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Effect of environmental factors on growth of Chlorella sp. and optimization of

culture conditions for high oil production

DING Yancong', GAO Qun', LIU Jiayao', YI Yanjun' ", LIU Jianguo™*, LIN Wei’
1 College of Life Sciences, Qingdao Agricultural University, Qingdao 266109, China
2 Institute of Oceanology, Chinese Academy of Sciences ,Qingdao 266071, China

Abstract . After series of screening a marine chlorella was selected for further study. In L, seawater medium the chlorophyll
fluorescence induction dynamics of Chlorella sp. under different environmental conditions was analyzed after 48 hours. The
results showed that the chlorophyll fluorescence induction dynamics parameters such as maximum quantum yield ( Fv/Fm) ,
per excited cross section (CS) for trapping ( TRo/CSo) , electron transport ( ETo/CSo) , and density of active reaction
centers (RC/CSo) of Chlorella sp. were affected by light intensity, temperature, and the concentration of nitrogen and
phosphorus. The chlorophyll fluorescence parameters was increased with certain environmental factors, but inhibited when
the environmental factors exceeded the limits. The best condition for chlorophyll fluorescence induction dynamics parameters
of Chlorella was composed of 150pmol-m™s™" light intensity, 18°C. temperature, 8. 8mmol/L NaNO,, and 0. 145mmol/L
NaH,PO, H,O. The net photosynthetic oxygen evolution rate of Chlorella sp. under different environmental conditions was
examined, and the results were consistent with that of the chlorophyll fluorescence induction dynamics. Based on the
formula of L, medium, the optimal culture media of Chlorella sp. was determined (8.8mmol/L (NH,),CO, 0. 145mmol/L
NaH,PO, H,0, 150umol - m™+s™" light intensity, 18°C temperature). Under the optimized culture conditions, the cell
density of Chlorella sp. was significantly higher than the conditions before optimization, the cell density reached 6.3x10"/

mL after 10 days culture, and the density was increased by 24% . The total lipid and fatty acid of Chlorella sp. were
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increased by 16. 8% and 66. 6% respectively. In addition, the cell growth rate and the accumulation of fatty acids of
Chlorella sp. were improved by addition of exogenous citric acid ( the optimal concentration was 0. 06mmol - L™'-d™").
Statistics analysis showed that the fatty acids content of Chlorella sp. was positively correlated with citric acid (P<0.5).
Under the conditions of optimized light intensity, temperature and NaH,PO,-H,O concentration, the growth rate, total lipid
and fatty acid contents of Chlorella sp. with different nitrogen source (NaNO,, (NH,),CO, NH,Cl, the concentrations
were all 8.8 mmol/L) were examined and the results showed that the cell density of Chlorella sp. cultured in three types of
nitrogen source all reached the highest after 10 days culture. The cell density of Chlorella sp. cultured in the medium of
(NH,),CO as nitrogen source was 1.85 times that of NaNO, as nitrogen source, and 1.5 times that of NH,Cl as nitrogen
source. The fatty acid and total lipid contents of Chlorella sp. under different nitrogen source conditions were measured ,
and the results showed that the fatty acid content of Chlorella sp. cultured in the medium of (NH,),CO as nitrogen source
was the highest, accounting for 13.3 percent of the dry weight, and being 2.7 times that of NaNO, as nitrogen source, and
1.36 times that of NH,Cl as nitrogen source. The total lipid content of Chlorella sp. cultured in the medium of (NH,),CO
as nitrogen source accounted for 58. 6 percent of the dry weight, slightly lower than the NH,CI as nitrogen source, but much
higher than the NaNO, as nitrogen source. The (NH,),CO (concentration 8.8 mmol/L) was the best nitrogen source for
the culture of Chlorella sp.. In summary, the selected Chlorella sp. has many advantages such as fast growth, easy culture
and high oil production, and can be used as a good material for bio-energy research and also for the development and

utilization of marine microalgae.

