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ABSTRACT  
Serratiopeptidase is a proteolytic enzyme that has been used as anti-

inflammatory agent in sinusitis, bronchitis and other inflammatory disorders. Out of 

170 bacterial isolates retrieved from soil samples, Serratia marcescens S6, identified 

by 16s rDNA, was the most potent isolate in protease production that carried an allele 

of metallo-protease gene in its genome. The maximum protease production (327.32 

U/ml) was obtained by 10 g/l casein, 1.0 g/l K2HPO4 and 1% (w/v) fructose, 2mM of 

ZnSO4, KCl and NaCl, at initial pH 9, with inoculum size 1% (1×10
8
 CFU/ml) 

incubated at 37⁰C for 48 h. The extracted enzyme was active and stable at 20-50
o
C. 

The optimum pHs for its activity were 7- 9. The activity was highly affected by metal 

ions and some inhibitors like EDTA and Tween 20. After purification and 

fractionation, S6 protease significantly inhibited acute inflammation in mice lungs 

after intranasal infection with Acinetobacter baumannii compared to non-treated 

group. Serratia marcescens - S6 produces stable and active metallo-protease that can 

be used as a co-treatment in A. baumanii pneumonia infections. 

 

INTRODUCTION 

Serratiopeptidases are exo-enzymes, with proteolytic activity, that are isolated 

from the non-pathogenic Serratia (Grimont et al., 1977). Peptidases have high 

commercial values and various medical applications. They are widely used after 

surgical procedures, bone and muscle treatments and in upper respiratory tract and 

dental complications for their anti-inflammatory effects, in addition to their analgesic 

anti-edemic activities (Bhagat et al., 2013). 

 Because of the specificity of the serratiopeptidase, different attempts were 

carried out to exploit the physiological and the biotechnological applications of this 

valuable protein. Especially that, it has the privilege of being an eco-friendly product 

as this enzyme can be obtained, in large quantities, from non-toxic and non- 

pathogenic microorganism (Gupta et al., 2002). 

The present study aimed to isolate peptidase producing serratia spp. and 

optimize their production, then evaluate the properties of the purified 

serratiopeptidase and assess its application as an anti-inflammatory co-treatment for 

bacterial pneumonia. 
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 MATERIALS AND METHODS 

Collection of samples and isolation of Serratia spp 

Samples were collected from different geographical regions from Egypt. 

Briefly, one gram from each soil specimen was transferred under aseptic conditions to 

100 ml of sterilized distilled water and diluted to final concentration of 10
-5

. From 

which, 1ml of each soil specimens were inoculated on the surface of Eosin Methylene 

Blue media and incubated for 24 h at 37℃. Colonies showing no to mild lactose 

fermentation  were picked up and sub-cultured on DNase agar medium  and incubated 

at 37℃ for 24 h. Colonies surrounded by clear zones were picked up and re-cultivated 

on skim agar medium. Finally, colonies with clear zones were re-cultivated on 

MacConkey agar media and incubated for 24 h at 37℃. Non-lactose fermenter 

colonies were selected for further biochemical identification tests. 

Identification of Serratia by biochemical reactions 

Any isolate that showed gram negative reaction and positive motility test was 

farther subjected to a series of biochemical reactions namely; Catalase, oxidase 

(Kovacs, 1956), Voges Proskauer test (Richard, 1972) , production of indole from 

peptone,  gelatin hydrolysis test, Tween 80 hydrolysis Test, nitrate reduction test and 

finally citrate utilization test (Grimont et al., 1977).  

 

Protease Assay  
 

To determine the protease activity, 1 mL of the enzyme was mixed with equal 

volume of the substrate solution (1% casein in Tris-HCl buffer at pH 7) and incubated 

at 37℃ for 10 min. After which, 2 mL of 0.5% TCA were added to precipitate the 

protein, while the free amino acids released from casein hydrolysis were determined 

by the Lowry method (Lowry et al., 1951) The protease activity was expressed as 

mole of tyrosine released / min / ml of the serratiopeptidase enzyme.  

 

Protein Assay 

 

The amount of protein was determined by Lowry method (Lowry et al., 1951) 

against bovine serum albumin (BSA) as a standard. The protein concentrations were 

measured at an absorbance of 280 nm during the purification procedures. 

