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ABSTRACT

Collagenases are enzyme that can hydrolyze both native collagen and gelatin.
Collagenases are generally used in food industry, pharmaceutical, laboratory work and
agriculture. In this study, collagenase producing 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 CNAI1 (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 CNA1 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 QU chains (OL1 and QL2), 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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= 1 A o I
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) 1 7 o % I
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= % < a . os/’ [V ~ =
woavh 1 wazdnvismauyianean 2 (Foegeding ef al., 1996) 114 3 egnunudunag

(triple helix) AaLLel aalu Figure 1

Figure 1. Schematic representation of the conformation of tropocollagen.

N Burghagen (1999)

TuanavesIns Innoaanau az¥ouaon sz nIeHIM0a1e (head-to-tail)
£ 1 A v o Y a I Y . &
Faazaamaounui Imnadluaisynsuudulensaausy (Foegeding er al., 1996) faLaaa

o 9 Y A o S Il £ A < Y o d’l’ A
Tu Figure 2 Ml Inseasnasaarsulidnyaziiluaiie Fasieinanuudau s niuiiowe

GERRLY (Burghagen, 1999)

b

Figure 2. Build up of a collagen fiber (a) from tropocollagen (b) molecules.

1 Burghagen (1999)
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Tnadu Tnsau uaz'lenson® Insau (Burghagen, 1999) ¥4 lnaduazd 1 11 3 vosnsaez iy
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: [~ a o A .
X- lpadu-Tnsdu-xX-) 41 X e19vzilu'leasend Tnau nsensaosi TuA10UY (Suzuki et dl.,
2006) sniurrvednsaesiilu 14 dwsntiunnlarelulasiu tazyransaesiilu 10 @
Y] 4 = v A [ o 1 a a 1 a
usmivanlateasueuay luiimsdasesludnyazainan Usuavsansassl Tuuaaz ¥ia
{ J 4 1 a an 1
Milusasilsznovvsinoaanaunandlu Table 2 wuNsmavesnsadn Tu 1dun Tnsduuay

(3

=~ = S a Y ' e’dy 9 1 [V £~ 1
"l,amﬂcﬂwmu veslaNlSualosndn 1a09@NAIUNSU HYLaLI) FIUNAaADA Y

Y U
]

= . A Yy A d =
@85 U09a 900U (Foegeding er al., 1996) 1193910 InseaseiniuresvesInsau uay
1 a [ 1 4
msiiny leasondvesleasond Insauzinamsaiioiuss lelasnuszrinae Tnanllna

o I 4
1 Inseadratinnuudaus snniu (Zhang ef al., 2007)

Table 1. Type of collagen.

Type Peptide chains’ Molecular composition Occurrence
I o , o’ [OLI(I)]2 o’ 1) Skin, tendons, bones, muscle (epimysium)
I o' [OCI(H)]3 Cartilage
11 o [oL' (1] ; Fetal skin, cardiovascular system, synovial

membranes, inner organs, muscle

(perimysium)

v o, [o'(v)] 3(?)b Basal membrane, capsule of lens, glomeruli

Placental membrane, lung, muscle

®) (endomysium)

A% OLA, OB, OLC (?7)  [OLB], QLA or Placental membrane, cardiovascular
(OLB),+(QLA), or system, lung, muscle (endomysium),
(QLO),(?) secondary component of many tissues

‘Since the Ol chains of various type of collagen differ, they are called OLI(I), O(,I(H), OLA etc.
b(?) Not completely elucidated

1 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 6l 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 186 220 215 193 166 166 170
acid

nn Zhang LlazAle (2007), * Arnesen tag Gildberg (2007)



2.2 1981AH (Gelatin)
A1AY (gelatin) 18u19InMsulsginoaann (collagen) Niloglunanii
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Kittiphattanabawon tiazAmiz  (2005) ANEINITANAABAANIUIINUUILAZNTZANVEU A
an o a g’ o
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don awdwy e lumvuialuanalag SDS-PAGE wuniiuny 2 unu fie L1 uaz OL2

