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Reaction kinetics of cellulosic material hydrolysis
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Abstract

With the impacts of global warning and crude oil shortage, development of new
clean, renewable energy becomes a top priority for many countries. Cellulosic
materials are among the candidates of hot renewable resources, because they can be
obtained from crops or agro-/industrial wastes and they can be converted to ethanol
and ethanol derivatives.

The key issue to make cellulosic ethanol economically feasible is the reduction
of enzyme cost in the production of ethanol from cellulosic materials, which can be
achieved via the reduction of enzyme manufacturing cost and the minimization of
enzyme usage. The understanding of enzyme kinetics could be beneficial in
optimizing enzyme capability and consequently minimizing enzyme usage.

In this project, we will focus on the hydrolysis of cellulose-rich materials. The
conversion of cellulose to ethanol can be accomplished in steps: cellulose is hydrolyzed
to cellobiose by celluase, followed by the cleavage of cellobiose into glucose under the
catalysis of B-glucosidase, and finally the fermentation of glucose by microorganisms
to produce ethanol. In the hydrolysis of cellulose, the performance of cellulase could
be affected by the structure of cellulose and the existence of cellobiose. Kinetic
studies regarding to the hydrolysis of cellulose with and without the presence of
cellobiose was performed. These data were used to establish a Mechaelis-Menten type

of model to describe cellobiose inhibition as a basis for future studies.
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#? A& M % | carboxymethyl cellulose | CMC Sigma
B aE-Kfzpr | cellulose from A i Sigma
Trichoderma Reesei
ATCC 26921
Yla- prps cellobiase Sigma
7 F ¥~ 473 | Glucose assay kit Sigma
2
¥ F nitrogen N, = 8
= Tk iR & tetracycline CH,uN, O Sigma
IRk 2 ik cycloheximide C15sH23NO4 Sigma
& ¥ e 4 sodium citrate Na;C¢Hs0- Merck
AL Hydrochloric acid HCl Merck

2 5 -k (>18MQ/cm) | ¥ 41 * Barnstead Nanopure 2+ #+ -k # 3 ¥ ¢ -

211 zirpd
1. 0.05M, pH 4.8 18 ik 4h 3 e i 1 B~ 12.9g R 540 40 4 425 -k 2 1000

mL» £ % BasspH 228 5] 4.8 » 733050 4°C k5 & ¥ o
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2. #R &R B 50°C > 150 rpm R iR 3R T Fa s 1 o BF o

3. BB ERY 4 60FPU St fr » 3 B ot pr o

4. ERp— BEPERF(0+025~050~0.75~1~2~3-4-5-6~12~2436-48 -
7296 ] FE)& B~ ImL $h &0 2 85°C §5iptedh S A4 EE 4 3 A1

BB bR R THER R A 47 2 8715 -70 °C k4 e
2.3.2 Gah i ehpt & ok fade i 5 op v

SR R 247 F 3 Trichoderma reesei # & shik % fis (4
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AERBRTFTERGE R BRI FEBREARANGER R S o HE
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1. %250mL 483557 % 4c » 30 mL, 0.05 M, pH 4.8 18 #e 4k 3 575 7% » 0.5
gRAM (R AE LB RE R ARSY AgaE) T4 r 02mL
R E AR 03mL LRk fRAR R EBIEL A RFESE
B3 % o @ A8 & F) S0mL e

2. #R &R B 50°C > 150 rpm 2R 3R T Fa s 1 o BF o

3. AR ARY 4o 30FPU S B fr(s» TR B- 2B ImL & BRI £ 0 ¢h
T TR F RS 85 Cigipnd SRR E %2 Bl

Bt R R A A 4T 8 8 570 °C ki -



4, F RPEFRFGE 1 PF2Z LB ImL & 0 1 85°C gzir4cd 5 A 4aid iz
343 ARG B K R F AR R A 35 & 85270 °C ki o
BTG A RIE G AT E i SR R R A L AT

