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1 ANTECEDENTS OF THE WORK, OBJECTIVES TO BE MET  

 

1.1.  ANTECEDENTS OF THE DISSERTATION 

Due to transgenic animals, it is possible to study the function of different 

genes, examine their relationship with a particular disease, and model these 

diseases, whether they are human or animal related. The perception of animals that 

carry the artificial genetic modification is rather varied in the general public. In 

2009, the FDA authorized the use of a transgenic goat's milk derived human protein 

for therapeutic purposes (“ATryn (Recombinant Antithrombin ) FDA Approval 

History - Drugs.com”, n.d.), which was followed in 2014 by a therapeutic human 

protein purified from GMO rabbit milk (“ Recombinant Ruconest (C1 esterase 

inhibitor ) FDA Approval History - Drugs.com”, n.d.), and in 2015 by recombinant 

enzyme produced in transgenic hen eggs (“Kanuma (sebelipase alfa) FDA 

Approval History - Drugs.com”, n.d.). The process of authorizing genetically 

modified Atlantic salmon was completed in 2015, which may provide a partial 

solution to replace exhausted natural resources (Commissioner, n.d.).  

 These ideas and practical applications underline the fact that biotechnology, 

including transgenesis and hereby produced GMO animals, is an important task not 

only in basic and applied research, but also in practice, which is expanding day by 

day. 

The therapeutic proteins produced in genetically modified animals are already used 

in medicine, a good example of which is the previously mentioned Ruconest®, 

which is produced in the milk of transgenic rabbits to treat angioedema. 

A good choice for producing recombinant proteins is biofarming, where the 

production of pharmaceutical proteins in milk in transgenic animals results in a 

lower physiological load and reduced stress for the animal than recombinant protein 

production in blood or seminal plasma. 

 One of the most commonly used laboratory animal is rabbit in which 

recombinant proteins can be produced at high quantity in milk under a mammary 
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gland tissue specific promoter. Though the efficiency of transgenic rabbit 

production by classical microinjection is low, but the possibility of using it is wide. 

The transgenic rabbit is a commonly used model for the study of human diseases as 

well, such as metabolic syndrome, atherosclerosis, cardiovascular disease, and heart 

rhythm disorders (Bősze et al., 2016; Duranthon et al., 2012). 

In addition to the production of therapeutic proteins that have been used in practice, 

genetically modified animals play important role in basic research. By creating 

transgenic animals expressing a reporter gene, it is possible, for example, to 

examine gene expression pattern or to monitor cell migration in vivo, and with the 

help of reporter genes, the intracellular movement of proteins can also be trace 

(Murakami and Kobayashi, 2012). One of the most commonly used non-tissue-

specific synthetic promoters is CAG (chicken beta-actin promoter with CMV 

enhancer), which provides stable transgene expression in vertebrates (Sakai et al., 

1995). 

 

1.2.  OBJECTIVES 

1. Detailed expression study of our transgenic rabbit expressing Venus protein 

produced by a Sleeping Beauty (SB) transposon technique that was found to be 

more efficient than the classical pronucleus microinjection (Katter et al., 2013). 

2. In the transgene construct, the above mentioned CAG promoter directed the 

Venus reporter gene expression. The construct did not contain either a 

mammary gland specific regulatory element or a secretory signal peptide. In 

the light of the previously published article (Mukherjee et al., 2016), the main 

purpose of our experiment was to examine our transgenic rabbit’s milk and its 

fractions to reveal if Venus protein was present. 

2.1. The milk samples as well as its different fractions were examined 

macroscopically under UV excitation. 
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2.2. Western blot analysis was used to determine the concentration of Venus 

protein in milk complemented with densitometry. 

2.3. IMAGE-J programme was applied to follow the amount of Venus protein 

in the milk during the different lactation phases. 

2.4. To examine the exact localization of the Venus protein histology was 

performed on the transgenic rabbit mammary gland sections. 

