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Isolation and identification of lipid-producing microalgae and

effect of different trophic modes on its oil accumulation
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(Key Lab. of Protection and Development Utilization of Tropical Crop Germplasm Resources of Ministry of Education ,
College of Materials and Chemical Engineering, Hainan University, Haikou 570228, China)

Abstract: The freshwater microalga, strain C67, was isolated from a freshwater lake in Hainan and selected as a high lipid producer.

The biomass productivity and lipid content of the microalgal strain were analyzed under different trophic cultivation modes including au-

tophototrophic, mixotrophic and heterotrophic cultivations. The strain was tentatively identified as Micractinium reisseri C67 based on

microscopic examination and Lsu (large subunit) rDNA sequence analysis. Major fatty acids in the microalgae were Cyg,;, Cig, Cig3

and Cy5,, comprising 33% , 26% , 18% and 11% of the total fatty acids, respectively. The biomass productivity and lipid content

of M. reisseri C67 under mixotrophic cultivation were higher than those of under autotrophic and heterotrophic cultivations. The maxi-

mum biomass productivity (7.0 g+L™") and the maximum lipid content (40.2% ) of M. reisseri C67 were achieved under mixotrophic

cultivation with glucose and glycine (Gly), respectively. The lipid productivity of M. reisseri C67 was 2.2 g-L™", 7.3 and 7. 9 folds

of those obtained under autophototrophic and heterotrophic conditions, respectively.
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A P A P B BTSSR . AN B AN 2
PRI I TAER AR R, 1978 4E £ E R4 % &
e AT 1 B B0 Ve K2R ZE R R
Ve 300 ZHEFETMMOE, BRINE T BEmFhE
RIHBERIRHI AT AT M 1990 4E %) 2000 4E, H
BT — T4 R HERTFT B R H AR (55
H, S8BT EAREES . P EMKEEDRER
I B AN 9737 TR B “ o BRI H AL 1 &
HIRF R T 2011 4R IER R 3, E 7= o i
BFFTRAL THIIA M B, iR P i o o 7 2
T 2 L RE RS P — SRR (CO, ) HEAT OB I 374k
K, TERFRMRUIRFE L B4 T IR O 7T AE A
S ERIE BT A A ML TR B TR S B HRERK
SEETCREN T RFEK, FHEMFFHELR
M. KEEFRHMENERTET . EH
TR M T A W0 R G P A B s, 40T
Hi=umpsae B RSy, DI EEH T, REE
FAFFI TR T KRR, LI Hh=
TR B Tl AL T PR 2%

AR
1.1 #HRE&E&

I T R A B H LR E D EER, KR
B gm0 AfE M, 78 BG-11 (3RK) Fl F/2 (1
K) BAREHR S5 5 Lok FEAOR A I e, &
3R P A R A T Gt i e T

6B A H 3% 3% 8% ( Labfors-3, i+ Infors 2\ ]
tah) 5 6 BR$E IR (Minitron, Fi +: Infors 23 ] i
) B RN 6 E-BT g 3k A X ( HP6890/
5973MSD, 3£ [E Hewlett-Packark 2N & H &) &
5% (Olympus IX71, H A< Bk B 7 28 &) )
5 AT WL 436 BE 1 (TU-1810, oy [ 3% A sd I
Al WEREE.ON(CR22GTL, HAHAL
oE ) o
L2 BFEREFREH

ORI FER AT 2 R 1) eB4H
BEFRas, ¥EFRER BG-11(IR/K) F F/2 (MK ) K
IR E, WRKERAE AR SECH 10% #
F, AR ENREE 26 °C, Hidks A 300 r
min~', WY AEKITESLR, HREBEN
10000 Ix, A TLHE SR, @S ES1H 1.6 bar;
2B IRIE I, Wi E R BG-11 WK E &,
X 10% 1B 43 B # #h F F 2 000 mL = f i,

