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Abstract: The aim of present investigation was to characterize the chymosin gene in the three genetically

constructed Streptococcus lactic strains at molecular level. Molecular genetic studies were done on three
S. lactis rennin producing transformant strains; S.l.T4, S.l.T6, S.l.T3 and their wild type strain. The data

revealed that the milk-clotting and proteolytic enzymes activities values are different in all strains. The
strains; S.l.T4 and S.l.T3 showed higher milk proteolytic activity than the strain S.l.T6. Strain S.l.T6

considers superior strain it has high milk clotting activity/proteolytic activity ratio, while the other strains
showed low ratio. PCR was performed with a set of primers CCAGGGCTTCTGTACCA GTGGCTTC

and TGAGAATCATCTGTCTGGAAACCTC deduced from bovine sequences. For the nucleotide alignment
of the chymosin gene, two clones on chymosin gene in the two transformant strains; S.l.T4 and S.l.T6

found not complete match of nucleotide sequence in both original chymosin and bovine chymosin genes.
There is many gaps were found in different nucleotide sequences; 16 gaps ranged from 5 to 105

nucleotides for strain S.l.T4, while they were 12 gaps ranged from 4 to 98 nucleotides for strain S.l.T6.
On the hand, chymosin gene size was 488 and 525 nucleotides in the two genetically constructed strains;

S.l.T4 and S.l.T6, respectively. SDS-PEG, protein electrophoretic was highlighted by distinguishing protein
fingerprints for the Strain S.l.T6 and the other two rennin producing strains, from one side, and the wild

type strain.

Keywords: Chymosin, Bovine chymosin, Proteolytic activity, Milk-clotting activity, Nucleotide alignment
and SDS –PAGE, Streptococcus lactis.

INTRODUCTION

The majority of cheeses produced around the world

are manufactured using rennet, a milk coagulant
traditionally extracted from the fourth stomach

(abomasum) of milk-fed calves, lambs, and kids.
Commercial calf rennet consists mainly of two

proteolytic enzymes chymosin (EC 3.4.23.4) and
pepsin. The relative proportion of the two enzymes

varies with the age of animal. The major, milk-clotting
component of standard rennet is chymosin (88 to 94%),

although mature animal rennet may contain up to 90 to
94% of pepsin and only 6 to 10% of chymosin .[6]

Chymosin is bilobular, with Asp 32 and Asp 215
acting as the catalytic residues. Chymosin A and

chymosin B have pH optima of 4.2 and 3.8,
respectively, and act to initiate milk clotting by

cleaving  k-casein between Phe 105 and Met 106 .[8]

The gene encoding chymosin has been cloned and

expressed in suitable bacteria and yeast hosts under the
control of lac, trp, trp-beta, gly A genes, and serine

hydroxymethyl-transferase promoters . Rennet is used[34]

in cheese manufacturing primarily as a milk coagulant.

Other enzymes present in rennet also play an important
role in cheese production, especially in cheese ripening

and may be a cause of the development of bitterness

during storage . [25]

The use of rennet, an extract from the fourth

stomach(abomasums) of milk-fed calves in cheese
manufacture was among the earliest applications of

exogenous enzymes in food processing, dating back to
approximately 6000 B.C . The major milk clotting[12]

component of standard rennet is chymosin (88 to 94%)
which specifically cleaves the milk kappa-caseinat the

Phe105-Met106 peptide bond. Other proteolytic
enzymes such as pepsin (about 6-10%) are also present

in  rennet  and  play  an  important  role   in  cheese
production,  especially  in  cheese  ripening and may

be  a  cause  of  the  development  of bitterness
during storage .[15 ,30]

Bovine chymosin, an aspartyl protease extracted
from the abomasum of suckling calves is secreted in its

natural form as an inactive precursor, prochymosin,
which is irreversibly converted into active chymosin

through limited proteolysis. Chymosin is used as the
milk clotting agent rennet in cheese manufacture. This

enzyme possesses a very high milk clotting activity
with a low proteolytic activity and this makes

chymosin  particularly  suitable  for  the manufacture
of cheese .[5]
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Microorganisms like Rhizomucour pusillus, R.

miehei, Endothia parasitica, Aspergillus oryzae, and

Irpex lactis have been used extensively for rennet

production in cheese manufacture since the 1970s .[14]

