S

wm '

—+ZBRNHR (Docosahexaenoic Acid, DHA) B AG{EH KA T « il O e
W EEAE IR, RUHAZE (Schizochytrium) RIS EFE KM AE A DHA MO8~
Ak = DHA WEERFI 2 —. HAl, Z5E% WA= A DHA 5= & R Eld k%
AR SE S, (H R TANEA I S A2 i PE S (Reactive Oxygen Species, ROS),
Perm A PA T W DHA P2 &I Fivl . ASCEETREsNER Y, HOA R iR e
SO I (a1 5 = 245 a0 1 1) DHA P~ 8, B8R Sl AR, R
7 DA PR — R IO L B . R B

(1) FREAMFEARINY), FEERTCAN IR FE S 0t [a) % 2458 77 B DHA. 7= & (15200 o
153458 20 B R BE AR AR s it EALE (H202) . &AL EE (ZnCl) . BRRE (CuSOs).
FAEE (CrCly) AIEEAER (AgNOs) FLAANEERIIY), ¥ HaO02 A1 ZnCly B 2E5H 0 H
DHA =&, 2N 2.87g L1 #1271 g-L-', DHA F=E4r 53 E 11.26% 5.45%,
2k, Ha02 il ZnCly Hid ¥ IR E 2078 1.5 mmol- L' A1 15 pmol- L', RFE Tz
DHA F=&4395 08 3.17 g LV F1 2.71 g-Lt, 2l 4 e 23.34%F1 5.45%. Z5 BN, 3N
H.O; i DHA 7F=&H S5, JFHAYE. Mg~ 2M DHA F=&ix &N ZnClh
i), JEE Ho0p BEAT REAN ARG, Z40Mt, H0: sAEUNINNT (AR 48 h, A¥EfE S
29.29%, JMARF=E & DHA FE&070N 1337 gLt f1 4.18 g-L1, 430l A 29.18%#!1
67.87%. LILHMNFANINPIIHELE, WIN RIS itk , DHA 7= & B Rie T, &t
SMIEES NN HaOo, NN FE S oS B[] 43 71 9 1.5 mmol- L' A1 48 h.

(2) 18 2 T AL SRR 0, R IE HaO2 X 2458 37 B IS & DHA 7=
B . ¥ 0 HaO00 iF ROS & &1 7.94%, i 1% (Reactive Oxygen Species, ROS)
AR TR WM AR R, D& ROS AH T HF RATUEMY AL bR, M
MR 4 12.89%, AR T4ERFEA+ DHA et SNERIN HaO, 525w
PR VAR AR 2 0 1) B P 5 e 2 0 ) BRI 30% 0 20% LA, AR T Bl It iml v AR
U, [A1FEIE B Ho0, 175 510 ROS A AT #2 i 2458 At 14 R e =

(3) FEA IR ) Rl b, HE 3 RE A0 UK B 30 ) A58, R A& K5 7
RIS ) AR . BRI R AT R R 26 S A G R B (R FA7E 0.98
PA b, RFREESFEH ISR, KEESE Yx M Ye ISR T ROS RERS 175 S0R
B2 PRI 2. ANRARIN Ho0, J5 2580 1 F19H HE P& A1 DHA F=& 43 HliAE] 36.71
g LA 12.01 g LY, AHE T ARG IOy A= = A0 DHA 7= & 7 B¢ 51 8.77%H1 33.59%,
N ELE A7 LAk R SR BEER TR AR B

B . ZEHWE; H.O2; VETES; DHA
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Abstract

Docosahexaenoic acid (DHA), an omega-3 fatty acid, plays an important physiological
role in promoting brain development and preventing cardiovascular diseases. Schizochytrium
is one of the important strains for producing DHA commercially due to its rich oil and DHA
content. Currently, the oil and DHA yields of Schizochytrium are mainly improved by
optimizing fermentation strategies, but there is limited research on the use of exogenous
additives to induce the production of reactive oxygen species (ROS) and increase the DHA
yield. This study screened exogenous additives, optimized their concentrations and addition
times to increase the DHAyield of Schizochytrium,and established a batch fermentation kinetic
model to provide a new research approach for the industrial production of Schizochytrium. The
main findings are as follows:

(1) Five exogenous additives, hydrogen peroxide (H20:), zinc chloride (ZnCl2), copper
sulfate (CuSOs4), chromium chloride (CrClz), and silver nitrate (AgNO3), were added to
Schizochytrium fermentation to investigate their effects on DHA production. The addition of
H20: and ZnCl: resulted in the highest DHA yields 0f2.87 g-L-'and 2.71 g-L-!, respectively,
and the DHA yields increased by 11.26% and 5.45%, respectively. After optimization, the
optimal concentrations of H2O2 and ZnCl> were 1.5 mmol-L-! and 15 pmol-L-!, respectively,
and the DHA vyields of Schizochytrium were 3.17 g-L-! and 2.71 g-L°!, respectively, which
increased by 23.34% and 5.45%, respectively. The results showed that the addition of H2O2
significantly increased DHA production, and the biomass, oil yield, and DHA yield were much
higher than those of ZnCl.. Therefore, H2O2 was selected for fermentation time optimization.
After optimization, the optimal fermentation time for H2O2 was found to be 48 h, resultingin a
29.29% increase in biomass and a 4.18 g-L-! DHA yield, which increased by 67.87%. Through
screening of exogenous inducers and optimizing their concentrations and addition time, the
DHA yield was significantly increased, and H2.O2 was identified as the optimal exogenous
inducer, with an optimal concentration of 1.5 mmol-L-! and an optimal addition time of 48 h.

(2) The changes in intracellular compounds of Schizochytrium were analyzed to
investigate the effects of H2O: on oil and DHA production. The addition of H2O: increased the
ROS content by 7.94%, which was conducive to the accumulation of oil in Schizochytrium. A
small amount of ROS was beneficial for inducing the production of natural antioxidants such
as carotenoids, which increased the intracellular carotenoid content by 12.89%, thus
maintaining the stability of DHA in the cells. During the oil accumulation period induced by
H202, the protein and polysaccharide contents in the cells decreased by more than 30% and
20%, respectively, which was conducive to the flow of carbon sources towards oil
accumulation, indirectly demonstrating that ROS induced by H.O> was beneficial forincreasing
the oil yield of Schizochytrium.

(3) Based on the empirical model, a batch fermentation kinetic model of Schizochytrium
was derived, and the fermentation kinetic data were fitted using software to establish the
fermentation kinetic model. The correlation coefficients (R?) of the fermentation curves of
Schizochytrium were allabove 0.98, and the changes in the fermentation parameters Y x and Yp



Abstract

during the fermentation process verified that ROS could induce more carbon flow towards oil
accumulation. After the addition of H20», the oil yield and DHA yield of Schizochytrium
reached 36.71 g-L-"and 12.01 g-L-!, respectively, which were 8.77% and 33.59% higher than
those without H>O> addition, providing a theoretical basis for the industrial fermentation of
Schizochytrium.

