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Supangkanang Jomsueb 2014: Production in Bioreactor and Characterization of
Carboxymethylcellulase of Thermobifida fusca PA1-1. Master of Science
(Biotechnology), Major Field: Biotechnology, Department of Biotechnology.

Thesis Advisor: Associate Professor Mangkorn Rodprapakorn, Ph.D. 91 pages.

Thermobifida fusca PA1-1 is an actinomycetes which was isolated from palm empty
bunch compost and determined as carboxymethylcellulase (CMCase) producer in high
temperature condition. The objectives of this research were to optimize the CMCase production
in bioreactor and to characterize CMCase of 7. fusca PA1-1. Study on cultivation under shake
flask condition was carried out in basal medium containing 1 % (w/v) CMC as sole carbon
source. The result showed 50°C was optimal temperature for growth which gave maximum
CMCase activity of 0.977 unit/ml at 4" day. The effect of sugars was also investigated. The
results indicated that glucose, maltose and sucrose at concentration 0.1%, 0.5% and 1% inhibited
CMCase production. Furthermore, production of CMCase in 2 liter bioreactor was carried out at
1 vvm aeration rate and at 200 rpm agitation speed. In comparison with optimized condition in
shake flask, the observed value of maximum CMCase production was 2.027 units/ml which was
a 2.07-fold increase and production time was shortened to only 60 h. Characterization of crude
CMCase exhibited optimal activity at pH 4.0 and 60 °C. Stability was highest in the range of pH
5.0 - 11.0 and 30 - 70 °C. The activity of CMCase was significantly activated by K and Mn”'
and inhibited by Ca2+, Fez+, Mg2+ and EDTA. Moreover, CMCase from 7. fusca PA1-1 can be

degraded cellulose substrate such as CM and avicel and hemicellulase substrate such as xylan.
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Novozyme Novozymes Corp, Denmark

Hemicellulase AS

Novozymes Corp, Denmark
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Y v
1.3.3 1$1393 blank Taaldinaui/Suag 0.2 Jadans unuagazaleduaa
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9. [ Yy 9 Y
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2. MSWIANNHTNFaaNHS
o A s
2.1 gunsainldlumsinsizy
2.1 195090 UQUNYI 105 0F AT
4 4 .
2.2 193U UG (centrifuge)
9
2.3 TaganuFY (desicator)

asy 1 %’ ] Jd Y
2.2 IFMIMIAUIHUNLG AL

o &5 @ A aa X = ~ ] = =
2.2.1 mmﬁumﬁmm 20 Yaaansg ﬂulﬁ?ﬂﬂ“ﬂ 10,000 39UABDUIN UIU 10 UIN

1 4 o a Ia 4
wandIule (supernatant) Lﬁaumnmiwwmﬂﬁimmmu”lw
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2 % J Y g2 H o ' A A s s o H o ' aa ¢ o
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MIWUINT Al WAVDIUHYNADNIIIIYVO T fusca PA1-1 110111311127 basal medium

a

A J 3 s 3 o 1 = < 1 14 A
N34 cMC 1 1esua (Ll”l“lfiliﬂ@’f)ﬂﬁiﬂﬂi) Wuurasmsveu NngUNHY

U

' 4 1 a < J @
AN UHLﬂ%@QLﬂJﬂWﬂ?UﬂNQﬂ!ﬂ{]M A3 250 SOUADUIN T2EZLIAT 5 TU

Incubation time Cell dry weight (g/1)
(days) 40°C 45°C 50°C
0 0.05+0.00 0.055+0.00 0.120+0.00
1 0.574+.37 0.231+0.22 0.726+0.02
2 0.663+.07 0.245+0.35 1.016+0.01
3 0.976+.00 1.068+0.06 0.740+0.01
4 0.936+0.02 0.593+0.84 0.462+0.00
5 0.643+0.16 0.805+0.04 0.400+0.00