Key Words: Chlorella sp. ; environmental factors; cell growth; fatty acids; optimization
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TR PE SR A R B 2 S AR RIS, v R R K DL R mT e Eh i e b AT R A R 32
A BRI, DRI, VAR R A S — ol A 0 S 3l SRR 2 B AT D62 /NBRE ( Chlorella) )8 T4
I"J( Chlorophyta) 2§ 2X ( Chlorophyceae) ./NER#E B} ( Chlorellaceae ) , A ERIE FLANMI B2 BHAE 3—8 wm, FiZ
B FEROK KR A, TR RE R BT k| 5 2 Oy MR S B B A — ey (HE R
A5 T T A R 20 B R P R SO T VR T R ISR O R 1 T, AR Sk PRS2 43 B 5 1) — o 5 1 il
B/ NERIE N SCEG AT RE, AE L MK R IR B RPN R IR R B SR R BRI S5 E R /NER
PSR PSR AR AR BT /NEREE A R W e A 35 7 25 A, I 5 20 B PR 25 4 XoF /N 3K e g 1 T B 2
SRR PRUTHE BT/ N EREE S I A LA TR AR R | S RS 35 /N R B 26 77 A ) S LA R o i A B
ARFE T R PV Ao 29 0 At
1 Mel5H%

1.1 SEEA R RIRE R

/NERTE ( Chlorella sp. , WECT RIS rh o8 0 ok 14 1 Bk 0 2 vh S bRk, BRORAE T S Rl R A
BheF2BE ) F Guillard Fl1 Hargraves [ L, /K5 32 3655 5%, 55 72 454 0 TR8E (24£0.2) C JERRJEA 12 h/12 h,
Jtik 40 wmol-m s~ BER$E SN 8 WK, TEANFIDEHRSRFE (0,100,125 150,175,200 250 500 pwmol -m~>s™") i
BE(15.18 .20 .22 °C) A MEE (0. 88.1.76.3.53 4. 41 6.62.8.82.11.03.13. 24 mmol/L) BV i (0. 036,
0.072.0.14.0.22.0.29 0. 36 mmol/L) &5 T 45 5%— 5 W} [H] 5 #4745 B Fabn il o
1.2 LRk
1.2.1 /PEREEMSRERIOCSE I

JINER PR 4 R OOEE T 3 1 B4 Handy PEA FEECR TN ( Hansatech , 3 [F#) I 72 | 3
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KWK N 650 nm W FT K /INERBEAE BEE IO E R 535 48 b, B 2 mL F5 IS5 VRO B 07 TR T, I
& 15 min, 2R )5 55 55 Handy PEA B9HEAIK % (2000 wmol - m™s™") | I /INBR B8 L -3 R 96O6A S 80
2R, Handy PEA BERMHI AT LAESEC S 10 JT IR DGR A , A3 0 sk MBRJCIE 19 10 s 2] 1 s FTH
PCSE, RIS R TOEPE S 5 f12F 2k 2 B8 Strasser F1 Strasser 1Y O-J-1-P test F) 237 77 231545
RS E ) o Fo/Fm S PS T KOGALFS3, CSo o (1=0 W) BEOEHH R B TE A, RC/ CSo 9 B fir
TR P SN O R, ABS/RC S BT K1 H D IR G BE , TRo/ CSo SR 64 HILF SR ThT B 3K 1Y) il i
ETo/CSo A BRI BN i FRUH T H A& A BE =, PI o= (RC/ABS)- [ @p/ (1-@,) 1+ [0/ (1=th) ] &= LA
WOGRE W BSLRE M RETE &, Horb @, = TR, JABS=F /F, b, =ET,/TR,, & Fv/Fm SHHUS RETE - fz e B8
XA P IR, Fra e &5 S .,
1.2.2  /NEREDEA BRI

JINERIE B ¥ A B R ] OXY -LAB 48 F3 % ( Hansatech , 9 ) & M BRI E & R 1532 48 h
Je B/NERBESE VR 2 mLL, B AR AR, 3T Bl e, fH IR/ T (BaE IR ) BEFE 3—4 min, IKESE )5 i 48
SR BB R, I F I — Be AR R E YD s 45 R T B R R (A i 3 M ER)
1.2.3  /pEREEARKNE