Keywords: Schizochytrium; H202; Active oxygen; DHA
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1.1 Z2AHEHMARHTE DHA A
1.1.1 2 AM 8 B BR 15 A

NEWTIR 7y A AR TR . 2 AWAIEIIER (Polyunsaturated Fatty Acids, PUFAs) Fl
FUAAAE R (Monounsaturated Fatty Acid, MUFA ) . HH T B AN FIAR B BRANELAD i
FRRES FH ANAR G R, B AN e “ R0 75 17 11 22 AR IR IDT IR FH T HO6E N S d R
BHEME, LKHATTH ARG, Reg@die®mAN, Uil e “ofe” 13,

Z AR IR A — R K FE N 18-22, - H& A AN BN i (1) B 4 P TR o
T AR T 1D R FR ik o ) 26 — AN i DU BT E R AL BAN[F], RT3 Omega-3 (0-3) fig
iR . Omega-6 (©-6) AEMFRAT Omega-9 (w-9) AEAHER4, H APl -3 F1 -6 HEMifE A
B, o3 ZAMHMAENBRAE o- WHRER (o-Linolenic Acid, ALA), — 1k FLGER

(Eicosapentaenoic Acid, EPA) 1 .+ —fx/NHilR (Docosahexaenoic Acid,DHA) 1), F
BURYE T — L8 S I 07 SRR — Le g CAnay AT RRAT . SR A1 2 SRS
61, w-6 Z AEAEPTIRRIACK VIR, AATAAE TR, RRF R0,

1.1.2 DHA )45 1414 iR & RIR

T AR RS NN A-4,7,10,13,16,19- - B NEERE. DHA
it X5 AN E 1-1 s . DHA £ R SR E TR, &— MR iadt EAS T
K, HEREAVIERE. — T ZmANERA S TN CaHn0:, MXTFIREN
328.49,

K 1-1 DHA g gity s () MR ChD
Fig.1-1 Chemical structural formula (left) and molecular model (right) of DHA
DHA P 35 A — AR5 B H] ((COOH) F—ANHIZE (-CH3), H BB B4 MK
MR, A8 BA S AL, & 7N AN 10N 3k . X Ah 45 1915 DHA
IRE G, BEim A RIS OB, (B IE XM S5 T DHA HR st 53R
PINE, S HAE T A B 25 ) b e R AR FHE 101,
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(1) &g KJE

—HUK, KB E—EHE o3 Z2AMERNENTE (Fiil2Z DHA A1 EPA) ) EZEK
PO, SR T IR R L AP, 3 DHA 177 B A B R b
R, BT IR Qe n L R ™, R AN S E S REIR. B RMEZE
IR EEA WWDT5 ) (Persistent Organic Pollutants, POPs ), POPs 27 fa Rl H &
21, FEERRE A EA POPs, UM N e, MilE S icatl, S5
e ipa v a7 e ik eh i BB b NG N 75 1 I S o o N w4 P P 3 £
i DHA 28X DL 2 AT HTR m e TR ok, s S — 20 m™. ml
AL Z24x. fFERT DHA SRJA.

(2) TUAEPIHRIE

AR TR IR BT ) DHA S RIS T WA =3, R, SRR
WA, e LA HERE I (Diatom) Fi (Dinoflagellates) % ( Chrysophyta)
2k (Chlorophyta)~ 4135 (Rhodophyta) %504, R FENHTETW B (Schizochytrium)
A FET B (Thraustochytriidae) 1S, JEEEH IS 2 0BT A DHA ) B E5R R

53R, WEERGEM B A~ DHA LS an ™ B 50, faEn] CA7EZ 211
P () R BESE TR A2 7 DHA, (E/= AV P2 F Il DHA BN 5E 510, ANtk
DR E A SRR s FLR, Sl b R IR By BE /b HAER, 5 T IE iy
HIREG 5, #EM DHA A SHRMZ QIR EE I, 6T A TARF B eh 78
DHA S izt 4. nl 5ol
1.1.3 DHA [ 4= B T &

KEFERY], S DHA M AMERAEE ZmAL, G IS L KRS
IR B 7181, SRR Ol s 1021, DRI 112325, Fit R Rl 2 N AR RE /123 204%,
RITEA BRI, & DHA ] 66 T oG5 il b e P s e 4 27, 280,

QPN IIWNI iy -2

R A0 A A IR Hh 73 il & 40% A1 60% K] DHA, & KK ) L4644
JEL R 53, DA DHA 72 22 LK AR G R 8 5 R i) s s 972 — 29, it 78 &< 3L, DHA
XPELE ZMaihl, BFEFIRIAEEUS), ki @ae /i8], BEEidiz S5 shae e,
T 50 /) BRUVR G #0220 T M A0 ORI AE 7T, 30 DHA 2 K SR I X 5244 (Retinoid
X Receptor, RXR) FICEEACL A& 2 —B1, BRI & B BT 1 PP BUE 324K v

(Peroxisome Proliferator-Activated Receptor-y, PPAR-y) 5 RXR 53 - AR 1M e [A]
HIFE 50321, DHA 1R yHE HEEBRRA), REORIF K E T RN sz id 03], DA
TRE LR PR K A

(2) PR BIERE

DHA K% 55 R Vike 5 H e sy 5 R AEAH SR RIEE R A %, BiEdEEH=
W G PUaa Al NI A N B2 4B R 5 A S5 Thige B+ 351 . HRFFL KB, DHA {ERIERA%
2 M Bk LA B S = BRI S ERER ,  8D 4R/ 2=-1 (Interleukin-1,IL-1). H4HMIS
#-6 (Interleukin-6,1L-6) FIJREIAFEIAF oo (Tumor Necrosis Factor-o, TNFo) 7= 4 36l

~
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it DHA fiT4E K D RINEEER . AR REAPLRIE AN KK (Maresins), 1XEESp
il G ABIREEZARER, ERITTRAEHRATEH .
(3) TR O %8 5 9
O IR (Cardiovascular Disease, CVD) 4 BRAE T ANBUA B T A0 = B K,

A HRAE T N B =03 22— 3700 i MV 9 1) 32 505 DR 2 Il A FNBh ik AgiA L, I ARt
FKY, -DHA BAFUMARNMBIIIKEILEITER, &3 DHA XTIk N DhRE. i
ANRBTEE LGS 2 07 TR A AL

Kelley %5 N K ILE I DHA 45 /N0 %5 5 M 2R %5 IR 8 (Low Density
Lipoprotein, LDL) Jil/b 21%0381, &AL T Bk AL I ATRER); Croset 55 A K3 DHA
(R AT AR W R % 175 T A 2R 4] If /MR ) SR AR #1401 Russell 55 A< I DHA 1 EPA I
A REE 5 N K2 e, 1A AR S RO R R NS SaE kY, DHA 8 EeEEs
142 i R PR, 2 HH R PN B K, AR T Sk SZBEL IR I, AT AR A B s g A gar A
MR FALIERE 77, CAARA Ol 1421, Davidson 56 N &I DHA A] DLidi 3oE s iR AL
LR, RIS H R BT A R R, AT RIS 1 i H v =8 (Triglyceride, TG) 1
WL, DL B ARG of s SR R L

(4) TS5 A TT R #h5

DHA ] DL 2 /b IR R 8 A4 1) TNF-a A1y T4t & (IFN-y) S5HgZ2HE
(Lipopolysaccharide, LPS) HII3¥) IL-6144, BEWEA SR MG ATE T FEE 5K /). DHA{E
BIT S MREFER EIAA AR, BIARE e FUE . IRIG PR FARAE AN R AR SR
FHPIFLS]

(5) B 5 TP Rl 7R 24 15 BRAE

R /R 25 M ERE  (Alzheimer's Disease, AD) 1E N W ZEEEH RAE, WK, Anf
W BB E S BAIEM, &S o3 AT ERE R T DA RAE AR 2R 2%
VEFERRE R XU 46 471 H FiTAT VR 28 50 5C T DHA R BT /R 2% i3 BRAE 1) 7R F L .

