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Domestication of Chlorella protothecoides for High Tolerance to Sugarcane

Bagasse Hydrolysate Using a Fibrous-bed Bioreactor

WEI Dong, CHEN Jiao-min, OU Ying-shi
(School of Light Industry and Food Sciences, South China University of Technology, Guangzhou 510640, China)

Abstract: Chlorella protothecoides can rapidly utilize fermentable sugars in sugarcane bagasse hydrolysate (SCBH), but its cell growth is
inhibited by by-produds in the hydrolysate. In this study, to enhance the heterotrophic growth capability in high-concentration SCBH, C.
protothecoides was cultured in a fibrous-bed bioreactor (FBB). The preparation and components of SCBH, seed culture by batch-fed
fermentation, cell immobilization in FBB, and cell domestication in SCBH medium in an FBB were systemically studied. The results showed
tha after acid hydrolysis and enzymolysis, the main components of SCBH were glucose, Xy lose, acetic acid, cellobiose, and arabinose with
concentrations of 18.40, 16.17, 6.13, 5.10, and 2.29 g/L, respectively. The cell density was up to 12.37 g/L for batch-fed cultures in Basal
medium after 117 hours in a fermenter. The immobilized cell bed formed when the medium was recycled for 33 hours after connecting the
fermenter with the FBB. Then, the Basal medium was replaced with SCBH medium, and the concentration of the SCBH medium was gradually
increased to domesticae the immobilized cells. A highly tolerant strain, which grew heterotrophically in SCBH medium containing 35 g/L
glucose, was isolated fromthe fibrous bed, while the wild-type strain was unable to grow.

Key words: sugarcane bagasse; Chlorella protothecoides; fibrous-bed bioreactor; domestication; tolerance

iR =Ry AN R b N T S A e SR
I 2 hna, AT AR PIRREC RO tHE 5B AT 7
JF o sl E%Wﬂ ﬁT%ﬁ LI SN e
HEC A e, (EEE AR UFRARAE
Weis BEA: 2014-07-12
E&TH: EREHAMRL BTN (863 11K 2013A0066802) ; EIFFE
EEFTEERRENREEBIE (GHME011M04); ER 973 W H
(2011CB200901)
fE&TEN: MEKR1966-), B, L, #iF, HILESH, TENETUAE
PRARRF %

138

Yo e —ACEYIIREL O RPN A 21748 25 1Y)
ABRMI D)) FAAE S NG ALK
e, S5 =AUEYIREI AR A O SRR, IRZ
TR (TR RE LR R, POK B B rp A G, 2R
R AR, ElE e, BER A TV — Ao &
FACRRE MG, 2R AN RATRE DR N 7
FI AR BRI, SRT, B ATRGR AR
PR, R AEURR A A L, R
BRI M RS, R BRI A R
Bk,


javascript:;

M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

JR 5%/ Nk (Chlorella protothocoides) 72 B4 fi
LEE— /NEREE (Chlorella) B—Fh, HAGEH
( autotrophic ) . & 7% ( mixotrophic ) Al & 7%
Cheterotrophic) A=K RE/), JUHRAEMMHEETE. &
i DA S LAt B B R A LR AR Dyt I 3R AT 57 97 R I
B, BRI m e A S, e IR AT
A AR ER, WOAE e R — AL R AR
FHERE,

T BIK 77 R LE P INBR A IR (A,
Mgtz — R B . R anUER, X 2E N
BE IR AL A PR R 1Y) 0%, 1T R A LA
20 B RS IR SRR A 80% M. H AT, H
KPR ET ARB VSR KA. Bl Sk A ] &
AR FRE T 597 8597 I Nk i) H B R IR
M X IR SRBRIN R AR, 7K ARG IR AR sk
FERI AT R BERE, & —Fhal AR AR T s K R
Fo/NEREE TRRIR, AEIL/KFRRI =) (ifiig, 5-% H
FERRIESE) W RERIE NS ) IR K. BRI, Ed
G FRA T i 52 10 A ) P RV 7 AR e
LrYE kAW vig§ (fibrous bed bioreactor, FBB) &
— Pl A e R, AR A A L LR T
L ESIEME S, MURER IR SR = 2, M
HE T2 B I R A [ 978 R it ot #6144
I S2 T A SCIE 2R TR A FBB YK i 5% /)
BRI VK R TR 5268 0, 3RAS i 52 1 A
R FH v AR TRV ZK A T AR e A = /N
AW I B e B Al

1 #MRFNA

11 ARG O

5 5%/NeR38  (Chlorella protothocoides CS-41)
H CSIRO Marine Laboratory (Hobert, Australia); Ji
RETTAHRLTTHEN TEBAR AR d4ER
Accelerase 1500 (CMCase, 2274 U/g; beta-glucosidase,
553 pNPG Ulg; xylanase, 982 Ulg &) TWH E[E
Genencor A s D-BiIHifFbE. D-AKE. L4 —FEhE
W, W E LSRR IR AF] s i &ThE
ZWR RN, $hER. NaOH. Tween 80 ¥ A40Hr4ti.

