CHAPTER IV

RESULTS AND DISCUSSION

Screening of protease-producing halophilic bacteria

Thailand (Table 8). Of the straig ed, 46 exhibited, protease activity in skim milk agar

plate containing 10%(w/x ed clear zone on 15%(w/v)

NaCl (Table 9). Twelve frg 1-1, BN1-1, HUT1-1, NB2-

1, NB3-1, ND1-1, PL1-1 4-4 were selected for the

protease activity assay in bfot ( $\§\\\ protease production in 10%
and 15%(w/v) NaCl, 5 strainsfve ﬁ \

Finisad <4
2. Protease activity assay™~—

To measure p more-quantitatively, the culture

supernatant of each sitarrwas-us :‘ 9d. Coolbear et. al.(1991)
iy v

reported that there is rg neces ; tlo etween zones of clearing

around colonies on milk- aggr lates and Ievelse} protease produced

Y ‘}”ﬂ‘ﬁm ¥ W) Pyeg mavimar prtease a

0.025 and 0. O2421.|nlts/mg protein, re%pectlvely. in the presence of &9% (w/v) NaCl. In

the presﬁﬂﬂr a/ﬁﬂﬁtmgﬁwq‘%jﬂ quﬁ; E}n 52 units/mg

protein) thanh PR5-1 ( 0.0089 units/mg protein) From this result , the strain NB2-1 was

selected for further study.



Table 7. Source of isolations

Location, Province ' Sample code

No. sample

Nang lueng, Bangkok BN1, BN2
Thaewast, Bangkok BT1, BT2, BT3
Suanphloo, Bangkok BS1, BS2, BS3

Banna, Nakhon Nakyok B1, NB2/NE3; NB4, NBS5, NB6
Chiangkhan, Loei
Nakhon Ratchasima
Ta-lad Thai, Bangkok
Thonglaw, Bangkok
Kalasin
Yangta-lad, Kalasin
Chaiyaphum
Samrong, Samut Prakarn
Bangkhunsri, Bangkok
Bangkhunnon, Bangkok
Prachinburi TS ——————PRI-PRZPRI;PRAPRE,FAT,
]
Donglakhorn, Nakhon Naky.ok ND1, ND2, QIP3 ND4, ND5

ST ﬂ‘UEJ’J RAEAINEINT

Phrannok, Bangkdkl PL1, PL2 BL3
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6
Samyan , Bangkok TSY1, TSY2, PaSY1, PaSY2 4
Dairy Hut, Singburi HUT 1
Total 65
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Table 8. Protease activity of the isolates on skim milk agar

Protease activity

No. Isolate No. (Clear zone)
10%NaCi 15%NaCl

1 A + ++
%) +++
3 .

4 ++
5 +
6 -
7 +
8 +
9 -
10 =
11 +
12 =
13 +4++
14 st
16 ND1- 1 g
. ﬂwmwmwmm +
17

o AW nsmumwmaﬂ
19 ’jﬁg #4+

20 PasY1-3 + -
21 PasY2-1 + -
22 PaSY2-2 + -
23 PL1-1 e ++
24 PL3-1 +++ 4+
25 PR2-1 ++ +




Table 8. (Cont) Protease activity of the isolates on skim milk agar

Protease activity

No. Isolate No. (Clear zone)

10%NacCl 15%NacCl
26 PR2-2 *++ = 2
27 +4++
28 +
29 +
30 3
31 2
32 .
33 %
34 %
35 3
36 F
37 5
38 =
39 =
41 -
“ FfoEJ’JVIHﬂiWEJ’Iﬂ‘i -
43 n$Y2-1

4

a

46 TSY4-4

+++

¢ ARTRNTIINTINY A

+++

+++strong; ++ moderate+ weak; - negative
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Specific activity (U/mg protein)

Dry weight cell (g%)

0.0300
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BN SS PR PL NB NB ND HUT TSY BKN
1 11 51 11 31 21 11 11 44 11

strain

Figure 5. Dry cell weight of the 12 strains tested when
grown in halobacterium JCM No. 168
containing 10% or 15% (w/v) NaCl.
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Identification of strains

il Il hol | char. isti
All the isolaltes were rod-shaped, aerobic, Gram-positive bacteria. Some
were Gram-variable upon the culture aged. Colonies were cream white or cream with

pale yellow. They produced catalasa lase, and DNase, and grew in the medium

6, and at pt _#Most of them grew at 45 and 50 °C.

