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Abstract

The study of enzyme protease from many kind of fermented soybean products by isclated
bacteria (Bacillus spp.) which played important roles in fermented soybeans from Bangkok,
Samuthprakan, Phrae and Nan province. Sixty three isolates were screcned for B.subrifis by using
biochemical tesls (catalase test, Voges Proskauer test, anacrobic growth and starch hydrolysis).
Six isolates of B.subtilis were obtained. Crude enzymes from B.subtilis were tested for there
proteolytic activity on skimmilk agar at 37°C for 12 hours B.subtilis 2 gave the highest
proteolytic activity, The proteolytic activity was found to be depending on the bacterial growth
rate at 8-12 hours (log phase). According to Wang and Hesselltine method, proteolytic enzyme of
B.subtilis 2 had optimum pH at 9 with carbonate-bicarbonate buffer and optimum temperature at
65°C thercfore B.subtilis 2 is mostly should be a kind of alkaline protease. The protease was

stable at 60°C after that it will unstable.
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¥
7 Twa catalase test Huvan nuaiiFeluiadiaansowu 1 wane q unds 1ameiugen
] ¥ o o A o s =} 7= Qf Q! R =
no i Tsnludaidnszqndunds nTonanliilinssgndunss B, subtilis 11U acrobic 13
. . . I ] & 5 9 ¥ i d o el ¥
facultative anacrobic bacteria @314 catalase 3 endospore HIR 1 NUADANIE ndpuH 11A 14
T Tmiaalsn aadinsuuin suuvianss 9 flagella WY peritrichous 1937 1489 pH 5.5-8.5
4 g P p
. 4 . . . - al 1 =t
@374 Hydrolytic enzyme f1ea10 polysaccharide, nucleic acid ta¢ lipid Iagldmssanarudu
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undesmivenuazdiudrlidnaseu leendudumiutianaseu unumddyveude

¥
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] 3
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nouen 1wy Ay luafousnidy el T shgiznimenauanavos Tuana
Usspuazanuiimzmesfuduansn  (ubswate)  JagiiulaTinsdaszuuildndnanis
daveaen leiiuSnuswiite Getive sie) TumadnlfAsovosenlsd mutsous
Wi 2 nquite wulanl MinI§A%0H Cterminal w3e N-terminal vesmoIwdnlylng
Sonin e lasfienTuhlame exopeptidase), tazton lwsifiganieluaie Tndnldng Son
wu laullawnea (endopeptidase) International Union of Biochemistry (IUB) 1T Laullmﬁnflu 4
NGUAINMSMNULTIMTIUHATO (active site)
1. Serine protease (EC 3.4.21) Tﬂtl‘ﬁ active site UNIADZAIY serine UAY histidine
2. Cysteine protcase of thiol protcase (EC 3.4.22) active site il cysteine 1% histidine
3. Aspartic protease (EC 3.4.23) active site ﬁﬂiﬂazﬁiu‘ﬁl‘ﬂuﬂiﬂ (acidic amino acids)
4. Metalloprotease (EC 3.4.24) active site ﬁﬂiﬂﬂgmﬁﬂ waznzAou lane (metal atom)
ol Tilsdea 1ATnsAnuuazutsndunnuoid dunseozi luuaz Tassadis
#10iA Serine proteasc wiloen 1 2 family A® mammalian serine protease LAY bacterial
serine protease 1Ab 2 family vzuana1anuludvunsanziilu tag Tnssadeauiid dwlu

o ¥ . . . .
1ou lay) matalloprotease Usgnay @2 2 family fig mammalian pancreatic carboxypeptidase

b181% bacterial protease, thermolysin (Neurath, 1984)

o L' = Y 3
AIN1uve ey Tl lilsAwauasddusiinhibitor)

= a o a

nszuamMsnansaateRuszlung (peptide bond) Ao polarization VDIWUEE
ul s s d o 1w o Kl 1
ulylna Tag nucleophillic attack N AWHUIWUTY carbon-oxygen W laaianio laorn
: o ey = i g A e 1

Tuanavendt Ugaseasims 1 T1saoui peptide nitrogen ¥3aA30n31 leaving group T

1 v | . 2 =, =y q' o ¥ = a 1 . . r
LARENANNIO family ¥09 ldsAoaezligaves nimezll T liifiad v active site 19 9

