392

B FBAERBEEFFRMEOMRL

2 0 T OBO%¥ i
Chinese Journal of Biotechnology March 25, 2013, 29(3): 392-402
http://journals.im.ac.cn/cjbcn ©2013 Chin J Biotech, All rights reserved

MRS

I
i

iR T R B SR R AR RIILAE

IHL OAFRAL ERRS, RS, RWO, EHE AL

1 JbE R R AR SR TR, Jbat 100083
2 PERI KRR S AR TR, Jbat 100083
3 IR TR HER A M ESLE=, bt 100084

B, XEH, ERR, & BAARERIFRAMNIL. EY TRE#HR, 2013, 29(3): 392-402.
Wang L, Liu ZD, Wang TM, et al. Optimization of culture conditions for Clostridium cellulolyticum. Chin J Biotech, 2013,
29(3): 392—-402.

B E: MERARE Clostridium cellulolyticum & = A 4 MRegEHRAH, b THIZBAEE, B AT/HAEAE
WG IEI. VR om B kst 5 YR IR AR E C. cellulolyticum & 40 f0E B3 It SR AT T AL
1. & %A Plackett-Burman % I5i% i3t #om B F 88 #4720, MBS EFHmBE 554 BERRY
RE. S ABREAIZRRE., 2 ARBRKFHRZTETIARREEAREFORKCE. ReATFC
204 3R A Aol KL & AT ik R R E B vm B E R Ae C. cellulolyticum # RARIE A, LB EFH
o B E BRI RE . R BREAIERBESA A 3 g/L. Tg/LA34C, ERELHT, EMZHR
8 KR ODgoo 1 0.303 425 %) 7 0.586, 3Em T 93.4% ., L BMIKIZREN T, HIK ODg /A8 5] T
3432, X BKIREA G HE T 2.842. HARLERA C. cellulolyticum &I B A 73R4T el

XiE: MAYEMRE, §FEIRH, Plackett-Burman E %+, b A FLBXIT, AN @

Received: September 19, 2012; Accepted: January 18,2013

Supported by: National Basic Research Program of China (973 Program) (No. 2011CB707404).

Corresponding author: Xinhui Xing. Tel: +86-10-62772294; Fax: +86-10-62787472; E-mail: xhxing@tsinghua.edu.cn
[E % H s BT T & BRI (973 31H) (No. 2011CB707404) ¥,



T F/BAERTIEFFEMML

Optimization of culture conditions for Clostridium
cellulolyticum

Lang Wangl, Zhidan Liuz, Tianmin Wang3, Xiao Wu3, Chong Zhang3, Qunhui Wangl,
and Xinhui Xing’

1 Civil and Environmental Engineering School, University of Science and Technology Beijing, Beijing 100083, China

2 College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China

3 Key Laboratory of Industrial Biological Catalysis, Ministry of Education, Department of Chemical Engineering, Tsinghua University,
Beijing 100084, China

Abstract:

been efficiently cultured due to its strict requirement of growing conditions. In this study, culture conditions of

Clostridium cellulolyticum, as one of obligate anaerobic bacteria capable of secreting cellulosome, has not

C. cellulolyticum were optimized using response surface methodology. Plackett-Burman design was first used to screen the
dominant impact factors for the growth of C. cellulolyticum, which were determined as yeast extract concentration,
cellobiose concentration and culture temperature. The steepest ascent path design was then applied to gain the suitable
range close to the optimal culture conditions for obtaining high cell density. The central composite design and the response
surface analysis were finally used to determine the optimal levels of the influential factors, which were 3 g/L for yeast
extract concentration, 7 g/L cellobiose concentration and 34 °C for culture temperature. The optimized medium was used
for flask culture, and ODygy of C. cellulolyticum was increased from 0.303 to 0.586. With a pH-controlled fermentor at
batch mode, ODg, reached 3.432, which was 2.8 times higher than elsewhere reported. These results support further study

on the high-density culture of C. cellulolyticum and its application.

