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FrEEFE, BEFREE N (25+1)°C, HIE30 pmol/(m’-s),
JERE 12 Li12 Do R ER AR, By 1 240 i
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JE BT IRGE T, 13 B A

FRFESF  AUREN M IFRRE R =
FOI A BEAT, 1 F A S8 = I ] T HU T S 97 85 7 2k
(KH,PO,: 0.02 g/L; MgSO,-7H,0: 0.025 g/L; B4 £}
IR 0.4 g/L; ZFRHN: 0.4 g/L; FE A E: 0.6 g/L)idk
TR 7%, HA SRR H 7755 9%

BFEF B MBETE0.8% M B E R 77
AR 2R, BT B PR v i ik, I 7 PE IS 2% 1
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HHTRE IR, el o0, HoAth 26 4F [ L

BRREFHAESERAIFS 15 S 4%
PEN A AN R IR 15 9% 7 1A L, 55 3R96h G, #g 3L
B OGB4 T OG5 5480, IR HI7E25°C A,
B IE30 pmol/(m’+s) 48h, ¥5 35 58 BUE HEAT W 4
T4, 19BN -
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VREUREIS (¢, (R &40 it 55 i

MEFEANE B0 mLER, 2 BFRE
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Fig. 1 Curves of the relation between algal cell dry weight and
cell density

& BRER 2B A% 93 # IR AL 7 v BURE 5
ANEIS mLE 0 1, N2 mL 2% 8 A0 EN
TR, K R 2 TE 25 . I3 mL 14% =34k
W A, 4k 4 & B 30min. IINIE B FF ks

T, B2 B, IIN20 mL R S AN A . R EL
LB 1—2 mL, JINTCKBR RN K, HEAE

f8i FH Agilent 7890 A AH (5185 - o 15 15¢ FH A AT
S3AT, A B B FE 5 NCNW CD-2560, Fik
JN100 mx0.25 mmx0.20 pm. EITSHON: HERE D
RER250°C, K32 N FID, R6E & 28260°C,
HEFEE N pL, 2 EE 1011, 8 E 0.5 mL/
min. IR FHEREF W N BEXR130C)HE, ff
F¥Smin, 285 LA4C/min R 2 THE 52240°C, fRKF
30min.

FEBSENE  H0.5 gk T20 mL/Kf#
B, N6 mol/LEJ R 16 mL, H A
30min, 7o & EE; fE110°C /K M#E22—240 )5, H 2%
KRR 350 mL&AE =R H E4F; B mLK
RTINS IR A T LR PRI mL
UK G 40T, 25 F; IN0.02 mol/LERFR VAW 1 mL,
e R, BLS500 pL B 5 mLI 308, 4 )
AT mol/L = 2% Z ¥ #i250 L, 0.1 mol/L 57 #i
FR MG O G250 pLiR 5] ; =iRCE 1hs, In
NIE ke, BIZIRES, iCE 10min; BUR)JZE W, A
0.22 um I KAHERE L 38, EHL BT

f# FH Agilent 126030 FH E 1S ABEAT 4347, WA
AN Z 0.1 mol/L), 3% BN, pHNG6.5. i
B N80% £ M A VAW o BT i ) €2 3t ok 4 78 741
R )\ e 3 Rk e B RS, A N 4.6x250 mmix
5um. BITSHCN: HE M40 °C, HiEN1.0 mL/
min, KK 9254 nm, PeBiEEE MR 1R,

F1 BHEE
Tab. 1 Elution gradient

I [B] Time isA WA AHB
(min) Mobile Phase A (%) Mobile Phase B (%)
0 100 0
14 85 15
29 66 34
30 0 100
37 0 100
37.1 100 0
45 100 0

1.4 HESHIT

K FHExcel 2003 % B 45, f# F SigmaPlot10.0
JExcel 20032 1| I, SPSS 19.08HT HLK Z 5 %
5317 (One-way ANOVA), 1€ . 3 147KV HP<0.05

