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Ethanol production by dark anaerobic fermentation over

Chlamydomonas reinhardtii

LIAO Sha, WANG Peng-xiang , SHI Wen-jing ", SUN Qi-mei, ZHANG Lin, PENG Shao-zhong
(Dalian Research Institute of Petroleum and Petrochemicals, Sinopec Corp., Dalian 116045, China)

Abstract: It is a valuable way to produce the third generation ethanol by direct fermentation through microalgae
whose starch content is increased by nutrient limitation. A dual-factor design is used to evaluate starch accumulation
within Chlamydomonas reinhardtii under different initial concentrations of nitrogen and iron sources.As Chlamydomonas
reinhardtii is cultured under the optimum conditions, dry weight of algae cell can reach around 1.9 g-L™" and starch
accumulation in algae cell reaches about 35. 5%.Under dark anaerobic conditions, starch in algae cell can degrade into
ethanol in 30 h.The optimal fermentation effect can be achieved in a pH =7.5,0.067 mol - L' sodium phosphate-
potassium phosphate buffer solution, with a yield ethanol of 0.25 g+ g '.If nitrogen is short, cellular starch can be
accumulated but cell growth is much slower than that observed with rich nitrogen medium.Under dark aerobic conditions,
starch-containing microalgae can self-ferment to produce ethanol.A three-stage microalgae to ethanol method is proposed,
including cultivation stage with nitrogen supplemented medium, starch accumulation in nitrogen-free medium and

anaerobic fermentation in the dark ,which is simple and feasible.
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A7 51260 B RBORAR 68 2 FER A BR A ) AR
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2.1 BEFEMNERE
ARG FRIE 1 000 mL B FER N — 2 &
) TAP 235308 121°C H IR K E 20 min, BH1 35
o FEFREM RS IR 1 R,
#1 TAPEFERS

fiff I i 5 i ) J £ v
Tris 2.40 g H,NC(CH,0H),
TAP 25 mlL NH,Cl 15(g-L7")
MgSO, - 7H,0 4(g L)
CaCl, -7H,0 2(g L")
BRIV 1 mlL K,HPO, 28.8(g-100 mL™")
KH, PO, 14.4(g-100 mL™")
Trace 1 mL Na, EDTA -5H,0 5.00(g-100 mL™")
ZnS0, -7H,0 2.20(g-100 mL™")
H,BO, 1. 14(g-100 mL™")
MnCl, -4H,0 0.50(g-100 mL™")
FeSO, +7H,0 0.50(g+100 mL™")
CoCl, -6H,0 0.16(g-100 mL™")
CuS0, -5H,0 0.16(g-100 mL™")

(NH, ) 6Mo;0,,-4H,0 0. 11(g-100 mL™")

Fiti 2 1 mL

SRR 1000 mL( B 25 DA A AR S LB FK)
T A BT 4°C A

CH,COOH
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2.2 MEFHZE
2.2.1 AHE

O IR S B B 5 ~ 10 mL, T 2 000
r/min B0 2 min, R B FKPER 2 K, & T 80C
MR IE 2 B2 NI IR 2ZEE £ 10% AT FE RS F
¥IfE,
2.2.2 RAEHEW

A KRR VE A S A L B S mL f
TR O, DR BT KE 2 IR IA 20 mlL 258
FK, VKK 600 W ZRFE 1 s [A]EK 2 s, 75 60
WA E 58 R A B, TR pH 7 6.0~6.5
Z 18], 405 0. 20 pL Liguozyme Supra,85 ~95°C
HIRAL 1~1.5 h; 38735 pH 7E 4. 0~4. 5 2Z[a], 53 3
mA 0.4 WL Dextrozyme DX ,60 ~65°C PR AL 10 ~
12h, KEERFEBELFIE, LEREAFE
100 mL, | SBA-40C =414 2% (1L AR B BL2# B )
ol R OB € I S K R P R e, AR
TR N A5 KA R R R TE R R BT B
W

TEM TR (o/g) =
AR < A x 0.9/ BT &

2.2.3 H A TEGEN

R FH o0 3R A 00 33 B A W A e A M 28 A
S, TR RSBORR i R e 48 1200, 251k 2
iR, 83 % SBA-40C A WL g (1L A4 B
2RBE) BRI 2 OB, CEEAS R (g/g) M.