£ o Y A A av = o
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a 2%

[ v Aan 4 a
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Y ' 1
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Y I A A ~ o YA A =
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3. euluigealusAu (Proteolytic enzyme)

rou'lasidoall5An (peptide hydrolase, EC. 3.4) n3of3annuludeisoniia
1ndnea (peptidase), Tsaed (protease), Tsaue (proteinase) waz TsaTe ladnon lad
[ Y
(proteolytic enzyme) 3n0glunguuoaou lwiszinniis sl jiseimsaateiuszaisn drein
% ] I 1 [] A o ]
(hydrolase H30 hydrolytic enzyme) Fauyuiu 2 ﬂQEJGL‘WQJf] TAgNa15UIINA W UIVD
wuszall Indieu ladidn 1iis wlgasensaats fe
a I L %
- wpulwduiUieg (peptidase, EC. 3.4.11-19) 1iuenlasinisamsda
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ozil Tuldniaa (aminopeptidase, EC. 3.4.11) lall e (dipeptidase, EC. 3.4.13, 15) uag
J = a .
AMsvenFnad (carboxypeptidase, EC. 3.4.16-17)
P2 a . < s 1 o o
- ou a3 T sAe (proteinase, EC. 3.4.21-24) Wuou ls3inis an1sdaiusy
. 4 ] 3 1 L] a a
7111 (endopeptidase) vo 1o Twall Ing uuialdiiu 4 nqudes musiavesnianziilu
o o A 1 a 1 . . s & 9 v v 4 ]
A YNogATIVTIMUT (active site) vouou lal FelFlunmstunuezaounsuouveny
4 a a o 4 o 1 a
A5UBIA (carbonyl group —C=0) a5aUTNARUT/Y Indvesduaasn 1aun d5uTdsAme
(serine proteinase, EC. 3.4.21), Fawou llsaua (cysteine proteinase, EC. 3.4.22) LOXA
Talsamua (acid proteinase, EC. 3.4.23) taziunialalsame (metalloproteinase, EC. 3.4.24)
9 4
(Ward, 1983 819Tag ouauig Tuywed, 2541)
4 { o w @ 3 a 1
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1 2 v
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d A y a g 1 o 1
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EDTA tou lasi lunguiiisralfnsenniienilunats (e 6.5-7.5)
3.2 eulwsineaadua

wulmineaadiua Wueulmilsaeasianislunguoulxi Tsamead

A1150800aA10 native collagen 1@ (Tran and Nagano, 2002) tou lasineaaidiuaniinludad
Y
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a ~ I M) 1 Y a di’
1 37 aseuaiod 1Hunal 20 313 wud uwulud nglaa uazsglase Tinmadu laveuie
d‘ [ a dl 1 a o a U =
gagaioiamaanTan 540 w1 Tuwes uamseaaeu lad TUsAeanui ndwosoa uaalad
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uaz ezdaa linisnaneu land T sdedge Asaasly Table 4



14

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 3.14 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 8.39
Maltose 1.55 0.00
Casein 3.78 71.5

U : Ferrero tazaale (1996)

Patel t1agARIE (2005) ANHIWAAMITNTUYDIHAINS DOUADMIIAL TALAZ
mswanew ol Tis@eaninie Bacits sp. Tauldnglaalusiedevas 0.5-2 Ghwminse
U3as) fefileaiidy 10 1ufi 37 esrusadoe iHuna 48 92 Tua nuhianududuves
nglaadosaz 0.5 (huiindeusuing) v ldmsduTaveudfe Bacilius sp. gaga uazldm

nonssuvaeulai TsAoagega (Figure 3)
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Table 4. Effect of medium composition on growth of Salinivibrio genus 18AG and protease

production.
Nutrient Cell growth Protease units Protease production
(OD ) (U/OD;,,)
SSY medium pH 9.0 1.9 15 7.9
SSY medium pH 7.5 1.5 8 53
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 3.2
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 1.4 11.5 8.2
Threalose 2.0 7.5 3.75
Glycerol 1.7 19.0 11.0

17 : Lama tazaate (2005)
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Figure 3. Effect of glucose concentration (02 %, w/v) on growth (®) and protease activity (A).
Samples were withdrawn after incubation for 66 h at 37 °c.