g wamsnaaedaadluzlunuvenunas + maauilisauuaIgIy



4 a a 4 4 a
MINEUINN A2 wammqm‘wgm’amiwam@u"lcmmmaﬂéﬁmmmagLaﬁmm T. fusca

. A 2 o 3 o 1
PA1-1 6114611413!.1’7@1’3 basal medium N CMC 1 L‘IJEJ%L“BL!G] (HIMUNHD

a

< ' 14 ! a 4 ]
TJQﬁJWI'i) Wuuraimsveu ﬁqmwnumm UHLﬂ%@QLﬂJﬂWﬂ’JUﬂNQﬂ!‘HﬂN

U U

< ' @
AUEI 250 TOUADUIN 5282181 5 U

Incubation time Carboxymethylcellulase activity (unit/ml)
(days) 40°C 45°C 50°C
0 0.009+0.02 0.028+0.02 0.110+0.06
1 0.021+0.01 0.091+0.02 0.4524+0.05
2 0.0535+0.00 0.177+0.01 0.666+0.17
3 0.1034+0.01 0.272+0.08 0.699+0.08
4 0.1705+0.04 0.39240.05 0.977+0.19
5 0.2193+0.02 0.510+0.09 0.696+0.17

g wamsnaaeduaadluzlunuvenunas + maalisauunasgIy



H v 1 =)
MINHUING A3 WAVDNINaNG IAAABNIITIIYVDI T, fusca PAT-1 TUDIN31107 basal
. Aa a Y g A sl &
medium NUMIANNG IAAANMTNTUANE gl CMC 1 1losigua
901 o 1 =Y 3 1 4 A ] AaA
ANnA131103) Huunasmivey vuNIeIVEIAILRUIUNYNN 50

PIFUTATIE AN 250 TOUADUIN T2821981 5 U

Incubation time Cell dry weight (g/1)
(days) Concentration of glucose (% w/v)
0 0.1 0.5 1
0 0.120+0.00 0.212+0.00 0.292+0.03 0.212+0.00
1 0.726+0.02 0.726+0.00 0.495+0.07 0.197+0.02
2 1.016+0.01 1.016+0.00 0.501+0.15 0.345+0.01
3 0.740+0.01 0.740+0.00 0.746+0.25 0.321+£0.24
4 0.462+0.00 0.462+0.00 1.212+0.03 0.443+0.17
5 0.400+0.00 0.466+0.00 1.054+0.02 0.506+0.13

et wamsnaaeduaaluzlunuvesnunay + mMaIsuuuAIFIY
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4 % 1 a J J a
M3 1eNUINA A4 wavesaang Indaemsnaaeu lximsuendwnamagaaves
T. fusca PA1-1 14011151127 basal medium Hiimsidung Iaa anududu
' 2 J R o 1 < ' 4
a9 wagll eMC 1 nlesidua (hminasdsumas) Wunmdsmiveou
4 ] Aaa < 1
VWIATOUVGIAIUANQUNNN 50 DIRUTATOT AWIGI 250 TOUADUIT

F2E21981 5 I

Incubation time Carboxymethylcellulase activity (unit/ml)
(days) Concentration of glucose (% w/v)
0 0.1 0.5 1
0 0.110+0.06 0.022+0.01 0.019+0.12 0.220+0.13
1 0.45240.05 0.24440.03 0.069+0.04 0.367+0.02
2 0.666+0.17 0.50540.05 0.133+0.14 0.420+0.22
3 0.699+0.08 0.549+0.04 0.186+0.05 0.535+0.02
4 0.977+0.19 0.543+0.02 0.570+0.17 0.488+0.17
5 0.696+0.17 0.43940.13 0.548+0.12 0.252+0.07

et waminaaeuaaluzlunuvesnunas + maIisauuaIgIy



H v 1 =)
MINNUINT A5 WAYDANMaNDa IAaAMIITYVON T, fusca PA1-1 119 IM151WA7 basal
X A Aa Y Y = P-4
medium NUMSIANNOA TadANUINTUAN tazdl CMC 1 1Weosisua
901 o 1 =Y 3 1 4 A ] A
(N1nA131103) Huunasnivey VuNTeIVIAILRUYUNYNN 50