 

Production of protease in different broth media 

 

To select the most potent Serratia isolate and the most suitable medium for 

optimum protease production, 1 ml of an overnight culture of each isolate was 

inoculated in 100 ml of: Trytone Yeast Extract Broth (M1) (Kreger and Gray, 1978), 

Nutrient Broth Glucose Culture Medium (M2) (Longo et al., 1999), Starch Casein 

Broth Medium (M3) (Doddapaneni et al., 2009) , Tryptone Soya Broth (M4) 

(Sambrook, 2001) and Casein Yeast Extract Medium (M5) (Najafi et al., 2005) 

incubated at 37℃ for 48 h. After incubation, cultures of each tested strain were 

centrifuged at 5000 g for 15 min at 4℃. The amount of extracellular protease was 

determined in cell-free supernatant of tested Serratia culture according to Lowry 

method (Lowry et al., 1951). 
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Identification of S6 isolate by 16s rDNA  

 

PCR was carried out using DreamTaq™ Green PCR Master Mix (2X) 12.5µl 

(1X), Forward and reverse primers (Table 1) (100pmol/µl) 0.25µl each 

(25pmol/reaction), DNA template 2.5µl (0.5- 1µg) and Nuclease Free Water up to 

25µl under the PCR conditions listed in table (1) 

The obtained PCR product of 16s rDNA was sequenced by instrument Applied 

Biosystems 3130xl Genetic Analyzers (Bioneer, company, Korea). 

Table 1: Primers sequence and cycling conditions of PCR used in this study 

Target Primer sequence 

5’-3’ 

Amplicon 

size 

Cycling program 

Step Tem

p. 

Time No. of 

cycles 

S
er

ra
ti

a
 m

a
rc

es
ce

n
s 

1
6
S

 r
D

N
A

 

 

F27: 

AGAGTTTGAT

CCTGGCTCAG 

 

R1541: 

AAGGAGGTGA

TCCAGCCGCA 

 

1552bp 

 

Initial 

denaturation 

94ºC 3 min One 

cycle 

Denaturation 94ºC 45s 30 

cycles Annealing 55ºC 45s 

Extension 72ºC 1min 

Final extension 72ºC 10min One 

cycles 

M
et

al
lo

p
ro

te
in

as
e 

MP-F: 

GCATAAGCCC

CTTCCAGCAA 

 

MP-R: 

GGCGTTCCGTT

GCTGTGTTAC 

1588bp Initial 

denaturation 

94ºC 3 min One 

cycle 

Denaturation 94ºC 45s 30 

cycles Annealing 60ºC 45s 

Extension 72ºC 1min 

Final extension 72ºC 10min One 

cycles 

 

Effect of nutrients and fermentation conditions on protease production  

The effect of casein concentrations (2.5, 5, 10, 20 or 40 g/), types of 10.0 g/l 

sugar (fructose, glucose, rhamnose, sucrose or soluble starch), K2HPO4 concentrations 

(0.5, 1, 2, 4 or 6 g/l), different  pHs (5, 6, 7, 8, or 9), incubation temperatures (5, 20, 

28, 37 or 45ºC) and different inoculum sizes (0.25, 0.5, 1, 2 or 4 % of 1×10
8
 CFU/ml ) 

were studied on the most potent Serratia strain (S6) and in the most suitable medium 

(M5). 

Isolation of protein from S6 culture media  

The selected isolate was grown under the optimum fermentation condition for 

maximum protease production. After 48 h of incubation, the culture was centrifuged 

at 10000g for 15 min at 4℃. The cell-free filtrate was checked for its protease 

activity. Different concentrations of ammonium sulphate (30-80%) were separately 

added to 100 ml of the filtrate with continuous stirring for 1 h at 4℃ then stored in 

refrigerator for overnight. The solution was centrifuged at 10000 g for 15 min at 4℃. 
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The pellet was dissolved in 10 ml phosphate buffer (pH 7.0) and assayed for its 

content of protease and total protein. The optimum ammonium sulphate concentration 

for the isolation of protease was evaluated by the minimum specific activity of 

precipitated protein.  

Characterization of the S6 protease  

Effect of incubation temperature  

 The optimum temperature for maximum enzyme activity and stability was 

evaluated by varying the incubation temperature of the assay from 20 to 80℃ (for 10 

min at pH 7.5) and incubating the enzyme without the substrate fractions at various 

temperatures for 2h, respectively.  

Effect of pH  

Optimum pH for the enzyme activity and stability were assessed by 

performing the assay at pH ranging from 4-11. The stability of the enzyme in different 

pH was assessed by incubating the enzyme without the substrate for 2h in buffers of 

different pHs. Samples were taken at 15, 30, 60 and 120 min intervals, and were 

assayed for their activities. 

Effect of metal ions and inhibitors  

The effect of presence of different metal ions on the protease activity was 

assessed by the addition of the corresponding ions at a concentration of 2mM to the 

reaction mixtures. The tested ions were included in the following corresponding salts: 

NaCl, CaCl2, MgSO4, FeSO4, KCl, CoCl2, CuSO4, MnSO4 and ZnSO4. In addition, 

the effect of various compounds like EDTA, PMSF (phenylmethylsulfonyl fluoride) 

and Tween-20 at different concentration 1, 5 and 10mM on the protease activity were 

also assessed. 