117 : Patel BazA (2005)
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a T (o & . & & & o
uagmswaaeu i lUsaeannie Pseudomonas aeruginosa PseA FUae9 U1 ITRIUTON

a =

v { 1 U 4
9% 7.0 uazuuﬁqmwm 30 DALY Tﬂﬂﬁﬂ‘]&ﬂﬂ’J”IiJLL@]ﬂ@]NGU@QLLWﬂQﬂ”IT]J’Ou ﬁ’f)

G

= J ~ a
NaLye30a N lAd ATUBNFINANI-wag lae (CM-cellulose) AT woa lad uaz Winlaa

=l = Y] [ . 1 di’ 9 o a
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Jd 1 4 =~ a =\ 1 a o a
ol drumsuenFmaia-wag lae (CM-cellulose) Iwagonsnaaeu lailisaoagaga

=) = v A 4 =~ a
TONAININD NALYDIDA G}ﬂﬂiﬁ uoalad uas Wqﬂjﬁﬁ me@ﬂﬂ”lﬂﬂ”liﬂ’f)ﬂ%tll@]ﬂ?-t"b’ﬁ@jﬂﬁ
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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).

111 : Gupta 1182 Khare (2007)
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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.

111 : Patel BazA (2005)
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Figure 6. Effect of pH on activities of collagenase for collagen hydrolysis.
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Figure 7. Effect of pH on collagenolytic activity.
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Figure 8. Effect of temperature on activity (A) and stability of protease (B).
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Figure 9. Clear zone of gelatin hydrolysis after addition of trichoroacetic acid.
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Table L] Morphology and partial biochemical test of gelatin hydrolysing isolates in liquid

medium pH 7. []

Degree of Gram Spore  Catalase
Isolate Source Shape

hydrolysis stain forming test
CNAl soil from sea food industry L3 + rod + +
CNAL]  soil from sea food industry 3.6 + rod + +
CNA13 soil from sea food industry 3.6 + rod + +
CND4 soil from sea food industry 3.7 + rod + +
CND7 soil from sea food industry 3. + short rod - -
CND11 soil from sea food industry 4.0 + rod + +
CND1L]  soil from sea food industry 3. + rod + +
CNB6 fish sauce 3.6 + rod + +
CNB10 fish sauce 3.8 + rod + +
CNB12 fish sauce 3.9 + rod + +
CNB13 fish sauce 4.2 + rod + +
CNC6 fish sauce 3.6 + short rod - -
CNC10 fish sauce 3.8 + rod + +
CNC12 fish sauce 3.9 + rod + +
CNE24 soil from fresh market 3. + rod + +
CNE27 soil from fresh market 3. + rod + +
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Flavobacterium (Labadie, 1982), Clostridium histolyticum (Matsushita et al., 1999), Kliebsiella

oxytoca (Tondo et al., 2004) L4ag Streptomyces sp. strain 3B (Petrova et al., 2006)
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Figure 10. Growth and collagenase production from 6 isolates in liquid medium pH 7. __incubated
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Figure 1[JEffect of glycerol concentration on growth (a) and collagenase production (b) from

CNA1 incubated at 37 °C.

o o & a a = o o o A a &
AU CNL3 32imM 5 Inaund 6 92 119 1azrada1n®d 1uei 6 N5 lnvusada CNL3
A . &L A A ¢ @ e q a Y o o
azanad 1eannluriusngeasiaisemisnndaaanai lieausanu Ia ldvdeiniu
< ] { o 4 3 o a a
msosnazanaduas lumesnenaziinldadraaad 14 daildnmsiauTauazn1sHan
4 d’l d’lw 1 dy =\ a 4 a 9 1 dy
U 1 U0 UFPanaIUoNINTITINLIUFD CNL3 Umskanou lsinsaaiduaiissninge

:.:I Y 4 v Aa g Y] g Y
CNA1 Mationaiioananieslunsiananisuveueu loiaiany Tagws CNAT NAaLen



00.0% @)
o5 | 00.5%
m1.0%
E 2. m15%
o
[Le]
(L]
®
)
o
0 6 24 36 48
Time (h)
(b)
10 -
0 00.0%
= 8’ 00.5% -
S | m1.0% Ea T
> 1 mis% H
> 6-
8 5-
[}]
s 4
o
o 3
ke
3 27
(&] 1
o [N
0 6 12 24 36 48
Time (h)

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

CNA1 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 CNAI1 strain (a) and CNL3 strain (b).
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Figure 22. Effect of temperature on stability of collagenase from CNA1 strain (a) at pH 7.0 and

CNL3 strain (b) at pH 6.0.
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Table 7. Total and yields of collagen by acid extraction and collagenase of CNA1 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 202 (6.1) 2.26 (0.18)
0.[. M Acetic acid 407.6 36.011
Collagenase from CNALI after treating 201.[.(20.1) 18.01.(1.73)

with 0. M Acetic acid
Collagenase from CNL3 after treating 184.L (1.4 16.12(1.38)
with 0. M Acetic acid