AR 1000 mL 2ERKEEEFRE, EF
JERRRE, AKFMAERENRE 26 C, 100 r-
min~', HEZEEHR, SLHEIEE N 4 000 Ik, IS
RIEEOWERR, B TEERRGFT -20 TIK
o
1.3 f¥+=i#% C67 DNA fJ#REN. PCR ¥ iR F3I5HT
BB 0.1 g, $ DNA $2EGAF & (B h it
A B TR 20 42 BT &) 10 B 45 B iR 42 B DNA,
Lsu KIRY 345 | Y3 F B A sl FR T 34514
%% 5'-AGCGGAGGAAAAGAAACTA-3', T i 5'-
TACTAGAAGGTTCGATTAGTC-3', PCR ¥k Z& K
kg DNA 2 pL, Taq DNA B4R 0.4 pL, 5|94
2 uL, dNTP 4 pL, 10 x buffer 5 pL, #MinK @z
18K ZE BB 50 pL, PCR R 44K 95 C iR
5 min FEAPJEFR, 95 CAH: 30 s, 54 CiE k 30
s, 72 CIEfH 1 min, 335 MEIF; HI5 72 CEf
10 min, PCR =25 B ikA I 5 2% b ¥ 2 T8 w10
J¥. F BLAST 44X 345 1 5 R 3 51 B[] U544 s
145387, M NCBI Tk FEEF3, F Clustal X2.0
BT 2 F 5% 55 HES, F MEGA 5.0 DISRAiAH
1.4 REHESENERES D
L4.1 WiE&&NE 28 LUYEN %% 5pg
e Jr g dErs ek, FREBOL R 40 s SR AR 571K
RHIEER 0.1 g, A V(ELG) + VIHER) @ V(IK)
F1:2:1 WIRAW 20 mL, 50 C#EFARI15
min, REMA V(ES)  VOK) A1 1 RG]
10 mL, 50 C#EA#EE 15 min, AN ZE Thef7E
Kay LT, BRMEMAE SO CT THREEERE,
EHmWmE, 3 TR, BOFHE. BT H
T AR T S B S R VR
TWARFT R 4(% ) = (m,/0.1) x100
BRI (g L") = il s Ik R YR X
TR B i 34K
K m, TR 0.1 g B M 42 BT 15 2 1 1 B it
B(g); MEERAFTREE (g-L") R f B
FEW TR S 2
1.4.2  fhatEe COT B 5 s fb B S i Ak A 14
FREX T BE 4 g 35 7% 25 335 55 WOk A f - C67
W 0.5 g, HIA 0.5 mol-L~" i & & 1k oh-FF B
W5 mL, B%IEA 10 min, 60 C/KA 10 min, £
WG A 1% BiiR H B2 8 mL, RGIEA
10 min, 50 °C7K¥% 10 min, {&K¥KHIA 2 mL 7K1 3
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mL IECHE, FERBELEZHER(IECK), EX
FER1K, AIFECKHRE®R, ARIURSEZE 1 nL,
EEAAERRN , SIS A AR B ER
HP-FFAP(30 m x0.25 mm, 0.25 pm), BFFAHIR
M 160 CFFEE, LA 6 Comin ' F+3 250 °C, f1EF
5 min; S ANA(He), HWRE 1.0 mL-min~', 3
FEOVRE 250 C, Aribb 50 : 1, % &4k EI
U5, EHEET0 eV, BFIRIRE 230 C, H#W
FEl 10 ~500 aum, #EEE 1.0 pl,
L5 EFFRAINMERE C67 &K mE=EMHRIT
T C67 My FTE 3 FhE 57 7 X F #47:
1)56E B (BG-11 EAFEFRE, SLH); )RS
B (BG-11 BABEFE, HWEWE. . Gly Ml
EREN, BRAFMBRBRES R 2 g L7, 5k
B 3) 5 (BG-11 EAIE A, FEWgE 20 g-
LR, B . YR EEESRE, &2
VAT, BRI 12 d, R eE X
FENEE(ODgg ), BSOS 12 RIWEEW, R
TJa i e & M S Be B 4.

2 SR 50

2.1 FHEENSBEMERE

MK 70 B 45 B 1008 30 #k, PRk H A
RSB, RADCIRAIMEEFRAESR, W
JERT &/ B E 45 R LR 1, C67 S Bk &
WREERK, WASRESEER, S9N 3.75 gL
F135.5% , MBRFRIRE N 1.33 g-L7", LI
Co7 VE R Iy R BEbk . S WAMBER, %L
rf, AIMOREIE (K1), PP IXET R T
MRl (Scenedesmaceae ) , F Lsu 3@ i 5| ¥ XHZ 8
PREL[KIZH DNA 347 PCR ¥ 3%, 152K F 4 840 bp
) Lsu B 7B, @33 BLAST #4% il Lou [
B T R, %755 NCBI £ B il
3 ( Micractinium reisseri FR751191. 1) [ 28S # 4>
Feo R B, AR 99% . T 8AHEFF,
FIFH MEGA s et (B 2) . BB K4 F
YR LS R, BB X N S B C6T (M. reisseri
C67),

x1 REENEERERE. MEERESHMNSERERE

Tab.1 Biomass productivity, lipid content and lipid productivity of microalgal strains

