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Abstract 
 
 Lysozymes are key molecules of innate immunity act as non-specific innate-
immunity  molecules against the invasion of bacteria pathogens in fish.The aim 
of the present study was to amplify and express a full-length g-type lysozyme 
cDNA from the skin mucus of common carp (Cyprinus carpio).In this respect, 
the complete cDNA consisted of an open reading frame of 555 bp which encoded 
a protein of 185 amino acids. Regardingly, conserved and catalytic residues of 
this cDNA were identified which showed some similarity with  Danio rerio , 
Salmo salar , Gallus gallus , Xenopus laevis and Tetradon  nigroviridis. This 
Recombinant g-type lysozyme cDNA has been cloned into pMALc2x and 
expressed in E. coli strain TG1. The resulted recombinant protein showed lytic 
activity against Micrococcus lysodeikticus. 
 
Keywords: g-type lysozyme, Cyprinus carpio , RT-PCR , lytic activity 
 
 
Introduction 
 
Fish are in constant interaction with a wide range of pathogenic and non-
pathogenic microorganisms In the aquatic environment [5]. Fish epidermal 
mucus is the first line of defense against pathogens. It has various hydrolytic 
enzymes including lysozyme, alkaline phosphatase, cathepsin B and proteases 
[28]. Mucus of fish is secreted by epidermal goblet cells and is composed of 
water and glycoproteins [7,12] , It has rols such as  prevention of pathogen 
adherence, ionic and osmotic regulation , communication, repository of numerous 
innate immune factors such as lysozyme, immunoglobulins, complement 
proteins, lectins, C-reactive protein, proteolytic enzymes and various other 
antibacterial proteins and peptides [3,23.27]. 
 
Lysozyme, also referred to as N-acetylmuramide glycanohydrolase or  
muramidase, is a well-studied bacteriolytic enzyme identified in a wide range of 
organisms including fish (Alexander and Ingram, 1992). It functions by 
hydrolyzing the β-(1→4) glycosidic bonds of bacterial cell walls, makes it an 
important player in defence against bacterial pathogens [2,14,]. 
 
Antibacterial types lysozyme catalyzes cell wall hydrolysis against bacteria [24] , 
and acts as a nonspecific immune defense in penaeid shrimp[11,34]. 
 
Lysozymes have been found in fish serum, mucus, ova , Peritoneal macrophages 
and blood neutrophils[6]. Fish lysozymes are thought to be present in two forms 
and are much more bactericidal than lysozyme of higher vertebrates. In fish, 
lysozyme C and its variants have been cloned in rainbow trout[4,25], carp [8,26]  
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and Japanese flounder (Paralicthys olivaceus) [9]. Lysozyme G was recently 
reported in Japanese flounder[10] and grouper (Epineplus coioides). 
 
In this study,  molecular cloning  and expression  of goose type lysozyme cDNA 
from skin mucus (AB084624) in carp (Cyprinus carpio L.)[25] and the lytic 
activity of the recombinant protein against Micrococcus lysodeikticus is reported. 
 
 
Materials and Methods 
 
Sampling and cDNA synthesis. 
 Some fish cached by net from a farm located in Ahvaz Aquaculture farms and 
five of them with weight of 800 ±50 gr after clinical examination maintained at 
25°C for 2 weeks in an aquarium before processing according natural parameters 
of farm water. Total RNA extracted from the skin mucus of fish (after were 
killed) was collected by a clean slide in a strile falkon tube. For RNA extraction, 
RNX solution (Sinnagen, Iran) (ten fold) was added to the skin mucus samples 
and homogenized.  Then, Tris -ethylene-diamine tetraacetic acid (TRIS-EDTA) 
pH 8.0 added to lysate and incubated for 1 min.  In the next step, 5 ml chloroform 
added  and incubated in room temperature for 3 min befor centrifugation at 
14000g for 15 min at 4°C. Supernatants were transferred  to a clean 
microcentrifuge tube  and 1 ml Isoprpil alchol was added and incubated in room 
temperature for 10 min before centrifugation at 14000g for 10 min at 4°C. The 
RNA was pelleted, washed in 70% ethanol, air-dried, dissolved in sterile 
diethylpyrocarbonate (DEPC)-treated water. It was measured 
spectrophotometerically at λ280 and used for cDNA synthesis, immediately. 
 