* In parentheses show control of collagen extraction in 0.1 | M tris-HCI buffer and 0.1[_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 L]
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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10‘20‘25‘30‘33‘35'40'45'50‘55|60|65‘70‘75‘80‘90‘100
Grams solid ammonium sulphate to be added to 1.0 L of solution

O | 56 | 113 | 144 | 176 | 196 | 209 | 243 | 277 | 313 | 351 | 390 | 430 | 472 | 516 | 561 | 622 | 767
10 57 | 86 | 118 | 137 | 150 | 183 | 216 | 251 | 288 | 326 | 365 | 406 | 449 | 494 | 592 | 694
20 29 | 59 | 78 | 91 | 123 | 155 | 189 | 225 | 262 | 300 | 340 | 382 | 424 | 520 | 618
25 30 | 49 | 61 | 93 | 125 | 158 | 193 | 230 | 267 | 307 | 348 | 390 | 485 | 583
30 19 | 30 | 62 | 94 | 127 | 162 | 198 | 265 | 273 | 314 | 356 | 449 | 516
33 12 | 43 | 74 | 107 | 142 | 177 | 214 | 252 | 292 | 333 | 426 | 522
35 31 | 63 | 94 | 129 | 164 | 200 | 238 | 278 | 319 | 411 | 506
40 31 | 63 | 97 | 132 | 168 | 205 | 245 | 285 | 375 | 469
45 32 | 65 | 99 | 134 | 171 | 210 | 250 | 339 | 431
50 33 | 66 | 101 | 137 | 176 | 214 | 302 | 392
55 33 | 67 | 103 | 141 | 179 | 264 | 353
60 34 | 69 | 105 | 143 | 227 | 314
65 34 | 70 | 107 | 109 | 275
70 35 | 72 | 153 | 237
75 36 | 115 | 198
80 77 157
90 [
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Table 8. pH and temperature of sample for isolated bacteria.

Factor
Sample
pH Temperature (OC)
soil from sea food industry 6.8 36
soil from fresh market 7.2 33
fish sauce 6.1 29
pla-som 5.2 30
pla-ra 5.8 31
pla-pang-dang 5.6 31

80

Table 9. Growth and collagenase production from 8 isolates in liquid medium pH 7.5 incubated at

37 °C for 48 h.

Isolate  OD660nm SD Activity (U/ml) SD
CNAL1 3.065 0.049 2.075 0.023
CNBI10 1.24 0.035 0.989 0.284
CNBI13 3.027 0.081 1.834 0.136
CNCI10 2.223 0.046 1.576 0.068
CND4 3.052 0.057 1.818 0.136
CND11 2.488 0.088 0.965 0.114
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Table 10. Growth and collagenase production from 13 isolates in liquid medium pH 4.8 incubated

at 37 °C for 48 h.

Isolate  OD 660 nm SD Activity (U/ml) SD

CNIl 0.813 0.095 0.245 0.109
CNJ3 1.088 0.039 0.346 0.171
CNK4 0.853 0.060 0.362 0.193
CNK18 1.215 0.057 0.418 0.114
CNK19 1.345 0.127 0.434 0.023
CNL3 1.685 0.064 0.475 0.193
CNL6 1.365 0.057 0.29 0.091
CNLS 1.283 0.067 0.362 0.102

Table 11. Effects of carbon sources on growth and collagenase production by CNA1 strain

Samples were withdrawn after incubation for 48 h at 37°C.

Carbon source  OD660nm SD Activity(U/ml) SD

glucose 4.023 0.053 17.491 1.156
maltose 4.175 0.085 19.957 0.183
sucrose 4.208 0.067 19.775 0.714
lactose 3.05 0.247 20.236 0.464

glycerol 2.655 0.049 23.067 0.698




Table 12. Effects of carbon sources on growth and collagenase production by CNL3 strain.

Samples were withdrawn after incubation for 48 h at 37°C.