Keywords: Clostridium cellulolyticum, high-density culture, Plackett-Burman experimental design, central composite design,
response surface analysis
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1.1 BEHREEFEE
AL Clostridium cellulolyticum DSM

5812 W 3K F 48 [ & A R 47 0> Deutsche
Sammlung von Mikroorganismen und Zellkulturen

GmbH (DSMZ). FrIlA3E[H i HEZE CM3 [ {44
WA 2 UG ARG TR A DML S 2 S0 30 s

RGN CM3 Hi 5758 AP 6 g/,
BEREEREY) 2 ¢/L, (NH4),SO,4 1.3 g/L, KH,PO,
1.5 g/L, KyHPO,3H,0 2.9 g/L, MgCly-6H,0
0.2 g/L, CaCl, 0.075 g/L, FeSO,-7H,0 1.25 mg/L,
JI K 1.0 mg/L, cystine-HCI-H,0 0.5 g/L, f#iEIT
% 1.0 mL, FeCl,4H,O 1.5 g, ZnCl, 70 mg,
MnCl,-4H,0 100 mg, H3;BO; 6 mg, CoCly-6H,0
190 mg, CuCl,-2H,0 2 mg, NiCl,:6H,0 24 mg,
Na,Mo0O,2H,0 36 mg),

BrFR 5 RWIME pH 7.2, ¥ 37 C, B
170 r/min, 3552 AR FRE L WAARE R 40 h
JEHITEIR . A B FR TR R ASR I T 317 .
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R f PR T 5 e o7 T DX, A Th oS S 0 FHRA KR BB A (NH4)2S04. KH,PO,,
B AR AL A, ORI O T A 45 R A S K,HPO,-6H,0 . MgCly-6H,0 W, LI  pH
M4 Plackett-Burman SZEGECIHT s 219 2 AR & AR A K TE R, D IR R A

% 1 Plackett-Burman 3E361&i+ R &R

Table 1 Plackett-Burman experiment design and results

Run X (g/L) X;(@/L) X (¢/L) X4 (g/L) X (¢/L) X (@L) Xy (t/min) X (C) X (pH) Xio (V) Xi ?;;gjj;
1 12 3 1.3 3.0 5.8 0.4 100 37 6 10 -1 0.578
2 6 3 2.6 1.5 5.8 0.4 200 37 6 5 1 0.561
3 12 2 2.6 3.0 2.9 0.4 200 40 6 5 -1 0.136
4 6 3 1.3 3.0 5.8 0.2 200 40 7 5 -1 0.573
5 6 2 2.6 1.5 5.8 0.4 100 40 7 10 -1 0.287
6 6 2 1.3 3.0 2.9 0.4 200 37 7 10 1 0.349
7 12 2 1.3 1.5 5.8 0.2 200 40 6 10 1 0.117
8 12 3 1.3 1.5 2.9 0.4 100 40 7 5 1 0.518
9 12 3 2.6 1.5 2.9 0.2 200 37 7 10 -1 0.473
10 6 3 2.6 3.0 2.9 0.2 100 40 6 10 1 0.519
11 12 2 2.6 3.0 5.8 0.2 100 37 7 5 1 0.259
12 6 2 1.3 1.5 2.9 0.2 100 37 6 5 -1 0.303

F 2 Plackett-Burman L& i+ EIHFER AT E DT

Table 2  Statistical analysis of Plackett-Burman design
Source Nutrient name Sum of squares  Degrees of freedom Mean square F-value Prob>F
Model 0.31 10 0.031 516.85 0.0342

X Cellobiose 0.022 1 0.022 358.19 0.0336
X, Yeast extract 0.26 1 0.26 4302.39 0.0097
X; (NH4),SO4 3.434E-003 1 3.434E-003 56.53 0.0842
X KH,PO, 2.002E-003 1 2.002E-003 32.96 0.1098
Xs K,HPO4-6H,O 4.941E-004 1 4.941E-004 8.13 0.2147
X MgCl,-6H,0 2.852E-003 1 2.852E-003 46.95 0.0923
X7 Agitation 5.419E-003 1 5.419E-003 89.20 0.0672
Xg Temperature 0.012 1 0.012 190.85 0.0460
Xo Initial pH 5.002E-003 1 5.002E-003 82.34 0.0699
X0 Inoculum 6.075E-005 1 6.075E-005 1.00 0.5000
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(NH,4),S0;4 1.3 g/L, KH,PO, 1.5 g/L, K,HPO,-3H,0
2.9 g/L, MgCly6H,0 0.2 g/L, CaCl, 0.075 g/L,