AL104 T HLF- K. SevenEasy Y pH if, #it:
Mettler Toledo /A%]; Allegra 25R 7414 25 0L,
[ Beckman Coulter A7) ; DHG-9123A Y it A il
BT, Bl EREEER A IRA W] DHZ-DA
REIRIEIR, KEEWBE) s BFM-6BII &Y i 5K
4R, JEE ASTELL AF]: HPLC R4, DUokifEsR

15257 2541 YR 2% 2414, 25 [E Waters 23 5] ; SBA-80
PRI T, IR AR AR AT

12 ZBFx

121 REERARE-BEHR IR H] &

4 15% (mN) BP0 LFRER 150 g B Mok it v

CRIA2Z) 100 um), JIA 0.10 N HCI 850 mL, 584 /&

RS, BT 24N 1 LS, BN KEST T
121 CFERMA 20 min. HUHE AR BIEIE, #58K W
1) 2 L =i, @04 i 44 NaOH 75 pH
% 4.80, BHGANA 0.10% (VA ) Tween 80, Fi#
0.40 mL/g JEEVE 7 N 274 0§ Accelerase 1500,
TEME R TR N T 50 'C Wi $E (150 r/min) T
fift 48 he WHIZE, FEIIEEN LEER FIH
BB IS (HPLC) Ztfrdl o MH & & . $Ritk )7
W & RE R R - B R 16 L, Hop 12 L DURE
55~60 ‘C. 5[ 0.095 MPa [f1 4% 145206 7 Eik AT
WG, WRAGFNAIRAG B KRR RAPAE-20 “CUKAE B
#%H
122 PHREEFmMOAMIOMIERRLE R
e
1.22.1  FEERE LR T %

MRHH E BRI —30 S5 5e ek v, 1E 121 C
30 min KB FI4 10 g/L i ZikE ) Basal 15 77374
- XIZE, 2000 lux. 28 ‘C &M IR % 5d. WP B3k
B —ANFRETR,  BeRhT254 100 mL Basal K5 9738 (%
10 g/L &9 19250 mL =i+, 7E 28 ‘C. 2000
lux. 150 r/min 2644 F#%3%5d.
1.2.2.2  BIFIANEL TR

157 LRI R TG F A0 2 B 4RI Y
ARFRD AN & BRI B 13.80 /L 1) Basal 15 77 %
3L, 7£121 C. 30 min KEi )5, LA 10%MHEFEH:
ANFhT, 7E28 “C. 200 r/min. pH 6.50. DO>50%
5 RIERE IR o R MR BT O B I AL
Rigedt (45 60 g/L i &FE. 18 g/L FSERENIY Basal 15
RIS HHTE IR LB IR, A WILE R AR N
18.60 /L. 4k &3 77 4 M40 BEI FERET O I 4hat
e, B FEEE 10~12 h BURE 10 mL, &0,
EIE RO TR ATREIRIE, DUTE R P JC R K O
3 YRR TR, M T .
1.2.2.3 (R R TN [ 2 Ak

20 M 5 AL B AP 1 RS, iR 7 L R AN
0.5 L FBB 41 - K5 W iE S 15 4 Jm I _E ) 2k 1y B
IR FERE TR R FBB, £E 121 °C K 60 min J5 5Kk 18
THEAF T, B R R AT R T RN FBB - 1] [ 16 AT 1k

139



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

I#] 5 A2 R

B M RAE RN QR T R E A
W PRI R T RERR IO\ VR 7 Aol AT Wk P 3]
42.50 g/L, [FIRPE R TEERE S5 FBB & B K G PR 0] i,
U S ARSI TR SRR AR IE N 20 mU/min, {REFIYE
MK 24 h, 2 JE I RIEIRE R F] 100 mLimin, HE
I PR AR T 3 g/L, TR R4 IR
1.2.3 FBB F /a3 Eag Jlibissk

£ Basal }5 R 5 e et s, 7 LR
TP e P B R AT, TS 18.40 g/L I 4
B [ VS KA VR PP Basal 37524, L 100 mLU/min
MR, P REEHEAE 28 °C . 200 r/min. DO>50%
25 E T BT S —RIMERE 3%, AR aipEiFe s,
B A AR RV /KA VL ] 1Y) Basal B 725 (5 24.6
o/L HIEHD, TEAHFE A N IHT B IR IR
BRI FE PR UCHRESE 5, SEH IR AR IR KA
B ilft) Basal 15973 (4 33.60 g/L #i&jHE), TEAHE
A NRMTH = YIRS E A YIS E TP 10~12 h
BORE 10 mL, B850 _B3EUH T M kiR e .
1.2.4 BILEMR S RS ARG AT PR AR