Y (James, 1980)
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1. eyl ldsfeanniiy

o = o A [ !
ol 1l saeainy ludviinareetia
o a A4 o Hye =
1.1, Uty ( papain ; E.C. 3.4.22.2) fhueu Tl sdemainfivduduniinuagiing
o (Y o ! '
13152 Tomhnmnu duduadaldanmaugasne ( Carica papaya) SgNguuDI Fenady
= as o a v Aaa - 1 o 1 A
Tilsea Taodsmiinlaana 21 Alamasu Sfesfiminyasnemsianlugig 557 I
fror Wiy 9.6 uasazdvanmesTumARTIeY §10h 4 aunsanuanuieungunii 80
¥
w3e 00 nesraradua Uhuazgniudales 1,0, , 0, Tanyminulawiia iy Hg'', Fe'', uag

Cu’' (Rao et al., 1998; Linsmaier-Bednar, 1998; Wong, 1995)

m31an 2 uaasnguaoalusiTeladnian ol

AIzNa A1P01UDY ANBUTUDIOYYA
o =S o« =N '
Tds@Teladnmanland YDIVTIINT
a3uldsaoa I InTunsuau Asp'”, Ser”, His"
nilau
=
danaaa

e a A
HAUATEN UNGTALILU

%31 11l sAee 11 ¥UARY Asp'u, Scrm, His™
Faadu lilsaea Uutlu Cys™, His Asp
LBNANAY

win Aes aunddull uas
upathsdn iAo 1DV Asp”, Asp™”
mansiga lanlday

Rhizopus chineses g

Endothia parasiticus

wialalllsdwa uoda lUsAtea Lyuiiu Zn,Glu"" , Try™
o ) a o 5
wialalilsdea n Tu'lwiasvengwifmea o | zn, Glu™, His™
wed Tu'tadu

i

7107: Neurath (1990)
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3.1 Yanginial

Anaerobic jar

Dropper

Micropipette YU 10 pl 110z 1 ml
Rack

Slide

Spreader

Tip

loops

nseons

NTEUIRRNYRIA 100 182 1000 ml
VIR T DU TN

I Uruy 1HIA 250 ml
mum‘mstéfuwﬁa
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? 3
UMD IAUDT

Tnmeosud vt 250, 500 uaz 1000 mi

Hile vv1a 1 woy 10 ml
HADANARDY

nznin
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AuUNaD
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3.2 w3eqile

Autoclave (HIRAYAMA HA-300 M 1V)
Centrifuge (HERMLE Z 383 K)

Hot air oven (WIT binder)

pH meter (EUTECT instruments)
Shaking incubater (GALL enkamp)
Spectrophotometer (SHIMADZU UV -1607)
Vortex mixer (JULABQ)

Waterbath (CLIFTON unstirred bath)
ndesqanssmi (OLYMPUS)
Ini0iFinziPon (SARTORIUS analytic)
Lﬂéf]ﬂ‘]?ﬂ {SHIMADZU)

¥ ]
Auli¥oR 37 paruvaiva (MEMMERT)

3.3 Tndl

Agar

Alcohol 95%

Gram staining solution kit (Crystal violet, Safranin, lodine solution, Alcohol 95%)
Potato Starch

Skim milk

Sodium azide

40% potassium hydroxide-creatine solution
5% d-naptol

Anarobic indicator

Folin-ciocalteu reagent

Beef extract

Hydrogen peroxide 95%

Peptone

Sodium chloride

Sodium hydroxide

Trichloroacetic acid
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Isolate | Catalase Voges Proskauer Growth in anerobic Hydrolysis of starch
number

Bl + + + lilanaaeudo
B2 + + ; +

B3 - Tildnaaeudo T ldnaaoudn liilénaaoude
B4 + - 11l dnaaoudn lildnagouds
B5 + - lilénaaeuae 1 ldanaaouso
B6 + - lildnaaoyuno lildnagouno
B7 + - Tildnaanyuno Tilanaaouno
B8 + - lilanaaoune li'lanagouns
B9 + - Tilénaaouno li'ldnagovno
B10 + + + lii'ldnadoune
B1l + - li'lAnaaounn li'ldnaaoune
B12 + - + li'ldnaaouno
B13 - lildnaaoune liilAnaaoudo lildnaaaude
Bl4 - Tilénasoune T lanaaounn Tildnaaevae
BI5 + + + li'ldnaeoune
B16 ~ + + li'ldAnagouno
B17 + + + lildnagovas
B18 + + - +

B19 - lii'lAnagovde lildwnasouse T lémamevde
B20 + . JENERENER Tt ldnaaevude
B21 + + ] N