The rennets from microbial sources are more

proteolytic in nature in comparison to rennet from

animal sources, resulting in production of some bitter

peptides during the process of cheese ripening .[16]

Therefore, attempts have been made to clone the gene

for calf and other ruminant chymosins, and to express

them in various microorganisms from bacteria to yeast

and molds  and indeed, the gene for calf chymosin[21]

was one of the first genes for mammalian enzymes that

was cloned and expressed in microorganisms such as

bacteria. Protein and DNA sequence analyses have

shown  that  chymosin is highly homologous with

other aspartyl proteases such as pepsin, renin, and

cathepsin D .[33]

This study aimed to characterize three

Streptococcus lactis animal rennin producing

transformant resulted from previous work through

determine milk-clotting & proteolytic enzymes activities

and using molecular genetic techniques; specific gene

PCR amplification, rennin gene sequencing and

nucleotide alignment of the chymosin gene.

MATERIALS AND METHODS

Bacterial Strains: Four Streptococcus lactis strains;

three transformants producing two kinds of rennin-

enzyme; Streptococcus lactis T4 & T6 produce rennin-

enzyme and Streptococcus lactis T3 produce rennin-

like-enzyme and their wild type strain which used

throughout this investigation were constructed by the

authors and listed in (Table1) Abdel-Halim et al., .[1]

 

The Medium: Luria-Bertani medium (LB)  was used[9]

for bacterial strain propagation..The medium was

sterilized by autoclaving at 121 úC for 15 min. under

pressure of 15lb/square inch, and solidified with 2%

agar when needed.

Rennin Enzyme Extraction: Crude rennin was

extracted using the method described by Ortiz de

Apodaca et al., .[28]

Assay of Chymosin Milk-clotting Activity: Milk

clotting assay was measured according to the method

of Sambrooke et al., .[31]

PCR Amplification, Sequencing and Bioinformatics

Analysis: Genomic DNA was isolated from calf

stomach  of abomasum and S.lactis rennin producing

strains;  4  and 6 using a DNeasy Tissue kit obtained

Table 1: Streptococcus lactis strains and rennin-like producers.

Strains  Code Character and/or Genotype

S. lactis. T4 S.l.T4 Produce rennin- enzyme

S. lactis. T6 S.l.T6 Produce rennin- enzyme

S. lactis. T3 S.l.T3 Produce rennin- like- enzyme

S. lactis DSM 20250 Wt Non Producing 

 from Qiagen. Primers for PCR were constructed

according to the calf prochymosin cDNA sequence and

calf prochymosin gene. Oligonucleotides were designed

taking into consideration the rules for selection of PCR

primers; CCAGGGCTTCTGTACCAGTGGCTTC and

TGAGAATCATCTGTCTGGAAACCTC. Genomic

DNA (1 µl) was incubated with 40 pmol of each

primer in 12.5 µl of reaction master mixture. The

sample was amplified for 35 cycles according to the

following protocol: denaturation at 95 C for 30s (initialo

denaturation at 95 C for 4 min), annealing at 50 C foro o

30s (first annealing at 50 C for 1 min), and extensiono

at 72 C for 1s (final extension at 72 C for 7 min. Theo o

amplified products were separated by Agarose gel-

electrophoresis 1% l in TBE buffer and stained with

ethidium bromide. The PCR products were run on 1% 

agarose gels, purified with the MinElute QIAquick

PCR purification kit (Qiagen). The sequencing reactions

were performed with 500ng of DNA and the nucleotide

sequences were compared using BLAST program and

GeneBank data base .[3]

SDS –PAGE Pattern for S. Lactis Rennin Producer

Total Protein Extraction: SDS -PAGE banding

patterns were done according to Sheri et al., .[32]

Gel Documentation System: The statistical analysis

data were carried out with the statistical software

package SPSS system. Significant different were

determined at p< 0.05. The gel documentation system

image analysis Gel works 1D advanced software was

used for more accurate analysis and comparison

between the treatments via biochemical genetic

analysis. This method is recommended to determine the

relationship within and between the treatments[22]

RESULTS AND DISCUSSIONS

The M ilk Clotting and Proteolytic Activities: Milk

coagulants play an important role in cheese making,

influencing its quality and contributing to special

cheese characteristics. In this study, Milk clotting and

proteolytic activities (M.C.A & P.A) were reached at

the genetically constructed S.lacis strains a shown in

Tables (2 &3) and Fig (1). The crud extract showed

high milk clotting activity; 11.43 U/ml, and proteolytic

activity,.0842 and 0.722,for strains S.lacis T4 and

T3,respectivelly and high clotting /proteolytic activity
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Fig. 1: Proteolytic activity of the three genetically

constructed S.lactis strains; S.l.T3, S.l.T4 and

S.l.T6.

