB agar with ampicillin (100 

µg/mL) and incubated for 16-18 hrs at 37°C.      
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3.1.1.9 Plasmid purification 

After transformation, colonies were picked and cultured in LB medium (appendix II) with the 

appropriate antibiotic at 37°C and shaken for 16-18 hrs. The cultures were then tested in PCR and 

plasmid isolated from the positive cultures. To isolate the plasmids a Qiagen MiniPrep kit was used 

according to manufacturer’s protocol.     

 

3.1.1.10 Sequencing 

Sequencing was performed using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied 

Biosystems) and sequencing capillary electrophoresis was carried out on an ABI PRISM 310 Genetic 

Analyzer (Applied Biosystems). 

DNA clones could be sequenced directly, either with gene specific primers or vector primers, 200-

500 ng/µL of the sample was used for each reaction.  

 

Reaction solution 

  
PCR reaction 

  DNA x µL 
 

1. Denaturing 95°C for 1 min 

BigDye (3.1) 1 µL 
 

2. Denaturing 95°C for 10 sec 

5x Buffer 1.5 µL 
 

3. Annealing 50°-55°C for 15 sec 

Primer (2µM) 1.6 µL 
 

4. Elongation 60°C for 4 min 

ddH2O x µL 
    Total volume 10 µL 
    

Steps 2 to 4 were repeated 30-35 times. The annealing temperature depended on the primers. 

 

After the PCR reaction 40 µL of 75% isopropanol was added to each sample, mixed briefly, 

incubated for 15 min at RT and centrifuged at 20800 x g for 30 min. The supernatant was discarded, 

100 µL of 75% isopropanol added, mixed briefly, centrifuged at 20800 x g for 5 min, and the 

supernatant discarded. The pellets were dried at 90°C for 1 min, dissolved in 15 µL Hi-Di™ 

Formamide (Applied Biosystems), mixed briefly, heated for 2 min at 95°C, mixed briefly again and 

centrifuged at 20800 x g for a few sec. Then the samples were ready for sequencing. The results were 

analyzed in the Sequencher™ 4.9 program from Gene Codes Corporation.        

 

3.1.2 Expression of recombinant allergens in Sf-9 insects cells 

3.1.2.1 Transformation of DH10Bac E. coli cells 

The pFastBac HT B™ expression cassette is flanked by left and right arms of the site specific Tn7 

transposon and contains a polyhedron promoter, a multiple cloning site, a gentamicin resistance gene 

and a SV40 polyadenylation signal that forms a mini-Tn7. 

The MAX Efficiency® chemically competent DH10Bac™ E. coli strain (Invitrogen) contains a target 

bacmid and a helper plasmid. The target bacmid is a shuttle vector comprising the 136 kb baculovirus 

genome, with a mini-attTn7 target site, a kanamycin resistance gene, a LacZα gene that provides 
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confirmation of the transposition at the correct site (gives Lac
-
 phenotype). It also contains a mini-F 

replicon allowing stable replication in E. coli. The helper plasmid encodes the transposase gene, a 

tetracycline gene.    

The DH10Bac E. coli strain was transformed with the pFastBac HT B vector using heat-shock. The 

vector contained the genes of interest, for transpositions at the mini-attTn7 site of the bacmid. After 

the heat-shock the cells were incubated in SOC medium before plated on LB agar containing 50 

µg/mL kanamycin, 7 µg/mL gentamicin, 10 µg/mL tetracyclin, 200 µg/mL X-gal (appendix II) and 30 µl 

IPTG (appendix II, 100 mM). The plates were incubated for 48 hrs at 37°C (appendix III).    

 

3.1.2.2 Isolation of rBacmids 

Blue/white selection was used to pick white Lac
-
 recombinant bacmid colonies to test in PCR with M13 

primers and gene specific primers. Positive colonies were inoculated in 5 mL of LB medium (a 

variation from the manual) containing the three antibiotics, at 37°C and shaken for 48 hrs. For the 

recombinant bacmids containing the maltase and maltaseV5, they were isolated according to the Bac-

to-Bac manual (Invitrogen). The bacmids containing the hyaluronidase were purified with Qiagen 

Midiprep kit according to the protocol. Positive colonies were inoculated in 50 mL of LB medium 

containing the three antibiotics, at 37° and shaken for 48 hrs before purification. 

 

3.1.2.3 Culturing of Sf-9 insects cells 

Sf-9 cells (American Type Culture Collection) are from the butterfly larva Spodoptera frugiperda. Sf-9 

cells were cultured in a complete SF900II medium (Invitrogen), comprised of a SF-900II medium  

supplemented with 100 IU penicillin, 100 IU streptomycin (PEST) and 2% fetal bovine serum (FBS). 

Sf-9 cells used to amplify the baculovirus were cultured in complete SF-900II but cells used to produce 

proteins were cultured in complete SF-900II without FBS. The cells were seeded 0.3-0.8 x 10
6
/mL, 

thrived well up to 2.5 x 10
6
/mL cell density and always cultured in closed culture at 27°C.    

 

3.1.2.4 Transfection of Sf-9 insects cells 

Transfections into Sf-9 cells were preformed with either Cellfectin® II Reagent (Invitrogen) or 

Lipofectamine™ 2000 (Invitrogen). The day before transfection Sf-9 cells in good condition were 

seeded 0.3-0.8 x 10
6
/well into 12 well plates, 1 mL of cell solution in each well in different medium;   

a) SF-900II with 2% FBS (hya) 

b) SF-900II with 2% FBS and PEST (malt) 

c) SF-900II without FBS and PEST (malt) 

 

1. Transfection with Lipofectamine™ 2000 

The transfection mixture was comprised of rBacmids, Lipofectamine and Opti-MEM® (Invitrogen).  

Lipofectamine was vortexed and 3.5 µL added into 83 µL of Opti-MEM (Mix A). This solution was 

incubated for 5 min at RT. Different rBacmid dilutions of 1.5 µg, 2 µg, 3.5 µg and 5 µg (recommended 
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1-2 µg in the Invitrogen protocol) were added into Opti-MEM for a total volume of 85 µL (Mix B). Mix A 

and B were mixed and incubated for 20 min at RT.  

From each well 0.5 mL of medium was removed leaving 0.5 mL. The transfection and control 

mixtures were added to the Sf-9 cells and the plate incubated for 7 hrs. Then 1.5 mL of the complete 

SF-900II was added to each well. Negative controls were Sf-9 cells and Sf-9 cells with Lipofectamine. 

 

2. Transfection with Cellfectin® II Reagent  

Transfection with Cellfectin was used only for the maltase. The transfection mixture was comprised of 

rBacmids, Cellfectin and Grace’s medium (Invitrogen) without FBS. The cells were washed 1x in 

Grace’s and 0.8 mL of Grace’s medium then added to each well. The Cellfectin was vortexed, 8 µL 

added to 100 µL of Grace’s (Mix A) and mixed briefly. Different rBacmids dilutions of 2 µg, 3.5 µg and 

5 µg were added into 100 µL of Grace’s (Mix B). Mix A and B were mixed and incubated for 20 min at 

RT.  

The transfection and control mixtures were added to the Sf-9 cells and the plate incubated in for 5 

hrs. Then the medium was removed and 0.9 mL of the complete SF-900II was added to each well. 

Negative controls were Sf-9 cells and Sf-9 cells with Cellfectin. 

The plates were incubated for 7-11 days under careful observation for signs of cytopathic effect 

(CPE) in form of large irregular cells. The supernatant or whole cell suspension from the transfection 

wells was passaged on fresh Sf-9 cells. In both cases, 0.3-0.5 mL was transferred into 0.5 mL of cells, 

the plate incubated for 2 hrs and the complete Sf-900II added. The plate was examined carefully for 

cytopathy. Samples from transfection and first passage were tested in Western blott (WB), both cell 

supernatants and pellets. Later passages were done with supernatant only. Virus stocks were 

passaged in fresh Sf-9 cells to obtain high titer virus. Stocks were kept in 4°C and frozen at -80°C for 

long time storage.   

           

3.1.2.5 Infection of Sf-9 cells with recombinant Baculoviruses 

Infection of Sf-9 cells in 12 well plates (Nunc), T25 flasks (Nunc), T75 flasks (Nunc) or 145 cm
2
 petri 

dishes (Nunc) is described below. Sf-9 cells were infected with the three recombinant baculoviruses 

(rBac) obtained after transfection, rBac-hya, rBac-malt and rBac-maltV5  

Plate, 12 well: Virus, 100 µL was added to each well (1.2 mL) and incubated.  

T75 (T25) flask: Virus 1.5 mL (0.5 mL) was added to the cells with 1.5 mL (0.5 mL) of the complete 

SF-900II. The flasks were incubated on a rocking platform at RT for 1-2 hrs and 12 mL (4 mL) of 

medium added. The flasks were incubated for 2-3 days and the supernatant collected 

Petri dishes: 27 mL of cells were infected with 5 mL of virus, incubated for 7-12 days and the pellet 

collected. The multiplicities of infection (m.o.i.) were 2-10 viruses per cell. 

Sf-9 cells were collected, spun down at 670 x g for 12 min and the supernatant collected for 

harvesting of recombinant virus stock.    
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3.1.2.6 Titration of r-Baculoviruses 

Titration was done in 96 well flat bottom plates (Nunc), with 100 µL of Sf-9 cells 10
5 

cells/well. Seven 

10-fold dilutions were done of the baculovirus 10
-1

-10
-7

 in complete SF-900II and 100 µL of each 

dilution added to 4 wells, as a control 100 µL of medium alone was added to 12 wells. The plates were 

incubated and examined for cytopathy for 14 days.  

 

3.1.2.7 Timekinetic for r-protein harvest  

Timekinetic was done on Sf-9 cells in a 12 well plate (Nunc) or T25 flask (Nunc). Infection was done 

as described in section 3.1.2.5. The wells were harvested on days 3, 5-10 and day 12, the T25 flasks 

on day 4, 6, 8 and 10 and tested in WB.   

 

3.1.2.8 Production of r-allergens in Sf-9 cells 

Protein accumulation can either be in the supernatant or in the pellet of lysed cells. Therefore T25 

flasks infected as described in section 3.1.2.5 were harvested. Sf-9 cells were collected, spun fo 12 

min at 670 x g, supernatant discarded and the pellet dissolved in PBS with 0.1% Triton-X, DNase I 

(Fermentas) and Proteinase Inhibitor Cocktail (P8340, Sigma). The solution was shaken for 30 min at 

RT, spun at 9600 x g for 7 min and the supernatant and pellet collected. The pellet was dissolved in 

PBS with 0.1% Triton-X, tested in WB along with the supernatant, aliquoted and frozen in -80°C.  

