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| solation and Characterization of Salt-L oving Protease Producing
Bacteria form Fish Sauce Samples

Werasit Kanlayakrit and Preeyanuch Bovornreungroj

ABSTRACT

Fermented fish samples from fish sauce factories in the eastern part of Thailand were used as
sources for the isolation of salt-loving protease-producing bacteria. The conditions for optimal growth
and salt-loving protease production were established for the extremely hal ophilic bacteria. Two hundred
and eighty five strains of halophilic bacteria were isolated. Among these isolated strains, atotally ten
strains of extremely halophilic bacteria exhibited the highest salt-loving proteases producing ability.
Maximal growth and salt-loving proteases of these strain occurred in mM 73 agar medium at 4M (24 %,
wi/v) NaCl. Ontheother hand, bacterial growth and salt-loving protease activity did not occur when NaCl
concentration in mM 73 agar medium was lowered to 2M (12 %, w/v). All of these strains were further
secondary screened in liquid medium. These selected strainswere cultured on arotary shaker at 200 rpm
at 37 °Cin M73liquid medium with 4M (24 %, w/v) NaCl at pH 7. The bacteria strain PB407 exhibited
the highest salt-loving protease activity. In addition, the strain PB407 was identified and characterized.
It was a Gram-negative, rod. The colonies were circle with red pigmentation. Growth occurred in a
medium containing 17.5-25 % NaCl. Based on the data obtained in this study, it was concluded that the
extremely halophilic bacteria strain PB407 belonged to the genus Hal obacterium.
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INTRODUCTION

Fish sauce is a brown liquid with unique
aromaandflavor andisrichinaminoacids(Saisithi,
1994). It is widely used as a condiment and
seasoning in most countries of Southeast Asiaand
is gradually gaining acceptance worldwide. Fish
sauceisprepared by adding one part of solar-dried
marine salt to three parts of small fish such as
anchovies and sardines, and alowing them to
solubilisein closed tanks at tropical temperatures.
When most of the fish tissue has solubilised, the
liquid fish sauceisdrained off and filtered toyield
a clear amber solution. The residue is extracted

with brineto giveasecond-quality fish sauce. This
procedurecanberepeated until almost every tissue
fraction has solubilised.

The solubilisation, which occursmainly as
aresult of autolyticaction by thedigestive proteases
infishand enzymesfrom bacteriapresent on/inthe
fishandsalt, usually takes6to 12 months(Beddow,
1998). Theactivitiesof theenzymereducesdueto
the high salt concentration up to 25% (w/v) NaCl
which occursduring fermentation and delayed the
fermentation period. This means that a large
capacity of storage tanks is required. To reduce
this need and hence, capital investment, it is
desirable to speed up the solubilisation. This
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situationhasledinvestigator tolook for alternatives
to the traditional fermentation method. Recently,
commercialy available enzymes, extracted from
various plants, animals and bacteria were used
with the aim of decreasing the production time.
Theresultswereinconclusiveasenzymaticactivity
decreased significantly at high salt concentrations
(Beddow and Ardeshir, 1979; Raksakulthai and
Haard, 1992; Thongthai et al., 1992).

Extremely halophilic bacteria or
hal obacteriahavebeen defined asmicroorganisms
which grow best in media containing 2.5-5.2 M
(saturated) NaCl (Kushner and Kamekura, 1988).
They are found in solar salt, on the surface of
dried-salted fish and in fish sauce fermentation
tanks (Larsen,1984). Using enzymes from these
bacteriain industrial processes has advantage of
optimum activities at high salt concentrations
(Ventosaet al., 1998).

In order to speed up fish sauce production,
the addition of proteolytic enzyme was favored
since proteolysisisthe fundamental reaction that
takeplaceduring fermentation. Onthe other hand,
enzyme from extremely halophilic bacteria
required high salt concentration for activity,
stability or both. Consequently, isolation and
characterization of the strongest salt-loving
protease from extremely halophilic bacteria was
investigated.

