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Studies on the production and purification
of an extracellular
protease from a nonpigmenting Serration sp.
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Cultivation conditions for the production of extracellular alkaline protease by a nonpigmentation Serratia sp. and

purification of the enzyme were studied. The maximum enzyme level was obtained at the beginning of stationary

phase when the organism was cultured on brain heart infusion medium at 25°C under aeration (gyratory shaking, 180
cycles/min). The enzyme was purified about 100 fold with 16.5% yield by ammonium sulfate precipitation, ammonium

sulfate fractionation followed by DEAE-cellulose chromatography (ist and 2nd). The purified enzyme moved as a

single symmetrical peak in the analytical ultracentrifuge. The enzyme demonstrated its maximum activity at pH

8.5-9.0 and 40°C when vitamin-free casein was used as a substrate.

The enterobacterial genus Serratia is composed of several
species, all of which produce one to four extracellular pro-
tease(!"¥). Purification and characterization of Serratia
marcescens proteases have been the subject of interesting
research area®® because of the possibie involvement of the
protease in many serratia-induced diseases in humans(*®
and known pathogenicity in a variety of insects(19, Usually,
nonpigmented Serratia strains from various disease lesions
were becoming threat in modern medicine*?), whereas the
alkaline protease from pigmented Serratia marcescens ATCC
25419 has been shown to be the causative agent for
pathogenicity in the boll weevil(19), It has also been reported
that the protease produced by pigmented Serratia strains that
are pathogenic for insects are very similar®®.

Thus, it seems likely that characterization of proteases

from various pigmented and nonpigmented Serratia strains

isolated from different habitats might contribute not only to
an understanding of taxonomic relationships among Serratia
strains but also to the determination of the role of Serratia
proteases in the pathogenesis.

This paper describes the culture conditions for an
alkaline protease production from a nonpigmenting Serratia
strain isolated from soil and a simple purification method for

characterization of the enzyme.
Materials and Methods

Chemicals

Organic chemicals used were as follows: DEAE cellulose
(Schleicher and Schuell Co.); tris (hydroxy-methyl) amino-
methane (Sigma Chemical Co.); Brain heart infusion, gelatin

(Difco Laboratories); vitamin-free casein (Nutritional
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Biochemical Corporation). All salts and reagents were of
analytical grade.
Organism and Maintenance

Serratia sp. strain LW-1 was obtairied from Dr. HD.
Braymer of Louisiana State University. The organism was
originally isolated from scoil and identified as a non-
pigmenting strain of Serratia producing a large amount of
protease. The organism was maintained on nutrient agar
slants at 4°C. All growth studies and production of crude en-
zyme were performed using brain-heart infusion broth.
Crude enzyme production

A loopful of the stock culture was transferred into 25 ml
of the medium (BHI). These cells were grown with constant
shaking (180 cycle/min} on a gyratory shaker at 25°C. Alter
24 hours of incubation, about 0.5ml of the culture was
transferred into 5 two-liter baffle flasks each containing oae-
titer of BHI medium, The cells were then grown at 25°C with
constant shaking {180 cycle/min} for 76 to 80 hours, The cells
were removed by centrifugation at 10,000 ¢ for 20 min. The
supernatant was pooled and stored at 4°C.
Enzymatic assays and Protein Determination

A guantitative assay was performed according to the
method of Kunitz#!) with a slight modification. One mi of
1% vitamin free casein in 0.05M sodium phosphate buffer
{pH 7.5) was brought to 30°C in a water bath, and then 1.0ml
of enzyme solution was added. The reaction mixture was in-
cubated for 20 min at 30°C. Three mi of 50% trichioroacetic
acid was added to stop the reaction and {o precipitate the un-
digested substrate. The undigested substrate was removed by
centrifugation at 25,000g for 15 min and absorbance of the
supernatant was measured at 280 nm. One unit of activity
was defined as a change of 0.1 absorbance unit per 20 min.
The specific activity was expressed as the number of units
per milligram of protein. A qualitative assay for location of
proteolytic activity fractions eluted from column
chromatography was carried out by gelatin spot assay
method. A 3% gelatin solution was brought to beiling to
dissolve gelatin and 0.3-0.5 ml of the gelatin solution was
placed in each hole of the spot assay plate. One drop
{0.05 mbof erizyme solution was added to the assay plate and
the mixture was incubated at room temperature for 20-30
min. The liquefaction of the gelatin after the assay plate was
placed in a refrigerator for several hours indicated the
presence of protease.

