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Objective(s): Streptococcus pyogenes produces extracellular hyaluronidase enzyme. This enzyme is 
directly associated with the spread of the organism during infection. The objective of the present study 
was to clone and express the nucleotide sequence of the enzyme which is involved in hyaluronidase 
enzymatic activity. 
Materials and Methods: The enzymatic region of hyaluronidase gene was detected by bioinformatics 
method. The PCR method was used to amplify enzymatic region of hyaluronidase gene from 
chromosomal DNA of Streptococcus pyogenes. The eluted product was cloned into the prokaryotic 
expression vector pET32a which was digested by BamHI and HindIII restriction endonuclease enzymes. 
The target protein was expressed in the Escherichia coli. The bacteria including pET32a-hylA (hylA is 
abbreviation of Streptococcus pyogenes hyaluronidase gene and hylA is abbreviation of Streptococcus 
pyogenes hyaluronidase protein) plasmids were induced by IPTG and analyzed by SDS-PAGE. The 
enzymatic evaluation and antigenicity was finally studied. 
Results: Enzymes digestion analysis, sequencing results showed that the target gene (1296 base pair) 
was inserted correctly into the recombinant vector. The expressed protein (65 KDa) was purified 
successfully via affinity chromatography. Data also indicated that enzymatic region of hyaluronidase 
protein from Streptococcus pyogenes was recognized in all 5 patient’s sera. 
Conclusion: In general, it is possible to produce the enzymatic regions of the Streptococcus pyogenes 
hyaluronidase in E. coli. The antigenic property of the produced protein is well retained. Considering the 
product's domestic demand and also low efficiency of production and pathogenicity of Streptococcus 
species, it is possible to produce it as recombinant product. 
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Introduction 
Hemolytic streptococci (group A) are spherical 

Gram-positive bacteria that form chains during 

growth, these chains are relatively short in pus and 
solid medium but they are longer in broth. 
Streptococci belong to Lancefield group A cause 
various purulent infections in humans (1, 2). The 
most important human infections caused by these 
bacteria include cellulitis, lymphangitis, pharyngitis, 
erysipelas and impetigo. In addition, Streptococcus 
pyogenes causes late septic complications in human 
(3). Two major complications in humans caused by 
group A streptococcus infection are rheumatic fever 
and glomerulonephritis.  

Diagnosis of streptococcal infections is based on 
culture (isolation of the bacteria) and serologic tests. 
Streptococcus pyogenes produces a number of 

antigenic virulence factors. Some of them are known 
as spreading factors. Extracellular hyaluronate lyase 
is one of these factors (4). 

Hyaluronic acid which is considered an important 
ground substance of connective tissue and known as 
interstitial cement breaks down by hyaluronidase 
enzyme of these bacteria. Therefore hyaluronidase 
plays an important role in invasion of Streptococcus 
pyogenes and is regarded as one of the effective 
factors in pathogenesis of this bacterium (5, 6).  

This enzyme can be used in treatment of some 
diseases. The first therapeutic use of this enzyme as 
spreading factor was noted in 1928, so that 
subcutaneous injection of the enzyme increased 
subcutaneous penetration of vaccines and toxins. In 
terms of therapy, this enzyme is used together with 
topical anesthetics and pain relief medications (7, 8).
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Hyaluronidase also makes chemotherapy-resistant 
tumors more sensitive to treatment by enhancing the 
penetration of cancer medications (by spreading 
activity) (9). Another use of hyaluronidase is in the 
diagnosis of infection. This enzyme is inhibited by a 
specific antibody (anti-hyaluronidase) in human 
serum. These antibodies spread several weeks after 
the beginning of the streptococcal infection and 
remain after the inflammation subsides, they appear 
in serum gamma globulin and specifically neutralize 
group A Streptococcus hyaluronidase (10). Research 
shows that the production of recombinant 
hyaluronidase does not have a suitable efficiency 
because of the large molecule size of the enzyme. 
However, production of this enzyme has always been 
considered due to its medicinal importance (11). 

Therefore, this study tries to identify the 
enzymatic region of hyaluronidase gene which plays 
a role in its enzymatic activity by using 
bioinformatics methods and then to produce the 
desired region by induction of the gene in Escherichia 
coli. The purpose of this study is expression and 
production of recombinant protein part involved in 
the enzymatic activity of hyaluronidase in E. coli. 
 