PIFUTATIE AN 250 TOUADUIN T2821981 5 U

Incubation time Cell dry weight (g/1)
(days) Concentration of maltose (% w/v)
0 0.1 0.5 1
0 0.120+0.00 0.012+0.00 0.348+0.00 0.260+0.14
1 0.726+0.02 0.386+0.00 0.917+0.04 0.573+0.12
2 1.016+0.01 0.664+0.00 0.989+0.15 0.592+0.06
3 0.740+0.01 0.008+0.00 1.141+0.14 0.587+0.34
4 0.462+0.00 0.784+0.00 1.325+0.00 1.376+0.20
5 0.400+0.00 0.768+0.00 0.996+0.04 1.192+0.32

et wamsnaaeduaaluzlunuvesnunay + mMaIsuuuAIFIY
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4 % 1 a J J a
M319WUINT A6 waveshmavea Inaaemswaaon laimsuendwnawagaduos
T. fusca PA1-1 1491911514127 basal medium NUMsANNOA A ANMTUTY
1 = J 3 s 3 v 1 I v 4
A9 tazll CMC 1 iesiud (hwmtinaedsunas) Wuuvasmsveu vu
4 ] AaA <3 [
ATOUVGINIVANGUHNIN 50 oA UTAITIE AT 250 TOUABUIT

F2E21981 5 U

Incubation time Carboxymethylcellulase activity (unit/ml)
(days) Concentration of maltose (% w/v)
0 0.1 0.5 1
0 0.110+0.06 0.110+0.02 0.110+0.02 0.047+0.14
1 0.45240.05 0.348+0.02 0.123+0.08 0.063+0.12
2 0.666+0.17 0.502+0.02 0.222+0.06 0.283+0.06
3 0.699+0.08 0.353+0.08 0.693+0.09 0.456+0.34
4 0.977+0.19 0.422+0.01 0.494+0.07 0.803+0.02
5 0.696+0.17 0.571+0.02 0.579+0.08 0.866+0.32

Mg HamIinaaedaluFluuuveIn Ry = MaIEAUUNIATFIY



H v 1 a
MINHUINN A7 WaV0NMaYy IATaADNTINIYVOI T, fisca PA1-1 11911311a7 basal
. Aa a Y g A sl &
medium NUNIANY IATAANWANTUA tazl CMC 1 1o igua
901 o 1 =Y 3 1 4 A ] A
(N1nA31103) Huurasmivey VuNTeIVEIAILRUYUNYNN 50

PIFUTATIE AN 250 TOUADUIN T2821981 5 U

Incubation time Cell dry weight (g/1)
(days) Concentration of sucrose (% w/v)
0 0.1 0.5 1
0 0.120+0.00 0.390+0.08 0.228+0.00 0.049+0.03
1 0.726+0.02 0.675+0.06 0.605+0.12 0.445+0.21
2 1.016+0.01 0.909+0.04 1.002+0.09 0.701+0.06
3 0.740+0.01 1.006+0.10 1.173+0.07 0.747+0.13
4 0.462+0.00 1.546+0.01 1.820+0.08 0.791+0.08
5 0.400+0.00 1.932+0.02 1.920+0.11 0.869+0.25

Mg Ham3inaaedadluglunuveInRay = MaILEAUUNIATFIY
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4 % 1 a 4 4 a
M319wuIndl A8 waveuthmag Insaaemswanou lsdmsuenFmnawagadved T fusca
PAI-1 1u0IM1511a7 basal medium NiimaAug Iasaanududuaies uay
= J < R o 1 a < ' J A '
4 CMC 1 nlodirua (hninae1suas) Munrainsveu VA0V