B22 + + ] N

B23 + + - +

B24 + + + Tildnamoude
B25 + - + TilAnaaoude
B26 + + + tilanaaouso
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Isolate | Catalase Voges Proskauver Growth in anerobic Hydrolysis of starch

number

B27 + + + T ldnagouse
B28 + + + lildnagouss
B29 + + - +
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B31 + + + lii'ldmaaoude
B32 + + + lildnaaoudo
B33 + T - lildnaaoude
B34 + + + lulgnaaoude
B35 + + + li'lgmaaouso
B36 + - luldnamause lulAnaaoude
B37 + - lildnanevao Tildnagovse
B38 + + + Tildnagousa
B39 + . Ti'lgmanevuss Tuldnagouss
B40 + + + lildnagouan
B41 + + + lildnaaauso
B42 + + + Lildnaaoudo
B43 + + + Tildnagovde
B44 + + + lLildnaaoudn
B45 + + + li'ldnaanusa
B46 + + + li'ldnaaoude
B47 + - lii'ldnaeoude 1 1dnaaaude
B4§ + + + Tildnaaoude
B49 + + + hildnacouns
B50 - Taildnaaoude ilénaaoude Ty 1édnameuns
B51 + - 13ildmaaoude liildnamande
B52 + - 13 1édmaaoudo Tildnaaounn
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4.5 mynaneugumninve e luiililsiealdewn 8. subdivis Tolwmn 2 nazmzidoaily

1381 12 $21N4
3 o d
4.5.1 M3 pH firinzaunemmauvesen

Tumisnareunsn pH Ammzaudensmamvououlad Tdnadglfl 8 a1 12
(nawuan 9) wunluiiWides Carbonate-bicarbonate buffer pH 9 1w Tassimunandinu14a
e TamilonsananssuenlalTag33uns Wang and Hesseltine, 1965 Ty 24.024
ylinaoiiaadans Waziin 19T o S Tindufo Citrate-Phosphate Buffer A pH 5.0, 6.0 uaz7.0,
Phosphate Buffer “ﬁ pH 7.0, 7.5 unz 8.0, TRIS Buffer ﬁpH 8.0 ung 9.0 upe Carbonate-
Bicarbonate Buffer 71 10.0 asaonufansiwvououlwilils@oadisuiiy 1276, .14,
1.0648, 13332, 13.772, 11.792, 1.32, 17.424, 13.464 Az 9.944 yilnmainnans mua1Au
&015u Sufen Carbonate-bicarbonate buffer pH 9 1Tt A 1Hluns Tnseigmainiaues
wowlmside’la)
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protcase NUTHARTENIN B. subrilis FaonTiuSan3 14 inieananes uag alkaline protease
guflumsitguauiususudun Fifihmmmednsanuazonlsgim 20 nlodidud
TupainTan vazdfawnléon Bacitus Wudmlng) wlssomgaamnssulionld Bucittus

) = r ﬂ’dl = |
inaninlindaduainguazIifons sufa Joo and Chang, 2004)

o 3 o @ o as =9 kY o = =
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at 1 Jflw 9 4 u') T -1 = = = LY
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3 3 & ow d = a o s o ]
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o o as 1 = Ed) g 1
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@ w o 1 ] a 4 =
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o - A { o ! 3 = )
ou i Tdsaeald Idabenssugahgaiunuh B. subslis 2 un@aoulxd Tlsfomn

alkaline protease
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pH buffer

d o ] T @ o o =
g 8 uaaannudiutazndie pH d1e qveaiviles nasfionssuvesou Il Tsdoa

N A. subtilis 2 Lﬁﬂmwt?;tldiﬂuﬂm 12 “ﬁ‘.‘ﬂm (CP 5 : Citrate-Phosphate Buffer pH
5.0, CP 6 : Citrate-Phosphate Buffer pH 6.0, CP 7 : Citrate-Phosphate Buffer pH 7.0, P 7
: Phosphate Buffer pH 7.0, P 7.5 : Phosphate Buffer pH 7.5, P 8 ; Phosphate Buffer pH
8.0, T 8 : TRIS buffer pH 8.0, T 8.5 : TRIS buffer pH 8.5, T 9 : TRIS buffer pH 9.0, CB
9 Carbonate-Bicarbonate Buffer pH 9.0 tiag CB 10 Carbonate-Bicarbonate Buffer pH