S0 SRR S PN I EL At i e L
2.3.3 8 oK RS 1R T

R R ER S 2 195 Ghose(1987) g A 4 17 2 (filter paper assay, FPA)|

Lo R0 FparT™
Lo B3 205 fE bl entr il psF ARz

2. fe3d g ¢ 4er 1mLO0.0SM, pH 4.8 & frfedp & #7757, 0.5 mL f¥ % fF 7

% 2 50 mg Whatman No.1 jg % -

3. VMG - AEE 4 r 1.5mL0.05M, pH 4.8 18 #7740 5 #73 i fr 50 mg

Whatman No.l jg AT 5 fix2 50 3% °

4. B OBE - 23EF 5 4o r 1mL0.05 M, pH 4.8 8 7k 40 3 73 & fo 0.5 mL

FERAFRR o TR RF LA ERK -
5. BERE R AS0C REY s 1P
6. MLFEEHBIAKY LBMS LM REEELIER
7. BF iRHre ek ImL o 2 DNS 2l 2B Rigk R -

8. Ji* # F ERIBRABEEZIT2mg 2 1 B3> ¥ 1R/ 2mg
A AR FRR RSP IBEE DR R BRI 2 mg B R E
R BT A 28N E R R g A H (filter paper unit,

FPU) 4 7 thah -k f2psis e o



FPU = 0.37 units/mL

enzyme concentration to release 2.0 mg glucose

1 volumeof enzymein dilution

concentration =——— = ——
dilution total volume in dilution

2.3.4 o pERE SR T
- pERR S 2 39% Ghose(1987) 4k i = pEfis » 472 (cellobiase assay)ip|
T BT o™

Lo A G- pEfe 0.05 M, pH 4.8 & 740 5 b3 iR e B 15 mM 4 ' - pE

B o

2. BED A GlnERIPEE R

3. tEF ¢ e r 0.5mL efE A R A 0.5 mL ¢ 15 mM 4 - BB R o

4. FHH - L3 H 400 0.5mL 0.05 M, pH 4.8 18 Frpedh 3 #75 i% fr 0.5
mL e ISmMEBE- ERRTLEET Y B5% o

5. #-£ 3R 2 50°C ki ¢ AR L 30 A 4B e

6. MLBEMI AR B S A4 REEEA B

T I FEmAfrEAS T FBER -

8. JI* R FERINFTEFHEEZETImg ¥ 1 B3> F 1R )3 Img

«:\

G A AR B S AR R BRI Img § B
ﬁ?;@, R R TAONEY RpE R R i - pEE i (cellobiose unit,

CBU) # 7t enihla- pEs & o

0.0926

CBU= - units/mL
enzyme concentration to release 1.0 mg glucose
. 1 volume of enzymein dilution
concentration = ————= —
dilution total volume in dilution

235 §EBIrfe-mERP T
KfRE A RE - PEZ F FEER LY B 2wk Ap K 47 R(HPLC) A 47 > £
* e sk B RS BEE F § R 54 (74 § S (calibration curve) > 3% 5k
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1. ~ 47 ¢t ¢ BioRad Aminex 87H column, 9 um, 300*7.8 mm > ¢ +/f & &
F & 65°C -

2. ##4p 0 0.008 N Fifa-ki % > sni& 0.6 mL/min °

3. HBIE DT £ 37k P B(refractive index detector, RI) » #ip] B8 & 3% T3

A & AT AR (SRR T R S0 045 LM AMEE R R Y o B T §

B ST RS TR A LRI T AR R A -
2.3.6 gtk &Rl

FR AR D RAHA e R AR R At Segal etal. (1959)#1 T chig 4o 1p T

(crystal index, Crl %)% 77 :
Crl % = (ler- lam) / ler %

Ho |y 25A3 200 &6 (20=22.5° *if)eh X & ot 3 & >
lam % 7 X %6 MEb4 h 2 2E 28 8 T (20 = 18.7 ° H17)iR] 17 chi it 55
}i o

% * Shimadzu XRD-6000 X-:£ 5 & ¥4t ik (Cu/Ka otk - 4 £ =1.5418A)p]

P 20 =10~45 °f Flens st sp & > L S Hhig it E o

237 Fattp v & 6 fHRl L
i * Quantachrome NOVA 4200¢ % /M REFTF § TE=F £
2 BET) B3, et &3 ff 3 o
BB 7 FdoT

| & I L - B 105°C enE 7% 4a7 24 | pF> 2 % w3 Rt



3. NS EHAESERY 0] g &EGEsD 01 mg) o BIF F R/
%> 11 200°C 5§ 61 P Ak M(E )R EF #
4. MethmpoRie R B F ALY e TIK 2 A H R 4 (P/P) =
0.05~0.30 §= ] ¥ B~ 6 BLi& (7 § § % F 25 o
4