Wbk AR g L g Ak 5y B % B BRI B/ gL
microalgal strain biomass productivity lipid content lipid productivity
Cc67 3.75 35.5 1.33
C24 1. 69 28.8 0. 49
C59 2.30 20.5 0.47
C86 2.75 21.9 0.60
B19 1.50 15.8 0.24
B28 2.10 31.6 0. 66
B31 0. 61 27.2 0.17
B49 2.90 25.6 0.74

Bl e Co7 S RRURA
Fig. 1 Micrograph of strain C67

2.2 T C67 AR & 4 4T

B C67 ERRALAL LR 2. KR4
W 10 FhARAHER, FE N/ \BRIGHER, & B4
BRI 62% , F3 A1k T S A 2 5t 1 e 3 Tl s Je o
HApm MRS B 34.5%, Ll Ceo N E,
Hob SRR AR 26% , BANVEA 5% 1 Chy,
PAR DRI Cruon Cision CouoF Cogo5 BAARIRFNAR
R (5 A 33.5%, BN Cy,, H&EIEW
BREEM33%, BIVEHO0.5%H) C‘ZO;I s A
BEWGER 5 MR 29% , FER Cy, M Cy,, 2051
MR 1% 1 18% .
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ﬁ'_i Wil /NERBE Chlore lla vulgaris FR751204.1
100 W3t /NERHE Chlorella vulgaris GU732417.1
C67
1 9% Lt 86 Micractinium reisseri FR751191.1
K LR Chlorogonium elongatum AF395506.1
96 ZALE P Schizomeris leibleinii AF183483.1
86 B Chaetophora incrassata AF183471.1

Wil Nk 3% Chlorella ellipsoidea D17810.1

PhEREE Eremosphaera viridis HE610127.1
—
0.01
B2 TR Lu R RGEKEM
Fig.2 Pylogenetic tree of tested microalgal isolate based on its Lsu sequence
R2 WTEE C6T BERTERA M
Tab.2 Fatty acids composition ( percent of total fatty acids) of M. reisseri C67
i HIRE LY/ %
fatty acid fatty acid composition

TR ATIEHHER saturated fatty acids (SFA) 14:0 2.0
15:0 1.0
16:0 26.0
17:0 5.0
24 :0 0.5
26:0 1.0
BN FTE IR monounsaturated fatty acids (MUFA) 18 : 1 n9 33.0
20 : 1 n-11 0.5
ZAEFE N ER polyunsaturated fatty acids ( PUFA) 18 : 2 n-6 11.0
18 : 3 n-3 18.0
HAh other 2.0
B3k total 100.0

2.3 EFHAIREER C67 £ KR ihisF =2/

Pl C67 FEA R 37 77 2UF B2 K il 4 AL
B3, RaEFR I T et C67 A KORDL I B 4
FAFTRMARIFITR Mg C67 7E LIB AHE
Gly MIEERE B IRHR & B R X T EREREGY
BT, HAPUHEREEERN B, Mt 67
TEHRNER 2 RIGHEASRRAE R, 56 KIFAEKM
%, REEHEAFRIEN]; LRGN BR IR R AE X
BUN, MR C6T FEAT 2 d BHE Bl 5 A K
%, BERMERETER, 5707 T s C67 &
KABHE BRI T 208N AREFRIT T
TEHE CO7 A i vk B R ik i o i 0 B A R
ZF(R3) . MIEEEE COT BB R 5HA