Detection of metallo-protease gene in S6 genome 

The PCR was carried out by using DreamTaq™ Green PCR Master Mix (2X) 

12.5µl (1X), Forward and reverse Primers (Table 1) (100pmol/µl) 0.25µl each 

(25pmol/reaction), DNA template 2.5µl (0.5- 1µg) and Nuclease Free Water (NFW) 

up to 25µl under the PCR conditions listed in table (1) 

The obtained PCR product of metallo-protease gene was sequenced by instrument 

Applied Biosystems 3130xl Genetic Analyzers (Bioneer, company, Korea). 

Crude protein purification and fractionation  

Protease enzyme was purified from its crude extract using gel filtration 

technique. Sephadex G l50 was packed in a Pharmacia column (40×2cm) after 

soaking in phosphate buffer (pH 7.2) for overnight. Crude samples mixed with 

bromophenol blue and blue dextran dyes, were loaded on the top of the column and 5 

ml of each purified enzyme was collected from the bottom of the column. 

Fractionation was performed using LPLC system (pump model MINI Puls3, detector 

UV∕VIS-151 FC 203B, Gilson) followed by using Sephadex G 50 to purify the most 

active fractions (Thakur et al., 2016). Active fractions were visualized using 10% 

SDS- gel. 
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Evaluation of the serratiopeptidase activity in bacterial pneumonia animal model 

Adjustment of bacterial inoculum 

Acinetobacter baumannii ATCC 19606 was used as the infecting strain. The 

bacteria was suspended in sterilized saline from which 30μl of this suspension was 

used as a single intranasal dose for each mouse. Each dose contained ~ 10
8
 CFU 

(Samir et al., 2016). 

Pneumonia animal model 

The animal experiment was carried out according to the ARRIVE guidelines 

and the National Institutes of Health guide for the care and use of Laboratory animals 

(NIH Publications No. 8023, revised 1978). Three groups of 6-8 weeks old C57BL/6 

black male mice (Biotechnology Centre for Services and Researches (B.C. S. R.), 

Faculty of Veterinary Medicine, Egypt) were used for intranasal infection 

model(Samir et al., 2016). Two groups were infected by A. baumannii, while the third 

group was kept as a negative control without infection. The groups were isolated in 3 

different cages and kept under hygienic conditions. The first (test) group was treated 

by 0.5ml (435 U/ml) of the purified seratiopeptidase through intranasal route daily for 

3 days. The second and third groups were kept as positive and negative control, 

respectively without treatment.  

After 36 h, the mice were euthanized by 1ml dose of (2, 2, 2-Tribromoethanol 

in 2-Methyl-2-butanol) followed by cervical dislocation and the lung of each mouse 

was isolated, and histologically examined following the standard procedure (Suvarna 

et al., 2012).  

Statistical analysis 

 The tests were performed in 3 replicates. Mean and standard deviation were 

calculated using SPSS software version 24, 2017. Data was subjected to one-way 

analysis of variance using the General Linear Models (GLM) procedure of SPSS 

User's guide 24. Least Significant Degree (LSD) was used to separate means when 

separation was relevant. Any significant differences for all measured parameters were 

at the probability level of (P≤ 0.05). 

 RESULTS 

Isolation, identification and screening of Serratia isolates for protease production 

Out of 170 bacterial isolates, only 20 isolates were preliminary identified as 

Serratia spp. using conventional microbiological methods. Complete identification to 

the species level was done by 16s rDNA gene analysis.  

Effect of different media compositions on protease production  

The protease production might be influenced by both the medium content and 

the tested Serratia isolate. The most potent Serratia isolate and the most suitable 

medium for maximum protease production was Serratia S6 and M5, respectively 

(Table 2). 

  

https://www.nc3rs.org.uk/arrive-guidelines
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Table 2: The productivity of serratiapeptidase in different media compositions 

by Serratia isolates 

Serratia 

isolates  

Production media 

M1 M2 M3 M4 M5 

Enzyme unit mean ± S.D. (U/ml) 

