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1 Introduction 

 

The bovine lungworm Dictyocaulus viviparus is an important parasitic nematode in first 

season grazing cattle occurring worldwide in temperate areas. This disease is the cause of 

parasitic bronchopneumonia which leads to economic losses due to illness or even the death 

of affected animals (COLES 2001; PANUSKA 2006). The infective third stage larvae (L3) 

develop after ingestion by the host via fourth stage larvae (L4) and the preadult larval stage 

(L5) to adult lungworms. This development can be inhibited in the L4 and L5 stage (VON 

SAMSON-HIMMELSTJERNA u. SCHNIEDER 1999), in case of unfavourable 

environmental conditions. The ability of the parasite to arrest its development inside the host, 

which is also referred to as hypobiosis, is one of the key elements of its biology and ensures 

survival (BLITZ u. GIBBS 1972a, b; GIBBS 1982). In temperate areas hypobiosis induction 

of the parasitic D. viviparus larvae occurs during winter, driven by low temperature (BLITZ 

u. GIBBS 1972a; ARMOUR u. DUNCAN 1987). Those hypobiotic lungworm larvae outlive 

the winter months in the lungs of cattle and sustain their development to egg-laying adults in 

spring, whereas most D. viviparus larvae on pasture die during winter. Hence, hypobiotic 

larvae are vital for the epidemiology of lungworm infections allowing the parasite’s survival 

from year to year (MICHEL 1955; MICHEL u. SHAND 1955). 

 

It is possible to experimentally induce hypobiosis by exposing infective L3 of D. viviparus six 

weeks to temperatures of 4-7°C (GUPTA u. GIBBS 1970; EYSKER et al. 1992; STRUBE et 

al. 2007). Regardless of the fact that hypobiosis is a well-known phenomenon in parasitic 

nematodes (EYSKER 1993); few studies dealing with regulating mechanisms on the 

molecular level have been conducted up until now. There is one study, which analyzed 

differentially transcribed genes in hypobiosis-induced and non-induced L3 (STRUBE et al. 

2007), including the first description of differentially transcribed genes in the bovine 

lungworm D. viviparus. Even though the authors utilized infective L3, which were hypobiosis 

induced by chilling, knowledge from genuinely developmentally inhibited parasitic larvae is 

still absent. Thus, the first part of the project consisted of a study which focused on the 

investigation of differential gene transcription in hypobiotic and non-hypobiotic L5 of 

D. viviparus. The aim was to identify genes connected to the parasite’s development 
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concentrating on the mode of hypobiosis. Therefore, subtracted cDNA libraries of hypobiotic 

and non-hypobiotic L5 were created by suppression subtractive hybridization (SSH), followed 

by the selection through differential screening and subsequent verification by Virtual 

Northern blot analysis. The verified differentially transcribed sequences were then subjected 

to bioinformatic analysis. The obtained data depict a basis for characterization and analysis of 

genes, which drive the parasite’s development in normal as well as hypobiotic direction. 

 

In order to further understand the parasite´s development in the normal direction it is crucial 

to examine and understand the sexual development, differentiation and maturation of parasitic 

helminths and their sex-specific genes, which serve as key elements of the epidemiology. 

Nevertheless, in comparison of the free-living nematode Caenorhabditis elegans there is still 

very little known about these aspects. Regarding the morphology of D. viviparus, only two 

published brief descriptions of the preadult larval stage (DOUVRES u. LUCKER 1958; VON 

SAMSON HIMMELSTJERNA u. SCHNIEDER 1999) and a few of adults (DIVINA et al. 

2000; LAT-LAT et al. 2010) exist. Up until now several studies revealing gender-enriched 

transcripts in helminths by performing transcriptome analysis exist (BOAG et al. 2000; 

NISBET u. GASSER 2004; CANTACESSI et al. 2009, 2011), but only one detailed 

molecular characterization of a sex-specific gene (major sperm protein, msp) in 

Oesophagostomum dentatum (COTTEE et al. 2004) and one in D. viviparus (STRUBE et al. 

2009) is published. Therefore, the second part of the thesis was dedicated to the investigation 

of the sexual maturation which occurs during the development of preadult lungworm larvae to 

adults by measuring longitudinal growth, morphological differentiation and, furthermore, the 

transcription profiles of female as well as male major reproduction genes. Due to the fact that 

an investigation of parasitic lungworm stages within their habitat (the airways) is impossible 

and, additionally, until now in vitro cultivation experiments with D. viviparus have been 

performed only with L3 (BOS u. PANHUIJZEN 1982; BOS u. BEEKMANN 1985; VON 

SAMSON-HIMMELSTJERNA et al. 1998), an in vitro cultivation method for ex vivio 

parasitic lungworm stages from cattle lungs had to be established first. Therefore, preadult 

larvae (L5) were acquired from parasitized lungs and subsequently used for in vitro tests to 

supply information on cultivation conditions needed. Afterwards, growth and sexual 

development in terms of morphological differentiation as well as transcriptional changes of 
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two sex-specific genes during the development into adults were examined. The gained 

knowledge about the sexual maturation, differentiation and the development occuring during 

the transition of preadult larvae to adults is of particular interest, because it could contribute 

new means of parasite control by interfering with or blocking one of these processes. 
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3 Summary of the results 

 

3.1 Transcriptome analysis  

3.1.1 Parasite material  

 

The parasite material for the transcriptome analysis of the normally developed preadult larvae 

(L5) as well as the hypobiotic preadult larvae (L5hyp) was obtained by lung perfusion 

(WOOD et al. 1995). Regarding the L5 population, approximately 16,500 L5 were collected 

from the first calf and 4000 L5 from the second calf 15 days post infection (dpi). After 

necropsy, 35 dpi of the five calves infected with 35,000 hypobiotic larvae, the number of 

obtained L5hyp was 49, 57, 75, 75 and 106, respectively and after infection with 

50,000 hypobiotic larvae 74 and 226.  

Larvae attained by lung perfusion were studied microscopically. Thereby, the microscopic 

examination showed that both male and female L5 exhibited apparent genital anlages (Fig. 1a 

and 1b). In the L5hyp population, which was defined by its size of less than 5 mm, males 

showed a bursa with bursal rays and spicules (Fig. 1c), whereas the development of the vulva 

anlage of females was still at its very beginning (Fig. 1d). 

 

  

 

Fig. 1a and 1b: Male and female L5 of Dictyocaulus viviparus (note distinct bursa and 

vulva anlage, respectively) 

 

a b 
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Fig. 1c and 1d: Hypobiotic male and female L5 of Dictyocaulus viviparus (note small size 

as well as distinct bursa anlage and initial vulva development, respectively)  

 

 

 

3.1.2 Efficiency control of the suppression subtractive hybridization (SSH)  

 

To verify the efficiency of the SSH approach, a Southern blot analysis was performed. The 

blot revealed that the subtracted L5hyp probe manifested a strong hybridization signal to both 

L5hyp cDNAs. Nevertheless, the hybridization signal to the subtracted L5hyp cDNA was 

more profound and stretched over a wider range if compared to the unsubtracted L5hyp 

cDNA signal, which depicted sufficient subtraction efficiency. The signal exhibited with the 

unsubtracted non-hypobiotic L5 cDNA was significantly weaker and no signal was detected 

with the subtracted L5 cDNA (Fig. 2a). Regarding the blot probed with the subtracted non-

hypobiotic cDNA, the reciprocal result was observed (Fig. 2b). 

 

c d 
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Fig. 2a and 2b: Subtraction efficiency control by Southern blot analysis, cDNAs 

hybridized with subtracted L5hyp probe and subtracted L5 probe, respectively 

This blot displays the successful subtraction efficiency control of the SSH by Southern blot 

analysis. Equal amounts (1 µg) of subtracted L5 (L5s), subtracted, hypobiotic L5 (L5hyps), 

unsubtracted L5 (L5u) and unsubtracted, hypobiotic L5 (L5hypu) cDNAs were resolved by 

gel electrophoresis, transferred to a positively charged nylon membrane and prehybridized. 

Subsequently, hybridization with DIG-labelled cDNA of hypobiotic L5 cDNA and L5 cDNA, 

respectively, was performed. 

 

 

 

3.1.3 Clustering and assembly of differentially transcribed ESTs 

 

2016 clones, containing a single insert, were chosen to represent the subtracted libraries of 

each population, the L5hyp as well as the L5 population. Of these clones, 500 L5hyp clones 

(25%) and 100 L5 clones (5%) were validated to contain differentially transcribed ESTs by 

differential screening, followed by Virtual Northern blot analysis. The insert lengths of the 

clones ranged between 250 and 900 bp. The sequencing of the aforementioned 500 L5hyp 

clones in both directions produced 950 sequences, whereas 192 sequences were attained by 

the sequencing of 100 L5 clones. Received sequences were first of all subject to manual 

revision, resulting in 849 and 161 remaining sequences, respectively. Subsequently, further 

a b 
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processing was performed by using the ESTExplorer pipeline. Thereby, 833 L5hyp high 

quality ESTs remained, which were clustered into 54 contigs and 21 singletons (equivalent to 

75 representative ESTs). All in all, 499 clones (99.8%) of the originally sequenced 500 clones 

were represented by the 833 high quality ESTs. The contigs were then ranked depending on 

the number of ESTs they contain. 148 ESTs (18%) were included in the top 5 contigs and 

236 (28%) in the top 10 contigs. Regarding the L5 population, 150 high quality ESTs were 

assigned to 15 contigs and 43 singletons (58 representative ESTs), corresponding to 83 (83%) 

of the originally sequenced 100 clones. The top 5 contigs comprised 21 ESTs (14%) and the 

top 10 contigs 31 sequences (21%). The high quality ESTs of both populations, L5hyp as well 

as L5, were submitted to GenBank (accession numbers: GW915699-GW916698 and 

GW992802-GW992804). 

 

3.1.4 Bioinformatic characterization of differentially tr anscribed ESTs 

 

After clustering and assembly of the high quality ESTs, further analysis was performed by 

using the Blast2GO program (version 2.4.4), which is a bioinformatic tool that supports 

BLAST searches, gene ontology annotations, KEGG mapping as well as InterPro motif scan. 

In the course of the BlastX search, 12 representative EST (rESTs) of the 75 L5hyp rESTs 

were found to be homologous to either Caenorhabditis elegans or C. briggsae sequences, 

whereas 4 rESTs were homologous solely to other organisms than these two nematodes, 

namely with Angiostrongylus cantonensis, Brugia malayi and Schistosoma mansoni. 