3.  Another objective was to reveal if the fluorescent protein could be detected in 

the biological fluids produced by various exocrine glands (seminal plasma, 

tear, saliva). 

4. We were looking for Venus expression in semen as well, based on the 

previously described genotype independent transgenic protein in swine 

(Garrels, Holler, et al., 2011). Semen samples of SB-CAG-Venus heterozygous 

and homozygous genotyped bucks were included in the experiments. 

4.1.  And analysed by flow cytometry. 

4.2.  Genotype analysis of offspring in the SB-CAG-Venus transgenic line were 

performed as well 

4.3. The presence of Venus specific mRNA was examined by RT-PCR. 

4.4. Immunohistology was performed to detect the intercellular bridges during 

rabbit spermatogenesis. 

5.  Species specific differences in the Venus protein expression by the gametes of 

SB-CAG-Venus transgenic swine and mice respectively was also examined in 

rabbits. Exact same methods were applied to compare the sperm cells, testis 

and epididymal tissues from homozygous genotyped individuals from three 

independent SB-CAG-Venus mouse lines and that of the transgenic rabbits. 

2 MATERIAL AND METHODS 
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2.1.  EXPERIMENTAL PERMITS AND ANIMALS 

 Laboratory rabbits in the National Agricultural Research and Innovation Center 

(NARIC), the Agricultural Biotechnology Institute (ABC), the animal house of the 

Animal Biotechnology Department were properly placed, housed and maintained 

in accordance with the relevant European Union rules and the Act XXVIII of 1998 

ON THE PROTECTION AND SAVING OF ANIMALS, Government Decree 

243/1998 (31 December) on animal testing and FVM-KÖM-GM Decree 36/1999 

(02 April) on the rules of managing, keeping, transporting etc. test animals.  We 

have the following permissions to conduct our experiments: PEI / 001/32 and PEI / 

01 / 857-3 / 2015. 

 We investigated the expression of Venus reporter gene in the heterozygous and 

homozygous individuals of SB-CAG-Venus transgenic rabbit line. The founders 

were created by our group applying the novel Sleeping Beauty transposon technique 

in 2013 (Katter et al., 2013). 

Heterozygous does from another two transgenic rabbit lines  both of them created 

by our group  were used as controls. The transgenic construct in the β-MHC-G52R-

KCNE1 line harbours a heart tissue specific promoter, therefore the transgene is not 

expressed in the milk (Major et al., 2016). In the transgenic does of the WAP-

hTNAP line, a mammary gland tissue-specific promoter restricted the expression 

of the hTNAP transgene to milk (Bodrogi et al., 2006). It is true for both transgenic 

lines that the transgene is not expressed in the testis, so the transgene protein is not 

present in their sperm cells. 

 As negative control, new zealand white (NZW) rabbits produced for laboratory 

purposes were used. 

Male specimens from homozygous transgenic mice belonging to one of the three 

independent SB-CAG-Venus mouse lines were used to study the species-specific 

expression of Venus protein (Garrels, Talluri, Ziegler, et al., 2016). 
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2.2. SAMPLING AND WESTERN BLOT ANALYSIS 

2.2.1. MILK SAMPLES COLLECTION 

 Lactating SB-CAG-Venus transgenic, heterozygous and homozygous does 

were milked. For positive control, milk samples of the heterozygous females of the 

WAP-hTNAP transgenic line were used. It was published from this line that 

recombinant protein after butanol extraction detected in the whey fraction of their 

milk (Bodrogi et al., 2006). 

In addition, we used milk samples from NZW lactating does. Control animals were 

milked in the same manner and time as the SB-CAG-Venus animals. 

 Total protein was isolated from the fractionated samples and the samples were 

loaded to SDS-PAGE gel. 

 

2.2.2. TEAR AND SALIVA SAMPLING 

 Samples were collected from 3-months, 6-months, and 24-months old male SB-

CAG-Venus heterozygous and NZW rabbits. For the Western blot analysis 10 µg 

of total protein from tear samples, while 20 µg protein from saliva samples was 

separated on the SDS polyacrylamide gel. 

