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Screening and characterization of collagenase producing microorganism
for application in collagen extraction from fish skin waste

of seafood processing plant
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ABSTRACT

Collagenases are enzymes that can hydrolyze both native collagen and gelatin.
Collagenases are generally used in food industry, pharmaceutical, laboratory work and agriculture.
In this study, collagenase prroducing bacterium were isolated from fermented fish and fish waste
contaminated soil. 83 and 62 colonies which could hydrolyze gelatin when grown on gelatin agar
plate were isolated at neutral pH (pH 7.5) and acidic pH (pH 4.8), respectively, Two isolates that
gave the highest collagenase activity in broth medium at pH 7.5 and 4.8 were Bacillus cereus
CNA1 and Klebsiella pneumoniae CNL3, respectively. The culture conditions for collagenase
production from both strains were optimized., Glycerol was the suitable carbon source for the
highest collagenase production from both strains among glucose, sucrose and lactose determined.
The optimal initial pH for collagenase production by CNA1 and CNL3 were observed at pH 7.5
and 6.0, respectively, and the optimum temperature was found at 37 °C for both strains. The
maximum collagenase production by CNA1 (20.99 U/ml) and CNL3 (9,77 U/ml) were observed at
the concentration of 0.5% (w/v) glycerol and 1.0% (w/v) gelatin. The maximum activity of partial
purified collagenase from CNAI were observed at pH 7 and 45 °C and its pH stability and thermal
stability were in the range of 6-8 and below 40 °C, respectively. While the maximum activity of
partial purified collagenase from CNL3 were observed at pH 6.0 and 40 °C and its pH stability
and thermal stability were in the range of 5-7 and below 37 °C, respectively. It was found that
collagenase from CNL3 which was isolated at acidic pH showed higher stability at low pH
compared to that from CNA1 which was isolated at neutral pH. Collagenase from both strains was
applied for collagen extraction from salmon skin, wastes from seafood processing plant. The
results found that collagenases from CNA1 and CNL3 could extract collagen from salmon skin
only 3.70 and 2.26% base on dry weight, respectively, which were much lower than treating with
0.5 M acetic acid (36.51%). However, the combination of each collagenase from CNA1 and
CNL3 with 0.5 M acetic acid treatment could yield high collagen of 54.56 and 53.93%,
respectively. Moreover, the study of collagen size showed that collagen from salmon fish skin
consisted of two different (! chains (OL1 and (X2), and was characterized as collagen type I with

no disulfide bond. There was no difference in size of collagen extracted by acid and collagenase.
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Figure 1. Schematic representation of the conformation of tropocollagen.
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Figure 2. Build up of a collagen fiber (a) from tropocollagen (b) molecules.
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Table 1. Type of collagen.

Type Peptide chains® Molecular composition Occurrence
I o', o [C(.I(I)]2 o’ (D Skin, tendons, bones, muscle (epimysium)
n o foc'any, Cartilage
I o [o'an] s Fetal skin, cardiovascular system, synovial

membranes, inner organs, muscle

(perimysium)
Iv o' \ o’ [(ll(IV)] 3(?)" Basal membrane, capsule of lens, glomeruli
Placental membrane, lung, muscle
(D {endomysium)
v OA, OB, 0C(?) [OB], OLA or Placental membrane, cardiovascular
(OLB),+HOLA), or system, lung, muscle (endomysium),
(OLC),(D) secondary component of many tissues

*Since the O chains of various type of collagen differ, they are called o', '), oA ete.
"(2) Not completely elucidated
111 : Burghagen (1999)



Table 2. Amino acid composition of collagen (residues/ 1000 residues).

Amino Grass Pig skin Calf Bigeye Cod Salmon  Ocellate

acid carp skin  collagen skin snapper  skin*  skin* puffer

collagen collagen skin collagen
collagen
Hyp 65 97 94 77 56 60 67
Asp 42 44 45 51 52 54 50
Thr 24 16 18 29 23 23 25
Ser 39 33 33 36 63 46 48
Glu 61 72 75 78 71 74 87
Pro 121 123 121 116 98 106 103
Gly 334 341 330 286 358 366 351
Ala 135 115 119 136 103 104 106
Cys 4 0 0 0 0 0 2
Val 31 22 21 22 17 15 17
Met 10 6 6 12 17 18 12
Ile 10 10 11 5 11 9 12
Leu 22 22 23 24 20 19 23
Tyr 2 1 3 4 5 3 4
Phe 17 12 3 15 12 13 10
Hyl 8 7 7 10 0 0 0
Lys 23 27 26 31 24 24 19
His 5 5 5 10 13 13 8
Arg 57 48 50 60 53 53 54
Total 1000 1000 1000 1000 1000 1000 1000
Imino 186 220 215 163 166 166 170

acid

i : Zhang UozAMUE (2007), * Amesen 1Y Gildberg (2007)



2.2 19217 (Gelatin)
RMAY (gelatin) 1Au191nmsudsgaonanu (collagen) #iflogluiamis
3 J & A o o I a a da © ® a ¥ ¥
nsygn samulleensiuvesdaidaiiuiagauiitivninaminisada Tasmsldanuieu
¥ A ' A - ¥ IR v s
uaz 1¥msdude 9y nsanIean niens 1ieuland ik Tnseadinsaausugniionsuas
4 = ﬂb = :’ L [ -
Wanulaudueardu  Fusarduannsoazainiild Yegiuiimsihwadun iy
dalizneuvesndadusinawyiia gy inseadio1 o1 ems narilduaiep) Taomme
= P Pl a i ' -
ndmgagmnssvemissuiuaaaiilugiigaveasardu  amailugsenunie
- [ - -~ -] s -’: -
gamunssumsudns lasldnmaulumanioutinemozndniuunlya variiaunlyga
udsnzunlgaii (Kittiphattanabawon et al., 2005)
2.3 NMIANAABADIIY
Tasnaldaeaanauannsoadasinmiuasnszgnueinyiaz il uadiu
flynmdadusinanysy hildSvaaadmivfiiudenansaa diheiilgmimaiiy
n 1 & s A - % t 1 1
Tsndee ruTsausuunsad limhaiuiles Tsalaussdna dtianufaaheederade
A3 1nn'1& (Zhang er al., 2007) ThyiiulATimsvanmsasanoaausuvindaqruinionn
1 a o
a7 19U Ml inda uaznszaniar (Nagai and Suzuki, 2000; Morimura er al, 2002;
J = & g
Jongjareonrak et al., 2005, Kittiphattanabawon et al., 2005; Zhang et al., 2006) FIITMTANANINS
&~ o a ' a
ms1dnsauazms 1diouland FuilenSouovsandan1d wuinsadalaoldnsase Wing
nand 173 Mool (Kittiphattanabawon et al., 2005)
23.1 myadialasnslynse
ABAANIHIINITOTAA 17 1Aon13 19N 3A (acid-soluble collagen) 91NTIHAIUUBA
Kittiphattanabawon (0¥AYs  (2005) AnyimsafianpanuIusInmiluaznszgnuaslan
o~y I © : ) o
a2 Taoms insaezddn udu 0.5 Tuard Wnandaievas 10.94 uaz 1.59 Tamimin
ilsn addy diovilUmvnaluanalas SDS-PAGE wudhiiuay 2 tou fie Ol waz 2
A -] H =8t a9
Fedwunldiunsaanauriiah 1 9u350veq Hwang unznaiz (2007) fnuimsinoaniuey
o ' o ar oo -
vignidaadauminnmisdar Tavldnsaszdindudu o.s Tuard 1dnandadovaz 89 Tae
o w4 ' a a d s
mindun disvivuialuanalay SDS-PAGE wuhiiunu 2 uou fie 01 uaz 02 Faduiun
Riunsanuausiiafl s noaausuiiadalalingunginiacanusudoanin (Temperature
degeneration, T,) N1y 28 BaAradd naz TuaiIieues Liv unsaalz (2007) finyimsoia
o - 4
ADAAUIUDINMIIA1IAT channel catfish Taomsldnsaozdan Wudin 0.5 Tuans (acid-soluble

collagen) ldnandniosay 258 Tamimindlen e lUmivuralinanalas SDS-PAGE



wuiii2 woufe at war o2 FedwunlRilunenansuwia 1 wasiivinalnady
Toasond nsau Insdu viifuiovas 23.99, 7.3 waz 9.79 Mud Wy Funilousunoaaioud
anasinny naztSumesdlsznauvsninezilulndifivaduvesnsanusuninny
ﬂaamwuﬁﬁﬁ'ﬂ'lfr’\'ﬁfimmngﬁﬁﬂﬂammmﬁuﬂmw (T,) MU 32.5 Bar BT Sedni
ADARUIUIINYIIINY |
2.3.2 maialagnislftonlasl