When producing the r-proteins on a large scale, Sf-9 cells, on petri dishes, were infected as 

described in section 3.1.2.5 in the complete SF-900II medium without FBS. The culture time depended 

on the timekinetic for each protein. The hyaluronidase and maltase were both expressed in a cell 

pellet of lysed Sf-9 cells. The proteins were harvested as described above without addition of the 

proteinase inhibitor cocktail.  

 

3.1.3 Protein methods 

3.1.3.1 SDS polyacrylamide gel electrophoresis (SDS-PAGE) 

The proteins were separated by SDS-PAGE in the Mini-protean II system (Bio-Rad), the samples were 

denatured with a sample buffer (appendix II), boiled for 5 min at 100°C, spun for 2 min and run on 

12% acrylamide gels under reducing conditions. PageRule Prestained molecular mass marker from 

Fermentas #SM0671 was used to estimate the size of the proteins. The proteins were visualized using 

WB on PVDF membrane (Millipore) or Coomassie blue staining.  

 

3.1.3.2 Western blotting 

Following SDS-PAGE the proteins were transferred to a PVDF membrane by wet transfer in the Mini-

protean II system (Bio-Rad) for 1 hr in a transfer buffer (appendix II). After the transfer, the 

membranes were incubated in Tris buffered saline containing 0.1% Tween 20 (TBS-T) with extra 2% 

Tween for 30 min at RT. The membranes were washed, incubated with primary antibody at 4°C over 

night, washed again and incubated at RT for 1 hr with the conjugate, goat-anti mouse-AP (Dako) 
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diluted 1/5000. The membranes were developed using BCIP/NBT (appendix II) from Roche diluted 

1:50 in alkaline phosphatase buffer (appendix II) after having been washed. The membranes were 

washed with TBS-T between steps, 5x for 5 min.     

 

3.1.3.3 Protein purification 

The 6xHis-tagged recombinant proteins were purified with His select nickel affinity gel from Sigma.  

Lysis buffer A; 6M Guanidin-HCl and 0.1M NaH2PO4xH2O, pH 8 

Wash buffer B; 8M Urea, 0.1M NaH2PO4xH2O, 0.01M Tris-base, 0.1M NH4Cl, pH 8 

Wash buffer C; wash buffer B, pH 6.3 

Elution buffer E1; wash buffer B, pH 4.4 

Elution buffer E2; wash buffer B, pH 4.0 

1. The cell pellet was lysed in buffer A (10x the volume of the pellet) and sonicated on ice 5x for 

10 sec.  

2. The gel was washed with ddH2O (10x the volume of the gel) and then equilibrated with buffer A 

(10x the volume of the gel).  

3. The gel and the cell pellet, in buffer A, were centrifuged at 1500 x g for 5 min at RT. Then the 

pellet was mixed with the gel on orbital shaker for 30 min at RT, spun down at 1500 x g for 5 

min, supernatant collected  

4. The pellet was resuspended in buffer B (10x the volume of the gel/pellet) and mixed for 5 min. 

Spun down as described above and supernatant collected.  

5. The pellet washed with buffer C (10x the volume of the gel/pellet), mixed for 5 min and after 

centrifugation supernatant collected.  

6. The pellet was then dissolved in elution buffer E1 (in equal volume as the gel/pellet) and mixed 

for 10 min at RT, applied on a plastic column with 0.2 µM membrane (Sigma) for elution. 

Elution was repeated with elution buffer E1 and then 2x with elution buffer E2.  

7. Elution fractions were tested with coomassie blue staining and in WB. 

 

3.1.3.4 Coomassie blue staining 

Protein elutions collected from the protein purifications were run on 12% SDS-PAGE gel and stained 

according to Wong et al. with coomassie blue (Wong et al., 2000).  

 

3.1.3.5 Deglycosylation 

A PNGase F kit from New England Biolabs was used for deglycosylation of hya and malt and Ag5 was 

used as positive control. The procedure was carried out according to manufacturer´s protocol.  
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3.1.4 Serum IgG binding to purified allergen 

3.1.4.1 Horses 

Serum from IBH affected horses and healthy control horses was collected in Sweden in June 2009 

(Heimann et al., 2011).  

 

3.1.4.2 IgG binding to the maltase 

WB strips were made with the purified maltase and incubated with the serum from three IBH affected 

horses and two healthy controls (diluted 1:2000) over night at 4°C, washed 5x for 5 min and incubated 

with anti horse total IgG (Dako) in dilution 1:2000 for 1 hr, then washed again and developed as 

described in section 3.1.3.2.   

 

3.2 Antibody production 

3.2.1 Polyclonal antibodies 

Polyclonal antibodies (pAbs) were produced in mice according to Overcamp et al. (1988) against 

E.coli expressed maltase and e16 (Overkamp et al., 1988). The e16 is a 32 kDa part of the 

hyaluronidase protein (49kDa). Female BALB/c mice were injected intraperitoneally (i.p) with 20 µg of 

the purified protein in 200 µL of Freunds complete adjuvant (FCA). On day 14 mice were injected 

again i.p. with 20 µg of the protein in 200 µL of Freunds incomplete adjuvant (FIA) and 500 µL of 

Pristane (Sigma). The third i.p. injection was done on day 21 with the protein in FIA. In the following 

days the mice were sacrificed and the ascitis collected, aliquoted and stored at -80°C.  The antibodies 

were tested in WB.   

  

3.2.2 Monoclonal antibodies 

Monoclonal antibodies (mAbs) were produced in mice with the hybridoma technique according to 

Köhler and Milstein, 1975 (Köhler & Milstein, 1975). They were produced against E. coli expressed C. 

nubeculosus antigen 5 like protein (ag5) and e16. Two fusions were performed for the ag5 and five for 

the e16.  

 

3.2.2.1 Immunization of BALB/c mice 

Female BALB/c mice received injections with the proteins in PBS subcutaneous (s.c.), i.p. and 

intravenous (i.v.) with FCA, FIA or no adjuvant as listed in table 1 and 2  
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Table 1. Immunizations with the ag5 

Injections, no Day Fusion I Fusion II Adjuvant 

I 0 20 µg s.c. 20 µg s.c. FCA 

II 28 20 µg s.c. 20 µg s.c. FIA 

III 56 15 µg i.p. 15 µg i.p. FIA 

IV 60 20 µg i.v. 20 µg i.v. None 

 

 

Table 2. Immunizations with the e16  

Injections, no Day Fusion I Fusion II Fusion III Fusion IV Fusion V Adjuvant 

I 0 20 µg s.c. 20 µg s.c. 20 µg s.c. 20 µg s.c. 20 µg s.c. FCA 

II 21 13 µg s.c. 13 µg s.c. 20 µg i.p. 20 µg i.p. 20 µg i.p. FIA 

III 42 9 µg i.v. 9 µg i.v. 20 µg i.v. 20 µg i.v. 20 µg i.v. None 

 

Three days after the last injection the mice were sacrificed and the spleens removed.  

 

3.2.2.2 Cell culture and cell fusion 

All myeloma and hybridoma culture was done in 37°C in humidified atmosphere with 5% CO2.  

Medium, cells and solutions:  

DMEMp: Dulbecco´s Modified Eagle Medium (Gibco) with 100mM pyruvat (Sigma), 100 IU 

penicillin, 100 IU streptomycin and 1 mM L-glutamine.  

HAT medium: DMEMp with 10% FBS and HAT media supplement (50x, H0262, Sigma). 

HT medium: DMEMp with 10% FBS and HT media supplement (50x, H0137, Sigma). 

PEG: Polyethylene glycol 1300-1600 (P7777 Sigma) pre-warmed and diluted 1:1 in DMEMp 

 Lysis buffer: 9 parts 0.83% NH4Cl + 1 part 0.17% Tris-HCl, pH 7.2 

 Myeloma cells: Sp 2/0 Ag14 (ATCC CRL-1581) were maintained in DMEMp with 10% FBS. 

Condition medium: Filtered spent medium collected from 48 hrs culture of the myeloma cells 

in exponential growth.   

Peritoneal feeder layer: Peritoneum of a BALB/c mouse was washed with 5 mL of sucrose 

solution, spun down, the pellet dissolved in 50 mL of HAT medium and distributed into 96 well 

plates (Nunc) prior to fusion, 50 µL/well.   

Spleen feeder layer: Ten percent of the spleen cells were resuspended in HAT medium and 

distributed into the 96 well plates prior to fusion, 50 µL/well. 

 

Fusion: 

The spleen was dissected in 1 mL of DMEMp and passed through a tea strainer into 10 mL of 

DMEMp, transferred into a conical tube and kept at RT for 5 min and big clumps allowed to settle. 

Then the supernatant was removed, spun and the cell pellet lysed in 5 mL lysis buffer for 5 min. The 

myeloma cells were harvested and spun at 242 x g for 10 min. The spleen cells and myeloma cells 
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were washed separately in 45 mL of DMEMp, sendimented at 240 x g for 10 min and then the cell 

pellets were carefully re-suspended in 10 mL of the same media.  

The spleen cells (50x10
6
) and the myeloma cells (75x10

6
) were mixed together, washed with 40 

mL of DMEMp and spun at 240 x g for 10 min. The pellet was agitated in 37°C water bath and 1 mL of 

PEG added drop wise under constant agitation. After 90 sec 50 mL of DMEMp was added, 1 mL, 3 

mL, 20 mL over 3- to 4 min period and then 25 mL. After 5 min in 37°C water bath without stirring, 

cells were spun at 240 x g for 10 min, supernatant discarded and the cells washed in 50 mL of 

DMEMp. The pellet was resuspended carefully in 20 mL of HAT medium and the cells seeded to the 

96 well plates, containing feeder layer, 1 drop from 10-mL pipette to each well. The cultures were fed 

with HAT medium every week. Positve hybridoma cells were transferred to fresh 96 well plates or 45 

well plates (Nunc) and maintained in DMEMp supplemented with 15% FBS and 15% condition 

medium prior to cloning or freezing in liquid nitrogen. For collection of positive supernatant the 

hybridomas were cultured in T25 flasks (Nunc) in DMEMp supplemented with 10% FBS for 96 hrs, 

then the supernatant was collected and kept at -20°C.             

  

3.2.2.3 Screening of hybridomas 

Supernatants, 180 µL were collected from day 10 until all wells with hybridoma growth had been 

tested. They were first tested for antibody production in dot blot and subsequently the positive ones for 

specific antibody production in WB. The dot blot was performed as followed; 1.5 µL of supernatant 

was dotted directly on a nitrocellulose membrane (Hybond ECL), dried for 10 min at 37°C, goat-anti 

mouse-AP (1:5000) from Dako added to the membrane, incubated at RT for 1 hr, washed 3x for 5 min 

with TBS-T and developed with BCIP/NBT. The WB was performed as described in section 3.1.3.2., 

the PVDF membrane was then cut into 2-3 mm wide strips and then proceeded as in 3.1.3.2.   

