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Abstract  The marine yeast strain W6b isolated from sediment of the South China Sea was found to produce a cell-bound acid 
protease. The crude acid protease produced by this marine yeast showed the highest activity at pH 3.5 and 40 ℃. The optimal pH and 
temperature for the crude acid protease were in agreement with those for acid protease produced by the terrestrial yeasts. The optimal 
medium of the acid protease production was seawater containing 1.0% glucose, 1.5% casein, and 0.5% yeast extract, and the optimal 
cultivation conditions of the acid protease production were pH 4.0, a temperature of 25 ℃ and a shaking speed of 140 rmin-1. Under 
the optimal conditions, 72.5 UmL-1 of acid protease activity could be obtained in cell suspension within 48 h of fermentation at shake 
flask level. The acid protease production was induced by high-molecular-weight nitrogen sources and repressed by low-molecu-
lar-weight nitrogen sources. Skimmed-milk-clotting test showed that the crude acid protease from the cell suspension of the yeast 
W6b had high skimmed milk coagulability. The acid protease produced by M. reukaufii W6b may have highly potential applications 
in cheese, food and fermentation industries. 
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1 Introduction 
Proteases are the most important group of enzymes 

produced commercially so far and are used in the deter-
gent, protein, food, brewing, photographic, collagenous 
fiber leather and dairy industries (Kalisz, 1988). All pro-
teinases catalyze the hydrolysis of peptide bonds (CO-NH) 
in proteins but can differ markedly in specificity and 
mechanism of action (Barrett and Rawlings, 1991). Acid 
proteases, commonly known as aspartic proteases includ-
ing pepsin, chymosin, renin, cathepsin D and related mi-
crobial enzymes such as endothiapepsin and penicil-
lopepsin, with a pH optimum in the acidic range (pH3-4), 
have been reported in a variety of microorganisms as both 
intracellular and extracellular enzymes (Kocabiyik and 
Ozel, 2007). They have two reactive aspartyl residues 
(Asp32 and Asp215, according to pepsin numbering) in 
the active site within the characteristic sequences (hy-
drophobic, generally Phe) Asp32–Thr–Gly–Ser in the 
N-terminal domain, and a corresponding (hydrophobic) 
Asp215–Thr–Gly–Ser/Thr in the C-terminal domain (Da-
vies, 1990).  

The enzymes from fungi and yeasts have been studied 
most extensively, and several of them have been purified 
and cloned (Kocabiyik and Ozel, 2007). For example, 
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acid protease from Rhodotorula glutinis K-24 (Kamada 
et al., 1972) has been purified and characterized in some 
detail. Saccharomyces carlsbergensis has been reported 
to secrete four different proteases, each of which has a 
double pH optimum: one acidic between pH 2 and 4 and 
the other near neutrality between pH 6 and 8 (Maddox 
and Hough, 1970). Abdelal et al. (1977) reported that 
Yarrowia lipolytica 37–1 produced extracellular acid pro- 
tease (s) active at pH 3.2 when grown with casein at pH 

3.2. A psychrotrophic, dimorphic yeast Candida humicola, 
isolated from Antarctic soil, has been reported to secrete 
an acidic protease with a pH optimum (pH 1.0) which is 
much lower than that of the acidic protease from other 
yeasts (Ray et al., 1992). Candida olea (Nelson and Young, 
1987) was also reported to secrete aspartic protease.  

Some acid proteases are of particular interest for their 
successful commercial applications, e.g. as a rennet sub-
stitute in the cheese industry, or as a catalyst in brewing 
industry (Kocabiyik and Ozel, 2007). Acid protease also 
plays an important role in fermentation industry because 
it hydrolyzes protein in the fermentation mash to liberate 
amino acids or peptides under the acidic condition (Ki-
tano et al., 2002). This may imply that acid protease can 
play an important role in degradation of proteinous mate-
rials in acid environments. For example, it may be used to 
remove proteins in shrimp shell to obtain chitin and chi-
tosan.  