Carbon source OD660nm  SD Activity(U/ml)  SD

glucose 1.25 0.028 1.957 0.302
maltose 1.38 0.078 1.92 0.225
sucrose 1.42 0.12 1.834 0.395
lactose 1.04 0.028 1.979 0.168
glycerol 0.973 0.035 5.357 0.243

Table 13. Effects of initial pH on growth and collagenase production by CNAI1 strain. Samples

were withdrawn after incubation for 48 h at 37OC.

pH OD 660 nm SD Activity (U/ml) SD

4 0.595 0.021 2.263 0.13
4.8 1.383 0.032 8.622 0.681
6 2413 0.011 13.072 0.209
7.5 2.655 0.049 23.067 0.698
8.5 2.003 0.048 18.145 0.358

Table 14. Effects of initial pH on growth and collagenase production by CNL3 strain. Samples

were withdrawn after incubation for 48 h at 37OC.

pH OD 660 nm SD Activity SD

4 0.93 0.008 2933  0.089
4.8 1.028 0.032 5373  0.043
6 1.523 0.046 7.099  0.067
7.5 1.155 0.12 4.113  0.265

8.5 1.013 0.049 3.351  0.159




Table 15. Effects of incubation temperature on growth and collagenase production by CNA1

strain. Samples were withdrawn after incubation for 48 h.

Temperature (OC) OD 660 nm SD Activity (U/ml) SD

30 2.255 0.014 20.654 0.596
37 2.655 0.049 23.067 0.698
40 2.545 0.007 20.944 0.558
45 2.008 0.074 18.831 0.281

Table 16. Effects of incubation temperature on growth and collagenase production by CNL3

strain. Samples were withdrawn after incubation for 48 h.

Temperature (°C) OD 660 nm SD Activity (U/ml) SD

30 1.46 0.035 6.097 0.147
37 1.53 0.046 7.13 0.077
40 1.475 0.042 5.528 0.125

45 1.15 0.028 4.638 0.052
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Table 17. Effect of glycerol concentration on growth and collagenase production from CNAI

incubated at 37 °C.

Concentration (%, w/v) Time (h) OD 660nm SD Activity(U/ml) SD

0% 0 0.2 0.015 0.574 0.193
6 0.459 0.053 1.957 0.261

12 1.575 0.127 6.863 0.547

24 2.628 0.180 9.609 0.322

36 3.995 0.191 12.991 0.376

48 4.085 0.177 15.903 0.130

60 4.070 0.071 14.971 0.675

0.50% 0 0.203 0.008 0.542 0.105
6 0.456 0.031 3.115 0.123

12 1.535 0.156 9.126 0.799

24 2.885 0.064 15.764 0.587

36 5.525 0.163 20.236 0.232

48 5.87 0.127 21.094 0.093

60 5.795 0.106 19.989 0.322

1.00% 0 0.207 0.004 0.654 0.049
6 0.454 0.016 2.563 0.256

12 1.720 0.085 9.609 0.165

24 2.895 0.021 15.979 0.627

36 5.110 0.184 19.121 0.469

48 5.920 0.141 19.946 0.201

60 5.815 0.134 17.651 0.456

1.50% 0 0.2 0.004 0.676 0.043
6 0.455 0.010 2.016 0.139

12 1.490 0.007 5.673 0.353




Table 17. Cont.
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Concentration (%, w/v) Time (h) OD 660nm SD Activity(U/ml) SD
24 2.638 0.046 9.319 0.322
36 4.230 0.127 15.217 0.474
48 4.495 0.092 16.187 0.639
60 4.200 0.113 15.013 0.362

Table 18. Effect of glycerol concentration on growth and

incubated at 37 °C.

collagenase production from CNL3

Concentration (%, w/v) Time (h) OD 660nm SD Activity(U/ml) SD
0.0% 0 0.195 0.008 0.558 0.107
6 0.592 0.000 2.054 0.246
12 0.535 0.007 6.702 0.488
24 0.493 0.004 8.064 0.189
36 0.439 0.002 7.592 0.201
48 0.417 0.008 7.271 0.418
0.5% 0 0.207 0.008 0.477 0.089
6 1.128 0.059 3.003 0.288
12 1.437 0.013 7.485 0.521
24 2.601 0.055 9.469 0.186
36 1.950 0.017 9.040 0.447
48 1.443 0.021 8.504 0.381
1.0% 0 0.217 0.007 0.622 0.073
6 1.377 0.208 2.032 0.267
12 1.938 0.136 6.842 0.559




Table 18. Cont.
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Concentration (%, w/v) Time (h) OD 660nm SD Activity(U/ml) SD
24 1.722 0.017 7.592 0.286
36 1.680 0.017 8.483 0.535
48 1.659 0.038 7.421 0.250
1.5% 0 0.205 0.005 0.488 0.177
6 1.209 0.038 1.769 0.105
12 1.587 0.030 6.177 0.348
24 1.407 0.021 7.635 0.122
36 1.194 0.127 8.901 0.355
48 1.137 0.021 8.429 0.336

Table 19. Effect of gelatin concentration on growth and collagenase production from CNAI

incubated at 37 °C.