8 e test were negative. Nitrate
reduction, hydrolysis :y ine, “star _ Tween 80 were variable
characteristics as sho f N S .\\\.‘ from glucose but not from
._

_

e @absence of NaCl (Heyndrickx et.

melezitose and most D-cellobiose, D-fructose,

glycerol, myo-Inositol, m Je isolates were moderately
halophilic bacteria based
al., 1998 ).

The selected sifain, NB2
The strain motiled by means —é’ﬁ% 2

and NB2-1 were preseniec sition (Figu v_ d 7). Colonies of strain

N
NB2-1 was circular to 'V cre amy white agar plate.

approximately 0.6-0.8x.1.5-3.5 pym.
3. Ellipsoidal endospores of BN1-1

Strain NBE1 could grow at 30 - 50 °C but #eét at above 50 °C and grew

optimally at pH 6-9 buﬁi t_gro t i( is.strain .grew in presence of
0 - 20%NacCl buﬁtu i i'm:glﬁ ﬂﬂ@ﬂj The strain NB2-1 did
not grow undera?aerobic conditions ¢ Casein, gelétin, Tween 80 esculin were
hydrolys@q eﬂa@ﬂrmnimmmjgmzlaiﬁ strain NB2-1

were shown in Tables 9-10.

hemotaxonomic characteristics and DNA
Eleven strains contained meso-diaminopimelic acid as the diagnostic
diamino in the cell wall peptidoglycan, except strain ND1-1. The predominant
menaquinone was menaquinone with éeven isoprene units (MK-7) for 5 tested strains .

The genomic DNA G+C content ranged from 36.2 to 49.6 mol% (Table 12).



40

3. Phylogenetic analysis
The 16S rDNA sequence of strains BN1-1, SS1-1, and PR5-1, comprised

of 1350 were analysed as the representative strains. The 16S rDNA sequence similarity
of BN1-1 and the type strain Virgibcillus marimortui DSM12325' was 99.8% while SS1-1
and PRS-1 with the type strain Virgibcillus halodenitrificans DSM 10037 (=JCM 12304)
was 99.7%. A phylogenetic tree q[ ? 'f 'SS1-1, and PR5-1, generated using the

neighbour-joining based on 16@5}&3&@ isisshowed in Figure 8.
— S 7;7

Figure. 6 Scanning el¢gfron micrograph of

- " —
medium JCM‘[:th. 168 containing 10% NaCl at SZ-J’C for 5 days.

Figure. 7 Scanning electron micrograph of strain NB2-1 grown on halobacterium

JCM No. 168 medium containing 10% NaCl at 37 °C for 5 days.



