
Online Version ISSN: 1314-412X

June 2012
Volume 4, Number 2

2012



Scope and policy of the journal
Agricultural Science and Technology /AST/ 
– an International Scientific Journal of 
Agricultural and Technology Sciences is 
published in English in one volume of 4 
issues per year, as a printed journal and in 
electronic form. The policy of the journal is 
to publish original papers, reviews and 
short communications covering the 
aspects of agriculture related with life 
sciences and modern technologies. It will 
offer opportunities to address the global 
needs relating to food and environment, 
health, exploit the technology to provide 
innovative products and sustainable 
development. Papers will be considered in 
aspects of both fundamental and applied 
science in the areas of Genetics and 
Breeding, Nutrition and Physiology, 
Production Systems, Agriculture and 
Environment and Product Quality and 
Safety. Other categories closely related to 
the above topics could be considered by 
the editors. The detailed information of the 
journal is available at the website. 
Proceedings of scientific meetings and 
conference reports will be considered for 
special issues.

Submission of Manuscripts

All manuscript written in English should be 
submitted as MS-Word file attachments via 
e-mail to ascitech@uni-sz.bg. Manuscripts 
must be prepared strictly in accordance 
with the detailed instructions for authors at 
the website 
http://www.uni-sz.bg/ascitech/index.html 
and the instructions on the last page of the 
journal. For each manuscript the 
signatures of all authors are needed 
confirming their consent to publish it and to 
nominate on author for correspondence.
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 
for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.

Internet Access
This journal is included in the Trakia 
University Journals online Service which 
can be found at www.uni-sz.bg.

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.:   +359 42 699330
                      +359 42 699446
http://www.uni-sz.bg/ascitech/index.html

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: ascitech@uni-sz.bg

 

Editor-inChief

Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Co-Editor-in- Chief

Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breading

Atanas Atanasov (Bulgaria)
Ihsan Soysal (Turkey)
Max Rothschild (USA)
Stoicho Metodiev (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)

Production Systems

Dimitar Pavlov (Bulgaria)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)

Agriculture and Environment

Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)

Product Quality and Safety

Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)

English Editor

Yanka Ivanova (Bulgaria)



2012

Volume 4, Number 2
June 2012

Online Version ISSN: 1314-412X





Genetics and Breeding

Polymorphism of the C3 component of the complement system and its impact on serum 
lysozyme concentrations and complement activity

Ts. Koynarski, L. Sotirov*

Department of Animal Husbandry, Genetics unit, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The aim of the investigation was to determine the influence of the C3 component of the complement system on the levels of blood serum lysozyme 
and the alternative pathway of complement activity (APCA) in sheep. The experiment was carried out with sheep and rams belonging to nine sheep breeds - 
Mouton Charollais, Ile de France, Trakia Merino, Dairy crosses, White Maritsa, Patch-faced Maritsa, Karnobat, Pleven Blackhead and Local Stara Zagora. For 

S Fmore accurate results we tested equal number of animals from each breed (48), the total number of samples was 432. The two allelic genes (C3  and C3 ) 
formed nine C3 genotypes–SS, SS1, FF, FS, FS5, FS7, FS10, FF1, and F1F1 with different prevalence between the breeds. It was found out that the C3 
genotypes do not impact significantly the levels of serum lysozyme concentrations and APCA, therefore indirect selection after this gene marker will not 
improve the levels of innate immune response in sheep.

Keywords: C3 polymorphism, lysozyme, complement,  sheep
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Introduction Мaterial and methods