filtn, DHA HIRTAEDPR I ER SR ER, P LAM S & ORE R IR /R
25 ERAEM8-50, DHA BT AT 8 8E A E (Apolipoprotein E, ApoE) F1fJH [&|E% & fg &3
RGNS A% T, RFTTR /R 22 MG EAE AR F20 Y, DHA 8 Bosviebls (It
H AL R B AN 23 Db H I S8 AL 0l ), A BRI 7 A, ORI E TT S 32
DL SR b/ 40 B T2 OR3P R 2); DHA AR R R 48 F s 28 g (1) BB A0 i oy, s
(1) DHA 7K-F-43 Bl T-4ERF Kk 40 BB 25 A A e 1, SRR 2 T D REl). JR4E DHA
VEIA TR IR 24 1 BRURE S5 B AP RAE,  (HA2 b 78 DHA 12 RETill7 A IE S W) BAE i R
FEARE3, X2 NIRRT B A o R R L.
1.1.4 DHA M A i

(1) DHA £ 8 mnAT I B IR

5 DA 0 AU BN BE H BN 500mg DHA A EPAS4, 6 & 1T 11 A {1 1%F DHA
PRI RERI IR, DHA BOREZ (1 BN T @ RR & AN 22 %)) LS 5 & dh . 2000 SEAT
Ja B AN KRB LYk 277 ) Ry Gy e 48 0 DHA 122 LEC 7 95k, i, e

iH
Ji

~
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HIC. %M. LLESIR) Maabarot A 5], 24504 M T ZENAE T HE RS,

—IAFKAE RN, A 67%INEHEAN o-3 Z AR/ T 100 mg,
mEFE, & HRORAEET 50mglsl, FEVERS RBL LI HERIE, kb
I DHA B4 52 %3, 2021 453 A, BEXR PR AE i B EE AR flEER
PRE T A N T B (0-6 H %), 2 ety (6-12 Hild) . 3 Beliiky (12-36 Hikk), LA
UER A R 2R ) L & i g R . ARPE S B, HE DHA (D 1i347E 2021
FIAE) 8.1 fegn, Hb, NAHTZEYLECT YA H DHA # 5 BT 40%. BEE
MR R T SR, DHA B 7 E R M TARIR IR, 78 O/ 5 AT B 1 it
WAFR| R

(2) DHA 7E ¥} T 5 3 FH IR

TEKFEFRGE T, BRI, CE7K =1 Rh s o LASRLGE 32 1 A3 ) DHA P21,
REf8 A AT Sk S e A KOl E ARG 3 T3 R fe /100 ZERN W) IR T T »
DHA XJ 341 KRR 28 5 B A B2, 7ERRE R N DHA 2 TRl 4 F 06 S5 5 &%)
HHMKEAR . LTS 5—J71, B 70T 304 S e - 45, DHA I&R] LA
PRESE. WA= R . fln, SRS e &4 DHA FICETT LY
TR B A AN R G 5 s ) A2 DHA B i, W AR FR A B0 {8 e 1 7= it o

1.2 B TET DHA KAt R TR
1.2.1 RETHEFE N

KA w (Schizochytrium), & —MEAMERIE FEFERE, J&T 5 EEYE
(Eumycota) 51, HHT AN FEAR T4 88 VT 2 AR REwE, H s W7
B & Schizochytrium aggregatum . Schizochytrium limacinum . Schizochytrium
octosporumi F1 Schizochytrium mangrovei PUANFh
ZE A AR N —Fhm e wle CREE 2 AR IR RO E R, S ilEmE]
ETH 50%, Hor 5B 2 MR DHA & 8 B SRR 35% L B8, 2
E A AR T, X AR R A SRAR, (RIS 22 AN IR M 2 vy i ELZH Ry i
KUY A AT 70 B 215 1) DHA 5, PR ARG S & — M -170id & Tk Ak 4™ DHA
HUR ARG, PRIk, H A K FUE R 2 AE B A2 DHA R AN AR BA 1 5
%o

1.2.2 BETHE ™ DHA K& Bg/&

HIEw W DHA W& BEARWE 12 P, BRITR G T 2 5 25 R 1T
(Nicotinamide Adenine Dinucleotide Phosphate, NADPH ) #2404 T (i J 7140 7 — kAt
i A (Malonyl-CoA) H T ali& & Bl FiriAadp oo, Horp, HEm i@ 42 A 1 Sl
B A T CBLAHIBE A FRAGER G RN RS As NADPH == S5 i e fig Al i opis
e
Z4E 47 i TR AT DHA 16 BOS 1A M 5%, 70l 75 28016 107 B & Wl 184 (Fatty Acid
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Synthase, FAS) MR EMAEFE1E (Polyketone Synthase, PKS) . fEHEEEH, B
()L T J e i — SR A A KRN AP R P2 A T — R BA MR 7 R A1 22 AN AN
Jig IR, XUEEH] FH 40U NADH S 4 57 1 25 v Ml N, 2%y DHA HI EPA %5
EZ Nk

Aerobic pathway

ER Acetyl-ACP ﬁ_KS
Glucose Np a
Malonyl-ACP
* NADP NADPH ADPE

Enol acyl-ACP keto acyl-ACP C16:0/C18:0
Glucose-6- hosphale_—-’- Glucoseate-6-phosphate .
KADPH H0 NADP Y
A NADP NADP Ci8:1
Malate hydroxy acyl-ACP +
Pyruvate C22:6 <&— C22:5-—(20:5 <*—C20:4 <*—C|8:4<—C]8:3<«—CI8:2
* \Oxalnacclale DHA EPA

Acetyl-CoA  Citrat

Acetyl-CoA ——am

* A
Malony I-(‘o/\/

Anaerobic pathway

ER Acetyl-ACP B-KS

NADP
NADPH _KSMalon\IACP

DHA
keto acyl-ACP ’
CO-AtP-SH EPA

NADPH
S )
NADF
hydroxy acyl-ACP

Kl 1-2 ZEse e 5 DHA 7A@t
Fig.1-2 Production pathway of oil and DHA in Schizochytrium sp.
. ER: MBEL N B-KS: HiESHNE: KR: HXGL)5NE; DH: il

T A SR AR TR P AR R R R 7 Rt T DLIE I PR U SR A BRI A AR 2 AN R iR
Wi, DRAE SRR & B @ A e A A AG A s DL TP e RIEVE . IREE I h i KEE 2 A
TR i 2 A R 3L 8 A B 1 (Acyl Carrier protein, ACP) JF4f, Bt U EEN
Wi WA A Rl (B-Ketosynthase, B-KS) 46, HiAEIEHH (Ketoreductase, KR) if 5
fiil, WiZ G (De-Hydratase, DH) Mi/KFA&BLILE B (Enoylreductase, ER) & Ji o Hrhid
P I iR B e Ak B P R AT AR S, S BV fR FR AE IR SR B v
123 RIEFH ™ DHA K mE &

AT A DHA Bk £ = YR PhE . R, iR UCE, RS2 A DHA
Mgtk . T IR ERE I DHA KK, 454 DHA [W&Ru&s, BiiFEZnE
RAEREMRYERESE & . R R e,

12.3.1 ZFE 0 B IRk 5 i R

I =4, A& DA KR i 7 S PR e . e, ORgE TSR A
IHFEWEEAE (American Type Culture Collection, ATCC) #& ¥k Schizochytrium sp.
S31 (ATCC20888) 4T InAl4E eI+, H DHA &% 300 mg-L'-d 2, K

BT H A HE R S T R O R K ) Schizochytrium sp. SR21, DHA j= &= M AEYELE
K% 56h J5IE3) 21 g- L1 Fl 4.7 g-L- U631, Schizochytrium sp.S31 1 Schizochytriumsp. SR21

_ Enol acyl-ACP
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ARz N T2 A U S Sud .