Table 2: M ilk clotting activity of the Streptococcus lactis animal

rennin and rennin- like enzyme producing and their wild

type strain.

Strain Clotting Clotting Activity Whey%

time/min degree M.C.AU/ml

S.l wt - very loose ------- ------

S.l.T4 7 good 11.43 12

S.l.T6 14 good 5.71 24

S.l.T4 7 good 11.43 8 

Table 3: M ilk clotting activity/Proteolytic activity ratio of the rennin

and rennin- like producers strains. 

Strains

Treatments ---------------------------------------------------------

S.l .wt S.l.T4 S.l.T6 S.l.T3

Curd formation * - loose firm loose

P.A** (U/ml) - 0.842 0.075 0.722

M .C.A** * /P.A ratio - 13.46 76.13 15.83

Protein mg/ml 3.22 2.97 3.37 2.79

** Proteolytic activity 

*** M ilk clotting activity

ratio (76.13) for strain T6. No milk clotting activity

and  P.A found in the assay of the wild type strain.

The S.lacis T4, not only showed significantly higher

milk clotting activity but also higher proteolytic

activity, resulting in the M.C.A/P.A ratio 13.46. Similar

changes of the M.C.A/P.A ratio were observed with

S.lacis T3. Strain T6 had higher level of chymosin

production (3.37 mg/ml) than the other two strains, T4

and T3, which had 2.97mg/ml and 2.7 mg/ml,

respectively. The results in Table (2) show the milk

clotting activity (U/ml) for all the genetically

constructed strains and their wild type. It is clear that

the S.lacis T6 has a lower activity, 5.71U/ml, than the

other strains, T4 and T3 which have the same activity;

11.43. The decrease in activity showed in Table (2) for

S.lacisT6 noted after the storage period may be due to

the pH activation. A pH of 2.1 showed cause chymosin

to show some proteolytic activity toward it self,

causing the slow activity loss .[28]

McMahon and Brown  suggested that the non[26]

specific proteolytic activity in curd firming decreased

as extent of non specific proteolysis. In our study, milk

clotted with S.lacisT6 crud extract had the highest curd

firming rate than other strains which have a loose curd.

They also reported, for chymosin and bovine pepsin

mixtures, that pepsin content was inversely proportional

to curd firming rate. Recombinant chymosin, which

extracted contained only the protein resulting from

expression of one gene sequence, contained only a

single variation  and therefore, recombinant chymosin[9]

contained no pepsin, had a greater curd firming rate

than calf rennet. Calf rennet crude extract, contained 10

to 15% bovine pepsin and 85% to 95% chymosin[23]

had a slower curd firming rat than recombinant

chymosin but was faster than that blend of calf rennet

and bovine pepsin. These results in agreement with

Attalalh  who observed that the S.lacis T4 strain[4]

produces rennin associated with proteolytic enzyme

activity, which may be pepsin, also suggested co-

transfer rennin-gene with proteolytic enzyme gene and

the strain S.lacis T6 produces only rennin enzyme

gene, not associated with any proteolytic enzyme while,

S.lacis T3 and S.lacis T4 showed the same behavior.

These results are in agreement with that obtained from

Broome and Limsowtin .[6]

From previously obtained results, these genetically

constructed strains are varying in the quality and

quantity of producing the exoenzyme, crude extract,

resulting in milk clotting activity and milk curdling. All

the strains have scientific and economic beneficial

applications, especially in cheese manufacturing and

dairy  industry  since  they  have  safety application

for  feeding.  On  the other hand it could be stated

that  S.lactis  strains  proved the success of rennin-

gene  transcription  and  expression. Since S.lactisT3

is  a  rennin-like  producer  strain,  as  well as,

possess  natural proteolytic activity, so, this strain

could  be  recommended  to be used directly instead

of  S.lactisT6  as  a  safe  microbial  starter  for

public health point of view. 