Serum lysozyme concentrations and the alternative pathway of C3 genotypes, blood complement and serum lysozyme 
complement activation are important factors of the innate humoral concentrations were analyzed in sheep and rams from Mouton 
immunity. These two factors are one of the very first ways for Charollais, Ile de France, Trakia Merino, Dairy crosses, White 
protection in animals and humans, from pathogenic bacteria, Maritsa, Patch-faced Maritsa, Karnobat, Pleven Blackhead and 
viruses, virus infected cells, neoplastic cells etc.(Buharin and Stara Zagora breeds reared at the Agricultural Institute - Stara 
Vasilev, 1974; Lee Huang et al., 1999).The importance of these two Zagora, the Agricultural Institute – Karnobat and private farms. The 
factors motivates scientists from all over the world to look for ways to total number of samples was 432 (48 samples from each breed). 
increase their functional activity or quantity. This could be achieved Blood for analysis was collected aseptically from v. jugulars with 
via two primary ways: by immunostimulation – using vitamins, disposable needles in plain vacutainers after fixation. Blood was 
enzymes, probiotics etc., or by selection of animals with high levels transported in cool bags at 6-7 ºС.
of the fore mentioned parameters(Stoyanchev et al., 1997; Sotirov et The polymorphism of C3 complement component was 
al., 1999). Different authors reported breed-related differences in determined according to the method of  Teisberg (1970).
sheep (Sotirov et al., 2010; Sotirov et al., 2011), cattle (Lie, 1999) , 
chicken (Nath et al., 2002; Parmentier et al., 2002) etc. In modern Buffers
Genetics the selection of animals with high levels of immune Stock solutions for gels - 5,5-diethylbarbituric acid sodium salt 
response and production is simply not enough. The search of (Diemal Na, Loba-Chemie, Austria) 0.0230 M, 5,5-diethylbarbituric 
specific gene markers which encode these advantages for the acid (Reanal, Hungary) 0.0037 M, Calcium-L(+)- lactate (Fluka AG, 
animals and subsequent selection after these markers, gives us the Switzerland) 0.0009 M, pH=8.6. 
opportunity to breed animals with high levels of all desired Stock solution for tray buffer  5,5-diethylbarbituric acid sodium 
characteristics. The alternative pathway of complement activation salt (Diemal Na, Loba-Chemie, Austria) 0.061 M; 5,5-
(APCA) initiates with the C3 component, which is known to be very diethylbarbituric acid (Reanal, Hungary) 0.01 M, Calcium-L(+)- 
polymorphic (Mekchay et al., 2002) . Recent experiments show lactate (Fluka AG, Switzerland) 0.0018 M, pH=8.6.
close relation between C3 genotypes and the systemic complement The first buffer was used for preparation of agarose gel (1%) 
activation in humans (Heuricha et al., 2011). Based on this where serum samples were applied. After their absorption, the 
polymorphism we decided to investigate the influence of the different electrophoresis was carried out at 20 V/cm for about 2.5 h. It was 
C3 genotypes over the APCA activity and serum lysozyme stained for 1 min with Amido Black 10 B and destained for overnight.
concentrations in nine sheep breeds. 

Destaining solution
Ethanol, distilled water and glacial acetic acid (5:5:1) were 

mixed (for example, 1L destaining solution contains 450 mL ethanol, 
450 mL distilled water and 100 mL glacial acetic acid). Then 2 * e-mail:  sotirovl@yahoo.com
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tablespoons of active charcoal powder were added in order to allow investigated breeds we were not able to find any significant effect 
the manifold use of the destaining solution. between specific genotype and high or low serum lysozyme 

concentration. In some breeds ( Local Stara Zagora) the FF 
Staining solution genotype showed the highest concentration of serum lysozyme - 
10g amido black 10B was added to 1L destaining solution 1,76±1,48 µg/ml, while in other (White Maritsa) the same genotype 

(without active charcoal ethanol), shaked well and left for overnight. showed concentration as low as 0,13±0,01 µg/ml. Based on these 
If necessary it could be filtered after a week. The gene and genotype findings we could not confirm a strong correlation between the C3 
frequencies were calculated by the method of Nicholas, (1995), polymorphism and concentration of serum lysozyme in sheep. The 
since it has earlier established that the allele coding for the C3 high coefficient of variation among all breeds could be explained by 
complement component in sheep are inherited co-dominantly the theory of one main gene encoding high levels of serum 
(Sotirov et. al., 2005) . lysozyme, so the high variations are because of some animals in the 