10.0}
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mamiimineaeufioth crude enzyme Hana'ldan Baciltus subtilis 2 1 MATBL
= a Py 1 = a a o
Aonssuveaeu e Tsdes Weomeanigimmzavansnnisuvoseu sl nazainmiih
MINAABINLI
o 1 a I a 1 Y] a
Llumsvemaumsur  pH Amingauaomsmauasauou sy wulludwives
. u o [ 9y A N
Carbonate-bicarbonate buffer pH 9 18y l“ﬁumm‘iﬂﬂ‘lﬂuulﬂﬂﬂfm laoiiions9nINT 5U
o =, =l 1w =] I = Aaa
tou i Tae35uea Wang and Hesscltin, 1965 Hif iy 24.024 giladaiiaddns
] »
2. luminaaouiguniln1g 9 Al 30, 35, 40, 45, 50, 55, 60, 65 Uz 70 BIR
= oA a A 3 a o a 3 & o A =
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— Py a o 4 =
65 owwader  Wugnugifoulmlamnsahonlédige  Tavarmuinisuves
1 " Y- 4 1 1w = 1 oS e 1o
1o 13l 1au3TU0a Wang and Hesseltine, 1965 HAWn1AU 11.66 yinaniindans uazwuii

~ o s 3
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MANUIN D
4 &
RN (R RIGIRIN Y
1. Nutrient Broth
peptone 10 ¢
sodium chloride 5 g
beef extract 5¢
distilled water 1,000 ml
A o A - -
UINUTFON 121 DIANADLHHT 15 UTN
2. Nutrient Agar

peptone 10g
sodium chloride 5g
beet extract 5g
agar 15g
distilled water 1,000 ml

4 4 4 o -
PIREDN 121 DIFWHROT 1S U

3. Skimmilk Agar

miasmuﬁ t

Agar 1.3 g

distilled water 70 mi

i lUdusuiuazay

msazatndi 2

Skimmilk 10 g

distilled water 30 ml
Nﬁijﬁ'l'jﬁzﬁ'ltl‘ﬁl 1 1Az 2 DENIIAE UAZIAN sodium azide 1 ml (0.02%)
sintiumldonmizda Tavldauas 25 ml

vz 1dAuMIIveY skimmilk ager AIAUNNIIY



4. Starch Agar
Potato starch 1
I :{ @ 1
Tearinduineu 10
-:li [} J ‘=!' = =
UINNFORN 121 DIAUEATHE 15 U

a ¥ d & = g
‘ﬂﬂmuum 45 D9FRITU LA plate

ml
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MANHIN Y

= =]
NMINATDUNNYIUAN

Simplified key for the tentative identification of typical strains of Bacillus species (Norris, ct al.,

1973)
1. Catalase : POSIHVE ot e 2
2, Voges-Proskauer : positive ... 3
NEZALVE o 10
3 Growth in anaerobic agar : positive .............. 4
Negative .....ooooiiiiiiiie e 9
4, Growth at 50 °C 1 positive ..ovvviieeiire e 5
NEGAIVE oot 6
5. Growth in 7% Nacl : poSHIVE oo B. licheniformis
NEgative ... oo e B. coagulans
6. Acid and gas from glucose (inorganic N) : positive ................ B. polymyxa
Negative ................7
7. Reduction of nitrate (NO,) to NO, : positive ....cocveinieniinns 8
Negative .ooovveenneee e B alved
8. Parasporal body in sporangium : positive ....cvevririninevenreons B. thuringensis
Negative ...ooveiiiiveniin e B. cereus
9. Hydrolysis of starch : positive ... B.subiiliss
NERAIVE .oetiie e B. pumilus
10. Growth at 65 °C 1 POSITIVE .icorceisiinimsiieiesic i, B. stearothermophilus
Negative .o e 11
11, Hydrolysis of starch : positive ......cocveieicinnncn e sninenie s 12
NEGatiVE ..eent e iaa 15
12, Acid and gas from glucose (inorganic N) : positive ... B. macerans
Negative ............eenl 13
13. Width of rod 1.0 pm or greater : psilive e, B. megaterium