However, 47 rESTs showed no sequence homologies. Thereby, the term homology was 

defined as an at least 55% amino acid similarity on a sequence segment of at least 40 amino 

acids with an e-value of ≤1,00E-05. In the L5 population, 6 of the 58 rESTs were homologous 

to C. elegans and C. briggsae transcripts. 4 rESTs, on contrast, revealed homologies 

exclusively with hypothetical proteins of A. cantonensis. Once again, 47 rESTs showed no 

homologies with any published sequences.  

After gaining information on sequence homologies of the differentially transcribed sequences, 

the following aim was to elucidate biological, molecular and cellular functions. Therefore, 

Gene Ontology (GO) terms were assigned. In the L5hyp population, 23 of the 75 L5hyp 

rESTs were assigned to GO terms, whereas this applied to 7 of the 58 L5 rESTs. Due to the 
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fact, that more than one GO term can be appointed to an individual sequence, altogether 

108 annotations were conducted for the hypobiotic and 23 for the L5 population. 

Table 1a and Table 2a depict the top hits of the BlastX search as well as their corresponding 

percentages of identity and similarity. Table 1b and 2b list the GO annotation results for the 

L5hyp and L5 population, respectively: 

 

Tabl. 1a: Top hits of BlastX of Dictyocaulus viviparus hypobiotic L5 upregulated rESTs 

*aa: amino acids 

 BlastX result 

Sequence ID Hit description Number of identical 

aa* / length of 

sequence segment 

(% identity) 

Number of positive 

aa* / length of 

sequence segment 

(% positives) 

E-value 

L5hyp-L5_223f XP_002576028 

Radical sam protein 

[Schistosoma  

mansoni] 

25/46 (54%) 34/46 (73%) 2.00E-06 

 

L5hyp-L5_296 NP_510226 

Hypothetical protein 

C49F8.3  

[Caenorhabditis elegans] 

84/96 (87%) 90/96 (93%) 7.00E-48 

L5hyp-L5_354f XP_002638953 

C. briggsae CBR-PPFR-1 

protein [Caenorhabditis 

briggsae] 

28/53 (52%) 35/53 (66%) 9.00E-07 

L5hyp-L5_1085 NP_505278 

HIStone family member 

(his-52)  

[Caenorhabditis elegans] 

74/74 (100%) 74/74 (100%) 5.00E-33 

L5hyp-L5_1370 XP_002637520 

Hypothetical protein 

CBG19243  

[Caenorhabditis 

briggsae] 

46/61 (75%) 51/61 (83%) 5.00E-17 
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Tabl. 1a: Top hits of BlastX of Dictyocaulus viviparus hypobiotic L5 upregulated rESTs 

(continued) 

 BlastX result 

Sequence ID Hit description Number of identical 

aa* / length of 

sequence segment 

(% identity) 

Number of positive 

aa* / length of 

sequence segment 

(% positives) 

E-value 

L5hyp-L5_contig 3 CAR63728 

Hypothetical protein 

[Angiostrongylus 

cantonensis] 

35/58 (60%) 46/58 (79%) 5.00E-13 

L5hyp-L5_contig 4 CAR63725 

Hypothetical protein 

[Angiostrongylus 

cantonensis] 

35/85 (41%) 57/85 (67%) 1.00E-11 

L5hyp-L5_contig 6 NP_495706 Hypothetical 

protein F10B5.8 

[Caenorhabditis elegans] 

53/86 (62%) 61/86 (71%) 4.00E-21 

L5hyp-L5_contig 7 XP_001895353 

Hypothetical protein 

Bm1_19490 

(steroidogenic acute 

regulatory protein) 

[Brugia malayi] 

52/147 (35%) 90/147 (61%) 8.00E-17 

 

L5hyp-L5_contig 12 NP_001040668 

Hypothetical protein 

F52A8.6 (Ras family 

small GTPases) 

[Caenorhabditis elegans] 

51/64 (79%) 58/64 (90%) 1.00E-15 

 

L5hyp-L5_contig 15 XP_001900116 

SMC proteins Flexible 

Hinge Domain  

containing protein 

[Brugia malayi] 

39/48 (81%) 44/48 (91%) 2.00E-14 
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Tabl. 1a: Top hits of BlastX of Dictyocaulus viviparus hypobiotic L5 upregulated rESTs 

(continued) 

 BlastX result 

Sequence ID Hit description Number of identical 

aa* / length of 

sequence segment 

(% identity) 

Number of positive 

aa* / length of 

sequence segment 

(% positives) 

E-value 

L5hyp-L5_contig 17 CAR63732 Hypothetical 

protein 

[Angiostrongylus 

cantonensis] 

55/133 (42%) 76/155 (58%) 1.00E-18 

L5hyp-L5_contig 20 XP_002639681 

Hypothetical protein 

CBG12400 

[Caenorhabditis 

briggsae] 

56/119 (47%) 76/119 (64%) 3.00E-18 

L5hyp-L5_contig 26 XP_002634965 

Hypothetical protein 

CBG13501  

[Caenorhabditis 

briggsae] 

90/124 (72%) 113/124 (91%) 7.00E-52 

L5hyp-L5_contig 34 NP_492641 

HIStone family member 

(his-67) [Caenorhabditis 

elegans] 

83/83 (100%) 83/83 (100%) 2.00E-39 

L5hyp-L5_contig 40 CAR63728 

Hypothetical protein 

[Angiostrongylus 

cantonensis] 

30/58 (52%) 40/58 (69%) 3.00E-09 

L5hyp-L5_contig 41 NP_509350 

Hypothetical protein 

C34D10.2 (CCCH-type 

Zn-finger protein) 

[Caenorhabditis elegans] 

145/172 (84%) 160/172 (93%) 7.00E-92 
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Tabl. 1a: Top hits of BlastX of Dictyocaulus viviparus hypobiotic L5 upregulated rESTs 

(continued) 

 BlastX result 

Sequence ID Hit description Number of identical 

aa* / length of 

sequence segment 

(% identity) 

Number of positive 

aa* / length of 

sequence segment 

(% positives) 

E-value 

L5hyp-L5_contig 43 NP_510226 

Hypothetical protein 

C49F8.3  

[Caenorhabditis elegans] 

38/42 (90%) 40/42 (96%) 4.00E-15 

 

 

 

 

Tabl. 1b: Gene ontology annotation of Dictyocaulus viviparus hypobiotic L5 upregulated 

rESTs 

 GO annotation 

Sequence ID Molecular function Biological process Cellular component 

L5hyp-L5_223f catalytic activity; protein 

kinase binding 

regulation of cyclin-dependent 

protein kinase activity 

cellular component 

L5hyp-L5_296 protein binding - - 

L5hyp-L5_354f binding   - integral to membrane 

L5hyp-L5_1085 DNA binding nematode larval development nucleosome 

L5hyp-L5_1370  - transport integral to membrane 

L5hyp-L5_contig 6 hydrolase activity biological process nucleus 

L5hyp-L5_contig 7  - cellular lipid metabolism mitochondrion 

L5hyp-L5_contig 12  - small GTPases mediated 

signal transduction 

intracellular 

L5hyp-L5_contig 15 transcription regulator 

activity 

embryonic development nuclear chromosome 
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Tabl. 1b: Gene ontology annotation of Dictyocaulus viviparus hypobiotic L5 upregulated 

rESTs (continued) 

 GO annotation 

Sequence ID Molecular function Biological process Cellular component 

L5hyp-L5_contig 26 purine-nucleoside 

phosphorylase activity 

purine salvage cytosol 

L5hyp-L5_contig 34 DNA binding nematode larval development nucleosome 

L5hyp-L5_contig 41 nucleic acid binding, 

protein binding 

- - 

 

 

 

Tabl. 2a: Top hits of BlastX of Dictyocaulus viviparus L5 upregulated rESTs 

*aa: amino acids 

 BlastX result 

Sequence ID Hit description Number of identical 

aa* / length of 

sequence segment 

(% identity) 

Number of positive 

aa* / length of 

sequence segment 

(% positives) 

E-value 

L5-L5hyp_121 CAR63728 

Hypothetical protein 

[Angiostrongylus 

cantonensis] 

28/58 (48%) 37/58 (63%) 5,00E-08 

 

L5-L5hyp_791 NP_492469 

Anterior Pharynx 

defective 

family member (aph-

1) [Caenorhabditis 

elegans] 

50/63 (79%) 55/63 (87%) 4.00E-21 
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Tabl. 2a: Top hits of BlastX of Dictyocaulus viviparus L5 upregulated rESTs (continued) 

 BlastX result 

Sequence ID Hit description Number of identical 

aa* / length of 

sequence segment 

(% identity) 

Number of positive 

aa* / length of 

sequence segment 

(% positives) 

E-value 

L5-L5hyp_1071 NP_498567 

Hypothetical protein 

K04G7.1 

[Caenorhabditis 

elegans] 

32/50 (64%) 32/50 (64%) 4.00E-12 

 

L5-L5hyp_1094 NP_493159 

Hypothetical protein 

C54C8.4 

[Caenorhabditis 

elegans] 

44/94 (46%) 56/94 (59%) 3.00E-14 

L5-L5hyp_1358rb CAR63728 

Hypothetical protein 

[Angiostrongylus 

cantonensis] 

29/50 (58%) 37/50 (74%) 2.00E-09 

L5-L5hyp_1452 CAR63728 

Hypothetical protein 

[Angiostrongylus 

cantonensis] 

34/57 (60%%) 43/57 (76%%) 1.00E-11 

L5-L5hyp_1676 CAR63732 

Hypothetical protein 

[Angiostrongylus 

cantonensis] 

39/91 (43%) 58/91 (64%) 2.00E-11 

L5-L5hyp_contig 10 NP_499882 

Hypothetical protein 

R02D3.5 (protein 

prenyltransferase 

alpha subunit) 

[Caenorhabditis 

elegans] 

96/192 (50%) 128/192 (66%) 8.00E-37 
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Tabl. 2a: Top hits of BlastX of Dictyocaulus viviparus L5 upregulated rESTs (continued) 

 BlastX result 

Sequence ID Hit description Number of identical 

aa* / length of 

sequence segment 

(% identity) 

Number of positive 

aa* / length of 

sequence segment 

(% positives) 

E-value 

L5-L5hyp_contig 14 XP_001676424 

Hypothetical protein 

CBG14234 (vit-5) 

[Caenorhabditis 

briggsae] 

44/129 (34%) 74/129 (57%) 2.00E-12 

 

 

 

 

Tabl. 2b: Gene ontology annotation of Dictyocaulus viviparus L5 upregulated rESTs 

 GO annotation 

Sequence ID Molecular function Biological process Cellular component 

L5-L5hyp_1071 - reproduction - 

L5-L5hyp_contig 10 protein 

prenyltransferase 

activity 

growth; 

 protein amino acid 

prenylation 

cytosol 

L5-L5hyp_contig 14 protein binding determination of adult life 

span 

yolk granule; cytoplasmatic 

vesicle 

 

 

 

In the process of collecting more information on biological pathways in which differentially 

transcribed sequences are involved, L5hyp as well as L5 rESTs were mapped using KOBAS, 

implemented within the Blast2GO program. Regarding the L5hyp population 5 rESTs could 

be assigned to 14 pathways. Thereby, 4 different pathways (metabolic pathways, purine-, 

pyrimidine-, nicotinate- and nicotinamide metabolism as well as biosynthesis of alkaloids 

derived from histidine and purine) were assigned to 1 rEST and 9 pathways (metabolic 

pathways, glycolysis and gluconeogenesis, biosynthesis of alkaloids derived from histidine 
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and purine, of phenylpropanoids, terpenoids and steroids, plant hormones and alkaloids 

derived from shikimate pathway, ornithine pathway and terpenoid pathway) to another one. 

