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Executive summary

Large quantity of skim latex is obtained from the process of concentrated
rubber production by centrifugation of rubber juice. Serum (non rubber skim latex)
obtained after precipitation of skim rubber with sulfuric acid is categorized as
wastewater which still consist of nutrients for cultivation microorganism to produce
industrial enzymes such as alkaline proteases and PLA degrading enzyme. The research
aimed to investigate the optimal fermentation process for both enzyme productions
using non rubber skim latex as raw material in the non sterile system (open
fermentation). To optimize nutritional factors and physical factors on the alkaline
protease production by Bacillus licheniformis (KU-K2) using serum as basal mediumin
shaking flask empoyed Plackett-Burman design (PB) and central composite design
(CCD) found that the bacterial stain produced 5.09 U/mL in the non rubber skim latex
basal medium consisted of 9.82 g¢/L skim milk, 0.97 ¢/L glucose, and 0.82 g¢/L K,HPO4
and 0.12 ¢/L CoCl,. at 48 h incubation. The maximum activity of 597 U/mL was
achieved within 48 h cultivation with uncontrolled pH, agitation rate of 250 rpm and an
aeration rate of 2.0 vwm in the 5-L stirrer fermenter. For PLA-degrading enzyme
production by Actinomudara keratinilytica T16-1, 35 U/mL was achieved at 4 days

cultivation in basal medium containing 0.035% (w/v) PLA powder and 1% (w/v) scrub

pad as a supporter for bacterial cells in shake flask at 150 rpm, temperature at 45°C
and pH 7.0. To scale up of the enzyme production, the maximum enzyme production,
40.5 U/mL with 0.56 U/mlL/h was achieved 2L stirrer fermenter by using the agitation
speed at 150 rpm without aeration control and cultivated for 3 days. Moreover, the
strain T16-1 could produce the enzyme about 45 U/mL with 0.6 U/mlL/h under
continuous fermentation of dilution of 0.013 h™. This study indicated the tendency of
the process for enzyme production from non rubber skim latex as raw material that

reduced the cost of production and increased valued of iagrondustrial waste.
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Abstract

This research is to study the open fermentation process for alkaline protease
and PLA degrading enzyme production by bacteria using non rubber skim latex as raw
material. For alkaline protease production, Bacillus licheniformis (KU-K2) was selected
as a potent strain that was able to produce 2.3 U/mL in the non rubber skim latex
basal medium. To optimize nutritional factors and physical factors on the alkaline
protease production using serum as basal mediumin shaking flask empoyed Plackett-
Burman design (PB) and central composite design (CCD) found that skim milk, glucose,
K,HPO4 and CoCl, were significant fermentation parameters. The maximum activity of
5.09 U/mL was achieved within 48 h cultivation in the basal medium consisted of 9.82
g/L skim milk, 0.97 ¢/L glucose, 0.82 ¢/L K,HPO,4 and 0.12 ¢/L CoCl,. The maximum
activity of 597 U/mL was achieved within 48 h cultivation with uncontrolled pH,
agitation rate of 250 rpm and an aeration rate of 2.0 vwm in the 5-L stirrer fermenter.
The optimal pH and temperature for alkaline protease activity were 10.0 and 60°C,
respectively. The alkaline protease retained its activity over wide ranges of pH (9-12)
and temperature up to 60°C. The crude alkaline protease was strongly inhibited by 10
mM Zn”", 10 mM Fe”" and 10 mM Hg' .

PLA-degrading enzyme production by Actinomudara keratinilytica T16-1was
investigated using non-rubber skim latex as a nutrient and mineral sources. PLA-
degrading activity, 35 U/mL was achieved in the basal medium containing 0.035% PLA,
0.238% gelatin, 0.4% (NHg4),SOy4, 0.4% K,HPO4, 0.2% KH,PO4 and 0.02% MgSO,4.7H,0

and 1% (w/v) scrub pad as a supporter for bacterial cells in shake flask at 150 rpm at

temperature of 45°¢, pH 7.0, shaking at 4 days cultivation. The maximum enzyme
production, 40.5 U/mL with 0.56 U/mL/h was achieved 2L stirrer fermenter by using
the agitation speed at 150 rpm without aeration control and cultivated for 3 days.
Moreover, the strain T16-1 could produce the enzyme about 45 U/mL with 0.6 U/mL/h

under continuous fermentation of dilution of 0.013 hfl.
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Abstract

The objective is to explore the non rubber serum as basal medium for alkaline
protease production by the selected alkaline protease producing bacterium in genus
Bacillus under non-sterile fermentation. The imitated serum prepared from skim later in
laboratory consist of 0.53 g/L of protein, 1.28 ¢/L of reducing sugars with BOD and COD of
16.27 and 18,456 mg/L, respectively. A strain of Bacillus sp. KU-K2 was selected as a
potent strain for alkaline protease production among 108 isolates of aerobic spore forming
bacteria kept in the culture collection of Department of Microbiology, Kasetsart University.
To optimize the alkaline protease production of this bacterial strain using serum in ratio
1:1 as basal medium, Plackett-Burman design (PB) and response surface methodology
based on central composite design (CCD) were employed. Skim milk, glucose, K,HPO4 and
CoCl, were significant fermentation parameters among 7 parameters by using PB. These
four significant parameters were then further optimized through response surface
methodology based on central composite design. It was shown that 2 variables; (skim
milk and interaction with skim milk and glucose) affected on enzyme production at
significant level 95%. Experimental results derived from CCD (5.09 units/mL) in optimized
medium consisted of 9.82 ¢/L skim milk, 0.97 ¢/L slucose, 0.82 ¢/L K,HPO,4 and 0.12 ¢/L
CoCl, were accordance with predicted value of quadratic model (6.67 unit/mL). Moreover,
the suitability of model was supported by coefficient of determination (RZ) of 0.937. The
maximum activity of 5.97 U/mL was achieved within 48 h cultivation with uncontrolled
pH, agitation rate of 250 rpm and an aeration rate of 2.0 vwm in the 5-L stirrer fermenter,
which increased by 2.6 folds compared to the un-optimized medium. The optimal pH and
temperature for alkaline protease activity were 10.0 and 60°C, respectively. The alkaline
protease retained its activity over wide ranges of pH (9-12) and temperature up to 60°C.
The crude alkaline protease was strongly inhibited by 10 mM Zn2+, 10 mM Fe”" and 10
mM Hg2+. This process for produced alkaline protease enzyme from non rubber skim latex
can apply for many industries as reduced the cost of production and increased valued of

industrial waste.
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UsvAvsnmnsndslusiealvaennmlnewde Bacillus subtilis C4 fusnldantideanlseny
dovdrhlmilvedadumeusifldnenm wuiiidhus 3 viaidfyde wlsiimdes, usluiu
M uagdnsnsissdnadeniswdntoule uazideldniseenuuunismaassuuy  central
composite  design Lﬁammmmzauﬁqm nuimdsdundes 2.0%, uulutudn 0.1% waz
arudiluvies 280 sousiowdt Ifeululusieageanivinty 1537 mhesewa wawidlededly
woafaiinuuuniu annsalioulesildgaaainty 1891 minesoua Womzidsadunm 27
Y uanaNtu gvsnua (2521) ldsaunsfinsnssdnlusiueadifeves Endomycopsis
fibuligera TISTR 5097 Waz Candida utilis TISTR 5001 saudun1snantoulwilussieaann
Bacillus subtilis TISTR 25 Tupwnsiiutlafudendaduunasanivou waswouludedammiy
wratlulasiau wudnldudedudivsnds 15 nSusiedns uazuonludloudamn 10 nSusadnsan
nsiasslnedenauTaueiei wnzdsslugisafisneiu nanfelddedduves £ fibuligera
7 Weddudlneuiuns (dudu 5 nfusodng) doadolufmdniduna 16 Falus Faududodssi
W04 C. utilis 3 Wosdudlaau3uas (udu 7 nSusiedns) lnemurugamall 30 esrmwalles @1
Aranfunsaeng 5.5 §ns1n13nau 250 s9U/UnT Shsileinia 1.0 wm  leldeutodoauasy
40 a3 FafsiFeRedunu cell suspension 109 B. subtilis 10 WesiiudlagU3ung AruALA1
arandunsasnedt 7.0 desauasu 72 s nutldiadneaduigeansinty 7.91 nfudedns

v |

Tsfuasanmeluadgeaauingu 49.5 Wesidud wawadsansuuladudivsndsgeanindu
0.527 uarlushleaueniingaanyiniu 2.57 vilgsaua n¥rnuinasaauihdsadfinnagneu
8N udIFANTEsEn 35% DRC Usinas 40 Wesiudlneusuns saufvansavanslaionlanda
Faawuty 10% Usuia 1 phr (part per hundrund of rubber) l89n31n19071 100 s0UABUNY
Huan 1 s nuhanansaanUinadulasiouvesensiuld 70 wWeddud Feensdiu