SR I BR800 5 /IR e 200 6 28 97 /INBR i A E ORI, g R e B BORE I 5, RN SE % 3 A
1.2.4 SRR EURUR DR Uy i

SR BIHEBCR F Foleh'™ 577 2% s RR AR P I8 AL SR AR R - FP e ) B W ARSI 4 GC112A RIS AR €
HEAY, 8,354 . Omegawax™320,30 m x 0.32 mm x 0.25 pwm; MK SR  BFFHE A B 60 CELL 20 C/
min AT E 150 °CHEE 2 min, L 4 °C/min HRTFE 265 C., B NEALEAS LN 90 mL/min, 37
BERE 1 WL, )RR v 2 BEORE S 45 0 2 1 06 P 1) RT3 | AR 40 AR ( €, ) B 6 T AR T8/ INER 6 45 ol IR
PRSI, ANIE B 3 MR,
2 GREH
2.1 WBEHE TNk BT Sk R DS U

ISR E DB Jy2f e — R A D | fRTE RS T EL R AR O 3 A5 A% 0 A 0 ' A V6 FE 2B BRR O 1 38 B
R, E a 5OUETEE T ToEE WA ERHE R E L, B Y AR S A RN TE
BEFY | B AL SER Handy PEA $00F ELEE N E A -4 R et 3 ol 2z il 2k h ki as
2.1.1  JEREGREE X/ NER R S R DOE S R

ANERSBERE TR IR R AL B 48 h [ 26380, 3k 1 nTLLE H G IREREE M 100 wmol - m ™ s™'
HEHNZE 150 pmol-m s~ | /NERBE AT FOGAL AR (Fo/Fm)) |, SG-A AR B T FR A 3R 0 REFE ( TRo/CSo ) JH
T F AL B I (ETo/ CSo ) NG T SN H U I (RC/ CSo ) FBAESE N, JFAE 150 pmol - m ™ s G ISR EE R
IR s ARSI IO BGR B 56 SHON R . 150 pmol - m™ s  JEHRBRBE T /NER B MEREFE B (P ) L2

F1 ARARERE T/MKEMHERELALSHNTL

Table 1 Changes of chlorophyll fluorescence parameters in Chlorella sp. under different light intensity

St/ (wmol-m2s71)

Liht intensity Fo/Fm TRo/CSo ETo/CSo RC/CSo Pl
100 0.619+0. 004 170. 11£1.57 86.2+0.78 108.79+4. 04 0.659+0. 04
125 0.621+0. 003 167.087.09 86.38+3.14 107. 19+4. 35 0.699+0. 01
150 0.624+0.001 176.491.97 91.07x1.44 115.13+0.74 0.7190.02
175 0.620+0. 001 166.26+4.78 84.97+2.34 106. 882,74 0.670+0.01
200 0.613+0.001 167.96+1.34 85.91+0.84 105.97+0. 60 0.642+0.02

Fo/Fm: SRR TRo/ CSo s SGE U BLAL TR AR 3R AU BE L ; ETo/ CSo: JHT H T3 A B s RC/ CSo 1R PR RN H L ML s PLys -
AW BE S RE R ) 1 BB £X
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i, R FE 150 pmol - m ™ s  EHRBR TN | /INERE 1 I RO AL 22 880% I A G A80CR LA R s o o e 3 1 5
TR L A5 B R U QA BN HL SR A AR 308 80 e 1 7K T, A 35 M 1 S I s R 2
H 252, T I 150 wmol - m2 s~ VS /INER 5 14 £ 35 Y6 IR R B
2.1.2  JREEX/NEREE SR TSN R

PRI 55 F 15 3R/ NBRE 480 JE MM S R DL HLE RS Tk 2, SRR HEFRIEE N 18 CHT, /N
BRER Fu/Fm \TRo/CSo \ETo/CSo \RC/CSo F PI,, 8RB e, 4550 A iR e SO S 20/ ek i
T M RN O B T B, SR TR T % 35 1 B S/, 1 Rk RE TR AR PR A . 2R N 20 C I, T
PERN HUC A BRI T 26. 8% , A MU AL T R AR G R s/ T 27% , T P& i RE RE I T
28% . WRSETFEE] 22 °C iGN RO BHR D T 74, 4% A WU BN T AR SR A RE RS T 74. 6% L
TFHFERNRERID T 75.6% , AL, /NERBEFETRLE Ry 18 °C BYIREE | 37 B RIS QA Y3 & g
St AT QA™ 1 HE A% 3 B rh i i I B AR S5 e 114, T BBE T v B A AR 25 i /N BRSBE R B4 ki
S/ NEREE AR

