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ABSTRACT

B.F . ADAMITSCH, F . KARNER AND W. HAMPEL. 2003.

Aims: To investigate properties of the proteolytic activity of a yeast cell wall lytic soil bacterium identified as an

Arthrobacter species.

Methods and Results: The organism was grown at pH 7Æ5 and 30�C in shake flasks on media with different

complex subtrates. Highest proteolytic activity assayed with azocaseine was detected in media with wheat gluten.

In addition, LL-leucine, LL-alanine exopeptidase activity and esterase activity were found. The proteolytic activity

showed stability up to pH 12, with a maximum at pH 11. The temperature optimum was at 55�C, but there was a

loss in enzyme activity of 50% within 2 h. The proteolytic activity was inhibited by 3,4-dichloroisocumarin,

whereas there was little or no effect with EDTA, pepstatin A or E64.

Conclusions: The proteolytic activity is highly alkaline stable. The formation of the enzyme can be induced by

media with high protein content.

Keywords: Arthrobacter, bacterial proteinase, enzyme characterization, enzyme formation, proteinase from

Arthrobacter sp.

INTRODUCTION

Crude yeast lytic enzyme systems comprise several hydro-

lytic activities, often including chitinase, mannanase, and a

variety of proteases and glucanases (Phaff 1977). Effective

lysis of cells were described with enzymes prepared from

Arthrobacter luteus (Kitamura 1982), Oerskovia xanthineoly-

tica (Scott and Schekman 1980) and Cytophaga sp. (Asenjo

and Dunnill 1981). Klinger and Röhr (1972) isolated from

soil samples a bacterium capable of lysing yeast cell walls,

which was identified as Arthrobacter species. The induced

formation of a-manannase, b-1,3-glucanase and chitinase

was studied in detail by John and Hampel (1991) and Latzko

and Hampel (1993, 1995). A low proteolytic activity was

detected in further experiments. This paper describes

studies for the characterization of the extracellular proteo-

lytic activity detected with cells of Arthrobacter sp.

MATERIALS AND METHODS

The Arthrobacter species was maintained on Standard-I-agar

slants. All cultivations were performed at 30�C and pH 7Æ5.

Shake flask cultivations were carried out on an orbital shaker

(250 rev min)1, 25 mm throw) for 48 h in Erlenmeyer flasks

containing 200 ml medium as described elsewhere (John and

Hampel 1992) with 5 g l)1 complex substrate. The crude

culture supernatant was used for the experiments reported

here.

The proteolytic activity was determined at 38�C and

pH 7Æ5 using the method described by Charney and

Tomarelli (1947) with azocasein as the substrate. One unit

of azocaseinase activity was defined as the amount of enzyme

required to produce an absorbance change of 0Æ1 min)1 in a

1-cm cuvette at 440 nm under the conditions given above.

Endoproteinase activity was determined as described by

Nagel et al. (1965) using carboxypropionyl-LL-phenylalanyl-

4-nitroanilid at 38�C and pH 7Æ5. LL-leucinaminopeptidase

activity and LL-alaninaminopeptidase activity where assayed

at 38�C and pH 7Æ5 using LL-leucine-p-nitroanilide and
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LL-alanine-p-nitroanilide, respectively (Hennrich et al. 1969;

Sjostrom et al. 1978). Esterase activity was measured with

benzyloxycarbonyl-glycyl-nitrophenyl ester at 25�C and

pH 7Æ5 (Ventom and Asenjo 1990). One unit of the

corresponding enzyme activity was defined as the amount

of enzyme that liberates 1 lmol of 4-nitroaniline per minute.

Both the cultivation experiments and the measurement of

enzymatic activity were carried out in duplicates.

RESULTS

Submerged cultivation of cells of Arthrobacter was per-

formed as a shake flask culture in order to test the usability

of different complex substrates for protease formation.

Samples were withdrawn from the culture at 24 and 48 h

and the proteolytic activity was assayed with azocasein as a

substrate. The results are given in Table 1.

Rapid growth and complete dissimilation of the carbon

source within 24 h of cultivation occurred with glycerol as a

substrate. The resulting protease hereby corresponded to a

constitutive enzyme formation, as there was no proteina-

ceous material available as inducing component. Slow

growth and incomplete dissimilation of the insoluble

substrate were found with soya meal and a yeast cell wall

preparation as carbon source within 48 h of cultivation;

nevertheless, an increased protease titre could be detected

due to protein components of the substrate. The adminis-

tration of pure proteins as a carbon source resulted in rather

poor growth and a low protease formation with insoluble

casein as the substrate. In contrast, the use of soluble wheat

gluten led to a moderate propagation of cells and a relatively

high level of proteolytic activity in the culture fluid.

Cultivation of bacterial cells with corn steep liquor as a

carbon source revealed an increased growth rate of the cells,

but a reduced formation of proteolytic activity in compar-

ison with a cultivation on wheat gluten. Based on the results

obtained, it was decided to use cell-free preparations of the

culture fluid from cultivations on wheat gluten for further

studies.