Negative ....oooiviiiiiiieiie e, 14
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14. pH in V-P broth < 6.0 : positive ... inasnanesins B. circulans
Negative ....ocoevtieeen vinnnens w8 flrmus
15. Growth in anaerobic agar @ positive ... 8. laterosporus
NEgative . ovvvvveeireeeenn e 16
16. Acid from glucese (inorganic N) 1 positive ..., B. brevis
Negative ...ooooeevniieenn B, sphaericus
17. Growth at 65 °C : positive ... B. tearothermophilus
NEgative ..oooviiieres i 18
18, Decomposition of casein : POSIIVE v B. larvae
Negalive oo 19
19, Parasporal body in sporangium : positive ... B.popilliue
Negative oo B. lentimorbus

nmaaeum i ey a.subitis Wmsmadoudane i
1. Catalase : positive
2. Voges-Proskauer : positive
3. Growth in anacrobic agar : Negative
4. Hydrolysis of starch : positive
Taufiiinaasufio
1. Catalase test
14 10% hydrogen peroxide 0.5 mi
1.1 ﬁ’;aﬁm?ﬁguu NA slant 1-2 Tu annaaouTaeld 10% 1,0, Y5195 0.5 ml a9l

N = o 9 12 ) 3 ) ] Ay
1.2 FinanInaniey ﬂ'lvlﬂJiJ‘ﬂ‘ENﬂW"H ﬂ?ﬁﬂﬂﬂﬂum"lﬂ'mﬂ1ﬂﬂﬁi@mﬂ chocolate agar

2. VYoges-Proskauer Reaction
Fummereuanuannsaveswaitulumslfimanglaa udlifkay  acetyl
methylearbinol
21 14 VP-medium ldnaoananatnasaas 5 ml vudsadeiiuom 24 $alua #
QNN 37 Daruyaltua
2.2 NAADY acetylmethylcarbinol production 'Iﬂtlcl%ﬂl,ﬂﬂf}m%ﬂmﬂ VP-medium mld
napanaasslTinm 1 aanas

2.3 181 5% alpha-naphthol U absolute alcohol adlunnon 0.6 Hadnas



wnanstiuenansianubidmiunslsnuiionisfnwiniu lweygslnilulydsslosuaiunisen

lnnsdilag weau Snviamudilundawdasion wasnesendadauavesanaisynasiminisunluly
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MARUIN A

= = 2/ d
ﬂ]‘i!ﬂﬁﬂﬂﬂ]ﬁ!ﬂﬂ!!ﬂzﬂ?‘l!ﬂﬂi

1. esazatundu anudududovas 1 azarnlutWmes unaz oy
sonondu 1 A%y husindu 99 Taaans
2. m1sazatlnsaae lsuedan (richloroacetic acid) ANuATUIpUaL 5
AL A trichloroacetic acid 5 HAAANS Tuhindy 95 dnaang
3. 1fvlied
3.1 Citrate-Phosphate Buffer

° = o & Wy ¥ ¥ ¥ o=y
MOSRIONEIASDY 0 LUagE QU Iﬂﬂﬂﬁ‘ﬂ'lﬂ'l‘imﬂi]']&cl.ﬁbl.ﬂﬂ'!’lijﬁmﬂlluﬂﬁﬂﬁﬂ’l‘i

3
=

wazuwansu i dRiorRiaams 14 aadl

pH 5.0 1592810 24.3 Naaans

M1502a10 U 25.7 Naaans

pH 6.0 ®15azaiun 17.9 dadans

#15a2010 U 32.1 Nadans

pH 7.0 ?1502@W N 6.5 Wadans

1303810 ¥ 43.6 Naaans

siminUfuYTes 11E 100 Hadans
AIaEA N : FNIALA Citric acid U3t 19.21 0¥y Tuhndy 1000 fadaas

@158¥A10 ¥ : Dibasic sodium phosphate (111115a%@ Na,.HPO,.7H,0 Tt 53.65

¥ [
A5y Tusihndu 1000 Hadand)

3.2 Phosphate Buffer

MmswisuaIazae n uaz 1 laemimimadesald ldanududundoanis

3
ar

wasiunnesu Y 3 Rosfidoanis 14 dail
pH 7.0 A130LAY N 39.0 Hadans
A150LAW U 61.0 Hanans

pH7.5  @15a2a1e N 16.0 UAADAT
H1702070 ¥ 84.0 UATANT

pH8.0  mMInzaiwns.3 Wanons
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AMTaral ¥ 94.7 Janang
nmusuTinas 118 200 iaddas
mangaw 0 msazaleuedlulundn TwRsuWema (Mmsazats NaH,PO,
USmar 27.8 n$u Tunandy 1 5as)
mIneay v : anazmwaedlaudn Twfvuromva finsazate Na,HPO, 7H,0

b4 v
Y511 53.65 N M0 Na,HPO,. 12H,0 Ui 71.7 niy Tushindu 1 8a7)