5. 129 BET s ical s B st &6 ff
2.4 % 4 B {7
2.4.1 12 Michaelis-Menten =+ f25% 3 A# g e g kfad 4 §
Gt Ry NS EE Raarkebalap s AR SR (S AN R
At R RR R EHREE Y A X TR BB o
i 12 Michaelis-Menten #+ 4 8 5% 5 4283 AR Bl v R 2 F o F |3 1V 4

BH KRR S

[-glucosidase

cellulose (C) —=<; cellobiose (C, ) —ZE<E s olycose (G) (kL #7)

RIS AR R RS s RB - L AR B R SR 50065
4C_ VoulC _ 2.1
dt K, . +C
05V,_..C
&: Vmax,CC ) max,g b = 1 (22)
d K, ,.+C K, +C,
Vi €
dG: max,g ~b _ rg (23)

d K,,+C,

49 C = RFEAHEER

C, = 4= kR
G = F¥mkL

K. = Michaelis-Menten # #c

Ly

Vmax: ﬁ’“"‘ K ),%i
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EFAF A I EAHERHLERPAZF AR EF RO PR E - T A

% it i (active site) & = » ¥ it FIFEHL(E ) F R @ i = P
e o v AR S SR AR G BT o AR AR RKRR AR D

Jets 4 B¢ der ARl g ny £ R EHAEE S Rao prd 2

A€ VeaC = T (2.4)

dt K, .(1+ €, )+ C
i,b

dCb — Vmax,cc _ 0.5 szggcb = I'b (25)

dt K, (1+ C, y+C¢ K, ,(I+—)+C,
’ i,b Ki,g
E _ Vmax,g(??b — rg (26)
dt
Km’g(1+K71,g)+Cb
#¢ C G, GKy % Vmaxﬁq’{%ﬁﬂi\‘#gk'

Kip = 2= pdrd| ¥ &
Kig = & § w44 #&
WF A hedl o SRS R T EBERRM > HE R T T

&% 7 3+ o 41* Hanes-Woolfplot = j= » 4 (2.1)fr5% (2.3)4 %] T =

K
£ Zme, C (2.7)
I.c Vmax,c Vmax,c

K
S e O (2.8)
rg Vmax, g Vmax, g

RIRATHRAME AT FATRRFETRIRAEFE LR AN DF i

F oo I8 Clrefr Glrg ke » #-Clrefr C > Glrgfv G 11 0] * L ig 3702

v

(=

Z:w
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31 FrZEagEOTE

HEFRERF 2 R ARIEFEREEY NITL EBRR DR AT
Poarig ke & oK 2 fF (cellulose) 5 7 & 2 celluclast 1.5L f%¥ % - d Trichoderma
Reesei ATCC 26921 724 & » £ @4=H it @ £ b itk > L 22 J Jh AN 9
2R SPIE DRSS 84FPU/ML H 1 &R A TR ¢ iR BeE o 14
FRETHRETLEPRA G DRIy P TR Y R P
(cellobiase » + # % B-glucosidase ) = # & 2. Novozymel88 % > &_d Aspergillus
niger #r4 A ehpgE o1 B pEIT L AT e 7 A TR TR TR B 244

CBU/mML > £ Fy 7 & B~ 1748 4 #1747 #0268 CBU/mL Ap 4 > #7020 {8 7 sk 391

244 CBU/mL 1% 5 £ B4 - pEfiv chik Jf o

B 3-1 00 % e & 45 A 17 58 S HEL K 3 400 A1 & 45 126 ©

U B i AR AT A AP RK R A 1 Bl R 310 1 & 0k 45
M RETREEE RFE RSB TIRSRIZECAFIETLYG
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32 F Ri~iE ¥

kAT 3 Sié % 0 Whatmanl 1 BLig A 80 TR e la 2 Hahad g
¥ % £ 98% > B &R DPy 5 5 750 (Zhang and Lynd, 2006) - 2 4k s % fs -k
BRI TE fod @ F IR LA 3 F et a2 € 5 60FPU/g A #