The oceans cover 71% of our planet, and there are 
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abundant biotic resources including marine yeasts (Chi 
et al., 2006). In recent years, marine yeasts and their bio-
active substances have received increasing attention. 
However, few studies exist on the acid protease and its 
production from marine yeasts (Chi et al., 2006). After 
we screened 427 marine yeast strains from different ma-
rine environments, one marine yeast strain W6b, isolated 
from sediment of the South China Sea, was found to pro-
duce a cell-bound acid protease. To extend knowledge of 
the acid protease from the strain, W6b, the SAP6 gene 
encoding the acid protease has been cloned and expressed 
in E. coli (Li et al., 2009); thereafter, the recombinant 
acid protease rSAP6 has been purified and characterized 
(Li et al., 2008). The main purpose of the present study 
was to optimize the conditions for acid protease produc-
tion by the marine yeast strain W6b. We also tested the 
milk-clotting ability of the crude acid protease produced 
by this marine yeast. To our knowledge, this is the first 
report that Metschnikowia reukaufii from the marine en-
vironment could produce cell-bound acid protease. 

2 Materials and Methods  
2.1 Yeast Strain  

The yeast strain W6b was isolated from sediment in the 
South China Sea. This yeast strain was then maintained 
in YPD medium (prepared with seawater) containing 
2.0% glucose, 2.0% yeast extract and 1.0% polypeptone 
at 4 ℃.  

2.2 Acid Protease Production 
One loop of the cells of the purified yeast strain was 

transferred to 50 mL of YPD medium in 250 mL flask and 
aerobically cultivated for about 24 h. In order to deter-
mine the optimal medium and cultivation conditions of 
the acid protease production by the yeast strain, on the 
basis of YPD medium (prepared with seawater), different 
amounts of cell culture (2.5×107−2.5×108) obtained above 
were transferred to 50.0 mL of the medium in 250 mL 
flask which contained different carbon (0.3%−2.0%) and 
nitrogen sources (0.5%−2.5%) and yeast extract 
(0.2%−1.5%), and the yeast strain was grown at different 
initial pHs (2.5−8.0) and temperatures (22−35 ℃), and 
grown by shaking at different shaking speeds (120−200 

rmin-1) for 2 d. 

2.3 Determination of Acid Protease Activity 
The crude acid protease activity was determined ac-

cording to the methods described by Larson and Whitaker 
(1970). The substrate contained 1.0% bovine hemoglobin 
(Sigma, USA) dissolved in citrate buffer (20 mmolL-1, pH 
3.4). The supernatant of cell suspension (0.4 mL) and the 
substrate (0.4 mL) were combined and incubated for 1 h at 
40°C. The reaction was stopped by addition of 0.4 mL of 
15.0% trichloroacetic acid and cooled in the ice for 20 
min and the precipitate was removed by centrifugation 
(12000 × g) for 20 min and the absorbance of the super-

natant was read at 280 nm. The reaction mixture to which 
0.4 mL of 15.0% trichloroacetic acid was added before the 
substrate (contained 1.0% bovine hemoglobin) was used 
as the control. One acid protease unit (U) was defined as 
the amount of protease causing an increase in absorbance 
of 0.1 at 280 nm after 1 h. All the assays were done in 
duplicate.  

2.4 Determination of Cell Growth 
Cell dry weight was used to represent cell growth. The 

yeast cells from 5.0 mL of culture were harvested and 
washed three times with distilled water by centrifugation 
at (5000 × g) for 5 min. Then, the cells in the tube were 
dried at 100  ℃ until the cell dry weight was constant (Chi 
et al., 2007). 

2.5 Effects of Temperature and pH on Acid Protease 
Activity 

The optimal temperature of enzyme activity was de-
termined at temperatures of 30, 35, 40, 45, 50 and 55℃. 
The effect of pH on the enzyme activity was determined 
by incubating the cell suspension at different pHs be-
tween 2.0 and 8.0. The buffers used were of the 20 mM 
McIlvaine buffer category. 

2.6 Skim Milk Clotting Test  
The milk-clotting ability was assayed by the method of 

Berridge (Berridge, 1952). A total of 10 g of skimmed 
milk powder was suspended in 100 mL of 0.05 mol L-1 
CaCl2 by stirring with a glass rod. The pH of the milk 
substrate was adjusted to 5.8 with 0.1 mol L-1 NaOH or 
HCl. A volume of 0.5 mL of the cell suspension of the 
marine yeast M. reukaufii W6b was added to 4.0 mL of 
the pre-incubated skimmed milk for complete coagulation 
at 50 ℃. A volume of 0.5 mL of water and 0.5 mL of the 
cell suspension boiled in 100  water for 10℃  min were 
used as negative controls.  