Aladusunandn Tulnsau deanusn wagdasemewindu 0.05, 0.17, 0.002 wag 0.23



Wosidud auasu JAN15eaUsSNAY 30.7 ANRYLNISERUF 86.6 ANAUNTIA 52.9 waysuil

a 5 lngganlafidnuagiuiiiaznadavinaldunndaineniuyaaiua

Ratio of clear zone diameter to colony diameter

Isolate pH 7 pH9
Room temp 50°C Room temp 50°C
061 1.8 2.0 1.4 2.2
3/2/2 1.6 4.0 1.4 5.0

AzAeliinwenuaiseldlaun aeiug Bacillus MnviesUjuRnismlunuaiise
v a a a % ° Y4 v cay v 1 s &

gouTouiduasunsiulavestnlnnduiu 8 aenug waganenugilauanyiieiuide TISTR
A =1 . . Aaa ~ A oA a v =
MwzidgsunemTskim milk NdNLEY 7 waziiiay 9 Wevugumgivied uay 50 sAwaTed
Jurian 24-48 Hlus wueiihuvmageuausananoulzilusiealasdunnnisadausiala
VU WNIAtAnIlUANS19T 1.4

A A e a a ! . oA o a

aety Jedumiaulafidadenuuaiisongy  Bacillus lngiamgnguivuieoulunisuds
wulrgldenszuiunsuinlagldmeieiaduingiulunisudneoulwlddalinuamsoimsuas
S a ° Y & N a ¢ w = e o
fUsuudmnsunisidewuaiiisouasnisnaneuledainandveulediivsslovilugnamnssy

Aalagyinnisudinludnwaslanlisewinisldmiuiousiomeoandununisuan

] & N a 6 1 a v . .
f1379% 1.4 ﬂ’)’]ﬂJﬁ’]@J’ﬁﬂ‘Ua\‘iLsﬁﬁLL‘UV‘W]LSEJI‘LJﬂ’ﬁNaG]L@ul%iﬂﬂ@ﬂiﬂimuUuaﬂﬁ’]‘i’%u skim milk



BKU31 7.0 12.0 4.0 6.0
KKU11 15 3.0 1.5 3.0
008 a.5 7.0 3.5 6.0
KKU2 33 2.3 33 2.4
21/1/7 2.0 2.6 3.0 2.4
TISTR1045 2.3 No growth 25 No growth
a/3/3 3.0 2.2 4.0 2.0
TISTR 1010 3.6 2.5 3.2 2.7
CM5 4.0 7.0 2.2 10.0

4. WUININITAEUNISIFY

4.1 \WagAunsd

[ 1%

X a A ¢l = o S A P ! . Aa a
L%@ﬁ;aumiﬁmmUﬂqiﬂﬂwqﬂiﬂu@@L‘U@LL‘UV’TV]L381Uﬂ§jﬂ Bacillus Vmﬂ'l'u\l?nuqiﬂi‘Uﬂ'ﬁNam

v
§ v A

wulvdsanladlusiealaeiuseanidy 3 wasnuimeiusIuIuRaNn 26 aneius faedl

]

—Wanuafiielungu Bacillus iusneluiesd jURn1sa1adgngadaingn
UMINYIAULNBATA1ERSTITT1891uINdunuaTissnusourkaziiauaiunsalunisdauasunis
WAulnveane (Talek et al.2012)

- wuAliSsnumranAus e lulsEmelng (iiefulde TISTR) Adls1891U37

AuEuTalun1snaneulesl alkaline protease

A a avyo Y] o = a Y} N a
- LL“U?WILiEJ‘I/liGW]’m’liﬂmLEJﬂf\]’mLL‘MENG]N‘] I@U@J INYALLBYNNIIAALLYNLUANLIY

De
De

A9 19AUIINAIULS USIULAAUENVSBAUUSIMNTINENAY AID819LAETLNT LLay

a d‘l d‘d a a 1 a 1 a g Qy a a U 6
UShauaug Nlwuaiisegeslusiu 1y AukazdIfiaanusnal seugnaI NI THULLAS NERA 9]
un 1592dnd 15sundnduei@dl way Wided dnilinanean way AuainUiussianansdudu
NAnuenlagleis plate diffusion method @esaLUasan Horikoshi, 1991laedesiagneau 1
[ = a Y 1 ’c: Qy a aa A QoJ A % 4 f < [
n5u 3o Vwadieg19u19e 1 Jadansidearsluansazatsuitndemdnududy 0.85 UasLEus
(normal saline) iaonaLdolaz il sEAUNTIIBNTIMINEY NTULENTBLAYAT pour plate
technique UU®I135Skim milk agar NilasAUsENoUAIL Glucose 2.0 NFuABANT K,HPO, 0.2

NTUADANT MgSO,.7H,0 0.2 nTusaans Skim milk 2.0 NTuRANT FeSO, 0.05 NFUADANT LAy
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U 15.0 n3uredns Aikey 7.0 waz 9.0 Teeidefioamall 110 sarwadvailunal 10 il way
gIsAdvaensiifiviy Unwegamal 40 - 45 esrnwadealuiian 24-48 Hlusaniu
Andenmanizlaladnilaegsouvindeliuignslagds cross streak waaAueusanslilu

Va0ARMNTIURUBLY Nutrient agar Livald@nwsialy

4.2 nsAaidenaneRuguuaieniiausuisalunsdeslusiulaeieuleidanilaulushies

UnFowualiTenImundIuig 26 arenuguidndonauaiusalunisnineulesida
alay WWshealneutasandu 2 Tuneunitife

4.2.1 nsemvdaniwefndneulmidanlatlusfeauuainnsuds

thidouuaii3eusaslolaianunugniouuy Point inoculation asuuskim milk agar Mo
7 vuilguund 37 ssmwadeadunan 2048 dalus ntunrvaeuanuansnlunisdes
Tushuresusiaraeiiuglastaduringudnanaveslalail (CO) waraslaiifnseulalaiivente (C2)
LN NUTEUNEUTENINAHAA19TENIN CZ Uag CO (CZ - CO) waziUigulilgudnsndiy

s

JeniN CZ uag CO (CZ/CO) udAntananzioillyvisansAgeussunas 10 aneiug
4.2.2 NSLMSEURIIUI819NLENYN9AN
W3gNMeEIeNa ke ng1a@nuyinlalag Wy 5% H,S0, USu1ms 230mL aglumiatieng
USu95 1 805 Uuf 60°C 1Wuan 10 wrianniuyinni1snsasmiensza1ensad Whatman No.1
Wiawenanumsn 8ana1n19UN819 USuRievveaarnsungnaikeng19anuluiawinny 6.8-7.0 A4

waRalunInd 1.2 vaeneiweneanuilulddu basal sall

AN 1.2 wansn1sesen Serum MU basal medium tendneulmidanladlushiea

Skim latex 1 liter

' heat
- 5% H,S0,
Rubber247.18 g ‘ 2302m| ‘

(Wet weight)}

Serum 740 ml

' 50% NaOH

Basal medium
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4.2.3 nsAndandannasneulyidantallusfealuaimsivan

'
a =

Fedouiavdfdadontdnde 4.2.1 udarloloanuszanm 2 gU undesluemis
nutrient broth U3uU3unns 25 fadansiussglu Erlenmeyer flask w11 250 Sadans Uil 37
ssrwadeauueioavgfianuiasou 170 sesewiliung 12 Fluadieviifundude 91
Tutiean 5 fadansiaedly Erlenmeyer flask au1m 250 fladans7iTe1mns serum medium waz
nutrient supplement fiflosdusznaudisll K,HPO, 0.2 nduradns MgSO,.7H,0 0.2 nSunpans
skim milk 2.0 n3usoARS uaz FeSO, 0.05 NiuseAns Unfigamall 37 ssrwalfvaniites 7uaz
9 vuApnEinuETey 170 seudewiidunardsiilusaniuihniuenwadoondas
1504 refrigerated centrifuge 71 10,000 sousiouigaugll 4 esewadeaduiial 10 uiiii
dulaildluiinzifanssnveaeuleidaniladlusiea Wisuiflsunnuaiunsalunisuda
ulsiindeuuaiiGeiinaaey dndenaneius Bacillus fanunsondmeulesluamsmainens
Iegsan 1 anevugitothludnudely