Using the extracted total RNA as template and a modified oligo(dT) as primer, 
cDNA was synthesized. The primer Mod-T contained two restriction 
endonucease sites (XbaI and XholI) at 5’-end. In order to synthesis the cDNA, 
0.5 �g of Mod-T primer was added to the extracted total RNA (3 µg) and 
incubated at 70°C for 10 minutes followed by a brief centrifugation. The reaction 
was chilled on ice for 2 min and then added 1.5 ml Protector RNase Inhibitor 
(Fermentas, Iran), 6 µl dNTP mixture (120 mM of each nucleotide), 12µl of 5X 
enzyme buffer. The reaction was chilled on ice for a 5 min and then added 3 ml 
(200 U) of Moloney Murine Leukemia Virus (M-MulV) reverse transcriptase 
(Fermentas, Iran) in a total volume of 30 ml. The reaction was incubated at 42°C 
for 1 h followed by a brief centrifugation and then inactivation of the enzyme by 
heating at 70°C for 10 minutes.  
 
Primers were designed based on conserved region obtained by comparing all 
known g-type lysozyme sequences .The primers used in PCR are listed in table 1. 
The PCR cycling conditions were 95°C for 1min , followed by 30 cycles of 
denaturation  at  94°C ( 40S) , annealing at 56°C (1 min), extension at  72°C (1  
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min) and then a final extension step at 72°C (10 min ). The PCR products were 
electrophorosed on %1 agarose gel and stained with  ethadium bromide. 
 
2.2.Cloning of g-type  lysozyme cDNA 
 
The RT-PCR products were purified using QIA quick gel extraction kit (Qiagen, 
Germany) based on the manufacture's protocol. The PCR-amplified g-type 
lysozyme cDNA fragment and plasmid were digested with EcoRI and HindIII 
(Fermenrase, Iran) with dubble digest according to manufacture’s protocol. The 
cDNA fragment then was ligated into pMALc2x expression vector prior to 
transformaion into E. coli starin TG1 competent cell. 
 
2.3.Sequencing and expression  pathern. 
 
To confirm cloning, all of the positive clones were purified using GeneJET 
Plasmid Miniprep kit (Fermentase, Lithovania). Positive clones were sequenced 
from both ends.  
 
After confirmation of the positive clones the pMAL-c2x -lysozyme construct was 
transformed into E. coli TG1 strain for protein expression. The fusion protein was 
expressed by isopropyl-beta-D-thiogalactopyranoside (IPTG) induction, and 
analyzed with SDS polyacrylamide gel electrophoresis (SDS-PAGE). 
Purification of recombinant proteins was performed by culture of recombinanat 
cells in ampicilin lactos broth ( LB Broth) over night. After OD=600nm reached 
to 0/5-0/6 IPTG was added. After 3.5 h of incubation, the cell culture was 
bacterial suspent centrifuged and the bacterial cell pellet resuspened in sonication 
solution. Cells were lysed in 3 consecutive frezzing (-30°C)and thow (room 
temprtature) cycles and sonicated on ice (20s interval,15 min) .  
 
The bacterial lysate were centrifuged  at 12000g for 30 min and the purified 
recombinanat protein was assessed on %10 SDS-PAGE gel and the concentration 
of protein was determined by Bradford method  
 
2.4.Laytic activity assay.  
 
The lytic activity assay was performed with the method of Hikima et al  [10, 18 
,11] by using Micrococcus lysodeikticus as substrate . M. lysodeikticus was 
poured onto plates contain %1 warm (50°C) melting agarose (50 Mm phosphate 
buffer ,pH 5.8)[29] . The concentration of  M. lysodeikticus was adjusted to 0.2 
OD at 600nm . The recombinant Cyprinus carpio lysozyme (250 µg),  hen egg-
white lysozyme (Sigma, USA) (250 µg/ml sigma) and native control were put in 
individual wells in the agarose plate and incubated at 30 °C for 24 h  [29]. After 
24 h, the diameters of the lysed circular zone were measured (mm). 
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 Results  
 
3.1. PCR amplification and sequence characterization of Cyprinus Carpio g-
lysozyme 
 
Total mRNA from the mucus of C. carpio was used for cDNA synthesis of  g –
type lysozyme. To amplify the mRNAs encoding g- type lysozyme, cDNA was 
synthesized by using a modified oligo(dT).  Thereafter, the first round of (PCR1) 
was performed with a primer pairs (LccF and Mod-R). For the second round of 
the PCR, PCR1 products were diluted as 1:25 with water. PCR2 was performed 
with a spesific primer pairs (LccF and LccR). PCR2 was expected to result in the 
amplification of a DNA band of 528 bp. Electrophoresis of PCR2 products 
revealed that the expected band was successfully amplified (Fig.1)  
 