MATERIALSAND METHODS

1. Isolation of halophilic bacteria

Fish sauce samples were obtained from
fish sauce factory in the eastern part of Thailand.
Approximately 1 ml of each fish saucesamplewas
added into 7 ml of Seghal and Gibbons Complex
medium (SGC) containing 2, 3or 4M NaCl (Sehgal
and Gibbons, 1960). The inoculated media were
incubated on rotary shaker at 200 rpm at 37 °C
until red turbidity appeared. The turbid cultures
were streaked on SGC broth containing 1.8 % (w/
v) agar and incubated at 37 °C for 7 to 10 days.

Coloniesweresel ected based on col ony appearance
and on microscopic inspection of the cells. The
most diverseisolates, betweenfiveandtendifferent
ones per enrichment were chosen for further
purification and characterization.

2. Screening of halophilic protease producing
strain on solid medium

All bacterial isolates were subcultured in
SGC medium with the appropriate (2, 3 or 4M)
NaCl concentrations. They were tested for
proteolytic activity on modified M73 (mM73)
agar medium containing 0.8 % of sterileskimmilk
and suitable NaCl concentrations (2, 3 or 4M) for
each isolate (Norberg and Hofsten, 1969). The
cultures were incubated at 37 °C forl0 days. A
positive reaction for the proteolytic test was
indicated by theclear zoneof skimmilk aroundthe
colony. Thewidth of clear zonewas considered to
be directly related to the amount of extracellular
protease produced. The strain having the highest
ratio of clear zone diameter (mm) to colony
diameter (mm) was selected.

3. Determination of NaCl concentration on
growth and enzyme production

Thesel ected strainwasspotted ontomM 73
agar medium supplementedwith0, 1, 2, 3,4 or 5M
NaCl and incubated at 37 °C for 10 days. The
colonieshaving both fast growth and high enzyme
production were selected based on aratio of clear
zonediameter (mm) tocolony diameter (mm). The
strainhavingthehighest ratio of clear zonediameter
(mm) to colony diameter (mm) at high salt
concentration was selected.

4. Screening of highest halophilic protease
producing strain in liquid medium

Each of theten strainsobtained asextremely
halophilic bacteria was cultured in 250ml
Erlenmeyer flaskscontaining 80 ml M 73 (Norberg
and Hofsten, 1969) broth medium with 4M NaCl,
pH 7.0. Inoculation was performed with 5 % (v/v)
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seed culture that had been grown for 3 daysin the
af orementioned growth medium. Thecultureswere
incubated onarotary shaker at 200rpmat 37 °Cfor
7-10 days. A 5ml of culture broth was taken out
every day and centrifuged at room temperature.
Cell free supernatants were used for measuring
protease activity. The harvested cells were
centrifuged at 6,000xg two times with 4M NaCl
solution, and were used for measuring growth.
Growth were measured turbidically at 600 nm
using a spectrophotometer (U V-1201 Shimadzu,

Japan).

5. Assay of the protease activity

The protease activity was assayed using a
modified method of Sarath et al. (1990). The
reaction mixture for assay of protease activity
contained 75 pl of a suitably diluted enzyme
solution and 125 pl of 2% azocasein in 50mM
Tris-HCI buffer, pH 8.0. After incubated for 30
min at 40 °C, the reaction was terminated by
adding 600 pl of 10 % (w/v) trichloroacetic acid
andthenthemixturewascentrifuged at 2,500xgin
a personal centrifuge minispin (Eppendorf,
German) for 10 min to remove the precipitate.
After adding 600 ul of the supernatant to 700 pl of
1M NaOH, theabsorbanceat 440 nmwasrecorded
with a spectrophotometer (UV-1201 Shimadzu,
Japan) against a reference tube of control which
prepared by mixing enzyme solution,
trichloroacetic acid and substrate in that order.
One arbitrary unit (AU) of protease activity was
defined as the amount of enzyme required to
produceanincreasein absorbanceat 440 nmof 0.1
in a1 cm cuvette, under the above mentioned

assay.

6. Taxonomic study of the selected strain
Identification of the selected strain was
determined according to morphological,
biochemical, physiological and nutritional
characteristics following the standard procedure
(Larsen, 1984). Gram stain was performed by

using acetic acid-fixed samples as described by
Dussault (1955). Theuutilization of sugar and other
compoundsas carbon sourcesand acid production
from these compounds were determined in SGC
medium modified asfollows: theyeast extract and
Casamino acid were reduced to 0.25 g/l. Each
potential carbon source was added to a final
concentration of 5 g/l from a concentrated sterile
solution (Oren et al., 1995).