3 Results and Discussion  
3.1 Screening the Acid Protease-Producing Yeasts 

After 427 yeast strains from seawater, sediments, guts 
of marine animals and marine algae were screened, only 
one strain W6b isolated from sediment in the South China 
Sea was found to produce acid protease. The activity of 
the acid protease in the cell suspension was 15.7 UmL-1 ± 
1.1 UmL-1 while low acid protease activity in the super-
natant was detected (data not shown).It was indicated that 
the acid protease produced by this marine yeast W6b was 
cell-bound enzyme. The marine yeast strain W6b was 
identified as a strain of Metschnikowia reukaufii based on 
the phenotypic characteristics and phylogenetic analyses 
(data not shown). Some other hydrolytic enzymes were 
also found to be cell-bound enzymes. For example, lipase 
from Yarrowia lipolytica (Pignede et al., 2000.) and Can-
dida parapsilosis CBS604 (Neugnot et al., 2002) was the 
cell-bound enzyme. Three aspartic proteases i.e. Yapsin, 
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Yapsin2 and Yapsin3 (Cawley and Loh, 1998; Olsen et al., 
1999) were reported to be cell-bound enzymes from Sac-
charomyces cerevisiae. To our knowledge, this is the first 
report about cell-bound acid protease from the genus 
Metschnikowia.  

3.2 Effects of Different Initial pHs and Temperature 
on Acid Protease Production and Cell Growth 

Effects of different initial pH in the medium prepared 
with seawater on the acid protease production by the ma-
rine yeast W6b were tested. Fig.1a showed that the opti-
mum initial pH of the medium for the acid protease pro-
duction was 4.0 while the cells of the marine yeast strain 
grew well between pH 3.5-7.0. The results also showed 
that when initial pH was higher than 5.0, the acid protease 
activity decreased sharply, indicating that the acid prote-

ase produced by this marine yeast strain was very sensi-
tive to the change in initial pH (Fig.1a). It was reported 
that a large amount of alkaline protease can be secreted 
under neutral condition and three acid proteases were 
secreted under acid condition by Y. lipolytica (Gerold and 
Gaillardin, 1997). S. lipolytica could secret at least three 
acid proteases when grown at pH 3.4 in medium contain-
ing glycerol and Difco peptone. However, when its cells 
grew under the condition of pH 7.0, neutral protease was 
secreted (Ogrydziak and Mortlmer, 1977). This suggested 
that the effect of initial pH on the acid protease produc-
tion of the marine yeast W6b was consistent with the case 
of the terrestrial yeasts, although M. reukaufii W6b was 
isolated in a slight alkline marine environment with pH of 
sea sediment being around 8.0. However, it is completely 
unknown if M. reukaufii W6b can yield such protease in 
natural sea sediment.

   

Fig.1 Effects of initial pHs and temperature on acid protease production (◆) and cell growth (■). Data are given as 
means ± SD, n=3. 

The effects of different temperatures on the acid prote-
ase production and cell growth by strain W6b were stud-
ied. Fig.1b shows that the maximum acid protease pro-
duction (29.3 UmL-1) was observed at 25 ℃ and thereaf-
ter a sharp decrease in enzyme activity was seen at higher 
temperatures. A similar decrease in cell growth is shown 
in Fig.1b. Candida parapsilosis CHUV E-18 was re-
ported to secret two acid proteases when grown at 30 . ℃
Both enzymes had an apparent pH optimium close to PH 
3.5 (Fusek et al., 1993). Saccharomycopsis lipolytica 
CX161-1B was reported to produce at least three ex-
tracellular acid proteases during exponential growth in 
medium containing glycerol, Difco Proteose Peptone at 
pH 3.4 and 23℃ (Yamada and Ogrydziak, 1983). Few 
researches were concerned with the optimization of cul-
ture temperatures for the acid protease secretion by yeasts. 
Possibly, a lower optimal temperature for the acid prote-
ase production by the yeast strain used in this study may 
be related to the marine environment where it was iso-
lated.  