Another rEST was assigned to metabolic pathways and pyrimidine metabolism and 2 rESTs 

to methane metabolism, tropane, piperidine and pyridine alkaloid biosynthesis. 1 rEST of the 

L5 population could be appointed to the pathway of aminoacyl-t-RNA biosynthesis. 

Nevertheless, one needs to consider that some of the pathways included in KEGG do not (for 

example plant pathways) or may not exist in worms (for instance mammalian pathways). 

Additionally, a secretome analysis using SignalP was conducted. Thereby, it was predicted 

that 15 of the L5hyp rESTs and 14 of the L5 rESTs had signal peptide cleavage sides. 

Furthermore, the presence of transmembrane helices could not be predicted with TMHMM in 

any of the rESTs of both populations. 

 

 

 

3.2 In vitro studies on sexual maturation 

3.2.1 Parasite material  

 

The parasite material needed for in vitro cultivation of L5 was obtained by perfusion of the 

lungs (WOOD et al. 1995) of four calves 15 days post infection (dpi). It resulted in 2,240, 

2,390, 1,300 and 2,520 L5. In order to perform further in vitro cultivation experiments with 

adult lungworms one calve was necropsied 40 dpi and 313 adult D. viviparus were collected 

with forceps from the opened trachea and bronchi. 

 

3.2.2 Evaluation of cultivation conditions  

 

So far, there are only three published studies on cultivation conditions of D. viviparus, which 

were performed on infective L3 only. Therefore, first of all, different media and cultivation 

conditions needed to be tested to assess the in vitro cultivation method with the best 

performance on cultivation of D. viviparus L5. The various cultivation conditions and media 
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used are listed in the following Table, together with the motility grade of the cultivated 

individuals as well as their maximum survival period: 

 

Tabl. 3: Dictyocaulus viviparus culture conditions, motility grade and maximum survival 

period 

The different media used were abbreviated. Thereby, NaCl stands for 0.9% sodium chloride; 

RPMI-1640+G for RPMI-1640 supplemented with L-glutamine; NGM for Nematode Growth 

Medium; PNGM for Parasite Nematode Growth Medium; LB for LB-Miller medium and FBS 

for Fetal Bovine Serum. A medium+FBS stands for the supplementation of 50% Fetal Bovine 

Serum; doc stands for days of cultivation. 

Temperature 

(°C) 

Atmosphere Medium Motility grade  Maximum survival 

period (doc/dpi) 

37 atmospheric CO2 NaCl low, started 8 h after 

cultivation start 

1/16 

NaCl+FBS low, started 

2 doc/17 dpi 

3/18   

RPMI-1640 low, started 8 h after 

cultivation start 

1/16 

 RPMI-1640+FBS low, started 8 h after 

cultivation start  

1/16 

 NGM low, started 8 h after 

cultivation start 

1/16 

 NGM+FBS low, started 8 h after 

cultivation start 

1/16 

 

 

PNGM low, started 

2 doc/17 dpi 

3/18 

 5% CO2 NaCl low, started 8 h after 

cultivation start 

1/16 

  NaCl+FBS  low, started 

23 doc/38 dpi 

41/56 

  RPMI-1640 low, started 

4 doc/19 dpi 

10/25 

  RPMI-1640+FBS  intense, from the 

beginning continuously 

58/73 
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Tabl. 3: Dictyocaulus viviparus culture conditions, motility grade and maximum survival 

period (continued) 

Temperature 

(°C) 

Atmosphere Medium Motility grade  Maximum survival 

period (doc/dpi) 

37 5% CO2 NGM  low, started 8 h after 

cultivation start 

2/17 

NGM+FBS low, started 

23 doc/38 dpi 

41/56   

PNGM low, started 

10 doc/25 dpi 

26/41 

39 atmospheric 

CO2 

NaCl low, started 8 h after 

cultivation start 

1/16 

NaCl+FBS low, started 

2 doc/17 dpi 

3/18 

RPMI-1640 low, started 8 h after 

cultivation start 

1/16 

RPMI-1640+FBS low, started 8 h after 

cultivation start 

1/16 

NGM low, started 8 h after 

cultivation start 

1/16 

NGM+FBS low, started 8 h after 

cultivation start 

1/16 

  

PNGM low, started 

2 doc/17 dpi 

3/18 

 5% CO2 NaCl low, started 8 h after 

cultivation start 

1/16 

  NaCl+FBS low, started 

22 doc/37 dpi 

44/59 

  RPMI-1640 low, started 

5 doc/20 dpi 

10/25 

  RPMI-1640+FBS intense, from the 

beginning continuously 

57/72 

  RPMI-1640+G+FBS intense, from the 

beginning continuously 

58/73 

  NGM low, started 8 h after 

cultivation start 

1/16 
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Tabl. 3: Dictyocaulus viviparus culture conditions, motility grade and maximum survival 

period (continued) 

Temperature 

(°C) 

Atmosphere Medium Motility grade  Maximum survival 

period (doc/dpi) 

39 5% CO2 NGM+FBS low, started 

18 doc/33 dpi 

36/51 

  PNGM low, started 

18 doc/33 dpi 

52/67 

  LB+FBS intense, from the 

beginning continuously 

37/52 

 

 

 

In order to differentiate between the three media with the best performance (RPMI-1640, 

RPMI-1640+G+FBS and LB+FBS), an end point length measurement was performed 37 days 

of cultivation (doc), which corresponds to 52 dpi. The mean worm length measured was 

14.94 mm (SD±3.20 mm) in RPMI-1640+FBS, 15.58 mm (SD±2.47 mm) in RPMI-

1640+G+FBS and 13.07 mm (SD±2.28 mm) in LB+FBS (at the day of necropsy initial length 

5.99 mm; SD±1.47 mm). Considering the results described above, RPMI-1640 supplemented 

with L-glutamine, 50% Fetal Bovine Serum, amphotericin B (0.25 mg/ml) and the antibiotics 

penicillin (10,000 U/ml) and streptomycin (10 mg/ml) was chosen as ideal cultivation media. 

Furthermore, individuals were cultivated at 39°C incubation temperature and 5% CO2 

atmosphere. 

In consideration of the further optimization of the cultivation technique, different feeding 

experiments were performed. Thereby, two cell lines, KLU-R1 (lung, cattle, embryonic) and 

KTR (tracheal mucosa, cattle, embryonic) were used, which supposedly serve as food under 

natural conditions. In RPMI-1640+FBS, RPMI-1640+G+FBS and LB+FBS, cultivated 

individuals, which were feed with KLU-R1 and KTR cell lines, showed continuous intense 

movement until death 56 doc (71 dpi), 59 doc (74 dpi) and 39 doc (54 dpi), respectively. 

Furthermore, the cultivation of individuals in RPMI-1640+G+FBS, in which KLU-R1 and 

KTR cells, respectively, were cultivated beforehand, showed no major advantage compared to 

cultivation in medium and FBS only. 30.00% of the individuals cultivated in used KLU-R1 

medium and 28.33% of those cultivated in used KTP medium were still alive 10 doc (25 dpi), 
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with only a low-grade movement remaining. Death of last individuals occurred 44 doc 

(59 dpi). 

Concerning the investigation of feeding in general, lungworms were fed with fluorescein 

isothiocyanate-conjugated bovine serum albumin (FITC-BSA), which resulted in gut 

fluorescence. Figure 3a and 3b show the same female individual 3 doc (18 dpi) photographed 

either without or with a fluorescence filter. 

 

      

Fig. 3a and 3b: FITC-BSA fed female individual, 3 doc (18 dpi), photographed without 

and with a fluorescence filter, respectively 

 

 

 

3.2.3 Length measurements, parasite morphology, and mating behavior  

 

In order to examine occurring development during in vitro cultivation, different aspects were 

investigated. As first indicator for development growth was examined. Thereby, continuous 

length measurements on the same individuals were conducted starting 0 doc (15 dpi) and 

subsequently every three days until 45 doc (60 dpi). Due to the fact, that an influence of the 

number of individuals per setup on growth is conceivable, experiments were set up with 5, 10, 

20, 30 and 40 L5 with 8 replicates (40 setups and 840 larvae in total). 0 doc (15 dpi; day of 

necropsy) L5 measured 4.64 mm on average (SD±0.90 mm). Henceforward, individuals grow 

rapidly until they reached 9.22 mm on average (SD±0.09 mm) 18 doc (33 dpi). On the last 

a b 
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day of data collection (45 doc; 60 dpi), individuals reached a length of 9.88 mm on average 

(SD±0.06 mm). The maximum size of a single individual on that day was 15.37 mm. The 

statistical comparison of growth depending on the number of individuals per setup, performed 

with the Kruskal-Wallis One Way Analysis of Variance on Ranks, showed no statistical 

significant difference (p= 0.864). Longitudinal growth in the different setups is displayed in 

the following Figure: 

 

 

Fig. 4: Longitudinal growth of in vitro cultivated stages 

 

 

 

In comparison to that, measurements of adult worms freshly isolated 40 dpi from the cattle 

host resulted in an average length of 17.70 mm for male (SD±3.40 mm) and 32.60 mm 

(SD±13.05 mm) for female worms. 