Morimura UDZANE (2002) Any1n1s 1deu lal I1sAparilaaieg lumsada
asnanuniamiadauasnizgnusatarnanas vuduew lasi lsAed 1n Mi¥8 Bacillus
subtilis Aoy 7 szIiSasimsbovanioovas 692 uozlunszanifiualnadu Tnsdy
lensend Insiu whiudesar 27.2, 111 uaz 6.5 AWy usseiifSinadind: asaauey
nniany Tu91u3ueq Jongjareonrak HaznLE (2005) ANYINMSAAANDAAUIUVINHIIVDY
o laonms 19eu lanli Sy (pepsin-soluble  collagen) ldnanandovaz 4.7 lau
sminiln o lumvnaTinanaTas SDS-PAGE wuhil 2 uoufle a1 uay o2’ 4
fuunldifiunonansusiiaii 1 TasdssnoudauTuanafiia cross link Svwadnnims
adalasldnsauasiitsuielnadu leasond Insau Tnsdu midu 235, 86 uaz 135 Ao
Y5na 1000 veansaaziTianua mudidy Tuau3soves Liv uozaay (2007) fnynts
afaneaa N NNl channel catfish Tasms1diou Tanlidddu {pepsin-soluble collagen)
1nandndovas 384 Taimiinidlen e lmrvuia Tuana 1o SDS-PAGE wuhii 2
uowfte oLl oz 02 FedwunBiiunoaansusiiad 1 uasiifinalnadu leasend Tusdu
TnsBu whdudesaz 23.33, 7.59 uny 10.13 aud1Au Funiieuduneaausufiadaninmiany
uas e ISuve Zhang uazamz( 2007) Amnmisadansaantunnmisilamin Taons
191ou lanalin ) Fru(pepsin-soluble collagen) 1AHanAndovas 46.6 Tashminuds ol
via Tutenalas SDS-PAGE Wil 2 uaufie O iaz 02 uasnfSsudivuiuneaaususn
wivimunduoumiiousiy uwifiﬂ?mmumnsnﬁﬁ'ﬁw‘imimﬂammumnﬁﬁi‘gﬂqqnﬁwun
Tnalimpungifineaanewivantn (T,) nify 24.6 seraidva Fadndneaauaunn
nywufiu Inseadrsvesnsanusuiidnuaz g duavhedefnuldndesgonssml

a g l& = o c{ ar w o
2INATOUNLLAUNY (SEM) AHanyasNMluAUABAA UIUTINTINATY



3. eulasidenlysfu (Proteolytic enzyme)

ou lanfesTisAu (peptide hydrolase, EC. 3.4) ﬂ?ﬂﬁ‘g%ﬂﬁuﬁlu%m‘?ﬂﬂﬁﬂﬂ
nldniee (peptidase), Tis@oa (protease), Tos@me (proteinase) uaﬂﬂsma‘laﬁnmuhﬂ
(proteolytic enzyme) i'fﬂmﬂunfiwmmu'lcuﬁﬂmnmﬁniqﬂﬁﬁ?mmiamuﬁ’uﬁzﬁhm 101
(hydrolase ¥35® hydrolytic enzyme) Fauvaiiu 2 nqulngq Tasionsavnd o
wusznhl ndfionlsfid s w§isnmsaae fe

- wulminhlfine (peptidase, EC. 3.4.11-19) Fuoulasffusanisda
fuszahlIndvesnsaorii Tufiogasaaroveano Indily'ng (exopeptidase)  #414un
9zl Tuith)Vitae (aminopeptidase, EC. 3.4.11) 'lailu#iad (dipeptidase, EC. 3.4.13, 15) llaz
avsuendnhlfiaa (carboxypeptidase, EC. 3.4.16-17)

- eulaniTUsAa (proteinase, EC. 3.4.21-24) ihuow lanffisan1sdvaiuse
nwlu(endopeptidase) vosmw IndillIngd wia1didiu 4 nqudes amsiinvenianziiu

1
o & A

difiiiegnsauTIaniss (active site) vououlal FalFlumsiuduesasumiuouvemy
afusiia (carbonyl group ~C=0) AssuTnuRLsz Indvosduman 18un FuldsRua
(serine proteinase, EC. 3.4.21), ¥enmouldsaiue (cysteine proteinase, EC. 3.4.22) uoda
Ts@ua (acid proteinase, EC. 3.4.23) uazimialalusamuea (metalloproteinase, EC. 3.4.24)
(Ward, 1983 $13Tae susutg Twynad, 2541)
nhIndlaTasiaafiianudidglunianisd SailluTusfiuaunnd
whifiea 1aud F3uTilsana Seaunsondnldnde Aspergillus spp. Taugnanay Tasld
neaanILupzATuImMa0 IS TInmsAnsImsAatoniSoAnamow lx Tl sAoanin
Auiiiaanity Inansiidudi wui1x§aﬁﬁhuun15dau1nnjxﬂu Bacillus sp. (Nakayama ef
al., 2000), Bacillus subtilis (Tran and Nagano, 2002), Bacillus mojavensis (Beg and Gupta, 2003),
Bacillus sp. (Patel et al., 2005) 4a% Bacillus cereus (Nilegaonkar ef al., 2007)
3.1 e lwnllihs@nie (proteinase, EC. 3.4.21-24)

v Tl Ts@umnnyaunsdinduou liindivenguoniaad vailiteld
douTusAuriindeg fisgludanadounouon Wikihunsaes i ludmiveadudrdmad
o ldlunsidy Tn Fuew o IsAmautsmunalansiand i

3.1.1 F5uldsfna (serine proteinase)

o

WunguusaeulmitosTsAunnsdunidntdAnmauunn duowlaides

=

=t d'n el T P-1 = [ Y “= L] & o :
Ts@uithau18d lugriendiunarsiisins Tnydliar leanssusinouss Fwzgniudsla
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o