 

3.2.2.4 Limiting dilution 

Hybrids were cloned by limiting dilution in HT medium with 10% condition medium. The hybridoma 

cells were seeded in 96 well plate in dilutions, 10, 1, 0.5 and 0.1 cells/well and incubated for 14 days. 

Clones were harvested from wells seeded with 1, 0.5 or 0.1 cell/well and the culture expanded in 24 

well plates and T25 flasks for collection of supernatant and freezing of the cells in liquid nitrogen.  

 

3.2.2.5 Production of monoclonal antibodies in ascites 

Pristane primed mice were injected i.p. with cloned hybridoma cells (5x10
6
 cells/mouse). Seven to ten 

days later the mice were sacrificed and the ascites collected. 

 

3.2.2.6 Isotyping and titration of monoclonal antibodies 

The IgG subclass of the monoclonal antibodies was determined with IsoStrip (Roche) according to 

manufactures procedures. 
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Dilutions of supernatants and ascitis were tested on PVDF strips, blotted with the relevant proteins 

as described in section 3.1.3.1. and 3.3.2.2.   

 

3.2.2.7 Purification of monoclonal antibodies 

Monoclonal antibodies were purified from the ascitis on 5 mL HiTrap Protein G column (GE 

Healthcare) by fast protein liquid chromatography (FPLC) using the ÄKTA FPLC system according to 

the manufacturer´s protocol (Amersham Pharmacia Biotach). The samples were analyzed in Native 

protein agarose gel electrophoresis according to Jeppsson et al. 1979 (Jeppson et al., 1979).   

3.3 Production of allergens from C. nubeculosus and S. vittatum in 
barley seeds 

3.3.1 The Orfeus system 

3.3.1.1 Expression cassette 

The sequences encoding S. vittatum Antigen 5 like protein (see appendix IV) and C. nubeculosus 

hyaluronidase (appendix IV) were sent to ORF Genetics. The sequences were codon-optimized for 

expression in barley (GeneArt, Germany) and synthesized. The genes had N-terminal (HQ)6-tag and 

the expression cassette was under the control of 0.45 kb D-hordein promoter from barley.        

 

3.3.1.2 Barley transformation and selection of transformants 

The production of transgenic barley was performed at ORF genetic according to Erlendsson et al. 

2010 (Erlendsson et al., 2010). In short, embryonic axis from immature barley embryos was excised 

and dispatched from the scutellum, which was placed on a regeneration media. Agrobacterium 

tumefaciens was transformed with the vector, containing the expression cassette, and added onto 

each explant. The explants were cultured in different conditions to generate plantlets (T0 generation), 

which later on were potted in soil and cultured in a greenhouse.  

 

3.3.2 Screening of barley seeds 

Production and purification of proteins from barley requires three generations of seeds, T1, T2 and T3. 

Seeds from each generation are analyzed for expression to identify the barley lines to be propagated.         

 

T1 seeds: T1 harvests, four seeds from each line were randomly selected from the T0 primary 

transformants for analysis in WB and ELISA. (HQ)6-tag antibodies and protein specific polyclonal and 

monoclonal antibodies (pAbs and mAbs) were used for detection and in the WB. 

Extraction: The seeds were crushed by mechanical force before milling in Retsch MM301 bead mill 

(Qiagen) in a 96 deep-well microplate. The water soluble proteins were extracted from the crushed 

seeds by adding 1.5 mL of extraction buffer (appendix II) to each well, the crude protein was mixed for 

1 hr at RT. The plate was then spun at 4000 rpm for 15 min and supernatants transferred to a new 
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plate (extraction samples, used in ELISA and WB). Both extraction samples and elution samples were 

analyzed in WB.  

Elution: To generate elution samples, 100 µL of IMAC Resin beads (that bind the (HQ)6-tagged 

proteins) and 30 µL of elution buffer were added to 1.1 mL of an extraction sample and kept on a 

rocking platform for 30 min ar 4°C. The resin beads were collected with a magnet, supernatant 

discarded and the resin dissolved in 100 µL of sample buffer. 

ELISA: Extract, 50 µL, was transferred to a 96 well plate and kept at 37°C for 1 hr (or 4°C over night). 

The plate washed with PBS with 0.05% Tween 20, incubated in PBS with 3% Bovine serum albumin 

(BSA) for 1 hr at 37°C, washed and incubated with primary antibody (α-HQ6 tag) for 1 hr at 37°C. After 

washing, incubated with secondary antibody (goat-anti rabbit-HRP) for 1 hr at 37°C, washed and 

incubated with the TMP substrate solution at RT for 30 sec to 5 min, then 0.2 M H2SO4 was added to 

each well and optical density measured in a MICROplate reader at 450 nm. 

Sim-Ag5 T1 seeds were screened with ELISA and WB but Cul-hya T1 seeds with only WB. 

WB: The SDS-PAGE was preformed as described in sections 3.1.3.1., except the samples were run 

on 4-12% gradient gel from Invitrogen. The transfer was according to section 3.1.3.2. The membrane 

was incubated for 1 hr at RT with skimmed milk, directly incubated with primary polyclonal antibody 

raised against the HQ-tag (Fredde IV, 1:2000) for 45 min at RT, washed 5x for 5 min and incubated 

with conjugate, goat-anti rabbit-HRP (1:3000) for 45 min at RT. The membranes were developed 

using TMB Stabilized Substrate for HRP.         

 

T2 seeds: T2 harvests from T1 barley plants, 5 g of seeds or 4 seeds, from all lines were analyzed in 

WB with HQ6-tag specific antibody and protein specific pAbs and mAbs.  
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4 Results 

4.1 Production of allergens from C. nubeculosus in Sf-9 insect cells 

4.1.1 Amplification and cloning of the hyaluronidase and maltase 

The genes encoding hyaluronidase and maltase were amplified from the cDNA library, digested with 

the restriction enzymes and ligated into pFastBac vector or FastBacV5. The DH5α E. coli cells were 

transformed with the ligation mix and colonies tested for the genes. The vectors were purified from the 

positive cultures and the genes sequenced to confirm the right reading frame. The hyaluronidase is 

1209 bp (appendix IV) and the maltase 1809 bp (appendix IV). The DH10Bac E. coli cells were 

transformed with the pFastBac-hya, pFastBac-malt and pFasBacV5-malt vectors and recombinant 

bacmids isolated. The isolated r-bacmids were analyzed in PCR with gene specific primers and vector 

primers to verify the presence of the genes (Fig. 6).   

 

Figure 6. Amplification of the hyaluronidase and maltase  

A) Lane: 1 Ladder, 2-3 Hyaluronidase (3048 bp),  B) Lane: 1 Ladder, 2-3 Maltase (3648 bp), 4 MaltaseV5 (3645 

bp).    

 

The fragments were amplified with reverse gene specific primer and M13 forward primer (binds to 

sequence in front of the gene on the Bacmid). The fragment for the hyaluronidase was 3048 bp, for 

the maltase 3648 bp and the maltaseV5 3645 bp. The stop codon was not amplified with the 

maltaseV5 gene as the V5 sequence will be added to the 3´end of the gene.  

 

4.1.2 Expression of r-allergens in Sf-9 insect cells 

Sf-9 cells were transfected with the rBacmids to generate r-baculoviruses for expression of the 

hyaluronidase, maltase and maltaseV5. One rBacmid preparation was made for each gene and 

transfected into Sf-9 cells with Lipofectamine or Cellfectin using different DNA concentrations. For the 

maltase expression, transfection was done in three 12 well plates, in plate 1 with Cellfectin, in plate 2 

with Lipofectamine and in plate 3 with either Cellfectin or Lipofectamine. The cells were under careful 
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observation for 7-10 days, first signs of infection were large irregular cells (Fig. 13) and supernatant 

from those wells was transferred to fresh Sf-9 cells. The transfection wells (maltV5) and first passage 

wells (hya, malt and maltV5) were harvested for detection of the proteins in WB (Fig. 7 and 8).  

 

Figure 7. WB: Expression of the hyaluronidase in Sf-9 cells 

Samples from first passage of rBac-hya were tested in WB and the protein detected with polyclonal mouse anti 

e16 antibody.  

Lane: 1-2 rBac-hya (1.6 µg), 3-4 rBac-hya (3.3 µg), 5-6 rBac-hya (5.0 µg), 7-12 negative controls, Sf-9 cells with; 

7-8 empty bacmid 9-10 Lipofectamine 11-12 medium only. The arrow indicates the major specific band. 

 

Figure 8. WB: Expression of the maltase and maltaseV5 in Sf-9 cells  

Samples from transfection and first passage of rBac-maltV5 and first passage of rBac-malt were tested in WB and 

the protein detected with polyclonal mouse anti maltase antibody.  

Lane: 1 rBac-maltV5 (2.1 µg), 2 rBac-maltV5, first passage, 3 rBac-malt, first passage, 4-5 negative control, Sf-9 

cells and Cellfectin 6 positive control, E. coli produced maltase. The arrow indicates the major specific band. 

 

Figure 7 shows that the anti e16 polyclonal antibody (raised against a 32 kDa fragment of the 

hyaluronidase) bound specifically to ca. 51 kDa protein band, the hyaluronidase encodes 402 amino 

acids and the calculated size with the His-tag is 51 kDa. The cells transfected with the lowest DNA 

concentration (1.6 µg) showed the strongest expression, sample 1 and 2 (Fig. 7). The anti maltase 

polyclonal antibody bound specifically to ca. 72 kDa protein band, the samples were from transfection 

and first passage wells. The maltase encodes 603 amino acids and the calculated size with the His-

tag is 69 kDa for the maltase and for maltaseV5 with the His-tag and V5-tag 71 kDa (Fig. 8). The 
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negative controls were Sf-9 cells, transfected with empty bacmid, with only Lipofectamine, Cellfectin or 

medium. The negative controls were treated in the same manner as the transfection samples. 

 

Sf-9 cells infected with first passage of rBac-hya, rBac-malt and rBac-maltV5 viruses were lysed 

with PBS-Triton-X and supernatant and pellet tested for expression in WB. The results are shown in 

figure 9 for the hyaluronidase and in figure 10 for the maltase and maltaseV5. 

 

Figure 9. WB: Expression of the hyaluronidase in supernatant and pellet 

Supernatants and pellets from lysed Sf-9 cells were tested in WB and the protein detected with anti e16 

polyclonal antibody.  

