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Using Geobacillus thermoleovorans T4 to Turn the Deserted
Cellulose in Agriculture into glucose in Order to Produce

Bio-Renewable Energy

Abstract

The Research on Using Geobacillus thermoleovorans T4 to Turn the
Deserted Cellulose in Agriculture into glucose in Order to Produce

Bio-Renewable Energy

It has been found that Geobacillus thermoleovorans T4, a
thermophilic aerobic bacterial strain isolated from a sugar refinery

wastewater (55-60°C ) in Kaohsing, Taiwan, can secrete thermostable
endocellulase and hydrolyze carboxymethylcellulose (CMC) in some

academic research, but it is still unknown whether T4 hydrolyzes deserted
cellulose in Agriculture. The aim of this study is to investigate the best
conditions of T4 cellulase activity after mixing with deserted cellulose
(such as rice bran and rice straw) by measuring the glucose concentration
and bacteria number, and to produce the ethanol by activated yeast. T4

was added rice bran and rice straw medium, and cultured in 60°C for 10

hours. The number of T4 and the concentration of glucose were measured
every two hours. The best conditions were examined by comparing the
hydrolyzation efficiency of T4 in different cellulose medium. We
observed that T4 grew efficiently in different cellulose medium and
hydrolyzed cellulose into glucose, especially in rice bran medium. The
yeast also converted glucose into ethanol. Our research may shed light to

the development of bio-renewable energy!
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SRR ol B AN > B RS s 2 g5 4x10° 2@ (Singhand
Hayashi, 1995) -+ @ 2 £ p 2% ¢ 3 &5 hREF - d + 5
100~10,000 BHF FHA T » 3 - BA S EAnd 2 2 p14%F 5
oM EALTd AR EA-AT WA FRT A DR KRRR
(WH)’iﬂﬁ%ﬁ@iﬁﬁiﬁiﬁiﬁ?%%ﬁ@%ﬁ%&
o BRI FAoR B S RS R A B 2 A R
)% B4 2B RANKE R A SHA SN ZBP RO R B
doo-LARE FES 0 2 0 F RS RAd R Ry
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Hemicellulose
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S pEeT e S g B A R F F pE4E (heteropolysaccharides )

x4 ﬂ\}f}",\ﬁ%;ﬁ; ﬁ’»—‘.-g o A
SEE A RN

a-L-arabinofuranosyl ~ a-

acid s £ 4aenf pEsg > H 2

% pEH_d D-xylopyranose 1 p-1,4 4335
Bidalt B H R e

1,2-glucuronic acid g O-methylglucuronic
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3.2 Geobacillus #FHEA £

Bacillus iz /o F) #1224 § <~ 5 % o9~ Gram positive ~ § P
R e hmE e TOOEREF AR CREF R
'k *E?]"fr"z%’ B FE o Bacillus i&/H16S IRNA Z F1A 7 $F 4 3 4) 4p
FRDAAFELNR T TS ATy PR TE R

5 R R AR A R R 2 A

<

@ Geobacillus & » R /&> Bacillus &/ ? 0% 7 ¥Hie o i "%’ %
B FPEIcg A2 pIeF DmpE v PRS2 Bord R e
16S TRNA A FI & 710 gt g Ap § & en- Rk gt il # 5 8 -
BRI N 5 LT Y WS RBE G PR g B e
EEintg ¢ 5 Gram positives 2 Gram % 4 PF ¥ ¥t positive {rnegative
2ok e Flkahp 72+ F e Eﬁﬁ?terminal 'frsubterminal fhad
B oo mp R P BRALD e ek RN 0§ & fda g ¥
X F by BFRATAEPRATE 08 EIRRE R ik P
oo ety ﬁﬁéf—:’%ﬁ?%vﬁ%iﬂﬁ B A LR RFERA
37-75C @ Beip 4 £ B R 555-65C © fadk RenE 43t » B P fe 4
7' Flav 2 EpH E#FE6.0-85 sif # LpHE 5 6.2-7.5