In order to get some information on the spectrum of

proteolytic activity, experiments were performed using

different synthetic substrates in the activity assay; the

results are given in Table 2. It can be concluded that

proteolytic activity is composed of a low endopeptidase

component and a considerable aminopeptidase part.

The optimal temperature for azocaseinase activity was at

55�C, showing three times higher values than at 40�C. The

optimal pH for proteolytic activity against azocasein was at

11, exhibiting a 30% higher activity compared with neutral

conditions (Fig. 1).

Studies on the stability of the proteolytic activity revealed

that the azocaseinase activity was stable at 45�C for 2 h.

After 2 h there was a loss in activity of 10% at 50�C and of

50% at 55�C. The activity was stable at pH values from 8Æ5
to 12, with < 5% loss in activity after 24 h of incubation at

the particular pH and measurement at the usual conditions.

There was still 35% residual activity after 24 h incubation at

pH 3 and subsequent neutralization.

After 60 min incubation at 30�C, the proteolytic activity

was not inhibited by pepstatin A and E64, respectively. A

10% lower activity was measured with 10)3 mol l)1 EDTA,

and only 35% of the initial activity can be observed with

0Æ1 · 10)3 mol l)1 3,4-dichloroisocoumarin added as inhibitor.

Table 2 Proteolytic activity on different synthetic substrates

Substrate Activity (U l)1)

Benzyloxycarbonyl-gly-nitrophenylester 4Æ7
Carboxypropionyl-LL-phe-4-nitroanilid 0

LL-leucine-4-nitroanilid 88

LL-alanine-4-nitroanilid 11

Table 1 Formation of azocaseinase activity by Arthrobacter sp. grown

on different carbon sources

Substrate After 24 h (U l)1) After 48 h (U l)1)

Glycerol 3Æ5 3Æ4
Corn-steep-liquor 13Æ0 24Æ0
Yeast cell wall 0Æ2 5Æ9
Soya meal 5Æ5 12Æ5
Casein 1Æ0 2Æ2
Wheat gluten 19Æ1 50Æ5
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Fig. 1 Optima of temperature (d) and pH (m) of the proteolytic

activity of Arthrobacter sp. assayed with azocasein as the substrate
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DISCUSSION

Hofsten and Reinhammar (1965) isolated from the culture

medium of an Arthrobacter species a serine protease of high

stability at low pH. An extracellular, alkaline protease was

found by Takegawa et al. (1993) in A. protophormiae and a

22 kDa endoserine protease was purified from A. aureus by

Michotey and Blanco (1994). The purification of a protease

from A. luteus, a bacterium capable of lysing viable yeast

cells, was described by Funatsu et al. (1978) and Oh et al.

(1984). The enzyme showed a molecular weight of 40 kDa

and its temperature and pH optima were 65�C and 10Æ5,

respectively. A serine residue was involved in enzymatic

activity. The proteolytic activity of the Arthrobacter strain

used in this study resembles in some respect to the protease

of A. luteus, but there are some differences, which might

originate from some additional exopeptidase activity.

Compared with other yeast cell wall lytic bacteria the

proteolytic activity of Arthrobacter sp. is formed in consid-

erable amounts only in media with very high protein

content.

REFERENCES

Asenjo, J.A. and Dunnill, P. (1981) The isolation of lytic enzymes from

Cytophaga and their application to the rupture of yeast cells.

Biotechnology and Bioengineering 23, 1045–1056.

Charney, J. and Tomarelli, R.M. (1947) A colorimetric method for the

detection of the proteolytic activity of duodenal juice. Journal of

Biological Chemistry 177, 501–505.

Funatsu, M., Oh, H.R., Aizono, Y. and Shimoda, T. (1978)

Biochemical studies on rice bran lipase. Part VI. Studies on active

groups of rice bran lipase. Agricultural and Biological Chemistry 42,

1975–1977.

Hennrich, N., Klockow, H., Lang, H. and Berndt, W. (1969)

Isolation and properties of bromelin protease. FEBS Letters 2,

278–280.

Hofsten, B.V. and Reinhammar, B. (1965) An extracellular proteolytic

enzyme from a strain of Arthrobacter. III. Stability and substrate

specificity. Biochimica et Biophysica Acta 110, 599–607.

John, E. and Hampel, W.A. (1991) Enzyme formation by a yeast cell

wall lytic Arthrobacter species: Formation of a-mannanase. Applied

Microbiology and Biotechnology 35, 60–64.

John, E. and Hampel, W.A. (1992) Enzyme formation by a yeast cell

wall lytic Arthrobacter species: formation of amylase. Applied

Microbiology and Biotechnology 38, 214–219.

Kitamura, K. (1982) Preparation of yeast cell wall lytic enzyme from

Arthrobacter luteus by its adsorption on b-glucan. Journal of

Fermentational Technology 60, 253–256.
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