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ABSTRACT 

Protease (PPL) was isolated from Pseuderanthemum latifolium B. Hansen and had a molecular 

mass of 70 kDa. The N-terminal sequence of PPL showed 70-80% similarity with of subtilisin-

like serine proteases from plants, but it did not show any sequence homology with known plant 

proteases. Serine protease inhibitors (PMSF, DFP) effectively blocked about 90% of PPL 

activity. PPL was highly activity at the pH range from 6 to 9 and temperatures from 50 °C to 80 

°C, with an optimum at pH 7.0 and temperatures 70 °C. PPL had stability in a variety of pH, 

temperature, surfactant and oxidizing agents. PPL with concentration of 2.5 µg completely 

hydrolyzed the Aα-chain of fibrinogen within 5 min and hydrolyzed the Bβ and the γ-chain after 

10 h. Fibrin also was strong hydrolyzed by PPL with concentration of 0.3 µg. Thus, PPL is a 

unique serine protease, which it had strong fibrino(geno)lytic activities. 

 

Keywords: Pseuderanthemum latifolium; serine protease; amino acid sequence; 
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Experimental 

Reagents and chemicals 

Bovine serum albumin (BSA), casein, Coomassie brilliant blue G-250, DFP 

(diisopropyl fluorophosphates), 0-phenanthroline, EDTA (ethylenediaminetetraacetic 

acid), SBTI (soya bean trypsin inhibitor), HgCl2 (mercuric chloride), PCMB (p-

chloromercuric benzoate), PMSF (phenylmethylsulfonyl fluoride), acrylamide, N, N’-

methylene bisacrylamide, Sephadex G100, standard proteins and human fibrinogen 

were obtained from Sigma-Aldrich (St. Louis, Mo). Heavy metal ions, organic solvents 

and chemical for electrophoresis were purchased from Merck, Germany.  

Collection of Pseuderanthemum latifolium and preparation of protease extract 

The plant source was collected from Hoang Van Thai garden in Hanoi, Vietnam. 

Samples of Pseuderanthemum latifolium were identified by Dr. Nguyen Thi Thanh 

Huong, Institute of Ecology and Biological Resources, Vietnam Academy of Science 

and Technology, Hanoi, Vietnam. Samples were kept in Department of Plant 

Biochemistry, Institute of Biotechnology, Vietnam Academy of Science and 

Technology, Hanoi, Vietnam (sample number: VHB 035). The fresh leaves of P. 

latifolium were collected, refrigerated at -20 °C overnight. The frozen leaves (20g) were 

homogenized using mortar and pestle with the help of glass sand in 100 mL extraction 

buffer (10 mM phosphate, 2 M NaCl pH 7.5), then centrifuged at 10.000 rpm, 4 °C for 

20 min to remove any insoluble materials. The supernatant (crude protease) was 

collected for the purification steps. 

Purification of protease 

The crude protease from P. latifolium was precipitated by ice chilled ethanol (70%) at -

20 °C overnight. The precipitate was collected by centrifugation at 10.000 rpm, 4 °C for 

20 min. The remaining ethanol was removed by speed vacuum and the precipitate was 

dissolved in 100 mL of 10 mM phosphate buffer pH 7.5, then centrifuged at 10.000 

rpm, 4 °C for 20 min to remove insoluble materials.  

The solution from ethanol precipitation step was mixed well with Ca3(P04)2 gel by 

vortex, the inactive ingredients will be adsorbed to the gel. The mixture was centrifuged 

at 6.000 rpm for 10 min and the supernatant containing protease was collected. 

The supernatant obtained in the above step was concentrated to 1/10 by Amicon ultra 

centrifugal filter (cut off 30 MW) before subjected to Sephadex G-100 column (1.5 x 65 



cm). The column was equilibrated with 10 mM phosphate buffer pH 7.5. Totally 5 mL 

of concentrated supernatant was loaded on to a Sephadex G-100 gel filtration column. 

The column was eluted in the same buffer and fraction of 2 mL were collected at a flow 

rate of 0.5 mL/min, each fraction was assayed for protein content as well as protease 

activity, see below. 