*b

+

Bk

£ e
EEG G 3R AAT R R ‘&4%\axbﬁl\fr% i 4w o
YA Bk

glucose ~ fructose * maltose ~ mannose frsucrose ¥ A& | * >

w®

* A F o PHlactose PR € A2 F M € p e & catalase ° g A
f&f1* > & - phenylalanine 7 € 4 % 7 - tyrosine # €444 f& > 7 €
4 Aindole> @ ¥ Voges-Proskauer Bl:E 5 f F J& o fw*# ?g %5 4 (cellular
fatty acid ) = = 2 5 is0-15:0 ~ is0-16:0 friso-17:0.% it 7 609 12
(Nazine, 2001 )
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B bR

- FE kR

#F 1k Geobacillus thermoleovorans TAp g BCRC 2 4 7 ik 3%

;p;‘za,uo

- S BEH
1. Modified chemically defined CMC medium ( Mandels and Reese,

1957)

BiZepfeddeT A ofp o B 2587 Agat v g ira

=y

LRR T AR TR SR T T AT R AE A R

* =

Modified chemically defined CMC medium ( Mandels and Reese, 1957 )
Component Content (per liter)
Peptone 1.0g
CMC 10g
(NH4)2SO4 ldg
Urea 03¢g
KH2PO4 20¢g
CaClz 034 ¢g
MgS04.7H20 03¢g
FeS0O4.7H20 5.0 mg
MnSO4.H20 1.6 mg
ZnS04.7H20 1.4 mg
CoCl2.6H20 2.0 mg
PH 7.0
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2. fefR o~ 2ok e~ AR A A
A w B 7 s~ 1N FEE E M 0 12 80°C F2 10 P2 15 o

I BF AT B Rk 0 1210 gag kB CMC medium®
CMC= & » fefll = f54% ~ 20 F52 K A4 0 LB EB R F
RN F--EA

3. ¥ 27 "3 % & (Nutrient Broth, NB)
4 & et A& 5 15 g peptone (special ) ~ 3 g yeast extract ~ 6 g sodium
chloride f= 1 gdextrose 3" 1 2= k¥ » @ FisF7 * ki¥ 3

LR ROTATE B8 FEE

= ’3}‘ ;§iﬂ]

3,5-dinitrosalicylic acid (DNS) ##&[2 & & > £41* DNS £ &
Ja # (reduction )2 #F > Flptgi-k it &4 7 & £ 5 free & potentially
free 2. fiE s ik 2 group i mdk (A Y 3 B Rag 4 o @R
Tk R
reduction

3,5-dinitrosalicylic acid — 3-amino-5-nitrosalicylic acid

(%) (444 )

Fpboo ol B 2 Mk FEERE R R B3R o DNS 3
731 & = 4 % 1 g DNS ~ 30 g rochelle salt §= 1.6 g NaOH £ 4r = =t
4 33 -k (double distilled H20) % 100 mL o

T~ FBRE A E

1. R
B~ F 1t G. thermoleovorans T4 &> z 5 3 mL ¢ NB/| & ¥
P n60CTE A 48 | TR B E Y Ak 1 mL #
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(%]

375 NBI150mL ersa2jig? >3 % 48 /) pBFo iy - s+ &
BAo#HE - 5 H«f‘;‘a\m]}—],,g »Bodl 1mL jF » ¥ - #5370 NB
150 mL 482555 ® > & 60C T > 2F 160rpm -3 % 48 /] pF >
FRF - ZFERR - BF - FEBZAFHRR BN 1 mL §
> 5 = g A7e0 NB 150 mLensaA55g ¢ > 260C T > 2§ 160 rpm >
B4 48 )P TRk o
Hk ehis