A <] 1 @
ﬂ’J‘]JﬂiJQﬂ!WQiJ“ﬁ 50 PIRUFALTIE AINITI 250 TOUADUIN 52E21IA1 5 T

Incubation time Carboxymethylcellulase activity (unit/ml)
(days) Concentration of sucrose (% w/v)
0 0.1 0.5 1
0 0.110+0.06 0.022+0.00 0.044+0.00 0.051+0.01
1 0.45240.05 0.27540.02 0.054+0.00 0.092+0.02
2 0.666+0.17 0.458+0.03 0.118+0.09 0.214+0.02
3 0.699+0.08 0.382+0.00 0.290+0.11 0.163+0.04
4 0.977+0.19 0.422+0.07 0.364+0.02 0.151+0.17
5 0.696+0.17 0.482+0.05 0.381+0.37 0.149+0.02

Mg Ham3inaaedadluglunuveInRay = MaILEAUUNIATFIY
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4 a a 4 14 a
M319WUINT A9 M3 gyuazmskaaeu lsiamsuendunamagiaaain 7. fisca PA1-1
Tuganiinuing 2.0 8a3 AIUAUYUUYNN 50 0IRUBALTE BRIINITNIU

200 59UADUIN 80151015 1101018 0.2 vvm

Incubation time (h) Carboxymethylcellulase activity (unit/ml) Cell dry weight (g/1)

0 0.116+0.01 0.585+0.12
6 0.121+0.03 0.725+0.07
12 0.182+0.04 1.055+0.03
18 0.187+0.06 1.140+0.00
24 0.368+0.04 1.145+0.02
30 0.620+0.02 1.630+0.08
36 0.777+0.03 1.675+0.03
42 1.059+0.04 2.53540.06
48 1.109+0.00 2.740+0.01
54 1.200+0.04 2.750+0.05
60 1.205+0.02 2.756+0.04
66 1.074+006 1.867+0.01
72 1.044+0.06 1.480+0.03

Mg HamMinaaedadluFlunuveIn Ry = MaIEAUUNIATFIY



=

MWUINA A10 Mssguazmskaaey laimSuendwiamagaanin 7. fisca PA1-1
Tuganiinuua 2.0 8a3 AIUYUYUUYNN 50 DR UBATT DR3IN1TNIU

200 39UADUIN 80151015 101717 0.5 vwm

Incubation time (h) Carboxymethylcellulase activity (unit/ml)  Cell dry weight (g/1)

0 0.116+0.01 0.490+0.00
6 0.151+0.01 0.717+0.10
12 0.413+0.03 1.070+0.05
18 1.079+0.00 1.195+0.00
24 1.155+0.01 1.252+0.12
30 1.205+0.09 1.355+0.10
36 1.447+0.01 1.550+0.12
42 1.573+0.04 2.515+0.00
48 1.634+0.11 2.705+0.00
54 1.891+0.14 2.745+0.07
60 1.901+0.22 2.680+0.00
66 1.709+0.09 1.700+0.12
72 1.674+0.09 1.57+0.00

Mg HamMinaaedadluFlunuveIn Ry = MaIEAUUNIATFIY



=

MmN a1l Msisyuazmskaaey laimsuendwiamag@aanin 7. fisca PA1-1
Tuganiinuua 2.0 8a3 AIUYUYUUYNN 50 DR UBATT DR3IN1TNIU

200 39UADUIN 80151915 101717 1.0 vwm

Incubation time (h) Carboxymethylcellulase activity (unit/ml) Cell dry weight (g/1)

0 0.121+0.00 0.510+0.01
6 0.166+0.06 0.837+0.00
12 0.373+0.00 1.970+0.10
18 1.135+0.11 2.184+0.07
24 1.230+0.01 2.439+0.03
30 1.286+0.11 2.47+0.06
36 1.286+0.06 3.173+0.18
42 1.407+0.09 3.030+0.03
48 1.553+0.04 2.885+0.07
54 1.689+0.01 2.850+0.02
60 2.027+0.01 1.980+0.04
66 1.997+0.04 1.595+0.04
72 1.669+0.08 1.430+0.01