3.3 TRIS Buffer
o A ° - Y ¥ ¥ Ay
mimamTouasazate o uaz ¥ lasnshimadeosld danududuideinis
o o 4y P dlfu' 9 o v:ly
waziwaudu v ldfesndoan1s 19 dail
pH 8.0 @13aza10 1 50.0 Hadans
A1TNTA0 U 26.8 UAAAAT
pH 9.0 m3azait n 50.0 Hadaas
asazaIn U 5.0 Haaans
¥
nulSudSuas 1918 200 dinadng
»
1302018 N : N80 tris(hydroxy! methyl)aminomethane UT1a 24.2 n¥u Tuid
NAY 1000 IaADAT

M15axny v : 0.2 M HCI

3.4 Carbonate-Bicarbonate Buffer

o = 0 = 3y ¥ ¥ 3 ag
MNITRNTYUTITASZOE A Uas U Iﬂﬂﬂ'ﬁﬂ]ﬂ]ﬁmﬂﬂ_]\'iﬂlﬂvlﬂﬂ]_]'llﬁ]lﬁlurﬂﬁa\'iﬂ'ﬁ

¥
& a A

saginwausul | dfieridoams 14 Sail
pH 9.0 miTazaien 2.0 danani
MTaYaIY v 48.0 HAaans
pH 10.0 M15aza1u N 27.5 Hadans
MINTAY ¥ 22.5 Hadnag
i3 es 1713 200 fadans
9178¥A N NINTAZAY anhydrous sodium carbonate USu1a 21.2 N3Y Tundu
1000 Haddns
@150200 Y : MINTALAY sodium bicarbonate Usiar 168 niulusiindu 1000

ladang
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o o
4 Jw@Roumisuaie 0.4 luans
w3oulneldgns mole= g/ M.W.
=] = a q'; ] s
g Ao lm@sumIvaATI lunLIInTy
M.W fio w1 luianaves lmfsumiuoia 105.99

WM MNUAINGAT mole = g/ MW,

g = mole X M.W.
g= 04 X 10599
= 42.39

¥ v
o o

Fouds Tadouniuoma 4239 ndi dunasaeluiingu 1000 Sadaas

5. 11782018 Folin — Ciocalteu reagent ATTUNAU 2 wasTa Sundenesindusasidan
11 (Armedeudiedasns a1

6. M50z 018 NaOH 0.2 M 1iag a13nza1e HCI 0.2 M iie1l$1 pH

7. esarmouInsgunazi 1y InTsHu

o = o~ = LY 'y Y9 o @
mmmsmummwTu"lﬂwuﬂﬁmm 0.1 N34 AW NaOH 1ugn 0.3 Yoida

»
= 3

= =1 Y c:y ¥ uy Qs = =1 =y & o
Usuauaniiosainil ﬁa‘iﬂ']tlﬂ']tlu1LLE’E$'1J51J'1J'511WI'§L‘1JH 100 waaans ﬁ'JUHWﬂﬁualHﬂﬁ'lﬁﬂ

L=} [ 1

USudSes wldmsazaennududu 1000 Tulasniuaoiiadans wie 1 daansude

vaanas
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MANHIN 3

Wang !laz Hesseltine method

1. pH Optimum

1) thensazmenduiinzateluivled 11 wia 391800
Citrate-phosphate buffer pH 5.0, 6.0, ez 7.0
Phosphate bufter pH 7.0, 7.5, 1Ay 8.0
TRIS buffer pH 8.0, 8.5, ting 9.0

Carbonate-bicarbonate buffer ~ pH 9.0, 1aig 10
= & ey 1 o oo 9 4
1Suwms 1 dadans lavaoanaass uaz@ueseu lyindondduanududufimuiz o

e A as 1 1 = o]
USuas 1 Taddns Uniiguugil 5o osruwaiBoadiumal 15w

o V=Y Y Y- T Y ¥ ow u’: ﬂ? FY
2) Mumsaza1unia lasaae lsuedan Usuias 3 Hadans warldidhiuuazaaned 30
= 5 o o
i v llnsesdiunszawnsod whatman 1003 |
e 1 a2 ao 1 o =1 o Y o
3) Wigalaw 1 Gaddes ldnasanaaesii Imdsumivoma anududu 0.4 Tuad
31195 5.0 iaddas
=y o o = = aa
4) WU M8 Folin — Ciocalteu rcagent ANUTLTY 1 wailia iSuw 0.5 ndans
(Y] 3 :? 1 =, o3 -1
weayas Idiudsme BRgamgiidoailunag 30 uni
5) Jasinrsganauumainnuenaiau 750 nluwas hanld ldwidTuaTdsfulag
=4 =
nfoudeuninnduiasgu
6)  vimaeaqgulaumapumsazmonsalasnaalinedan  USwes 3 Nadaasieu