HEEMRMEYE M —FEETT X, FE YIRS, Flan, ZEPHEEAN
P RS (B, PG —HK S, limacinum F6 SRR AN 52T I, &5
11.22% DHA & &64, X5 AP HE B FR154 (Atmospheric and Room Temperature
Plasma, ARTP) 455N " MRIFIESNS, 138 PRFAERa4 N MZ-17, H DHA 7~ &
XF T B A TR AR IE DN 1.8 f51591, 54 B FRE X ke 15t BE I Ak

I EE R TREHOR BB € I AE AL BT, DA e AR 4 R PN 38 i AE =
71, W2 HSGE R ™ DHA 57k —. Bl M T EoR F 2
ALFE FJREZHL0S), SRy EAHI6O),  Jou g A L6714,
12.3.2 RbE e w R B T 20U

(D JEMAL

408 A7 A IR B IR A 4 R . BIE. AR AR TR . R T DA 2 5
TR, Forbdg S 2 0E, DROARTE e b () P i B B AR AT, 60 260K AF R
RS, B E BT R AR R 31960681 55 R AR v o, BRI R
N 30%I081, (HSERR L, BIAERHIE S A IR D RERE T 20%. Sahin &5 NJEIEXTEE
HEIHE,  H O SRR R I 2 5E AT B 7 DHA HUSZH, B 2RI, R 0w AETH
FEH M AE BRI DHA 75 5 =il09 o 2458 35 1 1) 5 WLER A WL, Gnie REEE)
WRAG . SEE RS BN, AR, R bE e AT ORI e LA E N EUR A0,
TEAVEART T A WL ESAEAR, RIS 2 58 20 g R TV KA A 9 R A A
B HET, BRIEHE A 3 ZA . HREEK T, Sk, R I KA T S
BRI B AN T BN TN VEN K R, 100 N 2B B3 W e FLIE 26 kU4, i
HESHFF B /KIS FORIZIEIRIO), PR AL B0, e 3 . BA S . HAxee
A AR, —2EB TAEESR, SRE NI, — 20 5w R K
AN, HMELLIA B R AR5 R AL N DHA 17 & .

(2) REEFMA

RS AFARAL T BLE T A4 (Dissolved Oxygen, DO)« IR JE . pH B A1EE FE SomiZeh
W B A KA DHA 1774 . FE R BO8 I, 2480 RO AR SRR, iR
FErp R AR, RTE S I AR R, AR TR R B TS, A0 s R T
At A T7 A B B A SR I R $2 = 225 5 B DHA ()77 &

T N B A R AR A R IR 4 K IRSE A, A SCRR R IR BE A e A R TR AR
K, B AR TR R, LUk 1 PR Bl e ) Sms RIE 7R AN, K
P25 DHA =& . SR IR K 22 B0t Fi 75 15 77 2458 22 T I DR R PRI

2T A T 1) o R B2 YU 5-8, IWIR ) pH A AT DHA IR R, (HAERRIRIY
A FE RG] pH BONRME, JREIEER 24 T o AR AR . BRIt ORI 55
PR RN 558 f] pH 224k, 9 2 7 R S5 AR 2 AT R A D9 pH 15 77045 DHA 77 &
P 7.88%171,

ZLTE A P T B b AR G S 2T AR D, 6k 6 BE IR T 3290 BBl R 58 . S
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S NIEE TSI 7S Tl 36 5 BERTE S0 B 1B 08 R AR AN IR 44 . DHA 7= B HI5Em, K IER =
BIEE T AN TREAEEK, EEAGSEER AR T 258w H™ DHABY, BIR &K
ARNT AR LAMGI R A, (H2 IR E A S s U BAER th, Rk, nTLl@E
Ik I B A FE B A 3R A R SR K AT A %

(3) KRN

FER B IS R B RS, 22850 A M\ PO A KSR i, A8 W R B Ry
BURBERLFE R K 22 $000 3 T 6 290 A B A= 1K 57 T I 6 R I SR )5 25 1A I,
AT Bz R g R, filn b SCEE B m B BOR EE i), PR B pH #5079, PREY
BCEREE QBER) 0, PR B a2 il Bl P M B 428 il A — S8/ MR TS I A0 IS
(4, DLk mpE AR AR DHA 7242, it AL 1 AN R BEE FE AN
PIRNEL T X (R BE, ANBR R B B oy AR REE ), KA T 72 FiAS [EIRADE
FORBESNS , RIANEL S HER Bz i T R B R, L rp R IR B A T MR S A
o kbR RE 7 2015 31 B AR B L9l AR S DHA P25 50 B4 51 69.02%, 36.35%F1 12.86%(82,
[P IR B A 9 /D sk v R B AR R S0 SR A B R T AR v M . RS Nl 72 A
HARIN-CAAE ST R, RIS ISR FIR B 2R A A SRR RS 3G N Schizochytrium sp.
S31 (AR BAR R, 1f ELYS IO (8] 5 23 52 M vl fig 1 7= A 811,

1.2.4 SMEIIMPIERE T B+ KB

FEZRETE A R R TR, BRI AR A A i AR R, R 2 E N
AR KR, RSE W R A R DHA BIARHTE R 7 2 =R I (Adenosine
Triphosphate, ATP). NADPH. M4l A SFHIK . BNy & eE s+
R 2 i FH TR gk BB A e N AR R, M 51 R R AR, 5 S IR AR B8,
AN D0 I T B A YR T A P M AN 3 R B R T VR R e 4
WA AR R o H700 E W B N = A= U SE R 3% 1.1 BT

F L1 NI 2= ST R AR o 7 A R s e
Table 1.1 Effects of added chemicals on lipid production in microalgae

EY) LS 1EH A SCHR
‘ . N 2. B e A I

LI S. obliquus I N85 B = 22% [84]
[SEik=ei=y/liy| e e .