Protein was determined by the method of Lowry et al.0%),
A rough calculation of protein concentration was done by

measuring optical density at 280nm { ig(‘;if:)xcm = 225813,
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This procedure was useful for the rapid determination of pro-
tein in column chromatography fractions.
Enzyme Purification

Solid ammonium sulfate was added slowly to the culture
supernatant fluids (57 ), with constant stirring, to a final con-
centration of 80% saturation. After stirring continuously for
one-half hour, the solution was allowed to precipitate for 12
h. The suspension was then centrifuged at 12,000g for 20
min. The resulting precipitate was collected and dissolved in
a minimal volume of cold 8.05 M phosphate buffer (pH 6.8).
The preparation was dialyzed for 16 bours against four
changes of the same buffer. After dialysis, the dialysate was
diluted with 0.05M phosphate buffer (pH 6.8} to protein con-
centration of 20 mg/mi, and the sample was subjected to am-
monium sulfate fractionation. {n this step 30-50% am-
monium sulfate precipiiate was collected and redissolved in a
minimal volume of 0.05M phosphate buffer {pH 6.8). The
ammonium sulfate fractionated enzyme was dialyzed for 16
hours against four changes of 0.05M phosphate buffer (pH
8.0). The dialyzed emzyme solution was loaded to a DEAE
cellulose column preequilibrated with 0.05M phosphate (pH
8.0). After washing o column with the same bufler to
remove nonabsorbed protein, the column was then eluted
with a linear gradient consisting of one column volume of
the equilibrating buffer containing 0.1M KCI and one col-
umn volume of the same buffer containing 0.4 M KCl. Ten mi
fractions were collected and spot assayed. Two sizes of col-
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Fig.1. Growth curves of the nonpigmenting
Serratia sp. LW-1 at different temperatures.

o—® 25C, o—A30T, O—037C. The orge-
nism was grown on BHI medium with shaking {180
cycles/min). Growth was masured by using a Klett
-Summerson colorimeter {Tilter #66).
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Fig. 2. Production of the protease by Serratia
sp. LW-1 at various temperatures.

®—@ 25C, A—A30T, O©—037C. Growth
conditions were the same as those described in
Fig.1. Activity was expressed as units per ml.

umns, 5 X45 cm and 2.5 X 30 cm, were used. Unless other-
wise stated, all procedures were done at approximately 4°C.
Analytical Ultracentrifugation

Analytical ultracentrifugation was performed at 56,000
RPM in a double sector cell using the Schlieren optical
system in a Beckman Spinco Model E analytical ultracen-
trifuge. Timing was begun at 2/3 maximum speed (37,000
RPM) and photographs were taken at 8 min intevals. For the
preparation of sample a 10 mg/ml solution of enzyme was
dialyzed intensively against two changes of sodium phos-
phate buffer, pH 8.0, containing 0.1 M NaCl.
Polyacrylamide gel electrophoresis

Analytical polyacrylamide gel electrophoresis was per-
formed according to the method of Davis(!®. The protein
samples (200 g) in 40% sucrose solution was placed on the
top of upper gel. Electrophoresis was performed in glycine
ibuffer, pH 9.3, for 45 min. Gels were stained with 1% Amido
Schwartz in 7% acetic acid and destained with 7% acetic

acid.
Results and Discussion

Cultivation conditions for the protease production

In order to find conditions where Serratia sp. Strain LW-1
exhibit maximum level of protease production, growth ex-
periments were performed in brain heart infusion medium.
The growth was followed by measuring the increase in op-
tical density using a Klett-Summerson colorimeter (filter #
66).
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Fig.3. Effect of aeration(®—®) and lack of
aeration(A—2) on the production of protease.

The Serratia strain. was grown at 25C on BHI
medium. Aeration w as performed on a gyrotary
Aeration was performed on a gyrotary shaker with
180 cycles/min. Activity was expressed as units
per ml.

Table 1. Effect of gelatin on the production of

Serratia sp. protease on BHI medium at 25°C.

Activity* (unit)

Incubation
Conditions Time Gelatin No Gelatin
aeration 24 9.0 5.0
48 42.9 42.0
72 58.0 59.0
96 85.0 76.0
120 79.0 45.0
144 54.0 29.0
no aeration 24 0 1.0
48 2.5 5.0
72 15.0 12.0
96 .5 .0
120 .0 .0
144 .0 .0

*One unit of activity was expressed as a change
of 0.1 unit absorbance at 280 nm per ml/ of cul-
ture supernatant.

As shown in Fig. 1, the optimum temperature for growth
was around 25°C rather than 30°C or 37°C even though the
initial growth rate {0-20 h) was a little higher at 30°C and
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Table 2. Purification of protease from Serratia sp. LW-1.

Step Protein Specific Total Units of Recovery Fold
(mg) Activity? Activity' Increase
Culture supernatant 63, 000 2.5 157, 500 100 1.0
30-55% (NH,),SO, precipitation 1. 152 87 100, 200 63 35.0
First DEAE-cellulose chromatography 310 253 78, 400 49.8 101
Second DEAE-cellulose 97 269 26, 100 16. 6 108

'One unit of activity was defined as a change of 0.1 absorbance unit at 280 nm.
*The specific activity was expressed as the number of units activity per milligram of protein.

