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Q. JBHERAEFODL AT BRABRAF I R# 610041)

B OE: s &R KA 5 B T AT B —k G F% 5 b IR BE(Chlorella vulgaris, C. vulgaris), £

g R X 28.6 mg/(Ld), —FFRT AR LR RIRRE AR RAEK IR 1§ I K i

JERR G Fom. 5 RV, BN AL TR, RATFE MRALKE A 123 mg/L, g4 F M AT

ZIREHZTIEN; A NaHCO; R F R 5 T C. vulgaris W& = F A g = &, LHIAKREH

800 mg/L. /& RIRABE R A HALIKE T, C. vulgaris $5% K A W% 7= F Faid B /& % 7T £ 332.8 mg/(L-d)
2 100.2 mg/(L-d), 5 FR3FBLLEY 3.6 A= 3.4 15

EHEIE: A AME, AR, RABIR, AME, A

Isolation, Selection of Microalgae for Lipid Production and
Optimization of Its Nitrogen Resource and Carbon
Resource in Autotrophic Culture

WANG Li-Zhu'  WEN Hao-Cheng' ZOU Yu® ZHOU Wen-Wen'
XIE Tong-Hui' ZHANG Yong-Kui'"

(1. Department of Pharmaceutical and Biological Engineering, Sichuan University, Chengdu, Sichuan 610065, China)
(2. Chengdu Sinocreat Technology Information Co. Ltd., Chengdu, Sichuan 610041, China)

Abstract: An autotrophic oleaginous Chlorella vulgaris with lipid productivity at 28.6 mg/(L-d), was iso-
lated from the water sample of Dianchi Lake in Yunnan province. The effects of nitrogen sources, nitrogen
concentrations, and inorganic carbon (NaHCO;) on cell growth as well as lipid accumulation of C. vulgaris
were investigated. The results showed that the optimum nitrogen source and nitrogen concentration were so-
dium nitrate and 123 mg/L, respectively. Lipid content decreased with the increasing of nitrogen concentra-
tion. Biomass productivity and lipid productivity of C. vulgaris remarkably rose by addition of NaHCO;.
The optimized concentration of NaHCO; was 800 mg/L. Under the optimal conditions, biomass productivity
and lipid productivity of C. vulgaris could reach up to 332.8 mg/(L-d) and 100.2 mg/(L-d), respectively,
which were 3.6 and 3.4 times as much as the control group.
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B 25t R AW R R, A Bkou Ak £ RE R Y T
SRANHFERVRIE K, KRB REIR C i 7EE RE .
T [ M58 R BB VR 2% [, 9 e dole 2 28 A il
ARERFRENTENRZ —, EYSahS5a
A L HAT I8 SR B L NS L OB PRI R
BT S AT SR A, S d BT T R AR R
P R AR R L S T bR 3 LR
R A, R R S R AR R
DL 1] 45 A W S Tk L A 2 T A BIF 9 40 B

H A E A b e i DA S R R R
EO (AT U A JFURLAE 7 AR A S B R AR
FRekEEs s, RBFR 2B Co, HER® . A F#77 i
Tl T DA B M 6 BB VR OB U R G HLRR T 458
F7 A3 e A I A= 0 R R 5 s BRI i L
HoA AR SR ERR, 1] LU SR e T R B AR A
B IR, T & e i I 7 i HAR R f s A A
SRS, RO T b A PR A R . (AL
ST PRI H IR R SR AT G . A SGE S AT
SR A FRAERK M I G, I AR S T LK
U5 (B R ) X 1 3 A K RN i IR FR 3R B s ) a4 7
WESE, DAHASA B 33277 T e 1 2k — 2 F 58 S R A
BRI S