E
a = o = e a on o ) o’
PNTWANEITazAeu 1l 1 Nadaas uasmsazaiendu 1 Tanans duTuuuaed 1
u r
WINAUSYRT 1 Tadans unuasazamoou Tyl
o = I -~ o :i = 3/
7) Minsinasgwvesnsaezi T InTsduleshmsazawnasgiuieson 13

(MmaruIn f) Aadudn 1000 lulnsnfuaeiiadgas vudesnld lanududn 100

T -3 r

Tulnsnsusodingaans lesdinsaezdluInTsGuianududn 1000 lulnsnsuaaiiaaans

= =

¥ N
w3 1 Uaaawns @Wansdeiindu 9 Tadans WBanumdudu 100 Winsnsuseiadang

&

¥ 1
AN I IARITu TN 0, 20, 40 60 uaz 80 lulnsniudeliadans FIa15197 5
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MsMuIMmMnINssuveInsuInsguvesnsaozi Tuln Isdu
CV,=G,V,
100 = V, = 100 % 10
V, =10 ml
winuing : ¢, e anududuvesinlsdn, v, Ao Sumsfidesmsn, ¢, o anududuves

o Ay & o
TnTsdundeansm, v, fo1lsumsTu

' ¥ 1
M9197 5 uaassasEIvvemIazawnasy e In Isdunaznhinaulumshinsduins g

¥9an3aDe Tu In T3
AnutuduvaImIazatenns e In iy Tnlsdu (ml) 11d1 (ml)
(pg/ml)
100 10 0
80 8 2
60 6 4
40 4 6
20 2 8
0 0 10

M13190 6 LanIwan1s a1 oD A 750 w1 Twwas vesmsazawmnas g InTadu lumsi

nyasgeniniaosd Tuln Tsdu

anududuvosasazawai g nlsdu A,
(ng/mb)

0 0
20 0.253
40 0.340
60 0.434
80 0.599
100 0.744
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0.9
0.8
0.7
0.6 |
0.5 4

y =0.0076x
R?=0.951

4

AMTAANAULAIN 750 nm
(e ]
~

o
w

0 20 40 60 80 100 120
At (ugml)
51 12 nswhnasgunfSinainTs@ud 50 esuwaiBon
o a 4 a
mssmufenssuvewusu ly Tlsawe
Mnvesgasiidlumsdnnampanssuveaouladly sden

¥ ¥
nnasasg e InTs@ui 50 serimaPoa Tawdu mfy 0.0076 Asiu

Ysumnsaozil Tu'ln Tsgu w1 ldan

Yy = mx vy 0.0076 x
USummnseeziilu = A, HE
0.0076

" o o = P J
wialuanawes In Tsduyhid 197 USuunsaesd Tunai

A"L‘:(}
0.0076 = 197
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¥
Qe

(=] ) o a 4 o T = a ao = QI
umﬂuﬂ‘;mmmﬂﬂzuiu"lﬂwuwmmnmﬂum‘wm 1 Unnana ﬂiﬂﬂﬂﬁh?ﬂm‘iﬂﬂzu it
d‘ = J =
INAYH AB

A 1000 p mol/ml Hio 668 x Ay, M mole/ml

750

0.0076 x 197
1 n:i B 3 oS =1 = o 3 o = = J [
uaatlElumsiilgnseine 15 win antuluom 1 ninensaesl Tl

o = 44 x A pmol/mlund

668 x A =

15

= ] =1 F = da o aa 1 Qs 3 @
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Isolate number mmn%w'Jﬂmﬁﬂmmﬁyw%mﬂunm 24 %’JT‘JN (wuﬁmm)
1 2 3 m?m

B2 2 2 2.8 2.26

BI& 1.7 1.7 1.8 1.73

B21 1.5 1.5 1.6 1.53

B22 1.8 1.7 1.7 1.73

B23 1.6 1.4 1.6 1.53

B29 1.7 1.8 1.5 .66

d ' 3 a @ 1 = o
M ¢ ugasmviaveslaoniideresvetennvuuas lo Taaafiilu 8. subilis v

skimmilk agar

Isolate number

EY o w A x::y j’ < @ -
ﬂ'J'liJﬂ'JN'Nalﬁﬂﬂﬂ'lﬁdﬁﬂ\‘lmﬂm’lﬁimﬂ\?!‘]iﬂl'i_l‘ul’.]iﬂ 24 ‘]I'Q'IIN (L UALAT)