EDTA A. obliquus e u;?& : e B AR 2.18 £ (6]

1) 37 S T N o

2 R C. cohnii " DA ek 20% o9
RHAELECORKR VEREE bl U .

4 S obliqus i S e 25 5 o7

H (=]
=7 D.tertiolecta i FE MBI g5 244 80% [88]

(1 iR ALY & sz
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HUGE G NE 5T AE )& BCRTARAA B4R A AT NADPH 4 N R T-HE IR 28
I, 3898 ATP-F7 AR R 2L I (1) I AN PRI e AT IR IR I S R TS, SBUTBTR R 2
TR A Z 5 R AEY G ROSEE, AR TR PR SR o XSS N\ H FH 3% HHER Mt =R
o e PEANIF TN RIS INBIRE FRIE R, Schizochytrium sp IR B~ &=4em 1.8 5059 4
il A FRALEE (ACCase) R LMkl A oAb N Bt A, X 2NN RAEY)E R
B D ARE DI, i ACCase FIHIF] 2,2- — 25 FE 2K W il Fr) 3 N 14 1L 5GE C
cohnii NG FTAEA) G RIS o Ak, 38 I i 2 4HE [ml i 5T G R ) SREms B S iS4 BT R A
2= S A NI AR R A e R B R A0 s N 21 FRORFRRRATAEYD, IR TSNS It
MR Rz, ALK R (4-Aminobenzoic Acid, PABA) 135S
TS, AR ZE AT K I, PABA Y SR RS IS A2 (e NADPH (1974,
5] I ek 55 = FRERIEHA  (Tricarboxylic Acid Cycle, TCA cycle), {#15 fZ& 4SRRI ]
MIEA R,

(2 75 41 i 3 325

%V 2.1 (Ethylene Diamine Tetraacetic Acid, EDTA ) it i1 15 4 I fr LR
SR M TN 24 A8 525 1 , (R 2E TR A AR IR0 B B S8 A B IR N 20 mg - L1 385 R (FA)
A11.0g L1EDTA {52458 30 /T HiAF) 130.7 g- L1, R~ AE#EIAF] 1.16 g L 1hl,
T L AR IS N2 53 70 52 151 36.4%, JHE P~ Al FE $ sy — F5192) o AT 555 N AE Scenedesmus
sp.R-16 H¥s N4 8 55 A1 EDTA {5 5 5T & S AR 0 A2 = 26 43 ) 3 15y 28.2% K1 29.7%1%1,
FH T EDTA HI#s IS A B/ HoA Rt ey, IR Rk 27 il T DL 5 b RS F

(3) AN

SRR 2 I S I UE IR 2R B, AN ROS A& & M E M IR R EE 04, KIS
TR IR S~ AR . B0 Zalogin 25 N KIS B FIFHLL, SEMUYNTEL
Chlorelladesiccata %M KIRSE , FEOMAR =23 10 60-80%9% . & BAWILE Chlorella
desiccata ' BIAE HI AT B A & R4 A & ROS K5 SRR &R
1.3 EANETEF W AER R DHA KB R R
1.3.1 FHHEE SN E

ZTH A 7 DHA 1) FE 2812 2 — FAS 275 ZHFE T, BRI 80N
FEA T B AR K SOl IR AR 2R, (E PR 00T P2 A )36 14 (ROS) AN AT 34« 1l HH ROS
(R B 07 2N 3 S B A AT, 32 A A YIBE (Peroxidase, POD) . 44 I FRIS AL
Yl (AscorbatePeroxidase, APX) . A ALESF (Superoxide Dismutase, SOD) Flid
FAMERG (Catalase, CAT). ROS —EHLURHIN N IERMRE AR fE & HAR A KACH
Wi, IE R AR, ST AR RIL ROS B T BIAERISL, IR 5165
SR 5 AR PER, Rl R U, AT AR S B AR B8 1) B R N (R 2R 196,971,
AN ROS EEAFHHA BT (0. WHEMAE (H02). BRI HHE COHD Aid4
HEX (LOO), HH H0x & —FhdE A3 ROS, AN E, HWTLLH M2 i
81, HIEHERY], Ho02 72 —MERE ST, BB FEMA BRI,
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Fig.1-3 Possible relationship between oxidative stress and lipid synthesis induced
by reactive oxygen species in microalgae

grtik: RS S, Ak ROSAERKE; a4tdik: ROSFHESHES; KEF

Sk: HEFiFHZ; NADPHOxidase: NADPH % {L/f; Peroxidation: fgfiid % tk; Peroxisome: %

Wk, ER: WFM; RR: WARIETT2S: MAPK: 75 2250 2R3 ()& 4,  Redox-sensitive
Protein: LIt JRHUKE [ Thioredoxin: FEMEE: TF: #H3ERT

Eﬁﬁ%ﬂ(ﬂ‘ ROS /3R B RIHLHITR H— 2o Bk, B 5es b fia & mh B iR

%, W 1-2 B, WS B ET R AR A S TR EEH Ll R A R0

1»{3 Z»@ﬁ%@ A G T CIEAEE A RS ) AR v AN S I R A i I AL S IR IRE SR
ZR AL, ROS F I H IR A T AR IR A S B, T8 Bk IR AR H HH2E,

DRLtE, 2k H B AT RESZ I LA A RGBTSR MU 75 OGP R, DLREE S
LA A SRACBEEALTEYE . X ATRE S EUE — & 1 ROS 7K-F T 12 i ig = &1 0ol
Hk, ARG RPN Rl gt 55 241 ROS (5 g AR, Wkl 1-3 fiw,

A BEAE 2R R A K B sgmi fig BAE Y& i 44 ROS 8 355 Skn7 Wi B 315 s AHUE

ST AP-1 F KT ROS H H0: W FHE 516 FEEAAT AR CRMt IR kA
%D A ), W22 ETE SRS (Mitogen-Activated Protein Kinase, MAPK)
A B S ) 2 D BRI I L (A1 A R0 O I 0 R, SR A S R %1 71 4 R

NADPH Skn7 Type RR
o Oxidase




AN o | A T W 2 A9

I H. B R CRT BEAT Bh 1 A5 51 5 B B A 70 11021

e, WK 1-3 frzn. ROS F& N 5 NSl 2= 1030, i ELAT e s A s Y
LA R RE AL s T IR R sE ), AL, IXARRERE ROS W5 TR L) —Fh
A RE BI04,
1.3.2 R AL DB TR AR B AR R S

EAR B AN s B SE B E AT, H S — 8 B AU SISO S A il
NEAR AN X ARt Eh . L. RE . BRH. BAEAREHTT,
AL MR B MR R R B ROS AR B S R AR R I SRIBCFI MR, AHOCHITFTan
* 1.2 s,

WA TS T EL NN Ha02 B AL ROS 7 A2 B4 Ja 71 SR A e i it i
P8, 4l Kaan Yilancioglu 55 A R IE L AMEA N HaOo 45— A 30 AT FQER B
e B4 44%(105); NamKyu Kang %5 N R BURIA ARGk 7 15 S I0E AL RS RE
g 5 /N BRI IR AR 7= BE Aytieel

1.2 AR RS ST i R B ROS AL B
Table 1.3 Oil accumulation and ROS generation of different oil-producing microorganisms under stress

induction
P T HE AR B %) e 77 R 1) A A ROS A= ik SCHik
FEERIEME (400 mmol Lt B NaCl JKJE 81 H,0,, MDA
Scenedesmus sp. . [107]
NaCD AR 33%1IfiE N - U S S T e
ERDGRTY, RIEFENEA R \ .
Chlorella sp. and =1 RO e 2, ROS
Monoraphidium BRI EVEAL MR . s 81 [107]
sp. PERR A ) iR Ao
Scenedesmus sp. I T IR BT A B G0 fIGRE ™ ROS /K-F- B & [108]

Dunaliella salina & SE#| T g )m & &340 35%. MDA. CAT. APX £l SOD iz  [108]

Nitzschia FIRBELE 712, 491, 270 A1 159
closerium f. pmol- Lt Iy, wHEfERIIGI  4flA] ROS 7EMKE WA Mg, (109
minutissima 48, 111. 171 F1216%.
BRI &A= A IR i =
Acytodesmus A % ﬁF\ ik R S5 ROS ORLEL. r110]
dimorphus A 30%
Mucor BHRER G, BRI AEEEN  —%35(F 5% SAEE RS i)
circinelloides P, () H B R AR I R
Chlorella SARFAP AR BT & AR BRHFE ROS MR AR 2 (1 [F] 2]
pyrenoidosa AN RIS B B . I HH I