1 MRS

1.1 S ERGE

B 5 mL Zz Fg {E 3 /K BE, 10000 r/min 2.0 10 min,
FE FIEW . AMIUKEER 5 mL, B 2K, 15
RAFEMDIE, FALRKERE 5 mL, 1A, 5
SR e BE SRR . RIS B, DL 10% (V7))
B EEEME 30 mL SE ¥EFMh, TOGMRE
4000 lux. iR BE 25°C BOCREEEFRAE RS 15d, 7
PL10% (V/V) $Efh i T8 SE e dikrh, 1522
e 10 o SRIFKAF BB REAL 1071,
1072, 107, 107*, 1070 10°°4%, BUS 3 MR
i, B E TOCRSE IR, HFR R b e Pk —
FERh AP S SE BE g 5Lrh, B3R ER b, R RS
Mo PEAERAE 3 IR, B8 B Ir sEsk .
1.2 $EZHE

SE £5###: NaNOs 250 mg, K,HPO4-3H,0 75 mg,
MgS0O,47H,0 75 mg, CaCl,-2H,0 25 mg, KH,PO,
175 mg, NaCl 25 mg, + 3 B 40 mL,
FeCly-6H,0 5 mg, Fe-EDTA 1 mL, As¥# 1 mL, 7&{%
/K 958 mL.

1.3 ERFAE
1.3.1 FESBEMHEEKNHEERRMEME: L
B A% 2 0B ORI B BE A R T RS SR, TR A
HR W AR, L 10% (V/V)Ef S35 T LA
SE 55k, FHURINBRIR &0%% . fEIReN . IRFE M AT
RUER 41 mg/L, B FHMEE N 4000 lux,
150 r/min, 25°C MJFEIRFHEFE 28 do
132 FUREXMHCESE KFHRIR RAIZM: BFh
TIEFRWLL 10% (V/V) HRh it T IR SE $#55%
B, BB IR ER MR 41, 123 615, 1230 I
2460 mg/L, ¥EFELMER 1.3.1.
133 BHREBESWREMMRERMBERENS
Me: HUORPFE5 32U DL 10% (V)RR T 20T
ZVREE R 123 mg/L (4 SE K535 3k, 43 BV Il NaHCO;
WSk 0,100, 200, 400, 800, 1200 Fl 1600 mg/L,
B eEA 1301,
1.4 DHFA*

T 200 i 288 P - SR FH SR AN AT I 4y St B Y
7 TR VA LA 680 nm A (I YGAB (ODgso), FF 1L
BRI O RO A B, T IO I 20 B A RO
JE ODego MIPRHERTZE, HHZR R

C. vulgaris: y = 5.420 x — 0.076
R*=10.999

o x AR W OGIE ODeso, v R R 2N A 5%
JE( % 107 cells/mL),

AR E . TEX RO KRR, B — s R
B PEME, B5.0(10000 r/min, 10 min)i8E BEZ0 M, XL
ZEIK PR 2 YU, 10000 r/min B5.0 5 min, ZW%% T
M, WRE, DR AR T E R R LAY R,

PoAE R R AR K HOR AT FRPF A i e e —
S N A AR A KA B, AR

4 =(LnN, —LnN,)/(t, —¢t,)

Horp u R H AR AR, N, Sl A 3 20 2
N, W EEFREE T B M B, 1 — 1 S SE A ) 55
FRLE A IS} ] 1A B

AR F e FAEL; WIS R = QMR
/T ERBTED) < 100%.

MARHRE: S H ELE,

2 G5t

2.1 SRR
ZW o AR5 6 BRAETUE . K 6 PRIMEE
TLURF ARV SE RiFrfehiide, B FR
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1.3.1, AN[RIEEFIEEFF 28 d J5 M RAED =% | il
JE & i SO g e A SR 1 PR

MR 1 FATLESR], 558 RRAEY R 3.
e &= o Ae A w438 101.8 meg/(L-d).
28.1%. 28.6 mg/(L-d). XN HANMLRE, BIE, 4
TR, TSI, SR CER SIS
Gy ik S e AN TR N ER R R, B 4
NI/NEREE(Chlorella vulgaris). ¥ C. vulgaris
R PEATHE— BT
22 ARRIBEXN C. vulgaris £AFHEETRZRY
A