#- Geobacillus thermoleovorans T4 F%84&>" Nutrient Broth
agar (NA; 1.5% agar) ez %3] A50CE %12 /| F o mini
AR EF e e - B FERREAINB s kR
# P~600 nm#¥x k£ & (optical density, ODggo) * E F1.5 5 1.OPF
2045 mL Fig4e » 015 mLenH 7 - iR £393 22 2 —80CT £

iRl E FAA A AEEF 0 Bl mLiahFR (FEA SR 7R
@ﬁmj‘@f;ﬁ‘%) ¥ SRR R B AT R
?gT‘VF?l"” | PE ey Flcp o @ FRl120) pFe ¥ b Bl mL h
FrRos ro g P oo F R0 SRS R K o J1* Ak kR
FRIEHSEE (ODgy) » Eu HP B2 S5 ol FF 4

,§< 4 ‘&i ]ﬂg{ o

~EEE BRI

vt R R B

5-0.6 mL ( F#c95x10° B/mL) hiik > %8000g #~10 A
& > B05mL iR ivaad A fEpE AR e
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2. pAlgiad Ras f3pE 2 (CMCase) =120 iR 2

B05mL fefiEE % 0 4 »05mL F Baik (1% CMC -~ %
KA~ FofE s B A #2201 M > pH 7.0 2 NaH2POs- Na2HPO4 £
e B 5 B3 % ) SY100°C T okig F 104 4818 o 2 DNS 2 p] 2B

RAENZ £ ©

3

. DNS £ & #% g = (Miller, 1959)
B~k ikl mL (0.5 mL fefE4i% % 0.5 mL K F %% *50C
lﬁv 7}\ /é\ Cl '5‘1 %lt F

~

K1l FE) 4o~ I mL RDNS #8280 £ 15 f
BeSA b 4o r3 mL hFEARARE R £ 51281 3R #
P~550 nmeirk € 5 (ODssg )

$PE 205 mL epgdR 2 0.5 mL AR o s r 1l
DNSZEFHR S {83t b slApfe F BIEE T EAIZ o £ Raep T2 B R
BE R YR BRBEE > TEDLESFEEF Bl
RAEE -

AR R BT R g Ay R RAEE -
7 % # (glucose) 53w & 172 4 $~0.1~1.0 mole/mL 1§ § #i3
i lmL > 4e » 1 mL DNS &) &t i 5 T Rk @ & AR

.
o
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#-p BCRC % % 11 G. thermoleovorans T4 [ff8*c » NB 3 & /& ¢

|

EAFET 0 B 16 [ MERED S £ B FZ s TR

RE S B A

Wi g I BT SFM D NB P B foer NA # fF
B Rl b o 12 P RESTGAERE  EAS e BRGNS

Z3 il - FE o e r NBRix 8% -

—_

Fob- 3G o V@R FH G (T d NB Y BB

R Y g o s —80C KR T TR A o

2 - 27 -,
g

HiEw X (2 K T4 FM T4 A s g P iR
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B et ™ 0 T4 #(1000x)

(=) T4 A & CMC 3 5% 2 il § 5 Mk B g 3t

—— CMCH YA —=— CMC [IT4 A

0.200
0.150
S 0.100
o
0.050
0.000 * + + . *
0 2 4 6 8 10
Exﬂj it (hrs)

Bl 2-1 CMC 32 & 2L 4c 7 4v 2 8> € ¥R B

& C AP Aer T4 A28 JI* plER R E D 2 FT
PAEERAERA IR 21 FR EFHDCMC 1A A
k SRV S MAF AR TE 0 A e F CMC 1 & A& o -,H?ﬁ&@»
B b6 P ST B BT adFgE
TRE - L BEELTACMCEEAY T4FRVAETRE a4 &

!
=t
F}-
AN
K

2 VR FliemFpl R RS R RETT G F
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P R H e

—— CMCH 1A —=— CMC[IT4 A

S (mol/L)

il
-
F

A

0 2 4 6 8 10
E\ﬂj fei] (hrs)