Lane: 1, 3, 5 rBac-hya, supernatants, 2, 4, 6 rBac-hya, pellets, 7, 9, 11 negative control, Sf-9 cell supernatants, 8, 

10, 12 negative control, Sf-9 cell pellets. The arrow indicates the major specific band.  

 

Figure 10. WB: Expression of the maltase and maltaseV5 in supernatant and pellet 

Supernatants and pellets from lysed Sf-9 cells were tested in WB and the protein detected with anti maltase 

polyclonal antibody (A) and anti V5 antibody (B).  

Lane: 1-3 rBac-malt pellets, 4 rBac-malt supernatant, 5-7 rBac-maltV5 pellets, 8 rBac-maltV5 supernatant, 9-11 

negative controls, pellets, 12 negative control, Sf-9 cell supernatant, 13 positive control, E. coli produced maltase. 

The arrows indicate the major specific band. 
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The hyaluronidase, maltase and maltaseV5 proteins were expressed in the pellet of lysed cells, 

indicating that the expression occurs in inclusion bodies (Fig. 9 and 10). When the hyaluronidase 

samples were analyzed with the anti 6xHis antibody there was no binding. When the maltase and 

maltaseV5 samples were analyzed with the same antibody, weak binding was to the maltase and a 

strong binding to the maltaseV5 (data not shown).     

Time kinetics for protein harvest was done in Sf-9, for all three proteins. For the hyaluronidase it 

was performed in a 12 well plate but for the maltase and maltaseV5 in T25 flasks.  

 

Figure 11. WB: Expression of the hyaluronidase at different time points  

The numbers (3, 5-12) indicate the day of the harvest, N negative control, Sf-9 cells, P positive control, E. coli 

produced hyaluronidase.  

 

Figure 12. WB: Expression of the maltaseV5 at different time points    

The numbers (4, 6, 8, 10) indicate the day of the harvest, N negative control, medium, P positive control E. coli 

produced maltase.  

 

The expression of the hyaluronidase protein harvested days 3, 5, 7, 9, 10, 11, 12 from infection 

was tested in WB. The strongest expression was on day 12, at that time point all the cells were dead 

further time points were not tested (Fig. 11). The maltaseV5 was harvested days, 4, 6, 8, 10 and the 

expression was strongest at day 4 but days 1-3 were not tested (Fig. 12).  

For titration of the recombinant baculoviruses supernatant from infected Sf-9 cells was harvested 

on day 2, 3 and 4 post infection and titrated on Sf-9 cells. The harvests from day 3 showed the highest 

titer, 10
7
-10

8
 TCID50 per mL for all three viruses, the rBac-hya, rBac-malt and Bac-maltV5.  
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As shown in figure 13 healthy Sf-9 cells are round, regular and small (Fig. 13, A) where as 

baculovirus infected Sf-9 cells are irregular, large and with a different light refraction (Fig. 13, B).  

 

Figure 13. Sf-9 cells uninfected and rBac-malt infected 

Photos were taken with inverted light microscope, Leica DM IL LED, magnified x400.   

A) Uninfected control Sf-9 cells, B) Baculovirus infected Sf-9 cells. 

  

Eventually large scale production was done for the recombinant viruses (50 mL) and proteins (150 

mL Sf-9 culture). The protein harvests were tested in WB (data not shown). 

 

4.1.3 Deglycosylation  

The hyaluronidase and maltase, in the form of lysed Sf-9 cell pellets, were treated with the PNGase F 

to test for glycosylation of the proteins. 

 

Figure 14. WB: Deglycosylated maltase  

The maltase (unpurified) was treated with PNGase F (NEB) before analysis in WB with polyclonal mouse anti 

maltase antibody.  

Lane: 1 PNGase F treated, 2 untreated, 3 positive control, E. coli produced maltase, 4 negative control, Sf-9 

cells. 
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The untreated r-maltase showed two rather blurred bands, the smaller band was the same size as 

the E. coli produced maltase. After the treatment two sharp bands appeared, the bigger one the same 

size as E. coli produced maltase (Fig. 14). The r-hyaluronidase (unpurified) was treated in the same 

manner but the treatment did not show any effect on the protein (data not shown).  

 

4.1.4 Purification of the r-maltase and r-maltaseV5 

Lysed cell pellets (1 mL) of r-maltase and r-maltaseV5 were denatured and subsequently purified with 

His select nickel affinity gel. The samples were run on SDS-PAGE and stained with coomassie blue 

(Fig. 15). 

 

Figure 15. Coomassie blue staining of purified maltase and maltaseV5 

Fractions from His select nickel affinity purification, A) maltase and B) maltaseV5.  

Lane: 1 lysed cell pellet, 2-3 wash 1-2, 4-7 elution 1-4, 8 positive control, E. coli produced maltase.  

 

Elution samples were 10x concentrated as compared to the original cell pellet and the wash 

samples. Most of the proteins were eluted in the first elution step with pH 4.4 (Fig. 15). The first 

elutions for both proteins were measured in NanoDrop and the concentration of the maltase was 0.14 

µg/µL or 140 µg total pure protein and the maltaseV5 was 0.12 µg/µL or 120 µg total pure protein. The 

anti maltase polyclonal antibody bound to the pure proteins in WB (data not shown). 
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4.1.5 IgG binding of horse sera to the purified r-maltase  

Sera from three IBH positive Icelandic horses and two normal controls living in Sweden (Heimann et 

al., 2011) were tested for IgG binding to maltase, produced in E. coli and Sf-9 cells (Fig. 16).  

 

Figure 16. IgG binding of horse sera to r-maltase  

IgG binding of horse sera to purified recombinant maltase E. coli produced (A) Sf-9 produced (B) tested on WB 

strips (4 µg protein/blot).  

Strip: 1-2 sera from IBH negative horses, 3-5 sera from IBH positive horses.  

 

Figure 16 shows that horses affected with IBH but not normal controls respond to E. coli and Sf-9 

produced maltase. The Sf-9 maltase shows a blurred double band indicating glycosylation whereas 

the E. coli produced maltase shows one strong band.     
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4.2 Antibody production 

4.2.1 Polyclonal antibodies 

Polyclonal antibodies were produced in ascites in mice against E. coli expressed e16 and maltase. 

The ascites was tested on the E. coli produced proteins used for injection and on the Sf-9 produced 

hyaluronidase (the whole protein) and maltase. This was done on WB strips with the relevant proteins.   

 

Figure 17. WB: Specificity of polyclonal mouse antibodies 

Binding of mouse polyclonal antibodies made against E. coli produced e16 (A) and maltase (B), tested on 

relevant r-proteins produced in E. coli and Sf-9 cells.  

A) Lane: 1 E. coli e16, 3 Sf-9 hyaluronidase, B) 1 E. coli maltase 3, Sf-9 maltase, 2 and 4 negative controls A) 

and B) goat anti mouse-AP.  

 

Both anti e16 and anti maltase antibodies reacted with the proteins used for injection (Fig. 17, lane 

1). The anti e16 antibody reacted with the whole hyaluronidase produced in Sf-9 cells and the anti 

maltase antibody reacted with Sf-9 produced maltase (Fig 17, lane 3). The secondary antibody, goat-

anti mouse-AP labeled, did not bind to the proteins (Fig 17, lanes 2 and 4) 

 

4.2.2 Monoclonal antibodies 

Monoclonal antibodies were raised against E. coli expressed antigen 5 like protein (ag5) and the e16. 

Two fusions were performed for ag5 and five for the e16.   
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Figure 18. Hybridoma cells 

Photos were taken with inverted light microscope, Leica DMI3000 B.  

 

The hybridoma cells are round and non-adherent cells (Fig. 18), while the feeder layer is adherent 

and probably fibroblasts.  

Two fusions were made with spleens of r-ag5 immunized mice, the results are summarized in table 3. 

 

Table 3. Summary of the r-ag5 fusions 

 
Fusion I Fusion II 

Feeder Spleen cells Spleen cells 

Used wells 600 579 

Hybridoma 
  

Growth 183 151 

Tested 172 135 

Ig positive 16 17 

ag5 positive 14 11 

Survived 0 2 

   

Frozen 
 

2 

Cloned 
 

2 

Ascites production 
 

2 

 

From fusion I hybridomas grew in 31% (183) of the wells, 93% (172) were tested for antibody 

production and of those tested 9% (16) were Ig positive in dot blot and 8% (14) bound r-ag5 on WB 

strips, example of the tests are shown in figure 19. No hybridoma survived from fusion I. From fusion II 

hybridomas grew in 26% (151) of the wells, 89% (135) were tested for antibody production, of those 
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13% (17) were Ig positive and 8% (11) ag5 positive. Two hybridoma survived, they were cloned and 

ascites produced in mice.    

 

Table 4. Summary of the e16 fusions 

 
Fusion I Fusion II Fusion III Fusion IV Fusion V 

Feeder Macrophages Macrophages Macrophages Macrophages Spleen cells 

Used wells 600 600 600 600 600 

Hybridoma 
     

Growth 135 50 355 160 440 

Tested 135 50 275 129 325 

Ig positive 18 12 73 101 239 

e16 positive 4 12 39 47 66 

Survived 0 2 19 46 37 

      

Frozen 
 

2 1 8 1 

Cloned 
 

2 
   

Ascites production 
 

2 
   

                                 

 

From fusion I hybridomas grew in 23% (135) of the wells, all were tested for antibody production, 

13% (18) were Ig positive and 3% (4) e16 positive, none survived. From fusion II hybridomas grew in 

8% (50) of the wells and all were tested for antibody production. Of those wells 24% (12) were Ig 

positive and e16 positive, two hybridomas survived, were cloned and ascites produced. From fusion III 

hybridomas grew in 59% (355) of the wells, 78% (275) were tested for antibody production, 27% (73) 

were Ig positive and 14% (39) e16 positive, 7% (19) survived. From fusion IV hybridomas grew in 27% 

(160) of the wells, 81% (129) were tested for antibody production, 78% (101) were Ig positive and 36% 

(47) were e16 positive and 36% (46) survived. Eight hybridoma or 6% were maintained and frozen. 

From fusion V hybridomas grew in 73% (440) of the wells, 74% (325) were tested for antibody 

production, 54% (239) were Ig positive and 28% (66) were e16 positive, 11% (37) survived and one 

hybridoma was maintained and frozen.  
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Figure 19. Hybridoma supernatant screening, dot blot and WB strips 

Hybridoma supernatants tested for Ig production in dot blot (A), Ig positive supernatants were subsequently 

tested for specificity on WB strip (B). The arrows indicate Ig positive supernatants.  