The activity of the alternative pathway of complement activation groups, which are positive for this specific sequence. It is believed 
(АPCA) was assayed by the method of Sotirov, 1991. Each serum that despite the polygenic control of this parameter, the major gene 
sample was first diluted by mixing 100μl serum with 350 μl veronal- in these animals was in dominant homozygous state. The same 
veronal Na buffer (in final concentrations: 146 mM NaCI, 1,8 mM 5,5- conclusions were made by  Irwin and Wilson (1989) reporting about 
diethylbarbituric acid sodium salt; 3,2 mM 5,5-diethylbarbituric acid; the presence of at least 10 genes controlling this enzyme in 
1 mM EGTA and 0,8 mM MgCl2). In U bottomed plates (Flow ruminants. 
Laboratories, UK), 7 other dilutions from each diluted serum were As we explained before, the serum lysozyme concentration is 
again prepared in veronal-veronal Na buffer: 80 μl diluted serum + 20 one of the primary factors of the innate immune response. From 
μl buffer, 70 μl diluted serum + 30 μl buffer, 60 μl diluted serum + 40 μl practical point of view this determines whether a living organism (or 
buffer, 50 μl diluted serum + 50 μl buffer, 40 μl diluted serum + 60 μl an entire population) will be with high level of natural immunity or not. 
buffer, 30 μl diluted serum + 70 μl buffer and 20 μl diluted serum + 80 One of the options is direct selection of animals with high lysozyme 
μl buffer. The final serum dilutions were, respectively, 8/45, 7/45, concentrations. This will increase the overall level of this enzyme, 
6/45, 5/45, 4/45, 3/45 and 2/45. Then 50 μl buffer and 100 μl of 1% but this means to implement this sign into breeding programs. At this 
rabbit erythrocyte suspension were added to each well. After stage, selectionists are not inclined to do this. Nowadays the 
incubation for 1 hour at 37°C, samples were centrifuged at 150 g for approach is to look for specific gene markers which are associated 
3 minutes at room temperature (23°C). Thereafter, 150 μl of each with the high levels of this enzyme. Both approaches have their 
supernatant was removed and placed in flat bottomed plates for advantages and disadvantages. The first one is more expensive and 
measurement of optical density at 540 nm using "Sumal-PE2" ELISA time-consuming, the second is more accurate, easier and cheaper, 
reader (Karl Zeiss, Germany). The final APCA activity was but a specific genetic marker has to be discovered. 
calculated using special computer programs developed at Trakia In this study we were not able to prove a link between the C3 
University, and expressed as СН50 units (СН50 units correspond to genotypes and the levels of serum lysozyme concentration, but in a 
50% of complement induced haemolysis of applied erythrocytes). similar experiment Sotirov (2006) investigated the C3 polymorphism 

Blood serum lysozyme concentrations were assayed by the and its impact on the lysozyme levels in different sheep breeds and 
method of Lie (1985). Twenty ml of 2 % agarose dissolved in discovered significant high levels in favor of the SS genotype. The 
phosphate buffer (0.07 М NaHPO  and NaH PO ) was mixed with 20 author did not find this correlation in any breed, but in dairy 4 2 4

crossings, which could be a result of heterosis. Regardless of the mililiters suspension of 24-hour culture of Micrococcus lysodeicticus 
absence of such correlation among the other breeds, the author at 67°C. The mixture was poured out in 14-cm Petri dish. After 
thinks that the polymorphic C3 component of the complement solidifying at room temperature, thirty-two 5-mm wells were made 
affects the lysozyme levels in blood serum.with a special device. Fifty microliters of undiluted sera were pipetted 

Previous experiments of Sotirov et al. (1999) aimed to in each well. Eight standard lysozyme dilutions (from 0.025 to 3.125 
investigate the impact of the transferrin genotypes on the serum μg/ml) were prepared and pipetted in weight wells. The samples 