S1 24.1
Aa 

± 0.2 8.5
Ab 

± 0.2 3.5
Ac 

± 0.2 17.1
Ad 

± 0.3 22.5
Ae 

± 0.4 

S2 3.6
Ba

 ± 0.6 7.7
Bb

 ± 0.2 1.7
Bc

 ± 0.2 18.2
Bd

 ± 0.9 5.1
Be

 ± 0.1 

S3 5.9
Ca

 ± 0.8 6.3
Ca

 ± 1.1 6.3
Ca

 ± 1.1 16.8
Ab

 ± 0.5 8.3
Ca

 ± 2.6 

S4 7.9
Da

 ± 0.2 8.3
Ab

 ± 0.2 4.7
Dc

 ± 0.2 21.0
Cd

 ± 0.2 29.4
De

 ± 0.3 

S5 24.8
Ea

 ± 0.3 9.5
Db

 ± 0.1 2.4
Ec

 ± 0.2 5.0
Dd

 ± 0.2 22.2
Ae

 ± 0.7 

S6 23.1
Fa

 ± 0.2 10.1
Eb

 ± 0.2 3.2
Ac

 ± 0.2 13.3
Ed

 ± 0.2 33.2
Ec

 ± 0.3 

S7 22.2
Ga

 ± 0.2 5.3
Fb

 ± 0.2 3.6
Ac

 ± 0.6 11.0
Fd

 ± 0.2 29.7
De

 ± 1.0 

S8 3.5
Ba

 ± 0.2 11.3
Gb

 ± 0.2 3.8
Aa

 ± 0.2 16.1
Gd

 ± 0.1 28.7
De

 ± 0.6 

S9 18.0
Ha

 ± 0.2 11.6
Gb

 ± 0.2 6.9
Fc

 ± 0.2 19.8
Hd

 ± 0.2 19.0
Fe

 ± 0.2 

S10 26.3
Ia
 ± 0.8 9.0

Hb
 ± 0.2 4.0

Ac
 ± 0.1 20.8

Cd
 ± 0.4 19.8

Fe
 ± 0.2 

S11 3.3
Ba

 ± 0.2 11.5
Gb

 ± 0.2 2.0
Bc

 ± 0.2 10.2
Id

 ± 0.5 20.7
Ge

 ± 0.3 

S12 11.7
Ja

 ± 0.2 3.9
Ib

 ± 0.2 4.0
Gc

 ± 0.2 2.2
Jd

 ± 0.2 6.1
Be

 ± 0.2 

S13 3.8
Ba

 ± 0.2 3.8
Ia
 ± 0.2 4.5

Dc
 ± 0.2 19.1

Hd
 ± 0.2 14.3

He
 ± 0.2 

S14 16.1
Ka

 ± 0.1 6.1
Cb

 ± 0.2 3.9
Ac

 ± 0.2 16.4
Ga

 ± 0.9 3.8
Ic
 ± 0.2 

S15 17.7
Ha

 ± 0.2 5.7
Fb

 ± 0.2 3.2
Ac

 ± 0.2 3.6
Kd

 ± 0.2 25.5
Je

 ± 0.2 

S16 20.0
La

 ± 0.2 4.9
Fb

 ± 0.2 3.1
Ac

 ± 0.2 14.5
Ld

 ± 0.2 14.3
Hd

 ± 0.2 

S17 20.8
Ma

 ± 0.6 2.8
Jb

 ± 0.2 4.1
Gc

 ± 0.2 13.1
Ed

 ± 0.4 3.9
Ic
 ± 0.2 

S18 3.8
Ba

 ± 0.2 4.1
Ia
 ± 0.2 3.8

Aa
 ± 0.2 10.4

Id
 ± 0.2 8.6

Cc
 ± 0.2 

S19 20.0
La

 ± 0.3 7.6
Bb

 ± 0.2 3.1
Ac

 ± 0.2 6.6
Md

 ± 0.2 10.9
Ke

 ± 0.2 

S20 20.2
La

 ± 0.2 11.6
Gb

 ± 0.2 6.4
Cc

 ± 0.8 6.2
Mc

 ± 1.0 5.4
Bc

 ± 0.4 

 Protease activities measured according to lowry method (Lowry et al., 1951) of the 

20 Serratia isolates were assayed after 48hr of incubation at 37⁰C in five different 

media; M1, M2, M3, M4 and M5. The highest activity was obtained by S6 isolate in 

M5 medium (grey cell). Values in the same column followed by the different capital 

letter are significantly different, while values in the same row followed by the 

different small letter are significantly different according to ANOVA (LSD, p≤ 0.5), 

S.D: Standard deviation. 

Identification of S6 by 16s rDNA  

The gene analysis of 16S rDNA of Serratia- S6 revealed that the tested strain 

displayed 100% identity to Serratia marcescens strain TS1 in BLASTn, NCBI 

database. Thus, Serratia - S6 could be identified as a strain of Serratia marcescens. 

Optimization of the fermentation conditions 

After a long series of experiments testing the amount of protease production 

under different conditions (Table 3), the maximum protease production (327.32 U/ml) 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_261036268
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for the S6 isolate in M5 was achieved using: 10 g/l casein, 1%, w/v fructose, 1 g/l 

K2HPO4, 2.0mM of ZnSO4, KCl and NaCl at initial pH 9 using inoculum size of 1% 

of 1×10
8
 CFU/ml and incubation at 37⁰C for 48 h (Table 3). 