Concentration (%, w/v) Time (h) OD660nm SD Activity(U/ml) SD
0.5% 0 0.227 0.008 0.670 0.107
6 0.476 0.016 1.796 0.304
12 1.845 0.014 6.853 0.541
24 2.735 0.071 9.330 0.621
36 3.885 0.042 13.066 0.520
48 3.945 0.106 16.214 0.759
60 3.810 0.042 14.166 0.277
1.0% 0 0.210 0.009 0.756 0.043
6 0.450 0.012 3.619 0.234
12 1.560 0.049 9.394 0.442




Table 19. Cont.
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Concentration (%, w/v) Time (h) OD660nm SD Activity(U/ml) SD
24 2913 0.046 15.464 0.371
36 5.205 0.035 19.753 0.064
48 5.910 0.057 20.987 0.019
60 5.585 0.078 18.885 0.402
1.50% 0 0.220 0.002 0.579 0.128
6 0.445 0.013 3.743 0.271
12 1.900 0.035 10.542 0.389
24 2.940 0.042 16.418 0.446
36 5.310 0.042 19.979 0.295
48 5.925 0.078 21.437 0.492
60 5.205 0.120 19.099 0.420
2.00% 0 0.218 0.005 0.413 0.261
6 0.439 0.006 3.651 0.271
12 1.443 0.018 10.359 0.773
24 2.468 0.032 16.890 0.257
36 4.175 0.078 19.893 0.359
48 4.680 0.042 22.306 0.957
60 4.285 0.035 19.239 0.275
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Table 20. Effect of gelatin concentration on growth and collagenase production from CNL3

incubated at 37 °C.

Concentration (%, w/v) Time (h) OD660nm SD Activity(U/ml) SD
0.5% 0 0.218 0.008 0.306 0.064
6 0.550 0.006 1.898 0.263
12 1.120 0.057 6.102 0.322
24 2.145 0.042 7.367 0.348
36 2.033 0.025 5.973 0.400
48 1.915 0.028 4815 0.103
1.0% 0 0.215 0.008 0.375 0.076
6 0.587 0.016 3.496 0.089
12 1.258 0.018 7.528 0.211
24 2.253 0.018 9.769 0.474
36 2.125 0.049 8.601 0.437
48 1.963 0.039 7.850 0.678
1.5% 0 0.217 0.001 0.408 0.049
6 0.567 0.029 2.290 0.217
12 1.265 0.028 7.727 0.323
24 2.290 0.071 10.531 0.650
36 2.055 0.057 8.794 0.037
48 1.950 0.007 7.082 0.098
2.0% 0 0.221 0.007 0.445 0.083
6 0.557 0.011 2.820 0.317
12 1.243 0.039 8.193 0.415
24 1.960 0.042 10.842 0.170
36 1.858 0.025 8.386 0.335
48 1.790 0.049 7.689 0.056




Table 21. Effect of pH on collagenase activity at 37 °C from CNAL strain

Buffer pH  Activity(U/ml) SD Relative activity (%)
acetate buffer 4.0 69.169 5.572 37.18
acetate buffer 5.0 99.732 4.021 53.60
acetate buffer 6.0 134.584 9.992 72.33

phosphate buffer 6.0 137.534 5.572 73.92
phosphate buffer 7.0 167.292 8.847 89.91
phosphate buffer 7.5 157.105 9.927 84.44
Tris-HCl buffer 7.0 186.059 9.927 100.00
Tris-HCl buffer 7.5 168.097 5.800 90.35
Tris-HCl buffer 8.0 161.394 9.663 86.74
Tris-HCl buffer 9.0 124.397 9.992 66.86

Table 22. Effect of pH on collagenase activity at 37 °C from CNLS3 strain.

