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53 B Chlorella sp. 1061 RS KA E
eSSk

LEN O X K H EED FFKY EEz
(HEREREYTRFOCAEASIES TAEREESAERE  Jd 100093)
W hEMNFREERALREEEYFEALRY FE 266071)

RE KRN F EFRE T HFEHIE Chiorella sp. 1061 8 F AR M i K 3 e B B 4 %
Yo REW Chlorella sp. 1061 £ % BMBERABERARH S I REBNACRRR
EERAER, REFNTHEELLY, I EEL.TAHEHER[16:4(n3) | T KR
[18:3(n-3) ] # sk #& Chlorella sp. 1061 H 4 2|, A Chlorella sp. 1061 ¥ 2 & 2| & B A M H
A 8mol% W B EA-1,2- Bt & H -04”-(N, N, N-Z ¥ &) B 44 8 (DGTS) , 3t ¥ 4. 18
Be Ao DGTS %MWl F RN B A EN -+ A HHKR[20:5(n3)) (EPA), BE KRN,
ANREBEXVTEXHHE M. RE Chlorella sp. 1061 ByX b & 1EZ A K E T M %
BWEE| Nk EBF . o T Chlorella sp. 1061 £ F FUHmERLEHRARFEFE S
A BR 3 47 ( Eustigmatophyceae ) ¥ B $l 44 £% 3k # ( Nannochloropsis) € % #84iL , B ., Chlorella sp.

1061 ¥ & & Nannochloropsis ¥t —N#
Xgi
E)BLEAR
hESES 946. 81
BAMMEMREL  HEYEAN MR
JZ. HTETESHARNERT RN BRMER
BRZ IS IR BEHE TR S HEAT 228, ATTHH
BB — Sy B A S R BN B A 26
BHERE, R REEbR—FMERY
% XB T BEURER IR (AR AR H R AR
PR MBERE ) B MBEREN RS T HRE,
FEBEA R AN ) SR8 2 [|] (K SR AN AL KRR 1
TR A RMA GRS G EE AL
RRRAYERNEREEN —RLEY,
EER BRI bR %, FR R4 g
HSEEXMBHATINXR. XEAEYFHRE
R AR H b AR RS R AT A
H b5 7 Y9 I (Schluter et al, 1997; Viso et al,

BENRE WFLR BHR, TEK DL, 2-Z Bt & Hw-04"-(N, N, N-Z #

1993) . WRHKHF ORISR o 25, THM
RO FHEARHE NREHYPOE, X EH
B RUEARELRZ BFAEE R KR (Rowan,
1989 ; Schluter et al, 1997) . 1, 2-— B3 Hil-0-
4’-(N, N, N-=H ) G Z£Z # ( diacylglyceryltri-
methylhomoserine, DGTS) & —ff) {2 4 £ 7E B 2
Ha R SEBEAR , B R KR 34 ( Eustigmatophyceae )
AT &5 3R BE ( Nannochloropsis ) H1 1t EBEAR ¥ H
1HA§Z — (Schneider et al, 1994 ) , i 7F & 4+
(K14% % B P HIAFFAEX B ( Eichenberger, 1982;
Sato, 1992) , BRI ENMRFPRE L, — 2
FEAR 7 PR A P S RN 5% B A BB I b2 4y 2
A (Volkman et al, 1989), Bt JF 224 (2001) ¥
TR 7K /INER 38 2 7K B A FoHE o v /DN BR 30k K 94k
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Je, FAFE AR B MR AP 8 IR B A AR , Ui B A AR E
FeBi R R B KRR BT R, JE R A B
FARFEH , BRI FRAE G 7 R AN (AT 15 O 4 2R B
YR, KB 7] PR AT 32K A ALK R (Graeve et
al, 2002)

HEHE/NRBE R R E KM P R R
WZ—(HhfE%E, 2000) , /NERE— B AR T 4%
BN GEHE B /NERER (Van den Hoek et al,
1995) . AYERVLA(1999) (=T FH 55 (1999) 43 3
Xt WA g £ 430 2 ( Chlorella sp — 1, Chlorella sp -
2) HIRR BT BR AL BRI AT T 43t , R B3 G A 8 B g
PR AH R M AR P B 0 o 255 T B T R 4L 25
RK XX TR B K ITER L T L, 7
AR, VB Xt — 5 5 B ( Chlorella sp.
1061) By 43 AL H M AE R ILRE B R4 B AT T
A, IR R IAE AT T iR
1 #R5HZ%