TELWEIET, JolaifiE me4eRmt, il
PR L A4 I JEHE /K0 ok o K EAE 3000 r/m R 5
O, FFEF LTEL PR SRR A REK G 4 3, I
T 7K R {5 7 441 25 DA 2500 cells/mL.  HHEEER TR
T4 35 g/ L 1 R REAS KM v ] A Rt R,
28 C R EEMEEEFR . H R RRIRIRERI 265 FRAE et B

pHit
wan el
-l

Al 8 1
FBB

#

P,

AR BHE e
A

1 fhRBERS S RE IR RIS R Bl R i B
Fig.1 Diagram of the set-up of a domestication system

consisting of afermenter and FBB
1.3 Z-#rilas

131 EEKBREZESTH

K H] Waters HPLC BEAT 73 il g . i 26 Ay
Rezex ROA A HLER#£ (8%, 300<7.8 mm, 8 pm,
Phenomenex Inc., Torrance, USA), Waters 2414 R 7%

140

K #S, Waters 1525 JAHZE . Jiia/14H 0.05 N H,SOy,
JE N 0.60 mL/min, AR A IS B v 45 °C, ik
FEfE 20 plo ARIEFFNI: EESbr i CRIERE . ARE.
AU THE BTRAARE. 4R WIORER 1A 3T o
AT, B3 B o0 BTAR AR & PR A brith otk 71
132 @it

HUFE 10 mL, 3l 3 TFREE ) 2 mL &0
TE R A R ES O EA 8000 r/min 5.0 8 min, UEE I
TBRAE: BEJEH AK B OB =k, B THUE 60 C
M REE, PREIIEEE, SRR T .
1.3.3 ik Kig %

PbAEK# A ) = (In B2—In B1)/(T2=T1)

Erow eAkaRE (d)y Bl B2: T1. T2 BHég et
F (gL); T1. T2: AR ZaHREE (d)
1.3.4 #EHEEKE

K SBA-80 AEIAE I AT GHATIN E,  HRIETE
9 0.5~1.0 g/Le Wt FEr o 1 g/L R &R A
RO AT E TR, SRJE R it P o 22 WA FE AR R 21 2%
IEVEEEN, BERE 25 pL AT oA, DA & 0E S
R LA R A5 EL RIS e 0 &

14" B HEn i

KA Microcal Origin V8.0 Software X##fidt1T
OB TS o o

2 #ER5E

21 EEAKBRHIEASRALELE

HIENE AWE. CBR. £F4E 8RR R Af H b
B3 R A FREER) HPLC (43 I anid 2 s, REd K
FE R L B 1 HPLC BB il 3 B %o Eml 0,
REB LTRAA BHARS, /KIT 0) 3 B N & B
KBE. CIR. A4 FEFRTRAT S H4E AR bR
TR 28, AT THEAS R ZH A I 43531 O 18.40 g/L
16.17 g/L. 6.13g/L. 5.10 g/L 1 2.29 g/L.

REVA T H 416%4T4E R . 26.4% 4T 4ER A
19.8% A SR & AR R b SRR RS T-REM
I R A4 AN AT Y22 TR 1) 5 -S4y e A B AR ] 1)
FeIRTREE, X SRR T R LR L &Y, B
ARWE AV EIHE , FERE AL 2 R R 2R
TEFRRTIACER H, PR LT A ik il AR
JoR B VAR BRI, ARBRAEA R RIE, MG a4
KR YR R LT R wT R T AT 4 2%
Accelerase 1500 X FRAC BRI FORE LA T AR, Wik —
B AT Y RN 24 29 214 i R AT AR



MR ERBE Modern Food Science and Technology 2015, Vol.31, No.3
Bl hrfrrkl CHLIE 3D 0.53d*. FTHE T 55—k BE AR Nk AE (4
wam WP R KA — SRR
S8 B L BRI S0
1.00 - ? 2 45t PR :
; 2 S O e
= 050F = B TR : =
Bo30F 8 =F
B a5t ¢ +
0.00 % 20k 6 b
& 15 14 ©
-0.50¢ 1 1 L 1 1 1 10 42 5
0 5 10 15 20 25 30 5
0 1 1 Il 1 1 1 1 Il 1 1 1 L 1 0
Minutes 0 10 20 30 40 50 60 70 80 90 100 110120130 140 150
2 RANHNSHIREEIEE 18] /
Fig.2 HPLC plot of mixed standard compounds & 4 [RFRNPCEIEAMLS LS 75 % 4BR6 E E 1Lt F2Hh 4HRe T
EMEEERETL

