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The screening and optimum culture condition

of heterotrophic Chlorella species

Dae Geun Kim

Department of Fisheries Biology, The Graduate School,
Pukyong National University

Abstract

Many phototrophic Chlorella species are useful for high value products such
as CGF (Chlorella-Growth Factor) and carotenoids. However, the growth of
phototrophic Chlorella is-often slow due to light limitation. Some phototrophic
Chlorella can' also grow heterotrophically with organic substrate in dark
condition. Heterotrophic culture is easy to control and achieve| to the fast
growth and high  yield of valuable products in mass culture. However,
heterotrophic Chlorella species are limited.

In this study, thirty—three Chlorella species were tested on the growth in
heterotrophic ‘condition and three species from freshwater were found as
heterotrophic Chiorella ;growing well with glucose in dark condition. The cell
size and dry weight of these-species in heterotrophic. condition were larger
and heavier than those-.in" phototrophic condition.~ The maximum culture

biomass of these heterotrophic spécies-attained to 133 mg/L/day.
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A zFe RS T3l FAY AHAE FAANATFE A AL
oty IEL FIAHS FIA Wl JHX7F =& phycobiliprotein,

astaxanthin ~12] 3 polyunsaturated fatty acids (PUFAs) #2 E2&5%5
AAE 7w sk, wak oSt o 2% Spirulinatt Chlorella 728 F5&
7|Ed Aoz HHASY AES AT g el 2448 T}

Z1tH(Chen, 1996; Chung et al, 1999).

1% Chlorella= 71 %ol 4dz vAxF=2 #7384 Chlorophycea
7}, Chlorococum¥, Chlorella% 2 %, % (species)o. 2+ C vulgaris® C.
ellipsoidea’} 28] 44 loew, 2~10 yme 3oz dAnjydoz 3

Z 7hed A7]oltH(Lee, 2007). ol gk Chlorellar= B2, 4 o)A 1, H]
By, mule So] Wl daE o AEog 9wy glom rhE 4
FAaok: ge 34 SuaF g wReD e 4FoD hEel g
o

A7t olFA A AtH(Kim, 2004). 53| Chiorelladl] ¥3%¥ CGF
(Chlorella Growth Factor) A#< AA#ES 2H3E 5o gvr & A
o7 Hudfen, 1 gex AW X5t AdA =AY AT H 3
st, nlMEo AE Bk AF7HY AmEE F=F 5 dth(Hasegawa
et al., 1994; Justo et al, 2001; Kim et al, 2008).

o|¥iuto] olu)g} thekdt AW FA S 7FA A U= Chlorella= <+ v}
o] A F stfel Hiole A o M uFE ?%% a1 gl th(Miao and
Wu, 2004a,b; Xiong et al, 2008).
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HolE olAbSt e AE o] &dte] FAA S o, A T 3
2} 7194 F(autotrophic) W2l o2 At} SR 1 F EH FH= Ho
oFgk AN F7FAS dAAE o 3
(mixotrophic) 202 AG37| % st HAAo] 58 D F2 Ho] A
& jle #AAA fUIETS "@ad o =
(heterotrophic) W02 AA3F}7]E 3§
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New AT aUE g A AE BEe F7b 2 ALY diatel o
sl AR dARASe 93 3 As) Aol vehl mRE W] o
s ow

Chen, 1996; Wen and Chen, 2003).

Az A ot A7 Aol F3-E7d Full doll e A
TR m A ZF EE w$- FoH(Olaizola, 2003). 2= o]z s A7}
asxom AP A B Wokel hed ul Az A
2 O59 A sHE o A7k Ad oz oF

b & Aol ghwe] Al B 34 5 oA AFE Chiorella
$8 dyow BAddd 2de vl I WYl 5w 3
< Adstith 2 5 g9 S G AEeA B ol SFskAl vERd 3

Fol talM BAGF NG A b3 AFel 2 AH Wy @AzAL
2Absta, AFHon AR T Wl AdF Welsh eoh
CERER A

T YE, AT W5 2 AFG A NS



0. A5 9 4y
1. -7} %A Chilorella®

1. 1. Cell chamber W%

Aol A& Chlorellaw dh= 3l m) Al 272 (KMMCC) ol B#%<l
T= A7), ARAE, 18s rRNAD N} 55 FaLZ sto] M2 Zo]& Ko
= £ 7y ed dl5At Chlorella 13%, 71574 Chlorella 6%, w54t
Chlorella 1422 % 33%<S A4S H(Table. 1).