Table 8. Morphological, and physiological characteristics

© Hydrolysis
= | B g
] =t [ (]
Isolate Cell Growth in ( %NaCl) Growth at pH e = =S 5 =
No. = 2 1
No. - 8 L 8 @ Q
) o Q = e & & = @
h [} 5 e = = { =
Shape | Gram | 0| 5 | 10| 15|20 |5 |6 5 : S | 5| 8| E 2| 8 £ 2| 8
P s- -2 l S b2 | S L 5] &l =
1A Rods . + |+ | + + = -1+ ] 4 .;, = = 4 % % = = =
2 | BKN1-1 Rods + + |+ + |+ - l-1+] + B + - z + + = 5 +
3 | BKS1-1 | Rods + B el el = iele 4 = " " 2 el e i s 1s
e
il
4 | BN1-1 Rods + + + + + - -+ | + Wt = +7 - = - + + + - - -
: e
5| BSR1-1 | Rods + O (R A A S I I + J + - 2 - - + + = = =
6 | BSR3-1 Rods + + | % | + + -1+ + rﬁ"?‘ + - - - 5 + + - 2 =
7 | BSR4-1 Rods + S O ) S (= (= [ B i + - - + + ¥ 4 = = =
8 | BT3-1 Rods + + |+ + | + -l -1+ = + + + + - = -
9 | HUT1-1 Rods + = s o ) S = - + + + - # e
10 | HUT1-2 Rods + + |+ + | + = = = " + = - + + + + - + o
11 | HUT1-3 Rods + + |+ + |+ - -+ ]+ ; + - - + + - = ND + + + 5 = -3
12 | L1+ Rods + + |+ |+ ]+ - F I ' I‘ﬂ f“ i - = + + ' % = = |l e
13 | NB2-1 Rods + [0 =l e + - -mj C 2] I + - & + & J - = - + + + - - #
¢ £h [¥
i s || = “ - + 4 + = = =
14 | NB3-1 Rods + s 1l e | o -+ -l g s 5 1:\ . + + J, ~ It
15 | ND1-1 Rods + + | + | + = + Gld- l [\ v = + + = = "
16 | ND2-1 Rods + - 13 O A IR = | = + - + + + - & + + + + + s -
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Table 9. (Cont) Morphological and physiological characteristics

Hydrolysis

S 5

Isolates Cell Growth in ( %NaCl) Growth at pH k°C L § g

=
No He. = g g ? = c | < .§ §
§ |5 |S| 8|5 (8|8 |88

4 ie] @© = o) O
Shape Gram 0 |5 | 001 15[ 20 6 5 & 2 ® 5 3 8 P ¥ E
17 | PA1-1 Rods + ol 1 110 I (S + | + - - - + + | + + - - -
el oL
18 | PaSY1-1 | Rods & lel=% k&l Z1e B : e Nl =k el odeilsl
19 | PaSY1-2 Rods + S o - ) + - L _ - - + + + + + - =
20 | PaSY1-3 Rods + S+ ] - + |+ + | i = 2 + w1 % il = (s =
21 | PaSY2-1- Rods + et (B (S + - + | = - = - - + + + = = = 4
22 | PaSY2-2 Rods ;- = S [ i e o | (A (I » — + - < = + + + + % 3 %
23 | PL1-1 Rods # |#l+] ] #] - +]+]+ = B [T || = ; sl Il ==l s
P o
i %
24 | PL3-1 Rods + | | A U Sl P -1 = s = + + = - +
25 | PR2-1 Rods & + |+ ] + + - + - - + + + = o+ =
26 | PR2-2 Rods + C | (B 1B + - ool = - = + + $ = = N
27 | PR5-1 Rods R + |+ wl - + | + - = N Y Y T
[}
o -+ ] 4+ + - + | + < - + + - - + + + - - - -
28 | PR5-2 Rods + i A’ o
29 | PT2-1 Rods + aodl 6 I - + - + J I + i + + + § = = =
30 | PT4-1 Rods + ol [ + - <ol s + | & + A + - a4 + + + - = =
B

31 | PT5-1 Rods + o [ i - + ) - r} a + + + = = s
32 | PT6-1 Rods + + |+ + |+ Q- + |+ |+ =4 + = 5 3 + # | + | - < <
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Table 9. (Cont) Morphological and physiological characteristics