1.1 RUERRREESR

TETEIEE Chlorella sp. 1061 | EEL 2 il
AT iR, R B A 250ml A T #HF
7K (Harrison et al, 1980 ) B = M F, 7 G B 1L 3%
FrHESR IR R 18°C ; JE ISR 8 Opmol/ (m” - 5),
YRS Bt 14h: 10h], &K BE3) 6 WK
FAAF Y66 BT 2 4 2 7S0nm iR OEAE LARE
HAKEE, H¥AMML T B BE KGR, K
B O EREMNN,

1.2 BRI

R ERR, KRR AT
(RP-HPLC) #4178 % f & tE M€ & 23477 ( Thayer
et al, 1990) , M4 & B R ARHER 0
8317 (Strickland et al, 1972) , £ 88 Mantoura
FBI) AR € = Coy x[(a XA, )/ (£, X
Ag) IXIEHE M RFITCRITE, AP C.e f1 A
SRR B THOE R B £ 5 i T A
1.3 BRMHEmEEFAEREBS T
1.3.1 JEMER . AENEE  BHERSR
Bligh %5 (1959) ) Jy 3617, PSR AR 2 AT
(TLC) 2 BB A H i A ( Vogel et al, 1992),
FEBEAR(G &, 10em x 10em) W H F S EA T
I "o %— I JRIF W 9 E A/ FBR/7K (65: 25: 4,
V/V/V) 5 e R IF B R A A/ F R/ R R/
&7k (65:35:0.5:5, V/V/V/V), TEREETHAR 1Y
SIMEIE 0. 01% (W/V) #8 ¥ R B N /K
(60:40)BEW o TEH#SME( K 366nm) FH#iE

SRS R WAL B (IR S, 2002),
ARG B 46 58 MR SR AR ME A B 3 A B AR S LA &
IR IE R E B A R M # 1T (Vogel e al,
1990) ,
1.3.2 HtEHmEEHEEHRARS T K
AR b &R IR H T AR SR BE 43 B A B
EFHBHRET , REELE WA 30pg LR
(17:0, SHHAHENR) (1. Sml BiE/ P EIR S W
(5:95, WV) IR, BERE T 85C kB + T
3L 1h, ABCE SUK AR A A9 HP6890 S 44
B R T BT A B b iAok
HPINNOWAX (30m x0.25mm, L. D. ), &5 A&
S, WER 0. 8ml/min, /7R AR FFHREH,
170°CH 4L 3min, 2R /5 LA 5C/min M\ 170°C F- 5]
210°C H{#£F 11min, &5 LA 2°C/min M 210°C F+
B 230°C, KIAE FRUAS AR AE L E N 230C,
FEsh R O S ALIRBE 230°C, R 45 A Mk R B R
(Jtg & Supelco, Lot No. : LA-98232) {3 & i i} i i
SRR
2 #£RE5itie
2.1 BERWMAERMER

EARLEF, £5 KA RP-HPLC & Xt
Chlorella sp. 1061 W E T T EHMEE R
¥, RP-HPLC fa i E +F 6 N FE R s (&
1), WESEREREREEE (R, ) K& Wt

2.51 5
2.0
1.5 2
1=
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Bl 1 WP Chlorella sp. 1061 E W
RP-HPLC &%

Fig.1 RP-HPLC absorbance (440nm) chromatograms
of pigments from marine microalga Chlorella sp. 1061
B ¥ 7KK ;1. neoxanthin; 2. violaxanthin;

3. antheraxanthin; 4. lutein; 5. chlorophyll a;

6. B-carotene
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J3% 8, & 7E 400—700nm W W B3 7347 , 0 A8 4% 1 BT
i o £, 38 73 3 A8 B (neoxanthin) | 38 8 i ( vio-
laxanthin ) . #£24 3 i ( antheraxanthin ) \ 3 % (lu-
tein) .M4% & a(chlorophyll ) F1 B-# % k& (B-
carotene) , K 1 HHBEHERENITE, HEK
BT Chlorella sp. 1061 P HEEEHAE,
HEBMELBEN67.4% M 19.7% , A
THES e A M Chlorella sp. 1061 43 B 3|
BEb, EHHNIL ERABEHRENRENREET

EEAMEE b, Bk, M3 EK b REBRWIRE
% /> F (Rowan, 1989; Schluter et al, 1997),
FAN, FERTR BRI B, R SR A
BRMABAE R, XRBEREANEER o« HA
SHEMHFEMBEIHE (Cladu et al, 1995) , X £
SRR B B B EF M THRE, RBUUBR M
FEHEHREREF R, Chlorella sp. 1061 5114
SHRENARHARFERY S