As second indicator for development, the morphology, in particular vulva and bursa 

development, of cultivated individuals was closely studied by microscopic examination. Male 

as well as female L5 were unsheathed 0 doc (15 dpi). Additionally, all individuals exhibited a 

buccal capsule already 0 doc (15 dpi), which persisted throughout the whole trial. The buccal 

capsule is shown in Figure 5: 
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Fig. 5: Buccal capsule of a female L5 0 doc (15 dpi) 

 

 

 

In the course of the microscopic examination of female L5 0 doc (15 dpi), the vulvar lips with 

a vulvar opening were obvious; however the organs of the reproductive system were 

undifferentiated. Subsequently, a change was detectable. One out of five female individuals 

exhibited a uterus with structured, dark contents 1 doc (16 dpi). 2 doc (17 dpi) already three 

individuals showed this alteration, whereas all individuals were affected 3 doc (18 dpi). The 

difference between individuals 0 doc (15 dpi) and 3 doc (18 dpi) is depicted in Figure 6a and 

6b. Figure 7 shows a close-up view of the uterus filled with eggs in an in vitro cultivated, 

female individual, 3 doc (18 dpi): 
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Fig. 6a and 6b: Female individuals 0 doc (15 dpi) and 3 doc (18 dpi) 

The female individual photographed 0 doc (15 dpi) shows only undifferentiated reproductive 

organs, which do not fully fill the body, whereas individuals displayed in Fig. 6b are filled 

with uterus. Furthermore, structured ingredients become visible. 

 

 

 

 

Fig. 7: Uterus with eggs in an in vitro cultivated, female individual, 3 doc (18 dpi) 

 

 

 

a b 
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The fact that structured ingredients become visible in the uterus of all cultivated female 

individuals 3 doc (18 dpi) coincides with the appearance of unembryonated eggs in the culture 

medium. Egg laying then increased until 18 doc (33 dpi) and remained on a plateau until 

42 doc (57 dpi). 20 unembryonated eggs, which were collected from the medium were 

photographed and measured, revealing that the average width was 32.93 µm (SD±3.25 µm) 

and the length was 82.45 µm (SD±13.93 µm). The same observation (laying of 

unembryonated eggs) was made with females isolated 0 doc (15 dpi) from the host, which 

were subsequently cultivated together with freshly isolated adult males 40 dpi from the cattle 

host. Copulation behaviour was not observable at any time point of the study. In order to 

compare unembryonated eggs of cultivated individuals with embryonated eggs laid by female 

adults, who were recovered directly from the lung, measurements of embryonated eggs were 

conducted and revealed an average size of 51.86 µm in width (SD±5.34 µm) and 86.84 µm in 

length (SD±4.66 µm). Figure 8a and 8b exemplify the differences of eggs recovered from 

cultivated individuals and those of freshly isolated adult females: 

 

        

Fig. 8a and 8b: Unembryonated eggs collected from the cultivation medium, 3 doc 

(18 dpi) vs. embryonated eggs of a freshly isolated female adult 40 dpi 

The unembryonated eggs are characterized by their irregular and slender shape as well as their 

undifferentiated content, whereas the embryonated eggs are regularly shaped, thicker and as 

ingredient a distinct larvae is obvious. 

 

 

a b 
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Considering the male sexual development, all male L5 showed developing spicules and a 

fully formed bursa with bursal rays 0 doc (15 dpi). Thereby, the bursa measured 35.89 µm in 

width (SD±4.30 µm) and 110.10 µm in length (SD±19.72 µm) on average. 45 doc (60 dpi), 

the bursa had grown to an average size of 60.30 µm in width (SD±11.75 µm) and 166.80 µm 

in length (SD±19.65 µm). In contrast, the bursa of male adults isolated freshly from the lung 

40 dpi, had a size of 106.43 µm in width (SD±24.15 µm) and 324.41 µm in length 

(SD±25.37 µm) on average. Figure 9a and 9b show the bursa of a male individual 0 doc 

(15 dpi) and 45 doc (60 dpi), whereas Figure 10 displays the bursa of an adult male isolated 

from the lung of the cattle host 40 dpi: 

 

  

Fig. 9a and 9b: Bursa of a male L5 0 doc (15 dpi) and a male individual 45 doc (60 dpi), 

respectively 

 

 

 

 

Fig. 10: Bursa of a freshly isolated male adult 40 dpi 

a b 
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Additionally, 0 doc (15 dpi) the testes were already detectable in all male L5. Nevertheless, 

the testes became more structured and darker in two out of five larvae 1 doc (16 dpi) and in 

all male individuals starting 3 doc (18 dpi). At this time point, definite spermatozoa became 

visible in the testes as well. Figure 11a and 11b shows the testes of a male individual 0 doc 

(15 dpi) and 45 doc (60 dpi), respectively:  

 

 

 

Fig. 11a and 11b: Testes of a male individual 0 doc (15 dpi) and 45 doc (60 dpi), 

respectively 

The testes of a male individual 45 doc (60 dpi) are compared to the ones of a male L5 0 doc 

(15 dpi) darker and more structured. In both photographs, the arrow points to the beginning of 

the testes. 

 

a 

b 
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In addition to the observed maturation of the reproductive tract, morphological changes were 

visible in the excretory glands of D. viviparus in terms of colour darkening. A comparison of 

the excretory glands exhibited by L5 0 doc (15 dpi) and 45 doc (60 dpi) is displayed in 

Figure 12a and 12b: 

 

 

 

Fig. 12a and 12b: Excretory glands of Dictyocaulus viviparus L5 0 doc (15 dpi) and of a 

cultivated individual 45 doc (60 dpi) 

The excretory glands (marked with an arrow) become more pronounced during cultivation 

procedure. 

 

a 

b 
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3.2.4 Transcriptional changes of the sex-specific genes major sperm protein (msp) and 

vitellogenin (vit) 

 

Due to the fact, that it was possible to detect egg-laying but no mating, quantitative real-time 

PCR (qPCR) was conducted, investigating sexual maturation based on a female (vitellogenin, 

vit) as well as male (major sperm protein, msp) specific gene. Therefore, the following 

lungworm stages were used for the msp transcription profile investigation: female, mixed and 

male L5, 0 doc (15 dpi), cultivated individuals of every five days starting 5 doc (20 dpi) up to 

45 doc (60 dpi) as well as female and male adults, freshly isolated from the cattle’s lungs 

28 dpi. Regarding the vit transcription profile, the same stages were used, with the exception 

of the in vitro cultivated stages, which were female individuals. In order to quantify msp and 

vit copy numbers, plasmid dilution series were designed and used to generate qPCR standard 

curves. Regarding the msp analysis, the slope, calculated with the qBase software, the 

corresponding squared correlation coefficients (R2) as well as the amplification efficiencies 

based on the slope of the corresponding standard curve were as follows: -3.636 (slope), 0.998 

(R2) and 88.4% (amplification efficiency) for ef-1α: -3.639, 0.986 and 88.3% for β-tubulin 

and -3.470, 0.998 and 94.2% for msp. Concerning the vit transcriptional analysis, the data 

were -3.584, 0.987 and 90.1% for ef-1α, -3.694, 0.988 and 86.5% for β-tubulin and -3.368, 

0.999 and 98.1% for vit. The Figures 13a and 13b, thereby, logarithmically display the 

efficiency corrected, normalized transcription of msp and vit, respectively. The transcription is 

shown as relative quantities related to 1 copy of the calibrator, which are male and female L5 

0 doc (15 dpi), respectively. 

 



Summary of the results 40 

  
 

 

Fig. 13a and 13b: Normalized, efficiency corrected Dictyocaulus viviparus msp as well as 

vit transcription patterns, respectively 

The normalized, amplification efficiency corrected msp and vit transcription histogram 

logarithmically depicts relative msp and vit quantities including the standard error of the mean 

(SEM) rescaled to male and female L5 0 doc (15 dpi) as calibrators, respectively, which were 

set to 1 copy. 

 

a 

b 
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4 Discussion 

 

The bovine lungworm Dictyocaulus viviparus is next to Ostertagia ostertagi and 

Cooperia oncophora unquestionably one of the economically most important parasites in 

temperate areas. Mostly affected animals are first season grazing cattle, since once affected 

calves build up an immunity which lasts 6 – 12 month, generally boosted every grazing 

season. However, also adult cows can be affected, when previously unexposed animals are 

exposed for the first time or previously infected and therefore immune adults are exposed to a 

massive challenge (WAPENAAR et al. 2007). The disease, called parasitic 

bronchopneumonia, causes restricted development (DAVID 1997) and even death 

(URQUHART et al. 1973) in susceptible animals. 

 

The ability of this parasite to arrest development, also referred to as hypobiosis, thereby is an 

important epidemiological factor due to the fact that it ensures the survival of this parasite 

during adverse environmental conditions (BLITZ u. GIBBS 1972a, b; GIBBS 1982). The 

developmental arrest occurs in the late fourth stage larvae (L4) and early preadult larvae (L5). 

Those larvae can outlast the winter months in the lungs of cattle without being eliminated by 

the immune system. So far the knowledge about any regulatory mechanisms of hypobiosis is 

utterly limited. Strube et al. (2007) investigated differentially transcribed genes in hypobiosis-

induced and non-induced L3, resulting in the first description of differentially transcribed 

genes in the bovine lungworm D. viviparus. However, the authors used hypobiosis-induced 

infective L3 and therefore, no studies have been performed so far on genuinely 

developmentally inhibited parasitic larval stages. 

 

Any studies conducted on the bovine lungworm D. viviparus are up until now complicated by 

the fact that they are only possible in the host, which is not only costly and labour intensive 

but also a matter of animal welfare. Even though guinea pigs are a possible more cost 

effective alternative to the cattle host (DOUVRES u. LUCKER 1958; MCKEAND et al. 

1995), researchers still need to face ethical conflicts due to animal welfare. Additionally, the 

host dependence hinders studies on, for instance, the sexual development, differentiation and 

maturation as well as the regulation of these processes on the molecular level. However, the 
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knowledge about this would be benefical due to the fact that it can be used to interfere with 

sexual development and therefore could be used as target to control the parasite. Since 

research on growth, morphology and the changes in the transcription profiles of two sex-

specific genes over a period of 45 days was impossible within the pulmonary compartments, 

which displays the natural habitat of lungworms, an in vitro cultivation method was 

established first. Up until now, only three studies have been performed on the in vitro 

cultivation of the bovine lungworm D. viviparus (BOS u. PANHUIJZEN 1982; BOS u. 