Mg HamMinaaedadluFlunuveIn Ry = MaIEAUUNIATFIY



=

4 a a 4 4 a
M3WUINT A12 Masguazmskanon lsimsuenFwNamagadain T fisca PAl-1
Tuganiinuua 2.0 8a3 AIUYUYUUYNN 50 DR UBATT BRTINITNI

100 59UADUIN 67151713 1901018 1.0 vwm

Incubation time (h) Carboxymethylcellulase activity (unit/ml)  Cell dry weight (g/1)

0 0.116+0.01 0.540+0.00
6 0.166+0.02 0.535+0.01
12 0.217+0.05 0.645+0.06
18 0.282+0.09 1.155+0.19
24 0.368+0.02 1.317+0.06
30 0.509+0.16 1.650+0.19
36 1.185+0.05 2.295+0.14
42 1.220+0.09 2.765+0.04
48 1.256+0.05 2.620+0.05
54 1.245+0.02 2.195+0.05
60 1.366+0.26 1.745+0.12
66 1.417+0.06 1.605+0.08
72 1.548+0.08 1.425+0.00

Mg HamMinaaedadluFlunuveIn Ry = MaIEAUUNIATFIY



=

MaWUIN A13 Msisyuazmskaaey laimsuendwiamagaanin 7. fisca PA1-1
Tuganiinuua 2.0 8a3 AIUYUYUUYNN 50 DR UBATT DR3IN1TNIU

300 39UADUIN 80151015 10177 1.0 vwm

Incubation time (h) Carboxymethylcellulase activity (unit/ml)  Cell dry weight (g/1)

0 0.106+0.02 0.27+0.14
6 0.121+0.03 0.58+0.06
12 0.171+0.04 0.29+0.09
18 0.187+0.08 1.08+0.15
24 0.439+0.02 0.93+0.04
30 0.449+0.02 2.52+0.04
36 1.205+0.01 2.14+0.08
42 1.729+0.02 2.42+0.06
48 1.498+0.02 1.99+0.00
54 1.387+0.04 2.52+0.03
60 1.321+0.06 2.95+0.13
66 1.326+0.01 2.75+0.07
72 1.397+0.01 2.52+0.01

et waminaaeuaadluzlunuuesnunas + mMaaisuuunasgIy



4 ' ° s & A
ﬂ1‘§1QN‘M3ﬂﬁ nl4 Naﬂ]@ﬂﬁlﬁ]ﬂf@ﬁ]ﬂ’li‘ﬂTﬁTuﬂJ@ﬂL'E]ullclfllﬂTTLIQﬂ%Lll‘ﬂaL“ﬂa@llaﬁﬁnﬂ T. fusca

PA1-1

pH Carboxymethylcellulase activity (unit/ml) Relative activity (%)
3 9.15340.02 83.73

3.5 10.264+0.28 93.89
4 10.932+0.22 100.00

4.5 10.832+0.41 99.08
5 8.359+0.12 76.46
6 5.851+0.14 53.52
7 5.218+0.17 47.73
8 4.384+0.24 40.11
9 4.305+0.22 39.38
10 3.975+0.11 36.36
11 3.608+0.18 33.00

N Haminaaedadluzdunuvesnnay £ MaIusuuuIATFIY
o ] J J =~ a A o Y 9 9
arodrueu lsimsvenFwniawagaann T fusca PAT-1 iEumsih idudu

@91} 2875 ultrafiltration

&5



MWUINT A15 wavesgargiinemsianveaen laimsvendwiamagaanin

T. fusca PA1-1

Temperature (°C) Carboxymethylcellulase activity (unit/ml) Relative activity (%)
30 4.765+0.13 43.22
40 6.548+0.16 59.39
50 10.364+0.24 94.00
55 10.400+0.29 94.33
60 11.026+0.55 100.00
65 9.919+0.45 89.96
70 8.934+0.64 81.03
80 3.500+0.47 31.75
90 2.178+0.16 19.75

et waminaaeduaaluzlunuvesnnay + mMaIlsuuunaIgIv

(J 1

s o A a A o q Y Y Y
maam@u“lclmmiuaﬂcﬁm‘wmmagmﬁmﬂ T.fusca PA1-1 ‘1/1N1‘1!ﬂ1i‘1/]ﬂ1’il"]]3ﬁ]‘u