Hydrolysis

S (o3

lepiates Cell Growth in ( %NaCl) Growth at pH £ - = 2

= =

8
No Ne: ® ® & g B 2 S
) o = o £ = = 2 P
Shape | Gram |0 |5]|10]| 15|20 |56 5 Bl 8|S |E|2 |28 (5] ¢&
P ==l S 1S I8 I8 (8 |5 |3
33 | RM1-1 Rods + ++] + | + = =1+ | = = + + + + = = +
34 | RM2-1 Rods + + | £ + + - =1+ ] + - - + + + - - +
35 | RM3-1 Rods + | 2 R -+ |+ + (3 - = = = + 4 % + - 5
36 | SS1-1 Rods + + |+ | + + = -+ + + | = = = ¥ % @ s = =
37 | TSR1-1 » Rods + Sl ] + = | +f%] - _ i = = + % i & & = e
38 | TSR2-1 Rods + ol [ + - = 1 ] - _;__ + + - - - + + + - - -
39 | TSR2-2 Rods + +|+] + | + A IE S o O = : + + - - + + + + + = =
40 | TSR5-2 Rods % S 1P T PSP e - = = 2l mll @l e I =
41 | TSR6-1 Rods + Fliml el el e [l - S ‘ s % 2 I mil = %
42 | TSY1-2 Rods + + |+ | + # - - | + [ & = + + + + & = =
43 | TSY2-1 Rods + + |+ + | + = e e + |+ | + - + + + - = = + + + = = -
- - + + 5 a4 . + = = + + + + - 5
44 | TSY2-3 Rods + ol el O [ + Ak e L +
45 | TSY4-2 Rods + + [ sk + - + .F I g | + = 2 + i@ + E = .
46 | TSY4-4 Rods 4 il e |+ ]+ | -]l Vs ¥ % l + = z - 4 3 |+ 5 s 5
ARIANNIUUN B
|
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Table 10. Acid from carbohydrates

®w0_>x'o ' ' ' ' ' ' ' ' ' + ' ' ' ' ' ' '
esoleyal-q | H ' + ' ' ' ' ' + + ' + ' ' + il '

_Ou_eowlo ' 0 ' ' ' ' ' 0 ' + ' ' 0 ' ' ' [

2s01ong +H + + ' + + ' ' ' + ' + ' ' + ' '

ulles | + ' + + ' ' + + + + + ' + + ' + +

asogy-g | + + ' ¥ ' + + + + + + + + + + + -

QWOCENEm 0 ' 1 ' ' ' ' ' [ + ' 1 ' {] ' .I [

OWOCENm ' ' 0 ' ' ' ' ' ' + ' ' ' ' ' v
9S0)IZo|aN ' ' ' ' ' ' ' ' - ' . ' ' &

L} ' . ) L] ' '
¥

) ' ' +
[oNuUE _ S I8 ™

; w13 NN L R |
- ﬁ — g J.I.,—,
s + A — _ A. + | +
bt
i + l ' ' '
sol-0A | =y =
(@] 0. ' ™ ' ' b o *= + +
L. ?
—
C__DC_ ' 0 ' 0 0 ' ' ' ' + ' ' ' '

o |+ |+ |+ [+ ]| +|+|+]+]+]+]+]+]+]|+]|=
ssoonog |+ |+ |+ ]|+ |+ ]+]++]ls] o]+l +]s]4+]+
8s0]oee9-q + + ' ' + ' ' ' ' . ' e ' ' ' ' +
esoporug-g |+ |+ |+ |+ |+ |+ ]+ ]+]++]+] |+]+]+]+]+
esoiqoieo-g |+ |+ | + | ¢ RN YRR EE R o+ |+
asouiqesy-] | ! . ! . ' . . oo (BT [T . ' . ' . .
3
2 . - | - = | =1 -] =
g 2 zlz|z|xl2|2|alelelc|-(ala|zl&]2
2 2 ilxizlalalal@2ISIS|2|I|lalala]d |<
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Table 10. (Cont) Acid from carbohydrates
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Isolates 2 § ® 2 5 2