Chlorella’= 60 pmol photons-m > s e} WL 24A|7F A&z = 2
7t ek A9} 1% glucoseS A 7Fske] 60 pmol-photons m > s o] H
S 12:12 LD cyeles Fo z2Wale B39dd 284 1% glucoseE #
7vste]l Wo] glo] Wit Bt HE T, glucoses FH7beAl 42

o Wl iz el 40 TE Fiahel wleksAv.

Lo,
N[ >(,112

v x| &= /2 B] A (Guillard and Ryther, 1962)¢] x4 S 7|Fo 2 w4l
2 0 psu, 74 16 psu, 3542382 psu 2 9GS T2 Th

A E agS7lETHA21C, 15822 HiFsid o glucoses 7
o =o] 50% &doz WEol LUFZIET F SIWA| FolA Htet
of ZWASS WA AT

A XD E S A% AR FEWA FolA HiE 1 mL A¥ol=
& ARt 3 BE 5 sdlern, A4 AL HTEY MEEEE
4 % 5d A= HY 16¢7 A4t (haemacytomater) &= =
qotd], AT B/t AT Mx 2t 438 gas 45 A



Table 1. Chlorella species tested in the study

Species Origin Size(um) Habitat
c1-1 Namhae 51£1.2 Marine
c1-2 South sea 3.7x1.5 Marine
c1-3 Gampo 4.0£1.0 Marine
cl1-4 Asan bay 4.7+0.8 Marine
c1-5 Haeundae 11.2+2.2 Marine
c1-6 East sea 6.4+2.1 Marine
c1-7 Nakdong 3.0£1.1 Marine
c1-8 South sea 3.6x1.4 Marine
c1-9 Buan 4.9+1.7 Marine
c1-10 Jindong 5.9+1.7 Marine
c2-1 Jinhae-bay 3.8+1.5 Freshwater
c2-2 Busan 2.810:9 Freshwater
c2-3 Hwajinpo 3.0+1.3 Estuary
c2-4 Busan 3.0+0.8 Estuary
c2-5 UTEX26 3.2+14 Freshwater
c2-6 Hwajinpo 7.6x2.7 Marine
c3-1 Nakdong rv. 3.5+1.5 Estuary
c3-2 Nakdong rv. 2.4x0.7 Estuary
c3-3 Nakdong rv. 6.8+2.1 Marine
c3-4 Busan 3.8+0.9 Estuary
c3-5 Jinhae bay 8.3+1.6 Marine
c4-1 Sunwo co. 3.8£1.6 Freshwater
c4-2 Busan 4.3+1.3 Freshwater
c4-3 Nakdong rv. 11.2+2.0 Freshwater
c4-4 Jinhae bay 3.7£1.2 Freshwater
c4-5 UTEX 259 3.3%£1.2 Freshwater
c4-6 Upo 3:5£1.0 Freshwater
c4-7 Nakdong rv. 4.61+1.2 Freshwater
c4-8 Myungsun co. 3.6x£1.1 Freshwater
c5-1 UTEX 247 4.3£1.5 Freshwater
c5-2 UTEX 20 3.711.4 Freshwater
c5-3 Busan 6.210.5 Freshwater
c5-4 Hwajinpo 4.51+1.6 Estuary




1. 2. 250 mLEZet~= v

Cell chamber HJYA] EF7FFSF vl 2 B3rd S vl 27004 A%

¢ 19l F5& Auetel 250 mLEF AT 100 mL 2 WAE BFe
o] cell chamber ¥iA|F} 22 207 4 AFF 2 o] widS 313
o RE AFFE AZEE 10° cells/mLe WEE HFslo] JutEow
A g st
250 mLESA~A WY A3 B9 Yd wid AP AxE dE7}
o) le)

glucoses F7F stA] ¥ o Mg 79 Ax B%= B A U2
A9 Bt A s 2oz ME &9t 12112 LD cycle® 8] <F3k
EREIE AT AE 2T A iE AP AE 2 @Ry
A U2 AF 59 AT 7k ToE A9 st Hg Ax dx
de 7Fow  U7HA A E(Specific growth rate,~ SGR)S A
th.(Guillard, 1973; SGR/day = 3.322Xlog(Nao/N1)/(t2~t1), No: toA] o] A
T, Nit 1Al S AE )

d

H



1. Eado=m ARRHE 77]ls R #f71E 7%
FH 9 0 2 glucose, glycerol, acetateS Ao =2 33t 250 mL =
23] B39 100 mL JM#] A (Thompson et al., 1988; Table. 2)o &
1969 2%°] s F7tel SAadS ofF Al ¥4 e )
S dxz72 T gaddE 9 gAh9e w5 Chlorella®l 44ES
Hlalsto] BF7Fg oF mi kAl H A gadS skl
A]
S