3.00+
250
2,00+
s 150
100
0501

0.00

Minutes
3 FAKBRR T EZER SH) HPLC &ikE
Fig.3 HPLC plot of the main components in sugarcane bagasse
hydrolysate

2.2 /NEREE A F 4 M o AR Ak g B AL

A

/NERVEEAE 7 L R TSR /- 0 A K th 2R
TIPEEAE B I 4 FiR. iR EEERE (T
—W B SEA/NEREFEIRIE Y 6.83 g/L, it
KRR (BB Z5RINAE] 12.37 g/L. 45
AR, NEREEN AR — ORI R A7 TEAE i
1, DREERIAEE N 1.12 gfL IR/ INER I I 4
WEEN 13.80 g/L HIEEFRIMET FHF 2T 24 he Xian-Ming
Shi &5 NI FL AR, /NERIEETE A XM 2 HiA
FE R AT SR T, T T v B A W N AL e
20 NEREAESS — bR R I A A W, B
NKHEOY, FEAEI TR IR 2 T o KAE R . Xiufeng L
5 NI 2 R AR R T 4ERRAE 10 o/L 2 4,
I T/ NEREAE R R I A, 76184 hTE
EE) T 1550 g/LM. S bAMELR BT RS N RN E
It BRARIE IR, fii /R SA0 TS5 B0 K B
PR ST R AN 75 /INERVEELE 28— bR I 2
RSP E A Ko %k 0.63 7, 45 iR B Firh

Fig4 Changes in cell dry weight and glucose concentration in
batch-fed cultures and cell immobilization of Chlorella
protothecoides

5 AR/ N EKE S EE EARE KR FBB XE
Fig.5 The FBBequipment for the formation of a high-censity
immobilized cell bed of Chlorella protothecoides

A LR w, 2 RR, 3RO, A-PEIRER
AW, 5-PEFKE B, 6-AIRKAT o

PR RS RGPS T 12.37 g/l W4
JE, IR 7 A A I VR e B TR A3 42.50
o/lL, IR RIS FBB R KIY lnl B AT I g
BRI CE=FrB). FBB 4iffufil 2 k3 Bl 5 fr
AN R ECR I AN E A A R RIS PZ T 2
FE FBB b, RKIEGER (RZ (e B i e b o [l g
AL RE R AT IR EETEHAE CGE=FrBO Wl 4. 7
TR TR AR AR ARSI BON 0.17 gh, 5 FrBoN
0.52 g/h, [T FERI S =M BN 0.99 g/h, RIANTE
i 7€ A A rp N ERBE REEI G 7E. FBB b 4k 45 B e
AR, S A T AT I B AR e
e T BRI B ARGE IR, FBB 2 —ME AL
I 7€ e TR e/ INEREE R B, T2 B AT PR L B 5

2.3 f& FBB {6/ NER 54k & xf AR KRR TR

141



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

BT 5% 1

W5 5% 7 A T4 AR VA /K AR IR 1 Basal £
FeHESE, DA AR AR AT = AN SR
I, FEE BERTEFE ISRk 6 Fram. = ANYIMLEY
B b A KRR AR FE BT LT, R aiki ik
FE43 519 18.40 g/L. 24.6 g/L. 33.60 g/L. BB
T (U E S /K AR R R R A, R8T ) P8 S R T
2 0.36 g/h ZEze (T [ 2 ALB BE 1) 0.99 g/, 15t B v
IR R T IRSE/INERFERE R B TT RIEREAL, B H
— L S A K I RATAE . CRNTERE K BB
REH T EE RSy, E&5E ZHEFY. IR
BH, AR £T4E 2K MR P (0 2B B2 03 Sl A e
BRBEATA DRI &, Xt ) A= KA sk
(31, o8 — Iy BRI Pt Rl PR A R K AR,
PEFNEFEE R 0.22 g/h, KT E—9IMLHTEL, #—
R AR AR O o e/ N ERTBE F 2 KA 10
HIE. =B B RE i T BT i R 2R
0.39 gh, Hy@ET A Ik B, Uil FBB
[ 52 /N EREEERT X DIk AR v B R A T AR MK,
BB 38 I A 5 e M R I AT 405 A2 0 RS K AT
¥R4% . Supaporn Suwannakham 5 A ELEE T PEER TR AT
FTE FBB [ IR S TARIAE BRI oot 7 i
TR 521, R I FBB [ i A F= B TR R AT 1 i inf 5% T
R FERIARR, — Rl TA SN SR A T2k,
D5 THI A& DR A B P9 A DA R AR P A TS g
T[l4]0

40
NER L T NCET
30+
25F
20%
15t
10+
5 L

TWEIHR L / (g/L)

%0 20 40 60 80 100 120 140 160 180 200 220 240 260
IS (5] / h

6 [RFNIREIER K BRYML S IE PEEERE L
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Chlorella protothecoides grown in sugarcane bagasse hydrolysate
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