KAARBBEAGRSF—2, REEFRT AT % c67
WA R & T AR RRR T e
B C67 7 LI % Wl o B R TR 578 97 O KT A
iR B (7.0 g-L7'), M50 H 3R AR
FrI7 M 7 RS, 8 Ao e #E C67 7ELA Cly Sy
TRHIR A8 IR 07 3T iR B 2 B i (40.2% )
G50 B 3R 77 AR FRIT M 16 F5F 1S Ao Bk
ToBE C67 1E LI H AR N I IR AR 5B IR 07T T B
BRI R (2.2 g-L71), M 51R AT
7.3 M 6.9 M. Mt EE C67 FIRfENEE, H
FE 57 FRARDL T B4 5Bt o B T i o A 20 5t o2
HIF. Wi C67 ol & i E 7 r XN i >
HEZPEEL Cly THIRAE R,
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WG
ODGBO

—- T HE IR F% mixotrophism(glucose)

-5 IR IR mixotrophism(sucose)

- H &R % mixotrophism(glycine)

—— LIRHMIR FF mixotrophism(sodium acetate)
-©- L4 H 3% autotrophic

- 5 7% heterotrophic

R g0 fal/d

incubation days

B3 BRI AR C6T KA
Fig.3 Effect of different trophic modes on growth of M. reisseri C67

®3 FEAEFARNTHEE C67T MEYE. MiERESBMABRERE
Tab.3 Biomass productivity, lipid content and lipid productivity of M. reisseri C67 in different trophic modes

IR T R L SR 45 % SABRIR B /gL
carbon source biomass productivity lipid content lipid productivity
% glucose 7.0 31.9 2.2
WEME sucrose 3.4 30.7 1.0
H&# Cly 3.3 40.2 1.3
TR sodium acetate 1.6 33.8 0.5
H 3% autotrophic 1.0 25.6 0.3
53#5% heterotrophic 1.2 27.0 0.32

3 itie

X F AL GERMEY), AR B H,
TR AE ) S A 7= SR AR R}, 76 2 AU
WARR| T ZA A, —SEAUhE S &R, B
AR & A B0 LB DHA. EPA 45 & e AE
iRt REWE (Amphiprora hyalina) ¥ EPA & & 5
SR RR & 211 30% , H ¥ (Gymnodinium sp. ) H
DHA &t 5 MWL & i 32% 1 . R R+
SEBECE BRI R BN EEFER, HA
AN T RELR T m = e i ik TAE, Hrpi

Sy R R A A BRI R, &k
Ak Bk 2 R o s J5 A AR O Tolk 7= i sk
MOAZAMI %57 I 3 357 185 43 85 ) — e 40 3 2o R
( Nannochloropsis sp. ), T HIFEEEFRIRMCT H &4 &
B A S R R B0 A 50 gL R 52% . MAT-
SUNAGA %5117 4385 15 2 — # 5 7K Ml 8t ( Scenedesmus
sp. ), HAERGINEFRICER WA TGRS IR H b
BT Rk 73% o L [E Martek /3] i 1 H ik
( Nitzschia alba) Fi1fs FP & ( Crythecodinium cohnii) , T
WHY EPA SRR3R 0.25 g-(L-d) ', BRH B
DHA fyp=%H 1.2 g-(L-d) ',
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H RIS T T 8 (M. reisseri ) F=3H1 1 0 A HR B 42
A, ERSMR R Z I R IR R i 8 (M. pusillum )
S g R 4 B 15 B T B (M. pusillum Y-
002), FFBFFHAESRAIE O T BB BR A xT H 5 77
AR AR R, A BUASMNASAN 15 mmol -L ™
HIBSRREN LU AR TS INET A= Py i385 51% , THAR & &4
= 10 fi5, EEBIR S B IHE SRRk C67, 2F
NEE B oy F % 8 M-8 C67 (M. reisseri C67),
AR TR R I B R I A TR B A B R 3.75 gL AN
35.5% , ¥I75F ABOU-SHANAB 2512 f3ga fa. 30 a4
B (M. pusillum YSWO7 ) ; BETBRBLAT 43P A A, 1
TEUE C67 FEJRMIRA Cis M Coo, 2090 5 BHENT
BRI 33% F126% , S[EIEH M. pusillum YSWO7 AH25
BR; VIR R BN, M reisseri C67 B AEREFF
FE R EENIR S ER, BIRGERILT
HAKKRAHE S FRAMBR IR, X8R5
BOUARAB %Y AR 58 26 b Hh A 7 R A i BR 4
B T AN IR A A B E, i fER
FIEFRRCR G LT BRI A 7= A K 2 S S5 5
HE A o
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