3.2. Sequence characterization of C. carpio g-lysozyme  
 
The blast program from the national center for biothechnology information 
(NCBI) was used to identy similar sequences and the multiple sequence 
alignment of g- type lysozyme Cyprinus carpio were performed using the clustal 
w _1.8 program.The cDNA of g-lysozyme of Cyprinus carpio showed an open 
reading fram of 555 bp which coded for 185 Deduced amino acid residues , that 
showed ATG as start codon and extended to the stop codon TGA tail (Fig.2). 
 
The gene structure of  the common carp  lysozyme G is similar to Danio rerio , 
Salmo salar , Gallus gallus , Xenopus laevis and Tetradon  nigroviridis. Protein 
sequence analysis showed that the polypeptide contained an a-lactalbumin/ 
lysozyme G signature motif  [8,22]. A BLAST search in the Gen- Bank database 
and a multiple alignment of selected mature lysozymes (Fig. 3) revealed that the 
common carp lysozyme is of the g-type [1,16]. It possesses three major residues 
responsible for the catalytic activity of g-type lysozymes: Glutamate E73 and 
Aspartate D97 and108 . There is any conserved cysteine residues in common carp 
g-lysozyme (Fig.3). 
 
In the common carp g-type lysozyme(this study), the pI is  9.37  and MW: 
20381.31 and showed an extensive hydropathy profile property(Fig.4). 
 
3.3. Expression of the recombinant g-lysozyme  
 
A high level expression was observed in TG1 cells transformed with pMAL-c2x 
lysozyme with IPTG Induction when cell culture was performed at 37 °C. After 
gentle sonication on ice, the recombinant lysozyme was released into the 
supernatant. As a fusion protein, the recombinant g-lysozyme contained a stretch 
of 185 aa residues at the N-terminus of  Moltose binding protein (MBP), allowing 
enhanced solubility and affinity for purification. The size of the purified g- 
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lysozyme (approximately 20 kDa) matched well with the combined mass of the 
natural g-lysozyme (21.3 kDa) and the inserted( MBP) fragment (42.5 kDa) 
(Fig.5 ).The fusion protein was purificated by amylose –resin in order to 
eliminate bacterial proteins (Fig.6 ). 
 
The pMALc2x system is one of the powerful system developed for the coloning  
and expression of recombinant proteins in E. coli and the recombinant cyprinus 
carpio fish g-lysozyme accumulated in the E. coli cytoplasm at a relatively high 
level. Although a stretch of 185 aa residues were added to the N-terminus of the 
recombinant protein, it still has the biological activity,  expressed in this system 
[17,29]. Since a high percentage of  recombinant protein was present in the 
cytoplasm, it could be simply released from E. coli cytoplasm by 
freezing/thawing treatments and purified by convenient steps. 
 
  3.4. Lytic activity  
 
We found that the cyprinus carpio fish g- lysozyme has bactericidal activity 
against Micrococcus lysodeikticus at 30°C and pH 6.2 . The solid phase lytic 
assay against Micrococcus lysodeikticus produced Growth inhibitory zone .The 
purified recombinant g-lysozyme caused lysis of circle with 1.1cm while the 
same dose of hen egg c-lysozyme could lyse a circle with 1.3 cm in diameter. 
(Fig. 7). The recombinant cyprinus carpio g- lysozyme showed a relatively lower 
level of lytic ability than commercial hen egg white lysozyme. The results are 
consistent with the findings Recombinant flounder g-type lysozyme of Hikima et 
al [10] and  g-type lysozyme in the mandarin fish Sun et al [29], But the 
recombinant flounder C-type lysozyme showed a relatively higher level of lytic 
ability than the g-type  lysozyme, which was even higher than commercial  hen 
egg white lysozyme [10]. Lysozyme, the strong antibacterial enzyme of the 
innate immune system has been reported from several fish tissues such as spleen, 
liver, skin, mucus, gills, muscles, ovary and eggs [31,32]. 
 