FeSO47H,0 1.25 mg/L, 71 K# 1.0 mg/L,

cystine-HCI-H,0 0.5 g/L, f#iEItE 1.0 mL, H#]
pH 7.2, %3 170 r/min, %R 10%. A, &F
Ak NG TR B AR A AR SO, TR
diBE NS S B0 BT TR BB R/, T B HCH)

F3 EBEREKKEIRITREKEER

FEAEIESS IR, 78 SCR e A B N % k., 2
Wit M EERNER 3 s, Bl 34 R A
FRIRTRAE, B AR B A8 T fa 342 Sfe g K
JEWSN, Hr AR S XIS PR B A T B AR K
{E, ODgoo TH A 0.586, Wi i A% H 1230 f5 KW 17
Xk PRI, SCEG4%F S AT LR A ol 44 S
T A T AT 16 HR 0 A5 o

Table 3 Experiment design and results of the steepest ascent path

Run Cellobiose (g/L) Yeast extract (g/L) Temperature (°C) Biomass (ODgo)
1 9.0 2.6 38 0.337
2 8.5 2.7 37 0.356
3 8.0 2.8 36 0.469
4 7.5 2.9 35 0.546
5 7.0 3.0 34 0.586
6 6.5 3.1 33 0.530
7 6.0 3.2 32 0.474
8 5.5 33 31 0.408

23 HLAEXWIRIT

R 5 [ M e 2 5615 -3 30 e DAL L X3
R N R BT 5 MARRFKE (-1.682.-1.0,
+1, +1.682)10 AR A SL IS ST LIRS
WA TR, AR5 B i 2 oo I H BRI
FRM R 2R, R I RN

Y=Bo+Y BXAY SiXi +YBiXiX 3)
Ao, Y RN NAE, Bo. i Bii 1 i 4

M RE, fo 2R, Bie—IRRE, Bire K
R By M ERE, XX 2 RN R,
LD A SRR Ik 2 W R
SEM A XA T 5 FLSAG O, 2 B b DX
I R3] T S 56 o LT S AN AT AT 2 St

R 4 5t B TE B S 5035 T vl B4 e 10 335 5% 4 1
X3, DA 3 skt 5 bt st T 4l A s
B, EREEKR 1.682, 3 NI T
20 FHAZIR S5, Nk 4 FivR . i S IR £ 10
Xk

Y=0.56-2.819E—003.X,+5.61 1E-003X>+

6.577E—003X5+0.021.X,X,—7.500E—003.X, X5+
6.750E—003X>X5—0.019X,°—0.017X,°—0.018Xs> (4)

o, Xy WA R, X SRR Y
W, Xo MIRFE . BRI RP R 0.9145,
91.45% AR A LA RS, Prob>F 4 0.0003,
UL TBIR Y 2 PR, BEALA F{ECH 11.89,
TR R
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x4 POLHESKERITREER
Table 4 Central composite design and results

Run Cellobiose (g/L) Yeast extract (g/L) Temperature (°C) Biomass (ODggo)
1 6.50 2.50 33.00 0.567
2 7.50 2.50 33.00 0.536
3 6.50 3.50 33.00 0.504
4 7.50 3.50 33.00 0.528
5 6.50 2.50 35.00 0.541
6 7.50 2.50 35.00 0.544
7 6.50 3.50 35.00 0.515
8 7.50 3.50 35.00 0.546
9 6.16 3.00 34.00 0.576
10 7.84 3.00 34.00 0.496
11 7.00 2.16 34.00 0.482
12 7.00 3.84 34.00 0.507
13 7.00 3.00 32.32 0.504
14 7.00 3.00 35.68 0.523
15 7.00 3.00 34.00 0.566
16 7.00 3.00 34.00 0.472
17 7.00 3.00 34.00 0.576
18 7.00 3.00 34.00 0.494
19 7.00 3.00 34.00 0.560
20 7.00 3.00 34.00 0.521
x5 HFOEASKERITEEAENAES N
Table 5 Statistical analysis of central composite design
Source Sum of squares df Mean square F Value Prob>F
Model 0.017 9 1.898E-003 11.89 0.0003
X-X; 1.085E-004 1 1.085E-004 0.68 0.4289
XX, 4.300E-004 1 4.300E-004 2.69 0.1318
Xg-Xg 5.907E-004 1 5.907E-004 3.70 0.0833
XiXp 3.445E-003 1 3.445E-003 21.58 0.0009
X1 X 4.500E-004 1 4.500E-004 2.82 0.1241
XoXs 3.645E-004 1 3.645E-004 2.28 0.1617
i 5.161E-003 1 5.161E-003 32.33 0.0002
5 4.155E-003 1 4.155E-003 26.03 0.0005
e 4.690E-003 1 4.690E-003 29.38 0.0003
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FeSO,7H,0 1.25 mg/L, J]°K7#H 1.0 mg/lL,
cystine-HCI-H,0 0.5 g/L, ##EICE 1.0 mL, ]
pH 7.2, %3 170 r/min, #%FE 10% . fEMfE1L
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=5 0.586, YEINT 93.4%,
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Fig. 1