R2 ARBETMMIEMERERAESHHEL

Table 2 Changes of chlorophyll fluorescence parameters in Chlorella sp. under different temperature

B Temperature/ °C Fv/Fm TRo/CSo ETo/CSo RC/CSo PI
15 0.673+0.002 123+2. 14 78+1.08 98.27+2.98 1.72+0.04
18 0.700+0.001 126+2.76 86+1.01 97.03+1.42 2.44+0.02
20 0.691+0.001 91+0.56 62+0.24 71.18+1.71 2.32+0.02
22 0.696+0.001 32+0.76 21+0.15 24.33+0.56 2.16+0.02

2.1.3 L BRRBEXT/ NER B SR OSBRI

FUBAE Y AN PN B 5 A2 R S T I A S A B, B MR E R s 1 ) L e 2 S e A1
F e, B3R R I AR B 2 e R A . 7R BRI AR B ST, AR SE K LINaH, PO, H,0
VEBSIR (L, R FR 3 ), FHAS TR BE ) NaNO, FERUIR , A8 AN I B /U3 /N Bk i - 4 R DO SRR
GER R, NEREERT SR 48 h ARV ) NaNO, X /MRS RIS ECE AR K (% 3) . LB FTA M4 %
POCSEL, INERBETEHRE N 8. 8 mmol/L 1) NaNO, B 7 h A= K AR B fe 8, A5 W Mk 1 iy oD H e %, ek
Al 2 RCRFPE REFE BRI 5 . SN ANPEAIR NaNoO, (v BE | A5 16 P 1 SRy o OB E D/ NBR BRI Fo/ Fme R
Pl R,

R3 TREKE NaNO,EF T/IKEMRRRASHNTN

Table 3 Changes of chlorophyll fluorescence parameters in Chlorella sp. under different NaNO; concentration

{&(i/( (e'r:‘t'r':ﬁg nL) Fo/Fm TRo/CSo ETo/CSo RC/CSo Pl s
3.53 0.675+0. 008 31.56+0.74 21.52+0. 69 20.7120.95 2.23+0.09
4.41 0.7000. 007 34.15+0.69 21.58+0.47 24.55+1.47 2.86+0.03
6.62 0.737+0. 003 36.84+0.34 23.94£0. 56 28.20+1.64 3.31+0.06
8.82 0.7390.003 35.470.71 23.47+0. 64 27.20+0.83 3.79+0. 12
11.03 0.7380. 002 35.41+0.36 22.82+0.47 24.990.91 3.060. 05
13.24 0.7300. 005 35.05+0.32 22.92+0.43 24.640.78 2.93x0.06

34 ATLLEH 7E VIR AR E (8. 8 mmol/L) i) NaNO, b Z BT, 55 358 rh AN [7) e B2 19 NaH, PO~ H,0 4%
R /NERBEIT S R DS E Fo/Fm  TRo/CSo \ETo/CSo .RC/CSo Y347 W .25k , 7€ NaH, PO,- H, 0 ¥ & A
0. 145 mmol/L i, /INER#E i) M BEHE Bdme i , AT AR A Bl 5 9 MR BE
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R4 FTERE NaH, PO, H,0 57 T/MRKEMEREASHHTL
Table 4 Changes of chlorophyll fluorescence parameters in Chlorella sp. under different NaH, PO, H, O concentration

W/ ( mmol/L)

Concentration Fv/Fm TRo/CSo ETo/CSo RC/CSo PI s
0.036 0.70=+0.006 38.09=+0.34 25.96+1.37 27.03+0.76 2.76+0.19
0.072 0.71+0.007 37.70+0.55 26.61+1.26 26.71+0.72 3.24+0.11
0.145 0.70=+0. 006 37.11+0.46 26.47+0.99 26.10=+0.69 3.34+0.09
0.217 0.71+0.007 36.52+0.55 25.76+1.23 25.79+0.27 3.26+0.18
0.29 0.71+0.004 36.71+0.42 25.51+0.98 26.77+0.47 3.26+0.13
0.362 0.71+0. 005 36.83+0.34 25.41+0.85 26.60=+0.47 3.08+0.17