Buffer pH  Activity(U/ml) SD Relative activity (%)
acetate buffer 4.0 67.560 3.389 88.98
acetate buffer 5.0 68.633 1.034 90.40
acetate buffer 6.0 75.925 3.953 100.00
phosphate buffer 6.0 70.456 7.907 92.80
phosphate buffer 7.0 63.914 4.508 84.18
phosphate buffer 7.5 61.765 1.930 81.36
Tris-HCl buffer 7.5 51.582 2.600 67.94
Tris-HCI buffer 8.0 42.359 2.457 55.79
Tris-HCl buffer 9.0 34.531 5.008 45.48
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Table 23. Effect of temperature on collagenase activity from CNAT1 strain at pH 7.0.

Temperature (OC) Activity(U/ml) SD Relative activity (%)
30.0 104.343 5.722 69.25
37.0 121.287 1.114 80.50
40.0 135.335 3.587 89.82
45.0 150.670 4.655 100.00
50.0 140.590 6.530 93.31
55.0 115.603 0.186 76.73

Table 24. Effect of temperature on collagenase activity from CNL3 strain at pH 6.0.

Temperature (°C) Activity(U/ml) SD Relative activity (%)
30.0 30.349 1.720 61.72
37.0 44.987 1.310 82.33
40.0 49.169 0.825 100.00
45.0 47.936 1.813 97.49
50.0 39.571 0.580 80.48
55.0 31.580 0.760 64.23

Table 25. Effect of pH on collagenase stability from CNA1 strain.

Buffer pH  Activity(U/ml) SD Relative activity (%)
acetate buffer 4.0 72.386 2.900 37.71
acetate buffer 5.0 94.906 6.282 49.44
phosphate buffer 6.0 167.024 9.528 87.01
phosphate buffer 7.0 191.957 4914 100.00
Tris-HCl buffer 8.0 184.779 9.246 96.27
Tris-HCl buffer 9.0 113.405 9.651 59.08

90
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Table 26. Effect of pH on collagenase stability from CNL3 strain.

Buffer pH  Activity(U/ml) SD Relative activity (%)
acetate buffer 4.0 53.887 5.956 42.51
acetate buffer 5.0 121.609 5.565 95.94
phosphate buffer 6.0 126.756 8.094 100.00
phosphate buffer 7.0 107.453 2.828 84.77
Tris-HCl buffer 8.0 61.448 7.387 48.48
Tris-HCl buffer 9.0 52.601 3.014 41.50

Table 27. Effect of temperature collagenase stability from CNA1 strain.

Temperature (OC) Activity(U/ml) SD Relative activity (%)

4 287.399 2.260 93.77
20 296.836 5.944 96.85
30.0 297.694 6.183 97.13
37.0 306.488 3.302 100.00
40.0 266.810 6.183 87.05
45.0 193.029 3.582 62.05
50.0 160.858 3.861 52.48

55.0 87.721 1.619 28.62
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Table 28. Effect of temperature collagenase stability from CNL3 strain at pH 6.0.

Temperature (OC) Activity(U/ml) SD Relative activity (%)
4 96.086 0.810 98.46
20 95.121 3.971 97.47
30.0 97.587 2919 100.00
37.0 86.220 2.320 88.35
40.0 68.097 3.756 69.78
45.0 40.858 4.640 41.87
50.0 30.670 4.199 31.43
55.0 18.016 3.654 18.46
Table 29. Dry weight of fish skin.
Fish skin wet Evaporating Evaporating Fish skin dry
weight (g) dish (g) dish + fish skin weight (g)
dry weight (g)
1 5.0332 55.7210 56.8801 1.1591
2 5.0909 60.0204 61.1510 1.1306
3 5.0721 58.5309 59.5908 1.0599
Average 1.1165




wamsiigatienuaiisalusziuallid Tnan1391 DNA sequencing 16s 500 base pairs

X Y
VIV NUNUHT CNA1

gb |EU557028.11 Bacillus cereus strain KU206-3 168 ribosomal RNA gene,
partial segquence
Length=1429

Score = 1109 bits (600), Expect = 0.0
Identities = 600/600 (100%), Gaps = 0/600 (0%)
Strand=Plus/Plus

Query 1 TGAAGTT AGTAACACGTGGGTAACCT 60
||||H||||I||I||1|[|||||||||||[|||||l||||]||||||||||[|l|||||
sbjct 31 90
Query 61  CATAAGACTGGGATAACTCCGGCAAACCGGGGCTAATACCGGATAACATTTTGAACCGCA 120
LECEREEELECERETEEC e e e e e e e
Sbjet 91  CATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCA 150

Query 121 TGGTTCGAAATTGARAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAG 180