The fractions with protease activity from the gel filtration chromatography step were 

loaded onto the DEAE-cellulose column. The DEAE-anion-exchange chromatography 

column was pre-equilibrated in buffer A (10 mM phosphate buffer pH 7.5). The column 

was washed with buffer A (about 6 volume column) until no protein was detected in the 

eluent, and the bound proteins were eluted with a gradient of NaCl (0.1-1 M) in the 

buffer A at a flow rate of 1mL/min. Fraction of 1 mL were collected, and each fraction 

was assayed for protein content as well as protease activity.     

Protease assay and protein electrophoresis 

Proteolytic activity was determined by the colorimetric assay using 1% casein as a 

substrate (Pietrowa and Wincjunajte 1966).
 
Protein content was determined according to 

Lowry’s method (Lowry et al. 1951). One protease unit is defined as the amount of 

protease that releases 1 µg of tyrosine per mL per minute under the above assay 

conditions. The units of protease activity per milligram of protein was expressed the 

specific activity. 

Purified protease is evaluated on 12.6% sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) by the method of Laemmli (1970).
 
For determination of 

molecular mass of the purified protease, the protein samples were run under reduction 

condition. Approximately 10µg of purified protein was loaded on 12.6% SDS-PAGE 

with GangNam-STAIN prestaind protein ladder (iNtRON). After electrophoresis, the 

gel was stained with 0.2% Coomassie brilliant blue R-250 (CBB R-250) and de-stained 

with de-staining buffer (40% methanol, 10% acetic acid) to visualize the protein bands. 

For detection of protease activity bands on gel, protein samples were prepared on non-

reducing sample buffer and incubation in 37 °C for 10 min before run on 12.6% SDS-

PAGE. After electrophoresis, the gel was washed 3 times with 20mM Phosphate buffer 

pH7.0 then overlaid with other gel containing 1% (w/v) casein in the same phosphate 

buffer, incubated for 1h at 37 °C. The casein gel was stained with 0.2% Coomassie 

brilliant blue R-250 (CBB R-250) and de-stained with de-staining buffer until clear 

zone appeared in the gel. 



N-Terminal and partial internal sequencing 

The purified protease was electrophoresed on 10% SDS-PAGE and electroblotted on to 

a PVDF membrane (Immobilon-P, Millipore) at 350 mA using 100mM CAPS buffer, 

pH 11.0 in minitrans-blot unit (Bio-Rad) according to Matsudaria (1987).
 

After 

electroblotting, the membrane was rinsed 3 times with deionized water and stained with 

0.2% CBB R-250 in 10% acetic acid in 45% methanol for a few seconds. The 

membrane was de-stained with 45% methanol containing 10% acetic acid. Protein spots 

were excised and rinsed for 10 min in deionized water and air-dried. The N-terminal 

amino acid sequencing was performed by Edman degradation method (Edman and Begg 

1967) on an automated sequencer (Procise 491cLC; Applied Bio-systems) at First Base 

Laboratories Sdn Bhd (Pert of SCITIFIC Group), Selangor, Malaysia. A database 

search for comparable peptides sequences was performed by NCBI blast program of the 

National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/BLAST). 

Effect of inhibitors on proteolytic activity 

The inhibitors used were specific to cysteine protease (PCMB, HgCl2), serine proteases 

(PMSF, SBTI, DFP), and metalloproteases (EDTA and O-phenanthroline). A control 

assay of the proteolytic activity was done without inhibitors, and the proteolytic activity 

was taken as 100%.  

Optimum pH, temperature and determination stability of PPL 

The effect of pH on proteolytic activity was measured using 0.01 mM sodium salts of 

buffer (pH 3-12). The activity of purified protease at different temperatures (from 30 to 

90 °C) was evaluated by the method of Pietrowa and Wincjunajte (1966). For the 

determination of pH stability, the purified protease was incubated in different pH 

buffers (from pH 3.0 to 12.0) and for thermal stability studies, the purified protease was 

incubated at different temperatures (from 30 to 100 °C) in 30 mins at 37 °C and the 

proteolytic activity was determined under standard assay conditions. The relative 

percentage of the highest proteolytic activity was taken as 100%. 

Effect of monovalent (Na
+
, K

+
, Ca

2+
 and Mg

2+
) and divalent (Pb

2+
, Zn2+ and Cu

2+
) 

metal ions on proteolytic activity at a concentration of 5mM was investigated as 

mentioned for metal ions. Purified PPL was tested its stability with surfactants (Tween 

20, Triton X-100 and SDS) and oxidizing agents (H2O2). The PPL was incubated with 

http://www.ncbi.nlm.nih.gov/


each (metal ions, surfactant, oxidizing agents) for 30 min at 37 °C. Proteolytic activity 

without any metal ions, surfactant and oxidizing agent were considered 100%. 