3.3 Effects of Different Carbon Sources on Acid 
Protease Production and Cell Growth 

Many researches showed that different carbon sources 

have significant influences on the production of extracel-
lular enzymes and the growth of different strains (Chi and 
Zhao, 2003). As shown in Fig.2, the acid protease pro-
duction by the marine yeast strain W6b was influenced by 
different carbon sources in the medium. The highest 
amount of acid protease was produced in the medium 
containing glucose. However, the different carbon sources 
had no notable influences on cell growth of the marine 

 

Fig.2 Effects of different carbon sources on acid protease 
production (□) and cell growth (■). Data are given as 
means ± SD, n=3. 
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yeast strain (Fig.2). Acid protease activity decreased 
sharply whereas the growth of the yeast strain W6b in-
creased steadily when the concentrations of glucose in the 
medium were higher than 1.0% (Fig.3). When the con-
centration of glucose was increased from 0.3 to 1.0%, 
acid protease activity was increased from 26.9 to 53.2 
U mL-1. Therefore, the optimal concentration of glucose 
for the acid protease production was found to be 1.0 % 
(w/v). However, it was reported that a change in the con-
centration of glucose (e.g., from 0.1 to 1%) did not alter 
the level of acid protease from Candida humicola in the 
medium (Ray et al., 1992). The concentration of glucose 
had an obvious influence on the acid protease production 
of marine yeast strain W6b in our study. 

 
Fig.3 Effects of different glucose concentrations on acid 
protease production (◆) and cell growth (■). Data are 
given as means ± SD, n=3. 

 
3.4 Effects of Different Nitrogen Sources on Acid 

Protease Production and Cell Growth 
The effects of various nitrogen sources on the acid 

protease production by the yeast strain were investigated. 
The results in Fig.4 show that the yeast grew well with 
most nitrogen sources tested except with urea. Among all 
the nitrogen sources tested, casein (2%) increased the acid 
protease production (64.4 UmL-1) most markedly, and 
bovine hemoglobin and bovine serum albumin were the 
second and third best nitrogen source (61.7 UmL-1 and 
60.9 UmL-1). Other nitrogen sources including casamino 
acid, (NH4)2SO4, NH4Cl and urea decreased the enzyme 
production apparently while they could promoted the cell 
growth. It can be seen clearly from Fig.4 that acid prote-
ase production by marine yeast W6b was induced by 
higher-molecular-weight nitrogen sources, while re-
pressed by low-molecular-weight nitrogen sources. Simi-
lar observations have been reported for Candida albicans 
(Renold et al., 1968) and Candida humicola (Ray et al., 
1992).  

In order to determine the optimum concentration of 
casein for the acid protease production, different concen-
trations (0.5%–2.5%) of casein were tested in the medium. 
A concentration of 1.5% of casein was found to be opti-
mal for the acid protease production. A concentration of 
0.5% of yeast extract was also found to be optimal for 
acid protease production (data not shown). The vitamins 
and trace elements in the yeast extract may enhance acid 
protease production by this marine yeast strain.

 

Fig.4 Effects of different nitrogen sources on acid protease production (◆) and cell growth (■). Data are given as 
means ± SD, n=3. 

3.5 Time Courses of Acid Protease Production and 
Cell Growth at Shake Flask Level 

All the data above have shown that the optimal me-
dium for the acid protease production was the seawater 
containing glucose 1.0%, casein 1.5%, and yeast extract 
0.5%, while the optimal cultivation conditions for the 
acid protease production were pH 4.0, at a temperature 

of 25 ℃ and a shaking speed of 140 r min-1. And 
7.5×107cells (50 mL)-1 was the best inoculation size (data 
not shown). Therefore, the time course of acid protease 
production and cell growth of the yeast strain during the 
cultivation was checked under these conditions. The re-
sults in Fig.5 indicate that the production of acid protease 
was paralleled with the cell growth. The results showed 
that maximum acid protease activity (72.5 UmL-1) could 
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be reached in the cell suspension when cell growth was at 
the middle stationary phase. It is also observed in Fig.5 
that acid protease activity in the supernatant could be de-
tected after about 32 h of the cultivation and kept increas-
ing thereafter while the cell- bound acid protease activity 
began to decrease after 48 h of the cultivation. 