#&1 BERGR Chiorella sp. 1061 &K & B (pug/ml $EFFHE)
Tab.1 Pigment contents in marine microalga Chlorella sp. 1061 (pg/ml culture medium)

BR MR a

B-#IE MR mER LAYV £S5 R

& (pg/ml) 1.2229 0.0382 0.0348 0.1275 0.3570 0. 0337

2.2 HiEHMEMIEMER

FRIX 6] TLC B 17, M Chlorella sp. 1061
B 10 MR HE AR, SR R B AR
WL R SHRYERR TLC B3 s, Ko 9 Fh4 H 91
SR 52 288 H Il — B ( monogalactosyldiacylgly-
cerol, MGDG) . X 2L ¥ H i — [ ( diagalactosyl-
diacylglycerol, DGDG) . i X, 57 Bl 2= 4 H 1 — B
('sulfoquinovosyldiacylglycerol, SQDG ) . % Jig Bt H
i# ( phosphatatidylglycerol, PG ). #% S Bt 7 B ik
( phosphatidylethanolamine, PE ). # i Bt JH 5

( phosphatidylcholine, PC) . B%fg &t L EZ ( phosphati-
dylinositol, PI) B8 EE 2 & B8 ( phosphatidylserine,
PS) .1, 2- Bt HM-04"-(N, N, N-=HH) 5
24 Z M ( diacylglyceryltrimethylhomoserine, DGTS) ,
10 FPRE R AN & B 5 T3 2, Chlorella sp. 1061
A E B ¥ H W I8 3 MGDG.DGDG, SQDG, PC,
DGTS F1 PG, Ko H &R Z & fEf§ MGDG .DGDG,,
SQDG 1 PG & B4 5 BARMEH AR 71% , i
BH Chlorella sp. 1061 HJtA RS R H FEABMEH
TR, A8 DGTS & Chlorella sp. 1061 By

R2 WFHE Chiorella sp. 1061 1714 H i AS R AR B A AL (mol% )
Tab.2  Compositions of polar glycerolipids and fatty acids (mol% ) in marine microalga Chlorella sp. 1061

S

RE Rimg
MGDG  DGTS PG PE SQDG  DGDG PC PI PS UL*
14:0 9.1 4.4 0.9 2.2 3.7 8.9 13.2 5.0 32.0 3.0
16:0 10.8 21.1 32.7 40.6 54.3 34.7 21.5 52.6 43.3 62.3
16:1 6.6 23.7 6.4 24.7 42.0 28.3 42.5 36.1 4.8 0.0
16: 1(3t) 0.0 0.0 33.81 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18:0 1.4 2.1 4.6 10.8 0.0 0.4 6.0 1.3 7.0 2.4
18:1 0.5 4.1 0.5 14.0 0.0 0.9 5.1 4.9 13.1 8.1
18:2 0.7 1.6 0.7 5.7 0.0 0.0 5.2 0.0 0.0 0.0
20:2 0.3 0.0 1.7 0.0 0.0 2.5 0.9 0.0 0.0 23.9
20:4 3.6 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20:5(n-3) 67.0 41.3 18.8 2.0 0.0 24.4 5.6 0.0 0.0 0.0
B (mol% ) 33.9 8.1 5.6 1.4 14.4 17.9 12.9 4.2 0.7 1.1

* UL ZRRBE R HINg
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— A BEE, DCTS EHRATR AL
OHE BX BERBRTHAREYTHINRE
Rl HR i S BL DGTS ( Dembitsky, 1996), 3R
DGTS ZE W AMLEH P AL E R AV IER S
MAER, HEREMAKRH DTS FESE R
SRSHYABERNHEALAFFIHXER (Dem-
bitsky, 1996) . ZELkEA T, &F DCTS B H/E
FTHREHRLHEE , (HEELSEH PR AR
B| DGTS, Hit, 43 HEE AN A DGTS, i
INRBE TS ENG B H, Eichenberger ( 1982)
i Sato( 1992) M BFFLH5 /N R BEAR & DGTS, B
#R Haigh 55 (1996) 19 % #iH %4 5 & UTEX 2341
(B4R Chlorella minutissima) F/NERFES B B /K
£ DGTS, % /NERBEAR & DGTS 214 T i %E, {2
&, — 8 Tt s R W, UTEX 2341 B &,
U BRI [ B 55 0 T B A B2 /N ER B R AE , T