 

2.2.3. COLLECTING EJACULATIONS  

 Heterozygous and homozygous SB-CAG-Venus transgenic and NZW buck 

semen samples were collected.  The germ cells and the seminal plasma were 

separated.  

 

2.2.4. WESTERN BLOT ANALYSIS 

 The samples were separated on denaturing 12% SDS–polyacrylamide gel and 

were blotted to PVDF membrane (Hybond-P, Amersham). After the overnight 

blocking with 5% glycerine defatted dry milk, the membranes were incubated for 4 
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hours at 4°C with an anti-EGFP polyclonal antibody (1:2000, Thermo Fisher 

Scientific), then incubated for 2 hours at 4°C with a horseradish peroxidase 

conjugated anti-rabbit-IgG secondary antibody (1:10000, Sigma A5906). The blots 

were developed using the ECL-Advanced chemiluminescence detection system 

(Amersham) on Hyperfilm ECL autoradiography film (Amersham). 

 

2.3.  HISTOLOGY OF MAMMARY GLAND , TESTIS AND EPIDIDYMIS 

2.3.1. MAMMARY GLAND TISSUE 

 Mammary gland tissue samples of a SB-CAG-Venus transgenic doe were 

collected during lactation and fixed in 4% (w/v) formaldehyde (PFA) at 4 °C for 24 

h. After incubation in PFA, samples were replaced in 30% (w/v) sucrose-PBS 

solution and stored until embedding at 4oC. Mammary gland samples were 

embedded into cryomedium before cryosectioning (Cryomatrix, Thermo Fisher 

Scientific, USA) and cut into 10 μm thick sections on a cryostat (Microm, 

Heidelberg, Germany). Nuclei were stained with Topro-3-iodide (Thermo Fisher 

Scientific, USA, T3605). The images of the lactating mammary gland were 

obtained with a Leica TCS SP8 confocal microscope equipped with a PMT detector. 

The detection range of the Venus channel was 510±550 nm. Nuclear staining was 

recorded at 650±726 nm. 

 

2.3.2. RABBIT TESTIS AND  MOUSE EPIDIDYMIS 

 The rabbit testis and mouse epididymis samples were fixed with 4% buffered 

formaldehyde, and cryoprotected in 30% sucrose solution. Afterwards, the samples 

were embedded in cryostat-embedding compound (Tissue-Tek, Torrance, CA) and 

cut into 10-μm thick sections on a cryostat (Microm, Heidelberg, Germany). The 

samples were nuclear stained with TO-PRO-3 Iodide (Thermo Fisher Scientific, 

T3605) and covered with FluoroSave Reagent (Merck Millipore). 
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2.3.3. IMMUNOHISTOLOGY OF RABBIT TESTIS 

 Immunohistology were performed on 10-μm thick sections of rabbit testis. 

Briefly, after a basic heat-induced epitope retrieval protocol, the sections were 

blocked with 5% BSA and incubated overnight with Tex-14 polyclonal goat 

primary antibody (Santa Cruz Biotechnology Inc., sc169574). The primary 

antibody was removed by recurring washing with TBST. The fluorescent donkey 

anti-goat secondary antibody (Thermo Fisher Scientific, A-21082) was incubated 

for one hour and the remainder was washed away. The nuclei were visualised with 

a 30 minute staining (TO-PRO-3 Iodide, Thermo Fisher Scientific, T3605) and the 

slides were covered with a mounting media (FluorSave Reagent, Merck Millipore). 
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3 RESULTS 

 

3.1. VENUS PROTEIN EXPRESSION IN RABBIT SPERM  CELLS 

3.1.1. COMPARTMENTALIZED DISTRIBUTION OF VENUS FLUOROPHORE IN THE 

MATURE RABBIT SPERMATOZOA  

 Venus fluorescence was apparent in the Venus transgenic rabbit spermatozoa 

under fluorescent microscope, although the fluorescence showed a pronounced 

accumulation to the postacrosomal sheath (PAS), just below the equatorial rim, the 

midpiece and the tail. 