BEEKMAN 1985; VON SAMSON-HIMMELSTJERNA et al. 1998). Cultivated infective L3 

developed to early L4; however, no further development after transition to the parasitic fourth 

larval stage could be detected. Furthermore, only very limited information about the 

morphology of inhibited (GUPTA u. GIBBS 1976; VON SAMSON-HIMMELSTJERNA u. 

SCHNIEDER 1999) as well as uninhibited (DOUVRES u. LUCKER 1958) parasitic larval 

stages are available to date. 

 

The study at hand, therefore, had mainly two aims: 

 

1) The investigation of transcriptional differences between hypobiotic and „normal“ 

preadult larvae (L5), based on a subtractive hybridization approach 

2) The investigation of the sexual maturation of the bovine lungworm during the 

development of preadult larvae (L5) to adult worms with the prior establishment of a 

reliable in vitro cultivation method. 

 

4.1 Transcriptome analysis 

 

In the course of this study it was possible to identify transcripts which were either associated 

with hypobiotic larvae (L5hyp) or with normally developed preadult larvae (L5). In order to 

obtain this information a suppressive subtractive hybridization (SSH) approach was used. The 

small numbers of L5hyp obtained from the seven calves (49, 57, 74, 75, 75, 106 and 

226 L5hyp) as material for the SSH is striking compared to the number of L5 collected from 

two calves (4,000 and 16,500 L5). Several reasons for that would be conceivable. First of all, 

the process of chilling the larvae over several weeks might produce larvae which are restricted 



 Discussion 43 

in their ability to infect calves. Furthermore, the perfusion of the lung might also be a reason 

for recovering small numbers of hypobiotic larvae. Even though sieves with a mesh size of 

36 µm, which is small enough to withhold hypobiotic larvae, were used it might still be 

thinkable that larvae slip through the mesh, maybe due to damage as a result of the perfusion 

pressure. The mRNA isolation was then performed with 1,450 L5 and 124 L5hyp. Of both 

isolations 1,000 ng mRNA were utilized for the subsequent cDNA synthesis. It is obvious that 

only a small number of L5hyp was used compared to L5. However, it is impossible to easily 

produce high numbers of hypobiotic larvae, because only small numbers of larvae per animal 

can be retrieved. Therefore, the limited amounts of hypobiotic larvae need to be accepted. 

After successful conduction of the SSH technique, Differential Screening, Virtual Northern 

blot verification, sequencing and manual revision 833 L5hyp and 150 L5 high quality ESTs, 

respectively, remained, which represented 499 of the originally sequenced 500 L5hyp clones 

and 83 of the 100 L5 clones. The reason why not all clones gave rise to ESTs reflects 

technical failure during sequencing, when sequencing either stopped due to poly(A)+-tails or 

sequence stretches of one or two nucleotides. The confirmed differentially transcribed 

sequences were later on assigned to 75 L5hyp representative ESTs (rESTs) and 58 rESTs and 

subsequently further analyzed. The relatively small number of verified differentially 

transcribed sequences obtained from the subtracted libraries (25% in the L5hyp and 5% in the 

L5 population) was on the one hand due to a number of inserts whose chemiluminescence 

signals did not rise above the cut-off value (volume of 74,000,000) and were thus defined as 

“not present”. On the other hand, an at least 5-fold difference in signal intensities between 

both populations was claimed, leading to many false positive clones in the subtracted 

libraries. Thereby, those clones were termed “false positive” since it was expected from the 

subtracted libraries to contain only positive (differentially transcribed) sequences. 

Consequently, clones containing inserts that were identified by the Differential Screening 

procedure as not differentially transcribed were referred to as “false positives”. In a 

previously published study, which used the SSH to identify gender-enriched transcripts in 

Oesophagostomum dentatum and Microarray analysis for the verification of differential 

transcription, the threshold was set to a 2-fold difference in signal intensities between the 

male and female population (COTTEE et al. 2006). If this threshold had been applied to the 

study at hand, 220 additional clones in the L5hyp population and 47 in the L5 population 
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would have matched the definition for differential transcription. Nonetheless, the difference 

was set this high, in order to minimize the potential of picking false positive clones. Another 

reason for the small number of confirmed differentially transcribed sequences might be the 

fact that two populations of the same developmental stage (L5), but different metabolic 

characteristics were compared. Therefore, a high number of similar transcripts and only a 

limited number of differences may be expected (STUBBS et al. 1999). 

After sequencing differentially transcribed clones and searching for identities in published 

sequence data, the BlastX sequence alignment showed, that a high number of differential 

transcripts had homologies with either Caenorhabditis elegans or C. briggsae rather than with 

parasitic nematodes. This can be assigned to the fact that those two free living nematodes 

belong to clade V, which is the same clade D. viviparus belongs to (BLAXTER 1998). In 

addition, their genome is already completely sequenced, while the genomes of most parasitic 

nematodes are not. Hence, these two Caenorhabditis species represent the majority of 

nematode nucleotide data available in GenBank. 

The information about the sequence homologies were subsequently combined with the 

assignment to GO terms, KEGG maps as well as protein domains and motifs. Regarding the 

GO term assignment, listed in Table 1b and 2b, it is conspicuous that some genes are involved 

in particular biological processes, however with no putative functions. The explanation for 

this at first sight irrational result is the following: Each of the bioinformatic analyses for the 

different characteristics is done independently and uses different data bases. Therefore, for 

some genes, annotation gives for example just biological process terms but no molecular 

function. The Blast2GO program used for annotation annotates GO terms to new sequences 

based on already assigned terms to homologous sequences in the data base via an annotation 

rule. In consequence, ESTs show only biological process terms but not molecular function 

terms if those were not assigned to the homologous sequence. 

Setting BlastX results, GO term assignment, KEGG mapping and protein domains and motifs 

in relation, results in the first functional bioinformatic characterization of stage-specific 

upregulated genes in L5hyp and L5. Thereby, a considerably high number of transcription 

factors were upregulated in the L5hyp population, when compared to the L5 population. One 

possible explanation might be that transcription factors are commonly needed not only to 

activate, but also to repress the transcription of targeted genes (BEATO et al. 1995). The 
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hypobiotic larvae are known to be in a state of arrested development (VON SAMSON-

HIMMELSTJERNA u. SCHNIEDER 1999). It is conceivable that such state might be 

initiated and maintained by a high number of transcription factors, which repress genes 

necessary for physiological functions and growth. 

Beside transcription factors, in metabolism involved stage specific proteins like the 

steroidogenic acute regulatory protein (StAR) were found. StAR is known to be involved in 

the cellular lipid metabolic process. Considering, that it represented the top 5 contig 

containing 22 high quality ESTs, it might be of unique importance for the hypobiotic stage. 

Thereby, StAR is vital for the regulation of the cholesterol delivery from the outer to the inner 

mitochondrial membrane. This step is the rate limiting in steroid biosynthesis (MANNA et al. 

2009). A sufficient supply of cholesterol is crucial for the function of cellular membranes 

(MILLER 2007) and various biological processes (ENTCHEV u. KURZCHALIA 2005). 

SHIM et al. (2002) as well as MERRIS et al. (2003) found that cholesterol deprivation leads 

to a decreased brood size and a slowed fertilization rate in C. elegans. Furthermore, 

Cholesterol also has relevance as precursor for steroid hormones, which in turn act as ligands 

for nuclear hormone receptors as for instance daf-12 (ROTTIERS u. ANTEBI 2006). The 

aforementioned receptors can also function as transcription factors, mediating either the 

activation or the repression of target genes (BEATO et al. 1995). Parasitic nematodes do not 

biosynthesize sterols de novo and are therefore dependent on a diet-related supply (HIEB u. 

ROTHSTEIN 1968; CHITWOOD u. LUSBY 1991). So far, there are no studies regarding the 

effects of star mutations in C. elegans. However, it has been proven that StAR plays a vital 

role in the regulation of steroid hormones in humans and mice, causing a lipoid congenital 

adrenal hyperplasia in case of mutation (MANNA et al. 2009). Regarding the meaning of 

StAR in hypobiotic larvae, it might be crucial for cholesterol trafficking, imaginably being the 

precursor for transcription factors, which promote the hypobiotic state. 

A further group of proteins, upregulated in hypobiotic larvae, were H2B and H4 histones. 

Thereby, in this particular case it was not possible to assign a special H2B or H4 gene to any 

D. viviparus rEST, but only to the protein family in general. This might be ascribed to the fact 

that genes belonging to H2B and H4, respectively encode for very similar but not identical 

proteins. Nevertheless, the author thinks that the subtraction procedure as well as the Virtual 

Northern Blot, which both are based on nucleic acid hybridization, can distinguish between 
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different genes of one family, if these genes have sufficiently long stretches of sequence 

differences and if sufficiently long differentially transcribed sequence fragments remain after 

restriction digestion during the SSH procedure. This was not the case for the histone 

homologues, but apparently for the ras GTPases and zink finger protein homologues, 

displayed in Table 1a of the results, showing identities only to one certain gene. 

Histones are inevitable for the packing of DNA into nucleoprotein complexes, which 

consecutively are vital for the control of gene expression (KEALL et al. 2007). Thereby, the 

control of gene expression is accomplished by diverse posttranslational modifications of 

histones, termed “language” or “histone code”, which is subsequently read by other proteins 

(STRAHL u. ALLIS 2000; SUN u. ALLIS 2002) and seems to be involved in epigenetic, via 

transcriptional repression and silencing of genes (KOUZARIDES 2007). Thus, it can be 

hypothesized that an upregulation of histones in hypobiotic L5 might be essential for the 

control of gene expression, promoting prolonged development via the repression of 

development promoting genes. Hence, it can be speculated that hypobiosis might be caused 

by the silencing of certain genes, rather than the upregulation of genes. However, histones are 

not only involved in the regulation of gene expression, but also in sexual development. 