Table 3: Factors affecting the proteases production by Serratia marcescens-S6 in 

M5 medium 

Casein 

concentrations 

(g/l) 

Incubation period (h) 

24 48 72 

Enzyme unit means ± S.D. (U/ml) 

2.5 52
Aa

 ± 0.4 38
Ab

 ± 0.4 34
Ac

 ± 0.4 

5.0 56
Ba

 ± 0.3 70
Bb

 ± 0.2 55
Bc

 ± 0.2 

10.0 61
Ca

 ± 0.1 78
Cb

 ± 0.2 70
Cc

 ± 0.1 

20.0 55
Da

 ± 0.2 60
Db

 ± 1.3 52
Dc

 ± 0.4 

40.0 40
Ea

 ± 0.2 33
Eb

 ± 0.3 31
Ec

 ± 0.2 

Tested sugar 

(1%, w/v) 

Incubation period (h) 

24 48 72 

Enzyme unit means ± S.D. (U/ml) 

Sugar free medium 61
Aa

 ± 0.1 78
Ab

 ± 0.3 70
Ac

 ± 0.2 

Glucose 60
Aa 

± 0.8 59
Ba

 ± 0.3 73
Bb

 ± 0.4 

Fructose 87
Ba

 ± 2.8 98
Cb

 ± 0.3 90
Ca

 ± 0.3 

Rhamnose 84
Ca

 ± 0.3 85
Db

 ± 0.3 75
Dc

 ± 0.2 

Sucrose 22
Da

 ± 0.4 30
Eb

 ± 0.4 36
Ec

 ± 0.3 

Starch 63
Ea

 ± 0.6 65
Fb

 ± 0.2 68
Fc

 ± 0.2 

K2HPO4 

(g/l) 

Incubation period (h) 

24 48 72 

Enzyme unit means ± S.D. (U/ml) 

0.5 49Aa ± 0.6 80Ab ± 0.7 58Ac ± 0.8 

1.0 86Ba ± 0.2 170Bb ± 0.7 122Bb ± 1.5 

2.0 90Ca ± 0.2 118Cb ± 1.4 95Cc ± 0.2 

4.0 43Da ± 0.3 85Db ± 0.9 70Dc ± 0.9 

6.0 35Ea ± 0.6 47Eb ± 0.2 29Ec ± 0.2 

Initial pH level Incubation period (h) 

24 48 72 

Enzyme unit means ± S.D. (U/ml) 

5.0 33
Aa

 ± 0.3 56
Ab

 ± 0.2 51
Ac

 ± 0.2 

6.0 54
Ba

 ± 0.2 80
Bb

 ± 0.3 66
Bc

 ± 0.8 

7.0 86
Ca

 ± 1.2 170
Cb

 ± 1.8 122
Cc

 ± 1.9 

8.0 131
Da

 ± 0.2 200
Db

 ± 1.8 187
Dc

 ± 2.4 

9.0 170
Ea

 ± 0.2 228
Eb

 ± 0.2 200
Ec

 ± 0.2 

Incubation Incubation period (h) 



8 Egypt. J. Biotechnol. Vol. 58, February, 2019. 
 

 
 

temperature 

(⁰C) 

24 48 72 

Enzyme unit means ± S.D. (U/ml) 

5 52
Aa

 ± 0.2 42
Ab

 ± 0.2 7
Ac

 ± 0.1 

20 178
Ba

 ± 0.3 228
Bb

 ± 1.6 200
Bc

 ± 0.8 

28 170
Ca

 ± 0.9 280
Cb

 ± 2.3 244
Cc

 ± 3.4 

37 223
Da

 ± 0.2 435
Db

 ± 0.2 391
Dc

 ± 0.1 

45 49
Ea

 ± 0.3 100
Eb

 ± 0.2 34
Ec

 ± 0.1 

Inoculum size 

(1×10
8
 CFU/ml)

 

(%, v/v) 

Incubation period (h) 

24 48 72 

Enzyme unit means ± S.D. (U/ml) 

0.25 253
Aa

 ± 1.4 329
Ab

 ± 0.2 303
Ac

 ± 1.8 

0.5 223
Ba

 ± 0.2 376
Bb

 ± 2.9 350
Bc

 ± 0.2 

1.0 266
Ca

 ± 0.2 435
Cb

 ± 0.2 395
Cc

 ± 0.2 

2.0 232
Da

 ± 0.2 200
Db

 ± 0.3 170
Dc

 ± 0.2 

4.0 209
Ea

 ± 0.2 150
Eb

 ± 0.2 123
Ec

 ± 0.2 

Values in the same column followed by the different capital letter are significantly 

different, while values in the same row followed by the different small letter are 

significantly different according to ANOVA (LSD, p≤ 0.5) for each factor. S.D: 

Standard deviation. CFU: colony forming unit.  