The turbidimetric assay was developed to measure lysozyme activity 
(50µg/sample)  against its substrate peptidoglycan using the Gram-positive 
bacteria Micrococcus lysodeikticus(OD 450λ)[15]. In this assay we found that the 
cyprinus carpio g- lysozyme reduced the optical density of a M. lysodeikticus 
suspension [12,33] (Fig. 8).  Bacterial turbidity assay (table 2) of recombinant C. 
carpio g- lysozyme showed in the different times in comparison with hen- egg 
wihte lysozyme OD1-OD8 are alphabeticaly the time ,2, 8, 16, 30, 40, 60, 90, 
120 minutes [18,21]. 
 
 
 Discussion 
 
         In fish, lysozyme C and its variants have been cloned in rainbow trout[4] 
and Common carp [8,26].Meanwhile, lysozyme G was reported in Japanese  
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flounder (Paralicthys olivaceus) [10], head kidney of carp [25] and head kidney 
of Mandarian fish(Siniperca chuatsi)  [29].However, this is the first report on a g-
type lysozyme gene in common carp without any expose to the skin mucus. The 
findings showed that the g- type lysozyme gene of the skin mucus in Common 
carp (555bp) showed no similarity in the size with the other reported g-type 
lysozyme in the other organs of the Common carp such as head kidney (853bp) 
[25],or the skin mucus of the other fish as Japanese flounder (758bp) [10] . 
      The amino acid sequence deduced from Common carp gene possessed no 
cysteine residues that are conserved sequence in the g-type lysozyme amino acid 
sequence of avian species [10].Further, this characteristic suggest that the 
disulfide bond constructed by the cysteine residues are not necessary for 
lysozyme activity in fish which is a common property in g- type lysozyme of fish 
[29]. 
 
       At present study we have shown that the common carp recombinant g-type 
lysozyme protein possessed lytic activity aginst M.lysodeikticus (Figures 3,7,8). 
Lysozyme activity in fish would be done by predicted catalytic residues (Glu73, 
Asp 97,108). Studies have indicated that the first and third catalytic residues are 
enough for lysozyme activity [16] .However, this feature is typical characteristic 
in g-type lysozyme of fish [25] .Meanwhile, similar to the other fish g-lysozymes, 
there would be  no signal peptide in the N-terminus g-type lysozyme of the 
common carp skin mucus .  [29]. 
 
        We have shown the molecular mass of the Common carp g-type lysozyme to 
be about 20.2 kDa using gel electrophoresis which could be deduced from the 
coded 185 amino acids  residus (Fig .5 ).This molecular mass showed a pattern 
similar to those previously reported in  the skin mucus of the plecoglossus 
altivelis ( approx 18kDa), in the kidney and liver of common carp(approx 24kDa 
and 33kDa, respectively)[10]. 
 
        Multiple amino acid sequence alignment of the Common carp lysozyme G 
with selected lysozymes from different species by means of  Clustal W program 
has been shown in Figure 3.There is similarity between  g-type  lysozyne  in 
Common carp and Cyprinidae family.Furthermore, it showed about 94  similarity 
with Danio rerio, 21٪  with Salmo salar and less than 21٪  with  Gallus gallus ، 
Xenopus laevis  and Tetradon nigroviridis .  
 
       In aquatic environment, fish are constantly exposed to a great number of 
opportunistic pathogens which cause g-type lysozyme expression in numerous 
organs.I this respect, expression was shown in head kidney, posterior kidney, 
spleen, liver, skin, muscle,heart, brain, intestine and whole blood of Japanese 
flounder and common carp  [10,25].However, in some organisms such as chicken 
g-type lysozyme gene is just expressed in bone marrow and lung  [20]. At present 
study we have shown that the common carp g-type lysozyme is expressed easily 
by mucus. It has been previously discussed that club cells secrete biodefense  
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molecule in the eels’ skin [30]. Recombinant Common carp g-type lysozyme 
activity was detected by M. lysodeikticus as an initial substrate (Fig.7). The 
Common carp g-type lysozyme activity can show different activity when 
compare with different organisms depend on the phase characteristics (solid or 
liquid). In this respect, the lytic activity of the Common carp g-type lysozyme 
was a little lower than the c-type lysozyme of the  Japanese flounder g-type 
lysozyme in the soild phase [10].However, it showed similar activity with g-type 
lysozyme in Mandarian fish [19,29]. Regardingly, as it has been shown in Figure 
8, recombinant g-type lysozyme did not show difference with  egg wihte 
lysozyme in liquid phase. It can be suggested that the g-type lytic activity in 
liquid phase is more effective than the solid phase. As a supportive document, 
Fiure 4 reveals hyrdopathy profile of the amino acids (Fig .4). Similar pattern was 
shown for g- type lysozyme in Hypophtalmicus molitarix ( authors’ unpublished 
data ).  
 