RESULTSAND DISCUSSION

1. I solation and screeningof salt-loving protease
producing halophilic bacteria

In order to isolate extremely halophilic
bacteriawhich could produce halophilic protease,
enrichment cultured of samplesfromdifferent fish
saucefactoriesintheeastern part of Thailandwere
plated on a solid medium containing 2, 3 or 4M
NaCl. Table 1 showsthesourceand distribution of
al isolates that have ability to grow at different
NaCl concentrationsaddedin SGC medium. From
atotal of 285isolates, 107, 98 and 80isolateswere
grown on SGC medium containing 2, 3 and 4M
NaCl concentration, respectively. Significantly in
ability to grow at different NaCl concentrations
with respect to the sources of the sample were not
observed. These results showed that most isolate
strainscould grow on SGC mediumwith 2M NaCl
more than 3M and 4M NaCl, respectively.

It should benotedthat extremely hal ophilic
bacteria required high NaCl concentration for
growth. Thenutritional requirementsof theknown
species are similar possibly as a consequence of
the use of enrichment and isolation conditions:
they commonly grow in rich media containing
amino acid and yeast extract (Oren, 2002).

All of 285isolateswere examined for their
ability toproduceproteaseasdescribedinmeaterials
and methods. Estimation of the intensities of
enzyme activity was based on aratio of clear zone
diameter to colony diameter. Interestingly, almost
12 % of theisolate were found to secrete protease
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Table 1 Sampling placesand distribution of halophilic bacteriaisolated from fish sauce samplesin the

eastern part of Thailand.

Sampling @ Places Numbers of halophilic bacteriaisolated Tota
on SGC medium at various NaCl concentrations (isolates)
2M NaCl 3M NaCl 4M NaCl
1 19 27 34 80
2. 16 9 14 39
3. 32 27 21 80
4. 30 23 9 62
5. 10 12 2 24
Total (isolates) 107 98 80 285

a 1. Picha Fish Sauce Co. Ltd, Chon Buri
2. Dumrongsin Fish Sauce Factory, Chantaburi
3. Sang-authai Fish Sauce Factory, Trat
4. Pornpimol Fish Sauce Factory,Trat
5. Homemade Fish Sauce, Trat

in the medium with 2-4M (12-24 %, w/v) NaCl
added (Table 2). Among these 34 isolates, 16, 8
and 10 isolates could grow on SGC with 2, 3 and
AM NaCl, respectively as shown in Table 2.
Therefore, the ones possessing high salt-loving
protease activity were selected.

2. Effect of NaCl concentration on growth and
enzyme production

Theeffectsof NaCl concentrationongrowth
and enzyme production were determined by
selecting 24 high protease producing i solatesfrom
Table2. On the basis of growth and protease
production, the isolates were divided into three
groupsasshowninTable3. Thefirstgroup (PB201,
PB202, PB211, PB213, PB214 and PB215) could
grow on mM73 medium with 1 to 4M NaCl
whereasgroup |1 (PB301, PB302, PB303, PB304,
PB305, PB306, PB307, PB308) required 1, 2 and
3M NaCl. Ontheother hand, thegroup 111 (PB401,
PB402, PB403, PB404, PB405, PB406, PB407,
PB408, PB409, and PB410) could grow only in 3-
5M NaCl.

Inaddition, proteaseproductionwasfurther

investigated. The results indicated that group |
produced proteasein the mediacontaining only 2-
3M NaCl, group Il 1-3M NaCl andgroup 11 only
4-5M NaCl. All of these isolates grew on media
containing between 1-4 M total salts, Thus, they
couldbeclassified ashal ophilicbacteriaaccording
to the classification proposed by Kushner (1985).

It was interesting that all isolatesin group
111 had ability to grow at 3-5M NaCl but a salt-
loving protease activity occurred only at 4-5M
NaCl on solid medium (Table 3). Among these
isolates, the strain PB407 had the highest value of
theratioof colony sizetoclear zonesize, indicating
that it exhibited the highest protease ability and
excreted extracellular protease that displayed a
remarkable salt-loving protease with highest
activity at 4M NaCl on mM73 agar medium as
shown in Figurel.