B 2-2CMC 3 % H4c 7 S F2 9 5 kR R E

ECMC 2 E A% 4o r T4 A2 > RIETFHERNES
WAL E A SCMCRAE AL T B J BI22° R g 5H*
AT CMC 3% & B § F MR Bl RAES AT > A § FD

CMCH %2 § 5MBER4 B F2EY "‘*"'*E;]‘mCMCiaéztk
PR AP E L T4 FT AR CMC 5 % ot d 5
R AR (293) g dehe? BRpPRL -
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(=) T4 FA fafets a2 2 i § 5 kR iF s

—o— FER A YA —s— FEA T4

ODsoo

B (hrs)

Bl 3-1 f&48 38 & 2K 4v 7 4e 2 RSk B H R R

BAetE s A A S T4 F2 180 JIF RIR R R B R
ez 2 £85 0 B3-1¢ #R RFEF Aoepn 442 F
Bos ok EARRAD 020 FAERE R R G L A Al v B 1S S
FABEEY R WA FIREE 0 FlE 8 ] L8 ERE LR

ol BEEM AfERRERY T4 HTAERA S LT L TR

17 AE I -
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—o— FEAR S VAL —m— FEA T4
0004
=
2 0.003
=g 4
B 0002 f
%wa
i
0
0 2 4 6 8 10
T (hrs)

B 3-2fefs s % A4 A o 2§ 5 BER HBRE

AR A dor TAE B BB F LR U i E L
FAKfRREEAMRITER I W32 FR BFNE T FD
f‘__g’}ffrrj:——%ﬁg ’ ﬁ Ww‘fﬁ:/}%)imgiﬁ »b#g vl o ‘:} LL z_L% zgff" T4 -»E_:]‘AJ\
fRfetr g dock L > RR E Y TARRGRIR S JEBR Ry AT

ARROR AR IERS TR
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(=) T4 & ik s e 2 Flcd § § #k R GiF s

—e— ok 4 i~ Ak T4

ODsm
o o
(OF) ~

02 r
4
0.1 r
0
0 2 4 6 8 10

F (hrs)

4-1 F HE32 % A 4e B 4o 72 e sk PR

B ALY o T4 {218 f1% plE k@ 24
Tt ERa o d Bl4-17 FR EFLEEELRORLET
PebAz iR o @ A » T4 F2 38 & A R B Y 5 A e e R E
d T T4 FF Al B R AL EL IR > T TR T RA
o RS B i E ,;]mf‘" ép)svlclJ_J‘lrgmﬂ £ T IR
q( °
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—e— it I = BT

0.004
=
S 0003 ;
B 0002 |
& ///A\\\“\\ﬂ///+__ﬂ
= 0001 T '
=
0
0 2 4 6 8 10
[ 1l (hrs)

Bl4-2 KR A A2 2§ 3 BERFRE

oA ALY o TAFZ 8 RIEF FBERNFH AL
FAMGERAEABITER ) M42Y R EHSN R E
AT EREREFHFIRBTRE A frl B2 AT S HER
FULAFREAR AT TARTAMBABRAE ST B
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0.3

0.25 4L\’_/_¢-/*/’4\1>

&4 fifi (ODegoo)

O | | | | |
0 2 4 6 3 10

E\JJ“ fif] (hrs)

5-1T4F» 2 A2 A7 22 £ 1E

p{:]bk? pﬂi*%émpﬂgt“*%m#ﬁ/)\%\"/ A ‘FE—‘]“ F"‘?f_"‘g_g’—i’:
AP VT4 A e CMC A8t v 2 A & A w2 K oh

A BERFR (B 5-1) T4 {7 i 3%?%§ﬂ4£?ﬁ’@
CMC# &4 4 56 B | FHEEF g% (T3 kE 0.171)
TEZRIFAR R ARBERARAY AR EL AR

8 | FFHcEET % (T kiE 0.065) kA ALY 4 £ gk
$5EhE AR 8 ) FEHREEN A E (T35 kE 0264) 7 &
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