KEALL et al. (2007) reported that an inhibited H4 protein synthesis resulted in sterility in 

C. elegans. Excitingly, the sexual development of hypobiotic lungworm larvae appears to be 

less inhibited than growth. A study by STRUBE et al. (2009) investigated the transcription 

pattern of the major sperm protein (MSP), a major sperm component, in 10 developmental 

stages by qPCR. The authors detected a significantly higher transcription level in hypobiotic 

than in normally developed male L5. The study at hand also provides some clues that 

hypobiosis decelerates growth to a greater extent than sexual development. Both hypobiotic 

as well as non-hypobiotic male L5 possessed a fully formed bursa with bursa rays and 

spicules. This is consistent with the observations performed by GUPTA u. GIBBS (1976) as 

well as by VON SAMSON-HIMMELSTJERNA u. SCHNIEDER (1999), who both 

investigated inhibited larvae at 28 dpi and 15 dpi, respectively. Thereby, GUPTA u. GIBBS 

(1976) do not specify, which stage of inhibited larvae they examined, whereas VON 

SAMSON-HIMMELSTJERNA u. SCHNIEDER (1999) dealt with fourth stage inhibited 

larvae 15 dpi. Regarding the hypobiotic female L5, they showed only an indistinct vulva 

opening, whereas non-hypobiotic females already exhibited undifferentiated organs of the 



 Discussion 47 

reproductive system. GUPTA u. GIBBS (1976) described in approximately 80% of the 26 

investigated, inhibited females that the vagina was patent, whereas VON SAMSON-

HIMMELSTJERNA u. SCHNIEDER (1999) found that all 10 examined inhibited females 

already exhibited vulvar lips and a vulvar opening 15 dpi, however, the opening was not 

extended into a pars ejaculatrix or pars haustrix, yet. According to the studies of 

INDERBITZIN (1976) and PFEIFFER (1976), who isolated larvae at 35 dpi as done in the 

study at hand, larvae were considered to be inhibited, when they were smaller than 5 mm and 

showed a genial primordium. Those larvae stages were classified as preadult larvae (L5). 

In accordance to that observation, one of the genes upregulated in non-hypobiotic L5 encoded 

for a vitellogenin-like protein, a yolk protein precursor, which functions as a cholesterol-

transporter (ENTCHEV u. KURZCHALIA 2005) as well as maintains reproductive capacity 

(MANNA et al. 2009). Furthermore, it is vital for oozyte maturation (SCHNEIDER 1996). 

Moreover, a homologue of the anterior pharynx defective family member APH-1 was found 

to be related to normal L5 development. This protein is required for the intramembranous 

cleavage of the Notch Receptor (LEE et al. 2005) and mutations lead to embryonic lethality as 

well as defects in vulva development. Considering the transcript upregulation of a 

vitellogenin-like protein and APH-1 together with the morphological findings in female 

larvae described above, it allows the assumption that the female sexual development in 

hypobiotic larvae is inhibited compared to normally developed L5. Male sexual development, 

in contrast, seems to be more advanced in hypobiotic larvae. Nevertheless, further studies 

such as qPCR are inevitable to confirm the results, since drawing these conclusions on the 

basis of single genes certainly is speculative and needs to be functionally confirmed by further 

studies. 

 

Beside the homologies to certain genes, the BlastX sequence alignments revealed a striking 

number of rESTs as well which did not show any homologies to sequences of the current 

databases. From altogether 133 rESTs, 94 rESTs (47 from each population) were found to 

lack homologies. These genes could be considered as parasite or even Dictyocaulus specific 

and therefore could be targets for anthelmintic and/or vaccine development. However, further 

work on such genes is demanding, because due to a complete lack of information, these genes 
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cannot be assigned to molecule functions and escape bioinformatic analysis 

(RANGANATHAN et al. 2007).  

Due to the fact that in the study at hand no genes were found to be upregulated in the 

hypobiotic larvae, which are involved in C. elegans dauer larvae maintenance, the hypothesis 

that the equivalent of the C. elegans dauer larvae is the free-living infective third stage larva 

(BURGLIN et al. 1998) rather than the hypobiotic larva is supported. Furthermore, genes 

described to be upregulated in hypobiosis-induced D. viviparus L3 (STRUBE et al. 2007), 

were not present in the study at hand. A possible explanation would be the stage differences, 

existing between the L5, which were handled in this study and L3, dealt with in the previous 

study. Hypobiosis-induced L3 are characterized by the fact that they neither feed nor develop 

in terms of completely arrested longitudinal growth, whereas the hypobiotic L5 feed and show 

a slow but measurable growth in length. 

 

4.2 In vitro studies on sexual maturation 

 

The second goal of this study namely, to investigate the sexual maturation of the bovine 

lungworm D. viviparus during the transition from the preadult larvae to the adult worm and 

the prior establishment of an in vitro cultivation method, which is reliable for preadult 

lungworm larvae (L5), allowing the development into adults, was also achieved. It was 

possible to closely investigate the morphology of L5 before and during the cultivation 

process, growth was recorded and sexual development examined.  

Successful in vitro cultivation techniques are already reported for several parasites. DAS 

(1967) examined the in vitro development of infective Oesophagostomum columbianum L3. 

Those larvae showed a growth to advanced L4. Studies observing the successful transition of 

infective L3 in vitro to the parasitic L4 are published for Ancylostoma tubaeforme (SLONKA 

u. LELAND 1970), Oesophagostomum dentatum (DAUGSCHIES u. WATZEL 1999) and 

Nematodirus sp. (ECKERT 1967). The in vitro cultivation of L3 to adults succeeded in 

several studies on other parasites. Sexually mature male and female worms of O. dentatum 

were obtained after 24 and 49 days of cultivation, respectively (DOUVRES 1966). ROSE 

(1973) was able to culture infective L3 of Teladorsagia (O.) circumcincta to adult male and 

female worms in 27 and 30 days of culturing, respectively and O. ostertagi needed 28 and 
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29 days, respectively (DOUVRES u. MALAKATIS 1977). The infective L3 of 

Haemonchus contortus needed 28 days to develop to male adults, whereas egg-laying female 

adults were obtained after 36 days in culture (STRINGFELLOW 1986). An in vitro 

cultivation from egg to egg was possible for Cooperia punctata, needing 39 to 56 days of 

cultivation (LELAND 1967). 

However, as already mentioned above, so far only three studies on D. viviparus cultivation 

exist, dealing with infective L3, alone (BOS u. PANHUIJZEN 1982; BOS u. BEEKMAN 

1985; VON SAMSON-HIMMELSTJERNA et al. 1998). Thereby, a transition further than L4 

could not be detected. Due to the necessity of in vitro cultivation, in order to performe studies 

on the sexual development, differentiation as well as on the morphology the effort to establish 

a suitable in vitro cultivation technique for D. viviparus is comprehensible. 

 

In order to investigate and assess different cultivation media and incubation conditions, two 

parameters were used: the motility and the maximum survival period of cultivated larvae. 

Thereby, an atmosphere containing CO2 was found to be vital for the survival of cultivated L5 

and later on adults. Individuals cultivated in an atmosphere which lacked CO2 remained alive 

no longer than three days independent of the used media or incubation temperature. CO2 

deprivation can retard glycolysis and inhibit glycogenesis. SILVERMAN et al. (1966) 

reported an enhancing effect of CO2. The number of L3 which developed to L4 was greater 

when free CO2 was supplemented compared to non-gassed cultures. SOMMERVILLE (1966) 

observed the greatest number of H. contortus L4 in solutions which were exposed to 40% 

CO2. The recommended routine application for the cultivation of O. dentatum includes a 

supplementation of 10% CO2 (DAUGSCHIES u. WATZEL 1999). Increasing developmental 

rates of infective D. viviparus L3 with raising CO2 concentration was observed by VON 

SAMSON-HIMMELSTJERNA et al. (1998). Furthermore, the studies mentioned above, in 

which cultivation was successful from infective L3 to adults, were conducted gassed with 

different concentrations of CO2. In the present study, an atmosphere of 5% CO2 led to a 

substantially improved performance. The maximum survival periods were up to 58 days 

corresponding to a whole lifetime of 73 days. This is in accordance with the mean lifetime (1-

2 months) under natural conditions in the host (URQUHART et al. 1973; PLOEGER u. 

EYSKER 2000).  
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BOS u. PANHUIJZEN (1982) published that RPMI-1640 without serum as additive showed 

the best performance regarding the cultivation of infective D. viviparus L3 at 40°C. BOS u. 

BEEKMAN (1985) and VON SAMSON-HIMMELSTJERNA et al. (1998) followed for the 

cultivation of infective L3 at 40°C and 39.5°C, respectively, these media recommendations 

but supplemented 20% FBS. FBS is known to stimulate in vitro larval growth (DAS 1967). In 

the study at hand theses results were confirmed, since the use of RPMI-1640 supplemented 

with FBS proved itself as most promising. However, to specify the needs of cultivated 

lungworm larvae, it was further distinguished between RPMI-1640 and RPMI-1640 with L-

glutamine, an essential amino acid. Thereby, RPMI-1640+G+FBS was selected for further 

use, due to the longest maximum survival period combined with continuously exhibited 

intense movement. Interestingly, no advantageous effect on the maximum survival period 

could be detected by feeding the parasites with lung or tracheal mucosa cells. Nevertheless, 

feeding was visualized by FITC-BSA, resulting in a fluorescent gut. The initiation of feeding 

is assumed to be one of the first steps in the development to parasitic stages (HAWDON u. 

SCHAD 1990; HAWDON et al. 1993). HAWDON et al. (1993) reported that L4 of 

Ancylostoma caninum and Ancylostoma ceylanicum isolated from the host resumed feeding 

and MÖRCK u. PILON (2006) detected that C. elegans feeding defective mutants displayed a 

shorter body length than non-defective. Therefore, it can be assumed that feeding is crucial 

for parasitic stages, influencing also the body size. Considering, the results of this study, 

RPMI-1640+G+FBS as medium, 39°C incubation temperature (resembling the physiological 

body temperature of cattle, which is 38-39.5°C depending on age and time) and 5% CO2 

atmosphere were found to be optimal for D. viviparus L5 cultivation. 

Individuals, which were cultured under the aforementioned selected conditions, showed a 

longitudinal growth from averagely 4.64 mm 0 doc (15 dpi) to 9.88 mm 45 doc (60 dpi) with 

no significant influence of the individual number per setup. However, a study conducted on 

L3 of H. contortus and Trichostrongylus colubriformis revealed that high larval 

concentrations (10,000 to 50,000 larvae/ml) have a stimulatory effect for the conversion to L4 

but not necessarily for the maximum viability (SILVERMAN et al. 1966). Therefore, the 

authors recommended lowering the larvae numbers directly after conversion, if a further 

development is desired. This is consistent with the findings of ROSE (1973), who cultured 

four groups with 500, 2,000, 5,000 and 10,000 infective T. (O.) circumcincta larvae. 
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Increasing the larval concentration resulted in decreased development as well as a rising 

mortality. Taking the small size of infective L3 into account, the authors still used much 

higher numbers of individuals than in the present study (5 to 40 individuals). Nevertheless, 

regarding the size of cultivated individuals, it is worth noticing that even though considerable 

growth was detected, individuals never reached the size of parasites isolated freshly from the 

natural host 40 dpi (average length of males 17.70 mm and of females 32.60 mm). This 

phenomenon was described by several authors (ROSE 1973; STRINGFELLOW 1986; 

JOACHIM et al. 2001). ROSE (1973) detected a size of approximately 4 mm of 

T. (O.) circumcincta after 20 days of cultivation, whereas at that time in vivo a size of up to 

14 mm was reached (DENHAM 1969). The largest in vitro cultivated male and female adult 

H. contortus measured 10 mm and 16 mm, whereas in vivo grown adults measured 20 mm 

and 25 mm, respectively (STRINGFELLOW 1986). 