RBEXOER AR . KF . B0 AR R
S5 IS S AR A RE N . 38R AT AR s R
PRI Bedh . WERREh MR R 5, (HAER W B 5
FIFAREE BA 2200 SR 552 T iR Sk .
TREN . IREFRENT C. vulgaris &K FHIEFL 210
um(E 1, 2 &3k 2),

F1 AEZEMHEKFAHERR

Table 1 Cell growth and lipid accumulation of
different strains
ST PNEY/E i ; o ;
H N i 7 A
X Maximum biomass L. .. ..
Strain productivity Ll(l:l)]/ld ;;);lp;c)m L1p1[d pr/(z;idug)tivny
0, m; .
[mg/(L-d)] ¢
No.1 91.5 9.8 9.0
No.2 80.6 15.5 12.5
No.3 76.1 11.6 8.8
No.4 68.1 129 8.8
No.5 101.8 28.1 28.6
No.6 60.9 18.3 11.1
0.09 1
0.08 [ = e
T’;\ PR—
e 007 | T
&
<
g 0.06
&
=
~g 0.05
a
wn
0.04 |

=3
D
w

None of
nitrogen

Sodium  Ammonium Urea
nitrate  bicarbonate

1 REX C. vulgaris tb AR ERI R
Fig. 1 [Effect of nitrogen sources on specific growth rate of
C. vulgaris

http://journals.im.ac.cn/wswxtbcn
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12 - > None of nitrogen //
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Cell density (x107 cellls/mL)
[o o)

|
|
2

0 5 10 15 20 25 30

Culture time (d)

2 AERIET C vulgaris WE A # 2%
Fig. 2 Growth curves of C. vulgaris with different nitrogen
sources

T2 HIRX C vulgaris £ KFMASTR RS0

Table 2 Effect of nitrogen sources on the growth and
lipid accumulation of C. vulgaris

‘ ROCEMRTH sy IR
FIR Maximum biomass Lipid content Lipid pro-

Nitrogen source productivity (I:, %, W/W) ductivity

[mg/(L-d)] ’ [mg/(L-d)]

R 93.3 33.6 313

Sodium nitrate

e B8 L it

bicarbonate

RE 103.8 28.9 30.0

Urea

A8 52.4 40.2 21.1

None of nitrogen

M1 FH, SSRGS AR A 85 FR R
3 MR R IR A R T C. ovulgaris WK, Hp
RE WL VEE Ao . C. vulgaris FEAS R RIR S MF
AR SN A K R AL 2), 35 400 A 2% R
R TSR R S B 4L, S 13.6 x 107,
12.2 x 10" f1 9.7 x 107 cells/mL. %2 AT, LA
RN RV, C. vulgaris Wik KEY &R R
93.3 mg/(L-d), IR TFIRER 103.8 mg/(L-d); {Hiffg
TN 33.6%, = TIREN 28.9%, AR IEEH
RE & i 40.2%. HETOC TR BEX A K %
Wi AR T IR, S T 2RV %o T A 8 45 101 A PR A A
SRR w1 AR R T, UR R AR,
B. braunii765 B4 FE e (OD {E 0 1.87), i LA
SRR AP, HAEY R Q1S gLk E &
(27.89% )i i o ABIFFE 45 AT BRI S5 8, 3 Fh A
WA, IREBART C vulgaris ALK, MAHR
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A R T C. vulgaris HIETR R . L5 FEAY
RN O, R AE N AL AR,
i ¥ 3 7 SR A 31.3 mg/(L-d) (3% 2).
23 RAILEREX C vulgaris £KFNMETR R Y
AL

TUBE R B SR R rh, U002V B 2 52 i s Tl
HEA R i F BN R 22— S2 LIRS RR A0 0 &R,
W T BHICEWENT C. vulgaris Z A IR ARTR B AY
S, AU 3. 4 Jek 3,

K 3 R0, MEE ZACRRE T, C vulgaris
Y L AR AR e 3 R R N, B R B AT R
Xt HoA KA — e MR o 5 P SR B S P il
MH—2, JEEA R R R TAKE D, #FEEFER,

0.09

008 F [

007 F |7

U.U6

005 [

Specific growth rate (d™)