A B Clysozyme concentrations. Authors detected four alleles (Tf , Tf , Tf  were incubated for 20 hours at 37°C and lytic zone diameters were 
D

measured. The final lysozyme concentrations were calculated by a и Tf ), resulting in 10 genotypes. The highest lysozyme levels were 
special software developed at Trakia University. found in the Caucasian breed with genotype TfBB. Authors suggest 

Data were processed by one-way analysis of variance selection of animals after this specific genotype as a way of 
(ANOVA) with the fixed effect model using Data analysis tool pack, increasing the average concentration of the enzyme among other 
Microsoft Excel 2010, Microsoft Corporation Ltd. breeds. Stoyanchev et al. (1997) reveal that broiler chickens with 

21 21B B  genotype have the highest levels of serum lysozyme and 
APCA. Iotova et al. (1990) reported that chickens from this genotype 
are the most resistant to Marek's disease virus which could be Results  and discussion
explained with the high levels of these two factors of innate immunity. 

The impact of the C3 genotypes on the activity of the alternative The results for the nine investigated breeds are shown on 
pathway of complement activation (APCA), for each investigated Tables 1 and 2. As seen on the tables, we found nine C3 genotypes – 
breed, is shown on Table 2. The results are quite divergent for the SS, SS1, FF, FS, FS5, FS7, FS10, FF1 and F1F1, with different 
different breeds. In some of them (White Maritsa and Pleven prevalence between the breeds. The relation between serum 
Blackhead) the SS genotype shows the highest APCA activity lysozyme concentrations and C3 genotypes is presented on Table 1. 
(219,79±5,34 and 175,81±5,0 CH50, respectively), while in others  There are definite breed differences in the serum lysozyme 
(Ile de France and Local Stara Zagora) the highest activity is found concentrations, which might be inherited from the different 
for the FF genotype (224,04±4,07 and 198,37±4,03 CH50, ancestors of the modern breeds or result from the epidemiological 
respectively). Despite these variations, significant differences situation in the different breeding regions of each breed. In all 



Table 1. Effect of C3 genotypes on serum lysozyme levels
in different sheep breeds (µg/ml).

Mean ± SEMnGenotype VC%

Mouton Charollais

FS

FS5

FS7

FF

FF1

11

8

3

18

5

0.31 ± 0.05

0.20 ± 0.02

0.31 ± 0.12

0.31 ± 0.05

0.28 ± 0.05

52.99

26.68

65.64

62.80

43.94

Ile de France

SS

FS

FS5

FS7

FF

12

9

7

3

17

0.20 ± 0.06

0.14 ± 0.02

0.19 ± 0.05

0.12 ± 0.02

0.14 ± 0.02

99.20

45.73

65.10

34.64

54.50

Trakia merino

Dairy crosses

SS

FS

FS5

FF

F1F1

6

11

5

18

3

0.88 ± 0.30

0.68 ± 0.30

0.59 ± 0.27

0.62 ± 0.14

0.76 ± 0.42

84.89

143.73

101.62

95.34

95.01

White Maritsa

SS

FS

FS5

FF

F1F1

11

7

7

18

3

0.14 ± 0.01

0.13 ± 0.01

0.12 ± 0.02

0.13 ± 0.01

0.18 ± 0.06

24.12

30.03

32.70

30.67

57.95

Patch-faced Maritsa

Karnobat

Ss1

FS

FS5

FS7

FF

5

8

16

5

8

0.16 ± 0.01

0.12 ± 0.01

0.18 ± 0.02

0.18 ± 0.04

0.16 ± 0.01

14.76

25.19

45.63

48.70

24.63

SS

FS

FS5

FS7

FF

FF1

F1F1

14

3

3

4

13

4

4

0.26 ± 0.04

0.21 ± 0.01

0.29 ± 0.10

0.32 ± 0.12

0.35 ± 0.06

0.27 ± 0.05

0.28 ± 0.05

59.52

10.30

61.05

73.82

58.52

38.19

33.37

SS

FS

FS5

FS7

FF

F1F1

17

5

7

5

9

3

0.23 ± 0.03

0.17 ± 0.02

0.20 ± 0.03

0.25 ± 0.04

0.15 ± 0.01

0.21 ± 0.03

59.09

30.96

45.12

34.24

23.68

27.32

Table 2. Effect of C3 genotypes on the alternative pathway
of complement activation in different sheep breeds (CH50).

