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  Abstract 

 

In Indonesia the utilization of tofu solid waste is limited, only used as animal feed and traditional food although 

tofu solid waste contains 23.7 % protein. This study focused on using tofu solid waste as substrate for protease 

production of bacteria isolates TP5K1 and TP6K5. The aim of this research were to observe the highest protease 

spesific activity from isolates TP5K1 and TP6K5 and to identify the isolates using 16S rDNA. Identification of 

those isolates was carried out using universal primer 27F and 1495R and amplification of 16S rDNA. Ten percent 

(w/v) of tofu solid waste broth medium was used as growth medium for isolates TP5K1 and TP6K5, whereas tofu 

solid waste 0.5 % and 1 % (w/v) was used as substrate for crude protease activity measurement compared to 

control 1 % (w/v) casein. The result showed that the highest specific activity of isolate TP5K1 was 663.4 U/mg 

occured at 18 hours, whereas isolate TP6K5 was 324.5 U/mg occurred at 24 hours. The highest protease specific 

activity of isolates TP5K1 occurred in 0.5 % (w/v) tofu solid waste substrate reached 11o.06 U/mg and TP6K5 

occurred in 1 % (w/v) tofu solid waste substrate reached 10.10 U/mg. Based on 16S rDNA, isolate TP5K1 was 

identified as Exiguobacterium indicum PCWCW1 and isolate TP6K5 was identified as Exiguobacterium sp. 

TDWCW9.  
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Introduction 

Protease is the second of total enzyme that is used in 

various industrial fields and reaches 60 % of the sales 

in the world (Kumar, 2002; Adinarayana et al., 2003; 

Beg et al., 2003). Protease is very important in the 

industry and are widely applied in industries of feed, 

food, detergent, and pharmaceutical industries, etc. 

(Mohen et al., 2005; Bhaskar et al., 2007; Jellouli et 

al., 2009; Deng et al., 2010).  

 

Enzyme necessity in Indonesia almost 100 % are 

mostly imported from other countries (Rajasa, 2003; 

Noguiera et al., 2006). The high necessity for enzyme 

and abundant of natural resources are an opportunity 

to develop industrial enzymes in Indonesia (Akhdiya, 

2003). One alternative strategy to anticipate 

dependence on imported enzyme is to optimize the 

utilization of biological resources in Indonesia like 

utilizing cheap and available substrates (Suhartono, 

2000). The cost of substrate used to produce enzymes 

at industrial level is 30-40 % (El Enshasy et al., 

2008). Low cost substrate to produce proteases in 

industrial scale can be done by utilize tofu solid waste. 

Tofu solid waste contains 23.7 % protein, however in 

Indonesia it only used as animal feed and traditional 

food (tempeh gembus and oncom) (Marwaha & 

Kennedy, 1988).  

 

In the previous study, we obtained two proteolytic 

bacteria isolates TP5K1 and TP6K5 from tofu solid 

waste of Tofu Home Industry, Malang-Indonesia 

(Badriyah & Ardyati, 2013). Both isolates were 

characterized morphologically, however phylogenetic 

characteristic have not yet studied. In this study 

identification of isolates TP5K1 and TP6K5 based on 

phenotypic and phylogenetic characters was studied. 

Besides, the highest spesific activity of bacteria 

isolates TP5K1 and TP6K5 on tofu solid waste was 

observed. 

 

Materials and methods 

Bacteria Isolates  

Isolates bacteria used were TP5K1 and TP6K5. Both  

isolates were non-pathogenic, produce clear zone on 

skim milk medium and has protease activity in 2 %  

rice bran medium (Badriyah & Ardyati, 2013).  

 

Protease Activity of Isolates TP5K1 and TP6K5 on 10 

% (w/v) tofu solid waste broth medium 

A loopfull of each isolates TP5K1 and TP6K5 was 

inoculated into 10 mL of media CCB (calcium 

casseinate broth), incubated at 30 ºC, 120 rpm, 24 

hours. Five milliliters of each culture then inoculated 

into 45 mL of 10 % (w/v) tofu solid waste broth 

medium (pH 7). This broth called inoculum stock and 

incubated at 30º C, 120 rpm, 24 hours (Madigan et 

al., 2003). Fifteen milliliters of inoculum stock 

(containing 107 cell/mL of bacteria) was added into 

135 mL of 10 % tofu solid waste broth  medium (pH 

7). This is called production medium. Bacteria 

suspension was incubated at 30 ºC, 120 rpm. Samples 

were taken at 0, 1, 2, 4, 6, 10, 14, 18, 24, 30 and 48 

hours. Each sample then centrifuged at 4 ºC, 4.000 

rpm, 15 minutes. The method of protease activity 

measurement was reffered by Enggel et al. (2004).  

 

Detection of Protease Activity Using Tofu Solid 

Waste Substrate and Protein Content  Measurement 

Crude protease samples from 10 % tofu solid waste 

broth medium of each isolates TP5K1 and TP6K5 was 

assayed for protease activity. The substrate used in 

this study was 0.5 % and 1 % (w/v) tofu solid waste 

and 1 % casein as control. All measurement were 

triplicate. Protein content of the crude enzyme was 

estimated using method of Bradford et al. (1976). 

 

DNA Extraction of Isolates TP5K1 and TP6K5 

Isolates TP5K1 and TP6K5 were subcultured in Luria 

Berthani broth medium for 24 hours and incubated at 

120 rpm, 30 oC. Whole genome extraction of TP5K1 

and TP6K5 was carried out based on modified 

method of Ausubel et al. (1995).  