DPF (diisopropyl-phospho-fluoridate) ﬁﬁmfjﬁ?umuug —OH wwwaﬁs?a (seryl residue) f
TR LIER
o iy a o oo [ [Y ] 1 o
ol u T sanmanydunid susonia i 4 nqudenie
¥ »
1 Fuldsdmafindrwsuniddu wulminquiiviau1ddludefies
Uszune 8 nazdsdinnusumizaemseuiusanlilIng assdumisnsaezi Tuiduiue fe
o
915914 (arginie, Arg), ladu (lysine, Lys)
[ t d
2 ) FHuldsamaimhouldaluannzais eulminguiliinnuamise
o Sh 1 =t = a ] [T t:i o A = [} A:i
i ldalugasiiesdszina 10 ianwHinzdedumasmiidiunsaszii Tudalivgunu
Wurauman 9y InTsdu (tyrosine, Tyr) uasWilavzaiiiu (phenylalanine, Phe) AnpAIY
= P ] : [] a e . g d = Ao o o =
asaozdl Ui Tdyeuii ¥y 875U (leucine, Leu) lnuiveiindniou loids udam o Iusdten
F A & -4 - g
1RUn Bacillus mojavensis Gfinuni¥091nAu (Beg and Gupta (2003), Bacillus sp. fALYNIIN
Auiilinaunfu  (Patel er al, 2005) WA Bacillus proteolyticus AALININYDAUTIVD
aszuMMsulsuyan (Bhaskar er at., 2007)
3) ASulsdaindnnnuuniisongy Myxobacterium (Myxobacter Ol-lytic
. o oda a o o a e o - o '
proteinase) 1ihmou laflunguiiinammouunaiiGvxiiad g Taoia lufianuiunzae
»
3Rzl IWoz A1l (alanine, Ala) unz213U (valine, Val) tou laniszgndudanisvien1dde
DPF ‘
4 SSulds@ueaiindann Staphylococcus spp. (Staphylococcal proteinase)
M ¥
ow'lnlwiiafinda Iaoi¥o Staphylococcus aurens V8 finuladew s DPF fanuiuwizde
@ I's - o o . . - =
msaanuszy IndasesuSansassi Tunoaniian (aspartic acid, Asp) n3engaiiin
(glutamic acid, Glu) (Ward, 1983 $141au suaung Tnyma, 2541)
3.1.2 Fmadultlsfma

1 4
)

ou i lunduiifivg sulthydryl sgaseuinonss dalnajmmisainu1da

= ]

Turioniiunnie fie 6-7.5 uazfinmamuasgamniilug2e 60-80 osruvaiFua ol
] 4: ar o’: cﬂ = ) r-| =] "
TungquilezgndutiaTaeasfiSund sulthydryl reagents #3530 sulfhydryl group (-SH) w3engu
eoa (-sH) i lvnyda Wi afuSnus AT uawnssnunsedion
3.1.3 wedallsfua

uada lusfed nunda Tusaeaisnfiisrvosnsinifisomsdosaas

] ] = o o .sy 3 [ = o ] 5
g lurafiteyvesnsa woulanisiatiawsowu lddmIng lusueziad uanuiovunnly
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-

A o o Yt oA ot ° o as A 1
wuanGs Innumansoinu1ddiug ey 2-4 ioulmilianuiuwnsdunsaezii Tufifing

‘!. o C;ﬂ r 1 = aAf & =
wnniiiduaaunau naznsaezd Tunilvualng wu mlsduuaziiiaozariiu

3.1.4 mmalalsfa
ti‘lmauimﬂﬂﬁmﬁﬁﬁﬁaawmTanz;i‘lufhuilsznau‘luu?nmlfm?a@

S 1 L L] @ A 1 ) 4 A o

hul§aseimsdesaniundnfe ogludnvus Tnudames Falansdningldud zo™ Faoi

b at at

3 .n LY o : a o ¥ y o 5 o
wihadidgaeduiudumasm dnjunmsiauveusu lninguiiSignivdinistinudae

| 4
& o

EDTA 10w imilunquilfidalfisefifientiuna diey 6.5-7.5)
32 oW lxsineaadiue

wulmineaniiiue ey lai Ts@oasianilslunguon lasi T s@nad
ANIS00BUARIY native collagen 14 (Tran and Nagano, 2002) i lminsaaiimanisnludnd
1§34Qﬂﬁwuu fio WU (pepsin) nTUFU (trypsin) Tn TunT UGy (chymotrypsin) Mioe Ay
fio 1)y (papain) (Harrington, 1996) 1o lxsineamBuaainisondalAningdunid
Clostridium histolyticum (Matsushita et al., 1999}, Bacillus subtilis (Nagano and To, 1999),
Bacillus sp. (Nakayama et al., 2000; Okamoto ef al., 2001) ﬁ]auﬂ?5!Hﬁ1ﬁﬁ1n1iﬂﬁﬂllﬂﬂ1ﬁﬂ1ﬂ
Ay mmsﬁﬁmmﬁ'ﬂﬂm 151U ﬁyhjm (Nagano and To, 1999; Tranand Nagano, 2002)
TaoiiaWieulsnineaaduadicosnonaususedeadl zn” ulnamnmedasausnansa 3
vadhuwmalaTusAme (Tsuruoka er al,, 2003) Martinsaludsulysamauas sdiea
éuq 594041 (Watanabe, 2004) 1oy loineamBiuasiiaumalalsfiuadosaaivay
avnauaasaRuszith) Indsznnsaezii Turiinou /o TnaFu-Tnsdu (Watanabe, 2004)

Kawahara tiazaai (1993) Anuansfauonuas SuumunfiGofinamen sl
aeaatimanndu lagldnsaaunmihumdmisyounas lulasiu 1ﬂaﬁq%fymvﬁuﬁ'qﬁun‘%'é'
wuiihudle Bacillus alvei DC-1 uasiormuIqniowlminoanSiualronisanazneud
indousu Tmiloudamadosar go uazdnyiauiavessu lainsaosiue wuduou ol
aamSumansaiinn14aiifies 4.5 6.0 uaz 7.0 c“ﬁammsnaqﬂ'lé"iui’:affwﬁu{f;nﬁﬂ
wlmineaniSiuasiialnifiifonssufifoniunsa Tuan3suea Nagano taz To (1999)
Anmsiigniiew lninoamSnaenido Bacius subdlis Fs-2 Hfnusndnnmmin
inlawwudadn luemsifinsedumadu fosvesomsBoudonty 7.5 vufiganpi
35 ssruraFoa wowualuagavesswlmineaniiuannmsAny 1y SDS-PAGE
iy 125 Alasadu ieu lnifinnuadusdefiteyuga 5-10 uazieu lanineanitiuaszgn

b4
[

UU9AY 2-B-mercaptoethanol (8 diisopropyl-phospho-fluoridate (DPF) 1313 adaon Tl


Staff
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ABARIRINAVING® Bacillus subtilis FS-2 huewlnilungudSuTsama lumsAnyives
Lund 1102 Granum (1999) Ainsmswaniou Txiiteunoaauauenidie Bacilus cereus Tuems
CGY medium 1ﬁyu¢ﬁqmﬂqﬁ 32 esruraifon e lmineanrsueaiifivna liagasin
m3Anu&Iu SDSPAGE iy 105 A Tamadu iowlmineanisiuassgnéudadas EDTA
10 1,10-phenanthroline uaziiiomunnuuduyes znc, zildfsnsiuvesenlsliuiy
mlfrsodaenladnoanifiuasinide Bacitts  cereus Huteuladlungu
wmalalUs@me  wonsinil Nakayama uagAsiz (2000) Anynenssuvesoulad
ﬂaaaﬁmﬁﬂuqmnqﬁqumznuniﬂmnn"‘fya Bacillus sp. strain NTAP-1 Tasfisanauiluuvas
TuTasisn wuduewlaafannsoren 18adines 3.9 uaz‘l:iqné’ngﬂﬂa EDTA ATutudy
10 fiad w1y uaziou lmineamieaiifinssumioeyievaz 8o figungil 60 esrisaiFun
dovmiuinat 4 $2109 991091489 Okamoto Az (2001) Anwimssiaiowlaies
ABAANININE® Bacillus sp. MO-1 Tupmishiimsiuneaausuasly Aiesvesemisidos
Foriiy 7.2 duiigungd 65 evrniraidud nudneu lsireamdina it 18TivuaTuagaen
msfnudan SDS-PAGE Al 105 ATamadu Aumdammiziion lsiFauszy Ind flo
25U InTsau anau ezariiu uasladuy mu'lmﬁﬂeaaﬁmm::qnﬁ'uﬁgaﬁw DPF uaz
phenylmethylsulfonylfluoride ﬁﬂﬁmmm%’ﬂmu'lmﬁﬂaaaﬁmﬁmm?;a Bacillus sp. MO-1
ihuoulailunguisulusiug TumsAnuives Tsuruoka tazamiz (2003) Anwims
ySgniuaznudnvusveusy lwilsAioafidssansnenaisu nnide Alicyclobacillus
sendaiensis NTAP-1 Tuemisian lasa YAa¥mny 4.8 tguqﬁqmuqﬁ 55 VIR UVTBUA
o laiasaaiduaii1aTivuna Tuanavinmsinuidae SDS-PAGE iy 40 Alaatady
oy lailinnuadosdefiorlug 3.5-50 mu'lcrﬁazgnifnﬁ"qﬁ'w EDTA, 2B
mercaptoethanol 11a% phenylmethylsulfonylfluoride vinlfonansase dhueulmilungudiu
Tusdma uennnfidaianiioves Kanayama Wz Sakai (2005) AnimsinSqniuns
qmﬁuﬁﬁﬂmmu'lmﬁTﬂsﬁmmfﬁﬂ‘lﬂﬁmm%va Microbacterium liquefaciens FafauunIndy
yinulsinugamnnssumskaatealay Tanidsadeluemisifieatduiuunds
TuTasion wudioulal TsAoaiivinaluana 21 ATasadu cunsedeosaipuiinng