1.4 EBKEEHTRAE
142 FFFRERIER X
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FUA AL RS M E & DHA MG REREE, FA A ER . R . WAk
R 8 SRR A o A0S NATTRBROC A AR R ) 2 AN AR D7 1R, 563 DHA AHXT T-f23 DHA
e RN A AR e, AR T AR o S5 A B O AR P DHA R ) B AR
A LI L 2R AR BH 2 7 T e VR T 7 B A i 2 B G 0@ A0 971, B T4
A BT 3 T I DO R B S A N AR S ), I O PR SR S A R B A TR AR
Vg WECR, @ HaOr A &8 B AN, 1755 258 i AL R, DA
Utk $Em DHA =& . £ GB2760-2014 (& INFIEHFRME) o, 7E3 C &f Tl
RN T E 7 & HoO ff FARAE, TIES R M LI RER A, REEA
FIRE. FRERE TR GB2762-2012 (i isa i) e . ZHEHE
FEHE T RN Y, &g HOr o] DA B M T KB . By, ok
T 10245 3 b RS NSNS IR 75 S48 A0 SR = DHA == (W A e, A5
I R e AR WP B DHA P E LRGBS MNER I IS, iinE &
NN 8], R 7 AN AN X 24 27 1 I IR AT DHA X 81 0] Atk , A4 =24 5E a0 1 DHA
FE AR — Mo .

143 HRAE
ASCHIBE TN 2 B

LARFE AT AMEZR YL S (H202) SAKEE (ZnClo) . BRFREH (CuSO4). AL
B (CrCl). HIRIR (AgNOs) XA W A iR~ & M DHA 7= & 5. JFxiii
IRV AE B DHA 5 8 L & I ANEA I REAT T — U I S s I [a) (R 7, 3k
DR A A W DHA 77

2. 455 R HAE I R B RE A R RE R PTEALRE /. ROS. SREHE b s
REEERE ARG AR ZREED T PRI H02 537 4K ROS X 25H 7 WL
Vg, WiEr= &2 K& DHA 7= & A E 0 .

3 RYE A 2 A2 R RN, AT R R I R i AR B AT R, T
A R A ATRETEAES) A . BT ST HaOn X 5RH AT b 0L AR
77 DHA {5200, it — 20 A SO SE AR TR -

I

S
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o HNSHE

2.1 SEWFHR
2.1.1 B

WA PR : Z4HE A0 I Schizochytriumsp.S31, 1R 5N ATCC20888 (& E #5774
BRAEFED .

2.1.2 R

Wil fR3E IR 1 g L' BERERY, S L &b, 1g L' REAE, 17.5 g L1 KR,
20 g L1 EifiE. 121°C K# 20 min.

FhyREFRHt: 5oL EEREN, 30g LA &0, 15 g LK, 10g- L FREAR,
0.05 gL' VBs, 0.0005 g-L! VB2, 0.05g-L'! VBj. 115°C K 20 min.

KRR FRFL: 20 g LI AR, 5.6g L BEEAN, 100 g L1 #4ARE, 2.5 L6
MR 4, 72g L BREREE, 12.8 g LERIREN, 04g L' &fb4S, 17.5g L1i/KER, 0.1
gL' VBs, 0.001 g-L-! VB2, 0.1 g-L'! VBi. 115°C K 20 min.

B gEA = (VBiv VBs VBi2) J3 mll il B e, 38 0.22 pm 7K IS JE
J7 SR, Ao A A AR S I s

RIEREFRE P FI R A PR BRI, RN 1000 g LY, MUK, TERMh R TR
SIS AR TR BE AR 0 6

2.1.3 ¥R &MH

P PR ORI : A 75 B A 1 R A o A [ M s 7t LT 5 9%, — MRFR AR 30°C %%
FEREFE 4 R, HEKHBEE. A5, AEMERETEST, SRS 20%H
WIEWR A, B HWES, K5 ET-80°C IKFEHIRIT .

BRI AN-80°C UKAH HRHEHE ORAT I Hyh i R AT 1R, (ERE S TAE S 3% IR 1%
EeRh A TR TR TR A, R T REIREEAE 28°C, 200 r-min! 5 PF TSR, 2 KA,
PR b1 (IR B P79 FRE, FRRE A ODsos A 0.6-0.7, XGRS 100 uL 357
e B R R b, ARG FRAE T 30°C 1597 4 R, FRKIEERE, Pl
LR VK P R A R R e, ) ERF MR EKHRRHE, BT 4°CUKHEEH.

FhFRE 75 FHEEFR RS I ) [ A 7 25 b () SR VR PR, 32 2] SOmL [ Fh7
e, fERRRH 200r-min!, 28°C MIZMF R RS R 2 Ko B AT —ACFh 4% IR 10%I1)
B R, IR DGR, HE IR, B3 MRM T T AR,

REEHEDSHERBE: 76 7.5 L KEER IO 3 L MR EER 953, sl in, &Rk
PR S 10% BRI &, A M BTN B 7.5 L R IEGEH, R 210mL
1g L' B & R . F2 NG #68N 400rpm, A E N3 V-V imin!, JREHEE
28°C. BEFE 12 h BUREIAE & S8 A MRS . FERGT EMAR &2 5 DHA & &.
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2.2 FEMBESEHN
221 FEEUH

SIS AT 7 ) T EAER WER 2.1 B

Table 2.1 Main equipments and their sourses

*® 2.1 EBEA LHOKIK

FEARE E LS
&R HEA R B0 f# [ Sigma 2 3K-15
e B B 1A % H 2R A F Agilent 1100
L Y E] S T A S IR 25 A IR A A DNP-9052
iR A SRS R A R A FA1004
pH it i -EARFRE DR 2 A F FE28
TEH K H AR N T A A IR THEA A SHZ-DIII
AR I AT AX L ZR 48 B2 Bt AR At 5 i SBA-40E
H KV REAFHEX R B %A TR A HH-WO
TR A P K B AR A g N AR R A TR A ReadMax 1500
AR IR A 5 O S G 1 4 A BR A ] HYL-A
7.5 L K G £ [E NBS A ] NBS110
A IS H A By A 7] Shimadzu GC-2010
i TIEG M B EREYRE AR A F SW-CJ-2D
WOLHL R B EERRMARRA IR A A TCS SP8

2.2.2 FERH

S8 P 7 2 1 2 BRI AR 2.2 B .

* 2.2 FEG SORIR

Table 2.2 Main reagents and their sources

Bt 37 Wl GV
14% = s AL - F LRSI RH AR A PR 2 7]
i I 244k A1 4k 2 1) PR A
—HIEHR I 2454 A1 4k 2 1) PR A 5
1ECkE Il 265 82 B4k A BR 24 7]
JiE W5 B i LG SRS BHY AR A PR 2 7]
iR Rl il B REMEARAG R ]
T I 25 £ Bk Sl BR 22 7]
JEEZEAN AW TRES A A PR 7]
5 i G-250 ] 245 52 AL AT PR 7]
e By TR RHIR BB A F]
R 1 R FEER KRB 2w
GV WL R 2 ER 1) AT PR 2 =)
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2.3 LW FIE
2.3.1 AYENE5EABRN T E

B0 mLZFH 22 18 A BB T 15 mLE L v, A s v R IO AL AE8 000 r-min
15 min, FEFEIFBZOKGEEUTEMIR, HFEMEFTE O, FIRRIEFERL %
BT gREMET, BRRTREENTE, £YE (DCW) KiHE AR nA2.157R:

DCW (g-L1) :171133:‘$ (m)x1000 2.1)
KREERARTL (VD

AU VR Ak B )RRV el e K R IRV R T A A A I i (ks
.