2 R

2.1 FEEF 7 XA AER R B A 2 R RS2
W& 27, £E0—A48hPU A% 77 75 30T B4 i
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HAL =2 (P<0.05), i FH SR HEMMA K

ek, BE T HAR P 4H(P<0.05). 48h)5, R4
TR T AR T B, WK H AR SR A (P<
0.05). A=K A 168h, FHEFRFAF T MM 40/
TEMTVFHHAEKRGEE 2)EE S T HAMAP<
0.05), B FEikF1.27x10° cells/mL, 40T 5 &ik
0.044 g/L; HFEH S IHEFHMME R A KHE
=S OPRTES r%é#(zbo 05).
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Fig. 2 Effects of four culture methods on the cell density of
Euglena gracilis
R B EZE R BE, p<0.05, HIA7RREL RS
P>0.05, R
The means with different letters are significantly different
(P<0.05), and the means with the same letters are not significantly
different (P>0.05); the same applies below

=2 MMARTHAEETEMMELL S KIRERLE R 5T

Tab. 2 Dry weight and specific growth rate of Euglena gracilis
grown by four culture methods

R 7% 7 A Culture T EDry weight A K# K Specific
method (g/L) growth rate x (/d)
I %% Autotrophy 0.034:0.003" 0.175+0.025"
%3 Heterotrophy 0.015+0.001° 0.049+0.024°
F3:Mixotrophy 0.04420.004° 0.21420.020°
3% S Photoinductio  0.035+0.002° 0.178+0.021°

HE: F— AT AN E RS 22 5 B 35 (P<0.05); T[]
Note: Different superscripts in eachrow indicate significant
differences (P<0.05); The same applies below

22 MMEFAR TFEEEREHRERSETH
F3FIH T A AR LR DU R 5 7 2R i 17 R
T, F 74D e 77 4L 2T 4R 35 s 1 T e ik 2L A 4
fEC12—C22, FE NI FEL(C18:IN9C). ik
IR (C18:2N6T) Mo~y (C18:3N3) % i,
H IR AT AR AL S G 2 LR IR T IR, L A o R AR s
FR(SFA)TFI, FE A HERR(C12:0). HRAER
(C13:0). KWERERZ(C14:0). +HKER(C15:0).

FRMEIR(C16:0) T LB (C17:0)F A 5 R
(C18:0), B ALA g B (MUFA) 4Ff, Z A A1 i
Wi EZ(PUFA) 107

FHETRAFAT NI 19PN HE R, T A0 G 7 R Sl
FEHNHERR(C12:0). WERERR(C14:0). T Tkt
FR(C15:0). FEHEER(C16:0) 1+ )\ KEHR(C18:0), 5
HIRAF L, B> THRARC13:0) A+ Lk
(C17:0) B Fl, BAASELRNHE I e S0, 3 m 7 =k
FR(C18:1n9t); PUFA9M, /> T — -+ — ik MR
(C22:2n6).

S 5 6 T AL AT A R T R A 2 R
BITEC8—C222 7], 5 H =AM IR AR L, SFAY
B0y 3%, 23BN RR(C8:0). H ERR(C10:0)F1+

3 DR R NI MR R

Tab. 3 The kinds of fatty acids in E. gracilis grown by four culture
methods

JIE 5 B 4.4y JiE Wi F2E The kinds of fatty acids

Fatty acid H AIE HeFE Jaif
composition Autotrophy Heterotrophy Mixotrophy Photoinduction

SFA C8:0 C8:0

C10:0 C10:0

C12:0 CI11:0 CI11:0

C13:0 C12:0 C12:0 C12:0

Cl14:0 C13:0 Cl14:0 C13:0

C15:0 C14:0 Cl15:0 C14:0

C16:0 C15:0 C16:0 C15:0

C17:0 C16:0 C18:0 Cl16:0

C18:0 C17:0 C17:0

C18:0 C18:0

C20:0 C20:0

C24:0 C24:0

MUFA Cl4:1

Cl15:1 Cl15:1 Cl15:1 Cl4:1

Cleé:1 Cl6:1 Clé6:1 Cl6:1

Cl17:1 Cl17:1 Cl17:1 Cl17:1
PUFA C18:1N9C C18:1N9C
CI8:IN9C CI18:IN9T CI18:IN9C CI18:INIT
CI8:2N6C  C22:IN9 CI8:IN9T  C22:IN9
CI8:2N6T  C24:1 CI8:2N6C  C18:2N6C
CI8:3N3 C18:2N6C C18:2N6T  CI18:3N3
CI8:3N6  CI18:3N3  C18:3N3 CI18:3N6