PR SFeR e o R kA ud ErER Ay Besas pk

R FE @ o familay L FaEd §F e prand S 538

El

BI e "EFF LR RA i B H A FEBERA-pEd 2 FE R
Mo Aid o G OH 4o AR A e RIEIR N AP e B e d BB o 4
3-1 chicdp i M- pEend SR F 3 F FHL FEF > 4 7 R celluclast
1.5L iz B p% 2% cnid a2 K2 a0 4 (cellulose activity) B >+ 4k 8 = FE-K f# it 4
(B-glucosidase activity) o i&— Bh22 F 5 4R 2 T.ressel Gk frle = r2 b 22 i 5
3 (CHBI ¢ 60+£5% » CHB2 & 2046%)+ A *» fis = 2. (1243%) 7 % 49+ & (Zhang
etal, 2004) o 3t F A= # F R A ,,9]‘ 4v £ % 1L 48 % ¥ Michaelis-Menten # #
B RO rdy ik A48 10 0 Ft 0 & ¥ Michaelis-Menten #5 4 8 #5538 B & 24995

opfE A R e st e koo B RN U R Kk fE

Zo 3-1 B REFER R A E AR F
A 2 Famassagsd  Ra-mEragd R d
(gL (gL 'hr™) (gL 'hr™) (gL 'hr)
1 0.16 0 0.16

5 0.50 0.50 1.00
10 1.01 1.58 2.60
30 1.44 3.32 4.76

50 1.66 4.36 6.02

# 3-2 21345 Michaelis-Menten & 4 5 #75% > 13t & K2 F ot~ 5 #c
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¥ > 14 Hanes-Woolf plot = i (Shular and Kargi, 2002) {4 jF 7 (7 s 4 §

W

Beo PFHBLHE FROTEED R PF B F-AT(F B)ERM %Rk
PREEe v LRI 330 F WY TAF R B E R4 RGN £V AR
IREDE A I e AR M G SR TS AR RIERT A5k

CEE R F R I AR R L T T

% 3-2 gk EEERER AR 4 B Sk

Kine 39.4 gL
King 13.0gL™
Vinaxe 7.76 gL 'h’!

Vi 2.09 gL'h’!

initial rate (eL.'h™)
—_ O = NN W A WL Oy =

concentration (gL'l)

B 3-3 MR E ek R Ak A 5 % B2 1 Michaelis-Menten # + 5 i

SEEREE . (e FFREor B P xRN

SR RIE TR IR L b A E R R R e
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Avicel PH101 v+ 3 1 enzz @ Ak F cvRf2 o el 2% Avicel PHI101 & d
g 7B 7 oS E 2 f«»;ﬁai‘] FAFETEIDEREHLEEE AR
97 %2 + & 5 2% (Yang et al., 2006) > F & & DPy . 5 300 (Zhang and Lynd,
2006) - Avicel PH101 -k fi# ehF 4~ i 5 #icdp L3t 4 3-3 5 1945 Michaelis-Menten
B4 BAHCN GEE R oK R F JAn i 5 dicdy 0 2 Hanes-Woolf plot = % Ui ie fF 717
b 4 B At L 34 Rfpipt#4 F ST ER S R ahF Rl F-AF(F
Ted )k B bR T B Bodp Bh et o F TR 340 # Y A F ORfEDE A i
FHAR LA 35 HFE R F-AT(F Ry )ERM HRA LEH 35 HRiA
H fR e i SOl BOE TS 5 E Avicel PHIOL ch 5482 i 5 2 s - ok
4 ik FIafE o ot Avicel PHIOL v dey 5 k& -kfz > @ 59 AAgkas [
RAeid R m S F g S oo 0 A d B R E BT T R R
3ol EHEMF NS -OH A(L & 5 258 {06 5L F c-OH A )k 7 JL#78~

Roo A MR ERRM P IGRAREET F TR PR > S P 5T A

“J

SEEAES § S R L LR T RO

w BB E T 7

ptocelluclast 1.50 f¥ 2 42 7 L83 £ M N KfRiBE M o

% 3-3 1Lk R ROk i3 Avicel PHIOL chF fisieig &

F bk FEMASEF RA-pEd SEF  Avicel PHIOL i 428 3

(gL (gL'hr') (gL'hr') (gL'hr')
1 0.18 0.045 0.22
5 0.62 0.70 1312
10 121 1.95 3.16
30 1.75 4.49 6.24
50 1.78 5.06 6.84
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% 3-4 r g a2 ek iR Avicel PH101 eés 4 8 S dic