B2

5.1076

2.9929

2.3409

2.9929

2.3409

2.7556




Q195197 10 uaasavualaues B.subtilis strain 2 19719873 9
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F2luadi A la

1 2 3 o
4 ] _ _ ]
g . . ] ]
12 2.25 2.2 23 2.25
16 0.85 0.85 0.95 0.896
20 0.55 0.7 0.65 0.608
24 0.45 0.45 0.5 0.49

£l 8 W 1 o gy
'ﬂ‘u“ltl!ﬂ@l WIDIHUY- HUTUDI UE\UVlﬂuE]Ulﬂﬂ‘iJu\llJﬁ’liJ’lﬁﬂ’Qﬂﬂ'l 1?!

@717 11 LAAIA AW OD § 660 W1 TUIAS YDUNAR B.subiilis 2 AIAAIE 9 A

(growth curve)

FTuadl AauYB AR NNEINAL 660 U1 TumAs

1 2 3 iy
4 0.225 0.179 0.214 0.206
8 1.585 1.514 1.420 1.506
12 2.135 1.507 1.344 1.662
16 2.114 1.297 1.247 1.552
20 2011 1.077 1075 1.388
24 1.904 1.203 1.194 1.434




A19199 12 LAAIWam3IanA1 OD f 750 11 Tuwas R IN1TNANDN pH A1 9 AU

Bufffer Enzyme substrate control

1 2 | 2
Citrate-Phosphate Buffer pH 5 0.388 0.414 0.378 0.367
Citrate-Phosphate Buffer pH 6 0.504 0.511 0.257 0.388
Citrate-Phosphate Buffer pH 7 0.639 0.635 0.396 0.354
Phosphate Buffer pH 7 0.681 0.728 0.432 0.370
Phosphate Buffer pH 7.5 0.673 0.673 0.352 0.369
Phosphate Buffer pH 8 0.690 0.627 0.392 0.388
TRIS Buffer pH 8 0.836 0.402 0.773 0.405
TRIS Buifer pH 8.5 0.808 0.803 0.404 0415
TRIS Buffer pH 9 0.730 0.732 0.427 0.423
Carbonate-Bicarbonate Buffer pH 9 1.132 1.124 0.584 0.581
Carbonate-Bicarbonate Buffer pH 10 0.649 0.641 0.419 0.419

- 1 =

A1919N 13 uaasnamsdan oD fi 750 w1 Twwas efinminaassngungiiaig iy

u

aMHg) 1 (°C) Enzyme substrate control
1 2 1 2
30 0.529 0.530 0.405 0.406
35 0.534 0.522 0.366 0.384
40 0.550 0.578 0.349 0.330
45 0.518 0.518 0.385 0.392
50 0.584 0,580 0.357 0.358
55 0.587 0,620 0.330 0.347
60 0.521 0.541 0.338 0.354
65 0.627 0.658 0.359 0.370
70 0.314 0312 (0.230 0.235
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T Auns imaamu‘lmﬁf Enzyme substrate control
gangil CC)»-uti 1 2 1 2

0 0.465 0.480 0.304 0316
40-10 0.508 0.489 0.347 0.356
40-20 0.526 0.551 0.360 0.340
40-30 0.587 0.567 0.359 0.364
40-40 0.342 0.573 0.344 0.369
40-50 0.494 0.454 0.328 0.329
40-60 0.378 0.386 0.313 0.276
50-10 0.532 0.572 0372 0.364
50-20 0.526 0.605 0437 0.384
50-30 0.558 0.553 0.389 0.397
50-40 0.661 0.660 0.517 0518
50-50 0.456 0.454 0.315 0311
50-60 0.810 0.808 0.326 0.324
60-10 0.749 0.700 0.375 0.360
60-20 0.649 0.651 0.384 0.394
60-30 0.588 0.607 0.410 0.418
60-40 0.545 0.575 0.420 0.440
60-50 0.425 0.489 0.412 0.384
60-60 0.392 0.407 0.376 0.368
70-10 0.345 0.386 0.405 0.373
70-20 0.309 0.234 0.353 0.363
70-30 0.341 0.389 0.385 0.385
70-40 0.297 0.363 0.382 0.344
70-50 0.298 0.341 0.351 0.375
70-60 0.313 0.337 0.341] 0.346
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