Isolation of protein from S6 culture media  

After dialysis and testing the activity of the protein crude extract, 80% 

ammonium sulphate saturated solution was able to precipitate the protease in its 

solution by salting out technique.  

Characterization of S6 protease 

Effect of incubation temperature  

Data showed that protease enzyme produced by Serratia marcescens – S6 was 

active and stable at temperature ranging from 20 to 50 ⁰C for 120 min, then its 

stability and activity decreased by increasing the incubation temperature. In addition, 

stability of protease enzyme was slightly decreased at temperature ranging from 50 to 

80 ⁰C, giving activities ranging from 397 to 324 U/ml (Figure 1). 
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Figure 1: Effect of temperature on the activity and stability of S6 protease 

Effect of pH
 

The activity of protease produced by the selected Serratia strain was 

influenced by the pH level of the fermentation media. The optimum pH value for the 

protease activity and stability was at pH range of 7 to10, attaining maximum activity 

(440 U/ml) at pH 9. On the other hand, protease activity was sharply decreased 

outside the preceding pH range (Figure 2). 
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Figure 2: Effect of pH on the activity and the stability of S6 protease 

Effect of metal ions  

 The activity of protease produced by the selected Serratia strain was influenced 

by the presence of certain ions in the fermentation media The protease activity 

increased in presence of all tested mono and divalent ions (2.0mM), except for Fe
2+

, 

Ca
2+

, Cu
2+

, Co
2+

 and Mg
2+, 

which decreased the enzyme activity when compared to 

the control (distilled water). Zn
2+

 was the most efficient ion for increasing the activity. 

It reached 118% (513 U/ml) when compared to the control (Table 4). 

Table (4): Effect of metal ions on S6-seratiopeptidase activity
 

Ions (2mM) Enzyme unit means ± S.D. 

(U/ml) 

Activity 

(%) 

Control (distilled 

water) 

435
A
 ± 0.3  100 

Cu
2+

 422
B
 ± 0.2  97 

Co
2+

 395
C
 ± 0.3  90.8 

Mg
2+

 403
D
 ± 0.2 92.6 

Zn
2+

 513
E
 ± 0.3 117.93 

Ca
2+

 378
F
 ± 0.2  86.89 

K
+
 505

G
 ± 0.3 116 

Na
+
 483

H
 ± 0.2 111 

Fe
2+

 376
J
 ± 0.5 86.43 

Values in the same column followed by the different capital letter are significantly 

different according to ANOVA (LSD, p≤ 0.5), S.D: Standard deviation. 
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Effect of inhibitors  

The activity of S6-protease gradually decreased by increasing some inhibitors 

concentration including EDTA, Tween 20 and PMSF, but with different levels. The 

most effective inhibitors were 10mM EDTA, which decreased the protease activity to 

11.2 % (49 U/ml) followed by 5mM EDTA (17.5% (76 U/ml)) and 1mM EDTA (24% 

(104 U/ml)), when compared to the control (distilled water). 10% Tween 20, 

decreased the enzymatic activity to 37.2% (162 U/ml), followed by 5% and 1% which 

gave 37.7% (164 U/ml) and 38% (166 U/ml) activity, respectively. 

 On the other hand, the least effective inhibitor was the PMSF, where10mM, 

decreased the activity to 88.7% (386 U/ml) followed by 5mM and 1mM which gave 

96% (418 U/ml) and 99% (431 U/ml) activity, respectively when compared to the 

control (distilled water).   

Metallo-protease gene detection in S6 genome 

The sequence obtained from the PCR product using the metallo-protiase gene 

primers (Table 1) showed a 96% identity to Serratia marcescens ser gene for 

serralysin metalloprotease, complete cds, strain: 2170 Sequence ID: AB873002.1. 

  The S6 metallo-protease gene sequence has been submitted to the NCBI and 

was given the accession number MK018002. 

Protease fractionation and purification  

Proteases fractionation and purification gave rise to an active fraction 

confirmed by SDS-PAGE. The molecular weight of the isolated protein was 60 KDa 

(Figure 3). 

 

Figure 3: SDS-PAGE of the purified protein fraction of Serratia marcescens S6 

A 10% SDS-PAGE photo of the purified protein fraction of Serratia marcescens S6 

(60KDa) against standard protein marker (M).  