Kine 70.7 gL™!
Kine 13.1 gL
Vinaxe 7.76 gL 'h’!
Vi 222 gL'h?
X
X

initial rate (eL."'h™")
S = D W A LY 1

0 20 40 60

concentration (gL'l)

13-4 125k 5K fRiR S enF Jiode i % B 2 12 Michaelis-Menten & 4 %

NS o (e FEME w4 B x ¢ Avicel PHI01)

%035 MEMERORES T AR AE PF oA F

Flsp kR FEMIIEF BA-pliad 20 ARaijids

(eL) (eLhr") (gL "hr) (gL"hr)
1 0.12 0.054 0.17
5 0.13 -0.08 0.047
10 0.34 0.040 0.38
30 0.89 0.15 1.05
50 1.32 0.51 1.83
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33 - ol Fhadrylicr

SRR el SRR E SRR (T > A AR ik P 4o
NEAC TR REA S F A S I oF BAT AR F o e logl!
ﬁﬁéé?’ﬁ%éé&ﬁﬂ@ﬁﬁ*ﬁﬁ%ﬁﬂ’@ﬁuwfﬁﬁ:%’ﬂﬁ
Fleiid F4ok 3-6° FIo S a- i BE 8 et s Bang i § 5 2ohr
Bt > FlH A S REEA AR i B G R o o B SRR T RS
Y o A F LT PR e R BT RS PEHIR IR R kR e

FUE* o JIH L 3-6 g i) 42id F 00248 & 32 b 4 F v 1t

d

SRR PESHER R A jRpE ey ¥ Bcs 2983 gL e A 37 S AT F B AT M
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BRLR PR RIR AR e 5o B AR A AR O F e i 59
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F03-6 B HE S FEG AT BRSO IRRADF A F

s prka (gL TEBLYE aspEd s pe) g s
F (gL ™hr) # (gL hr) (gL"hr)

5 2.94 -0.62 2.32

10 1.01 0.92 1.93

15 1.96 -0.29 1.67

37 LH AT AT LR RIRADF B

Ga-mkR (L) DAMIFE BAspidd Ry EES
% (gL hr) % (gLhr) (gL hr)

5 -0.053 1.37 1.32
10 0.53 1.53 2.06

15 022 1.70 1.92

3.4 Badil-kiainE REFY R

B 3-6~] 3-9 A w4 1k i fE KRR A e G E Avicel PHI01 ~ 2 9
AEAEE N Z R A hF RERY R o At ARATHRGF R Y R
P REHREOERE T a R M- EEREF S BERRF > A L
dvo X6 P2 SRR 0 2 (SBTE M F R AERR R EIEFH A o o
BlP 7 L A06 ] ek PR N pAEch B aF Avicel PHIOI -k f24z & i

90% 4 F ook aE 31T 80% @ % T AR E SR RARR B Wid 20% 2 % o

BESEEA RO R AF RN AR RS Py AR
SRR e B R AR ERT ARG RER AT

278 CRAGEEHRIEF R S8 KRR R B (Wang et al., 20006,
Al-Zuhair, 2007, Zhu et al., 2008) - Zhu etal.4g !t $HAp I H A 2 0 B d R g
IERRE KNS 2 R RN E: “,% Al3 24303 3 $Hk -k fE42 & » Wang et al.

Rldp A3 R 2 KR 2 hd g FRKEE ST €& PR 5 0 rsa
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35 Sl arp R

B 3-10 £ & sk atdlcgs % X X454 H) o ok 2% - Avicel PH101 frify
At 20=22.50MF R PP OAR SRS 0 3 B MESTE AT F 9200 f G
BTl At G R g B AR 0 @ 20 =18.7° KT ehdES I L $ T
wE 25 A, % 8 (Wangetal, 2006) o d &5 B & & i & orit 8 0 ke
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20=22.5°%1 5L & 3356 4094 962 3666
5% do 3p B Crl % 87.0 80.6 0.62 63.2

2397 ARt e ff o v A G fFS] RE SRR > Avicel
PHIOl >a-% a2 o 29 AaZ i vialagas » Fp i@z 4 &
SERAL A A R T o dad R RaHE kR A
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