The data presented here clearly
demonstrated that all of ten isolates in group 111
having colonies on solid media that were pink to
redish pink (Figure 1). Since all isolates had salt
requirements for growth above 3M (18 %, wi/v)
NaCl, they exhibited similar characteristics to
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Table2 Screening of protease producing strainson mM 73 agar medium supplemented with 2, 3and 4M
NaCl.

NaCl (M) Isolated No. Clear zone (A) (mm)  Colony size (B) (mm)  A/B ratio(mm/mm)

2 PB201 23.80 8.60 2.77
PB202 30.00 8.40 3.57
PB203 21.20 7.91 2.68
PB204 23.20 11.40 204
PB205 12.10 9.90 122
PB206 22.10 12.40 1.78
PB207 25.05 19.30 1.29
PB208 11.80 10.50 112
PB209 22.80 15.10 151
PB210 13.70 8.25 1.66
PB211 17.30 4.40 3.93
PB212 22.90 11.10 2.08
PB213 14.70 10.00 252
PB214 16.40 4.30 3.00
PB215 10.55 4.30 341
PB216 16.40 10.50 1.56

3 PB301 10.55 4.60 2.28
PB302 13.60 4.30 3.16
PB303 14.10 5.10 2.76
PB304 22.10 12.40 1.78
PB305 23.20 10.94 2.12
PB306 10.50 4.71 2.23
PB307 13.10 6.04 2.17
PB308 14.10 491 2.87

4 PB401 15.00 6.25 240
PB402 13.60 4.34 3.13
PB403 13.10 5.70 2.35
PB404 10.50 4.75 221
PB405 234 6.05 3.86
PB406 26.9 7.9 341
PB407 28.10 711 3.95
PB408 15.87 6.18 2.57
PB409 16.30 4.55 3.58

PB410 14.90 8.18 1.82
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Table 3 Effectsof sodium chloride concentration on growth and protease production of selected strains
cultured on mM 73 at 37°c for 10 days.

I solate no. Ratio of clear zone diameter (mm) to colony diameter (mm)
OM NaCl 1M NaCl 2M NaCl 3M NaCl 4M NaCl 5M NaCl

PB201 - 154 2.85 2.99 - -
PB202 - 5.83 4.59 164 - -
PB211 - - 2.98 1.95 - -
PB213 - - 4.35 2.65 - -
PB214 - - 3.75 2.39 - -
PB215 - - 261 204 - -
PB301 - 4.58 4.04 2.28 - -
PB302 - 2.02 3.35 2.49 - -
PB303 - 2.34 2.59 3.24 - -
PB304 - 2.86 451 141 - -
PB305 - 3.79 3.53 1.38 - -
PB306 - 3.96 4.88 177 - -
PB307 - 2.97 6.58 177 - -
PB308 - 2.17 6.98 - - -
PB401 - - - - 2.62 2.09
PB402 - - - - 3.40 244
PB403 - - - - 281 1.63
PB404 - - - - 2.83 -
PB405 - - - - 4.10 153
PB406 - - - - 3.58 192
PB407 - - - - 3.84 1.88
PB408 - - - - 2.84 2.36
PB409 - - - - 3.77 2.35
PB410 - - - - 2.63 1.68

Figure 1 Growthand salt-loving protease production of the strain PB407 on mM 73 solid medium with
3,4 and 5 M NaCl incubated at 37 °C for 7 days.
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extremehal ophilesasreported by Grantand L arsen
(1990). Moreover, thecharacteristicsof proteolytic
enzymesfromthisgroupweresimilarto proteolytic
enzymes from the extremely halophilic bacteria
(Halobacteriumsp.) (Norberg and Hofsten, 1969;
Kim and Dordick, 1997). Therefore, the bacteria
of thisgroup were selected for characterizationin
the next experiment.

3. Screening of salt-loving protease producing
strain in liquid medium

Tenstrains(PB401, PB402, PB403, PB404,
PB405, PB406, PB407, PB408, PB409and PB410)
of extremely halophilic bacteria which had an
interesting salt-loving protease activity on solid
medium were further screened for salt-loving
protease activity in liquid medium. All of them
were grown at 37 °C in M73 liquid medium on
rotary shaker at 200 rpm. Theextremely halophilic
bacterium strain PB407 also showed the highest
salt-loving protease activity as on mM73 solid
medium (Figure 2).