0.04

0.03 - - ; *
41 123 615 1230 2460

Codium nitrate concentration (mg/L)

3 RILEIREN C. vulgaris tbE KR T B ME
Fig. 3 Effect of nitrogen concentrations on specific growth
rate of C. vulgaris

167 o 41mgL

14 F = 123 mg/L
—— 615 mg/L

12 | - 1230 mg/L

10 b —%— 2460 mg/L

Cell density (x107 cells/mL)

0 5 10 15 20 25 30
Culture time (d)

4 FERBTERIRET C vulgaris BIE < 2%
Fig. 4 Growth curves of C. vulgaris under different nitro-
gen concentrations

R 3 FATLEIREN C vulgaris £ FHAETE RBI22 M

Table 3 Effect of nitrogen concentrations on the growth
and lipid accumulation of C. vulgaris

RAE RKRAEYRE RS E WiRTE
Nitrongen Maximum biomass Lipid Lipid
concentration productivity content productivity
(mg/L) [mg/(L-d)] (%, W/w)  [mg/(L-d)]
41 95.8 335 32.1
123 102.1 324 33.1
615 86.6 28.6 24.8
1230 76.5 27.6 21.1
2460 67.5 26.4 17.8

R/ LA R R, T 9 A A T TR P A R R R, AN
I F 4B 4 240 BT R MK E A 123 mg/L B,
C. vulgaris WA E e R 13.3 x 107 cells/mL (]
4). HFE 3 ATHL BEERTRE WM, wWisS
B TRAL SRR R MG . A
JCEWE N 41 mg/L i), AR & AT i5 33.5%, i
KEWRH K 95.8 mg/(L-d); BICEWKE R
123 mg/L B, & EN 32.4%, o kAEYE =%
J9102.1 mg/(L-d). /NERE R WIS A — KRN
8%—27%"%, AN s BLA R T IR A BT B
TR S BB, R YRR — R
(AMP) I3 2 it 1 1 2386 i1, AMP 6 &2 B AMP K
e M LAT — B R (IMP) R, A4 Tk P 3
AN R VAT O AR 1 E= 4 TR NG RE R S -3 7y
Al (ICDH)Z ki AMP {{KH 1 B =8, 20N AMP
VR R 1) AR D 58 B 28 58 A L T T R
1 TR T 2o A e A TR 2 Ak T A b A 1 B DT R 1
JEORH C RS E A, DTS A AR PN i U Y B R A
e %R0 2 MR B X A0 f AR KRNI R B R LR
HAMMER, 6% 8AEY ™ 2R AE S
i, HEALE IR R E R 123 me/L, BUE I G
FRhei o 33.1 mg/(L-d).
2.4 WRERSIIRE XS C. vulgaris £ FNHMAEFR R
B %2 M

BEREEFRA P T2 H] CO, ) 1R (1 R
i, (AR EA S, SRS NaHCO; ff L
PE kB A0 M A= B s . SER T A
NaHCO; ¥ B i flt e A= 4 Ay fg AL R i sz (181 5
6 M3 4). T NaHCO; M A £s el 28 155 72 1 pH
AT S A e i 2R e, BRI S 0 3 W 1 R % 3
TR IR pH AR S 7 iR .
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Fig. S Effect of sodium bicarbonate concentrations on
specific growth rate of C. vulgaris

167 + 0mgL  ——100mgL

—— 200 mg/L  — 400 mg/L
—*— 800 mg/L  —o— 1200 mg/L
—+— 1600 mg/L

14

12

10

Cell density (x107 cells/mL)
[ee]

0 . . . . . )
0 S 10 15 20 25 30

Culture time (d)

6 A[E NaHCO; i KE T C. vulgaris B)HE < 2k
Fig. 6 Growth curves of C. vulgaris under different sodium
bicarbonate concentrations

& 4 NaHCO;iREX C. vulgaris £ FHASTA R
B 52 Ml

Table 4 Effect of sodium bicarbonate concentrations
on the growth and lipid accumulation of C. vulgaris