100 Alaaradu 1AiTuuua 60 uaz 40 A laaadu ud IWannsodesmonpaauau i
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w e ' a d a
4, ﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ15ﬂ17ﬂaﬂ!ﬂﬁnﬁiﬂﬂﬂﬂﬁ1ﬂluﬁ

dy ay A a s Y et = d‘.’ e Y
maasaseindaeu lainoaaSiualdiimisaulavesFegauaziimsnia
L3 = a .! Y [ 1 = o = o o
oulaineaniTiueuiugs Yusgiuiledodieg wuRerdumsnaaiou i Tusded
. L 4
91 fail
1 o4 L L -
4.1 unasmivenuazamuduiuiminzay
o T o a Y ] - =y Sl A [ '
afvouThumdmdsnuidmiyaenisidulavegdunid FdauIngunds
miveusziund Tulawse su ufls nglaa gTnsa szsriTua illudu Tay Ferrero naznay
» » » .
(1996) Anyainswameu'lad lsAoa1n¥e Bacillus licheniformis MIR 29 1asiGouyon
Ve v o []
AN 45 DerIaLEuT uasioTi iy 7.5 uazilSousuunasmivensng fe glase
muanlag 9190 Tua TaToa utl wdluTox vanTaa nfiwesea nglad Buydu uealnw
= ¥ - & ) 3 . P P FY -
tazindu Wi MaAulnveudo B. lickeniformis MIR 29 lussndindurclimadula
» + L d
vouFagaga uazsesaalusmisiihimiawd luleauazudls dimfvmandaenlal
- ' I~ Y =, Le = o d 1o oo o’
Tis@oa nudwndulimandaeu el Is@oagagamiiiy 71.5 efgasiiaddns wasihan
ng Inafunfwessalimssingesesncuumiiu 162 uay 17.7 iefigreiiofday mudidy A
weraslu Table 3
= = o = dl” . .
Lama uasaAe (2005) Anyinisudaewle [UsAled9101¥0 Salinivibrio
& :' . o ' o
genus FIAAUONTINT INEIR 1UBINS saline solution yeast extract (SSY medium) UNIDHININU
- ¥ 4 o« - J
9 wazAnYIANMANAIIYBIMAIMSUBY hp ngTaa wealaa glasa muanlaa Hinlaa
] a ¥ ¥ ¥ ¥ :, w1 = 1
asdian uuu lua tonlaa nflwesea Taeldanudiduiosas 1 Ghmindedsines) sty
] » 4
#i 37 seriraidod it 20 $2Tue wud i Tua nglad uazy Tnsa Winmsdv Taveude
A w o P ' = o = 1 =t
ggadisiamaidy Ian 540 wrTunms uanmssdaieu el Ts@eanun ndresea uaalaa

uae axdimaldinisniaen i Ti)sAwags Aauaaslu Table 4
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Table 3. Microbial growth and alkaline protease production from B. licheniformis MIR 29 with

different sources.

Carbon source Biomass (A,,) Enzyme production (APU/ml)
Sucrose 0.95 0.00
D-(+)-Galactose 2.65 4.16
Ramnose 2.85 5.73
D-{(+)-Xylose 2.55 0.00
Starch 314 12.3
D-(+)-Melibiose 3.20 5.97
Lactose 1.80 6.33
Glycerol 1.28 17.7
Glucose 2.15 16.2
Inulin 0.72 §.39
Maltose 1.55 0.00
Casein 3.78 71.5

31 : Ferrero azaAne (1996)

] 4 1 -
Patel LlazAnde (2005) ﬁﬂ}l'lﬂﬁﬂ']'lul‘a'ﬁ'l’;u‘ﬂﬂillﬂﬁ\!ﬂ'liUﬂuﬂﬂﬂ'l‘ilﬂﬂiﬂuﬁz

L 4 L d
misHaneu lani TsAlanInide Bacitius sp. Tavl¥nglaalusaeiesar 0.52 (iminAe

YS1nas) SaReemid 10 vui 37 esrusadon Wunat 48 2 Tue wuhianududuves

- 4 »
nglnadevaz 0.5 (hwminaediuias) sz inmadulavoude Bacillus sp. gega uasivm

fenssuveusulmillsAoagiqa (Figure 3)



Table 4. Effect of medium

15

composition on growth of Salinivibrio genus 18AG and protease

production.
Nutrient Cell growth Protease units Protease production
(0D ) (U/0D,,)
SSY medium pH 9.0 19 15 79
SSY medium pH 7.5 1.5 8 33
SSY medium + gelatin (10%) 2.0 16 8.0
gelatin (10%) 2.1 67 32.0
Glucose 2.0 2.5 1.25
Maltose 1.8 5.7 32
Sucrose 2.0 35 1.75
Galactose 1.9 0.8 0.4
Fructose 2.0 0.9 0.45
Acetate 0.8 7.0 8.7
Mannose 2.1 4.0 1.9
Lactose 14 11.5 8.2
Threalose 2.0 15 375
Glycerol 1.7 19.0 11.0

7111 : Lama uagagiz (2005)
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- 140
+ 120
‘g + 100 §
< 480 S
£ v g
g + 60 g
(G} +40 =
120
D L) 1 T 0
0 0.5 1 1.5 2 2.5

Glucose, % (w/v)

Figure 3. Effect of glucose concentration (0-2 %, w/v) on growth (®) and protease activity {4 ).
Samples were withdrawn after incubation for 66 h at 37 °C.

717 ; Patel SazAME (2005)

Gupta i8¢ Khare (2007) Anywannududuvosunansuouaenmsiaula

= o = Af 4 dy -:l’ 4” =

uazmiskanen 1l TsAeanindfe Pseudomonas aeruginosa PseA Fudvalusmisidouiod

v 1 = = 1 ] o«
9% 7.0 UsUNAQUUQN 30 sswuvmToa laofAnyIANULANAIIYBUNAINITUDY A
o = ’

naesea ng Ina asuendiuafia-trag lae (CM-cellutose) g Inse uoalam uas nlna
o~ o o . r ; o o -

nffsuouiuganiungy Awansly Figure 44 wuduFomunsoldnis Tulamsalunsnia
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1wl dumivendwaia-ag Tad (CM-cellulose) Snadenisndaionlai TsAiwagaqs

IR0 Ndireson g lasd uealas uaz Hyalae uaisnnmivendiuaii-wagloa
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Figure 4. Effect of different carbon sources on growth and protease production. The incubation
was carried out at 30 "C for 48 h (A). Effect of glycerol concentration on growth and

protease production {B).

11 : Gupta (a2 Khare (2007)
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o a i 4 i ' ke @ 1
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Figure 5
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Figure 5. Effect of gelatin concentration (0-2%, w/v) on growth (®) and protease activity (A).
Samples were withdrawn after incubation for 66 h at 37 °c.