1 X AN [ PRI PR 6 /N BRI 2 R BOE S HGE M R T, ol LUE ORI TRIE A MBE R AR I
WM/ NEREE DR G | SO A ROR S KA E DO B 1 #2800, e/ NERE I A K B R X LB B
BE R - B (MR BE ) 3, 7E— 7 Ju R OGS VR RS K (HR A — e SR (sl B ) 3 il /N R R D B4
o P/ NEREE 5 DO ES BN N8R n] DAL/ NER R IR 551 . S5 SRR /NEREETE 150 wmol -m ™5™
JEHAGE B BESRIEE N 18 °C (L) 8.8 mmol/L ¥R JE ) NaNO, N & JH . NaH, PO, H,0 ¥ JE 4 0. 145 mmol/L Jy#
B R M FAAITAER,

R T HE— PR E ARG SO E T ORI IR A T /NSRRI A A A, 25 (B 1) RBT, /hEk
TE 150 pmol -m ™ s~ JEHRGE N G U R ik

FEANTRIR BE R (B SRR B O L BRSSPy B ) 25 1F T M/ N BREEHOG G U R B 2 15 7 T NaNo),
e BE BOBE IR0, S5 FR M NaNO, W EE#R 4 4. 4 mmol/L i, 8 A B2 sl /N (K 2) , B e B FR b AL 4
45 % B (1) A9 S T T RE , PR, 15 3R NaN O, U I A v B P 438, 3532 NaH,PO,- H, O (¥R R
0. 145 mmol/L( A E FRERUR B A L 3G TR AT ) B, /NERSE MO0 G IR R R R (K 3) , X 2ed5hr 5
SRRV B )2 M RIS I 2 R — B

=
o
1

[ee]
T

o
T

N
T

Net photosynthetic O, evolution rate
N

GO6A 4 E 2/ (umol O-L-min™)

Net photosynthetic O, evolution rate

G A E# R/ (umol O,-L™!-min™!)

o

4 6 8 10 12 14

2 . . . . . 0 2
0 100 200 300 400 500 NaNO3;
YeHE3R B Light intensity/(umol-m™2.s7") NaNOs concentration/(10 3mol/L)
B1 AESEETMNKGEELSHEERNTN E2 A[E NaNO,REFHT/MKRELEMBERENTL
Fig. 1  Changes of net photosynthetic O, evolution rate in Fig. 2 Changes of net photosynthetic O, evolution rate in
Chlorella sp. under different light intensity Chlorella sp. under different NaNOj; concentration

2.2 /NEREEM AR IR RO AL A BB IR B S e AR Ak

FE 2.1 #47  FIRIM-2 R 9 S BUE 4805, i T DL L 1K 85 2 5L B, L) 8. 8 mmol/L Vi J& 119
NaNO, H AU 0. 145 mmol/L NaH, PO, H,0 ¥ A8, 7€ 150 pmol - m ™ s~ YEHEGREE K5 FFI Al 18°C 4514
TNEREERE R B A

R T UER/INBR B A S ARG R8O AT E T e D5 35 2 A N /NBRBE B A ORI, S5 R (B 4) &
B FERAR I B 3R 55 00 T /INBR S 20 it 285 132 B b o3 T O A i ) St 2 e a5 9 . /N B b B 95 4 1R R 15 9%
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5510 KA FE iR, i85 5x107 4/ mL, Z Ja AN AL 205 B 35 /N ER BEE RS FR 19 56 10 K40 i %%
FEIRF] 6. 3x10" 4/ mL, BEIN T 24% | 10 H. 5 20 M 2% 5 e B e B9 s TB) 9 — ELZESE I, 18 d J5iA %] 8x1074~/mL,
R IR A PSR Y 1.83 75,
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Fig. 5 Total lipid and fatty acid content of Chlorella sp. Fig. 6 Effect of citric acid on growth in Chlorella sp.
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