 

DNA Amplification, Purification, and Sequencing 

Sequence of 16S rDNA of isolates TP5K1 and TP6K5 

were amplified using pair primer 27F 

(5’GAGAGTTTGATCCTGGCTCAG3’) and 1495R 

(5’CATCGGCTACCTTGTTACGA3’) (Taylor et al., 

2000), PCR solutions adjusted according of Intron 

Biotechnology, PCR program of Randazzo et al. 
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(2002) (Table 1.). Product of amplification was 

separated by 1.5 % electrophoresis agarose gel based 

on modified method of Suharjono et al. (2010) and 

using GeneRuler™ DNA LadderMix 100 as DNA 

marker. Purification and sequencing were performed 

in Macrogen Co., Korea. 

 

Results and discussion 

Protease Activity of Isolates TP5K1 and TP6K5 on 

Tofu Solid Waste Broth Medium 

Tofu solid waste was used as medium for the growth 

of proteolytic bacteria because it contains protein of 

21.16-23.7 % (Marwaha & Kennedy, 1988; Lahoni, 

2003;). Tofu solid waste was used as a growth 

medium because of the price is cheap and rich of 

nitrogen source. In addition tofu solid waste also 

source of carbon, proteins, fats, vitamins, and 

minerals (Ca, Mg, and Fe). Therefore tofu solid waste 

was favoured for grown the proteolytic bacteria 

(Kasmidjo, 1991; Kuswardani & Wijajaseputra, 1998). 

 

Table 1. PCR reaction condition to amplify DNA of isolates TP5K1 and TP6K5. 

Reaction Temperature (oC) Time (minute) Cycle 

Pre-denaturation 94 3    1 

Denaturation 94 0.5   30 

Annealing 52 0.5 

Extension 68 1.5 

Post Extension 68 7 1 

 

Table 2. Spesific activity from bacteria isolates TP5K1 and TP6K5. 

Isolate                                                 Specific Activty (U/mg) 

Casein 1 % Tofu Solid Waste 0,5 % Tofu Solid Waste 1 % 

TP5K1 589.33±80,37 (d) 110.06±11.85 (c) 69.06±9.96 (b) 

TP6K5 703.48±92.04 (e) 3.60±0.24 (a) 10.10±1.81 (a) 

 

The highest protease activity (U/mg) of isolates 

TP5K1 was 663.4 after 18 hours incubation, whereas 

isolates TP6K5 was 324.5 after 24 hours incubation 

(Fig. 1). Incubation time of proteolytic bacterial 

isolates TP5K1 and TP6K5 with optimum protease 

activity in 10 % tofu solid waste broth medium (Fig 1.) 

was used as samples for protease specific activity 

measurement assay using 0.5 % and 1 % of tofu solid 

waste substrates and 1 % casein as control. The 

highest protease specific activity of bacteria isolates 

TP5K1 occurred in 0.5 % tofu solid waste substrate 

(11o.06 U/mg), whereas TP6K5 occurred in 1 % (10.10 

U/mg) (Table 1). 

 

Fig 1. Protease activity of isolate TP5K1 (A) and TP6K5 (B) in 10 % tofu solid waste broth medium.  
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Recently, many members of Exiguobacterium genus 

have been reported able to produce alkali-tolerant 

protease. Exiguobacterium sp. YS1 was able to 

produce protease at pH 10 in basal medium 

containing 1 % skim milk (w / v). Optimum protease 

activity of Exiguobacterium sp. YS1 was at pH 9 

occured after 48 hours incubation about 85 % equal 

to 170 U at pH 8.5-10 in anaerobic condition (Suga & 

Koyama, 2000; Yumoto et al., 2004; Borsodi et al., 

2005; and Kasana & Yadav, 2007). Exiguobacterium 

acetylicum MTCC 9115 grown in PYE medium able to 

produce specific activity of 105.2 U/mg of 285 mg 

protein in crude protease sample. 

 

 

Fig. 2. DNA amplicons of isolates TP5K1 TP6K5 on 1.5 % agarose gel. M (marker GeneRuler™ DNA LadderMix 

100), K1 (TP5K1), K5 (TP6K5), K (negative control) (A); Phylogeny tree which showed phylogenetics of 

proteolytic bacterial isolates TP5K1 and TP6K5 with reference isolates from Gene Bank based on 16S rDNA 

sequence which construsted with Maximum Likelihood algorithm and Tamura-Nei method (B). 

Identification of Isolates TP5K1 and TP6K5 Based on 

16S rDNA 

This study used 16S rDNA as molecular marker to 

identify isolates TP5K1 and TP5K6. Amplicon DNA of 

isolates TP5K1 and TP6K5 was shown by the 

appearance of 1200 bp band on 1.5 % agarose gel 

electrophoresis (Figure 2. A). Klindworth et al. (2013) 

reported that the amplification of bacterial DNA using 

16S rDNA markers able to produce ≥ 1200 bp 

amplicon. The study done by Huang et al. (2004) also 

shown the 1200 bp amplicon using 16S rDNA. The 

results of phylogenetic analysis based on Maximum 

Likelihood algorithm showed that isolates TP5K1 was 

identified as Exiguobacterium indicum PCWCW1, 

whereas isolates TP6K5 was identified as 

Exiguobacterium sp. TDWCW9 (Figure 2. B). 

 

Conclusion  

The highest protease specific activity from bacteria  

isolates TP5K1 occurred in 0.5 % tofu solid waste 

substrate reached 110.06 U/mg, whereas TP6K5 

occurred in 1 % tofu solid waste substrate reached 

10.10 U/mg. Identification based on 16S rRNA 

sequences showed that isolate TP5K1 was identified 

as Exiguobacterium indicum PCWCW1 and isolate 

TP6K5 was identified as Exiguobacterium sp. 

TDWCW9.  
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