Time course production of salt-loving

protease and growth of this strain is shown in
Figure 3. Salt-loving protease production by this
strain was observed after 2 days of incubation, as
the culture became dlightly red in color. Growth
and protease production increased to maximum
after 5 days of incubation, followed by adecrease
in both growth and enzyme production similar to
the report of proteolytic enzyme from
Hal obacteium salinarium (Norberg and Hofsten,
1969; Kamekura and Seno, 1990).

4. Taxonomic studies of a selected strain

The cultural characteristics of the strain
PB407 arelisted in Table 4. When this strain was
grown inthe SGC medium, it wasrod shaped and
Gramnegative. Coloniesonagar platewerecircular
with red pigmentation as shown in Figurel. The
straingrew aerobically inliquid SGC mediumand
required high salt concentration for growth. The
range of salt concentrations, pH and temperature
for growthwere 17.5-25 % NaCl, 5-8 and 30-45 °
C, respectively.

The biochemical characteristics of this
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Figure2 Screeningof extremely halophilicbacterial strain producingsalt-loving proteaseinM73liquid
medium pH 7.0 incubated on rotary shaker at 200 rpm at 37 °C for days.
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Figure 3 Timecourseof growth and salt-loving protease production by the strain PB407 in M 73 liquid

medium pH 7.0.

Table4 Cultural characteristics of the strain PB407.

Characteristics Strain PB407
Gram stain negative
Pigmentation red
Shape rod
Cultural characteristics:
Growth at :

30,37 ,45°C +

50°C -
Growth at pH :

3,4 -

56,78 +

9,10 -
Growth at NaCl concentrations (%)

0,25,5.0,75,10.0,125,15.0 -

17.5,20.0, 225, 25.0 +

Symbols: +, positive; -, negative

strain (PB407) werea soinvestigated, asshownin
Tableb. It was aerobic and exhibited positive
oxidase and catalase reactions, and gelatin
liquefaction. It did not grow inany carbon sources
listed in Table 5.

Therefore, the bacterial strain PB407 was

selected for further studies sinceit appeared to be
the best extracellular protease producer. It had an
optimum growth at 17.5-25 %, w/v NaCl and did
not grow without NaCl. Based on the definition of
Kushner (1985), strain PB407 could be classified
as extremely halophilic bacteria. According to
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Table 5 Biochemical characteristicsof thestrain
PB407.

Biochemical tests Strain PB407

Catalase test

Oxidase test

Gelatin hydrolysis

Starch hydrolysis -

H,S production

Indole production

Growth factors requirement

Carbohydrate fermentation
Glucose
Galactose -
Mannose -
Fructose -
Ribose -
Maltose -
Lactose -
Sucrose -
Glyceroal -

+ 4+ +

+ 4+ +

Symbols: +, positive; -, negative

morphological, physiological and biochemical
characteristics, thestrain PB407 wasclosely rel ated
to the species of the genus Hal obacterium (Grant
and Larsen, 1990).

CONCLUSIONS

Totally, 10 of 285isolatesfrom samplesof
various fish sauce factories in the eastern part of
Thailand exhibited high salt-loving protease
activity. All of these strains were secondary
screened for salt-loving protease production in
M73 liquid medium. The strain PB407 produced
thestrongest salt-loving proteaseinliquid medium
aswell asinthesolid medium. Interestingly, it had
ability to grow and produce salt-loving protease at
4-5M NaCl. Thesefactsledtotheconsideration of
using this bacterial strain in production of fish
sauce to accelerate the proteolysis and shorten

fermentation period. From the investigation of
morphological, physiological and biochemical
characteristics, it was concluded that, the strain
PB407 belonged to the genus Hal obacterium.

These studiesdemonstrated that halophilic
protease from Halobacterium sp. PB407 was a
good candidatefor applicationonthebiotechnol ogy
of fish sauce fermentations. However, further
research is needed, including investigation of the
in-dept characteri zationsof thishal ophilic protease,
identification of the strain by using the modern
techniquesand evaluation of possibility tousethis
protease in fish sauce fermentation.
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