 

3.1.2. FLOW CYTOMETRY 

 The FACS analysis showed an intensity difference between the hemizygote and 

homozygote spermatozoa. The genotypes of the transgenic bucks were confirmed 

both by Q-PCR and by Mendelian segregation of the Venus reporter when mated 

with wild type and hemizygote transgenic does. Although the Venus fluorescence 

of the hemizygote sperms is less intensive compared to the homozygote’s, all 

hemizygote sperm cells were found uniformly Venus-positive  

 

3.1.3. VENUS TRANSGENE INHERITANCE 

 Transgene inheritance SB-CAG-Venus hemi- and homozygote bucks 

underlined, that as expected by the Mendelian lows only 50% of all sperm cells of 

a hemizygous male’s carries the transgene.  

 

3.2. EVIDENCE FOR THE FUNCTIONAL INTERCELLULAR BRIDGES IN RABBIT 

TESTES  

3.2.1. ABSENCE OF VENUS SPECIFIC MRNS IN MATURE SPERMATOZOA (SPERM) 

 RT-PCR failed to amplify the 334 bp Venus specific mRNA fragment from 

transgenic buck’s sperm RNA samples. The obtained RT-PCR data point to the 
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functional role of intercellular bridges in sharing the transgenic protein product 

between syncytias 

 

3.2.2. INTERCELLULAR BRIDGE SPECIFIC IMMUNHISTOLOGY 

 Detection of TEX-14 the critical component of mammalian intercellular bridges 

in the SB-CAG-Venus rabbit testis. points to the functional role of intercellular 

bridges, which exist between spermatocytes and spermatids and which could 

explain the even distribution of the Venus fluorophore protein between transgenic 

and non-transgenic sperm cells. 

 

3.3. SPECIES-SPECIFIC EXPRESSION OF VENUS FLUOROPHORE IN SB 

TRANSGENIC MICE 

3.3.1. THE LACK OF VENUS FLUORESCENCE IN SPERMATOZOA OF EPIDIDYMIS FROM 

THREE TRANSGENIC HOMOZYGOTE MOUSE STRAIN. 

Spermatozoa obtained from the epididymis of homozygous males of three different 

transgenic lines were Venus-negative. Contrary to the transgenic pig’s (Garrels et 

al., 2011b), and rabbit’s (Katter et al., 2013) although those transgenic animals were 

created with the exact same transgene and technique. The mouse testis tissue 

sections revealed that the interstitial tissue, the Leydig cells and smooth muscle 

cells were strongly Venus positive, like in the adult transgenic rabbit. However, 

contrary to the rabbit the round and elongated spermatids and spermatozoa not 

showed a Venus fluorescence. 

 

3.3.2.  DEVELOPMENTAL STAGE-DEPENDENT EXPRESSION OF VENUS FLUOROPHORE 

IN RABBIT TESTIS 

 Taking advantage of the traceability of Venus expression, developmental stage-

specific expression was examined. We compared the testes of young bucks of the 

Vénus transgenic line at the pre-spermatogenesis stage (42dpp), at 60 dpp, the 

beginning of spermatogenesis and in adult buck’s testis (120 dpp). At 42 dpp the 
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differentiating germ cells do not express the Venus protein at detectable levels, 

contrary to the somatic cells, which do show transgene expression. At 60 dpp the 

differentiation to spermatogonia has started and accompanied by faint Venus 

expression. In the adult testis Venus-expressing spermatocytes, and round and 

elongated spermatids were identified both in hemi- and homozygote bucks. Based 

on the obtained information it could be concluded, that Venus expression in the SB-

CAG rabbit male germ line begin in the spermatogonial cells and became uniformly 

strong in spermatocytes and spermatids.  