No. 2 17} o o = = » 3 @ ® °© .8
No. E18)8 (5|8 g W 2 g | 2 | 8 : 8l c| 8|8 38|83
® 3 2 © 2 8 = = S \ 3 s E 8 S g 2 >
< o B Q Q = |l 5 o) S 8 e = S 3 | = | 2
By &) fa) &) a O} s = 14 z fa) ) @ a) [a) o)
18 PaSY1-1 + + + - + - - - - - + + + + + +
19 | PaSY1-2 - - + - + + = - - - a < : e i = + t _
20 | PaSY1-3 + + + + + ot - - % - + + + - + =
21 PaSY2-1 + - + + + - - - + 1ol + + - - + + + + + + -
22 | PaSY2-2 + + + - + + + il - + - + + + + + -
23 | PL1-1 - - + + + + = - i L - - - - + - + - + -
24 | PL3-1 - - + - + + - et - - - - - - - + - - -
25 PR2-1 - + + - + + - + ‘ -:.i:" - - - - - + - - + -
26 | PR2-2 - + + - + + - + A - - - - - + = = = =
27 | PR5-1 - - - - + - - - - - + - - - - -
28 | PR5-2 : : + + + + - = - - - + . . ; - ;
29 | PT2-1 - + + + + # - - ¢ = = = + = - - =

g
30 | PT4-1 - + + + + + s 3 + - + - - - = = + = s = =
31 | PT5-1 = = + + + 2 2 s, + -V Ny = 2 . + - + = + .
32 | PT6-1 - + + + + 5 = 3 s e j' - = + + 2 2 = 5
33 | RM1-1 - + + - + + ﬂ - - + - + - - - - + + - - - -
— &

34 | RM2-1 - - + . + o ‘aYa 7\ LA | - i * . . . :
35 | RM3-1 + + + = + Fad EIQD- ] - + + | = f % 1 %
36 | SS1-1 - - + + - - - = + - - - - - - + - + - + -




Table 10. (Cont)

Acid from carbohydrates
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Isolates 2 b3 2 S W, o
No. AL 8N AE B 5 3 2 2 sl Bl s 5 | 8
No. 5| 2| 35| 8] 8]|c¢ 2 3 ¥ E & | S| 2| E| 8| < | 8| 2| 8| B
@ 2 © 2 ] c = @ B = £ 2 5] I [ >
< i ol o 2 | 5| 2 || = S | ¢ | & | %
i fa) a a [0) c s s o 4 fa) @ %) o o o
37 | TSR1-1 + + + - + + + 1 3 = = = + + + + * =
38 | TSR2-1 - - + + + + = ‘ + = + + + = 3 R + .
39 | TSR2-2 + + + 2 + - - + = + - &4 = + + +
40 | TSR5-2 - + + et + + - 8+ - - - - + + = + =
41 | TSR6-1 + + + - + + - E :ﬂi.:- # = = + % + + + +
42 | T8Y1-2 + + + - + - + = - = + = +* + 4 & % +
43 | TSY2-1 + + + = + + = d il + 3 5 2 = + + + = % =
44 | TSY2:3 - - + - + - . - : Jes - F 2 ] + : - ; 5 :
45 | TSY4-2 + + + - + - & = o 7, A;‘P - - - - + + + - + +
46 | TSY4-4 - - + - + - - - - - - + - = =

+, positive t; variable, - ; negative

g
AULINENTNEYINS
AN TUNNINGA Y
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0.01
e —

100 BN1-1

Virgibacillus marismortui DSM 12325 (AJ009793)

Virgibacillus salexigens DSM 1 1483'(Y1 1603)

Virgibacillus proomii LMG 12370" (AJ012667)

Virgibacillus pantothenticus IAM11061" (x60627)

Virgibacillus picturae LMG 19492" (AJ315060)

a lodenitrificans JCM12304" (AY543169)

ecropolis LMG 19488' (AJ31 5056)

\ - 16illu 0nensis LMG 20964' (AJ316302)
\\ Lentibacillus juripiscarius 1540-3'(AB127980)

62.6 entibacillus. salicampi SF-20" (AY057394)

obacillus milensis SH 714" (AJ238042)

bacillus trueperi DSM 10404 (AJ310149)

baciliiis halophilus NCIMB9251" (X62174)