Materials and Methods 
Bacterial strains and plasmids  

Streptococcus pyogenes (ATCC: 8668) used as the 
source of chromosomal DNA for the Polymerase 
Chain Reaction (PCR). E. coli DH5α (Stratagene)         
was used as the primary host for the construction            
and propagation of plasmid. For production                        
of recombinant protein, a prokaryotic expression 
vector pET32a (Novagene) was used.                               
The recombinant pET32a (pET32a-hylA) was 
transformed in E. coli BL21 (DE3) pLysS as host 
strain. LB agar and broth were used for bacterial 
culture. The antibiotics were added to media 
according to references recommendation (12). All 
chemicals were obtained from Merck (Germany) and 
all enzymes were purchased from Fermentas 
(Lithuania) or Cinagen (Iran) Companies. 
 
Enzymatic region 

To find out enzymatic region, the sequence of 
hylA gene (2607 bp) from a reference strain (NCBI 
GenBank, Accession number: EU078690.1) was 
submitted to ABCpred, Bcepred and Emboss 
enzymatic web servers (13). 

Two specific PCR primers were designed with 
Oligo5 software. The forward primer 
(5'ATGGGATCCATGTATGAACACGCT3') starts from 
the beginning of the gene and contain BamHI site. 
Reverse primers (5'AACAAGCTTTATTTTGTTTCC-
TAAGATA3') contain recognition site for HindIII. 
These two primers were designed to amplify a 1296 
bp fragment of the hylA coding enzymatic region. 

Chromosomal DNA isolation 
Genomic DNA was extracted from culture 

according to the standard CTAB/NaCl protocol (14). 
1.5 ml of full grown, overnight bacterial culture                
is centrifuged for 2 min at 13000 RPM. The pellet 
resuspended in TE buffer (Tris 10 mM, EDTA 1 mM, 
pH 8) by repeated pippeting.  Further, the bacterial 
cell was lysed by sodium dodecyl sulphate                       
(SDS 10%) and proteinase K (20 mg/ml) and                   
the chromosomal DNA was extracted by CTAB/NaCl 
solution (10% CTAB and 0.7 M NaCl). Cell debris             
and proteins were removed by two                             
times phenol/chloroform/isoamylalcohol (25:24:1) 
mixture. Genomic DNA was precipitated by 
isopropanol and washed in ethanol (70%), dried, and 
then resuspended in TE buffer.  

Quality and quantity of the purified genomic DNA 
were assessed  by 1% agarose gel electrophoresis in 
1x TBE buffer containing 0.5 µg/ml ethidium 
bromide and spectrophotometrically (260/280 nm), 
respectively. 
 
Gene amplification 

PCR amplification was performed in a 50 μl total 
volume containing 500 ng of template DNA, 1 μM for 
each primers, 2 mM Mg2+, 200 μM each dNTP, 1x PCR 
buffer and 2.5 unit of pwo DNA polymerase (Roche, 
Germany). The following conditions were used for 
amplification: Hot start at 94°C (5 min), followed by 
30 cycles of denaturation at 94°C (1 min), annealing 
at 50°C (1 min) and extension at 72°C (1 min) (14). 
The PCR product was analyzed by electrophoresis in 
1% agarose gel in 1xTBE buffer and visualized by 
ethidium bromide staining on UV transilluminator. 
The PCR product was purified from agarose gel by 
high pure PCR product purification kit (Roche 
Diagnostic) according to the manufacturer guideline. 
 
Cloning of hylA gene in bacterial expression vector 

The PCR product and pET32a (containing N-
terminal histidine tag) vector were digested with 
BamHI and HindIII restriction enzyme. The ligation 
performed at 16°C over night incubation using T4 
DNA ligase (Cinagen) enzyme. E. coli DH5α and E. coli 
BL21 (DE3) pLYsS competent cells were prepared by 
calcium chloride method and were used for 
transformation of plasmid (15).  
 