Fibrino(geno)lytic activity   

Fibrinogenolytic activity was performed according to the method of Rajesh
 
et al. 

(2006): 500 µl of 2 mg/mL cow fibrinogen in 20 mM tris buffer (pH 7.0) was incubated 

with 5 µl of the purified protease from P. latifolium (concentration of 0.5µg/µl) at 37 °C. 

At different time intervals (0, 5, 10, 30, 60, 120 min and 6, 8, 10, 12, 16h), 50µl of the 

reaction mixture was taken and subjected to 12.6% SDS-PAGE to examine the cleavage 

pattern of the fibrinogen chains.  

The method of fibrin plates was modified according to the method of Astrup and 

Mullertz (1952), briefly described as follows: 2.5 ml of 1% cow fibrinogen solution in 

100 mM phosphate pH 7.4 was mixed into 7.5 ml of 1% agarose solution in phosphate 

buffer 100mM, pH 7.4 (boiled, cooled to 40 
o
C before adding cow's fibrinogen solution) 

and 1 ml of thrombin solution 10 U/ml (in the same buffer). The mixture was poured 

into a 9 cm diameter glass petri dish and left for 1 hour at room temperature to create 

fibrin fibers. For the enzyme assay, 30 µl of purified PPL solution of different 

concentrations from 2 to 250 µg/ml was added to the well (7mm diameter) made in the 

fibrin plate. The area of the fibrinolytic zones was recorded to evaluate enzyme activity. 

The negative control is used with a buffer instead of enzymes in the experiment. 

Statistical analysis 

All the experiments excluding purification steps were carried out at least three times. 

Average of three experiments was calculated using MS-Excel. Student’s t-test were 

used to determine the differences statistical difference between two groups, p < 0.05 

were considered to be significantly different.  
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   Table S1. Purifications of PPL from P. latifolium 

 

Step 

Total 

protein (mg) 

Total activity 

(units*) 

Specific active 

(units/mg)* 

Purification 

fold 

1. Protease extract 236.3 50.4 0.21 1 

2. Ethanol precipitation 72 31 0.43 2 

3. Ca3(PO4)2 44 26 0.59 2.8 

4. Sephadex G100 22 18.4 0.83 3.9 

5. DEAE-cellulose 2.0 5.2 2.55 12 

* 1 µg of tyrosine per mL per minute under the conditions of asay is defined as one unit of protease. The units of 

protease activity per milligram of protein was expressed the specific activity. 

 

Table S2. Comparison of N-terminal amino acids of PPL with known protease from 

plant by NCBI Blast. 

Accession/ 

reference 

Description Species Amino acids  

sequences 

Amino acid 

position 

Ide

ntit

y 

(%) 

This work  Subtilisin-like 

protease 

P. latifolium TSRSWEFTSL First 10 N-

terminal seq. 

- 

XP_020554

085 

Subtilisin-like 

protease SBT5.6  

Sesamum 

indicum 

TTRSWEFTDL 

 

110-119 80 

XP_022899

492 

Subtilisin-like 

protease SBT5.6  

Olea europaea 

var. sylvestris 

TTRSWDFTNL 

 

109-118 70 

XP_022847

644 

Subtilisin-like 

protease SBT5.6  

Olea europaea 

var. sylvestris 

TTRSWEFSGL 

 

178-187 70 

PHT56150 

 

Subtilisin-like 

protease SBT5.3  

Capsicum 

baccatum 

TTRSWEFSGL 

 

468-477 70 

XP_010095

116 

Subtilisin-like 

protease SBT5.6  

Morus 

notabilis 

TTRSWEFSGL 

 

110-119 70 

PON69152 Subtilase  Trema 

orientale 

TTRSWEFSGL  108-117 70 

PON54635 

 

Subtilase  

 

Parasponia 

andersonii 

TTRSWEFSGL  

 

108-117 70 

XP_023732

994 

 

Subtilisin-like 

protease SBT5.6 

isoform X1  

Lactuca sativa TTRSWEFSGL  

 