  

The two ag5 specific (7-9-1 and 7-9-2) and two of the twelve e16 (1-7 and 2-4) specific hybridomas 

were cloned in limiting dilution and ascites produced in mice.    

 

Figure 20. Binding of the anti ag5 and anti e16 mAbs to E. coli produced proteins 

Supernatants and ascites from clones ag5 7-9-2-10 (A) and e16 2-4-1 (B) tested on WB strip with the relevant 

proteins produced in E. coli.  

Strip: 1 supernatant (1:50), 2 ascites (1:10.000), 3 negative control, goat-anti mouse-AP. 
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Figure 21. Binding of the anti ag5 and anti e16 mAbs to Sf-9 produced proteins 

Supernatants and ascites from clone ag5 7-9-2-10 (A) and e16 2-4-1 (B) tested on WB strip with the relevant 

proteins produced in Sf-9 cells. 

Strip: 1 supernatant (1:50), 2 ascites (1:10.000), 3 negative control, goat-anti mouse-AP. 

 

Figure 20 (A) shows binding of the supernatant and ascites from clone ag5 7-9-2-10 to E. coli 

produced r-ag5 and figure 21 shows binding to the Sf-9 produced r-ag5, ag5 7-9-1-2 clone showed 

similar binding (data not shown). Binding of supernatant and ascites from the e16 2-4-1 clone is 

shown in figure 20 (B) to E. coli produced r-e16 and in figure 21 (B) to Sf-9 produced r-e16. The e16 

1-7-4 clone showed similar binding (data not shown). 

 

4.2.2.1 Analysis of the ag5 and e16 specific mAbs 

The IgG subclass of the four hybrid clones was determined with IsoStrip from Roche. The anti ag5 7-

9-1-2 and ag5 7-9-2-10 produce IgG2b and the anti e16 1-7-4 and e16 2-4-1 IgG1 (data not shown). 

The ascites and supernatant from the anti ag5 clone 7-9-2-10 and anti e16 clone 2-4-1 were 

titrated on WB strips with the relevant pure E. coli produced proteins in the following dilutions, the 

ascites, 1:5000, 1:50.000, 1:200.000 and 1:500.000, and the supernatant 1:20, 1:200 and 1:2000.  
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Figure 22. Titration of ag5 and e16 specific ascites and supernatant on WB strips 

The ag5 7-9-2-10 clone was titrated on WB strips with E. coli produced ag5 (1 µg/blot) (A) and the e16 2-4-1 

clone on E. coli produced e16 (1 µg/blot) (B). 

1-4 ascites dilutions 1:5000, 1:50.000, 1:200.000, 1:500.000, 5-7 supernatant dilutions 1:20, 1:200, 1.2000.  

 

The anti ag5 and e16 mAbs culture supernatants showed strong binding to the relevant proteins in 

dilutions 1:20 and 1:200, and still some binding in dilution 1:2000. The anti ag5 and e16 mAbs ascites 

showed strong binding to the relevant proteins in dilutions 1:5000 and 1:50.000, and still some binding 

in dilutions 1:200.000 and 1:500.000 (Fig. 22). 

The ascites made against ag5 and e16 was analyzed on native agarose gel, stained with 

coomassie blue (Fig. 23). 
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Figure 23. Agarose gel electrophoresis of ag5 and e16 ascites 

Ascites made with anti e16 clones 1-7-4 (mice 1-3) and 2-4-1 (mice 1-3) and with anti ag5 clones 7-9-2-10 

(mouse 1), 7-9-1-2 (mouse 1) were run in agarose gel and stained with coomassie blue.  

 

The ascites was applied on the loading point and the proteins migrated in the agarose gel 

according to their isoelectric point (pI) at pH 8.6. As shown in figure 23 the most abundant proteins in 

the ascites are in the albumin zone, β-globulin zone, α2-globulin zone and γ-globulin zone (Jeppson et 

al., 1979). Ascites was tested from three mice injected with the e16 clone 1-7-4 and three mice 

injected with the clone 2-4-1. The amount of the γ-globulin is similar between mice but differ between 

clones. The two clones of anti e16 are negatively charge as they migrate toward the cathode. Ascites 

was tested from one mouse injected with the ag5 clone 7-9-2-10 and another mouse injected with the 

ag5 clone 7-9-1-2. There was less γ-globulin in ascites from clone 7-9-2-10 than 7-9-1-2. The two anti 

ag5 clones are positively charge and migrate toward the anode, in the opposite direction to anti e16 

mAbs.   

 

4.2.2.2 Purification of monoclonal antibodies 

Monoclonal antibodies against ag5 (clone 7-9-2-10) and e16 (clone 2-4-1) were purified from the 

ascites on a HiTrap Protein G column. Figure 24 shows the agarose gel electrophoresis of the 

fractions from the anti e16 purification. Similar results were obtained for the anti ag5 purification (data 

not shown).  
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Figure 24. Agarose gel electrophoresis of purified mAbs 

Samples from purification of mAbs (anti e16 clone 2-4-1) ascites was analyzed with agarose gel electrophoresis 

and stained with coomassie blue. 

1 unpurified ascites, 2-8 wash, 9-12 elution fractions. The arrow indicates the purified mAbs. 

 

Figure 24 shows that the mAbs were purified from the other proteins in the ascites. The elution 

fractions were pooled together and loaded on a HiTrap affinity columns, for later purification of the 

relevant proteins.    

 

4.3 Production of allergens from C. nubeculosus and S. vittatum in 

barley seeds 

This part is done in collaboration with ORF Genetics according to the Orfeus™ expression system, 

developed by the firm. The system uses the barley seeds as high-throughput productions of 

recombinant proteins.    

 

4.3.1 Expression of C. nubeculosus hyaluronidase   

Five hundred immature barley embryos were infected with the A. tumefaciens containing the hya 

expression cassette, 121 plantlets (primary transformants) were generated and cultured for production 

of hya T1 barley seeds. 

 

4.3.1.1 T1 generation seeds 

T1 seeds from 35 lines were harvested for screening of hyaluronidase. Four seeds from each line were 

crushed and soluble proteins extracted. Seeds from all 35 lines were tested with anti-(HQ)6 tag 

antibody and anti e16 pAbs and mAbs. Results in figures 25-27 show some of the 35 lines. The lines 

not shown were negative with all antibodies. 
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Figure 25. WB: Screening of hya expression in T1 barley seeds with anti-tag antibody 

WB with seeds extracts from hya-barley lines (2, 7, 71, 75, 91, 29, 64, 77, 46, 80, 68) detected with anti (HQ)6 tag 

antibody, N negative control, extract from non-transgenic barley seeds. Arrows indicate specific bands. 

 

 

Figure 26. WB: Screening of hya expression in T1 barley seeds with anti e16 pAbs 

WB with seeds extracts from hya-barley lines (2, 7, 10, 11, 12, 13, 16, 19, 70, 71, 51, 103) detected with anti e16 

pAbs, raised against the 32 kDa part of the hyaluronidase, N negative control, extract from non-transgenic barley 

seeds, P positive control, unpurified hyaluronidase produced in Sf-9 cells. Arrows indicate specific bands.    
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Figure 27. WB: Screening of hya expression in T1 barley seeds with anti e16 mAbs 

WB with seed extracts from hya-barley lines (2, 7, 10, 11, 12, 13, 16, 19, 70, 71, 51, 103) detected with anti e16 

mAbs, N negative control, extract from non-transgenic barley seeds, P positive control, unpurified hyaluronidase 

production in Sf-9 cells. Arrows indicate specific bands.    

  

Eleven lines analyzed with anti tag antibody are shown in figure 25, the anti-(HQ)6-tag antibody 

bound specifically to ca. 26 kDa protein band in four lines, 2, 29, 46 and 71. Twelve lines analyzed 

with protein specific antibodies are shown in figures 26 and 27 and both the anti-e16 pAbs and mAbs 

bound specifically to ca 38 kDa protein band in four lines, 12, 19, 70 and 103. The hyaluronidase gene 

encodes 402 amino acids and has the predicted size with the 16 a.a. tag, of 51 kDa. Therefore both 

the tag and the e16 specific antibodies bound to proteins smaller than the calculated size. The anti tag 

positive lines were not the same as the lines that reacted with the anti e16 antibodies. Consequently 

T1 seeds from six lines were sown for generation of T2 seeds, four (12, 19, 70,103) that were positive 

with the e16 specific antibodies and two lines (2, 29) positive with the anti-(HQ)6-tag antibody.   

   

4.3.1.2 T2 generation seeds 

Screening of T2 seeds was done with 5 gr of seeds from each line, the seeds were crushed and the 

soluble proteins extracted. To obtain the elute the soluble proteins in the extract were concentrated on 

IMAC-resin beads. Extract (before added to the resin) and elute from each line were analyzed for 

expression of hyaluronidase in WB with the anti-(HQ)6-tag antibody and the e16 specific pAbs and 

mAbs.  
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Figure 28. WB: Screening of hya expression in T2 barley seeds with anti tag antibody 

WB with seed extracts (A) and elutes (B) from T2 hya-barley lines (2, 29, 103, 70, 12, 19) detected with anti (HQ)6 

tag antibody, N negative control, non-transgenic barley seeds. 

 

 

Figure 29. WB: Screening of hya expression in T2 barley seeds with anti e16 pAbs 

WB with seed extracts (Ex) and elutes (El) from T2 hya-barley lines (2, 12, 19, 29, 70, 103) detected with anti e16 

pAbs, N negative control, non-transgenic barley seeds, P positive control, unpurified hyaluronidase produced in 

Sf-9 cells.  

 

 

Figure 30. WB: Screening of hya expression in T2 barley seeds with anti e16 mAbs 

WB with seed extracts (Ex) and elutes (El) from T2 hya-barley lines (2, 29, 103, 70, 12, 19) detected with anti e16 

mAbs, N negative control, non-transgenic barley seeds, P positive control, unpurified hyaluronidase produced in 

Sf-9 cells.  
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Screening with the anti-(HQ)6-tag antibody showed that line 2 was still positive for the 26 kDa 

protein but line 29 had lost the expression. The 26 kDa protein bound to the resin as shown by the 

stronger band in the elute (Fig. 28). The mAbs and pAbs still bound to a 38 kDa band in the same four 

lines 12, 19, 70 and 103. The band was more pronounced in the extract than in the elute indicating 

that the protein was not binding properly to the resin and was therefore not eluted (Fig. 29 and 30).  