Evaluation of the Serratiopeptidase activity in animal model 

Serratiopeptidase significantly inhibited acute inflammation in lungs of mice, 

compared to the non-treated group, after intranasal infection with of A. baumannii  

https://www.ncbi.nlm.nih.gov/nucleotide/AB873002.1?report=genbank&log$=nuclalign&blast_rank=4&RID=W8HZFRY6015
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In negative control group, there was no histopathological alteration and the 

normal histological structure of the bronchial and surrounding air alveoli were 

recorded in figures (4A and 4B). Frist group infected with A. baumannii and treated 

with serratio-peptidase revealed few focal inflammatory cells infiltration in the 

peribronchiolar  tissue with emphysema of the air alveoli (Figures 5A and 5B) and 

congestion in the peribronchiolar blood vessels as in figures (5C and 5D) when 

compared with non-treated group which showed sever congestion detected in the 

peribronchiolar and interalveolar blood vessels associated with focal aggregation as 

well as infiltration of leucocytes  cells  in the peribronchiolar tissue (Figures 4C, 4D, 

4E and 4F). 

 

Figure 4: Lung Histopathology for positive and negative control groups 

Histopathological sections of mice lungs stained with H&E showing:  

A) and B) There was no histopathological alteration and the normal histological 

structure of the bronchial and surrounding air alveoli in the negative control group (no 

treatment and no infection).C), D), E) and F) Sever congestion was detected in the 

peribronchiolar and interalveolar blood vessels associated with focal aggregation as 

well as infiltration of leucocytes cells in the peribronchiolar tissue for the positive 

control group (infected by A. baumannii without S6 protease treatment). 
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Figure 5: Lung Histopathology of the test group 

Histopathological sections of lung of mice stained with H&E showing:  

A) and B) few inflammatory cells infiltration in the peribronchiolar tissue with 

emphysema of the air alveoli of the treated group. C) and D) Moderate congestion in 

the interalveolar and peribronchiolar blood vessels 

DISCUSSION 

Microbial enzymes, for example proteases, have potential roles in designing 

new and effective treatments. Considering the fact of microbial diversity, there is 

always a respectable chance of finding microorganisms that are capable of producing 

proteases with more activity, higher stability and with wider applications range. 

To accomplish the stated objectives, 20 preliminary identified Serratia spp 

were isolated from the soil. Their protease enzymes production were assessed in 

different media and the most efficient strain (S6) was further identified by 16s rDNA 

as Serratia marcescens that carries an active gene of metallo-protease. This explains 

the high impact of certain metal ions on the activity of the S6 protease, from which 

Zn
+2

. Moreover it also accounts for the drastic inhibitory effect of the ion quenching 

agent, EDTA, on the enzyme activity.  

Serratia marcescens S6 was able to produce 33.2 U/ml of proteases in M5 

medium. These results are superior to Nguyen and Quyen (2011) where their strain 

(Serratia Sp. DT3) only secreted 5.376 U/ml  of proteases in LB medium (Nguyen 

and Quyen, 2011). 
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In our study, multiple experiments have been conducted, to study the factors 

affecting the amount of protease production under bench scale fermentation 

conditions. After the optimization of these conditions the protease production jumped 

to 327.32 U/ml. 

   Nitrogen source plays a crucial role in the metabolism of the cell and enzyme 

production. Protease production highly depends on the availability of nitrogen sources 

in the culture medium, as nitrogen usually regulates the enzyme synthesis. That may 

explain why the protease production increased upon increasing the concentration of 

casein in our fermentation media. 

We also studied the role of carbon sources on the enzyme productivity. 

Fructose as a carbon source achieved the maximum enzyme production when 

compared to other carbon sources. Our results coincide with the work done by Joshi et 

al (Joshi et al., 2007) who stated that among various carbon sources tested fructose 

supported the maximum protease production. 

Incubation temperature plays an essential role in protein synthesis by changing 

the physical properties of microbial cell membrane, influencing of biochemical 

reaction rate within cell and dissolving of oxygen in fermentation medium (Johnvesly 

and Naik, 2001). Thus, changing of optimum incubation temperature of 

microorganism could affect protein synthesis; especially protease production.  The 

obtained study indicated that the tested isolate could produce protease at different 

incubation temperatures (20-45
◦
C). 

In the current study, the most suitable inoculum size for maximum protease 

production by tested strain was 1% of 10
8 

CFU/ml culture, this increased the protease 

yield by 13.5%. On the other hand, the protease yield decreased upon using inoculum 

size above or below 1%. This may be attributed to the growth of tested isolate which 

wasn’t enough to produce a high yield of protease, while the decease of enzyme yield 

using inoculum size above 1% may be due to shortage in nutrients available in the 

medium and changes in oxygen uptake rates. 