=

4.3 M3szyriiauauuaiiendanuaansalunisndneulvidaniladlusies
4.3.1 dNWUENENININGT LaZN1SNAFBUNYILAL]

Wkuaiisendndentaante 2 wdnwdnvaenedyuInedalauinisinuizusng
YOULAd NIRAGELNTU N15E5198UDS ey A UaNTRNITIALAILIGUDY Bergey’s Manual of
Determinative Bacteriology (Holt et al., 1994) &slaunnisnaasunisasiaeulatinznziaa n1s

asruaulaioandmatasAmnuaiuisatunisusinansiulewmse Ingvinnisnnass 3 91

4.3.2 NMIAATILAAAULUATDIEU 165 rRNA

v a ’

atnfBueresuafiSeidndonldnde 2 Aidauuaisain Hopwood et al. (1985)
Mndufiniuuiiduiediomadaufiseignldlndiuesalaeldlnsiues sr
(AGAGTTTGATCCTGGCTCAG) Wag 1492R (GGTTACCTTGTTACCACTT) N1SMIaNauLUaYD916S
RNA agldiadeamaiduivasaludfnasyiniswSouiieudduiuanesl6s rRNA anwuafiSed
Fadenfunuailiduasiusdualaenisyi alisnment LAz ginaluguikuy phylogenetic

3

tree Tnelgluswnsy MEGAS

4.4. fnentadenfinananisuanoulvidanladlusiedlagleis Plackett-Burman design
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MnseaaanTnveIa1seMsazUadeniinananisuaneuleioanlaulusfleaanniys
LUATLSNUS DU Bacillus  1ABINILKUNISNARBILUY Plackett-Burman  Uadefvinnisanwidl
nada 7 Uade laun Skim milk (X,), Glucose (X,), K,HPO, (X5), MgSO4  (X4), FeSO,  (Xs),

Variable Symbol Level

+1 -1
Skim milk (g/L) X; 5.00 2.00
Glucose (g/L) X 5.00 2.00
K,HPO, (g/L) Xs 0.50 0.20
MgSO, (g/L) Xq 0.50 0.20
FeSO, (g/L) Xs 0.05 0.005
Temperature (°C) X a2 37
CoCl,.6H,0 X7 0.238 0

temperature (Xy), Wag CoCl,.6H,0 (X;) tnsusaztladuazyhnisfinu 2 sedu laun sedusi (1)

WAz SEAUES (+1) LAAIAIANTINN 5 9DNWUUNITNAFDILATINUA 12 AINAADY

M19199 1.5 Msivuaseauian way asanvesyinasenswasladendnyiiely

AVUALNUNITNAFDILUY Plackett-Burman

idlerhdadeidesnsdnuiluszduingn (1) wazgean (+1) Afmualdlusenuuunis
npaoslngld3s Plackett-Burman sanunsaeanuuunisnnassldiiavun 12 Msvnaes N15MAaes
ar 3 91 danandupssit 1.6 vnsmnzidsadsuuafiSeiidadenldnunismaassfioenuuy
msveaedls antuimanisvnassiilaluiiasiyineann Tngldlusunsuneada SPSS 11.5 for
Windows uwazisulsfidnasenisudneulsddanlailusieafnuiiomafivansausely

LT NURINDUAUD

AN5197 1.6 wuuNIsneasstunsaseulstidanlatllusiealneluaun1sNnas

Plackett-Burman
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Run
Xl ><2 X3 X4 XS ><6 X? XB X9 ><10 Xll

no.
1 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1
2 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1
3 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1
4 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1
5 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1
6 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1
7 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1
8 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1
9 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1
10 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1
11 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

4.5 @nwranrtzimunzanlunisuamaulaeioanilallusiadlnga9uEUN1ISNAABILUY
Central composite design (CCD) WazilAs1ehNan19annlnaIsnulInauauas (RSM)

Y1tadeitinananisudneulaidanlatlusfeaainnisAnnsassie Plackett-Burman 11
TNUHUNITNAGBIUY central composite design (CCD) BeUsenaumie 3 @ Ae yaNoguuLNY

coordinate AVIREULKNUMAN Lazndudna Taduniien1svaaesianun laeyinismeaed

Variable Symbol Code level
-2 -1 0 1 2

Wiarnaay 3 91 LAULARIANYBILARE SEAUAIRMITIN 1.7
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Skim milk (g/L) X4 4 6 8 10 12
Glucose (g/L) X, 0 0.5 1 1.5 2.0
K,HPO, (g/L) X3 0.4 0.6 0.8 1.0 1.2
CoCl,.6H,0 X, 0 0.06 0.12 018 024
(g/L)

A15199 1.7 N1SANUATLAUVBILAALUITENANEILALNITITILEUNITNAABILUY Central
composite design (CCD) iemyamnzadlunisudneulzddanlaulusiea

4.6 n1sAneUadeNiinasanisuanauluidanlallusftaaludaninuuin 2.5 anslun1snin
LUULUR

Anwnisrameuluidarladlusieannidefidadonluemsmaiiensusung 2.5 ans
Tudensinuuuniunauauin 5 ansaienssuiunsriniuuldalag@neinanianienin laua 8ns)
A5te1A1A 0.2 1.0 way 2.0 vwm 8asIn15Au 170 250 ey 350 seuneunil (Sen.et al,, 1993,
Chu, et al.,1992,Fujiwara et al.,1987) sansuaseulyll A1seaesay 2 6?93:1 7N1SANYINAVDY

Uadsonisidulanarmsndaeuled Ansandadeninalinisudneuleilngegalud@nusiely

4.7 n1sanenauUAvataulvioanlallushios
4.7.1 ANSLAYNTD

Feade Bacillus sp. KU-K2 aslue1115 Nutrient agar Witow 7.0 7Tl 1% skim milk Py
aefUszneues Yuit 37 ssmwaidea WJunan 24-72 $alus aantuld loop Werdeunsuau 2
loop full Skim milk aslue111s BMSM broth fitew 7.0 (8.0 /L, Glucose 1.0 ¢/L, K,HPO, 0.5
g/L, CoCl,.H,0 0.02 ¢/L, FeSO, 0.005 g/L uag Rubber serum #la% 7.0 Usuws 1 §a9)
V31195 50 §addns Uuwuuwgnil 150 seusewdt 71 37 sserwadea WHuvan 12 $2lus dievh
Hundide anduliusun 2.5 fadans @esly Erlenmeyer flask vu1n 250 dadans fifloms
BMSM broth e 7.0 U35 50 faddns vuilgaumail 37 ssrniwaldea uuiesoavg1iinanu)
50U 150 seusioundt Wunan 3 Tu mntuihunduuenwadesndaeinios refrigerated centrifuge
71 10,000 sOUADUNT gaMATl 4 psmuwalToa Wunan 10 uil didwladildluiasesinanssy

wazAudnyazvadeulyidanlallushiea

4.7.2 gamgiinmneausdenanssuvesoulsddanlaulusies
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1 crude enzyme anilaniRanssuveseulvsisanlallusitea figauwgil 30, 40, 45,
50, 60, 70, 80 aeALwaLTea 1ngly 0.5% azo casein (azae/lu 0.05 M glycine-NaOH buffer, pH

9.0) vlu substrate ¥1N1SNAABITIUIU 3 T

a

4.7.3 anupssinveseulesidanladlushioanegumgl

Y

Uyl crude enzyme igaungil 30, 40, 45, 50, 60, 70, 80 eerLwaidad 1Uuian 60 ulf
PnUuAsErRanssuveseulatsanlatlusiiea lneld 0.5% azo casein (axanalu 0.05 M
glycine-NaOH buffer, pH 9.0) 1Ju substrate AAs1z9iNANTIUN 45 eerwadea Wulai 30

Y11 YINISNAFBIINUIU 3 90
4.7.4 Weviwmunzaumananssuvawsulyidanlallusiea

Aesiginanssuvesouluidaniladlusiea lnawm3en 0.5% azocasien Tutvinesuiin
A9 ANLeY1ee AU laeiitey 6.0-9.0 w3walu 0.05 M phosphate buffer wagiitey 9.0-12.0
wisdly 0.05 M glycine-NaOH buffer ALAs1¢nanssun 45 ssanvaded 1Wunan 30 w1 vin

ANSNAABIVIUIU 3 91
4.7.5 AnumssvataulasdamlatlusAeasaniey

Ut crude enzyme Tuanmefifieniiey 6.0-12.0 srglutinesyingneg Afiafieasiag
fu Tnefiten 6.0-9.0 19 0.05 M phosphate buffer uag#itey 9.0-12.0 14 0.05 M glycine-NaOH
buffer Unilgamgiivies iuaan 30 urit antiinseifansmmeneulesidanilatilusiiea lag
1% 0.5% azo casein (avanglu 0.05 M glycine-NaOH buffer, pH 9.0) 1Ju substrate AA51¥%

AANITUN 45 asmwaldsa 1unan 30 Uil NISNeasssIuIu 3 1
4.7.6 NSANYINATDIANSIATILAE metal ion siaRanssueulyiidanlallusfea