Specific Gene PCR, Rennin Gene Sequencing and

Bioinformatics Analysis: The length of chymosin and

bovine- chymosin genes was 1291 and 1844 bp,

respectively. Bovine prochymosin (bPC) (365 AA, Mr

= 40777) is an inactive precursor of the predominant

milk-clotting enzyme chymosin (rennin, EC 3.4.23.4),

which is present in the fourth stomach of suckling

calves . bPC is synthesized by mucosal cells as a[13]

preprochymosin (381 AA, Mr 43000) with a 16 AA

hydrophobic signal peptide . The enzyme chymosin[17]

(323 AA, Mr = 35600) is formed by autocatalytic

activation at pH 4 to 5, resulting in cleavage of a 42
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Fig. 2: Photograph showing the PCR product;

Streptococcus  lactis  wild  type  strain

(lane1 w.t), transformant strain S.l.T4 (lane2),

transformant strain S.l.T6 (lane3), while lane

M, DNA ladder marker (100 bp).

AA fragment at the amino terminal end of 

prochymosin. Activation of prochymosin at pH < 2.5 

results in formation of the enzyme pseudochymosin 

(338 AA) by proteolytic cleavage of the 27-28 AA 

bands . The complete AA sequence of bPC was[29]  

described by Foltman . Later a bPC cDNA sequence[1 3 ]  

was reported  determined that the bPC gene was 10.5[20]  

kb and includes 9 exons. Nucleotide sequences were

determined and used as queries to search for related

nucleotide sequences using BLAST program and

GeneBank data base . The two primers; forward and[3]

reverse have the same locus symbol (CYM) and 25 bp

in length .[10]

PCR was performed with a set of primers deduced

from bovine sequences  and RNA from abomasums as[7]

a template, resulted in band of approximately 0.5 kb

(Fig. 2). This fragment was purified from gel; the

nucleotide  sequence  of  the two selected clones

(S.l.T4 and S.l.T6) was determined and used as queries

to search for related nucleotide sequences in other

mammals using the BLAST program and GenBank

database. Data in fig. (2) reveal that the nucleotide

sequence of the two clones on chymosin gene in the

two transformant strains; S.l.T4 and S.l.T6 were

determined and used as queries to search for related

nucleotide sequences in the two chymosin and bovine

chymosin original genes using the BLAST program and

GenBank database. Comparison of deduced nucleotide

sequences of these two clones with their counterparts

from the two chymosin and bovine chymosin original

genes indicated almost 100% sequence identity between

cloned preprochymosin and that of bPC sequences

available in GenBank database .[35]

However, for the two clones found a not complete

match of nucleotide sequence in both original chymosin

and bovinchymosin gene. There is many gaps were

found in different nucleotide sequences; 16 gaps ranged

from 5 to 105 nucleotides for transformant strain

S.l.T4, while they were 12 gaps ranged from 4 to 98

nucleotides for transformant strains S.l.T6. On the hand,

chymosin gene size was 488 and 525 nucleotides in the

two transformant strains; S.l.T4 and S.l.T6 respectively.

These results are in agreement with a Linder et al.,[24]

he found that the deletion of exon one, two, six, eight

and/or nine would keep both chymosin active Asp

residues and hydrogen bonding amino acid residues 

SDS-PEG, Protein Fingerprinting:

Protein Banding Patterns: Total protein extraction and

banding patterns SDS-polyacrylamid gel electrophoresis

for three Streptococcus lactis rennin producing

transformant strains; S.l.T3 (lane 3), S.l.T4 (lane 4),

S.l.T6 (lane 5) and there wild type non rennin

producing strain, Wt (lane 2). Lane (1) was the marker.

The above lanes are illustrated in Fig. (4). There are

observable differences in the protein banding pattern

between the three Streptococcus lactis rennin producing

strains and the non rennin producing wild type strain

from one side. Variations to the same extent was also

present between the two animal rennin producing

strains; S.l.T4 and S.l.T6 from one side and like-rennin

producing strains S.l.T3 from other side. Some minor

differences in banding patterns between the two animal

rennin producing strains; S.l.T4 and S.l.T6 were found.

Data in Fig. (4) show that the total bands number for

three Streptococcus lactis rennin producing transformant

strains and their wild type ranged from 22 to 26 bands.