232 BRI REEMEEHME

HY 2 mL 2458 35 1 & BER T 250, 3000 r-min! B0 58 0.1 mol- L fBERSE
M (pH7.2) MEVEEAM IR, 18 0.1 mol-L- BERR AL 2% il B B 1R H M Be— 2 1%
o W1.5mL HEWT 2mL B.O0E S, W 15pL JeZ et (0.75g L1 F1250
uL ZHEHR, fERDERAET 37°CKI B G 30 min. HX 2 pL Jeta il A s, R
CLSM, fE 480 nm BURHE K, Kl 580 nm K HHEH K, W E2Z5H 4 0 41 R S 540
NI IEIRAS .

233 WAERNESWHEN

T R SR IR BR A B 5 0F Ok de s, BB~ F#frE02g (m) 2
ATV UR T 1 0 2450 3 e 9k T 15 mLE O 1, 7R B0 oI T mL 2 B8 - /K A2 mLik
EhIR, (KB LL70-80°C/KIE VRN 1 h, FF10minfE % 50— K. #EJEN2 mL
1ECE50.8 mLIG/K 4, 78RBS O, ZEBUR R G, S8E 1 5.0 7E3000
r-min 244 N E02min, WEIECKZE (LB TEMEERREM (m) F, 7F65°C
FAF TR IR, A A A 2 R AIEZS 15 min, MBI IEC e w8 R,
B e 2O T R R ARE (ma) . RS EVL. SE (o i & (Po HHEA
Lmalun2.2. K23, K24F7R:

o M@ -m:(9) 1000

(2.2)
m, (9)
P. (g-L'') =DCW (g-L1) x¢ (2.3)
VL (g-L-'h!) =Py (g-L-1) =Bf[Et (h) (2.4)

2.3.4 f8 TR H Btk

e W R & = 2 FH N FRvE, AT A 3% (Gaschromatography, GC) Wi, HAKTT
FEWR: fERZERE P, NN S uLAR ELF RHAERE AN LS L UbE R (C19:00 7Y
)5 mg-mL, HAHIA2mL 0.5 mol- L] NaOH- VA, RHi25], 65°ClEIRK
%, JM1h, MRS, FEHEAEIS min, £ EEJE A2 mL 25%BF:-CH:OH
W, IREHA], BilE BN CIEEKB A EEH20min, FAHEERG. HEH



T PR

A IES b2 mL, EHRAEFHEImL, FIARE 2 mLERINaCIAH,  FRGE
Yi2min, ##E3 min/5ERAESZ R, FERGEE R . .S mL B EA HIARE R T2 mL
BB, IMNTERERER > 8 LLEBRA HUE T K, IR # E10min, Fi1mL
VESS SR, PR WLE R I8 SR N BERE R b R, 3 UM G e DHA &5 B

2.3.5 KM% S DHA 44T

A AR (ShimadzuGC-2010, B, HA) #EHTAMEE ST, RS
FAE, BARSHMH KA TS % R/ 555 NSARTTED T,

BARGCHA: #FE R N250°C, RN uL, AFaiss; fillssiiE N
250°C, PANN#EA, 4ERFVIGEAE2 minfg, PA10°C-min-! (38 FHE 2 180°C, FHLA
4°C-min-! {3 FHE 5£240°C, FE4ERFS min.

2.3.6 41HPY ROS K 5E

8 F DCFH-DA (& ALBURFR =TI VAN E 40 PN ROS Ko ZIRE ARG
TEREITe ), ATULE R i, B4, MR DCFH K87~ 22BN 2
fR3LHF (DA), DCFH 3R % 6. £ ROS #7746 K, DCFH # &b it 2, 7-— &
%HE (DCF), A RGN,

¥ 1 mL AR OGS BIEW, JEA | mLPBS Z5ME R E AR, EET lmL
PBS ZZ 4, I 10 umol-L-' DCFH-DA, 7F 30°C Fi¥ & 37min, % & %5 K /5 PBS
Pekih R il B4R RGO EETHE 485 nm FIBUK AT 530nm K
SR I AT I R R e e L1081,

23.7 KA¥E PERESENE

HERRAREL 0.1 g T1 0245855 1 3ok T 15 mL B0, Il 4mL3 mol-L-! () HCI,
FIRE 30min 7R EL, WAKBAKIBINA dmin, TEVKFIRIEA A, 7F 40001 - min! &
R0 10 min £BR HCL, A8 FHZE /KBRS AR IR 30, FEVTRE I 4 mL
BRI, iR T %R 30 min 780 2 MRS MR, 7E 4000 r-min 2544 T L,
HEFEEAGE. e HIEBONEEAS N R IR0, B b RS 2R AR 25
Fﬁ%[m]:

K MRS E (ug-g-biomass!) =A87.51;—5\7VV

Hor, Agrs AEEEE N EIRIORAE 475 nm AHIROGIE; D RMREEL V2K
2N RIEIGE AR 0.16 NEEREG W ONESHE S BB B8
23.8 HEHBEZHEN <

(1) FeanAbzE
TERAFREL 0.05 g 24 W R T 15 mL E.08H, 1A 0.5 mol-L-! NaOH % 5
mL, 7E#/KBH K SmL. ¥EIEZE 10000 r-min-! 254F F 2.0 6 min, U4EE LB
FAEPTET IO 0.5 mol-L! NaOH iAW 5 mL, HE ZAiHEAE, HIVEGINEES KMk

(2.5)
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1 EIERIR A
(2) H\EEFNE
5 A0 R 2 S B 0 L i R A AT ARSI, R A AR S AR RE B AEREE, 1R
96 FLAR #7320 ul £ 5 5 200uL, 2% 30s, fEREAHRM Smin, 7E 595 nm 4k
M E OGS
(3) ZHENE
22 0% BRI i A FH SRR - B B iR ST AT A, B R IR RE i 2 mL, IAIRFE N
1 gL' EEAR 6 mL, JRG i’]’j):ft/ﬁﬁk/@qjﬂﬂm 15 min, ##IJE7E 625 nm 4Ll
EPOE .