WIEUANTALANY 1mM PMSF, 10mM MgCl,, 10mM BaCl,, 10mM ZnCl,, 10mM FeCls,
5mM Phenanthroline, 10mM HgCl,, 5mM EDTA, 10mM CaCl, (mmvﬁm%’u@mﬁ'}waami
AnUFATeN) adlu 0.5% azo casein (azaelu 0.05 M glycine-NaOH buffer, pH 9.0) tieldiiu
substrate UUnansazatsun 11 200 lulasdns asluvasn micro centrifuge wazguansaraly
azo casein 71 45 sarwaldua Wuan 5w udwhuFAteduasazaneoulsl 100 lulasans

(MApaalamantulvingaume phosphate buffer 0.05 M Wil 7) Uufigaumail 45 aen
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waldea Wuan 30 wiil wyauizensing 10% tricholoacetic acid U3ums 600 lulasdns du
W8N 5,000 rom 5 udl ienenazneulushussnatsansazate ddula 600 lulasdns duas
Tuansagang 0.1 N NaOH 700 lulasdns adini1sgnausasil 440 wiluwns ¥n1snaaednuam

3 91 deyanavesansialiudazviinsetoulesinlalussuieuiusaun
4.7.7 msldieuleidanladlusieageslusiiveanainiiensan

Yensand3anns 0.5 Jadans 1Feanseie 0.05 M clycine-NaOH buffer, pH 9.0
Vs 0.5 fadans arnvuiueuluidanladlsied (2.56 U/mL) Usunns 1.0 dadans vui
50 ssrnaldea Wushegeian 0, 1, 2, 4, 6, 8 2l aantuldin 10% tricholoacetic acid
US1705 1 fadans ennazneulusiu anniuily 10,000 seusowrd Wunan 10 urit thdu

[

TanlalvAlmszvmdsununsaeziluiindu laesn1sves Lowry Tuntlazinusunalnlsdudn
AndulaWiuiunsmainsgiulnlsdu  wWisuieudsualnlsdunietuluiaisi Wiy
Fegeiuuiai 0 Hilus mndvsunalnlsduindu wansininufisenisgeslusiuniegludl

g9 YINANTNABDIIIUIU 3 €0

5. NaN15IWHALBAUTIINE

=

5.1 MsfndenaeRuguuaiiisenianuaunsalunsdeslusiulasaulwidanilallusies
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INMIAAGONLUATISEIWILTINA 26 aneiuglunisnaneuleddaailatlusiiealay
Tgwenenadu basal medium 71 ey 7.0 waz 9.0 wazUulunian 24 uay 48 YU TuNUI
wupSeanewug KU-K2 Tiafanssuveteuluddanladlushieaadngn (2.23 wiiesaua)

Pa9NINIZLa83lue1NS Serum medium e 7.0 Wua 48 v FanIwd 1.3

Utml 1 day cultivation N

2.2

LE
16
14
12

0.8

o5 FIH?
0.4 mpHE
LS

Lt}

1\7!'_::1_"'.‘7‘.!'\-:,I‘;'ﬁl .\_}-"I.- x:u'\-}l'&-"l, LQPLEPB’-‘.IC\.\?Q‘
15} ’IE?#"H{"’ *3"@ QP#Q#H‘Q##LE%@‘}Q# &k‘.}’ é"‘:é”"
2 day cultivation

Uiml
2.4
232 B
2
1E
1.6
14
1.2

1 mpHT
0.E
0.6 mpHE
0.4
02

L1}

'Q’b"gq} N@QL":} ﬁ#é—'-@-‘ {?‘P ﬂ"‘}.\b '\rﬂ}&;\-ﬂl fn"l- h'fl)' i} i}\’hﬁbﬁ(ﬂh &
o 5 S L

NINA 1.3 LLammﬂiimmLauLszmaamLaulﬂsmaaeuamam 26 Lalylanyiniey 7.0 way
MY 9.0 A: 5EELIAINITAYNTD 24 921U WAL B: ST8LaIN1Saeda 48 371u9

5.2 Nsusrianuaisenianuausalunisuaneuletioanlatlusiies

NNSARLEBNLUATIEaRTAuaNNsalunsamUledan lallusAanuinwuniiise
aneiug KU-K2 Tiianssuveaeulesigaiandaladiuuaiiisvaeiugaanaiundiiunyinves

o ) o a wa = = v a a aa
LL‘Uﬂ‘VlLiEJIG]EJaﬂ‘le}mwmami’lu’ma’l AUUNNNVUAUN L 16s rRNA gene mwaﬁ‘uwiuwﬂﬁ

naapd InganranIInAaeInUIwUATI Baeiug KU-K2 Wuwuafieunsuuingusnawns aing

a4Uas 9NN 1.4
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;v 6%\
- o J’
o £ %
AW L.4 anBazvRTas LL‘UfTﬁ'Lﬁammﬂ‘ﬁ‘ﬁ KU-K2nelsindesganssaiuuuldias
AN A: §9UARUU Gram’ stain wag B: douauas

LaEINNITANEIAMNEURUS NI TRILINSVBILUATIS8lnYlY 165 rRNA gene Wu31
wuATiFeaeRug KU-K2 din1sisesdnduiuaveasdu 16s RNA Inaldgsiiu 8. licheniformis 1ng 619
wanslunINg 5 uagNanISNAABUNSTUAILAEUAU B. licheniformis AIn13197 8

74 — Bacillus amyloliquefaciens subsp. amyloliqusfaciens DSM 77
Becillus amyloliquefaciens subsp, plantarum FZB427

Bacllius subtilis subsp. subtllls NGIB 3610 T

Bacillus vallismortis DV1-F-3T T

Bacillus subtilis subsp. spizizenii NRRL B-23049 T

Bacillus mojavensis RO-H-1"

Bacillus atrophaeus JCM 9070T T

— Bacillus sonorensis NRRL B-23154"

wl— KU-K2
73 L Bacillus licheniformis ATCC 14680 7
Bacillus stratosphericus 41KF2a T
100 | Bacillus aerophilus 28K

Bacillus lentus 1AM 12465 "

Al 1.5 L fulal
ANUEITUS N
TIWUINTVRIMUATISY aneiug KU-K2
A5197 1.8 andRnisTanaiives B. licheniformis way Bacillus aneiug KU-K2
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B. licheniformis KU-K2

Catalase + +
Anaerobic growth + ND
VP test + +
Acid formation from

D-glucose + +

L-arabinose + +

D-xylose + +

D-mannitol + +
Hydrolysis

Casein + +

Gelatin + +

Starch + +
Utilization

Citrate + +

Propionate + -

Phenylalanine - -

Nitrate + ND
Growth in NaCl

5% + +

7% + +

5.3. 10% ND + N15ANEN
Uadeii NAfaNIT

naneuludanlaulusfiiealaeldds Plackett-Burman design

Wafnwvlnuesansanmig waztaveNinananisuasoulaisantatluseaanniae

WUATIL3Y B.licheniformis (KU-K2) snuuEun1snaassfioonuuulaeis Plackett-Burman lagyi

a

AMswnzaeslunaIanIuin 250 Jaaans NiemsUsues 25 faaans WrlUuNuLLASoLUed



20

< ' a & 1Y | ' a a ¢ @
AMULEITAU 170 SaUmaUNT WWunan 48 97119 wuinluwsazn1sneassilatvananssueuleioa
Ambaulusiied waneeaiy  LRgwuINISNeael 2 7usznaunly Skim milk 5 nSusedns
Glucose 2 n3uPANS K,HPO, 0.5 nSusdns MgSO, 0.5 nTusadns FeSO, 0.05 NUADANS

gaunndl 37 aarkag CoCl2.6H20 0 nSusedng inansuveteulydgeiagn Awm1sei 1.9

AN5197 1.9 wan1siAs1ernanssuvaseulydanlalusfleave s wuaiilse
B.licheniformis (KU-K2) Tuumagnisvnaes

devwanisvaaesiiléing 12 nsvaaedlulnszinanisadn Tngldlusunsunieada
PSS 11.5 ledmdendaseiifinnuddsenisuameuluidanlallusiea 11nde wuailse
B.licheniformis (KU-K2) 21nan5197 1.10 uanA Mean square AA0A F (Fvalue) WayAl
yddureen1INeaeu (P-value) Inanisindenadeiifinaronisndneuluidanlatlusioa

o o A

U1NTUINAT Pvalue NdosninszAuledfyy 0.05 F391NN1TIATIZANUINTNLS 4 67

Run Experimental variable Protease activity
X4 X,  Xs X4 Xs X X7 (units/mL)*
1 +1 +1 -1 +1 +1 +1 -1 2.98 £+0.218
2 +1 -1 +1 +1 +1 -1 -1 3.22 +0.379
3 -1 +1 +1 +1 -1 -1 -1 2.81 +0.122
a4 +1 +1 +1 -1 -1 -1 +1 2.88 +0.081
5 +1 +1 -1 -1 -1 +1 -1 2.57 +0.011
6 +1 -1 -1 -1 +1 -1 +1 1.99 +0.609
7 -1 -1 -1 +1 -1 +1 +1 0.30 +0.081
8 -1 -1 +1 -1 +1 +1 -1 1.83 +0.103
9 -1 +1 -1 +1 +1 -1 +1 2.05 +0.115
10 +1 -1 +1 +1 -1 +1 +1 2.11 +0.184
11 -1 +1 +1 -1 +1 +1 +1 2.37 +0.023
12 -1 -1 -1 -1 -1 -1 -1 1.94 +0.218