The higher total number was 26 bands for S.l.T6

followed by S.l.T4, S.l.T3 and Wt were 25, 23 and 22

bands, respectively. The results also revealed that the

two  Streptococcus  lactis animal rennin producing

(lane 4) and (lane 5) have one band (monomorphic) at

molecular weight 41.76 KDs. Strain S.l.T6 have two

different specific (monomorphic) bands at molecular

weight 41.76 and 37.48 KDs, while the rest strains

have not any monomorphic band. Strain S.l.T3 has one

band at molecular weight 45.26 KDs. wild type strain

(Wt) has not any unique or specific band. These results

could be used to distinguish between the three

Streptococcus lactis rennin producing and their wild

type strain. This specific band of the two genetically

constructed strains may be referring to the animal

rennin gene. The other specific band of Strain S.l.T6,

at molecular weight 37.48 KDs, is referring to the

superiority  of  animal  rennin production than the

other strain S.l.T4. 



Res. J. Agric. & Biol. Sci., 3(6): 541-549, 2007

545



Res. J. Agric. & Biol. Sci., 3(6): 541-549, 2007

546

Fig. 3: Continue

Fig. 3: Nucleotide alignment of the chymosin gene for designing the specific primer for S.lactis constructed

strains; S.l.T4 and S.l.T6.
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Table 4: Sequences of the primers used in this study for PCR amplification.

Locus symbol Primer Sequences Primer location Prim er length

CYM CCAGGGCTTCTGTACCAGTGGCTTC Forward 25

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CYM TGAGAATCATCTGTCTGGAAACCTC Reverse 25

Fig. 4: SDS-PEG profile of water soluble proteins for

the wild type Streptococcus lactis wild type
strain (lane 2) and three rennin producing

transformants; S.l.T3 (lane 3), S.l.T4 (lane 4)
and  S.l.T6 (lane5).  Lane 1: the marker with

molecular weigh (12 to 97 KDs). The arrow
point to rennin gene band at molecular weigh

41.76 KDs.

Statistical Analysis for SDS-PAGE Data: Package
SPSS system. Significant differences were determined

at p‹0.05. Data from SDS-PAGE were pooled and
transferred into 1 and 0, there were interred into the

input of the program as shown in the dendrogram
below (Fig. 5). The statistical analysis data were

carried out with the statistical software package SPSS
11.5 system (SPSS for Windows, Rel. 11.5.1. 2002.

Chicago: SPSS Inc.) Using the method described by
Iruela  et  al., .  The  dendrogram  generated  by[22]

(Gel works 1D) analysis confirmed the above pattern
(Fig. 5).

As shown in dendrogram below (Fig. 5), the three
Streptococcus lactis rennin producing strains; S.l.T3 (2),

S.l.T4 (3), S.l.T6 (4) and their wild type strain (1) were
classified into three pool-clusters. The first cluster (A)

include one strain only (wild type strain), while the
other two clusters include the other remaining strains

with different distance between them. Wild type is so
far from the other two clusters with genetic

dissimilarity completely100% (or 0.0% similarity) than
the other strains. This result was in agreement with

obtained  data  at  Fig.  (4).  The two animal rennin

Fig. 5: Dendrogram (Phylogenetics tree) of water
soluble proteins for the Streptococcus lactis

wild type strain, S.l WT (1) and rennin
producing strain; S.l.T6 (2) , S.l.T3 (3) and

S.l.T4 (4)

producing strains; S.l.T3 (3) and S.l.T4 (4) have a one
group (cluster C) with very close distance between
them (about 96% similarities). The strain S.l.T6 have
the second cluster (B) near the last cluster but it is
little distance from them (90% similarity) and have a
common ancestor the clusters C. This result is in
agreement with obtained data from tables 2 and 3
which indicated that the two strains S.l.T3 and S.l.T4
showed approximately equal milk clotting activity.
Strain S.l.T6 showed approximately half of milk
clotting activity and showed highest M.C.A/P.A ratio
76.13. The specify of the SDS-PEG, protein
electrophoretic was highlighted by distinguishing
protein fingerprints for the Strain S.l.T6 and the other
two rennin producing strains, from one side, and the
wild type strain, from the other side. These results
were in agreement with those of Morgan et al.,  and[2 7 ]

Ahmadian, et al., .[2]

In conclusion, we have characterized the strains of
S. lactis, genetically constructed, for its chymosin gene.
This gene was expressed in these strains, resulting in
chymosin activity in milk clotting test also in alignment
with the source of gene in Blast program and gene
Bank database. Work is underway on optimizing the
secretion of the new chymosin for further purification
and characterization. This enzyme is a good choice for
industrial application. 
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