109-118 70 

XP_022852

030 

Subtilisin-like 

protease SBT5.6 

Olea europaea 

var. sylvestris 

TTRSWEFSGL 

 

111-120 70 

XP_016559

565 

 

Predicted: 

subtilisin-like 

protease SBT5.6 

Capsicum 

annuum 

TTRSWEFSGL 

 

109-118 70 



XP_023732

995 

 

Subtilisin-like 

protease SBT5.6 

isoform X2  

Lactuca sativa TTRSWEFSGL 

 

37-46 70 

 

 

Table S3. Effect of inhibitors on the activity of PPL from P. latifolium 

Inhibitor type Name of inhibitor Concentration (#) Relative activity (%) 

Serine protease PMSF 20 mM 12.3 ± 0.7*
 

SBTI 1 mg/mL  77   ± 0.6* 

DFP 50 µM 10.5 ± 0.6* 

Cysteine 

protease 

PCMB 5 mM 80.1 ± 0.4* 

HgCl2 100 µM 75.2 ± 0.7* 

Metalloprotease 

 

EDTA 20mM 101 ± 1.5 

0-phenanthroline 5mM 100 ± 1.5 

None   100 

                  #Minimum amount of inhibitor required for maximum inhibition 

                                    *p<0.05 compared to group without inhibitors 

 

 

Table S4. Stability of PPL from P. latifolium under various conditions 

Condition Concentration Relative activity (%) 

Control             100 

SDS 1% 43 ± 0.7* 

H2O2 5 % 100 ± 1.8 

Tween-20 1% 100 ± 1.4 

Triton X-100 1% 100 ± 2.3 

Ca
2+ 5mM 91 ± 0.9* 

Mg
2+ 5mM 89 ± 0.7* 

K
+ 5mM 100 ± 1.5 

Na
+ 5mM            102 ± 3 

Cu
2+ 5mM  57 ± 0.8* 

Pb
2+ 5mM  68 ± 0.9* 

Zn
2+ 5mM  15 ± 0.6* 

 

*p<0.05 compared to Control group. 

 

 



 

Figure S1.  Chromatography of protease from P. latifolium on Sephadex G-100 Column. 

The column was eluted with 0.01M phosphate buffer, pH 7.5 at a flow rate 0.5 mL/min. 

Fraction of 2mL was collected. Elution profiles of protein (OD 280nm) and protease activity 

(OD 750nm). 

 

 

Figure S2. Chromatography of protease from P. latifolium on DEAE-cellulose column.  

The column was eluted with 50mM phosphate buffer, pH 7.5 at a flow rate 1mL/min. The 

bound proteins were eluted with 5 different concentration of NaCl (0.1, 0.2, 0.3, 0.4, 1M) in 

phosphate buffer. Elution profiles of protein (OD 280nm) and protease activity (OD 750nm). 

 



 

 

Figure S3. Electrophoresis of the purified protease from P. latifolium. 

(A) SDS-PAGE of purified protease in 12.6% polyacrylamide gel under reduced condition. 

Lanes: 1, purified PPL (shown by arrow); 2, GangNam- STAIN prestained protein ladder. (B) 

Detection of protease activity of purified protease in 12.6% polyacrylamide gel under non-

reduced condition, clear region shows the hydrolysis of casein by protease (shown in arrow). 

Purified PPL was resolved on SDS-PAGE following overlay with polyacrylamide gel contain 

0,2% casein. Coomassie brilliant blue staining (b1), overlay gel (b2). Lane 1: Ca3(P04)2 gel 

fraction of PPL, Lane 2: purified PPL. 

 

 

   

                                          A                                                                               B 

Figure S4. Effect of pH on (A) activity and (B) stability of PPL  



 

 

 

                                            A                                                                                 B 

Figure S5. Effect of temperature on (A) activity and (B) stability of PPL 

 

 

 

(A)                                                              (B) 

Figure S6. (A). Cleavage of fibrinogen by PPL. Lanes 1-11 indicate fibrinogen and enzyme 

after 0, 5, 10, 30, 60, 120 min and 6, 8, 10, 12, 16h incubation, respectively. 

(B). The fibrinolytic activity of PPL in fibrin plate. 1-5: PPL were dot on the wells at different 

concentration of 0; 0.06; 0.3; 1.5 and 7.5 µg. 

 

 

 

 

 