Gene expression and purification 

E. coli BL21 (DE3) pLYsS was transformed with 
pET32a- hylA plasmids according to the standard 
method (12) and grown in 2 ml LB medium 
supplemented with Ampicillin (100 μg/ml) and 
chloramphenicol (34 μg/ml) at 37°C with agitation. A 
colony which contained recombinant plasmid was 
cultured on shaking incubator for overnight at 37°C 
in 2 ml LB medium containing 100 μg/ml Ampicillin 
and 34 μg/ml chloramphenicol. The next day, 0.5 ml 
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of culture was removed and inoculated in 50 ml of LB 
broth (per liter contains: 10 g yeast extract (Difco), 
20 g Bactotryptone broth (Difco), 0.2% (mass/vol) 
glucose, 10 g NaCl, 1 g KCl, 0.5 g MgCl2, 0.5 g CaCl2, 
100 mg ampicillin), incubated at 37°C with at 200 
RPM shaking until the optical density reached to an 
absorbance of 0.5 to 0.8 at 600 nm (16).  

Expression of the hylA protein was then induced 
by the addition of Isopropylthio β-D-galactosidase 
(IPTG) to a final concentration of 1 mM and 
incubated for four hours.  

The expressed protein was purified by affinity 
chromatography with Ni-NTA agarose resin according 
to manufacture instruction (QIAGEN, USA). The purified 
protein was dialyzed twice against PBS (pH 7.2) at 4°C 
over night. The quality and quantity of purified 
recombinant hylA protein was analyzed by SDS 
polyacrylamide gel electrophoresis (SDS-PAGE 12%) 
and Bradford methods, respectively (17). 
 
Immunoblot analysis 

The integrity of the product was confirmed by 
western-blot analysis. Five acute phase patients' sera 
from Immunology Department (the Arak University of 
Medical Sciences of Iran, Arak) were collected to be 
used in western blot experiment. 

 Western blotting was performed according to 
standard protocol (16) using normal human sera as 
negative control and hyla antibody. For western blot 
analyses, 0.5 μg of purified recombinant hylA protein 
was used per well. The SDS-PAGE gel were blotted on to 
polyvinylidine difluoride (PVDF) membrane (Roche, 
Germany) using transfer buffer containing 25 mM Tris 
(pH = 8.3), 192 mM glycine and 20% methanol at 90 v 
for 3 hr at 4°C. The blotted membrane was blocked with 
2.5% (w/v) BSA in TBS buffer (0.5 M NaCl, 0.02 M Tris 
pH 8.5, 0.05% tween 20) for 1 hr at room temperature. 
Membrane was incubated for 2 hr at room temperature 
with diluted sera 1:100 from patient’s sera, normal sera 
and hylA antibody. After reaction with the primary 
antibody, the blot was washed three times with TBS 
buffer and incubated with antihuman IgG (Bioscience) 
in 1:1000 dilution of TBS. The blots were then washed 
three times with TBS and reactions were developed by 
Diamino Banzidine (DAB) solution (Roche, Germany). 

 
Hyaluronidase activity assay 

Enzymatic assay of hyaluronidase enzymatic 
fragments was estimated as units/mg using a 
quantitative turbidimetric method based on 
Dorfman, A (18). In principle hyaluronic acid as 
substrate is hydrolyzed and depolymerized by 
hyaluronidase. Conditions of this method is T = 37°C, 
pH = 5.9, A600 nm, Light Path= 1 cm. 

MYEHAYNLDRENHQTTGKENKENWWDYEIGTPRAIN
NTLSLMYPYFTQEEILKYTAPIEKFVPDPTRFRVRAANF
PPFEANSGNLIDMGRVKLISGILRKDDLEISDTIKAIEKV
FTLVDEGNGFYQDGSLIDHVVTNAQSPLYKKGIAYTGA
YGNVLIDGLSQLIPIIQKTKSPIEADKMATIYHWINHSFF
PIIVRGEMMDMTRGRSISRFNAQSHVAGIEALRAILRIA
DMSEEPHRLALKTRIKTLVTQGNVFYNVYDNLKTYHDI
KLMKELLSDTSVPVQKLDSYVASFNSMDKLALYNNKH
DFAFGLSMFSNRTQNYEAMNNENLHGWFTSDGMFYL
YNNDLGHYSENYWATVNPYRLPGTTETEQKPLEGTPE
NIKTNYQQVGMTSLSDDAFVASKKLNNTSALAAMTFT
NWNKSLTLNKGWFIL 
 

Figure 1. The result of enzymatic fragments obtained by the 
applied bioinformatics softwares (ABCpred, Bcepred and Emboss 
enzymatic web servers) 

 

Briefly, recombinant protein was dissolved in 1 
ml enzyme buffer (0.02 M phosphate buffer, 0.45% 
NaCI, 0.01% BSA (Sigma), pH 6.8-7.0) and mixed 
with 0.5 mg HA (Sigma), which was dissolved in 1 ml 
Substrate butter (0.3 M KH2PO4/Na2HPO, pH 5.35). 
Enzyme digestions were allowed to proceed for 45 
min at 37°C. Turbidity was generated at the end of 
incubation by adding 10 ml acid albumin solution. 
Optical densities at 600 nm were determined exactly 
5 min after addition of acid albumin.  