5RIRBEPNFIEAM, B3 B KR ¥ (Gladu
et al, 1995), Dembitsky ( 1996 ) #5 Hf, B 2K
DCTS WAFE S BT BREMT U B R EHA%KME
B BEUKFH DGTS 2 AR BN i sk ek ¥R
rh 3R A IE 2 — (Schneider et al, 1994), ZAssE
35 P BRI R AR BE 4 O Chlorella sp. 1061,
HEXHESHE RS ’A DCTS(8. Imol% ) , HA
AR 2. B KR B DL R SR B A AL o

PC EAY A MBI YN EENBIRZ —,
TEH WHBERE P 454 5 DGTS Al REH
48 PC WAYEHAE DGTS, M &H DCTS K4
YA PC,#iAk DGTS # PC "J e A M B &
REIK R (Sato, 1992) , ALK EER KW, Chio-
rella sp. 1061 F#EE 7 8. 1% 1) DGTS gt , PC
HEBOMRE, BB T 12.9%, )7 Chiorella
sp. 1061 #1 DGTS HyZhfg nl R 3+ AMUA RN
PC #IfEH .
2.3 WmEHMIEPAERER AR

SRR YA AR R P I IR R
RRAMEMERERE S, R T AR (16:0) R
(18:1) EHER (18:2) FH WM IBHI RSN, B &
F20:5(n3) FBRKES AR, KEW
REW AFERBRMELLSBEEE M
YRR, T AR 8 BE A R 48 2K B HE 4T ( Volkman
et al, 1989; FrEEVT4E, 1999, ZEfiI4E, 1999,
Graeve et al, 2002) ., H T #H—H BB FEE
Chlorella sp. 1061 14328 19 /& [F &, £ & X KA,
7] AR B A B T R 4 kAT T AT, HEE R

5| F3 2, M Chlorella sp. 1061 HRINF] 11 Fhig
BB, P i FE AR W K 20: 5(n3) \16: 0,
16: 1 F114:0, X LML AL & RN RR R A&
BIEE AR, H 20: 5(n-3) EE 3 HTE MGDG,
DGDG .DGTS Fi PG, i B g+, Cl6 RMXT&
BRENIENR. SENEER T ERIRIRE
HRHEE S 18:3(n3) M 16:4(n-3), EENSE
HEW, Chiorella sp. 1061 REH iAW R G M
B, EM, X —FEHTERA KRNI R
ML SRR ENEL RN RAREM. EX
B S L BAR R 201 5(n-3) \16:0 16+ 1 3L
FE BB (Maruyama et al, 1986) , JLH.J& EPA
AR & BB R H o — SR BHA R R A 20
40 80 AFACLARBRYN Tl A4 7= EPA B A ¥ T
K PERN > —( Zhang et al, 2001) ,

3 &

NRBREGENGEB TR —DE, R
YE& H AT 38, Chlorella sp. 1061 AR EAE /NER
FERMFE:(1) HEE b ESENNFLAER,
$RTM Chlorella sp. 1061 ARG XF@E R, Ht4
BRFEEAMEER o(Chl o) FIEYE FK;(2)
Chlorella sp. 1061 57 %) 8mol% HIEHERIG 1, 2-
“HEEHM-047-(N, N, NEHRE)BLEAR
(DGTS) , AEM B R/ NRER PR EEAT
XFRAE; (3) Chlorella sp. 1061 A& SE¥E A FFHE
FeWi MR+ Bk IR AR (16: 4 (n-3) ] FI L AR R
[18:3(n3) ] HAIZHEREN/NKBERPELAR
HAR_ZTHRILMBR[20:5(n3) ] XEERFE
73158 Chlorella sp. 1061 AR iZ A& T /N ER¥%
B MR, AR AR s R IR I R AR 28
FIZH B R B 3 0 o f) AT R R B 1 AR AR AL
Chlorella sp. 1061 JSJH T A B 38 4 UM AR R R /R
Hj—# ( Nannochloropsis sp. ) .