U3 18uA Skim milk (X,), Glucose (X,), K,HPO4 (X5) waz CoCl,.6H,0 (X5) utlaseditinase

Y]

nswaneuluisanladlusied ednsiiteddnseauaudeu 95 Wesidud (P<0.05)

MA15199 1.10 NaASIEINNeanfneleds Plackett-Burman 8ankuunISNNaaInanISNan
wuleiganlatlusheaanieiuadiise B. licheniformis (KU-K2)
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*Values are indicated as mean +SD (n=2)

5.4 finwaniznwanzanlunisuaneuluioanlalilusfealagaNuNISNARBIRUY

Central composite design (CCD) WazilAs1ziNaNn19ann LngIsNuURInaudUas (RSM)

wasnnsinundndeniadeiifinanenisnaneulesl sanlatlusiea Tagldisnng
adf Plackett-Burman sanuuunisnaass laeyidlededidnasenisudmeulessanladlusie
aundnwvnAfioansaudenisnaneulsisanlatlusiealaldisiuiinevauss d1wsu
sunuuilldlunisesnuuunismaass fe Central composite design (CCD) dmdudadodinm
Anwilianun ¢ Jade Taud Téun Skim milk (X,), Glucose (X,), K,HPO, (X) wag CoCly.6H,0

X;) Ioeusazdadefivinnis@nwnazuusaandu 5 seau lawn -2, -1, 0, 14ag 2 LAAIAINISI9N

Type Il Sum

Source of Squares  df Mean Square F Sig.
Corrected Model 6.153" 7 879 9.580 023
Intercept 61.038 1 61.038 665.203 .000
X :Skim milk 1.668 1 1.668 18.179 013
X, :Glucose 1.518 1 1.518 16.543 015
X3 :KoHPO, .958 1 .958 10.437 .032
Xg :MgSOq .001 1 .001 013 914
X5 :FeS0q 278 1 278 3.028 157
Xe :Temperature 619 1 619 6.749 .060
X5 :CoCl,.6H,0 1.111 1 1.111 12.112 025
Error 367 4 .092
Total 67.559 12
Corrected Total 6.520 11

1.11
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M13199 1.11 Yadeninasionsudneulesidamladlusieaiinivunseauresdadeiienigni
winzadlunsudneulesidamlallusiiea

Tuusaznisnaaesin 2 91 Ssaansaeenuuunisnaedldianun 30 n1sveass Tnev
N3MAaeslusERUNANISILIY 6 51 (NN5NAaBYTl 25-30) WievinMsnAaeImLLNLABDNLUUNNS
NAABINI 30 N1INAass nuiluusarnisnassdldvesionssueuleidanladisiea
wana1aiu Tnenisvaaesii 23 Usznausie Skim milk (X,) Wirdu 8 nduredns, Glucose (X,)
WU 1 nSusedns , K,HPO, (X5) 1n1Av 0.8 nsumednsuaz CoCl,.6H,0 (X7) 111U 0 nSuse

ans leednanssuveseulwisanlaulusfeainiu 6.67 MuIuRaua LAAIRINISI9N 1.12

Variable Symbol Code level
-2 -1 0 1 2
Skim milk (g/L) X4 il 6 8 10 12
Glucose (g/L) X, 0 0.5 1 1.5 2.0
K,HPO, (g/L) X5 0.4 0.6 0.8 1.0 1.2
CoCl,.6H,0 X7 0 0.06 0.12 0.18 0.24

(g/L)
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A157197 1.12 AanssueulessanlatlusfieanlAannnisunandkasNIsAIUINANENNTS
Tulsdaznisneass

Run Variable Protease activity (u/mL)

Skim milk Glucose K,HPO, CoCl,.H,0  Mean Observed Predicted

1 -1 -1 -1 -1 4.32 3.43
2 +1 -1 -1 -1 4.75 4.65
3 -1 +1 -1 -1 3.93 3.54
4 +1 +1 -1 -1 4.86 4.95
5 -1 -1 +1 -1 4.52 4.13
6 +1 -1 +1 -1 5.12 4.57
7 -1 +1 +1 -1 4.57 4.32
8 +1 +1 +1 -1 4.89 4.96
9 -1 -1 -1 +1 1.01 1.05
10 +1 -1 -1 +1 0.91 1.83
11 -1 +1 -1 +1 0.88 2.09
12 +1 +1 -1 +1 257 3.06
13 -1 -1 +1 +1 0.88 1.45
14 +1 -1 +1 +1 0.94 1.45
15 -1 +1 +1 +1 2.37 2.58
16 +1 +1 +1 +1 1.20 2.76
17 -2 0 0 0 2.15 247
18 +2 0 0 0 4.99 3.88
19 0 2 0 0 1.01 1.33
20 0 +2 0 0 3.87 2.76
21 0 0 -2 0 3.20 2.89
22 0 0 +2 0 3.77 3.30
23 0 0 0 -2 5.09 6.67
24 0 0 0 +2 4.47 2.10
25 0 0 0 0 4.68 4.38
26 0 0 0 0 4.60 4.38
27 0 0 0 0 4.19 4.38
28 0 0 0 0 4.29 4.38
29 0 0 0 0 4.39 4.38
30 0 0 0 0 4.13 4.38

nsuIanmEnzaNvasiaulsiAnedentsnaaeulesidanilallushies
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Glucosea (/1)

3 4 s ] k4 8 ° 10 11 12 Lo

Wave9 Glucose uay Skim milk

Skim milk (/1) .-

gl burpe 3502304

i
% 03"? S5
S .

K3HPO4(g/1)

HWavudd Skim milk ag K,HPO,

3
B <25
[]<15

< 0.5
7 8 9 0 11 12 =)

B <05
Skim milk {g/1) M <-15

AR 1.6 NINURIRRUALDY warARUTSIanIURdNRUSTEnIeTady
A: Glucose wag skim milk B: Glucose wag K,HPO, C: Skim milk wag K,HPO,

Gollg.6H.0 (g1

Haves Skim milk uag CoCl,.6H,0 s 41 -
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CoCl;.6HZ0 (g/1)

(5100 s 25RO

Mo
M <575
W <375
<
=
|

1.75

n&é& NDAR 10 12 14 16 18 20 22

Waveq Glucose #az CoCl,.6H,0 e /D

< -0.25
< =225

(i) e wSRaNd

#aveq K,HPO, naz CoCl,.6H,0

AN 1.7 nsmifufineuaued wazAeu
sgosUfduiusszninlade
A: Skim milk wag CoCl,.6H,0 B: Glucose hag CoCl,.6H,0 C: K,HPO, tay CoCl,.6H,0
AURImeUELSS (N 3 T7) warAeuTsNEen (MW 2 7) YzudnsdBvsnavesusias

fauvs uarUfduiudszninefulsdonisnanoulad il 1.6 uar 1.7 wanswavesnmiiuii
AOUAUDY (NN 3 1R) LazAauINGen (N 2 /)

MNMTTATERURIRDUALRN 6 nn nuTgeivanzaurentsnaneulesidanilaly
SAERD TUANUTNTUYBIENT81NSIU non rubber serum 1 ans Usenaunieg Skim milk 9.82
NTurodns Glucose 0.97 nTusadns K,HPO, 0.82 nFumadns MgSO, 0.2 NTuspans FeSO,
0.05n5usedANS gl 37 ssmgaded Wey 7.0 AULEITaU 170 SoUdowdl kayssezian
n5UY 48 alus Tnednsdiuseninemahensiuindmiunaneulvdsanlalusioalunia
ansAo 1:1 AeMatnens 0.5 ARsAULTLANEN58IMIS 0.5 AR ImEJafleﬁéfaaL%me’lmﬂu

gnsdIu 1:1 Wwiieanmudutuves COD wazasdunIdnleglumadignailesansdunsgns

1Ushu Wiena wagansiaiinldluniswmisuoafinalun1sdudinisiasyiaznaniouleddanilauly
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siveals  lassunulunisudaeuleddanilaulusiieaaingnsomisimunzanluseiv