 

4.3.2 Expression of S. vittatum antigen 5 

S. vittatum antigen 5 (ag5, see appendix IV) was the first allergen to be transformed into barley, but 

the expression of the protein has not been successful so far. Four ag5 transgenic T1 barley seeds from 

16 lines (primary transformants) were tested for expression of the ag5 in WB and in ELISA. Seeds 

from all 16 lines were negative in WB, with both anti-(HQ)6-tag and polyclonal antibody against E. coli 

expressed Sim-ag5. Two lines gave weak positive response in ELISA. Seeds from the two lines were 

sown for production of ag5 T2 seeds. Four T2 seeds descended from these two lines that were 

analyzed in WB were negative. The procedure was therefore started again, the gene re-cloned into 

the vector and immature barley embryos infected with the A. tumefaciens, containing the re-cloned 

Sim-ag5 expression cassette, to generate new primary transformant plantlets or the T0 generation. 
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5 Discussion 

IBH is a severe allergic disease that affects all breeds of horses but the Icelandic horse breed, 

exported to Culicoides infested areas, is more sensitive than other breeds. After two years in those 

areas over 50% of horses have contracted IBH if not protected against the flies (Bjornsdottir et al., 

2006). IBH is an important animal welfare issue as it causes a major discomfort for the horses. 

Wearing blankets and being kept indoors is not all that comfortable either. The Icelandic horse is very 

popular for riding especially in Scandinavia and in Western Europe. Exportation of horses has greatly 

increased over the last years and is now from 1200 – 2000 horses each year. IBH is a financial issue 

as less than 10% of the Icelandic horses born abroad get the eczema. Currently only symptomatic 

treatment is available and therefore of great importance to develop therapy, both preventive and 

curative. 

Since the year 2000, there has been an ongoing collaborative research project on IBH between 

scientists at Keldur and the University of Berne, Switzerland. The aim of the project is to find and 

characterize the allergens causing IBH and to analyze the immunopathology of the disease in order to 

develop and evaluate an efficient specific immunotherapy. The allergens have been isolated and 

expressed in E. coli and the immune response evaluated both peripheral and in the skin. The project 

has therefore reached the point where immune therapy experiments can be commenced.  

 

It is essential to express the allergens not only in E. coli but also in a eukaryotic system as post – 

translational modification, like glycosylation have been shown to be an important factor for the 

biological activity of proteins (Demain & Vaishnav, 2009). Expression of recombinant insect allergens 

in insect cells is in our case the most obvious choice to obtain the closest resemblance to native 

proteins (Langner et al., 2009; Soldatova et al., 1998).  

Soldatova et al. expressed one of the main allergens in honey bee allergy, the hyaluronidase, both 

in E. coli and insect cells. IgE from honey bee allergic patients bound strongly to insect cells 

expressed hyaluronidase in immunoblot but only weakly to the E. coli expressed protein (Soldatova et 

al., 1998). The C. nubeculosus hyaluronidase expressed in E. coli bound to serum IgE of 56.5% of 

IBH affected horses suggesting that it is an important allergen in IBH (Schaffartzik et al., 2011). We 

have produced the C. nubeculosus hyaluronidase in insect cells but have not yet been able to purify it 

and compare the binding. The hyaluronidases of both the vespulas and bees are glycoproteins 

(Seppälä et al., 2009; Soldatova et al., 2007). We could however, not show that the C. nubeculosus 

hyaluronidase was glycosylated but the test was only done once and needs to be repeated.    

C. nubeculosus maltase expressed in E. coli bound to serum IgE of 21.7% of IBH horses (n=46) 

(Schaffartzik et al., 2011) but insect cell expressed C. sonorensis maltase bound to serum IgE of 

87.5% of IBH horses (Langner et al., 2009). However, C. sonorensis maltase was only tested on 

serum from eight affected horses (Langner et al., 2009). We showed that the insect cell expressed C. 

nubeculosus maltase is glycosylated and binds to IgG from IBH affected horses. It remains to be 

tested if it binds to IgE from larger percentage of horses than the E. coli expressed one. The fact that 

the maltases are not from the same species C. nubeculosus versus C. sonorensis is not likely to 

influence the results. Anderson et al. have shown that IBH horses in British Columbia react to extracts 
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of native and exotic Culicoides spp. indicating shared allergens (Anderson et al., 1993). However this 

was done in skin test with extracts of whole flies, not pure allergens. The most common Culicoides 

spp. in Switzerland are C. obsoletus group and C. pulicaris group but C. nubeculosus is quite rare. 

Despite that 80% of IBH horses react with C. nubeculosus extract (Baselgia et al., 2006) and out of 

the eleven C. nubeculosus allergens eight bind IgE from more than 20% of IBH horses in Switzerland 

although they are expressed in E. coli (Schaffartzik et al., 2011). Species shared allergens are 

therefore common among the Culicoides although it cannot be excluded that species specific 

allergens exist in the native species. In that case those allergens would have to be isolated from the 

most abundant species in each area.       

The Baculovirus expression system is widely applied for expression of eukaryotic proteins and the 

self-evident system to use to express insect proteins. It has also been used over the years at Keldur 

with good results. The hyaluronidase was detected as a strong band of the correct size, around 51 

kDa but there was also a specific binding to different sized bands (Fig. 7 and 9). The proteins less 

than 51 kDa could be explained with degradation. Whereas the larger bands did not disappear upon 

deglycosylation need to be analyzed further. After deglycosylation the maltase showed two bands, the 

bigger one the same size as the E. coli expressed maltase (Fig. 14). The smaller one could be leaky 

scanning as the size matches with the position of the next AUG codon downstream in the gene. It has 

to be taken into account that the recombinant baculoviruses are not cloned so the viral stocks used for 

infection might be mixtures of different viruses. To obtain pure high titer viruses it is therefore 

necessary to clone them in relatively low passage. Using cloned high titer virus should also enhance 

the concentration of protein in the production. 

All the five allergens that we have expressed in the Bac-to-Bac system are expressed in inclusion 

bodies. This is not necessarily a draw back as in that form the proteins are very stable. On the other 

hand for the purification they need to be denatured with 6M guanidine-HCl or 8M Urea and it can be 

difficult to refold them into natural form with biological activity. The proteins are tagged on the N-

terminus with 6xHis for detection and purification. The FastBacV5 vector, with the V5 epitope on the 

C-terminus, contains two His-tags, one on the N-terminus and one on the C-terminus. Proteins 

containing two His-tags are detected easily in WB with anti-his antibodies but those with only one His 

tag gave either no band or a weak one. Protein with one His tag can possibly have the His tag 

localized inside the protein after folding and therefore the antibody cannot bind. Another explanation 

could be that protein with two His tags binds to twice as much His antibody resulting in strong band in 

WB. The recombinant maltase and maltaseV5 have been purified in small amount on His select nickel 

affinity gel after been denatured with 6 M guanidine-HCl. The purification of the hyaluronidase was 

unsuccessful probably due to low content of the protein in the batch used.  

Expression of proteins in inclusion bodies requires denaturing before purification. To have protein 

in the right conformation is of importance for analyzing their exact allergenicity or using them for 

diagnostic tests. On the contrary, for immune therapy purpose it is an advantage to have the T cell 

epitopes intact but reduced IgE epitopes. The immunotherapy in the future will probably consist of 

using  chemically altered allergens, allergoides, recombinant allergens and relevant T-cell epitope 

(Casale & Stokes, 2011).    
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Plants are very attractive and inexpensive choice for mass production of recombinant proteins. A 

complication that has to be considered for expression of mammalian proteins is that the N-glycans of 

vertebrates and plants is dissimilar. On the other hand invertebrates and plants share enzymes that 

add α1,3-fucose and β1,2-xylose on the N-glycans. Therefore the difference in glycosylation should be 

less of a problem when expressing insect proteins in plants (Bosch & Schots, 2010). 

The Orfeus™ system is based on using barley seeds as high-throughput production of recombinant 

proteins on a large scale. The barley has many unique features including proficient protein machinery 

with eukaryotic folding and distinct route for long-term protein production and storage. The proteins 

contain (HQ)6 tag used for detection and purification. They are purified from third generation seeds, 

the first and second generation seeds are screened for analysis of expression and then positive seeds 

are sown. 

The expected size of the hyaluronidase with the tag is 49 kDa but the anti e16 pAbs and mAbs 

bound to a 38 kD band from four T1 barley lines out of thirty four screened (Fig. 26 and 27). Seeds 

from the four lines were sown and the resulting T2 seeds were also positive for the 38 kDa band. The 

anti tag antibody did not show binding to any of these lines and the 38 kDa protein did not bind to the 

resin. On the other hand the anti tag antibody did bind to a 26 kDa band in four T1 lines different from 

the four lines that reacted to the protein specific antibodies. Only T2 seeds from one of the two lines 

still expressed this 26 kDa protein and it bound to the resin. It is no reason to think that the pAbs and 

the mAbs are not specific. They were raised against e16, a E. coli produced 32 kDa C-terminal part of 

the hyaluronidase and bind specifically to the Sf-9 produced whole protein. They do not bind to non-

transgenic barley. Therefore it seems that the r-barley hyaluronidase is missing a 10 kDa part of the N-

terminal with the (HQ)6 tag. We have no explanation for this but assuming that the transcriptions of the 

protein, does for some reason, not start at the first methionine but at the third the resulting protein 

would be 37 kDa. The 26 kDa protein that the anti tag binds could be the N-terminal part that anti e16 

would not recognize.  This can only be answered by analyzing the transformed barley on DNA level. 

In this context the importance of protein specific antibodies can be emphasized as without them the 

r-barley hyaluronidase would not have been detected. Besides that it cannot be purified with the ORF 

purification system as it has lost the tag but the mAbs can be used to make affinity columns for 

purification. It remains to be seen if this partly expressed hyaluronidase is recognized by serum of IBH 

horses and can be used in immunotherapy.  

Besides the hyaluronidase S. vittatum antigen 5 is being expressed in barley. The allergens from S. 

vittatum were isolated before the C. nubeculosus allergens and antigen 5 was shown to bind IgE from 

60% of IBH affected horses (n=48) (Schaffartzik et al., 2010). As the barley expression is time 

consuming it was decided not to wait for the isolation of allergens from Culicoides. This production has 

for some reason proven particularly difficult and when generation two (T2) of barley seeds was tested 

there was no antigen 5 expression. Transformed barley cells containing re-cloned S. vittatum antigen 

5 are now in tissue culture.         
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6 Conclusions 

The long term aim of the IBH research project is to develop an immune therapy against the disease. 