As a trial to understand the characteristics of the proteases obtained from the 

S6 isolate, activities and stabilities were assessed at different temperatures, and pHs. 

Also, the presence of mono and divalent ions and certain inhibitors were investigated. 

The S6 proteases were stable and active at wide ranges of temperatures (20-50⁰C) and 

pHs (7-10) giving them advantage of working at different conditions without losing 

their activity or stability.  

To evaluate the effectiveness of the purified S6 protease, an in vivo study was 

conducted using A. baumannii.  

A. baumannii is one of the highly resistant hospital acquired microorganism. 

Its infection is usually accompanied by high mortality rates. One of the most 

dangerous complications caused by A. baumannii is pneumonia. As a trial to assess 

the anti-inflammatory property of S6 proteases in A. baumannii infection, pneumonia 

animal model was used. By trying the protease fraction of S6 as a post treatment of 

the infection, serratiopeptidase significantly inhibited acute inflammation of lung. The 

Serratiopeptidase activity can be explained by its ability to reduce the inflammation 

and congestion by thinning and facilitating the drainage of the fluids from the injury 
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which also speeds tissue repair. It may also help to reduce pain by inhibiting the 

release of pain-inducing amines. Finally, it may improve the cardiovascular blood 

circulation by breaking down fibrin, present in blood clots, without harming normal 

tissue. (Viswanatha Swamy and Patil, 2008; Jadav et al., 2010). 

Conclusion: Serratia marcescens - S6 produces stable and active metallo-protease. 

Serratiopeptidase is, particularly, effective in lung inflammation, so they can be used 

as a co-treatment in A. baumanii pneumonia infections.  
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 االنزٓبة انزئٕ٘ انجكزٛز٘فٙ  كًضبد نالنزٓبةٔرطجٛقّ  سٛزارٕٛثٛجزٛذٚشَزبج ا 

 
 *أيٍٛ عهٙأحًذ عًبر ، رٚٓبو سًٛز *  ، ٔائم أثٕ انٕفبء ، يجذ٘ 

 انقبْزح ، يصزانٓٛئخ انقٕيٛخ نهزقبثخ ٔانجحٕس انذٔائٛخ ، 

 ٔانًُبعخ ، كهٛخ انصٛذنخ ، جبيعخ انقبْزح. يصز انًٛكزٔثٕٛنجٙقسى  *

 

ٚسزخذو كعبيم يضبد نالنزٓبثبد فٙ انزٓبة انجٕٛة األَفٛخ  ْٕٙ إَشٚى ثزٔرُٛ سٛزارٕٛثٛجزٛذٚش 

عشنخ ثكزٛزٚخ رى اسزخالصٓب يٍ  170ٔانزٓبة انشعت انٕٓائٛخ ٔغٛزْب يٍ االضطزاثبد االنزٓبثٛخ. يٍ ثٍٛ 

، ْٕ األكثز عشنخ  16s rDNA، انذ٘ رى رحذٚذِ ثٕاسطخ  Serratia marcescens S6عُٛبد انززثخ ، كبٌ 

ٔرٛبس انذ٘ حًم أنٛالا يٍ جٍٛ انجزٔرٛبس انًعذَٙ فٙ جُٕٛيّ. رى انحصٕل عهٗ انحذ األقصٗ إلَزبج فٙ إَزبج انجز

٪  K2HPO4  ٔ1جى / نزز يٍ  1.0انكبسٍٚ ،  ثبسزخذاوجى / نزز  10ٔحذح / يم( ثُسجخ  327.32انجزٔرٛبس )

، يع حجى  9خ األٔنٛخ ، عُذ درجخ انحًٕض ZnSO4  ،KCl  ٔNaClيى يٍ  2)ٔسٌ / حجى( يٍ انفزكزٕس ، 

سبعخ. كبٌ االَشٚى انًسزخزج َشطب ٔيسزقزا عُذ درجخ  48درجخ يئٕٚخ نًذح  37 ٔ حضبَخ عُذ٪  1انهقبح 

. رأثز انُشبط ثشذح ثبألَٕٚبد 9 -7درجخ يئٕٚخ. كبَذ األص انٓٛذرٔجُّٛٛخ انًثهٗ نُشبطٓب ْٙ  50-20حزارح 

انزٓبثاب حبداا فٙ  S6، ًُٚع انجزٔرٛبس  فصمثعذ انزُقٛخ ٔان. EDTA  ٔTween 20انًعذَٛخ ٔثعض يثجطبد يثم 

ًجًٕعخ غٛز ث ثبنًقبرَخAcinetobacter baumannii انفئزاٌ ثعذ اإلصبثخ داخم األَف ثبنعذٖٔ  خانزئ

 انًعبنجخ.

 