@gll 2877 ultrafiltration



MaNINi Al6 wanuadosveeu laimSvendwiiaagEaan 7. fisca PAI-1

NOBA1

pH Carboxymethylcellulase activity (unit/ml) Relative activity (%)
3 6.328+0.17 57.89
4 6.956+0.12 63.63
5 7.708+0.18 70.50
6 7.881+0.23 72.09
7 8.934+0.30 81.73
8 9.040+0.13 82.70
9 8.792+0.14 80.42
10 8.078+0.33 73.89
11 8.029+0.16 73.44

et waminaaeduaaluzlunuvesnnay + mMaIlsuuunaIgIv

(J 1

s o A a A o q Y Y Y
maamau“lmmniuaﬂ%m‘wmmagmﬁmﬂ T.fusca PA1-1 ‘wmumi‘nﬂmmmu

@gll 2877 ultrafiltration



&8

MmN A17 wanuadesveaen laimsuendwiamagaain 7. fusca PAI-1

figaigiiann
Temperature (°C) Carboxymethylcellulase activity (unit/ml) Relative activity (%)
30 8.912+0.31 81.69
40 9.559+0.25 87.62
50 9.214+0.12 84.45
60 9.063+0.24 83.07
70 8.668+0.34 79.45
80 0.446+0.21 4.08
90 0.101+0.08 0.92

gt waminaaedaadluzluuuuesnunay + mMaIlsuuuNAIFIY
T ¢ ¢ a2 A o o q ¥ Y Y
aodrueu lwimivenFwnamagaann T fusca PAT-1 Nrumsi Ity

9 axy d
A8D ultrafiltration



3 a 1 o 4 4 a
MINEUINA n18 wammaaauTawwammmummLau"lcmmsum%mmwaQmamﬂ

T. fusca PA1-1

Metal ion Concentration Carboxymethylcellulase activity Relative activity (%)
(mM) (unit/ml)
Control - 10.528+0.07 100
Ca’’ 1 9.849+0.11 93.55
5 9.687+0.02 92.01
K’ 1 10.576+0.14 100.46
5 10.188+0.14 96.77
Fe 1 9.59+0.11 91.09
5 10.415+0.09 95.24
Mn”’ 1 12.1940.09 115.82
5 14.538+0.21 138.10
Mg 1 10.010+0.7 95.08
5 10.0270.09 95.24

et waminaaeuaadluzlunuvesnunay + maaisuuuasgIy

(% 1

P4 A a A 0o qQ VY Y 9
@]’J’EJEJ”I\‘]L?JHU],"BJJ?‘IHUf)ﬂ‘ﬂ)’LﬁJV]ﬁL“ﬁﬁglﬁﬁfﬂWﬂ T.fusca PA1-1 VIW”Iuﬂ”I'i‘VIﬂ“HL‘UiJsUu

Gglj 2877 ultrafiltration

&9



90

v 9
MWUINA A19 wamsnadeuasdudsaemshnuveseu lsinivendiawagad

9N T. fusca PA1-1

Inhibitor Concentration Carboxymethylcellulase activity ~ Relative activity (%)
(mM) (unit/ml)
Control - 7.180+0.24 100
EDTA 1 6.289+0.52 87.59
5 5.915+0.32 82.39

g wamsnaaeaadluzlunuvenunas + maIuilisauuNaIgIY
T ¢ ¢ 2 A A 1 o q ¥ Y Y
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Substrate Reducing sugar concentration (mg/ml)
CMC 20.879+0.30
avicel 1.302+0.22
Xylan 27.166%0.08
Fa917 Tna 0.657+0.06
whedn 0.1530.17
%Lé@ﬂ 0.121+0.22
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