NaHCO; ¥k mARAYE™%F WissE Wi~ %
Sodium bicarbon- Maximum biomass Lipid Lipid pro-
ate concentration productivity content ductivity

(mg/L) [mg/(L-d)] (%, Ww/w)  [mg/(L-d)]

0* 92.5 32.1 29.7
100* 98.4 343 33.8
200* 108.0 37.5 40.5
400° 238.4 32.6 77.7
800° 332.8 30.1 100.2
1200° 358.5 28.4 101.8
1600° 379.5 28.2 107.0

:a: 55 28 KiAE; b: 28 4 RIZE; c: 55 5 RIME.
Note: a: Measured at the twenty-eighth day; b: Measured at the
forth day; c: Measured at the fifth day.

http://journals.im.ac.cn/wswxtbcn

14 —0mgL -o—100mg/L —— 200 mg/L

—+—400 mg/L —*— 800 mg/L —— 1200 mg/L
—— 1600 mg/L

13 r

0 5 10 15 20 25 30
Cultrue time (d)

7 TREERER SRR E T 155K HY pH BEIEFR AT B Y 4L
Fig. 7 The time-course changes of pH in the medium under
different sodium bicarbonate concentrations

WKl 5 Wos, A IR NaHCO; kB 1Y 1Y
I, C. vulgaris ) HAE R HUR SEIE KGN, BlJS S
WK, EATRE R, 4 NaHCO; 9] b6 W B /T
400 mg/L I}, BEFRWAY pH IHZALT 9, & T C.
vulgaris WA, H NaHCO; F¥R 48 e 8 R T 6k
BAEK Y NaHCO; W IRV FE R T(%8 T) 400 mg/L
F, AT 3 REFFRMM pH 7E 6-9 Z[AI(E 7), &EF C.
vulgaris BHER, HLAE R [E]) Py LA Py PR B3R
5dJE, WM pH R T 9, X C. vulgaris A K"
AT . AEEER R IR, NaHCO; AR 21 ik U5 1 7F
FH, T AR RS2 e B/, — IR NaHCO;
WS R, B pH B, A Koo 32 B R
il o 3% 525 2 SR AU B ST B A — 3K 24 NaHCO;
He M 200 mg/L B}, C. vulgaris 3-45 T fe K ) 40 i
R 14.1 x 107 cells/mL (K 6). HE 4 [ WL, P&
NaHCO; ¥ RN, C. vulgaris WIS & & Jc 1
fnJE /> . NaHCO; WM A 200 mg/L B, C.
vulgaris JM G & e 1l ik 37.5%. H 4k NaHCO; #)
AU KT () 400 mg/L B, C. vulgaris A HI
WARTR R Z B Tl . (B TH7 4 REDRER
W, AR S T AR A A 7 A% S Y NaHCO;,
WA N 1600 mg/L B}, C. vulgaris §53% 5 d Wi
KRAYET=%H 379.5 mg/(L-d), MG R I5 w0
107.0 mg/(L-d). NaHCO; ¥R} 800 mg/L I,
C. vulgaris 537 4 d KAWL %8 332.8 mg/(L-d),
AR %4 100.2 mg/(L-d). MZTEFIMARA: ™ 1Y
FEX . C. vulgaris BB AE NaHCO; % &£ 4 800 mg/L .
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MR BT, C. vulgaris B R AWy 7= R A G 7~
HArHEXT By 3.6 F1 3.4 .

3 4G

(1) Sd 3k A A3 245 3] — 0k 2 i i s 1Y 3 FR I
# C. vulgaris;

(2) THRREN N C. vulgaris 'R A=A E SR
W, HEOURWIE N 123 mg/L i}, C. vulgaris B K
A AR R 7 AR IR B

(3) iEEAIIRER SN C. vulgaris FAE R AN
NERR R A CEFEAE T, DA A i 26 7 1 £ B 2% 1,
C. vulgaris B e/ NaHCO; & 800 mg/L. 7EUL
WREET, C. vulgaris W5 KA Y1 7= R A0 AR 7= 53
REEL E K, 433108 332.8 A1 100.2 mg/(L-d).

& * Wk
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