 

3.4. RESULTS OF VENUS TRANSGENE PROTEIN EXPRESSION EXAMINATIONS IN 

MILK AND MAMMARY GLAND TISSUE SAMPLES   

3.4.1. DETECTION IF VENUS FLUORESCENCE IN THE MILK FRACTIONS 

 We demonstrated the expression of the Venus recombinant protein driven by 

the ubiquitous CAG promoter in milk of SB-CAG-Venus transgenic rabbits despite 

the absence of a signal peptide sequence for the secretory pathway. Milk samples 

of the SB-CAG-Venus transgenic does showed specific Venus fluorescence, 

whereas this was not observed in milk samples of WAP-hTNAP transgenic does 

and in a NZW doe under the same conditions. The fat and milk cell fractions 

from both homozygote and heterozygote SB-CAG-Venus transgenic does were 

Venus positive, the strongest Venus fluorescence was found in the whey fraction of 

the homozygote SB-CAG-Venus transgenic doe. Venus protein was detected by 

Western blot analysis in all milk fractions of the SB-CAG-Venus transgenic does 

during the whole lactation period. The dynamics of recombinant protein expression 

was also evaluated. We did not find notable differences between them throughout 

the lactation period. 

 This expression pattern was also verified with Western blot analysis in milk 

fractions.  
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3.4.2. RESULTS OF THE HISTOLOGICAL EXAMINATION OF THE MAMMARY GLAND 

TISSUE  

 When examining mammary gland tissue, the Venus fluorophore protein showed 

a cytoplasmic position. Venus expression in the mammary epithelial cells clearly 

shows that the source of recombinant protein in rabbit milk could be the exfoliated 

epithelial cells, which reached the end of their secretory life.  

 

3.5. EXAMINING VENUS PROTEIN EXPRESSIONS IN THE BIOLOGICAL FLUIDS 

PRODUCED BY EXOCRINE GLANDS  

 To assess whether the secretion of the signal peptide-less reporter is a unique 

property of the mammary gland, the fluids of other exocrine glands of the transgenic 

animals were analyzed. Of the biological fluids of SB-CAG-Venus transgenic 

rabbits, tear saliva and seminal plasma were Venus-positive under specific 

excitation light illumination. The tear and 

oral saliva samples of homozygote bucks showed stronger Venus fluorescence than 

those of heterozygote bucks, according to the genotype. 
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4 NEW SCIENTIFIC RESULTS 

 

1. I have proved the presence of the Venus transgenic protein in the mature 

spermatozoa of heterozygous SB-CAG-Venus transgenic bucks, which is the 

first evidence of cell-to-cell information and molecular distribution through 

intercellular bridges in this species. I have also confirmed that the ectopically 

expressed transgene protein does not alter significantly the sperm quality. 

2. I have proved that there are species-specific differences in the Venus fluorescent 

protein expression during spermatogenesis and in mature spermatozoa in rabbit 

and mouse created with the exact same transgene. 

3. I have shown first time that for recombinant protein production in rabbit a strong 

tissue non-specific promoter could be a viable alternative in milk as well as in 

seminal plasma, tear and saliva. 

4. My results show that transgenic rabbit expressing a transgene under the strong 

tissue non-specific CAG promoter a protein coding sequence without secretion 

signal produces the transgenic protein by its exocrine glands and excrete it into 

its biological fluids, therefore it is potentially a novel alternative of 

recombinant protein production.  
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5 CONCLUSIONS AND RECOMMENDATIONS 

 

5.1. DISCUSSING THE RESULTS OF SEMEN EXAMINATIONS 

 Transposon-mediated genetic modification is an efficient way of additive 

transgenesis and enabled to create transgenic mouse, rat, swine lines and the rabbit 

line by our group with the same SB-CAG-Venus transgene (Garrels, et al., 2011a; 

Ivics, et al., 2014b; Ivics, et al., 2014a; Ivics, et al., 2014c; Katter et al., 2013). Very 

similar transgene expression patterns were found in the somatic cells of SB-CAG-

Venus transgenic mice, rats, rabbits and pigs with the same construct, and no 

variable expression or position effect was observed, but most of them exhibited a 

reporter gene expression pattern characteristic of the CAG promoter. (Garrels et al., 

2016b). 