WU UANTHULERRINN51991 10 Banudneuled 1 daseeldnunulunisudnuseunn 18.9 um

1 aeslsrpmnaihusdunseuuiesufiRnnsdedidusassiulsnuazifuyusn
M9l 113 Tngavuazdunulumsndmeuleddsanlailusiea 1 dns

syl PUIWAERT/  IAFUYUARERAT (W) ety
aVeld (U )

1. mathenailugnensena 500/318. 0 0
2. Skim milk 9.82/n34 13.16 13.16
3. Glucose 0.97/n34 0.5 13.66
4. K,HPO, 0.82/n3u 0.74 14.4
5. MgSO, 0.2/A54 0.14 14.54
6. FeSOy 0.05/n3% 0.05 14.59
7. fih 500/n5u 0.02 14.61
8. Al 3/3u 4.27 18.9

5.5 Anwiadeiinadenisnaneuluidanlailusiesludmsinuuin 5.0 AnsTunsvinuuy
U

dlevhnsimnzideadowuadiie B licheniformis (KU-K2) meldanneimnzasluds
WIINLUUNIWLNA 5.0 Ans F9U339UTanTeswindy 2.5 as fmednsnisTvierniamindy 1.0
uay 2.0 UasemadeUiiasensseundt shnswneidsadung 48 $3lus uaslidnsnnis
U 250 way 350 souaunfl S1uau 2 61 Taswudii 3 batch Aanssuvenoulesiasgs
fanidlueil 48 FsanneAlvidnsnismuwintu 250 seusiouniiuagdnsnislienniewiiu 2.0
USnmsermaseUiinsemssewit liianssuveseuluidanladlusieagefigaile oy
N15MRIINIINIU 350 FOUABUITILALERIINTSINRINTA 1.0 USunsoniarausuinse msee
unit uansiiBouuniile B. licheniformis (KU-K2) Fosmsoimidluuiinagediniunisaiausl

#e9n15115NIURLNNAULY dakaasluning 1.8, 1.9, 1.10 wag 1.11

Az 10
-
E

- 8
S
>
=
>
.5 - 6
ﬁl, m
% =%
4 - 4
S
g05
A U0 T
PN - 2
-
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AN 1.8 Aanssuveaoulwidamlatlusiloa( ——) uaz oy (=) Nszezanige
meleanmen1siie nia 1.0 wm Lagsnsin13nIu 250 5oUfUNd

Alkaline Protease activity (U/mL)

ﬂ. a 6 6
awd 1.9 Aanssuveseulaidanilay

—4#— AlKkaline Protease

—&— pH

12

18

24 30 36 42 48

Time (hours)

10

pH

TUsALea( ——) waziey (—=)

Nszoznanneg AMeldan1znisiiennia 2.0 wm wagdnsin1snau 250 5oURD

a
UM

Alkaline Protease activity (U/mL)

w

o
[

\S]

—_
(9]

—_—

e
W

o

—4— AlKkaline Protease

—&— pH o

12

18

24 30 36 42 48
Time (h)

10
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AN 1.10 Aanssuveseulsidanilailusfea(——) wayiitey (—==) NTzznainige
Melean1znsHo1nId 1.0 vwwm wagsnsinisniu 350 seunsuni

400 10
|

£

e - 8
et 3.00 -

=

g - 6
Q 2.00 —&— Alkaline Protease E
§ - 4
S —&— pH

a: 1.00 -

£ [
=

=

< 0.00 0

0 6 12 18 24 30 36 42 48

4 R o Time (hours) R o
i 1.11  Aanssuveseuleioa Alatlushea( ——) waziiev (

-=-) fI5zezl1879199 AeldaniiznslieInie 2.0 wm wagsnsInisnau 350
FOUADUN

5.6 Anwauvfvasaulvidanlaulushted

5.6.1 NNSLAY9LYD

Wealdeate Bacillus sp. KU-K2 aslue191s BMSM broth #Wtew7.0 MidlesAUsznaues
Rubber serum wulneulgidanilallusheandnlaganiiodeatoduna 3 Ju lieouled

Wiy 2.54 U/mL

a a1_a

5.6.2 Havewumaidafanssuvateululdanlallusiies

HaN3ANwRaMInwIngausonsiinfanssuveeulesidanlaulusiea nednsey

Aanssuveveuleluyisgungll 30-80 ssrnwalfoa (lev9.0) nuinledinsiznianssuly
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amwﬁﬁqmugﬁﬁﬁuﬁaﬂﬁmmLaulezjﬁﬁ%ﬁﬁhl,ﬁwﬁu Tnganmgiifivanzansion1siinAanssues
wulsidanlavlusfieads 60 ssrwaidea uragslsini Wednssuveneulusiasimanas
dlevnflgamgiigendt 60 essrwaiea IngnuAanssuveaeulesivindu 80 wag 75 Wedldus
Sovuiigamgdl 70 uaz 80 esmwALTEE Aud Ry

Serine alkaline protease 911 Bacillus sp. SSR1 ﬁﬁ’lqmwgﬁﬁmu’wammmiLﬁﬂﬁﬁ]ﬂiiu
vououlwifl 45 samwaded (Singh uwazmmz, 2001)

Tnon1svanosiigungifivuzausenisifafanssuveseuluidanlatlusiioa fio 60
sawaldea Jeaenndostiuoulasisanladlusiioafindmans. clausi GMBAE 42 (Kazan was
Ay, 2005), B. mojavensis A21 (Haddaritazmade, 2009) wazBacillus sp. BO01 (Deng hagmae,
2010)

dloteuleduud 30-80 ssrwaea \unan 30 wri wuiteuludfianauasdalugag
30-50 asmwaldya wasilovufigungituaianssuvoseulsiazanaslasioulsifiinaisdin
wietlefanssunde 50 Wesduddlofeuiueuledidudu fe 62 ssmwadea Wevueulysid
80 asrwalded Wunai 30 il nuiesialdnuianssuveeulesl

a' aa ) ¢ o a
191N 1.14 QWMQNV}L‘V]ln%aill,l,agﬂ'mﬂﬂﬂﬁnsﬂaﬂL@uvL‘Zf@J@aﬂqlaiﬁﬂimL@ﬁ

RRIVHE gaumnTinvnzay AUAIA?
°0) (% relative) (% relative)
30 39.98 £ 0.67 100.00 + 3.20
40 59.38 + 3.56 79.36 + 3.04
a5 84.94 £ 3.75 80.30 = 1.89
50 87.51 + 0.67 76.09 + 0.66
60 100.00 = 5.31 59.52 + 0.85
70 79.47 + 3.88 1515+ 1.34
80 74.87 £6.44 6.78 + 4.27
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120

100

Relative Activity (%)
(&)Y
(@)

20 30 40 50 60 70 80

Temperature (°C)

AT 1.12 grunilinangan (——) wazanuasi (—=-) veseuluidanmladlusiies
5.6.3 NavaIntavnananssuvataulvidanlallusitod

NansAnuATsTm I auiensiinfanssureteuleddanilailusiiea Tnedinsei
Aanssuveseuleslluiefiiev6.0-12.0 igumgdl 45 ssmwaldoa nuinilolinseifanssuves
ulwfluanneifafiesastu afonssuveneulsifitrgmuiuly Taeddianssugeandifios
10.0 uaz Afanssuveseulwiaranasilofiafitosginit 10.0 Feluannzfitev12.0 Avnssuves
wulesiazivdeifios 50 Wesldud WeiflvuiuAieululgegn

Tnen1snnassidenndesiuieulaidanladlusioaiinanan Bacillus sp. SSR1(Singh
wagAe, 2001),8. mojavensis A21 (Haddarwagmady, 2009), thermophilic bacterium EP1001
(Wilson @z Remigio, 2012) Taefisnfiiesiimunzausonisiinfanssueulsidanilaliushioa
Wiy 10.0

dloumeulesidanlailusiedluannefififiievlutis 6.0-12.0 45 ssrneadea Wy
na1 30 Wi 91ty Yrewleiaaladivsiieanendiannsialuanneiiffesludien
Ainseitanssuveaeuledluannzfievo.0 7 45 ssrmwadea wuin toulesidanlatlushiead
ANUAIIEYlUYeLeY9.0-12.0 szwiuldineulwdfidnenmlunisiinianssuwas nuanizaiy
Fusiald Feanmnsenhluldldlugnansnssusinld wu granvinssunsdnilon vide gmanmnssuvien

v v §f & %
NUIERNY LUUNU

dl = dl U = 1 LY a
A19199 1.15 filerunranuaranuasmvesileysoeulvidanilallusilod



NLO%Y Faviimunzay AUAIA?