i R YT OLS R O E
BRI | TR G R S0 T R W 7 R R S 4R
(ST £ 0 L

& £ X ®

5, RIUEK, 1999. ¥ 7 09 06 B MR A M L B B
3. WEESEE, 30: 3439
A OB O, XER, 2000 HERERELRRES

BRAWEMRERSRWLE BHESHE, 3.
647—652
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REFFE, Ak &, 2001. 3 MoK PIALRT 5 Fh i3 AE i B
SRR, KAEEYFR, 25: 179184

arge, EMgE, ™/NEEE, 2002. ¥ % Ectocarpus fascicu-
latus “H W1 HE-E B AR b B RRAE H h P B 2 B A
Bl¥@af, 47: 998—1002

AYRIL, M, BDURK, 1999, 10 b P i AR P
PR FIAR P RS B MR B R R, KLY ¥ ], 23:
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LIPID CHARACTERISTICS AND TAXONOMIC IMPLICATION
OF MARINE MICROALGAE CHLORELLA SP. 1061

FENG Fu-Ying, YANG Wen, LIN Wei', JIANG Gui-Zhen,
XU Yi-Nong, KUANG Ting-Yun
( Key Laboratory of Photosynthetic and Environmental Molecular Physiology, Institute of Botany,
Chinese Academy of Sciences, Beijing, 100093)

Y (Key Laboratory of Marine Experimental Biology, Institute of Oceanology,
Chinese Academy of Sciences, Qingdao, 266071)

Abstract Chlorella species, unicellular common green algae, are wildly distributed in different waters
(fresh water and sea) , soil and air. Because of easy cultivation and (or) enriched bioactive products, some
are used as models for the study of plant metabolism and function. Researchers on Chlorella face many prob-
lems caused by unclear traditional classification of Chlorella. As morphological characteristics are few, it is dif-
ficult to classify Chlorella cells correctly using traditional taxonomic methods. Chemotaxonomy is therefore an
importance alternative in algae classification. Chemotaxonomy classification is based on internal differences in
chemistry including pigments, fatty acids, lipids, protein and nucleic acids.

One marine strain, identified as Chlorella sp. 1061, is widely used in China as feed for rotifers and brine
shrimp. Unlike bright green color in other Chlorella strains, Chlorella. sp. 1061 is dull yellow-green indicating
tl;at Chlorella sp. 1061 may have distinct pigments. Differences are also seen in fatty acids. Chlorella sp. 1061
contains higher amounts of EPA than other Chlorella strains do. Therefore, the taxonomic position of Chlorella
sp. 1061 is questionable.

On the other hand, although Chlorella sp. 1061 is widely cultivated in China with high potential commer-
cial value of high amount of EPA, few physiological and biochemical data is available. Considering collectively
the pigment, polar glycerolipids, fatty acid and membrane lipid of Chlorella sp. 1061, the taxonomic position
of Chlorella sp. 1061 should be reconsidered.

Pigment composition of Chlorella sp. 1061 was analyzed by HPLC, 6 special peaks were identified
according to retain time of standards indicating 6 pigments. TLC and GC were applied to characterize membrane
lipids and fatty acids of this alga.

Marine microalga Chlorella sp. 1061 has been traditionally placed below class Chlorophyceae, order Chlo-
rococcales and genus Chlorella, yet the chemical analysis results has revealed that Chlorella sp. 1061 were
largely distinguished in biochemistry from other Chlorella. In Chlorophyceae, Chlorophyll b is one of the major
photosynthetic pigments; and 16:4(n-3) and 18:3(n-3) are the major fatty acids. However, these compounds
have not yet been detected in Chlorella sp. 1061 that contains no other chlorophyll but chlorophyll b, and no
phycobilins. As we know, only members of Eustigmatophyceae were found to have the biochemical characteris-
tics. Also Eustigmatophyceae members can produce a relatively high content of betaine lipid diacylglyceryltrim-
ethylhomoserine ( DGTS) eicosapentaenoic acid [20:5(n-3) ]. Chlorella species, however, are thought to be
unable to produce DGTS and 20: 5(n-3), and yet both were found in Chlorella sp. 1061. DGTS level amoun-
ted to about 8 mol% of total polar glycerolipids while Eicosapentaenoic acid, the major fatty acid in this alga,
was mainly distributed in monogalactosyldiacylglycerol ( MGDG ), diagalactosyldiacylglycerol ( DGDG ),
DGTS, and phosphatidylglycerol (PG). All these results all suggest that Chlorella sp. 1061 is not a member of
the genus Chlorella, but rather belongs to Eustigmatophyceae, perhaps Nannochloropsis sp.

Key words Marine Chlorella, Chemotaxonomy, Fatty acids, Chlorophyll 4, Diacylglyceryltrimethylhomo-
serine ( DGTS)
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