37°C than at 25°C. The organism usually entered its sta-
tionary phase within 70 hours at 25°C and 30°C.

The production of the protease was correlated wtih
growth conditions. The organism began to produce the pro-
tease in appreciable amount at mid logarithmic phase (20
hours) and the enzyme level reached maximum between the
end of logarithmic phase and beginning of stationary phase,
as shown in Fig. 2. The optimum temperature for enzyme
synthesis was 25°C. At 37°C, the organism did not produce
the protease in an appreciable amount. In addition to the ef-
fect of temperature, the production of the protease also de-
pend on the rate of aeration during growth. The organism
showed higher level of enzyme synthesis under aeration at
25°C as shown in Fig. 3.

Decedue et al.®) reported that the culture supernatant
fluid from a 36 hours culture of Serratia marcescens ATCC

25419 contained the highest level of protease when cells
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Fig. 4. Elution pattern of the protease of Ser -
ratia sp. from DEAE- cellulose column chromat-
ography.

KCl gradient elution was performed employing0.05
M potassium phosphate buffer,pH 8.0. ®—@ O.D.
at 280 nm A-—A protease activity, units/ml.

were grown on brain heart infusion medium. But the lag
period and protease synthesis in the non-pigmenting Serratia
strain was not clearly understood in the present study. Ad-
dition of 1% gelatin, which was known to induce ex-
tracellular proteases by various Serratia marcescens
strains® !4 growing on minimal medium, to BHI medium in
the present investigation did not affect the duration of the lag
period (Table 1). However, addition of 1% gelatin to BHI
medium increased the production of protease even at the late
stationary phase when the organism was grown uﬁder aera-
tion.
Purification of the enzyme

A typical purification scheme can be seen in Table 2. The
first step of the purification involved the precipitation of all

desirable protein from culture supernatant prior to further

precise fractionation. The 80% ammonium sulfate
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Fig.5. Second DEAE-cellulose column chroma-
tography of the protease.

About 100mg of the active fractions (peak [I) from
the first DEAE-cellulose column chromatography

was layered on a 2.5X30 cm column. Sample vol -
ume: 15ml.
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Fig. 6. Sedimentation pattern of the purified Serratia sp. protease in the analytical ultracentrifuge.

The photographs were taken at 8 minute intervals. Rotor speed: 56,000 rpm. Temperature: 20C. 10mg/
m! solution of enzyme was dialyzed against sodium phosphate buffer, pH 8.0, containing 0.1 M NaCl prior

to analysis. Sedimentation from right to left.

precipitate usually resulted in a 10 to 15 fold increase in
specific activity with 69 to 75% recovery over the culture
supernatant. The 30-55% ammonium sulfate fraction show-
ed about 35-fold increase in the specific activity with 63%
recovery of total activity. Fig. 4 represents the elution pattern
of DEAE-cellulose chromatography when the 30:55% am-
monium sulfate fraction was applied to the column. Two ma-
jor protein peaks and one minor peak were detected as in-
dicated in the figure. Peak | was non-absorbed washing frac-
tions and peak II, Ill were eluted by the salt gradient. Using
the gelating spot assay, all three peaks were found to possess
proteolytic activity. By casein digestion assay, the peak Il was
found to contain the bluk of proteolytic activity and a total of
40-50% recovery and approximately 100-fold increase in
specific activity of the culture supernatant could be obtained.

This represents 3-4 fold increase of specific activity over the

Fig. 7. Polyacrylamide gel electrophoresis ot the

purified protease preparation.

ammonium sulfate fractionated enzyme preparations. Re-
chromatography of the active fractions (peak Ii, fractions
130-170) of the first DEAE-cellulose chromatography resulted
in only a slight increase in specific activity (Fig. 5) and a
decrease in recovery. This result indicates that the use of the
second DEAE-cellulose step is unnecessary for further
purification.
Homogeneity of the purified protease

The sedimentation analysis of the protease on the Model
E analytical ultracentrifuge revealved homogeneity of the en-
zyme preparations obtained from second DEAE-cellulose
chromatography acitve fractions (Fig. 6). The enzyme

sedimented at a uniform velocity as a single symmetrical
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Fig. 8. Effect of pH on the activity of Serratia
Sp. protease.

Vitamin-free casein(1% w/v) was dissolved in0.05

M potassium phosphate buffer and tris-HCI buffer,
which had been adjusted to the desired pH. ® —@

0.05M potassium phosphate buffer, A—A0.05 M

tris-HCI buffer.
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Fig. 9. Effect of temperature on the activity of
Serratia sp. protease.