Vaccination experiments with purified allergens, produced in E. coli, have been commenced testing 

injection methods and adjuvants. Since challenge experiments are not feasible the type of immune 

reaction after vaccination is monitored by measuring cytokines, antibodies and allergic response. The 

cytokines are measured after in vitro stimulation with the relevant allergens. It is very hard to get rid of 

LPS contamination from E. coli produced proteins and all animals are infected with E. coli. Therefore it 

is of great importance to have the allergens purified from another source to avoid background 

stimulation. Furthermore it is necessary to produce the proteins with the correct post translational 

modifications to obtain accurate information on the allergenicity and to develop diagnostic tests for 

IBH.  
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7 Appendix  

7.1 Appendix I – Primers used in this work 

Hyaluronidase (Hya) Nucleotide sequence 

Hya 1-22 BamHI-Fw2 5´-GGT GTG GGA TCC TGC ATG TGG TTG AAC GTG GTA AAT G-3´ 

Hya 1192-1209 HindIII Re 5´-CCA CAC AAG CTT CGC TTA AGA CAA ATT TGG GGT-3´ 

CnHya_134_Re 5´-GCA TCG TCC TTT GCA TCT AC-3´ 

CnHya _237_Fw 5´-GGA ACA TCC CAT CAT TTA TG-3´ 

CnHya_527_Fw 5´-GAG TCA TGG CGA CCG ATT TA-3´ 

  
Maltase (Malt) 

 
CnMalt 1-23 BamHI Fw2 5´-CGG CCG GAT CCA TGA TAA CAT TTA AAA AAC TAA C-3´ 

CnMalt 1788-1809 XhoI Re 5´-GGT GTC TCG AGT TAT TCA TAT AGT CCT GG-3´ 

CnMalt 1785-1806 XhoI Re2 5´-GGT GTC TCG AGG CTT CAT ATA GTC CTG GAT CAT C-3´ 

CnMalt_101_Re 5´-CGT GGA TAG ACT TGA TAG AAG-3´ 

CnMalt_212_Fw  5´-GTG TTT GGC TTT CAC CGA TT-3´ 

CnMalt_529_Fw 5´-GCT TGG GAA TGG AAT GAA GA-3´ 

CnMalt_866_Fw 5´-CAA GAA TGG AGG ACC AAC AAG-3´ 

CnMalt_1231_Re 5´-GAT CTA CTG TAC GAG ACC ATG-3´ 

CnMalt_1570_ Re  5´-GAA GCC CAA ATT AAG AAC AGC-3´ 

CnMalt_1708_Fw 5´-GTG AAG TTT ATG TAG CAG CTG-3´ 

  
Vector primers 

 
pFastBac-Fw 5´-GGA TTA TTC ATA CCG TCC CA-3´ 

pFastBac-Re 5´-CCA ATG TGG TAT GGC  TGA TT-3´ 

M13 Fw 5´-GTT TTC CCA GTC ACG AC-3´ 

M13 Re 5´-CAG GAA ACA GCT ATG AC-3´ 
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7.2 Appendix II – Buffers and solutions used in this work 

  
0.5x TBE  
0.045 M Tris borate, 0.001 M EDTA 
 
Restriction buffer 
50% glyserol, 15 mM EDTA, 0.25% bromophenol blue 
 
LB medium 
1% Tryptone, 0.1% Yeast extract, 1% NaCl 
 
LB agar 
1% Tryptone, 0.1% Yeast extract, 1% NaCl, 1.5% Bacto agar 
 
SOB-broth 
2% Tryptone, 0.5% Yeast extract, 0.05% NaCl, 2.5 mM KCl 
 
SOC medium 
2% Tryptone, 0.5% Yeast extract, 0.05% NaCl, 2.5 mM KCl, 10 mM MgCl2, 20 mM Glucose  
 
HTB buffer 
10 mM HEPES, 15 mM CaCl2, 250 mM KCl, 55 mM MnCl2, pH 6.7 
 
2x Sample buffer 
0.5% 2-mercaptoethanol, 20% glycine, 2% SDS, 0.1% Bromophenol blue, 130 mM Tris 
 
Transfer buffer 
25 mM Tris, 192 mM glycine, 20% methanol 
 
BCIP/NBT 
5-bromo-4-chloro-3-indolyl phospate/Nitro blue tetrazoliumchloride 
 
Alkaline phosphatase buffer 
100 mM Tris-HCl, 100 mM NaCl, 5 mM MgCl2, o.o5% Tween 20, pH 9.5 
 
X-gal 
Bromo-chloro-indolyl-galactopyranoside 
 
IPTG 
Isopropyl β-D-1-thiogalactopyranoside 
 
Extraction buffer 
50mM potassium phophate, pH 7.0 

 

 

 

 

 



  

75 

7.3 Appendix III – Bac-to-Bac Baculovirus expression system 

 

Figure 31. Schematic overview of the Bac-to-Bac Baculovirus expression system 

After the gene of interest has been cloned into pFastBac HT B vector the E. coli strain DH10Bac is transformed 

with the vector. Homologous recombination occurs between the pFastBac and the Bacmid and with antibiotic 

selection recombinant Bacmids are isolated from the E. coli culture. Sf-9 insect cells are then transfected with the 

recombinant Bacmid, resulting in recombinant Baculovirus particles. Sf-9 cells are infected for gene expression 

and viral amplification. Schematic picture: Invitrogen     
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7.4 Appendix IV – Nucleotide and amino acid sequences 

7.4.1 Sequences of C. nubeculosus used in the Baculovirus system 

 

Hyaluronidase 

1209 bp 

ATGTGGTTGAACGTGGTAAATGTCTCACAATTTATGACAGCATGGGCGACCTTTAATTTGATTAATGCACAACAA

CTGATACAAGTGGGACCAGAAAATGTACCATATGAAATTGTAGATGCAAAGGACGATGCATCTGAAAGCAGAGGA

ATATTTTTTAATAACTTCATCACATCAAAAAATAACGATGATAAAAGACATGATTTTACCTTTTACTGGAACATC

CCATCATTTATGTGTTCAAAATACAATGTAACATTCACTGACATGCCTTCATCATATAATATCGTACAAAATAAA

GATGATAAATGGCGTGGTGACCAGATCATAATTTTATATGATCCTGGTAAATTTCCGGCTTTATTAGAGCATCAA

GGAAAATTATATAGACGAAATGGTGGTGTACCACAAGAAGGGAATTTACAAGAACACATCGATTATTTTGCTGAA

AGTGTTAATACCTTGATACCAGATCAAAATTTCTCAGGCATTGGAGTGATTGATCTTGAGTCATGGCGACCGATT

TATCGTCAAAATTCAGGTGTGTTACAGCCATATAAGGATTTATCATATAAATTGGTGCAAAGAAAGCATAGACTA

TGGAGCAAGAAGTTAATTGAAGAAGAGGCAGCTCGTGAATTTGAGACAGCTGGTCGAACATTTGTAGAAGAAACG

GTTAGAGTTGCAAAATATTTACGTCCAAATGCAAAATGGGGCTATTATGGATTCCCGTATTGTTTCAATATGAAT

GGTGGTGCAAATATGAAAGAGGATTGTCCATCTAATGTTAAAGAGGAAAATAATCGTATTAAATGGCTGTGGGAT

ATTGTCGATGTGGTTTTGCCTTCAGTTTATTTGAACAACAAAATAACAGCATCACAAAGAGTCCAATTTGTTCGT

GGGCGAATGCGTGAAGGATGTCGTGTGTCACAATTATCAAAACAACCAGTGAAACCACCAGTATACAGTTATTTG

CGTTATGTTTACACGGACAACCTAAAATACATTTCAAATGAGGATCTCAAACAATCAATTAAAGTACCCAAAGAG

CAAAAGGGTAGTGGATTAATATTTTGGGGCAGTTCATATGATGTCAAAACGAAAGATCAGTGTTTTGATTTTAGA

AATTATGTTGATAATAATTTAGGACCAATTGTACTATCAGCAAATGACAATACACCAAAAATTCTTACCCCAAAT

TTGTCATAA 

 

402 a.a. 

M W L N V V N V S Q F M T A W A T F N L I N A Q Q L I Q V G P E N V P Y E I 

V D A K D D A S E S R G I F F N N F I T S K N N D D K R H D F T F Y W N I P 

S F M C S K Y N V T F T D M P S S Y N I V Q N K D D K W R G D Q I I I L Y D 

P G K F P A L L E H Q G K L Y R R N G G V P Q E G N L Q E H I D Y F A E S V 

N T L I P D Q N F S G I G V I D L E S W R P I Y R Q N S G V L Q P Y K D L S 

Y K L V Q R K H R L W S K K L I E E E A A R E F E T A G R T F V E E T V R V 

A K Y L R P N A K W G Y Y G F P Y C F N M N G G A N M K E D C P S N V K E E 

N N R I K W L W D I V D V V L P S V Y L N N K I T A S Q R V Q F V R G R M R 

E G C R V S Q L S K Q P V K P P V Y S Y L R Y V Y T D N L K Y I S N E D L K 

Q S I K V P K E Q K G S G L I F W G S S Y D V K T K D Q C F D F R N Y V D N 

N L G P I V L S A N D N T P K I L T P N L S Stop 
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Maltase 