Ui
o

HA Aol Qo "wE v &S It s 26T =4 1%
glucoseE #7Fste], JMuEl Aol Ca(NOs), < NaNOs°e] Fe = H7M= &=
A 9ol 00166 g/Let KHoPOs NaHPO,S] FAej® H7bse = o <kel
0.0107 g/LE A4 o ¢ H]&o] 1:1¢ HEF(contro)&E Fi 747 A4
o Q& 2vf 3= H7bete] Ao A& 747 21, 22, 2:3, 311, 312, 313
= Hobe) wiAW A Ao Qo] FEFe] wE AGES XA
9ol AF wF MAZFE 10° cells/mLe WER %7] HEste] 3y

o7 AHst.



Table 2. Chemical composition of JM medium (Thompson et al., 1988)

Stocks
(1)
(2)
3)
(4)
(5)

(6)
(7)

(8)
9)
Medium

Ca(NOs3)2'4H20
KH2PO4
MgSQO47H20
NaHCO3
EDTAFeNa
EDTANa;
HsBOs3
MI’\C|2'4H20
(NH4)6MO7024'4 H20
Cyanocobalamin
Thiamine HCI
Biotin
NaN03
NazH PO4' 1 2H20

Stock solutions™ - 9

per 200 mL
40 g
248 ¢
100 g
3.18 g
045 g
045 g
0.496 g
0.278 g
0.20 g
0.008 g
0.008 g
0.008 g
16.0 g
729

per litre
1 mL each




3 B7FE S wiF R AU g A3 v
Aas 2= F7FeE JMEi Aol 1% glucoseE F7Fsto] o m &l A
26C= E7tY U A AP} g 2hNAM AAE 18E HUMe
2T IMEA oA v ket A3 4429 60 pmol photons m ” s <]
S zAfste] 26T, dAE 202 A7 Mol A v kg 2p7fed
5 1= H7be oixT JMEiA ol A Hj

0%
jus)

_

O

F3 AeTE TRt Wk 2] 10° cellymLe] WER 7] A
Fate] 3wkE o 7R wigatolth

7 )
W koA el FAI WHow AE MAFE SASAG AE A7)
FA = 50MAY A5 @59 A7]E S (Moticam pro
205A, Motic)stol Bt AlFES Z715 FotAth vl mpA Gl 1.2
um glass microfiber filter (GF/C, Whatman)S 60Cel|l A 24 7+&ot A
3 5§ THS FAH T ougd 25 mLE o HEke], Al 2417 Az

=
F3e SR E PHoE EFFL BN

[
=2
e

o BN

Axe] EA 2elx= SPSS Statisties program (version 17.0)S AM&-3}
o] One-way ANOVA-testE& A A|gk & Duncan’'s multiple range test
(Duncan, 1955)% H A Fo*xAA (P<0.05)S HAlSAT



m. 2
1. B}7}d A Chlorella®] A

1. 1. Cell chamber HJ %

Ao A3t S|4t Chiorella 13%, 7154F Chiorella 6%, B4t
Chlorella 14€ % BI7FS9 YA S Ul 2 954 Chiorella % 13%,
7154t Chlorella 4 4522 % 17%°] YElW oW 9= Chlorellad A
Bt d & UEd= Fol 7HE B dth dlsAt Chlorellaol A<= €71
FE Hedle Fol YA gskoem 350 EdFIA IS 7
THF glE A HTable 3).

1. 2. 250 mLEe2=3a ajge] A&

B 73 ¥ Chiorella A¥ A9 23 HE G B T 1753 5
goko g7 et 54k Chlorella 352 AEiste] 250 mL | Z gk
W Fetdth Mg & SGR#tS Totel oA S Sl BEES &4
=2 Yetll 2 Z2Y C4-8H3 C4-18lo] E7t9F Al 1199 1.17=
T8 7MY =2 SGREE B ATHP<L0.05). L FE olo) C4-3, C4-4
C4-39] 1.18=% 714

W 1 Fe e BT HFEY PN
e SGRALE HAHPLO0S, HABus APBS F0 Fol A
GPG % BFIFFANE FE PIRS GehE Aoz uw

%Wt} (Table 4).