B SRS

BT FHRSWL

3.1 AEIMNRH YN NETE A K X DHA R EKFE W
3.1.1 MR I R B DHA P2 E W

LML 5 B ISTUESES SRR AR, WP, a8k, EERAER
VG G RR . O, 5T E &R & T2 7 S 2 B A TE S (ROS), ROS
BERS (L HE 2T AE # i iR A1 DHA (97748, {H ROS &7~ fdett, 224 b K
(105, 116, 1171, [K] Hb AR T8 MR A I 0 S Ak 22 O L B

1E 28 % B R B R R B0 H202+ ZnClaw CuSOs. CrCla. AgNOs, VI
3324 3 mmol-L-!, 10 pmol-L-!, 10pmol-L-'y 10 pmol-L-'\ 100 pmol-L-'. #1Fd 3-1 iy
N, G AR RIS INANRR I AR 2183 2713 g LY, WiAE &N 10.76 g-L,
DHA 728N 2.57g- L. 24MEZRIN CuSOs. CrCla AgNOs I, 245847 B AEYE. il
7= B Al DHA P~ W IR ANREZR I HoOo. ZnClo I 45835 1 A= Mot iR~ & 1
F%, {H/& DHA = 8&H i m. SR H20: i DHA P2 8183 2.87g-L-1, 5 XHEZHAH
. DHA P 425 11.67%; A4MNEZRM ZnCl I DHA P2 &85 2.66 g- L', 425 3.45%,
F BN INIE SR S 1) Ha O 1 ZnClo 5 AT 245852 B AR 2 DHA . R INANIR AN f5 2458
7 g AR R BRI, AR B TSR B T i T AR | ROS BT SR

i
IR ==
DHA ™ &

L, ahfgreE, DHAFSE (g LY

WT  CuSO, H,0, ZnCl, CrCl, AgNO,
AR TR N
3-1 ARSI It 258 AT T AR . G B & DHA P2 852
Fig.3-1 Effect of different exogenous additions on biomass, oil and oil production and DHA production of
Schizochytrium sp

WP 3-2 R, LEANRIIN SR B 15 Ha O i, 24518 3% B i i 2 & A i DHA
ESEAPEZERT, HAEIN H0: 1 ZnCl 53T & 2%, JMEZIN 10 umol-L-! ZnCl
I S5 A b R IE B ) DHA & 870 08 48.43%M11 38.42%, AR X IR 1l
22.14%%1 60.48%; AMNEEIN 3 mmol-L-! H2O; B 5458 47 b FH i AE & &8 5 DHA & &7
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N A5.11%M01 36.53%, AT XTHEZH 0428 51 13.77%F1 52.59%. 5K, SNERIY)
A DA AL 248 5 R R IR A0 AT, N R R E A4 DHA IRt S %

50

WS4, DHASE @)

WT  AgNO; CusSO, CiCl, H,0, ZnClL
CIRR kY|

3-2 AN[FAMIE S Dot 5 A B vho IR 2 B A IR T DHA & &5
Fig.3-2 Effect of different exogenous additions on oil content and DHA content in the oil of Schizochytrium
sp.

Zi b, R CuSOs. CrClan AgNO; REHE =i 25H 17 B i g &/ UL A AR 1 DHA &
&, [EX=FAMNER IS w m A, SRR MR = DHA P s K. Ak
PN Ha 02 Al ZnCla X E5H AT b 1 A M AL/ (] 3-1), DHA P& 73555 2.87
g L1 A1 2.66g L1, 2054 11.67%H1 3.45%. iLHAL HaOx Al ZnCly 78 ik B E—2
BEAI AN IEAS It 28T A TR AR A R 2R, 42 /5 DHA 77 &

3.1.2 NERE ZnCl, X R8T B A KK PR

ZH50E DHA a2 wikaE, wlES & iES DHA S&ERI5m. MR
B 75 H0: 7L ¥ ROS 5 i/l 22 DHA BB RL, LASR @&l & 80 DHA &8, 2
MEEE HaO2 U IR FERIIE N, ROS T EUH 40 Mg P 2™ 5oy 2458 %0 b 1A, Btk
LRSS AT BEJRkZ> ROS BRI AR A& T FERI BT 52 N4 s DHA P78 o 87 58 T PR
AR ORGSR LR R 73 AR BRI 2 — M & Fe R 86, SR SORTA F Bl AT S8l AN
[A¥ & ZnCly (0 pmol-L-1, Sumol-L!, 10umol-L-!, 15umol-L!, 20umol-L-!, 25umol-L-
V) X Z4EE A7 b A2 K I DHA P& 2 an &l 3-3 Fios.
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Fig.3-3 Effect of ZnCl;, concentration on growth, oil yield and DHA yield of Schizochytrium sp.

258 5 v A A R R BE ZnCL MR EE B TS s b o %0 5 pmol L' ZnCl
i TR AR AR W A i P B A RO, N 1826 g L1 AL 7.85¢- LY ZnClLiREEN 0-15
umol-L-' I}, DHA j7&# & FFHEH, ZnCLIKFEEN 15-25 umol- L I, DHA /7 &2 T
A, UM 15 umol- L' ZnCl, B DHA P&k B R, K5 2.71 g- L AT X fHZHZY
ST DHA P B3 5.45%.

60 —— il 8
—e—DHA%
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] 3-4 ZNnCl, < B 245 7 14 Hh i A 2 B SO iR o DHA & BRI

Fig.3-4 Effect of ZnCl, concentration on oil content and DHA content in the oil of Schizochytrium sp.

WE 3-4 Fior, 5REN ZnCl #HEE, ZnCl #KFEEM 0 umol-L- B2 15 umol-L!
IKf, DHA &E&EMMAEES 22 ETHES, FEERIKERIE S, DHA &AM ESEL
B R B VRN 15 pmol-L-! ZnClo I, JiE & % DHA & Bk B i, 4> 51 4843%
1 38.42%, ARECT XTI 7350 4 i 22.14%H01 60.48%, & Ik ZnCly LA
WA 15 pmol-L-,
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3.1.3 AFEWKRE H,0, X {E T H DHA =& KM

H.0: 73 1) ROS 1E4HHUME 515 FHER ] “ 56 F6” MEM, Realexs Thk
Ui, BT LAE 9 IRAR 8 1 B R R 2K 0697 R [RIR A HoO2 (Ommol-L-', 1 mmol-L7,
1.5 mmol-L-!, 3mmol-L-!, 45mmol-L!, 6mmol-L-!) *JZ%H 47 F4E K & DHA P&
SCMAGN ] 3-5 BTN o B HaOo R BESG N, 408 A7 R 2E 4 B A = 2 T B, >4 HaOn
WRERT 3 mmol- L' I, AENE Sl a2 PoE N . 24 HaOo WK EE N 1 mmol-L!
Iy, 2T A AR S e P E R R, e 22,14 g L 1015 g LY, AT AR
J0 Ha02 1), 435 N % 18.40%F1 5.67%. H20:2 #e/% B Ommol-L-! 4 i 4 1.5 mmol- L i,
T DHA P& 20 EAHESR, W0 WE ST 1.5 mmol L' i, ZFHaTE DHA /=
B2 TR, 2 HO WINKE A 1.5 mmol-L- N, ZYAHA7H ) DHA P ik Flg s, N
3.17g- LY, BT RGN H00 B 23.34%, o X RN Ha00 X 3T 2458 40 1 DHA
FE A BN .

B i
il
DHA= &

(98]
<
T

[\
[}

[\
<

—
(=)

W, AR, DHAS B (gL
o o

1 1.5 3 4.5 6
H,0,3&E (mmol-L™)

P 3-5 HoO, H LR A AR A K, A7 % DHA P RE R
Fig.3-5 Effect of H,O, concentration on growth, oil yield and DHA yield of Schizochytrium sp.
Ho O I 0 258 5. b TEAS AR TR ZASRE WA AN 3-6 FITzs o ARSI HaOo HR0 HEZH A1
TR S AR, AR BCE D, 2 HoOo YR IR JE 9 1-1.5mmol- L I, BfAH:
TRETLG, BA/DEANEE . BEE HaOo VS IIVR FERISG N, 258 %0 b Hh Jig SEIn s,
(B 5B A TR A M Ay BB S N, X R EORIE T AR Y E R R R A

S
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