 Genotype independent expression of the fluorescent transgenic protein in 

mature spermatozoa was observed in SB-CAG-Venus transgenic swine (Garrels et 

al., 2011b). On the basis of this we examined the sperm samples of transgenic male 

rabbits created with the same SB-CAG-Venus construct. Our results showed that 

all haploid spermatides of the SB-CAG-Venus heterozygous bucks Venus 

fluorescent. 

 Surprisingly, these results did not coincide with those seen in mice where Venus 

expression was not observed in sperm. I applied the same methods to examine the 

germ cells in the testicular tissue sections of transgenic rabbits produced by the SB-

CAG-Venus construct and of males from three independent transgenic mice 

generated by this construct.  

 My results showed, that SB transgenesis with the CAG-Venus transgene 

resulted in fluorophore expressing spermatocytes, spermatids and mature 

spermatozoa in the laboratory rabbit. The intensity of expression correlated with 

the transgene copy number, lining up with the observations made in the SB-

transgenic pig lines. In stark contrast, mouse spermatozoa obtained from the 
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epididymis of three independent transgenic lines were negative for Venus 

expression.  

My experiments underline that the terminally differentiated spermatozoas are 

exceptions from the uniform Venus reporter gene expression pattern observed in 

somatic tissues of four different SB transgenic species.  

The even Venus protein distribution between the SB-CAG-Venus heterozygous 

rabbit sperm cells suggests that either the transgene mRNA or the transgene protein 

moves via the intercellular bridges connecting the neighbouring cells. The presence 

of intercellular bridges in male rabbits has already been reported in 1959 (Fawcett 

et al., 1959), but evidence for its function in this species have not been published. 

In mice it has been shown that TEX 14 is an essential protein of intercellular 

bridges, its absence leads to inappropriate spermatogenesis (Greenbaum et al., 

2006). 

 Genotype-independent transgenic phenotype of spermatids was first reported in 

a sperm specific protamine 1 promoter- human growth hormone transgenic 

hemizygote mouse model, where even distribution of transgene mRNA and protein 

were detected in testis sections (Braun et al., 1989). Recently, genotype-

independent transmission of Venus protein by spermatozoa was reported by SB- 

transgenic hemizygote transgenic boars (Garrels, et al., 2011a), however to our 

knowledge beyond those two examples none were published in mammals. 

 We have demonstrated the presence of TEX 14 protein in the testicles of 

transgenic male rabbits. The fact that we were unable to detect the presence of 

Venus-specific mRNA by RT-PCR in mature spermatozoa proves that transgenic 

protein is not the result of active transcription during sperm maturation. This result 

and the uniform transgene protein distribution in the sperm of heterozygous rabbits 

supposes the active role of intercellular bridges between spermatocytes and 

spermatids, which is the first proof of the function of intercellular bridges in this 

species. 
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 I have shown that ectopic protein expression has no effect on the fertility of 

sperm. 50% of the offspring of heterozygous animals carries the Venus transgene, 

and the gene is inherited according to Mendel’s rules. 

 The motility of the sperm cells of heterozygous and homozygous bucks, and 

freezability were also assessed. These characteristics did not differentiate from the 

values determined in NZW rabbits. The SB-CAG-Venus bucks were used for 

artificial insemination for four generations, and neither decrease in fertility nor in 

litter size were detected. 

 

5.1.1. RECOMMENDATIONS 

 A more detailed analysis of rabbit spermatogenesis, which might also help to 

solve human fertility problems. 

 To reveal Venus transgenic protein distribution in the ovarium of the SB-CAG-

Venus transgenic does would help to underline our hypotheses on the function of 

intercellular bridges. 