(% relative) (% relative)
6 32.64 + 1.75 44.03 + 4.07
7 60.74 + 8.77 5453 + 2.04
8 69.42 + 2.34 67.08 + 1.75
9 81.20 = 1.46 95.68 + 4.36
10 100.00 = 5.84 100.00 = 0.29
11 81.40 + 8.77 95.27 + 2.04
12 52.07 + 1.17 86.21 + 2.62

120

100

80 1

40

Relative Activity (%)
(@)
(@)

20 A

5 6 7 8 9 10 11 12 13
pH

AN 1.13 v AmUnzal (——) wazAuasel (—=) Yaaeuleidanladldshiea

5.6.4 Han1sNNadNavasansialsananssutaulvioanlallushios

dlovmeuleidanilailusfiealuantiefifl metal ions uay protease inhibitor WU
Aanssuveteuluidanlatlusfieaivsunaanasiuaniediil 1mM PMSF, 10mM Mg "10mM
Ba "10mM Zn”", 10mM Fe”", 5mMPhenanthroline, 10mM Hg', 5mM EDTA wag 10 mM Ca’"

PMSF 1Juansduiia serine protease laatAinufjizen sulphonationu3iia serine 9194

Y

Ushanswasneuleyd mnniseasteulyddamladlusieagndudslag 1mM PMSF lnedfanssy
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vesaulesivde 50 Wedldudiloifisuiufmuay uiegrslsAnalagiluuds serne protease
wlajwumﬁgﬂé’ug’ﬁw EDTA 318U metal chelating agent wAanAIAaBINUMSEud 54
Wesiduddlafieufumauen Ssaguldineuludsanlailushioavinidiosnts metal ions Tu
nsiAaURATeveeulyl Seaenndesiuauiduves Wilson wag Remigio (2012)

dlofiansanianaves metal ions seRafnssuvetouluidanlatlusiiea nuii
divalent metal ions Srasiefianssuveneules AevinliRanssuvetoulesianas Ssaonndasriv
MUYV Hudduskae Ramteke (2008) wag Haddarwazmaus (2009)

A5199 1.16 Navesarsialisananssueulyidanlallusfea

RREIGE Protease
(final concentration assay) Relative activity inhibited
Control 100.00 + 2.68 -
1 mM PMSF 50.13 £ 6.11 Serine protease
10 mM Mg 56.21 + 2.99 .
10 mM Ba”" 45.52 +2.50 -
10 mM Zn”" 23.37 + 3.98 -
10 mM Fe”' 9.03 + 4.53 -
5 mMPhenanthroline 54.04 + 1.59 Metallo-protease
10 MM Hg'* 11.03 + 1.43 -
5 mM EDTA 53.69 + 9.51 Metallo-protease
10 mM Ca”* 61.51 + 11.09 -

5.6.5 Msideuleisanilailushaddaslushiuaanainuigedn

deveuleridanladlusieaundeslusiuluthensanlagvud 50 serwades L1iv
F1081970a1 0, 1, 2, 4.6, 8 Falus NTLRL 10% tricholoacetic acid LiteanayneulUsAuy
MntiassiUsinansaesiluiiinty lunseassiias fausunalnlstuiiiniussudiou
Usinallvlsduilindulunandn Wieusuiedsiivunani 0 $lus mndusunalvlsduiaiy
wanvininufisenissesTusiufiegluthensuamvasosmuindeveuleduuifinduasnu
fsnallvlstuinunniunuluge wanddiiuineulsisanladlusieaiifnonmwlunisdes
Tusfufegluihenanld fafueuluidanlailusfoanndefinenls amsoiuszgndlily

A Yy o o
Q@ﬁ']'mﬂiﬁllmLﬂﬂ?%@ﬂﬂUu’]ﬁ’Nl?ﬂu@uqﬂm
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o a A ad a X Y] | a H v
MN19190 1.17 Uiﬂqmimiisﬂu%LﬂG]GU'Uﬂr]Uﬁaﬂf\mﬂﬂqiﬂQﬂaaqﬂiﬂi@u@@ﬂf\nﬂuqEJ'N@'JEJ

wulwidanlaulusiied

L281 nlsdu
(F1349) (lulasnSusialiadans)
0 0.00 + 0.51
1 190.54 + 1491
2 204.59 + 0.38
4 211.89 + 12.99
6 24541 + 7.64
8 260.54 + 0.76
300

=

@ 250

({7

(]

(=1

B 200 1

o

= 150

e

&

=2 100

=

[4>d

L 50

=

0
0 1 2 3 4 5 6 7 8 9

a1 (2lu4)

A 1.14 USunalnlsduiiinduniendisannnisgesaanslusiueanainuiend

meapulydidantallusied

wuanamsdneulslluussenaldluanannssy

av & =3 V1 ) [ L3 & ° LY

NI lagiiuladinisin Rubber serum 1110uesA Usenaureaemisiaesdmsy
naneuleddanlatlusieassiduniinyanivesiiavesnszuiunisndnens Ingausounan
ulwidaniladlusfiea Fudueulesinfisimung Usznoudagduussmadanindouluiida

Aladlusiea anseUzmadusiuiuun
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A a P ) & =3 v & ) a a val
Wesiasandenudnvusvoueulyiviiulaiteuluiiiniuasdiwaziinianssulan

gaungilge uar Mavludims sdadueuluddamladlusioannanlafiaumunzandmsulunis

9 Y

o

inluimuuasldlugaamnssunsdnlan e gaamnssuneanvisdnd uanaintudloNasanis
AuauURlun1sgeslUsiusaninaniiensan aziulaineuledviaiiidneninlunisdeslushiu
panaN1ganls neausaanuTunalusiuluiiean waziiuanuuianslvunuienda

danalviingnsaniiaanmiiyiInyy

6. #3UNANTIY

a v dy Y o = a 6 o 6 a v gél N a
\‘1'1‘1«4'37\]EJ‘L!IWVI'Wﬂ’ﬁﬁﬂ‘t‘ﬂﬂ’ﬁNﬁG\LEJuVL"'ZJMEJaﬂ{LauI‘UiGIL@ﬁi@]ﬂi%%’]ﬂu’]ﬂ’]ﬁwLLE’JﬂEJ’NﬂﬂlIEJ

(% (% s

aniluunavesaseIiskazesstg tngainnisAnuenalenug Bacillus lunisudaeuledda
mladlusdtea wudraeiug KU-K2 1uaesiugindnouluisanladlusiealdgeiian (2.3
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Abstract

Owing to non-rubber skim latex or rubber serum is an agro-industrial waste which
collected from concentrated latex industry about 580,000 tons/years. It’s containing a lot
of nutrient such as sugar and protein for bacterial growth. Moreover, BOD and COD of this
serum were higher than 10,000 mg/L indicated that it might be used for wastes utilization
by using microbial fermentation technology. Poly(L-lactide) (PLA)-degrading enzyme is one
of important enzyme in the future. Because biodegradable plastics will be recently
replace another conventional petrochemical plastic. Actinomadura keratinilytica strain
T16-1 was isolated and reported as a potential PLA-degrading enzyme production both in
shake flasks and 3L fermenter. The enzyme produced by the strain was identified as a
serine protease and should be applied for PLA biological recycling process. In our work,
PLA-degrading enzyme production and growth of the strain was investigated by using non-
rubber skim latex as a nutrient and mineral sources. PLA-degrading activity, 29.6 U/ml was
obtained by using basal medium containing 0.035% (w/v) PLA powder and 1% (w/v) scrub
pad as a supporter for bacterial cell in shake flask. Moreover, the effect of physical
parameters and nitrogen sources were determined. The results indicated that the

maximum PLA-degrading enzyme produced by strain T16-1 with 35 U/ml was achieved at

the condition as follow: temperature at 45°C, pH 7.0, shaking speed at 150 rpm and
cultivated for 4 days. To scale up of the enzyme production, 2L stirrer fermenter was used
to determine the optimization of PLA-degrading enzyme production under open batch

fermentation. The maximum enzyme production, 40.5 U/ml was achieved by using the
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agitation speed at 150 rpm without aeration control and cultivated for 3 days. Moreover,
the strain T16-1 could produce the enzyme about 45 U/ml under continuous
fermentation condition for 3 days. This recent work is demonstrated that non-rubber skim
latex has a potential to produce PLA-degrading enzyme from Actinomadura keratinilytika
strain T16-1 for dispose or recycle of plastic wastes in the future. The process can apply
for utilization of non-rubber skim latex waste for value added product such as PLA-

degrading enzyme by using practical method.
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wulsiidinarndueulesiniuseleviilosainaruisavrunldlunisiidaves anuaniiznia
dandeuld Inevinamdnludnvauzalidedddanuioulunisaeiiieidunisandunulasn
NIUTIA2E