3aillfs halotolerans DSM 11805'(AF036922)

G ,'; libacillus dipsosaur DSM 11125'(X82436)
il

Bacillus subtilis NCDO 1769 (X60646)

FHBAT oo

Baczl/us megatenum DSM 32'(X60629)

1 SUHAL AR Yoo

28,

YR

Brevibacillus brevis DSM 30'(D78457)

Figure. 8 Neighbour-joining-tree showing the phylogenetic position of strain BN1-1 and
representatives of some other related taxa based on 16S rDNA sequences. Bar, 0.01

substitutions per nucleotide position. Bootstrap values expressed as percentages of

1000 replications .
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4. DNA-DNA similarity.
Twelve strains were divided into 3 groups, 5 strains (A, BN1-1, HUT1-1,
NB2-1, and NB3-1) in Group | ; 6 (BKN1-1, PL1-1, PL3-1, PR5-1, SS1-1, and TSY4-4) in
Group II, and 1 (ND1-1) in Group Ill. Group | strains showed high degree (96.6-106.5%)
of DNA-DNA similarity to the strain BN1-1(V. marismortui DSM12325T) while the strains in
Group Il exhibited high degree (72.0-78.2%) of DNA-DNA similarity with the type strain

of V. halodenitrificans JCM 12304'. ND1=1" ‘\- ! @ low DNA-DNA similarity with BN1-1 1

and V. halodenitrificans JCM 12304 ( 3

. — — -llJ
S—

Table 11. DNA-DNA similarity of the /// 'triﬁcans JCM 12304 '
_ i

Strain 4ONA ¢ =\‘ abeled strains
—— ) '
% CN @ \\\\ BN1-1

(V. marismortui DSM 12325")

e ﬂ' - M

Group | ’
A ft‘; "‘i.--:j;» 102.3
o LT3 100
HUT1-1 e N, o1
NB2-1 V7 /-

-
e v 8 L 92.7

Group Il ¢ a W |
ot FAUYINYNINYING ..

Y
PL1-1 € 769 & 180
e Y WIANTNIITUNRTINE 16
PRe1 72.3 13.14
SS1-1 7 s
TSY4-4 715 19.2

Group I
ND1-1 T .

V. halodenitrificans JCM12304" 100 128




Table 12. Differential characteristics of the 12 isolates and Virgibacillus species

Characteristics 1 2 A BN HUT  NByk ".} ; PL. PR SS TSY ND
1-1 “_h 31 51 1 44 14
Pigmentation WC CB WC WC \ CB CB CB CB CB
Spore shape E E E E E E E E E
Spore position T/ST T/ST T T T T T T ST
Anaerobic growth - + = 3 = = = 9 X
Growth on 25% NaCl - v(+) - - - = g 2 -
Growthat 10°C - + w + ” W & P &
50°¢C + 5 + + + w + + +
Nitrate reduction + + + + - + + + .
Hydrolysis of
Aesculin + v(+) + s = x . = =
Casein - + + + + 6 o+ + QS+ + + & 4 * 5
| AUYINBNINYING
Gelatin + + + Q + & 4 & iy

ARANITUNNINGTAD



Table 12. (Cont) Differential characteristics of the 12 isolates and Virgibacillus species

Characteristics 1 2 A BN PL PR SS TSY ND
e 3-1 5-1 1-1 4-4 1-1
Acid production from
D-Galactose - - + = = + + . R
D-Glucose + + + + + + 4 i 4
D-Fructose - + + - + - + + +
D-Mannose + + + - Z S = . 25
D-Melibiose - - - - 5 5 = = -
L-Rhamnose - - - - 2 = = & s
D-Trehalose & + + . - z + 3 4
D-Mannitol - v(+) = = 5 = e = 4
Meso - diaminopimelic
+ - + - + + - + -
acid
Menaquinone MK-7  MK-7 ND MK-7 ;' ND MK-7  MK-7 ND ND
DNA G+C (Mol %) 40.7 38.0 ND 36.3 ‘i D ND 36.2 38.5 ND 49.6

Pigmentation : WC, white creamy.