C20:2 C18:3N6  C18:3N6 C20:2
C20:3N3 C20:2 C20:2 C20:3N3
C20:4N6  C20:3N3  C20:3N3 C20:3N6
C20:5N3  C20:3N6  C20:4N6 C20:4N6
C22:2N6  C20:4N6  C20:5N3 C20:5N3

C22:6N3  C20:5N3  C22:6N3 C22:2
C22:6N3 C22:6N3




634

KR R

44 %

—LEER(C11:0). S7IRA LA 2950 IE Wi IR 4H 4,
FENR G REEL(C14:0). FEAER(C16:0). TR
(C18:1N9C). e £ VYJRHMR(C20:4N6)FI —1Fk Tk
FREPA(C20:5N3)%%, H & EMIS8%LL L, H
SFA12F#, MUFASF!, PUFAf ., i SHILEH
28FhZH 4y, EEONAFAERR(C16:0). JHER(C18:1N9C).
MZ IR (C18:2N6C) Mla- M R (C18:3N3), /&g
iR & E160%LA I, HHSFA12F, MUFAG6FH,
PUFA1074.

R VUM 777 20T Mg 107 IR ok e 4H AR Ak, 2
MM & &5 PG ARy B R . H3R 4R
P 3T, fig R 4 43 2 & eh v BUIRAK O 6 i 5
M, FHA. A, AFRA. ERFAP, B
JE WG o5 EL B e, N49.29%, Hift = A 5256 40 )
NG TR o5 b, HEHFRA. FEFRAA
M1 415 EE 3 51N 65.90% 68.08%F154.83%
23 MUMEFRAFRTARRESERIETK

RIETR H Bh 20 MO 17 R0 28 & R FR HEAT G
W, A2 R SR SHTR, S LR PR 2EmE A 225, 1
H R A= A T 2 2 R (Cysteine), T 7E
FIFRAMGE S ARG W, MR FHALE S
YR T DR B2 (Cystine), 7E H FR 20 M FEFR 4K
Rt o B SRR A B A EMIRAR O e S 4>
HFRASFIRA>HRA, b, HFRAFENRR
FR(LEU). AEMR(GLU)AKEZRR(ARG), 21

x4 MiEFRAATARRERERRE S
Tab. 4 Grouping of E. gracilis grown by four culture methods
based on fatty acids

39%; IR FE AR AR (GLU). KA (ARG)
2 BZ (PRO), 1534.7%; #3241 F BN TR R
(LEU)M BB (GLU), 130.6%, Y65 FHEE N

SEFR(LEU). M2 FR(ARG)MHZFR(PRO), s
#=130.5%.

DU SIS 1 Hh S5 A 21 7R 75 IR R (EAA):
IR (MET). & fE(VAL). F 2% K (ILE).
KNEMR(PHE). =% B2(LEU). 752 R (THR)A
FHRIR(LYS), VYA SLI60H 0 75 R LR & & =
N FRHS T FH> 7 7 H>H R H, S &5
A134.37. 128.86. 100.97#185.84 mg/g. SLI64H
EAA/TAAEYIHBIE30%, HFM>HFH>NHES
H>FFRM, S A N37.52%. 37.15%. 33.77%
F130.58%, EAA/NEAA4)51250.6. 0.59. 0.51F10.44.
3 Wig
3.1 EFHAIEMEE KR

AW TR I, AR AR EEAE e 7R85 55 fa 1, 4
BRI, AR KO R AN 0.049/d, 282
FUH R I, Al TORR T e IR 4 7 S S R B AR AE
TR, F SR, IR IR Syuechococcus
sp.BF, ML AFAE R TR R 75757
AR A AR AT R A R T B TT R 2 ORI R 2
% B TEH LB IR & FLAE K 7 22, tmT R S AR TR
ERFRFM T HIAE K.