The in vitro cultivation of D. viviparus from L5 to adults allowed the investigation of 

occurring morphological changes, above all detectable in the genitals. So far, only one more 

detailed description about the morphology of D. viviparus exists. DOUVRES u. LUCKER 

(1958) briefly described all stages from infective L3 up to L5 morphologically. Thereby, the 

L5 is according to the authors unsheathed, as confirmed by the present study. Females showed 

vulvar lips and a vulvar opening, but undifferentiated reproductive organs, which was again 

confirmed by this study. All cultivated females exhibited a uterus with structured, dark 

ingredients as well as definite egg shapes within three days (3 doc; 18 dpi). Due to this aspect, 

females were considered adult starting that day. Simultaneously, eggs appeared in the medium 

independent of the presence or absence of adult males freshly isolated from the lung. This 

stands in contrast to the findings in Schistosome parasites, which are known to be dependent 

on the presence of mature male worms for the production of eggs (KUNZ 2001). Eggs, which 

were layed by cultivated females, were unembryonated, slenderer and irregularly shaped 

compared to embryonated eggs from freshly isolated adult females. Some of the expelled 

O. ostertagi eggs, which DOUVRES u. MALAKATIS (1977) collected, even developed to 

the morula stage by day 52. STRINGFELLOW (1986) observed that some of the H. contortus 

eggs collected underwent division to the 8-cell stage, but not further. However, consistent 

with this study, ROSE (1973) and LELAND (1967) described that T. (O.) circumcincta and 

C. punctata eggs laid in culture did not embryonate. 
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0 doc (15 dpi) male individuals showed developing spicules and a fully formed bursa with 

bursal rays as defined by DOUVRES u. LUCKER (1958). It is unquestionable that the bursa 

doubles their size from 35.89 µm to 60.30 µm in width and 110.10 µm to 166.80 µm in length 

during cultivation. Nevertheless, the bursa of a freshly isolated male adult 40 dpi is two times 

larger. Starting 3 doc (18 dpi), the testes were packed with spermatozoa in most males, which 

identified the cultivated male individuals as adult male worms. However, spermatozoa were 

not found in uteri of in vitro cultivated adult females at any time point of the study. This was 

already described by STRINGFELLOW (1986) as well as LELAND (1967). Additionally, 

copulation could not be observed during the course of the study. LELAND (1967) discussed 

as a possible reason in a C. punctata culture that mating may be elusive, since no copulation 

was observed even in material recovered from the lung. STRINGFELLOW (1986), however, 

ascribed the fact that no mating occurred due to clumping in the T. (O.) circumcincta 

cultivation, because mating was detectable in vivo. Unless in the present study any mating 

behaviour was missed during observations, a possible explanation for missing copulation 

could be the smooth surface of the cultivation plates or the underdeveloped bursa of cultivated 

males, which leads to an impossible fixation of the female. Nevertheless, it would also be 

thinkable that the restricted development of females (considering the body size in particular) 

might be a reason for unsuccessful copulation. In order to examine this aspect further studies 

would be crucial, cultivating an ex vivo female adult with a cultivated male individual. 

However, considering the latter hypothesis, it has to be kept in mind that even freshly isolated 

adult males showed no copulation attempt in vitro. 

Maturation was assessed not only by morphological but also by transcriptional changes of two 

sex genes, which represent male and female sexual development, respectively. As sex gene 

representing male sexual development, the major sperm protein (msp) was chosen, whereas 

the female sexual development was represented by vitellogenin (vit). Thereby, msp is a unique 

product of spermatogenesis, exclusively expressed in testicular tissues. WARD u. KLASS 

(1982) showed by immunofluorescence that MSP is located in the fibrous bodies of 

spermatocytes and early spermatids, in the cytoplasm of late spermatids and in the 

pseudopods of spermatozoa. MSP is a signal for oozyte maturation and sheath contraction 

(MILLER et al. 2001). It also functions in sperm locomotion, playing a role similar to actin. 

Thereby, nematode sperm extend pseudopods, which contain abundant MSP (SEPSENWOL 
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et al. 1989; MILLER et al. 2001). KLASS et al. (1982) described that the primary regulatory 

mechanism of the msp gene is at the transcriptional level. In the present study, the highest 

transcription rate of msp after normalization to the reference genes was detected in cultivated 

male adults 5 doc (20 dpi). In relation to 1 copy in L5 0 doc (15 dpi) the transcription rate was 

3,460.41 copies. This coincides with the time point, when males reach adulthood in vivo. This 

confirms KLASS et al. (1982), who stated that the synthesis of MSP begins with the onset of 

spermatogenesis in male C. elegans and continues for the whole life. In the study at hand, 

transcription then constantly decreases to one fifth of the original transcription 20 days later 

(628.31 copies). Following, a wave-like progression can be detected, which, however, never 

reaches the maximum transcription. Overall, a decrease of transcription was observed, which 

can be ascribed to the fact that almost all animals undergo an aging process (BRANDT et al. 

2005). This process can lead to transcription pattern changes in general (FABIAN u. 

JOHNSON 1995). The transcription rate of male adults, which were isolated from the lung 

28 dpi (1,497.05 copies), can be raged between that of cultivated individuals 10 and 15 doc 

(25 dpi; 1,830.98 copies and 30 dpi; 1,419.65 copies). Assuming that those adult males 

already mated and if hypothesized that male adult mate only once, it could be speculated that 

the transcription of msp might decrease afterwards. However, there is no information 

available on the number of copulations conducted during an adult lifespan. A study performed 

by STRUBE et al. (2009) dealt with msp transcription in ten developmental stages of the 

bovine lungworm (eggs; L1; L3; hypobiosis-induced L3; male, female and mixed gender L5; 

hypobiotic L5; male and female adults). The highest transcription was found in adult males, 

recovered 28 dpi. Nevertheless, it has to be considered that the authors had no access to 

lungworm stages which developed between day 15 and 28 pi. Hence, the stage of the highest 

transcription in the study at hand (5 doc, 20 dpi) could not be included. However, both studies 

resulted in an extremely low msp transcription rate on day 0 oc (15 dpi), followed by a 

considerable increase with adulthood. Consistent with these results, COTTE et al. (2004) 

found a high transcription in O. dentatum stages with initiated or maintained sperm 

production. Thereby, the authors examined third stage larvae, larvae at day 15 (L4), 22, 51 

and 60 (adults) post inoculation with the outcome that the highest msp transcription was 

detected in adult males. The second highest transcription rate, even though noticeably lower 
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than the rate in adult males, was measured in late L4. However, no transcription occurred in 

all other examined stages.  

In order to evaluate occurring female sexual development, the vit transcription was 

investigated. Vitellogenins are yolk protein precursors, synthesized in the intestine of female 

individuals, secreted into the body cavity and taken up into storage vesicles in oocytes 

(KIMBLE u. SHARROCK 1983), which are considered to be crucial for lipid transport, the 

metabolism of the developing oocyte (MATYASH et al. 2001; BRANDT et al. 2005) as well 

as the survival of the embryo (BRANDT et al. 2005). In the current study the normalized vit 

transcription rate was highest in directly from the host isolated female adults 28 dpi 

(16.98 copies in relation to 1 copy in female L5 0 doc, 15 dpi). This is consistent with the 

findings of FABIAN u. JOHNSON (1995). The authors examined differentially transcribed 

genes during aging in C. elegans, with the outcome that vit-5 mRNA was only apparent in 

young adults and not in L1, L2, L3 or L4 larval stages. One study, dealing with the gender 

specific gene transcription in O. dentatum by RNA arbitrarily-primed polymerase chain 

reaction (RAP-PCR) and verification by Northern blot analysis, revealed that vitellogenin 

transcription occurred solely in female adults. L3, early L4 and late L4 did not show any 

transcription (BOAG et al. 2000). A second sex-specific transcription study, performed on 

Trichostrongylus vitrinus, confirmed the high representation of vitellogenins in adult females. 

Using a SSH approach and microarray analysis, 226 female-specific ESTs were identified. Of 

these ESTs, 12% transcribed for vitellogenins (NISBET u. GASSER 2004). In the present 

study vit transcription is already detectable in L5 0 doc (15 dpi; set to 1 copy) and 

subsequently more than doubles until 15 doc (30 dpi; 2.49 copies) in the cultivated female 

individuals. However, this is still seven times less than transcription measured in adult 

females, isolated from the cattle’s lung 28 dpi (16.98 copies). At the last day of data 

collection, consistent with the last day of cultivation (45 doc; 60 dpi), the vit transcription rate 

decreased below the level at day 0 oc (15 dpi). This may be explained by the aging process 

worms undergo, described also by FABIAN u. JOHNSON (1995). Those authors constructed 

a cDNA library from Poly(A)+ RNA isolated from 14-day-old adult C. elegans. Due to the 

fact that the average life span of C. elegans is 14.6 ± 0.5 days (FABIAN u. JOHNSON 1994), 

the library was considered to contain old individuals. Thereby, vit-5 mRNA was detectable in 

RNA from young adults and decreased in abundance with age. Furthermore, it can be 
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hypothesized that the transcription of vit might remain low if no mating occurs, as in the 

present study. Therefore, as a result of this study, it can be said that vit transcription is present 

in L5 15 dpi, subsequently cultivated individuals as well as female adult worms, isolated from 

the lung 28 dpi and hence bound to stages with initiated and maintained female reproduction. 

This is comprehensible, considering the function of vitellogenins as yolk protein precursors. 

All in all, the reasons for incomplete reproduction in terms of laying unembryonated eggs 

might be a, compared to freshly isolated adult females, substantial reduced vit transcription, 

which influences lipid transport, the metabolism of female individuals and the survival and 

growth of embryos (BRANDT et al. 2005) as well as an unsuccessful copulation. 