7121 : Patel LAZANLE (2005)
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! ¥
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wazlunisfdnyived Patel uazaar (2005) Anyinaveslu@ounanlsaremsiaylaveade
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Ghminaodiuias) Tuemsivadehlifeyriviiny 9.0 wunanududuladounas lsah

¥ »
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Nsdahiisgegamiduiesas 10 hwilndouSines) wuu 491480 Bacillus sp. 1y

uuARSs¥oLINaD

5. foanssumananuasanunsivesewlsineaaidiua

5.1 vleyiiminzaulumsiinuasanunsiveseulaineaardiue
P=1 1 = o
Kawahara uasAiz (1993) ANYIAAYBIRIOTABRINT SUYD N0 9]
»
- - 4 ot -y 1 L3
ABAMUUNUATAISAL 1AVDUYD Bacillus alvei DC-1 TARALINIINAN NUPTsaheuld

ada £ d' o f:‘y = L4 < = Seoa aa
ANNLOY 4.5, 6.0 LAz 7.0 mnraﬁwwu1;uHaﬁmuMuaaaamuﬁwa‘lnnwumnim‘nmmf

Hunsa (Figure 6)
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Figure 6. Effect of pH on activities of collagenase for collagen hydrolysis.

111 : Kawahara tazaie (1993)

Nagano 1az  To (1999) ANHIHAVEIRBFADAINT TUUATATINAIAINOY
o Py 4 & W :’ ' ] '
U laninoam Siuas ¥ Bacillus subsilis FS-2 Geaunonainmintar Tugraiios 5-10 wui
o ¥ 1o ' Y v = =4 |
niitey 9.0 Taenssuveuou lalnsamSwagega uazteu laineaaSinaiinnuados

Aeter 1T 5-10 1Az 15ANYIUDI Nakayama tazams (2000) ARy IHav0IflD¥ABAINI Y
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¥ ' 1
youou lminoanstuauaznsiiu laenide Bacillus sp. NTAP-1 lug29#ie% 2-10 wuih

ey 3.9 WaAenssuvoneulmineamdiuageqa (Figure 7)

)
g 8
T

Refative activity (%)
o 8 8 8

Figure 7. Effect of pH on collagenolytic activity.

11 : Nakayama (iazame (2000)

5.2 gamgifimnrmlumahauezanuasiavesenlvsineamina

Ferero wazaiz (1996) Anvaniswamew e lsaeaninide Bacillus
licheniformis MIR 29 Tﬂuﬁnmmwmmm‘lumsﬁumuazmmmﬁuﬁiaqmnqﬁﬂm
wouln Ts@oaiug 30-70 ssruraidon wuhguugiilifenssuvenen o TulsAwa
qagafeii 60 ssrsaLTYd uaztﬁaqmngﬁlﬁui{mﬁu 70 esruwaiFoe oulwl lsAlean:
@oann Mlvdenssuveuoylafanaundedosas7o lumsdAny1ves Gupta uaznme
(2005) Frnsrdaionlanf TusRioannide Bacillus sp. Ao A LarAnugaingli
muizauasnsmILveaeu tanilugia 550 ssruwaiFed uazanuaiosAsgunives
owlmiTils@iea Tugae 37-90 ssnmadoa wudnew ol Ishnadifenssugefiqungd 37
peruraISun (Figure 8A) tazlnomavesnistuiigangii4s uag 50 esnwaiFoa nud
woulnkaziifsnssuaaaundofouns 92 uaz 85 Ay unzAnssuveasulnlaraunde
ﬁnﬂmmﬁaﬂnﬁqquﬁqquﬂu 80 110Y 90 BIRUBATA (Figure 8B) iiipe9 ngampivh

v o
eu lsnifoann
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anularemstosamuTaueu lofidintu randad I801nns lolas Tadaian aunsald
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insoshui Iindanudh
6.2 msinmlin
iludansznouluniitidsaulsn wu omsiaafeasdnguusely
mauAnems emadusnluasss aimﬁﬁm?syafiakmhm wazdasfudemaialsnueds
{Watanabe, 2004)
6.3 IWluveajiams
1 lunisusnisadRuvesnyesny1 naznisdeoneaanruiio
szgnd 14 ugaaMnIsUEIMS (Watanabe, 2004) 18 lumsnagoun1aduali (Okamoto et al.,
2001) Wiowlmineamsnainido Staphylococeus aureus V8 TunisnuumuiiniIndves

AR (Jongjareonrak et al., 2005)
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wesoonladIdih wozuieonsmuAaiu widmin lianswdmaash radluaunse
waiiGnhliaduen lfuamias
1.5 minsiaianonssuvesenlvtineaadiua
n1sasIvianistosenIauuueIMITude lasnsmiudonsalainanls
praandutudovaz 35 Taotiwmiindoys11As (Medina and Baresi, 2007) Javsnadaldias

vwnvedla Tat ¥innduie ilonis Degree of hydrolysis

¥ o
durhuguonasyessle

Degree of hydrolysis = — y »
Furugudnaiavealalail

msasreianenssuveseu laineamsalumazainFadSuia iewis

¥4 Tran 110% Nagano (2002) tiiaethaeuland 0.1 fladdes Bueadundntuiovas 0.2 (lay

dhmindeusings) Usinas 03 Tofans uaziAn Tris-HC! Ty 7.5 Wudy 0.15 Tuand it

pamdounaslsdidudu 002 Tuard USuas 0.2 fiaddns rmswau i 37

seruraidoa 151 30 iR nygalfasodionsalelasaasimdudu 0.1 Tuand Yiinas

o aan a - - L o
0.6 iaddns wirldddu wumsazawlxdonleasen ledidudu 0.t Tuard YSums 06

=

fladdns wirlddhm g §asndumsazawiiuleaSududuiesas 035 luemuea
Zovay 95 USiat 036 Sadans werldidhdu dulmhdeaiiunm s wail iluSadins
Qﬂﬂﬁ'uumﬁ 570 A luAs (‘xzaﬂmf}mﬁuﬁmdmau'lcnﬂ'uazlﬁunsMaTﬂiﬂaa?nfiamﬁu
ARy uaz Trs-HC 1 h)umgudeain) Wuodeaduivies Guffer) unumsazane
ou'lrl udnihai 18 IS sudisufunsnasgmveslnadu

1 mirsveuewlwisosTusau vaneds AenssumsdesmasTusan 1Ay
nsmoziiulnadu U5 1 Wrlasnfudowndl moldaniasfidimua

mnomg : lwanefidunse aseiafvnssuveseulmineaafug Tay
sdethaenlsl 0.1 oddas @umeariudududeoas 0.2 Tanhmindeysinas) Ysums
0.3 Sodans UDLI@A Tris-HCI ey 4.8 Wudu 015 Tvand AuraFounaslsdidudu 0012
Tuard YSuns 0.2 fiaddes thvusRenudiedu

1.6 mdmanervfSinaldsfvveseulyineaadma (Fautlasein Lowry er al, 1951)