4. BUININISANTEUNISIAY

4.1 ANSHTINRINUIY TR NYNAAULAZAITANIANBULVDINIIUIN WUI8ALYNE19En

LALMIIUIYNTNIUNTEUIUNITULIN

MIAseIaeafiuenensaiuvilalag du 5% H,SO, USH1MS 230 Naaans adbunig
thena3unmns 1 8ns Uuit 60 esrwadea Wuan 10 wiit 91nturhnisnsesdienseaenses
Whatman No.1 titeuenafiuias 89n91nmatinens Usufiterweswmnaniensiiugnensanalvien
WU 6.8-7.0 MsFnwdnuwalzYesietinens mehensiinensnsaniy wazsnatnensiishunisusn
@y A1 COD, BOD, TKN, weuluidly, anududuvesiusiy, thmasmd way Zinc vildlnods

Megrnaualudinsiznnaudnaaeukar1nTIvel anduideingremansuazinalulaguis

Uszinalne
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4.1.1 Woqduvisduaramisiieeie

HogaunIgildlunisdnuinisudnouleddenaataneduanindgie
Actinomadura keratinilytica @esitug T16-18sfls18auiranansondaeulesiléif Taevhniades
oluemns ISP-2 slant figamgdl 50 ssaneadea Wua 4 Ju ndurinisdsuiudolas
Bedluamwns 1SP-2 broth flgaugfi 50 asewadsa Wunan 4 Ju nsesfenszunses
Whatman No.1 #1968 thndutsimainide 2 afs UsuuSunudelildagandunasi 600 unlu

WHS AU 1.0

s
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Tusn  WduTuwunn 5x5 Saawns 93 0.1 nSu PLA film 0.035% w/v ka¥e1m1s basal medium
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FeUsznousie 0.035% PLA, 0.238% L9a1fuy, 0.8% (NH,),504, 0.4% K,HPO,, 0.2% KH,PO,
wag 0.02% MgSO,.7H,0 lalunanan Nt mMaRLT e TeIeuls 5 Gadans vhnsiaeei
gaumadl 45 ssmiwaidea Wuan 168 Halus innafiudiedmng 24 Hiluaiiefnwinisuan
wulayd Tnsthsegefilaunduwied 10,000 souseudt Wunan 5 wad Wiluinsziianssy

Ypuaulwidavaatenadwaning

4.1.3 nsAnwanMeMmunzanlunisuaseulydgesaanswednantnaiusesunanan

wazludamdnuuulunaniu

Fnsanmanzfiunzadlunmsudneuleddesaarsneduanlnaluss sunanar
Toe Twadess Tngthmnaiensfiuonesaiy Usuans 50 Sadans laluanaduuin 250 fadans
Fnanenlusnlmduduuin 5x5 fadwns 49 0.1 3y uaz PLA film 0.035% dwinseusunns
Tdluvlanar nduihnsduiudeiivdedly 5 fadans shnsidesfigamnd 45 esmuwadea 1u
nan 72 Halus hnnsAnwgamgifimnzaslunisasyuasnanouluifigamad 45, 50 wag 55
ssrgaded wazvinisAnwiwnaslulasiauiivanzauy wWulnu arsadnandas wiauy @
afm  aInuead 1ATU way LwaNRY SITrhnnsAneA e nsuduTimranlunsuanteu L]
MMhens Awenensany Tnevinnisinealutiefites 4-9 antusinnisveneanalusesudamin
Tneldiwadnsadonssuaunswinuuude thwedensd3uins 1.5 ans aferlusm 4 n3u uay
PLA film 0.035% (wiinseu3uns) antuiuiudousinng 150 fadans AUANGUNYIT 45
ssealdoa Moviudu 7.0 mnduinaiiusednamng 24 $alus Taeieeeiildluudas
Franadumied 10,000 efitdy Wuan 5 widt dilvimssitanssuveseulsyd Taenis
veaesildvihnsanszznaildlunsuaneuley Anw1ensinisniui 100, 150 wag 200 seU

AU BRIINTSHIBINE Ad 0.25, 0.5, 0.75 wag 1 wwm
4.2 mMsenwinisuameuloidssaaenadnanlnawuunawio

nsinuniswaneuluduuusoidedlasl fleadaisannidearsiug T16-1 lng
nsdendelumaiesiiueneisafuesn Usuns 1.5 das Miy aferluiv 4 n¥uuas PLA film
0.035% (minseuiung) Intuduiuteuiing 150 Sadans nafiudaegienng 24
FalustnRanssy veseulesiaudsnafideannsondmeulsuldzeiian anduinisifumati
gafiueneafufiiiy - mandnosnuagyinnfumaiesiivenesai dngdomingnadufiold

Tunsminiendsmauley  dogaatenadnanlng 91nUUYNNISAENITNIINT IMAVBINIUIE197
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AT 2.2 LHUANLERINSHARLeUlYig s danenedLantnaLUUABLTL D

AIENTTUIUNTIINLUULTA

4.2.1 MFIATIEINanTsuveeulyligasdaanawadantng

$1N153LATILANANTIUVDIULwIININATVDY Sukkhum  wazame (2009) Taald
emulsified PLA Wuduiansy tnevifisenviaamgll 60 esewadea fiey 9 91ntuiae
AANAULAN 630 wiluwns Weiadafanssuveneuled lay 1 viheveueouluidlfe

Ysunaeulediildlunisandigandunasil 630 unluwns a9 1 wmhengldaneinagey

5. WANISAENIUINY LAZNISITAINA
5.1 MSANYIANWALVBINIUILN LALWINUNEN9VILENY19ENY

91NNTANYIAMANTRVINIIUIEN kagUI9UNENRENY1IEANIINAITNN 1 WU
[} 1 %)’ d‘ o a0 1 901 d‘ a 1 1
ANYREANN (UM NNIIININAFRUTIAETIMIIIee LN 19aRY WU A1 BOD, TKN
Usunalusiu USunanimnasig 1dusu feuandliiiuiingaaininn1sanaznauganiensa
H,50, Viinauani@sng 9 vesmsiiesanasdadunauiainnisldngn vinlilusiudeanin

WesanarfiteraiUseanal 2-3 waglusausng 9 dnlugazdaniziudiues rubber vinlw

'
a1

nsANAZNaULYN rubber saninaliusunaa1619 qlaslanizlusiuanas 99n9UB AN
nusig ke nesafuiulinuaudisia ndeundn nedienuduiuileldiznis
ANAZNBULFIBITA 9 1WUNITLY 1.2% chitosan Tuansazane 1.5% acetic acid Ludy U

a819l3AnuNANTN 2.1 nuTmnaenikenesaiueendinsinuantinatunisunanly
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TiAnUsglerilaonmsihulfduwnasasomsiadulunsideateqdunsdiiondnoulyldos

aanenadkantnaia

A13197 2.1 wansAnauTRveInIaIeasaEIeNke Ny 9ERY

Parameter Non-rubber skim latex  Skim latex
COD (mg/L) 18,456 91,775
BOD (mg/L) 12,825 62,000
TKN (me/L) 2,680 4,953
Ammonia Nitrogen (mg/L) 2,111 3,217
Zinc (mg/L) 71 144
Protein concentration (mg/L) 531 831
Reducing sugar (mg/L) 16 1,197
pH 2-3 11-12

5.2 MsAnwanMeMmunzanlunsuaseulylgesaanswedtan inaseaunanantaglgng

wenuenevaiuiuingiusmenszuunisuinuuude

INNSANEINTSHAMB Yl psaatenadkannasEaunatanlaelyuialng19ken
gaany  udngAvdenszuiunsminuuuldanuindieviinisndneuledlaedinisiu
a15919115 basal medium aslunmainesineneeanulaziinsidunuleds wseananlusnidy

d9Eise INNNT 2.3 nudszegian  Aanaalunisianieuledannieaneiug T16-1 fe 4

Ju Wnoeaunsananeuleidls 27 miienaliadans

wipgalsinundsainnisndniivian 4 Jutduiedsaunsondaouledldgassuna

30 Mefaliadans tut 2009 ladis1e91ulae Sukkhum kasAMENUILTawaAR LUy ANaNe

v

Wug T16-1 anunsandneulziigegaaeneduanindligeian 45 miudeliadans Weviing

Foadieluoms basal medium Wunan 4 Su Fadlowssudisuiunsldmaieniivenensa
Aulunsidsadenuiildusinaeyleiiesnitorafunauanlumaingsiine nensaiutiud
padUsENaUYes Zn” Fanuilansiamnsadudinisyauveaeuledle §9 Sukkhum wag
anzlul 2009 Iiseauliifmnssueseuluisosaaenoduanindandeasiug T16-1

Y

gndudundeliiesia 76%
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2 2.8 uansnaresonsin1sniunlelunisdneulesdannilie Actinomadura keratinilytica
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Non-rubber Fermented Non-
Parameter Skim latex

skim latex rubber skim latex
Protein concentration (mg/L) 831 531 7
Reducing sugar (mg/L) 1,197 16 0.3
pH 11-12 2-3 6.8-7.0

6. #3UNANTIY

Tusideitlavinnisfinwinisndaieulwidesaaeneduantnalagldmauieanuen
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