TESEIG 5 W7 410 T 4P Al i 2k K i fE,
UL TR SR N AR T e AR R A &,
2B REMHE R, HeFR LM T BB
L Al THD M T 3 A R RE R, FE G R

He T R AR oy e i % & HE:Fatty acid content (g/100 g) ook FE o, AR gn R Ay 20T DA i FE )
Fatty acid SES i Hew HiE T 17
composition Autotrophy Heterotrophy Mixotrophy Photoinduction BRI
SFA 0.160 1.008 0.127 0.695 3.2 EFAHANIEIER AN
MUFA 0.286 0.382 0.376 0.520 TeWile 238 —im a8 — N R EN KRR bk
PUFA 0.862 0.655 1.073 1.475 BRAEE, =B R (EPA)RI =+ RN W e
EitTotal 1308 2.042 1.576 2.690 (DHA) L 1B i 0 Fa 0 AT EE 20l . Bl ™™
] [ ]JSFA [N MUFA [ PUFA
Jeik s \ 2 A
S5 N N %
¥ N N A
EES N \Z ]
0 10 20 30 40 50 60 70 8 90 100
B4y EL Percent (%)

3 PURRER TR T LT AR R R A 0 v 2 Ee B
Fig. 3 Grouping of E. gracilis grown by four culture methods based on fatty acid percentages
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BRI R 635

WEIE o BN, T AR 3 (4d) B BE 4L R EC 1 1—C22,
PR BT ER T, o bb A B N B AR IR R . 1T 7E
AT, H 7 A 77 2 i 2 R EC12—C22,
SEFRHAMNE T S U AEC8—C22, SFAFEIG X It
12F . fEARWE A, B 540 &7 b = 1) & SFA,
HARZAERH b & & I NPUFA, H 4R A—
S Ji Rl — 7 THT AT B8 2 PR Dl A S0 Hh 41 4 4 i R
ZIEAR, 5 — T AT RS R IR AN [F T 8
R P1 2 5
33 EFARANEEERAF T
FEDVURP R %05 30T, L AMAR TR & A 1 TR 3
R, K FHEER S SEERBESBIHKT
30.5%. R T EIFFRFM T, A KEE
FEM A N R, N0.214/d. 76 E IR A7 4 A
AR EE TR AR A, T IRAE S S
PE N R R PP AR F, 7T RE MR A A R R 77 75 X
TERA A J7 ALE A [F] T BT g — e O

R 252

B2 SN E A E(Ulva lactuca L) RELBEEE (Eu-
cheuma serra)~ B (Scagassum) FA#E(Sarga-

E 3

ssum fusiforme)~ i (Saccharina japonica)~ ¥t
32 (Undaria pinnatifida). %3 (porphyra). W&
(Euteromorpha) e 0% (Gracilaria lemaneiformis)
SAEmRHEY MR SR, SR AR A S B
i, $930.92 ¢/100 g, BB AR (Glu)dt, HAhiF
FAERR & &Y T HAM U e AR5,
VU85 9% 07 30N AP A i R & B i = T
RO E, BFRHARER S ERK, 14231.1 g/100 g,
ARG ENTATRE, REtisSHEE
1K F|381.57 g/100 g, AL EREM & EMN12.34
. NIRRT EIER S B FETE TR, 2%
SEH)7.50—11.744%

SIRM. AFEA. RIFESFHMREFRAEAA/
TAAME ST N37.52% 37.15%- 33.77%F130.58%,
EAA/NEAA%Y51190.6. 0.59. 0.51710.44, & T 3
T, HAZH TR & B 5 E/NE SIS T
FAO/WHO(BL A E R A 4 4/ 4H 5 A= 43 bt
SE K10 T B IR & B 40% 22 4 FE/NE 0.6 3X /2
F TSI A R I € R B (Try). T TE SR
A%/ NEREEAG R /N ER R EAA/ TAAE 43 58

MFEF AN TARRRERRSE

Tab.5 Amino acid contents in E. gracilis grown by four culture methods

AIEBRFIFE Types of amino acid

ZIEIR ¥ 7 Amino acid content (mg/g)