Wimsazawiietadiuas 200 ulasdas uind§aserfumsaza

uoanlarinsuiles (alkaline copper reagent) (Y5znOUAIY Na,CO, f0as 11 NaOH A

Wudu 0.1 Tuard, cuso, fesazr 1 uaz NakCH,0,H,0 Fovaz 2 ludasrdau 100:1:1)
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Y3ums 2.5 fadfiag 1111?;41‘!)’1?.18'3111{]53??81 10 Wil udataduasazaisIWdy (Folin-
Ciocalteau’s phenol reagent) Fuse918lusasra L:1 Zanindu U5ias 250 Tulnsdas ae
Tulweividhiu 11«5@1%’%&;&1?1:11‘31«70«%11:\1 30 w1 il Sammsaanduuasiianue
A 650 1 Tuwas douduuuied daidihndunietiled (buffer) UNUETATAIVAIDGN
wdnhai 18 s nnanmududuves TusiuTasnSouifsuduasazawanasgiu Bovine
serum albumin (BSA) Matnduduiiu o, 0.2, 0.4, 0.6, 0.8 uaz 1.0 fadnsuAeiiaddns
MR
1.7 msmIndezasarlunmadi@ninsvesFauvuumlosanin (SDS-PAGE) (fiauasis
Y99 Laemmli, 1970)
as2an1vuia lumanavesesadsznouTusinlunsansufiadald Tavld
Tndsulandadainlndszaiar luaiendidnInsWeSSd (sodium  dodecyl  sulfate-
polyacylamide gel elecirophoresis, SDS-PAGE) Tasidog13neaausu 50 dadniu azaislu
Tw@nmomminivivled ftow 7.2 1udu 0.02 Tuard Al Twdon TamFadamtaduduovas 1
TaniminderSinns Y5ims s faddns nvderteaiiung 12 $alus figamgdl 4 vamm
wadua i lihamissiinnd 8,000 seudewd figamad 4 sssaides a3 nid
g lamdSunalysdy waz@ensTusaulumsazae Imfsuremwatviveifias 7.2
@udu 0.02 Tuand Al Tm@on Tawdadama Wududosas 1 Taoimindeisies W14
amududugaihio 4 Tadniudeiadfas hdaed1ildur 150 Tulnsdas wudesndas
Tiled Tris-HCI fitey 6.8 Wiy 0.5 Tuard 7 Twdv Tawdadammduduovas 4 Tau
iminaeySines unzndeseadududosas 20 Tasdiasderiuiag wuuas hidy
B-mercaptoethanol (BME) ludasidau 1 ae 1 TasdSuasdetSuies udnilduenTusau
Taunseamsazmove TsAubildSue Tdsdu 20 Tulnsndy asuusaIndozaiartudd
f19a staching ANududufosas 4 uaz 1wa separating Mududuiosar 7.5 uazihhluen
Taoldnszua'l 15 Hodusuulf ndsnmiudoumsalanld Coomassie blue R-250 1udu
$ouas 0.05 minaerTues Tuwmueadududosas 15 YimsdeSinas Hiinirezdan
Wuduooaz s USunmsdaetiinas nimiududiommueadududosss 30 USuasde
U515 Riinsaezdamdududovar 10 Yimesdetsnes TaoldTisiuunsgudad
JmﬁnTmaqﬂwﬁu 53212 ATamadu sialtsdufiduesdsznouluTsdumasg
(High molecular weight protein markers) TAun Myosin Y117 212 A lamadu CL,-Macroglobulin

YUIA 170 7 1aR18AU P-Galactosidase YH1A 116 A 1aA1aAY Transfernin ¥U19 76 1 laA1AAY
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Normal-subunit of OL,-Macroglobulin ¥41A 70 flanianu Glutamic-dehydrogenase YU 53
flamadu Taomo o vesneaausuwilad | fvwadszine 116 aady Jelngnhee
02 #Atvuiage Alamraduy iemindezaiar ludisaddnInsdes Fauuuudasanivn
(Jongjareonrak ef al., 2005)
1.8 MINATIEHMMIADA
1uLieiazi‘f’:uﬂauﬂuaqmsﬁnm‘n:ﬁms'nauwumswamuumjnmaaﬂ
(Completely Randomized Design, CRD) Taufhvuals TR (replication) TumsfnyuAas
afaiidu 3 41 wasdinsrdanuuandevessuaiolaoinszianuulslsnmiadio
(One-way ANOVA) Iﬂﬂi‘lﬁﬂillﬂihﬁ“%?zﬂ SPSS (Statistic Package for Social Science)

Version 10
el
2. AIENINAADI

ar o - q =Y d
2.1 Msdamenuazd U enimansonaney lvineamdneg
(73 5 =4 = ni =y d = -
2.1.1 MIfauanYaruafiGannanew lineamduauneIMIINGa

L4 Lo Tt

FIA21001981 1.0 NS UT0A106190MITHR | Taaans 1daivaoanansai

o '

-, o Y 0 aa oo 1
wumsazaw Imdsunaslsadovas 0.85 YSuas 9 iadtas qaded1 1 Taddns tdaalu

» » ¥ » ]
Aardnuuia 250 Hadfasnlomsdousodsuins 100 dadaans 314 3 51) wHRwATDL

wilfdhiudonamis 200 soudourd Agumgd 37 ssruwaFon W 48 F21lus ga

1 4 ¥
L

Fetrsnnardnan 10 Saddas Mdasludmidnuina 250 Taddasiifiomsdsaiodsnas
90 fadans widaomieuviildiditugaoninia 200 seudeurd figunad 37
sauwaiFun duna 48 $9Tue mdusuil 2 afs fenadeliianududumuzan
Uszane 10710 wh gadetuiidenudniSnns 0.1 Saddas Tdastuems@oade inde
130 (spread plate) Wnszerewavueisuds udah hinfigungd 37 sermuradon
o1 12 92Tue fonTTafifiRASUNIRINS restreak LUBIMIT W1 23 nde BT I&T
TnTailiRua th') spot uummsnﬁ’mﬁf’auﬁqﬁﬁmmﬁuegj?aua: 1.5 Tashmindedsinas
vud 37 ssmugrados win 12 $2Tue wazasavgaelaseulalaiindaninmiuiae
nsalasnaelsezaandutudosas 35 Tavimindeysuins (Medina and Baresi, 2007) o

21la o degree of hydrolysis
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(¥ 5 ot of ci I3 ¢ = Y
2.1.2 Msaausnyeuuaniennaneulrineaatmuatalsmn
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Table 5. Morphology and partial biochemical test of gelatin hydrolysing isolates in liquid

medium pH 7.5.

Degree of Gram Spore  Catalase
Isolate Source Shape

hydrolysis stain forming test
CNAL soil from sea food industry 53 + rod + +
CNAS soi! from sea food industry 3.6 + rod + +
CNAI13  soil from sea food industry 3.6 + rod + +
CND4 soil from sea food industry 3.7 + rod + +
CND7 s0il from sea food industry 3.5 + short rod - -
CNDI1I1  s0il from sea food industry 4.0 + rod + +
CND15  soil from sea food industry 35 + rod + C o+
CNB6 fish sauce EX + rod + +
CNB10 fishsauce 3.8 + rod + +
CNBI12 fish sauce 3.9 + rod + +
CNB13 fish sauce 4.2 + rod + +
CNCo6 fish sauce 3.6 + short rod - -
CNCI10 fish sauce 18 + rod + +
CNC12 fish sauce 39 + rod + +
CNE24 soil from fresh market 35 + rod + +

CNE27 soil from fresh market 35 + rod + +
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Table 6. Morphology and partial biochemical test of gelatin hydrolysing isolates in liquid

medium pH 4.8,
Degree of Gram Spore  Catalase
Isolate Source Shape
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CNL3 fish sauce 33 - rod - +
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Flavobacterium (Labadie, 1982), Clostridium histolyticum (Matsushita et al., 1999), Klebsiella

oxytoca (Tondo et al., 2004) Qg Streptomyces sp. strain 3B (Petrova et al., 2006)

25.0 5
Collagenase
B oD 4.5

>

CNA1l CNB10 CNB13 CNC10 CND4 CND11
Isolate

Figure 10. Growth and collagenase production from 6 isolates in liquid medium pH 7.5 incubated

at 37 °C for 48 h.
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Figure 11. Growth and collagenase production from 8 isolates in liquid medium pH 4.8 incubated
at 37 °C for 48 h. Different letters in the same parameter indicate significant difference

(p<0.05).
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Figure 12. Effect of carbon source on growth and collagenase production by CNAI1 strain (a) and

CNL3 strain (b). Samples were withdrawn after incubation for 48 h at 37°C. Different

letters in the same parameter indicate significant difference (p<0.05).
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Figure 13. Effect of initial pH on growth and collagenase production by CNA1 strain (a) and
CNL3 strain (b). Samples were withdrawn after incubation at 37°C for 48 h. Different

letters in the same parameter indicate significant difference (p<0.05).
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Figure 14. Effect of incubation temperature on growth and collagenase production by CNAI
strain (a) and CNL3 strain (b). Samples were withdrawn after incubation for 48 h.