Nevertheless, it is still thinkable that there might be other factors or proteins missing, which 

alone or in the combination with vit expression drive embryogenesis. In Schistosome parasites 

several studies demonstrate that for the regulation of proliferation as well as differentiation of 

vitelline cells and for egg embryogenesis the TGFβ pathway (FREITAS et al. 2007) and 

protein tyrosine kinases (KAPP et al. 2004; KNOBLOCH et al. 2007) are vital. However, 

regarding D. viviparus such investigations have not been conducted so far. Therefore, it 

cannot be answered what the reasons for missing embryonation were. 

4.3 Conclusions 

 

The study at hand focused on preadult lungworm larvae (L5), hypobiosis induced or normally 

developed, and, in this context, had two aims to fulfil 

 

The first aim was to elucidate regulatory mechanisms of hypobiosis on a molecular level. 

Consequently, transcriptional differences were examined, based on a subtractive hybridization 

approach with the outcome of the first study handling differentially transcribed transcripts in 

hypobiotic preadult nematode larvae (L5hyp) and its normally developed stage (L5). It was 

possible to obtain two sets of stage-specific ESTs, which can now be used as valuable basis 

for further studies on the genetic mechanisms of hypobiosis in D. viviparus and other parasitic 

nematodes. In addition all genes identified as differentially transcribed and their encoded 

proteins may be used as possible targets for vaccine and drug development.  
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Since as second aim of this study the development of the bovine lungworm D. viviparus was 

supposed to be further investigated in the normal direction it was vital to examine the sexual 

development and maturation as well as sex-specific genes, representing key elements of the 

epidemiology. However, due to the fact that all studies on D. viviparus are still bound to the 

host and an investigation of the aforementioned processes was impossible in the airways, an 

effort was made to prior develop an in vitro cultivation method. In the course of this thesis, 

establishing the first reliable cultivation method for L5 to adults was successful. Furthermore, 

information on developmental processes, which D. viviparus L5 undergo during the 

development to adults was obtained. This could be extrapolated to the parasite’s development 

in vivo. Moreover, possible reasons for incomplete reproduction were investigated. The 

second part of the thesis therefore contains valuable information on developmental processes 

during in vitro cultivation of D. viviparus and the knowledge about occurring changes of the 

transcription profiles during sexual maturation could be used as basis for parasite control by 

disrupting these processes. 

 

The Thesis at hand therefore succeeded in the first description of differentially transcribed 

transcripts in hypobiotic nematode larvae and its normally developed preadult stage as well as 

in the first description of a reliable cultivation method of preadult larvae to adults, together 

with valuable information on morphology and reproduction. 
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5 Abstract 

 

Eva-Maria Laabs (2011): 

 

Transcriptome analysis of preadult hypobiotic and non-hypobiotic L5 stages as well as 

in vitro studies on the sexual maturation of preadult larvae of the bovine lungworm 

Dictyocaulus viviparus 

 

Survival of the bovine lungworm Dictyocaulus viviparus, which belongs to one of the most 

important parasites in cattle, is guaranteed by arrested development under harsh 

environmental conditions, referred to as hypobiosis. The first part of this thesis therefore used 

a subtractive hybridization approach to compare the transcription profiles of hypobiotic as 

well as non-hypobiotic preadult larvae (L5hyp and L5, respectively). 75 L5hyp-enriched and 

58 L5-enriched representative ESTs (rESTs) were identified. The following sequence identity 

search disclosed that 28 L5hyp-rESTs and 11 L5-rESTs were homologue to known transcripts 

and 47 L5hyp- and 47 L5-rESTs had no homologies with published sequences, hence possibly 

representing parasitic or even Dictyocaulus specific genes. Differential transcripts were 

predicted to be involved in nucleic acid synthesis, DNA binding, metabolic pathways as well 

as signal transduction. 

Following the transcription analysis, parasite´s development in the normal direction was 

further investigated in order to understand sexual development, differentiation and maturation 

of D. viviparus and its sex-specific genes. Since a study on the aforementioned aspects over a 

period of 45 days was not possible in the host, an in vitro cultivation technique was 

established first. Therefore, the second part of the thesis dealt with the establishment of an in 

vitro cultivation method for L5, the examination of growth and morphological as well as 

molecular changes during sexual maturation.  

The best cultivation results in consideration of growth, motility and survival period were 

accomplished with RPMI-1640 medium supplemented with L-glutamine, 50% fetal bovine 

serum, amphotericin B (0.25 mg/ml), penicillin (10,000 Units/ml) and streptomycin 

(10 mg/ml) at 5% atmospheric CO2 and 39°C incubation temperature. During the cultivation 

procedure individuals grew averagely from 4.64 mm to 9.88 mm independent of the 



Abstract 58 

individual number per setup. Considering sexual development, cultivated females started to 

lay eggs and the testes of males were filled with spermatozoa. Hence, adult female and male 

lungworms developed. Nevertheless, copulation could not be detected and no larvae hatched 

from laid eggs. Additionally, development was examined by gene transcription analysis of the 

major sperm protein (msp) and vitellogenin (vit), which represent male and female sexual 

development. The male msp transcription reached its maximum 5 days of cultivation (20 days 

post infection), followed by a gradual decrease. Female vit transcription showed the highest 

transcription 15 days of cultivation (30 days post infection). Nevertheless, the transcription 

rate of female adults directly from the host is not reached. 

In conclusion, the results of the presented thesis provide on the one hand a first basis for 

further characterization as well as analysis of genes, which drive normal and arrested 

(hypobiotic) parasite development and on the other hand describe for the first time a reliable 

cultivation method of preadult larvae to adults. Furthermore, it supplies information about 

male as well as female sexual maturation, which might be extrapolated to the parasite’s 

development in the natural host. 
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6 Zusammenfassung 

 

Eva-Maria Laabs (2011): 

 

Transkriptomanalyse präadulter hypobiotischer und nicht hypobiotischer 

Larvenstadien (L5) und, des Weiteren, in vitro Studien der sexuellen Maturation von 

präadulten Larven des Rinderlungenwurms, Dictyocaulus viviparus 

 

Das Überleben des Rinderlungenwurms Dictyocaulus viviparus, der zu den bedeutendsten 

Parasiten der Rinder gehört, wird durch eine Entwicklungshemmung sichergestellt, die durch 

niedrige Temperaturen ausgelöst wird. Diese Entwicklungshemmung wird auch als 

Hypobiose bezeichnet. Der erste Teil der These verwendete einen Subtractive Hybridization 

Ansatz, um die Transkriptionsprofile der hypobiotischen sowie der nicht hypobiotischen 

präadulten Larven (L5hyp bzw. L5) zu vergleichen. Im Zuge dessen wurden 75 in der L5hyp 

Population angereicherte und 58 in der L5 Population angereicherte repräsentative ESTs 

(rESTs) identifiziert. Die nachfolgende Suche nach Sequenzidentitäten ergab, dass 28 L5hyp-

rESTs und 11 L5-rESTs Homologien mit bekannten Sequenzen aufwiesen, wohingegen 

47 L5hyp- und 47 L5-rESTs keinerlei Homologien mit bisher publizierten Ergebnissen 

aufwiesen. Letztere könnten potentiell parasitische oder sogar Dictyocaulus spezifische Gene 

repräsentieren. Den differentiellen Transkripten wurde eine Beteiligung in der 

Nukleinsäuresynthese, bei der DNA Bindung, im Metabolismus und in der Signaltransduktion 

vorhergesagt. 

Nach der Transcriptomanalyse wurde die Entwicklung des Parasiten in die normale Richtung 

weiter untersucht, um die sexuelle Entwicklung, Differenzierung und Maturation von 

D. viviparus und dessen geschlechtsspezifischen Genen zu verstehen. Da eine Studie der 

zuvor genannten Aspekte über eine Zeitspanne von 45 Tagen im Wirt nicht möglich war, 

wurde zunächst eine in vitro Kultivierungsmethode entwickelt. Daher behandelt der zweite 

Teil der These die Entwicklung einer in vitro Kultivierungsmethode für L5, die Untersuchung 

von Wachstum und morphologischen wie auch molekularen Veränderungen während der 

sexuellen Maturation. 
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Das beste Kultivierungsergebnis, berücksichtigt man Wachstum, Beweglichkeit und 

Überlebensdauer, wurde mit RPMI-1640 Medium mit zugesetztem L-Glutamin, 50% fetalem 

Kälberserum, Amphoterizin B (0,25 mg/ml), Penicillin (10.000 Units/ml) und Streptomycin 

(10 mg/ml) inkubiert bei 5% CO2 und 39°C erzielt. Während des Kultivierungsprozesses 

zeigte sich eine deutliche Größenzunahme von durchschnittlich 4,64 mm auf 9,88 mm 

unabhängig von der Anzahl der kultivierten Individuen pro Ansatz. Im Bezug auf die sexuelle 

Entwicklung begannen weibliche Individuen Eier zu legen, wohingegen die Hoden 

männlicher Individuen mit Spermatozoen angefüllt waren. Daher kann gesagt werden, dass 

sich adulte Männchen und Weibchen entwickelt haben. Trotzdem war es nicht möglich eine 

Kopulation zu beobachten und aus den Eiern schlüpften keine Larven. Zusätzlich wurde die 

Entwicklung auch durch die Analyse der Gentranskription des major sperm protein (msp) und 

des vitellogenin (vit) untersucht, Gene die die männliche und die weibliche sexuelle 

Entwicklung repräsentieren. Die männliche msp Transkription erreichte dabei ihr Maximum 

5 Tage nach Kultivierungsbeginn (20 Tage nach Infektion), gefolgt von einer Schrittweisen 

Abnahme. Die weibliche vit Transkription wies die höchste Transkription 15 Tage nach 

Kultivierungsbeginn (30 Tage nach Infektion) auf. Dennoch erreichte die Transkriptionsrate 

nie die Werte von adulten, direkt aus der Lunge eines Kalbes isolierten Weibchen.  

Zusammenfassend kann gesagt werden, dass die Ergebnisse der vorliegenden These einerseits 

eine erste Basis für die weitere Charakterisierung und Analyse von Genen sind, die normale 

aber auch gehemmte (hypobiotische) Parasitenentwicklung steuern und andererseits eine 

Beschreibung der ersten zuverlässigen Kultivierung von präadulten Larven zu adulten 

Würmern liefern. Zudem werden weitere wertvolle Informationen über männliche und 

weibliche sexuelle Entwicklung bekannt, die eventuell auf die Parasitenentwicklung im Wirt 

extrapoliert werden können.  
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