National Formulary (NF) Standard hyaluronidase 
Solution (NF Std) (sigma) was used as a standard 
sample in different concentration and was used to 
establish a standard curve and units of activity were 
calculated by comparison to this curve. A standard 
curve was made using commercial hyaluronidase 
(sigma) with different known concentrations diluted 
from a stock of 400-1000 mg/ml as follows: (0.1, 0.2, 
0.3, 0.4, 0.5 and 0.6). 

 

Results 
Enzymatic region 

According to the results of three servers which 
were in accordance, amino acid sequence of 173 till 
605 was selected as a region with enzymatic 
properties (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  hylA gene amplification by PCR. Lane 1, Molecular 
weight marker (100 bp ladder); Lane 2, amplified hylA  



Cloning and expression of Streptococcal hyaluronidase                                                                      Mirjamali et al 
 

 Iran J Basic Med Sci, Vol. 17, No. 9, Sep 2014   
 

670 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. SDS-PAGE analysis of recombinant enzymatic fragment 
of hyaluronidase protein and its purification. Lane 1, Protein 
marker; Lane 2, pET32a-Hya before induction (2.5 μg /well);  
Lanes 3, pET32a-Hya after 2 hr (2.5 μg /well); Lane 4, elution of 
recombinant L7/L12 protein through 
 Ni-NTA column 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Western blot analyses of hyaluronidase recombinant 
enzymatic fragment using patient sera. Lane 1, protein marker; 
Lane 2, western blotting by human normal sera (negative control); 
Lane 3, western blotting by patients’ sera 

 
DNA amplification 

The chromosomal DNA of S. pyogenes was extracted 
for amplification of hylA gene. The amplified fragment 
had the expected size of 1296 bp comparing to 100 bp 
DNA ladder (Figure 2). 

The recombinant plasmid (pET32a- hylA) was 
sequenced. The result was confirmed by comparing 
with databases and using basic local alignment search 
tool (BLAST) software (data not shown). To confirm the 
transformation of pET32a- hylA into E. coli BL21 (DE3) 
pLYsS, PCR reaction and enzymatic digestion were 
performed (BamHI , HindIII).                       
 
Expression and purification of recombinant hylA 
protein 
pET32a- hylA in E. coli BL21 (DE3) pLYsS (from one 
colony) was induced and the expressed protein was 
purified by Ni-NTA column (Figure 3).  

Purified recombinant hyaluronidase protein was 
assessed by SDS- polyacrylamide gel electrophoresis 
[SDS-PAGE (12%)]. The molecular weight of about 
65 kDa for recombinant protein was measured by 
SDS-PAGE analyses and protein concentration was 

estimated using the Bradford method. The 
concentration of recombinant protein was calculated 
as 470 mg purified protein per liter of the initial 
culture (approximately %12 of total protein). 

 
Immunoblotting analysis 

To determine the antigenicity of recombinant 
hylA protein in patients’ sera, the recombinant hylA 
protein were assayed by western-blot analysis. 
Figure 4 shows the specific interaction between 
patients’ serum and human normal sera. Human 
normal sera were used as a negative control. 
 
Biological assay  

In order to determine the enzymatic activity of 
the recombinant protein, turbidimetric assay was 
performed. According to the standard curve from 
serial dilutions of a commercial hyaluronidase stock, 
results revealed that enzymatic activity of 
protein was about 30% of the activity of standard 
enzyme (Figure 5). 
 

Discussion 
In this study, the enzymatic part of Streptococcus 

pyogenes hyaluronidase gene was identified using 
bioinformatics programs. The desired region of the 
gene was cloned in expression vectors after 
amplification and the desired protein was expressed. 
Then the produced protein was purified. Finally, the 
produced protein was verified by western blotting. 