Different letters in the same parameter indicate significant difference (p<0.05).
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Figure 15. Effect of glycerol concentration on growth (a) and collagenase production (b) from

CNAL incubated at 37 °C.
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Figure 16. Effect of glycerol concentration on growth (a) and collagenase production (b) from

CNL3 incubated at 37 °C.
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Figure 17. Effect of gelatin concentration on growth (a) and collagenase production (b) from

CNALI incubated at 37 °C.
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Figure 18. Effect of gelatin concentration on growth (a) and collagenase production (b) from

CNL3 incubated at 37 °C.
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Figure 20. Effect of temperature, on activity of collagenase from CNAI strain (a) at pH 7.0 and
CNL3 strain (b) at pH 6.0.
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Figure 21. Effect of pH on stability of collagenase from CNA1 strain (a) and CNL3 strain (b).
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¥
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Table 7. Total and yields of collagen by acid extraction and collagenase of CNA1l and CNL3

extraction.
Treatment Collagen weight (mg, dry weight) % (dry weight)
Collagenase from CNA1 41.3(7.4) 3.70 (0.66)
Collagenase from CNL3 25.2(6.5) 2.26 (0.58)
0.5 M Acetic acid ) 407.6 36.51
Collagenase from CNALI after treating 201.5 (20.1) 18.05 (1.73)
with 0.5 M Acetic acid
Collagenase from CNL3 afier treating 184.5 {15.4) 16.52 (1.38)
with 0.5 M Acetic acid

* In parentheses show control of collagen extraction in 0.15 M tris-HCl buffer and 0.15 M acetate

buffer for collagenase of CNA1 and CNL3, respectively.
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Figure 23. SDS PAGE pattern of collagen from salmon skin under reducing and non-reducing
condition. Lane 1: high MW protein markers; lane 2: collagen type I; lane 3, 4 and 5:
collagen from acid extraction, collagen from collagenase of CNA1 and collagen from
collagenase of CNL3, respectively, under non-reducing condition; lane 6, 7 and 8:
collagen from acid extraction, collagen from collagenase of CNA1 and collagen from

collagenase of CNL3, respectively, under reducing condition.
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1. M1 mm‘umiﬂmwnwmmnm‘mnnamau"l%uﬂaaamma

#1099 Tran  and Nagano, 2002 1lszneud

- Glucose : 5.0 N5Y
- Yeast extract 1.0 N
- K,HPO, 7.0 NN
- KH,PO, 2.0 13
- MgSO,-7H,0 0.10 3y
- CaCl,"2H,0 0.10 N3y
- Gelatin 15.0 N3y
- Agar 15.0 N5U
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3.1 asarauesBaniiiies (acetate buffer) 1030314 Tnonaumsazaw A Aumsazaw
B A esNADINITAD 4.0, 5.0 1AL 6.0
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- @380 B : 0.15 Tuas acetic acid (Wt CH,COOH Wudu USuas
1725 finddas huhndu Y5ulGinesihy 1.0 as)
3.2 aavawroamlntivides (phosphate buffer) wSsnldTavmeanensazans A fu
f170za70 B At iaesnisie 6.0 uag 7.0
- w@15eTaw A : 150 0.15 1ua1Y monobasic sodium phosphate (azaiy
NaH,PO,"2H,0 4.68 N3 lurhndu Wulsinesidiu 10 as)
- msazane B : 0.15 lyan§ dibasic sodium phosphate (dztt Na,HPO,*7H,0
8.055 ndu Tushndu UuySinasihi 1.0 das)
33 anazmenialalasnaesnivives (Tris-HCl buffer) 0.15 Tuand 1n3e'1d Tauds Tris
(hydroxymethyl) aminomethane Hydrochloride 18.171 N3y azmohningy Yiufioadaonsa

leTasanosndudu 1 Tirand musifieridon1sas 6.0 uaz 7.0 YsuilSuwmsidu 1.0 Gas






76

MAHUIN Y

ado <

A5 UATITH
1. msdanenonssuveaelmnineaadiua

anaanylumsimsed

1WaAY (Gelatin)

L}

Tris-HCl

unaiFvunan1sd (CaCl,)
- nsalalasnansn (HC)
- Tw@onleason l¥a (NaOH)

1iu'lensy (Ninhydrin)

- lnady
e | o =f
InnsuuaIaad
f. 1301 Tris-HCI Wio% 7.5 Wudu 150 Faa luats niunadounan tsadudu
12 fadTuans
v. wisumsazaioiu leasu Taevatiuleasu 035 asu azarsluemvea
fovaz 95 Ysursuasiilu 100 Taddas
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1.1 Emasunnvhinasgiuveslnadu
. wssumsazan Tnaduiduanududu 200, 250, 300 uaz 350 lulasnsy
AplaAnNg
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v.1hmnsazae Tnaduninde n. u10.1 Haddns atlurasanaasy Qduuden
AhiWives (buffer)
= £ 9!‘ 3 : e =y e, a an
A, wuvaaududuievas 0.2 (aoimiindedSuas) USuns 0.3 Tandas
- - ‘™ o
. 18Y Tris-HC #o% 7.5 (Wudu 0.15 Tyas niunadouaanlsadudu 0.012
Tumd YSuas 0.2 ladans
9. sl ud 37 ossuaradea iWunal 30 1
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wen s %919 10
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¥ mudrsazats Imdaonleasen laatudy 0.1 Tuars USuns 0.6 iadans

%, iduasazateiulaasulsuing 0.36 iaaans i ldduuiu 5 wid Jam
A o
MIAANAULAAN 570 W1 Tumms
e = d ar ]
1.2 IEMmThaTerdIetha
« W ' ¢ Ao s - 9
Midrognaisazarvieuls Alunsniwadosnudndesaldivuiseay
31195 0.1 Tadaas udniTldimseimnnssusudeidiude 1.1
EanuguiAudediaey Imiuezdunsalelasnasiniou@ueaau uas
Tris-HC! 1h lihimswdeadu) udnbhad 18 S sufsudunsiunasgiuvesnady

1.2
y = 0.0062x - 1.1685

11 R? = 0.9948
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Figure 24. Standard curve of glycine at 750 nm.
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2. mamifsmnaldsmianun Tagly Polin — Ciocaltean reagent (Lowry, 1951)

asnialumsTinne
- TwRvuniiuema (Na,CO,)
- aovuleiFania (CusO, SH,0)
- Twdon Tnunadoumsingn (NaKC,H,0,4H,0)
- Iduiluensiowud (Folin - Ciocalteay reagent)
- Tadoneasenlad (NaOH)

fae o = . .
- Tu'inig FUBDYUU (Bovine serum albumin)
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a v o =
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r'd
TwimaBsumsmsndosas 1
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3. W3UN13ATAY Folin — Ciocalteau reagent Iasiiny 1 InGuruonTBious
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SEmsimied
2.1 e 3ounvlinasguvedldsiu
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waz 250 lulnsnfusdodas
. Talaaazarniude n. inanudaduas 0.5 iaddns astunasananes

» '

(blank 1421 naw 0.5 fiadans unu)
f. AuAITazaY alkali copper YTWAT 0.3 fiadans i Iddhiu 7415 10
w1t Higangiives
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v. il iasganfunasiinnueniu 750 w1 luiues
a. i I8l @eunsivinasgiu usaspnuduriugsenin Usuna Tdsdu
UarAIMSEARAULAINATINUIAAY 750 W TUILAS
ad = dar H
2.2 FBMIUANTHAIBEN
Talaensazawietnitonslammzay Usnas 0.5 Taddns asluvaea
=

naaod id il TnseiulSua s ugu@odude 2.1
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y = 0.004x
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0.800 -