Mean ± SEMnGenotype VC%

Mouton Charollais

FS

FS5

FS7

FF

FF1

11

8

3

18

5

209.58 ± 5.32

203.99 ± 9.50

211.47 ± 5.25

205.64 ± 5.70

207.52 ± 11.94

8.42

 13.17

4.30

11.76

12.87

Ile de France

SS

FS

FS5

FS7

FF

12

9

7

3

17

206.83 ± 5.88

216.74 ± 4.23

222.31 ± 3.11

214.41 ± 6.04

224.04 ± 4.07

9.85

5.86

3.70

4.88

7.49

Trakia merino

Dairy crosses

SS

FS

FS5

FF

F1F1

6

11

5

18

3

159.19 ± 8.29

151.43 ± 5.27

161.07 ± 4.77

159.61 ± 4.95

165.21 ± 27.47

12.75

11.55

6.62

13.17

28.80

White Maritsa

SS

FS

FS5

FF

F1F1

11

7

7

18

3

219.79 ± 5.34

199.90 ± 6.54

214.77 ± 7.20

213.38 ± 4.12

211.67 ± 11.03

8.06

8.66

8.86

8.19

9.02

Patch-faced Maritsa

Karnobat

Ss1

FS

FS5

FS7

FF

5

8

16

5

8

172.26 ± 12.13

170.72 ± 10.13

174.38 ± 2.64

169.77 ± 11.49

161.58 ± 5.55

15.75

16.78

6.06

15.13

9.71

SS

FS

FS5

FS7

FF

FF1

F1F1

14

3

3

4

13

4

4

193.79 ± 5.35

205.06 ± 6.57

207.52 ± 11.95

196.48 ± 14.31

193.87 ± 5.69

203.66 ± 4.85

173.86 ± 12.40

10.33

5.55

9.97

14.56

10.58

4.76

14.27

SS

FS

FS5

FS7

FF

F1F1

17

5

7

5

9

3

155.90 ± 6.27

167.43 ± 9.26

146.41 ± 7.05

169.59 ± 10.58

162.42 ± 9.87

171.12 ± 1.60

16.58

12.37

12.73

13.95

18.24

  1.61

99
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between the observed genotypes were not detected. were with significantly higher complement activity than crosses. It 
As we have already pointed out, the APCA is one of the very first was suggested that the high complement activity in the studied Zebu 

defense mechanisms against pathogenic agents. It has existed a breeds was the key factor for their resistance to ectoparasites. This 
long time before animals acquired the ability to synthesize assumption was supported by the high negative correlation between 
antibodies crucial for the development of specific immunity parasitic infection rates and complement activity. 
(Zarkadis et al., 2001). Therefore, the complex antigen-antibody is 
not required for its activation, which makes it a very important factor 
for the early stages in the battle with pathogens. The search for 

Conclusion specific gene markers which are associated with high levels of APCA 
activity is one of the newest approaches in this field. The initial factor 

The polymorphic C3 component of the complement system of APCA is the C3 component, therefore we decided to investigate 
does not impact the levels of serum lysozyme concentration; the influence of the C3 genotypes on the overall APCA activity. In 
therefore it could not be used for indirect selection of animals as an case of positive association between any of the genotypes and the 
instrument to increase the levels of innate immune response. high levels of complement activity, we would be able to encourage 

Despite the fact that C3 component of the complement system indirect selection after this genotype. 
is crucial for the initiating process of APCA, its polymorphism does The absence of statistically valuable results indicates that the 
not influence the overall APCA activity, therefore selection of polymorphic C3 component of the complement does not influence 
animals after any C3 genotype will not affect the APCA activity in the APCA activity. Similar investigation was done by Sotirov(2006). 
sheep.In one of the investigated breeds (Pleven Blackhead) the author 

detects significant differences in the APCA activity between the FF 
and FS7 genotypes. Despite this, the author's affirmation is that 