1809 bp 

ATGATAACATTTAAAAAACTAACACTTTTATTATCAATCTCATGTACAGTCTTGGCAGCACCAGAAGGCGCTCGT

GAAAAAGGTTGGTGGGAAACTGGAAACTTCTATCAAGTCTATCCACGAAGTTTTATGGATTCAGATGGTGATGGA

GTAGGTGATTTAAAAGGAATAACAGCTAAAGTTGGATATTTAAAAGAAATTGGAATGGATGGTGTTTGGCTTTCA

CCGATTTTTGATTCACCTATGGCTGATTTCGGTTATGATATCTCAAATTTCACAAAAGTCTTCCCTCAATTCGGC

GATTTATCTTCAATTGATGAACTTGTAGCTGAATGCAATAAGAAAGATATCAAATTAATTTTAGATTTTGTCCCT

AATCATACAAGTGACCAATGTGAGTGGTTTAAAAAATCAATTAAGCGTGATCCTGAATACGATAATTATTATATA

TGGCATCCTGGAAAGCCAAATCCAGATGGTGGTCGTAATTTACCTCCAACAAATTGGGTGAGTGCTTTTAGAAGT

AGTGCTTGGGAATGGAATGAAGAACGTGGTGAATATTATTTACATCAATTTTTGGCTGAACAACCAGATTTGAAT

TATCGTAATCCAAAAGTTGTCGAAACAATGAAGAGCGTTTTAAGGTTTTGGCTTAGTAAAGGTATCAATGGATTC

AGAATTGATGCTGTACCATATTTGTTTGAAGTTGCTCCAGATGCAAATGGAAATTATCCAGATGAGATTGAGACA

AATGCGTGTGATGATCCTTTATCACAATGTTACTTGTATCATGATTACACACAAAATAGACCGGAAACTTTCGAA

ATGGTTACTGAATGGAGAGCTACATTAGAAGATTATAAAAACAAGAATGGAGGACCAACAAGAGTTTTAATGGTT

GAAGCTTATGCTCCATTAACAAAAGTCATTCAAATTTATGGTCAAAATGGACAATTAAATGGAGCTCAAATTCCA

TTCAACTTTGAAATATTAAACTTTTTAGGAGCCACAAGCAATGCTCGTAATTTCAAAGACATAATTGATGAATAT

CTCAGCACAATCCCAGAAGGAGCTACTCCAAATTGGGTTCAAGGAAATCACGATCAACATCGTTCAGCATCGAGA

TTAGGAACACAAAAAGCTGATGCAGTCAATATGTTACTTCAAGTACTTCCAGGAGCTGCAGTCACTTATTACGGT

GAAGAATTAGCTATGGAAGATGTTTTCATTCCATGGTCTCGTACAGTAGATCCACAAGCTTGTACAACTAACCCA

AATATTTTCCATGCAAAATCTCGTGATCCAGCAAGAACACCAATGATTTGGAATACACAAAGAAATGCTGGATTT

TCAAATGCAAATTACACATGGCTTCCAACTGGACCAGATTATCGTAAAAATAATGTTGATGTACAACGTAGTCAG

AGAGGAAGCCACTTGAATATCTTTAAAAAATTAACACAATTTCGCAAACAAGACATCTTGAAATATGGCACTTAT

GATAGTTACTTGGCTAATGATGATGTCTTGGTAATTAAACGTGAAATTAAGAATAATCGTACATTAATTGCTGTT

CTTAATTTGGGCTTCACTGAACAAGTTGTTAATTTGAATTTAAATGAACGTGATTGGCAAATGCCTGAAAGAATG

GAAGTTACAACAGCTTCAGTTAATGCAGGTATGTTCGAAAGACAACCCATCGTGACAAGTGAAGTTTATGTAGCA

GCTGGTGTTGGAGTCGTTCTTGATTATCAAGAAGGTCGTCAAATTCCCGCACCACGAGGTGATGATCCAGGACTA

TATGAATAA 

 

402 a.a. 

M I T F K K L T L L L S I S C T V L A A P E G A R E K G W W E T G N F Y Q V 

Y P R S F M D S D G D G V G D L K G I T A K V G Y L K E I G M D G V W L S P 

I F D S P M A D F G Y D I S N F T K V F P Q F G D L S S I D E L V A E C N K 

K D I K L I L D F V P N H T S D Q C E W F K K S I K R D P E Y D N Y Y I W H 

P G K P N P D G G R N L P P T N W V S A F R S S A W E W N E E R G E Y Y L H 

Q F L A E Q P D L N Y R N P K V V E T M K S V L R F W L S K G I N G F R I D 

A V P Y L F E V A P D A N G N Y P D E I E T N A C D D P L S Q C Y L Y H D Y 

T Q N R P E T F E M V T E W R A T L E D Y K N K N G G P T R V L M V E A Y A 

P L T K V I Q I Y G Q N G Q L N G A Q I P F N F E I L N F L G A T S N A R N 

F K D I I D E Y L S T I P E G A T P N W V Q G N H D Q H R S A S R L G T Q K 

A D A V N M L L Q V L P G A A V T Y Y G E E L A M E D V F I P W S R T V D P 

Q A C T T N P N I F H A K S R D P A R T P M I W N T Q R N A G F S N A N Y T 

W L P T G P D Y R K N N V D V Q R S Q R G S H L N I F K K L T Q F R K Q D I 

L K Y G T Y D S Y L A N D D V L V I K R E I K N N R T L I A V L N L G F T E 

Q V V N L N L N E R D W Q M P E R M E V T T A S V N A G M F E R Q P I V T S 

E V Y V A A G V G V V L D Y Q E G R Q I P A P R G D D P G L Y E Stop 
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7.4.2 Sequence of S. vittatum and C. nubeculosus used in the Orfeus™ system 

 

Simulium vittatum antigen 5 with the tag 

GAACGTCATGTACACCACCACCACCATCACCAGGACGTGACCCAGGACTACTGCTCCGAGGAGTGGTGCCAGCCC

GAGAAGAGGCCGCACATCGCCTGCAGAAACAATAACGCCTTCGTGTCCTCCTGCCCGAGGGACAGGCAGCTCGTG

CCGATGTCCACCAAGCGCAAGAACCTGCTCCTCATGCTCCACAACCGCATGCGCAACAAGGTGGCGCTCGGCAAG

CTTGAGGGCTACCAGCAGGCCAAGCGCATGCCGATCCTCCAGTGGGATGACGAGCTGGCCTACCTCGCCGAGCTG

AACGTCAAGACCTGCAAGTTCGCCCACGACAGCTGCCGCAACACCAAGAAGTACCGCACAGCCGGCCAGAACCTC

GCCTACGGCGCCAGGAGCGACAAGTACAAGCCGCTCGCCCAGGCCCTCAAGGATATGATGCGCGCCTTCTTCAAC

GAGTACAAGGACGCCAACATGACCTACATCAAGGCCTACCAGAACCACGACAAGGGCAAGCAGATCGGCCACTTC

ACCCAGCTCGTGTCCGACCGCACCAACAGAGTGGGCTGCGCCATCTCCCGCTACACGGAGTGGAGCCCGCAATAC

CAGATGGACATGAAGACCCTCCTCCTCGCCTGCGACTACTCCTTCACCAACATCTGGAAGGAGCCAGTCTACGAG

ACAGGCCCAACCGCCAGCGGCTGCAAGGCTGGCAGGCACAACGTCTACAAGGGCCTCTGCAAGGCCTCCGAGGAC

GTGAACCCGTACCAGAACTTCTACACCTGGTGGCTCCCGCAGAACCGCGGCTGA 

 
E R H V H H H H H H Q D V T Q D Y C S E E W C Q P E K R P H I A C R N N N A 

F V S S C P R D R Q L V P M S T K R K N L L L M L H N R M R N K V A L G K L 

E G Y Q Q A K R M P I L Q W D D E L A Y L A E L N V K T C K F A H D S C R N 

T K K Y R T A G Q N L A Y G A R S D K Y K P L A Q A L K D M M R A F F N E Y 

K D A N M T Y I K A Y Q N H D K G K Q I G H F T Q L V S D R T N R V G C A I 

S R Y T E W S P Q Y Q M D M K T L L L A C D Y S F T N I W K E P V Y E T G P 

T A S G C K A G R H N V Y K G L C K A S E D V N P Y Q N F Y T W W L P Q N R 

G Stop 

 
 

Culicoides nubeculosus hyaluronidase with the tag 

GAACGTCATGTACACCAGCACCAACATCAGCATCAGCACCAGCATCAGAGGATGTGGCTCAACGTGGTGAACGTG

TCCCAGTTCATGACCGCCTGGGCCACCTTCAACCTCATCAACGCCCAGCAGCTCATCCAGGTGGAGCCCGAGAAC

GTGCCCTACGAGATCGTGGACGCCAAGGACGACGCCTCCGAGTCCCGCGGCATCTTCTTCAACAACTTCATCACC

TCCAAGAACAACGACAACAAGCGCCACGACTTCACCTTCTACTGGAACATCCCGTCCTTCATGTGCTCCAAGTAC

AACGTGACCTTCACCGACATGACCTCTTCCTACAACATTGTCCAGAACAAGGACGACAAGTGGAGGGGCGACCAG

ATCATCATCCTCTACGACCCGGGCAAGTTCCCGGCCCTCCTCGAGCACCAGGGCAAGCTCTACCGCAGGAACGGC

GGCGTCCCGCAGGAGGGCAACCTCCAGGAGCACATCGACTACTTCGCCGAGTCCGTGAACACCCTCATCCCGGAC

CAGAACTTCTCCGGCATCGGCGTGATCGACTTCGAGTCCTGGCGCCCGATCTACCGCCAGAACTCCGGCGTGCTC

CAGCCGTACAAGGACCTCTCCTACAAGCTGGTCCAGCGCAAGCACCGCCTCTGGTCCAAGAAGCTCATCGAGGAG

GAGGCCGCCAGGGAGTTCGAGACCGCCGGCAGGAGCTTCGTCGAGGAGACCGTGAAGGTGGCCAAGTACCTCCGC

CCGAACGCCAAGTGGGGCTACTACGGCTTCCCGTACTGCTTCAACATGAATGGCGGTGCCAACATGAAGGAGGAC

TGCCCGTCCAACGTCAAGGAGGAGAACAACCGCATCAAGTGGCTCTGGGACATCGTGGACGTGGTGCTCCCGTCC

GTGTACCTCAACAACAAGATCACCGCCTCCCAGCGCGTCCAGTTTGTGAGGGGCAGGATGCGCGAGGGCTACCGC

GTGTCCCAGCTCTCCAAGCAGCCGGTGAAGCCGCCGGTGTACTCCTACCTCCGCTACGTCTACACCGACAACCTC

AAGTACATCTCCAACGAGGACCTCAAGCAGTCCATCAAGGTGTCCAAGGAGCAGAAGGGCTCCGGCCTCATCTTC

TGGGGCTCCTCCTACGACGTCAAGACCAAGGACCAGTGCTTCGACTTCCGCAACTACGTGGACAACAACCTCGGC

CCGATCGTGCTCTCCGCCAACGACAACACCCCGAAGATCCTCACCCCGAACCTCAGCTGA 

 
E R H V H Q H Q H Q H Q H Q H Q R M W L N V V N V S Q F M T A W A T F N L I 

N A Q Q L I Q V E P E N V P Y E I V D A K D D A S E S R G I F F N N F I T S 

K N N D N K R H D F T F Y W N I P S F M C S K Y N V T F T D M T S S Y N I V 

Q N K D D K W R G D Q I I I L Y D P G K F P A L L E H Q G K L Y R R N G G V 

P Q E G N L Q E H I D Y F A E S V N T L I P D Q N F S G I G V I D F E S W R 

P I Y R Q N S G V L Q P Y K D L S Y K L V Q R K H R L W S K K L I E E E A A 

R E F E T A G R S F V E E T V K V A K Y L R P N A K W G Y Y G F P Y C F N M 

N G G A N M K E D C P S N V K E E N N R I K W L W D I V D V V L P S V Y L N 

N K I T A S Q R V Q F V R G R M R E G Y R V S Q L S K Q P V K P P V Y S Y L 

R Y V Y T D N L K Y I S N E D L K Q S I K V S K E Q K G S G L I F W G S S Y 

D V K T K D Q C F D F R N Y V D N N L G P I V L S A N D N T P K I L T P N L 

S Stop 