CB, creamy browq.aip.cl)re shape : E, ﬂi‘psoidal Spore position : T, terminal; S, subterminal. +

positive; w, weak positive; -, negative; v, variable %%&b’}%tﬂwﬁi wgc’ﬂzﬂ?mortw 12325" :

2, Vergibacillus halodenitrificans JCM12304",

ammmmwwwmaa

50
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Twelve strains of protease-producing halophilic bacteria were separated into 3
groups based on the phenotypic and chemotaxonomic characteristics including
DNA-DNA similarity. All contained meso-diaminopimelic acid in the cell wall, except the
strain ND1-1. The tested strains, BKN1-1, BN1-1, NB2-1, PR5-1, and SS1-1 contained
MK-7 as a major menaquinone. The DNA G +C of the tested strains was 36.2 to 49.6

mol% within the same range as previous report except for the strain ND1-1 that

contained 49.6 mol% (Heyndrickx g L Group | and Group

Il strains could be separated eharacteristics such as the aesculin
A —

hydrolysis (Table 12). Gro s shdWed %of DNA-DNA similarity to the

strain BN1-1 while the strainsg I exhibite . degree of DNA-DNA similarity
with the type strain of V. ok \\\\\7\\ ble 11 ). In addition, the
imilacit ’ \ strains studles were almost identical
(99.7-99.8%) with Vin \\\ h odenitrificans (Figure 8).
Therefore, Group | str. v i \ : ortui and Group |l were

V. halodenitrificans (Stack : 20020 ay &

ghest protease-producing halophilic

ctial., 1987; Arahal et al., 1999;
Heyrman et al., 2003; Yoon 6t 4f“2004) 4

strain NB2-1 was identified 3 ﬁﬂquf 2ntion aboved. ND1-1, Group I

Straln Was Closed to u'.'.r'-'l'lk‘--"L‘l_l.-.|.-l."--l--i'_vvi—-l-:‘_:',r‘.‘_
(Heyndrickx et al., 1998 ll S m

orimetene ﬁﬁff‘?ﬂtm TNYINT
@mmmmﬁm L.

several factors e.g. NaCl concentration, medium composition, initial pH, incubation

DNA base composition

temperature etc. on protease production was studied. Samples taken at different times
were analyzed for protease activity in cell-free supernatant and for growth by monitoring
the absorbance at 660 nm. An effective prior condition was used as the basis for the

latter experiment until the optimal condition was obtained.
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ffect of | concentration an Itivation tim
roduction
The strain NB2-1 was cultivated in halobacterium medium JCM No.
168 containing 0, 10, 15 or 20% (w/v) of NaCl and incubated with shaking (200 rpm) at
37°C for 5 days. The result was shown in Figure 9-10. The optimal concentration of NaCl

for both protease production and growth was 15%(w/v). Maximum protease production

was abserved at 2 day It indi t@ strain NB2-1 is a moderate

halophilic bacterium acc
2 Effect of |
The stfain J @ cultiv halc erium medium JCM No.
168 containing 15% (w/#fNa ieh - :  5 bH 510, 6.0, 7.0, 7.2, 8.0, 9.0, 10.0
or 11.0 ; and incubated af'tha'sz he abo e i or'd days As shown in Figure 11,
the optimal pH for proteés vr u‘%ﬁ 0. The in NB2-1 grew at pH 5.0 to 9.0
but there was no growth and otga: t oA 10.0 and above.
3 Effect of incubationiterper N protease productio

-—t'fP”WF-r
The sirz agtefium medium JCM No.