Our findings indicate that the enzymatic region of 
recombinant protein of streptococcal hyaluronidase 
can be produced in E. coli by pET32a plasmid. 

In addition, hyaluronidase enzymatic fragments had 
enzymatic properties. Using bioinformatics software 
we could change hyaluronidase gene with genetic 
manipulation to express smaller protein with antigenic 
 
 
 
 

 
Figure 5. Quantitative turbidimetric assay for determination of 
recombinant hyaluronidase activity. A standard curve was made 
using commercial hyaluronidase 
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properties and enzymatic activity. Thus we can use in 
treatment of some diseases and production of 
diagnostic kits. Additional studies can be performed on 
this topic in future. 

Hyaluronidase is an effective extracellular enzyme 
which breaks down hyaluronic acid, the important 
ground substance of connective tissue. Therefore, 
hyaluronidase plays an effective role in the invasion               
of microorganism and is considered as one                         
of the important factors in the pathogenesis                             
of this bacterium. This enzyme is produced by                
various Gram-positive microorganisms including 
Streptococcus spp, Staphylococcus, Propionibacterium, 
Peptostreptococcus and Streptomyses (19). 

This enzyme is not usually produced by its 
natural and main sources because of the low amount 
of product and also the risk of streptococcal 
contamination. Therefore, research related to the 
production of this enzyme mostly focus on its 
recombinant form.  

Streptococcus pyogenes hyaluronidase protein has 
a weight of 99,636 Daltons. This enzyme has been 
previously produced. But unfortunately the protein 
was broken down due to heaviness of the protein 
and therefore low amount of product has been 
purified (11, 20). 

The importance of the therapeutic role of this 
protein has made its production economically 
important especially in recombinant form (9). 
Therefore in this research, only the part of the 
hyaluronidase protein with enzymatic properties was 
determined using bioinformatics methods, to increase 
the protein product, and production of additional parts 
(which lack enzymatic properties) were abandoned. 
Thus, by producing the enzymatic part a smaller 
protein was produced and it’s breaking down during 
the various stages of production and purification was 
prevented. 

The target gene with 1296 nucleotides encodes a 
43,200 daltons protein. However, the produced protein 
has a weight of 65 kDa (Figure 3). The expressed 
protein from pET system contains several extra amino 
acids (6xHis tag) linked to the C or N terminal extension 
of the recombinant protein. Additional amino acids 
increase the size of expressed protein by approximately 
20 kDa, as shown in Figure 3 (12). 

E. coli is widely used both in research and in 
industry as a host for the expression of recombinant 
proteins. In this study, BL21-pLysS strain of E. coli 
was used as host for production of recombinant 
protein, which lacks cytoplasmic proteases such as 
Lon, OmpT, DegP and HtpR. Thus, high expression of 
hyaluronidase in BL21 strain of E. coli is due to the 
absence of protease in this bacterium (21). 

One of the most powerful systems for gene 
expression and production of recombinant proteins 
in E. coli is pET system. In this system, the target 
gene is under the control of T7 powerful promoter 

and in the host genome (E. coli BL21-pLysS) 
transcription of the gene under the control of this 
promoter is performed by phage T7 RNA polymerase 
which is cloned in the bacterial cell (15). Thus, mRNA 
production and ultimately protein production in this 
system are not affected by the cellular factors involved 
in protein synthesis due to the independence of the 
gene transcription system from the host cell. Therefore, 
production in this system is higher than the systems 
that transcription depends on the host cell polymerases 
(15). As the protein concentration was estimated to 
about 470 micrograms per liter in this research. 

In general, in this research we show that, it is 
possible to produce the enzymatic regions of the 
Streptococcus pyogenes hyaluronidase in E. coli. The 
enzymatic activity and antigenic property of the 
produced protein is well retained.  

Western blotting results indicate a similar 
structure between the produced recombinant 
protein and its natural form. 

 

Conclusion 
Our present data confirm that it is possible to 

clone the part of Streptococcus pyogenes 
hyaluronidase gene which is involved in the 
enzymatic activity into E. coli and express and 
produce its recombinant protein. This protein has 
antigenic properties similar to the commercial form. 
Results showed that the activity of enzymatic region 
of recombinant protein was about 30% of the 
activity of standard enzyme. 
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