H 7% Autotrophy 5 7#Heterotrophy F7EMixotrophy Y5 5 Photoinduction

R AIEREAA H i & FRMET 3.8340.15"
W IRVAL 12.6240.07°
FREBRILE 8.22+0.11°
KA RPHE 14.05+0.05"
SREMLEU 26.76+0.06°
SRR THR 7.26+0.32°
AR 13.10+0.29°
FE0 T A IERINEAA KA FRASP 13.78+0.24°
BEIRGLU 42.1241.19°
2 bt & R Cysteine 2.30+0.02"
Jit &R Cystine _
24 5 FRSER 7.510.12
HAMGLY 14.810.49°
AEFRHIS 1.17+0.08"
FAMARG 21.27+0.21°
FHERALA 19.29+0.06"
fli& BPRO 18.15+0.14"
M Z BRTYR 4.86+0.10°
HIFTAA 231.142.22°
EAA/TAA 37.15%
EAA/NEAA 0.59

6.59£0.04° 8.08+0.10" 7.09+0.13°
21.24+0.03" 19.0120.06° 24.80+0.21"
13.8240.05° 12.56+0.08° 17.62+0.13"
13.87+0.08° 19.98+0.44" 19.87+0.09"
24.78+0.13" 36.18+0.58° 34.62+0.12°
18.360.14° 17.8240.16° 22.60+0.10"
2.31+0.03° 20.7440.30" 2.26+0.06°
23.0120.16" 13.55+0.37° 24.17+0.17"
31.42+0.04" 73.23+0.45" 34.50+0.40°
_ 4.81+0.09" _
10.55+0.06" _ 10.89+0.06"
13.9120.04° 14.79+0.03° 19.41£0.04°
22.34+0.06° 21.65+0.27° 28.73+0.04"
9.76:0.10° 3.6020.04° 10.94+0.04"
43.48+0.03" 24.7+0.08° 35.98+0.03"
22.28+0.18° 27.66+1.13" 24.66+0.06"
39.63+0.05" 23.15+0.13° 45.91+0.05"
12.82+0.06° 16.57+0.04" 17.52+0.10"
330.17+0.71° 358.1+£2.61° 381.57+0.83"
30.58% 37.52% 33.77%
0.44 0.6 0.51

T AR

Note: —stands for notdetected
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EFFECTS OF CULTURE MODE ON FATTY ACIDS AND AMINO
ACIDS IN EUGLENA GRACILIS

GAO Jin-Wei"’, ZHANG Wen-Hui’, DOU Yong’, JIANG Zhi-Fei”’, JIA Xu-Ying’,
SHAO Peng2 and ZHOU Wen-Li’

(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China; 2. Tianjin Key Laboratory of
Aquaecology and Aquaculture, College of Fisheries, Tianjin Agricultural University, Tianjin 300384, China; 3. Quality of
Fishery Environment and Aquatic Products Supervision and Testing Center (Tianjin), Ministry of Agriculture
and Village, Tianjin 300221, China)

Abstract: In this research, the effects of culture methods on the growth, fatty acids and amino acids of Euglena graci-
lis under four cultivation modes (autotrophy, mixotrophy, heterotrophy and photoinduction) at the physiological and
biochemical levels were studied. The results were as follows: the fatty acid, MUFA and PUFA contents in E. gracilis
were higher under photoinduction than under the other modes, measuring 2.69 g/100 g, 0.52 g/100 g and 1.475 g/100 g,
respectively. In terms of SFA content, the modes were ordered as heterotrophy>photoinduction>autotrophy>mixo-
trophy, and the content in the heterotrophic group reached 1.008 g/100 g. The free amino acid contents were ranked
from high to low as follows: photoinduced group, mixotrophic group, heterotrophic group and autotrophic group, mea-
suring 381.57 mg/g, 358.1 mg/g, 330.17 mg/g and 231.1 mg/g, respectively. The mixotrophic group had the highest es-
sential amino acid content (134.37 mg/g). The results of the study showed that the fatty acid, MUFA and PUFA con-
tents in E. gracilis were increased by photoinduction, the saturated fatty acid content in E. gracilis was increased by
heterotrophic culture, and the essential amino acid content in E. gracilis was increased significantly by mixotrophic cul-
ture (P<0.05). The results may provide a scientific basis for elucidating the response of E. gracilis to different culture
methods. Furthermore, they provide theoretical support for the development and application of this species.

Key words: Euglena gracilis; Culture mode; Fatty acids; Amino acids
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