LR (%) = SRR LR/ B ) 2
£2 BRREGESTEE

TiH Ak
TR 5 mmol/ L BRI
ik Bio—RAD 87H
FEif/ °C 65
Fi#/ (mL-min™") 0.7
LioalllFs 7R ZERT I
I 5 B/ °C. 40

2.3 WEEEERFRBTEMHRAER

H 355 ML — RS P A B AP T 100 mL 3557
B AEIRE M (25 ~28)°C . HOGAT G R i Ny
3 000~4 000 Lx JEEF LN 14:10 B&1ME T B3R E
XK, % 1 LGSR R R WA
Wit AR RS EERARBERTE M LR, A H 1)
4 R [ H,NC ( CH,OH ) ,/NH,C1 ] 1 4 # 2k I8
(FeSO, - 7TH,0) . #J & %A ¥ [ H,NC ( CH,0H),/
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NH, C1] f4 J5t 2 % B 23 311 49 0/0 1. 2/0. 188 g/L Fil
2.4/0.375 g/L, WG4 IE (FeSO, - TH,0) Y Ji 1
JE43 5120 0.0.002 5 ¢/L 10. 005 g/L.,
2.4 REKREERRELBELRE

RGN — PR3 A B3 A T 100 mL 557
S TEIRE R (25 ~28)°C , H G AT 6 B aE 5 Ry
3000~4 000 Lx JEREHE A 14:10 T B R 2
YPEUERI, AR A T ERY KE 2 L%
FRIEP USRI 3~ 4 d R T A MR R, W
2 LSRR E R, ORI T DU BR S BT, W
JNFEE TAP Va1 K, Z IS IR INTCA TAP Bi5 5L+
SR T ESRE TR 3~4 d, KW E E AR, R AL
THI R T2, ERE USRI T 2R ER R,
WA BRI A T G R BRI SR

PG E STER S A A BT 1 000~4 000 g
B0 5 ~ 10 min, FH 2% #Py 36 2 WK, T5HT N A pH
6.0~9. 0 MYBERR Sz vh i S PR A 92 MR, kD' vp A
A HAS 5~ 20 min, 20 ~ 45°C 14 F 4k, LU
100~200 r/min AR A TIEFE . BFIT R IE IR E &
FEVR 2, ANE 1 R,

RAARES D>
P

S A%
A1 #HEZHERELXERA

3 ZREHSN

3.1 FEHNREMRE

BEGHE AN 2R R S R A, R 28
BRAVETE K BRI 25 i A A R
GAERY AT N R R vE k. 8 RS TRk
THEETE M 1 & R — A AT AT L . BRI
E RIS 5 55 1 55 352 3 D A, LI 4 21
3 3 Pion, MR IS A BELE T A PPN 2540
H AT AR R VE R, (F3E L 8 0 [ A8 A K TR R
b B GE M BT A A, TEBRZ N R (W46 H,NC
(CH,OH),/NH,Cl it ¥ A 0 ¢/L) Fl Fe i
[ (FeSO, -7TH,0) #4352 0.,0. 002 5 ¢/ L,
F10.005 g/L] 455 T 1E T, v 0 ot it o $luim R
(43504 32. 4% 31. 84%H1 32.8%) .