Referencesthere is no solid data indicating C3 influence on the APCA activity 
and indirect selection after this marker will be inappropriate. The 
analysis of our results and the results obtained by Sotirov (2006) Buharin OV and Vasilev NV, 1974. Lysozyme and its role in biology 
show that at this stage indirect selection after specific gene and medicine. University of Tomsk's Publishing House, 138-153.
sequence is inapplicable, which means that breeders should still use Heuricha M, Martínez-Barricarteb R, Francisa NJ, Robertsa DL, 
direct selection of animals as a primary instrument. Córdobab SR, Morgana BP and Harris CL, 2011. Common 

Direct selection has been used for a long time and of course it polymorphisms in C3, factor B, and factor H collaborate to determine 
has its positive sides, but the main problem is that it requires many systemic complement activity and disease risk. Immunology, 108, 
years of selection to achieve good results. Sotirov (1991) 8761–8766.
investigates the inheritance of serum lysozyme and APCA activity Lee Huang S, Huang PL, Sun Y, Kung DL and Chen HC, 1999. 
among the offspring of a wild boar. In this experiment the author Lysozyme and RNases as anti-HIV components in beta-core 
discovered that the offspring's APCA activity is as low as 35,72 7,32 preparations of human chorionic gonadotropin. In Proceedings of 
СН50 (average), which according to the author, is inherited from the National Academy of Sciences, 2678-2681.
father who had complement activity of 41,80 СН50. On the other Iotova I, Ermenkova L and Iotzov S, 1990. Blood-group antigens in 
hand, the levels of serum lysozyme were very high (2,50 0,17 g/ml), laying hens in relation to resistance to Marek's disease. Animal 
which corresponds to the very high levels of the enzyme (2,40 g/ml) Breeding, 26, 48-53.
detected from the father. Based on these results the author proves Irwin DM and Wilson AC, 1989. Multiple cDNA sequences and the 
that direct selection could be used to increase the levels of APCA evolution of bovine stomach lysozyme. The Journal of Biological 
activity and serum lysozyme concentration. Chemistry, 264, 11387-93. 

Another method to increase the levels of these two factors of the Lie O, 1985. Markers of Resistance to Infection in Dairy Cattle. 
innate immunity is hybridization of the domestic animals with Thesis for PhD, National Veterinary Institute, Oslo, Norway, chapt V.
species biologically close to them which are highly resistant to Lie O, 1999. Genetic variation in the serum lysozyme activity in 
infectious and parasitic diseases. Wambura et al. (1998) reported cattle. Acta Veterinaria Scandinavica, 21, 448-450.
breed-related differences in APCA activity in three Zebu breeds. The Mekchay S, Ponsuksili S, Schellander K and Wimmers K, 2002. 
authors investigated the resistance to ticks in three Zebu breeds and Association of the porcine C3 gene with hemolytic complement 
its crosses with Friesian cattle, and proved that purebred Zebus activity in the pig. Second International Simposium on Candidate 

Pleven Blackhead

SS

FS

FF

10

6

26

0.36 ± 0.04

0.41 ± 0.14

0.54 ± 0.16

36.15

85.99

151.82

Local Stara Zagora

SS

FS

FS10

FF

20

4

5

14

0.24 ± 0.02

0.37 ± 0.07

0.23 ± 0.03

1.76 ± 1.48

31.14

34.96

31.24

315.27

Pleven Blackhead

SS

FS

FF

10

6

26

175.81 ± 5.79

165.00 ± 9.50

165.20 ± 3.99

10.42

14.10

12.32

Local Stara Zagora

SS

FS

FS10

FF

20

4

5

14

192.72 ± 5.23

188.06 ± 3.79

193.36 ± 11.90

198.37 ± 4.03

12.13

4.04

13.77

7.60
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