In conclusion, the recombinant Cyprinus carpio g- lysozyme expressed in E. coli 
showed remarkable lytic activity against some bacteria. However, this subject 
should be further analyzed, especially against the pathogenic ones, and its 
industrial applications. 
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Table 1. Primers used for amplification of cyprinus carpio lysozyme. 
 
 

sequence(5'-3') Name 
5′- GGGTCTAGAGCTCGAGTCAC -3′ 
XbaI        XholI 

Mod-dT 

5′- CCCAGATCTCGAGCTCAGTG -3′ 
 

Mod-R 

5′- 
CGCGAATTCATGGCATACATTTATGGAGACACC - 
3′ 
EcoR I 

LccF  

5′- CGCAAGCTTGTAACCCTTGCTTCTGAACCACT 
- 3′ 
HindIII 

LccR 

5′- GGTCETCAGACTGTCGATGAAGCC -3′ MalE 
 
 
 
 
 
Table 2:Bacterial turbidity assay of recombinant g -lysozyme in the different 
times in comparison with hen- egg wihte lysozyme (250µg/sample)  . 
 
 
 

OD8 OD7 OD6OD5OD4OD3OD2OD1

                   OD   
                    (nm) 
 
Sample test                        

195 250 270 321 354 399 412 425 S1(recombinant g – 
lysozyme 

184 236 261 311 355 395 402 423 
S2(hen- egg wihte 
lysozyme) 
(Positive control) 

450 450 450 450 450 450 450 450 S3(Negative control) 
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Fig.1: Agarose gel electrophoresis of RT-PCR products from g-lysozyme gene 
isolated from the Cyprinus carpio. M: DNA size marker. Lane  S:Is RT-PCR 
amplification products.  Each lane was loaded with 5 ml of the total reaction 
 

 
 
Fig.2.Nucleotides  and amino acids sequence  of the Cyprinus carpio g-type 
lysozyme gene 
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Fig. 3. Multiple amino acid sequence alignment of the common carp lysozyme G 
with selected lysozymes from different species obtained using Clustal W program 
. Gaps introduced into sequences to optimize alignment are represented by (▼); 
the diamond symbols (♦) indicate three major residues (Glu 73 and Asp 97 and 
108) responsible for the catalytic activity of g-type lysozymes; the symbols (▲) 
indicate Asp residues involved in Ca2+ binding in a-lactalbumins. GenBank 
accessionnumbers of these genes are as follows: Danio rerio lysozyme  
G,NM_001002706; Salmo salar lysozyme G,AM493682; Xenopus laevis 
(African clawed frog hypothetical protein, NP_001088153; Tetraodon 
nigroviridis unnamed protein product, CAG06115 ; Gallus gallus similar to 
Lysozyme G, XM_416896. 
 
 
 



 

Expression of g-type lysozyme in common carp                                               433 
 
 
 
 

 
 
Fig .4. Hydropathy profile of the expressed part of  C.carp g- Lysozyme(mucosal)
  
 
 
 
 

 
 
 
 Fig.5.  Expression of C.carpio fish recombinant g- lysozyme in E. coli 
(TG1) cells. The collected cell lysates and the purified proteins were separated on 
10% SDS-PAGE reducing gels. Lane M: protein molecular standard; C1: pMAL-
c2x without insert without IPTG induction  ; C2: pMAL-c2x without insert with 
IPTG induction; S-: pMAL-c2x lysozyme without IPTG induction; S+: pMAL-
c2x lysozyme with IPTG induction. 
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Fig.6. Expression of C.carpio fish purified  recombinant g- lysozyme in E. coli  
(TG1) cells. Lane M: protein molecular standard; S1: nonpurified recombinant 
lysozyme; S2: purified recombinant lysozyme. 
 
 
 
 
 

 
 
 
 
Fig. 7. Lytic activity of recombinant C. carpio fish g-type and hen egg-white c-
type lysozyme (250µg/sample) against Micrococcus lysodeikticus. 1: purified 
recombinant g-lysozyme; 2: hen egg-white lysozyme.3:negative control(pMAL-
c2x without insert).4: physiological  serum. 
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Fig. 8 . Bacterial turbidity assay of recombinant g-type lysozyme in different 
times when compared with hen- egg wihte lysozyme (250µg/sample). 
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