F405F4 8

£3 WEREHTAREHTRIEEMRRER

Sy HIG N I Wit Fe Ui VERD B 4B %
1 0 -1 32.40
2 -1 +1 31. 84
3 +1 -1 7.92
4 +1 +1 2.56
5 -1 0 32.80
6 +1 0 9.20
7 0 -1 18.40
8 0 +1 6.72
9 0 0 3.84
10 0 0 4.48
11 0 0 4.72

T WA IR (H,NC (CH,OH) ,/NH, C1) {1 J5 2 4 BE 43 31 A 0/
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(FeSO, - 7TH,0) HY T HE VR BE 4391 0 g/L(=1) .0.002 5 ¢/L(0) #
0.005 g/L(1),
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3.3 REREERRERBLESCE

TEAHLE SR W BT, IR R A0 T
WREA KIF AR TERY . M BADOLIRF I Xk = A7 1L
EFRI, 2T FE A O A 8 TR BT (ITE R )
RAERF A, IR CO, 5 S THBeAb T I A R 4R
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3.3.1 REREIZHRELH

WAL 2.1 rik W LR )5 T R
AT E A 35%, 4 000 mL KBS 5 min,
FHEE W 2 WK, FOFTIMA pH 7. 0 BEFRZE vk, K&
PFER IR VE A9 o o o5 A B T 44% , FEEEG P AR
3,20 min,30°C Rk, B HE AR 150 v/min 155
T, S BB REIG IRAE R I AR A 8] 3 B
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B[ /h
1V U E 52— 2 I B
A3 XREREBRHREALBLR

MIE 3 HRT LA 2 i b T R IR A k1
T VEMFE 30 h NIB TR AR A O A A
0.06 g/L,/" %4 0. 136 g/g.
3.3.2 RREABKRZ A pH *F EH R EZHEREA
Va2 bR

S ARBEZL 2. 1 ik Jy ik B 35 I, VE A o A
d AT E Y 36%., 1 000 ~4 000 ml 3K B A< 3 29
0> 5~10 min, ZZ PR YE 2 WK, N A ALK 0.2
mol/L BEIRENZE h R 0. 2 mol/L W12 40 2% vh ik UL K
0. 067 mol/L WA AN IR B1 22 mif b, e v AR
SRS 5~20 min, 30°C & 1F F AL, BERE RN
100~200 r/min [ 55 1F T, AN R K e A 28 % 72 244 1Y
N 4 FiR, BEE 4l LIAE 0. 067 mol/L
B TR AN — A R 0 2 b B 5 1 R 0 1 A o B G TR 4
TR 2 B K BEAR R, pH S 2 R B — A B
BEHIBH, Atsushi %P DR TERR T AT 23K
OISR A = Sl AR SRR R Bk &R
()5 12 % 22 AR pH 119 0. 067 mol/L iR 4N — i R A1
RN TR AN 5 B, RS Rl IE
i pH S 7.5 B, S FE 5 HA B B E Ui %

4 FEREERREREBGER

KR F Yo/ (gog™")
7K 0. 000
Atk 0.074
0. 2 mol/L BERRHAZE vl 0. 189
0. 2 mol/L BERRH 2% vl 0.151
0. 067 mol/L AR 41 - Wi R #1 28 vhil 0.231
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R5 FEREBBERELEBMER pH £E

pH 6.0 6.5 7.0 7.5 8.0 85 9.0

Yo/ (geg') 0.016 0.037 0.166 0.250 0.06] 0.167 0.174

SRR IR D ACBE B RIS IR SRR Y pHL, A ] 3
M T E S BTERAR, RAEAREEA,

4 it

(1) FIHIAUA 2% 42 1 AR 35 B A< i E A AR
SRS RN A B TE A AR RN A
TERIHR R B A O o/ L B, 3 93 5T i 0 508 31 i
Ko BEAFE T IR AR B n e T2, B2l
THEIRH 1.9 o/L 247, N TER FLERIEF] 35. 5%
KA,

(2) TRR T ORI IR AR B A 7 CBE T2
AR Ry Sl PR ARG R TERE T — s AL
M B IR E A S Ve B ik ke i, 2B =13 3 2
P11 VR R 0. 06 ¢/ L, =50 0. 136 ¢/, SKH
KHEEAE pH 2N 7.5 0. 067 mol/ L Wi R4 s R 41 22 i
e T SR DR AR BRI B, 77 %600 0. 250 ¢/,
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