 
Fig.5 Time course of acid protease production and cell 
growth by the marine yeast. ◆: Acid protease activity in 
cell suspension; ■: Acid protease activity in supernatant; 
▲: Cell growth data are given as means ± SD, n=3. 

 

3.6 Effects of Temperature and pH on Activity of 
the Crude Acid Protease 

The results in Fig.6 show that the optimal temperature 
and pH of the crude acid protease were 40 ℃ and 3.5, 
respectively. The optimum activity against hemoglobin of  
the acid protease from Candida olea 148 was at 42℃ and 
pH 3.3, which were in agreement with those of the acid 
protease from the marine yeast W6b. However, it was 
reported that an optimum temperature for the acid prote-
ase acted on casein from Rhodotorula glutinis K-24 
(Kamada et al., 1972) was 60℃. Generally, the optimum 
pH for acid protease secreted by yeasts was between 2.5 
to 3.9. For example, the optimal pHs for the three ex-
tracellular acid proteases secreted by Saccharomycopsis 
lipolytica CX161-1B were 3.5, 4.2, 3.1 (Yamada and 
Ogrydziak, 1983) respectively, and the optimum pH for 
the acid proteases produced by Candida albicans was 3.2 
(Renold et al., 1968). It means that the optimum pH for 
the crude acid protease produced by the marine yeast 
strain W6b was in agreement with that of the acid prote-
ase produced by the terrestrial yeasts.

    
Fig.6 Effects of different temperatures (a) and pHs (b) on activity of the crude acid protease. Data are given as 
means ± SD, n=3. 

3.7 Skimmed-Milk-Clotting Test of the Crude Cell- 
Bound Acid Protease 

The milk-clotting activity is a common characteristic of 
all the aspartic proteases (Kumar et al., 2005). So the 
milk-clotting activity of the crude acid protease produced 
by the marine yeast strain M. reukaufii W6b was deter-
mined. It can be clearly seen from the results in Fig.7 that 
there was high skimmed milk coagulability of the crude 
cell-bound acid protease from the cell suspension of the 
yeast W6b (Fig.7c), while no such coagulability was ob-
served on the addition of water (Fig.7a) or the inactivated 
crude cell-bound acid protease (Fig.7b). This result sug-
gested a milk-clotting activity associated with the acid 
protease of marine yeast W6b. In recent years, milk-clot-
ting enzymes from fungi or bacteria to be used as calf 
rennet substitutes to make cheese have received 
increasing attention due to the reduced supply, consumer 
constraints on the use of rennet and increased price of calf 
rennet (Shieh et al., 2009). Therefore, the acid protease 

produced by M. reukaufii W6b may have highly potential 
applications in cheese, food and fermentation industries. 

 
Fig.7 Milk-clotting test of the crude acid protease pro-
duced by the marine yeast strain M. reukaufii W6b. a. 
Control: 4.0 mL milk + 0.5 mL of distilled water. b. Con-
trol: 4.0 mL milk + 0.5 mL of the inactivated crude 
cell-bound enzyme. c. Sample: 4.0 mL milk + 0.5 mL of 
the crude cell-bound enzyme. 
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4 Conclusions  
The marine yeast strain Metschnikowia reukaufii W6b 

isolated from sediment of the South China Sea was found 
to secrete a cell-bound acid protease in the medium with 
casein. The crude acid protease produced by marine yeast 
W6b showed the highest activity at pH 3.4 and 40 ℃. The 
optimal pH and temperature for the crude acid protease 
were in agreement with those for acid protease produced 
by the terrestrial yeasts. Our experiments also showed the 
optimal medium for acid protease production was sea-
water containing glucose 1.0%, casein 1.5%, and yeast 
extract 0.5%, while the optimal cultivation conditions for 
acid protease production were pH 4.0, a temperature of 25  

℃ and a shaking speed of 140 r min-1. Under the optimal 
conditions, over 72.5 UmL-1 of cell-bound acid protease 
activity was produced within 48 h of the fermentation at 
shake flask level.  

To our knowledge, this is the first report about the pro-
duction of cell-bound acid protease from marine yeasts. 
More researches such as its physiological role in the yeast 
cells will be further investigated. 
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