 Spermatogonial stem cell transplantation from SB-CAG-Venus homozygous 

bucks could allow to observe the formation of bridges, cell-to-cell connections, and 

the functioning intercellular bridges in the recipient NZW bucks. 

  

5.2. DISCUSSING THE RESULTS OF TEAR AND SALIVA SAMPLING  

 The presence of the transgenic protein was detected in all three fractions of the 

SB-CAG-Venus transgenic rabbit milk (whey, fat, casein). Our results are 

supported by the findings in the milk samples of the transgenic swine generated 

with the same transgenic construct (Garrels, et al., 2011b), Venus protein was 

observed both in whey and milk cell fractions, albeit with reduced amounts in the 

pig fat fractions. In addition, mCherry recombinant protein controlled by the same 

CAG promoter was obviously enriched in an another transgenic swine milk cells 

(Mukherjee et al., 2016). 
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Based on our results along with Mukherjee et al. (2016), the expression pattern in 

transgenic animals produced by CAG promoter-regulated constructs- without 

secretion signal peptide- shows species-specific differences in  rabbit and pig milk 

, which may be due to different somatic cell count in milk and the cell type 

distribution (Boutinaud and Jammes, 2002). In rabbits, the total somatic cell count 

is 0.5-1x106 cells/ml, similar to that of pigs (1x106 cells / ml), with the proportion 

of epithelial cells being 60-90% (Le Jan, 1996). 

 The recombinant Venus protein in the biological fluids produced by the secreted 

apocrine and merocrine glands of the SB-CAG-Venus transgenic animals foresees 

a new possibility for therapeutic protein production in transgenic animals. The 

expression of the Venus reporter protein is restricted to the cytoplasm and therefore 

the transgenic protein does not undergo post-translational modifications, and the 

protein does not cross the normal secretory pathway as the construct did not contain 

secretory signal peptide. This can be an advantage for some of the recombinant 

proteins. The recombinant protein produced under the control of the tissue-specific 

promoter receives translational modifications , but there are cases when these 

modifications are not performed perfectly by the mammary gland. For example, the 

efficiencies of the essential γ -carboxylation of the recombinant human protein C 

(rhPC) and the recombinant human Factor IX driven by the whey acid protein gene 

promoter were different at similar expression levels in transgenic pigs (Van Cott et 

al., 1999). 

Heterogeneity of the glycosylation has also been observed in transgenic goats 

producing human antithrombin with the β-Casein promoter driven construct (Zhou 

et al., 2005). Incomplete post-translational modifications can reduce the activity of 

the recombinant protein and alter its immunogenicity. 

This type of recombinant protein production system, which I have studied can be 

further polished in combination with a tissue specific recombinase system. The Cre 

recombinase integrated into the mammary gland-specific promoter-driven 

construct combined with the loxP cassette incorporated into the other CAG 
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promoter-driven construct enable the mammary gland specific gene expression, 

while the CAG promoter is responsible for high expression levels. The new system 

can be combined with in the cassette or can be used in a binary approach 

((Mukherjee et al., 2016). 

 Western blot analysis confirmed the presence of fluorescent reporter protein in 

the tears and saliva of SB-CAG-Venus heterozygous and homozygous animals of 

different ages. Our findings show that the heterozygous and homozygous animals 

differ in transgenic protein concentrations but the protein production is independent 

of the age of animals and the time of sampling. 

The presence of a recombinant protein expressed in tear and saliva samples under 

the control of a CAG promoter is an important finding, because it is difficult to find 

tear or saliva specific promoters. Based on our results, this can be a very good 

system if, for example, someone intends to produce a protein in tears. 

 

5.2.1. RECOMMENDATIONS 

 We would like to continue characterizing the expression pattern of SB-CAG-

Venus transgenic animals by examining blood and urine. 

 It would be useful to examine the presence of the recombinant protein in various 

biological fluids on a transgenic rabbit line created with another non tissue specific 

promoter, and to implement the system, for example in the case of therapeutic 

proteins for which post-translational modifications are undesirable. 
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