Table 3. Culture results of Chlorella species cultivated in cell chamber

Habitat Species Autotrophic Mixotrophic Heterotrophic

Marine

c1-1
c1-2
c1-3
c1-4
c1-5
c1-6
c1-7
c1-8
c1-9

c1-10
c2-6
c3-3
c3-5

oNoNoNojoNoNoRoNoNoNONONG)

Estuary
c2-3
c2-4
c3-1
c3-2
c3-4
c5-4

OO0OO0OO0OO0O0

(oNe®)

Freshwater
c2-1
c2-2
c2-5
c4-1
c4-2
c4-3
c4-4
c4-5
c4-6
c4-7
c4-8
c5-1
c5-2
c5-3

ooNoNoNoNoNoNO)

oNoNoNoNoNoNoNoNoNoFoNoNONO)

(o eoNe)
OO0O00O0

Open circle(o) means real growth
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Table 4. Specific growth rate of Chlorella species cultured under different
three trophic conditions in 250 mL flask at 23C

Chlorella Trophic conditions Order of

species Autotrophic Mixotrophic Heterotrophic growth
C1-5  0.6823+0.0172% 0.7044+0.0130°  0.0000+0.0000"  M=A>H
C1-6  0.6652+0.0212°  0.6422+0.0099"  0.0000+£0.0000"  M=A>H
C1-10  0.7017+0.0219°  0.6793+0.0206°  0.0000+0.0000"  M=A>H
C2-1 0.3010£0.0136'  0.8668+0.0033°  0.5861+0.0454"  M>H>A
C2-2  0.5946+0.0204"  0.9333+0.0111°  0.4657+0.0017"  M>A>H
C2-3  0.3374+0.0064"  0.2887+0.0080*  0.3036+0.0108'  A>H=M
C2-4  0.5281+0.0059' 0.6069+0.0089'  0.2523+0.0075  M>A>H
C2-5  0.6111+0.0188%"  0.9464+0.0080°  0.5124%0.0249° M>A>H
C3-4  0.4861+0.0172 0.5983+0.0027" 0.5211+0.0148°  M>H>A
C4-1 0:5810£0.0219" 1.1804+0.0040°  1.1732+0.0063°  H=M>A
C4-2  0.7914+0.0206®°® 1.1735+0.0136° 0.6529+0.0234° M>A>H
C4-3 | 0.7543+0.0259°  1.1794+0.0070°  0.9957+0.0172° = M>H>A
C4-4  0.8078+0.1794° 1.0379+0.0050° 0.9493+0.0027° = M>H>A
C4-5 | 0.6290+0.01389  1.0946+0.0068°  0.9419+0.0022° = M>H>A
C4-7  '0.7648+0.0192° 1.1588+0.0149° 0.8847+0.0471°  M>H>A
C4-8  0.6515+0.0375° 1.0333+0.0074°  1.19080.0147°  H>M>A
C5-1 0.2946+0.0202'  0.5837+0.0186'  0.6306+0.0110°  H>M>A
C5-2  0.2506+0.0046™ ~0.2471+0.0144" 1 0.2004£0.0538  H=M=A
C5-3  0.2848+0.0065" 0.0522+0.0359™ '0.0678+0.0346™  A>H=M
C5-4  0.5076+0.0097"  0.2617+0.0101'  0.1595+0.0052'  A>M>H

Values in the same colon means not sharing a common superscript are

significantly difference (P<0.05)
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EHZ?E BAaYds o} |
acetates F7Fsle] wigdt HEFF dAE 1% 2% T AP BT
Aol YERYA] ek9ko ™, glucoseE 7] wigd EE
7ol Yelwth(Fig. 1). GlucoseE 1%3 7kt A -9F 2% 5 #7hsh
e vl F AY7HA] wmEA AE B9 F
o™ 3%, 4%, 5%°] glucoseEs 7t AF A=
*3%}% Holtp 445 AFE wEA MEXALE7L Frtste AEFES EA