COEDTULEEEETTE e e e ee e e e e r e e e

Sbjct 151 TGGTTCGAAATTGARAGGCGGCTTCGGCTGTCACTTATGCGATGGACCCGCGTCGCATTAG 210

Query 181 ARGGCAACCGATGCGTAGCCCGACCTGAGAGGCGTGAT 240

IIilIII|||1l|i||1II||Il|lI||Il||IIl|||||IIII[|||||I|I|H||1|

Shjet 211 ATGCGTAGCCGACCTGAGAGGGTGAT 270

Query 241 CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCT 200

COELTECECEEEETEC R e e e e b e b e e e

Sbjct 271 CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCT 330

Query 301 TCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTC 360

LECLTELTELEEETE R e e er e e ee e b e e e e e e |

Sbject 331 TCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTC 390

Query 361 GTAARACTCTGTTGTTAGGGAAGARCAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGT 420

LETEREEECT TR e ee e e e e e e e e ety |

Sbjct 391 GTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGT 450

Query 421 ACCTAACCAGARAGCCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCA 480

FELLLRCCELTEETEET R e En e e e L e e et

Shjct 451 ACCTAARCCAGAAAGCCACGECTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCA 510

Query 481 AGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTRAGTCTGATGTG 540

COLLLTTEEEREEE e it e e e e e e e e

Sbjct 511 AGCGTTATCCGCAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTG 570

Query 541 AAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAG 600

LEELCLECETERET R e e e e e e e

Sbjct 571 BAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGRAAGAG 630



wamsiigatienuaiisalusziuallid Tnan1391 DNA sequencing 16s 500 base pairs

X Y
VIV NUNUHT CNL3

gb|AY318489.1

partial seguence

Length=1114

Score
Identities

= 1109 bits (600}, Expect = 0.0

= 600/600 (100%), Gaps = 0/600 (0%)

Strand=Plus/Plus

Query
Sbjct
Query
Sbijct
Query
Shjct
Query
Sbjct
Query
Shjct
Query
Sbjct
Query
8bjct
Query
Sbjct
Query
Sbjct
Query

Sbijct

1

19

61

79

121

139

181

159

241

259

301

319

361

379

421

439

481

499

541

559

AGCTTGCTCTCGGGTGACGAGCGGCGGACGGGTGAGTAATCTCTGGCGAAACTGCCTGATG

LECLTLCELT LT L L e e e ey

AGCTTGCTCTCGGGTGACGAGCEGGCGGACGEGTGAGTAATGTCTGGGAAACTGCCTGATG

GATARCTACTGGAAACGGTAGCTAATACCGCATAATGTCGCAAGACCAMAGTGG

!IIIJIIIIIIII|1Il|||||||||| LEVLELTCEEEREE L T |

GGGATAACTACTGGAAACGGTAGCTAATACCGCATAATGTCGCAAGACCAAAGTGG
GGGACCTTCGGGCCTCATGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGT
LELEELELEREEEEE LR e e e e e
GGGACCTTCGGGCCTCATGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGT
ARCGG GGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAA
Il|]||||]|l||||||Il|||||[||!|li|||| LLELREELTERTEEL T

TAGGCGACGATCCCTAGCTGGTCTGAGAGCATGACCAGCCACACTGGAR

TCCTAC GGGAATA ACAATGGG

|I||1I[|l|!||II||I||I||I[|I[|!I||| lIIIIIIlIIlI|||||||I||||l|

TGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTARAGTACTTTCA

II[|1I||||||IIIIIIIIIIIIIIIIIIIIIII LULLLELLET RN

CATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGATTGTARAGTACTTTCA

GCGGGGAGGAAGGCGATAAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGARGARAGC

LEVELECLUELEREE LR e e e e e

GCGGGGAGGAAGEGCGATAAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGT

ACCGGCTAACTCCG AATCGGAAT

||Ii|||I||]Il|1|||||||||I|II|II!||II |||I||ll||||l!|l|l|!|||l

TACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGCGATGTGAAATCCCCGGGCTCA

CECEETELTEETEEREE R EE e e e e e bbb e e e

TACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATETGARATCCCCGGGCTCA

GGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCA

|]I||1If||I|||IE||I|||||||1I| LLECEELLECLEE LT e

GGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCA

| Klebsiella pneumoniae strain 1.3T 16S ribosomal RNA gene,

60

78

120

138

180

198

240

258

300

318

360

378

420

438

480

498

540

558

600

618
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