One ml of protease was incubated with one m/ of
vitamin-free casein(1% w/v) in 0.05M potassium
phosphate buffer for 25 minutes at desired tem -
peratures.

peak indicating no gross contamination with other proteins.
Electrophoresis resulted in one major band and one faint
trace of minor band (Fig. 7). By this criterion, the enzyme
preparation is more than 95% pure.
Effect of pH and temperature on the protease activity

Using 0.05M tris-HCI buffer, the optimal pH of the
purified enzyme for the protease activity was 9.5 (Fig. 8). In
case of potassium phosphate buffer, the enzyme showed op-
timum pH range above pH 8.5. The pH optima for proteolytic
activity of many serratial proteases have been reported to be
about 98151617 However, one major protease (56 K pro-
tease} of Serratiu marcescens kums 3058 possessed a pH op-
timum of about 5, with gelatin as the substrate®). Neutral Ser-
ratia marcescens protease with the pH optimum range of 5.5
to 7.5 has also been reported®. Thus, the protease isolated in
the present investigation could be classified as an alkaline
Serratia protease.

The results of the optimum temperature study can be
seen in Fig. 9. The optimum temperature for the protease ac-

tivity was 40-45°C using vitamin-free casein as the substrate.
=) ot
P =

A aE Y Astx] E3= Serratia sp. LW- 1 1

Tl 2 protease WA ZR7AS AESy 45

o

=
-

Kor. J. Appl. M icrobiol. Bioeng.

r_’w_’
o L

b

wWlez Adstaleh £ A4S A% A
+ brain heart infusion ¥l x| o} A 25 C 0|3l e
vk & 76 -804 kel H el Falel HEAIA
vebd el Aeration A3 518 flask of] wl x|
17 F3l38}od 180 cycles/min o2 =R Eluljok G}
w] 7} aerationdFz] $totS 739w}t oF 8wl

o] AAaAPAFS Halch

=
:

2L

7]
v
=

¥ o o
" tlo o

842 AAE ammonium sulfate & A, ammonium
sulfate #3934 5l Fw o] DEAE-cellulose column
Zgolg ae}de] ofsled fsioeny, AN &
AA 27t ok 100w, slage) 16% °laich A
# 4 analytical ultracentrifuge patternoll 4
gl 2l 2 Jelyton), 23 A4S dele
vitamin free casein-2 substrate® A}-835}9

pH8.5-9.5°13 2 AHAHLEE 40T & ol

B

AU

32 nfo

o
jasy
£ 5 oo

Acknowledgement

The author wishes to thank professor H.D.
Braymer of Louisiana State University for his

encouragement during the course of this work.

References

1) Grimont, P.A.D. and F. Grimont: Ann. Rev. Microbiol.,
32, 221-248(1978)

2) Liu, P.V.: J. Gen. Microbiol, 24, 145-154(1961)

3) Decedue, CJ., E.A. Broussard, A.D. Larson and H.D.
Braymer: Biochim. Biophy. Acta, 569, 293-301(1979)

4) Matsumoto, K., H. Maeda, K. Takata, R. Kamate and R.
Okamura: J. of Bacteriol,, 157, 225-232(1984)

5) Lyerly, D. and A. Kreger: Infection and Immunity, 24,
411-421(1979)

6) Davis, J.T., E. Folta and W.S. Blakemore: J. Am. Med.
Assoc., 214, 2190-2192(1970)

7) Epstein, E.E. and T.E. Carson: J. Am. Med. Assoc.,
223, 670-671(1973)

8) Maki, D.G., C.G. Hennekens, C.W. Phillips, W.V. Shaw
and J.V. Bennett: J. Infect. Dis., 128, 579-587(1973)

9) Slatten, B.H. and A.D. Larson: J. [nvert. Pathol, 9,
78-81(1967)

10) Slatten, B.H.: M.S. Thesis, Louisiana State University,
U.S.A. (1966)

11) Kunitz, M.: J. Gen. Physiol., 30, 291-310(1947)



Vol. 13, No. 4,

12) Lowry, O.H., NJ. Rosebrough, A.L. Farr and R.J. Ran-
dall: J. Biol Chem., 193, 265-275(1951)

13y Warburg, O. and W. Christian: Biochem. Z, 310,
384-421(1942)

14) Bromke, B. and J.M. Hammel: Can. J. Microbiol,, 25,
47-52(1979)

15) Miyata, K., K. Maejima, K. Tomoda and M. Isono: Agric.

327

Biol. Chem., 34, 310-318(1970)

16) McQuade, A.B. and W.G. Crewther: Biochim. Biophys.
Acta, 191, 762-764(1969)

17) Aiyappa, P.S. and J.O. Harris: Molecular and Cellular
Biochem., 13, 95-100(1976)

18) Davis, BJ.:Ann. N.Y. Acad. Sci. 121, 424-427(1964)