N

[l

s

o

2 _101.
o3

B

_0|L

52

N e AXEEY EUd 48 7Fo® SGR#HS A&t feo
A AGES 3 A3 C4-82 glucoses = 1% 2%7F 7H =2 SGRAS
Holm 3%, /4%, 5% +F°d AkolEn B THP<0.05). C4-49 75
glucoses = 1%, 2%, 5%7I 714 =& SGR#<S HolH 3%, 4% 2
3l zpo]l= HAT C4-39] A glucosedE 2%7F 7 =& SGR#S

gdom 1%7F F+ WHARZ £ SGR#S EAH(Table 5). wahA
glucosed] AR FEE ZR7]d 1% BEx 2%= H7Iste] mj%dst= Ao
Tom, AEKEA S ol AFel AstEe 459 F 1-2%9
glucosed Al H7tsllFE Aol 28T Ao wo]
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Fig. 1. Specific .growth rate of three species of 'het_erotropﬁxi’hlorella with
different of carbon source andconcentra at 28 C with JM media.
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Fig. 2. Growth of three species of heterotrophic Chlorella with different

concentrations of glucose.
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Table 5. Specific growth rate(SGR) of three species of heterotrophic Chlorella

with different concentrations of glucose

) Glucose Peak day
Species ) SGR )
concentrations in growth
C4-3 1% 0.8059+0.0126° 5
2% 1.0161+0.0059° 4
3% 0.5211+0.0028° 8
4% 0.5533+0.0078"° 8
5% 0.5910+0.0188° 8
C4-4 1% 0.5508+0.0122° 8
2% 0.5469+0.0119% 8
3% 0.5270+0.0060 8
4% 0.5216+0.0027° 9
5% 0.5516+0.0170? 8
C4-8 1% 0.6269+0.0045° 7
2% 0.6374+0.0018° 7
3% 0.5861+0.0095" 8
4% 0.4464+0.0189¢ 9
5% 0.4678+0.0026° 9

Different letter in specific growth rate of each species means significantly
difference (P<0.05)
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= g Y%7 500x10" cells/mLS | =
T T2 30Co)de oA st

e g Az

A B Ao dHdTh wbE C4-49 AS 30T E 28T H =
g evte S Balon FrFH o aE 32TolA wige A7l
T 344971 E &vrst 44T 48 eI T

2.3 7\1/\g} H]E

C4-3H7 [CA-4¥Fe 4 7] IMHA e A
NaNOs& 27k 7| X9 2812 HFek NP 2:19 Hj A
AEE BYPoerm C4-88l9 A9 FALF fE AAYA KHPO,,
NaHPO,9l| F&= <A 28| 2 HF 3 NP 2:28] vl A 717 =2 A%

oﬂr,]_

Aﬂz BE Agel oS e NiP 3:3 #lAoF A4 3ulE, oS 2w
T ¥ NP 32ufRellal= 7Hd w3 A4S B 109 tiRde] A
FTol A FEEhA =2 A Fee ERA % (Fig. 4).

rlo

_16_



3500

3000

2800

2000

1600

1000

a00

2470

Ca-3

= 2600
| o

0

3500

r2 r2 o2
o o o
o o o
o o o

£'1500

Cell density (X 10% cells/mL)
=
o
o

a00

3500

3000

2500

2000

1400

1000

500

4 il f 7 f 9
Culture days

Fig. 3. Growth of three species of heterotrophic Chlorella with different

temperatures in JM media added 1% glucose.
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Fig. 4. Growth of three species of heterotrophic Chlorella with different

concentrations of nitrogen-phosphorous ratio at 26 C in JM media.
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3. EMFE W W AL ke 4 v

1. A R =
A28t ¢lY HES C4-3& 22, C4-49F C4-88 2119 HIERE &2
oA wjFe A, 71EY] IMuAE o] &ake] v e Ay el wj
F F 5UA] SGR#HE TEllE Ay BVt S MEFA oA e dAie] @
< 4 AT A7 71ES JMElAE o] &3 AP FRT H& SGRet
< Yeyon x}ﬂoﬂok W Al ol A= 2ul 5] HATF SR uf Ao A

st A7 o 92 SGR#S H A tH(Fig. 6).
T BT A7 g Aok Bt S i SAl Y A HE
H
PS

o

123 #e Biot - AF 5 29AFH= A
g 277 A7k E W Aol w28 o] 2
B tH(Fig. 5)./SGR# A B F Wi 2HF7F A7bdF
7ol Bl Folet Al =2SGR#S HERU Ut (Fig. 6).

1> H1 of >
ot oS At

3. 2. A¥x=A7]
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Fig. 5. Comparison of growth of Chlorella species cultured in autotrophic and
heterotrophic condition at 26°C with different concentrations of nitrogen and

phosphorus of JM media.
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