: Y
168 containing 15% Wil gt king (200 rpm) at 25, 30,

i

|
37 or 45°C for 3 days. .Bue result was shown in Figure 2 the optimal temperature for

both protease pﬁ;ucuon ér? 'Vf'tv]aﬁ %’w H ,_] ﬂ ‘j
QWqﬂ\ﬂﬂimﬂmq'JWEl'lﬂEl
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Figure 10. Effect of NaCl concentration and cultivation time

on growth of strain NB2-1.
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4 Effect of medium-¢: it ease productio
The sthair alobacterium medium

o J d with shaking (200 rpm)

JCM No. 168 containiag
1

b |
at 30°C for 3 days.The bactenum edit 6 J as modified by eliminating

of 0.5% (w/v) casammo afiadser b usmi theliféllow ma nutrients e.g. casein, soy flour,

gelatin, skim mil u EJo%,( ’Lﬂ ‘;e result was shown in

figure 13. Maxmum protease producti®n was obtainad in the modifiéd medium without

cosamrblo 3] |1 eheq §bsabl 4l oA o BY B oo

halobacterlum medium JCM No. 168 or its modification containing soy flour instead of

casamino acid at 0.5% (w/v) in the presence of yeast extract. -
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(A)

F:ﬁrﬁ ﬂﬁﬂﬁj{]ﬁmmﬁ? production (A)

R a&ﬁﬁmmﬁ TNECTNEL

composition was modified by replacing of 0.5% (w/v)
casamino acid with various nutrients at 0.5% (w/v) .

The symbol used: yeast extract (YE), casamino acid (CA),
casein (CS), soy flour (SF), gelatin(G), skim milk (SM) and ami
(AM).
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To optimize the protease production, the yeast extract concentration in
modified medium without casamino acid was varied. Maximal protease production and
growth was obtained at 0.5% (w/v) yeast extract (Figure 14). At optimal condition, crude

protease produced by strain NB2-1 increased 1.27 times.
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£ 0025
=
>
= 0.02
8
o 0.015 4
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@©
D
< 0.01 -
a
0.005 -
0 =
0%YE ) 5% ) 1.5%YE 2%YE
Vi x
Figure 14ﬁffec of yes e entra@] on protease production

ln NB2-1.

AU &M B AT IHAF o craro i

containing 15% NaCl (w/v) AaCI pH 9.0 was u sed as basal

AR UA1INYIAY

Characterization of crude protease

Some characteristics of crude protease produced by strain NB2-1 were
determined using Hammersten casein as substrate and in the presence of 10% (w/v)

NaCl.
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Optimal pH: Protease activity assay was carried out over the pH range
of 6 to 12 at 37°C. Optimal pH for protease activity was 10.0 (Figure 15).

Optimal temperature: Protease activity at pH 10.0 was assayed at
various temperature. Optimal temperature for protease activity was 50°C (Figure 14).

Optimal NaCl concentration : Protease activity was assayed at pH 10

and 50° C in the presence of various concentration of NaCl. Optimal concentration of
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Fig

e 15. Effect of pH on protease se ivity.
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Figure 17. Effect of NaCl concentration on protease activity

Relative activity (%)

Protease activity (pH 10.0 and 50° C) in the presence
Of 5% (w/v) NaCl was set as 100.

~ Crude protease incubated with various kind of protease inhibitors
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including 20 uM E-64, 2 mM EDTA, 2 mM EGTA, 2 mM PMSF, 2 uM pepstatin and 0.2

g/l trypsin at room temperature (26-28°C) for 30 min, was assay for the remaining
activity. Protease activity was measured in reaction mixture containing 10% (w/v) of
NaCl concentration at pH 10.0 and 50°C for 60 min using Hammerstain casein as
substrate. PMSF, trypsin and ETGA inhibited the activity at 81.68, 4.54 and 3.86%

respectively (Table 13).This result suggests that the protease from strain NB2-1 is serine

type protease. \

Table 13. The effect of various kif &n protease activity of strain

o —
NB2-1 ‘

PMSF
E64
EDTA
Pepstatin
Trypsin
ETGA

b

Control ( wit out

..I
!
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