Influence of yeast extract concentration, cellobiose concentration and culture temperature on the growth of

Clostridium cellulolyticum. (A) Response surface for the interaction between yeast extract concentration and cellobiose
concentration affecting Clostridium cellulolyticum biomass at 34 °C. (B) Response surface for the interaction between
culture temperature and cellobiose concentration affecting Clostridium cellulolyticum biomass at yeast extract
concentration of 3 g/L. (C) Response surface for the interaction between culture temperature and yeast extract
concentration affecting Clostridium cellulolyticum biomass at cellobiose concentration of 7 g/L.
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KB B KAH ODgoo M 3.432 (24 T 40 g 1 i 1k &g
1.94 g/L), ML TR, £ K
5 AT AR TR B2 A 488 5 o 3 AT BRI R IR
PEE RS, BRUSCR LA G, £ pH fHE G

A 4 r .8
i

X )\E\B\EH;\E\[ 6

i

g2 4T
1+ —— ODy, .’2
—&— pH

0 : : 0
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BT, SR S SCRRAE A Y, T A
JEHER T 2.8 fifo

XTGP 2 FE 3 ATLAE H, EAREES] pH 1)
Brgen, W04k pH oM 7.2, BERLE 24 h EA TR
B, WRIHIROCN 26.15% , (HRRIY™E
AR 7E 46 h BFiE ARSE W], [ 3k B 5 K
MR , ILET Y ODgoo fH 4 2.544 , pH K Z 6.15,
TR AERR, = EZ L ORE R 3, FREU
Fifa s WA B LR A1) S5 pH & BERY ] 228 %2
—F, SRIMAE 58 h WFANAE EA T =R,

20 ¢ 100
st
= 16 1 S
2l | . S
g —6— Succinate =
é 12 [ actate 60 §D
g 10 [ —A—Formate °
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E 4 | —e—Residue sugar A 20 ~

2 L

0 = o—OT—67H4 O
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2 (h)

2 & pHIZHITEKRE pH TMEKIEL (A) REFREF ARG (B)

Fig. 2 pH variation and growth (A), and changes in residue sugar and metabolite concentrations (B) without pH control.
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0 =) =) H— =5 il
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S o
3 2 4 3
4
1+ —— ODy, 12
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0 L L 0
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E 30 [ —A—Formate 60 §0
§ 25 [—%— Acetate °
£ 20 [—*—Ethanol 40 3
—§ 15 +—e—Residue sugar 87
£ 10 | 20 ~

5 -

0 : 0

24 48 72 96

2 (h)

3 18 pHEHI TEMAR pH TUFAEKHE (A) REBLREREARKGE~MREZL B)

Fig. 3 pH variation and growth (A), and changes in residue sugar and metabolite concentrations (B) with pH control.
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FUfE pH 5555 RAERTT 14 h, 46 h )5 pH F&{
FEEESEIN, FEOOFHRWARMC, Dot LRk 2
AU . AREAART A LRI R RS F1E pH
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31.55% , JRORHAG I 2 AR Al o) 32 B 21 4 — %
G I 1) 4 5 W R BT R AC TR I AEAE . Bl 72 h
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—&— Before optimization
—8— After optimization
—&— After optimization with controlled pH
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4 MALRIRER CMC BB MR IEFR I B 1L LR
Fig. 4
before optimization, after optimization, and after
optimization with pH control.

Comparison of CMC activities of cultures
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