0.600 -
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0.000 1 T . 1 1 .
0 50 100 150 200 250 300
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Figure 25. Standard curve of protein at 750 nm.



wamsgoiveuuniiielusziuallda Tnunsvh DNA sequencing 165 500 base pairs

F—
veutomeiug CNAL

gbi .11 Bacillus cereus strain KU206-3 165 ribosomal RNA gene,
partial sequence
Length=1429%

Score = 110% bits (600), Expect = 0.0
Identities = 600/600 (100%), Gaps = 0/600 (0%}
Strand=Plus/Plus

Query 1 TTAGAGCTTOCTCTTATGAAGTTAGCOGCGRACGCGTCAGTARCACGTAGGETAACCTGCC 60

COLETETEE S e L T VPR L PR

Shjct 31 TTAGAGCTTCCTCTTATGAAGTTAGCGECUGACGGUTGAGTAACACOTGGGTARCCTGCC 90

Query 61 CATARGACTOGCATAACTCCGEOAARCCGGGGCTAATACCCGATAACATTTTGAACCGCA 120

POETDY O ER LD EER LR LT P EL TR

Shict 51 CATAAGACTOGGATAACTCCGGGARACCEGEGCTAATACCGGATAACATTTIGAACCGCA 150

Query 121 TGGTTCCAAATTGAAAGGCGCGCTTCCGCTETCACTTATCGATGGACCCGCGTCCCATTAG 160

CECTREE e LR LR LR P s b R

8bjet 151 TGGTTCGAAATTGAAAGGCGGCTTCGECTGTCACTTATGCGATGGACCCGCGTCGIATTAG 210

Query 181 CTAGTTGCOTGAGGTAACGGCTCACCAAGGCAACCATGCOTAGCCGACCTGAGAGGGTGAT 240

PUCELLELE bR L D LR L R e

Shict 211 CTAGTTOGTGAGGTAACGSCTCACCARGGCARCCATGCGTAGCCGACCTGAGAGGGTGAT 270

Query 241 CGGCCACACTGGGACTSAGACATGCCCCAGACTCCTACGGOAGGCAGUAGTRAGGGARTCT 300

EVLCUEL DR TR T R LR

Sbjet 271 CGECCACACTGGGACTGAGACACGUCCCAGACTCCTACGGCAGGCAGCAGTAGEGAATCT 330

Query 301 TCCGCAATGEACGAAAGTCTGACGCAGCARCCCCGUGTCAGTGATGARGECTTTCGAATC 3690

PUERELEP R R R e R T L R R I LT

Shjct 331 TCCGCAATGGACGAAAGTCTGACGGAGCAACGUCGCETGAGTCGATGAAGCGCTTTCGOGTC 330

Query 361 GTAAAACTCTGTTOTTAGCGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTIGRCGGT 420

PORLEE R O bR L TP T R R L

Shict 391 GTAAAACTCTGTIGTTAGGGAAGAACAAGTGCTAGTTGARTAAGUTOGCACCTTGACGET 450

Query 421 ACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCACGETAATACGTAGGTGGCA 480

JURVETRL PR LT VRN L R T L LR T L

Shjct 451 ACCTAACCAGAAAGCCACGGCTAACTACGTEGCCAGCAGCCOCOGTAATACGTAGETGGCA 510

Query 4B1 AGCGTTATCCGOAATTATTGGGCOTARRGCGIGCGCAGETGGTTTCTTAAGTCTCATGTC 540

PECLELE R PR L I e e e e d g

sbjct S11  AGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGECAGGTGGTTTCTTAAGTCTEGATSTE 570

Query 541 ARAGCCCACGGCTCAACCGTGCAGGGTCATTGGAANCTGGCGAGACTTGAGTGCAGRAGAG 600

FEEEETOE DO i L e LD PR R R T R T

Shijct 571 AAMAGCCCACGGCTCAACCSTGCAGGGTCATTGGARACTCOGAGACTTGAGTGCAGAAGAG €30



Nam'sﬁqaﬁsémmﬂﬁﬁdm:ﬁutﬁ‘ﬁﬁ Taanm3i1 DNA sequencing 16s 500 base pairs

g
voaemeiug CNL3

goi
partial sequence
Length=1114

Score = 1109 bits (600}, Expect = 0.0
Identities = 600/600 {(100%)}, Qaps = 0/600 (0%)
Strand«Plus/Plus

Query 1L AGCTTGCTCTCGGETGACGAGCGGCGGACCCOTEAGTAATGTCTGAGAAACTGCCTGATG

CPERCEEC TR O RV TR R T T R YR L

Sbjct 19 AGCTTGCTCTCGGGTGACGAGCGGUGGACGUGTEAGTARTGTCTGGGAARCTECCTGATE

Query 61 GAGGGIGATARCTACTGGAAACGGTAGCTAATACCGCATAATGTCGTARAGACCAMAGTCS

CEERETEE VR VR E L R R T PR LR FET LT LE T

Shijct 79 GAGGGGEATAACTACTGGAAACGETAGCTARTACCGCATAATGTCGCRAAGACCARAUTCE

Query 121 GGGACCTTCGGACCTCATGCCATCAGATGTGCCCAGATGGGATTAGCTACTAGGTGGGGT

PECLLCEL R D O L R T LT T R ELd g H

Sbijct 139 GOGACCTTCGGGLCTCATSCCATCAGATGTGCCCAGATGEGATTAGCTAGTAGCTGGEET

Query 181 AACGGCTCACUTAGGCGACGATCCCTAGCTGGTCTCAGAGCGATGACCAGCCACACTGGARL

PULTRLDER TR PR L L R LRI g

Skject 199  AACGGCTCACCTAGGCGACGATCCCTAGCTGSTCTGAGAGGATGACCAGCCACACTGSAN

Query 241 CTGAGA AGAPTCFTACGCGAGGCRGCAGTGGGGAATATTGCACAATGGCCGC

LT IHIHI|I|lllHHHI’IISEMIHIIHIIII!lIi LEEETE

Sbjct 259 CTGAGA CCRGACTCCTAFGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGC

Query 301 AAGCCTCATGCAGCCATGCCGCGTGTATGAAQAMGGCCTTCGGGTTGTARRGTACTTTCA

LR LR R L TR L T E b

Shiject 319 AAGCCTEATGCAGCCATGCCGCGTGTATGAAGAAGGLCTTCGGGTTGTAAAGTACTTTCA

Query 361 GCGGCGGAGGAAGGCAEATAAGGTTAATAACCTTOTCCATTIGACGTTACCCGCAGARGARGT

POLCLREEE TR T O DL LR R R LT REC T

S8bjet 379 GCGGGGAGGAAGGCCATAAGUTTAATAACCTTGTCOATTGACGTTACCCGCAGAAGAAGT

Query 421 ACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTARTCCGAAT
PUCRLLES PRV DI T LR TR TR LTI

Sbict 439 ACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGEGTOCAAGCGTTARTCGOAAT

Query 4B1 TACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAMTCCCCGGGCTCA

PYEREREY U R T YT LRI LR TR )

Shjct 492 TACTGGGCGTAARGCACACGCAGGUAGTCTOTCAAGTUGGATGTGAARTCCCCEGACTCA

Query 541 ACCTGGGRACTGCATTCOAAACTGGCAGGCTAGAGTCTTGTAGAGGGAGGTAGAATTCCA

PULLEETEC TR b R R R T T T

Sbjct 559 ACCTGGGAACTGCATTCGAAACTGGCAGGCTACAGTCTTCTAGAGGCGGGTAGAATTCCA

Y81%464%.17 Klebsiella pneumoniae strain 1.3T 168 ribosomal RNA gene,
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