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Isolation, identification, and analysis of growth influencing
factors of a Dunaliella pseudosalina strain from Zabuye Salt
Lake
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Abstract: [Background] With rich metabolites and unique physiological properties, Dunaliella
has wide applications in the pharmaceutical, food, aquaculture, chemical, and light industries.
[Objective] To analyze the factors affecting the biomass of Dunaliella and the optimal culture
conditions with a view to increasing the biomass of Dunaliella and identify the secondary
metabolites of Dunaliella under the optimal culture conditions. [Methods] D. pseudosalina
ZBY-1 was isolated by the culture method and identified by 18S rRNA gene sequencing. The
growth conditions (nutrients and concentrations) were optimized by single factor and orthogonal
experiments. The secondary metabolites of strain ZBY-1 cultured under the optimal conditions
were then analyzed by LC-MS. [Results] The strain ZBY-1 showcased the best growth
performance at 10% NaCl, pH 8.5, and 25 °C. The optimal carbon, nitrogen, and phosphorus
sources and their concentrations for this strain were NaHCO; 1.26 g/, CO(NH;), 0.84 g/L, and
NaH,PO,4 0.06 g/L, respectively. The cell density of strain ZBY-1 cultured under the optimal
conditions reached (2.57+0.12)x10” cells/mL, which increased by 1.25 times compared with
that before optimization. LC-MS results showed that secondary metabolites were mainly
terpenoids, alkaloids, phenylpropanoids, and amino acid-related compounds. The enriched
metabolite pathways were the cofactor biosynthesis pathway, plant-derived metabolite
biosynthesis pathway, and the ABC transport pathway. [Conclusion] Zabuye Salt Lake has a
special geographical location, whereas the algal resources remain to be exploited. The isolated
strain ZBY-1 can adapt to the high saline-alkali environments, which provide a basis for
subsequent development and application of the metabolites of this strain.

Keywords: Dunaliella pseudosalina; isolation; growth characteristics; orthogonal experiment;
metabolomics

K [C 3 (Dunaliella) /& — F S 40 il A% 8 BAIROKIRER, il higift [G3E(D. acidophila).
K, 4r2sRE T 43 7] (Chlorophyta) ¢ 3 44 $EEFLICHE(D. flagellata) . MIA:CHE(D. lateralis)
(Chlorophyceae) 4] #: H (Volvocales) £h # £} &Mk #E(D. obliqua)f17L# 1 3 (D. paupera),
(Dunalidllaceae)ft [C )& (Dunalidla), I EZWE T 23 ANFE A # s mar s, andhd: # K
VR . IR Y IE AT, M5 (D. salina). PhEhAE AL [GEE(D. pseudosalina) |
B KE AR 28 R, Horh 5 ANFRJE BERALE (D, bardawil) FHZFE FC3#:(D. minuta)
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&, MIREMEYRE D Z BN Z R R RN
Ry, k. A BEEIRER. RE. HE
AR pHM PR A M BRI A AR R IR EE, )8
T BRSPS, HAA R A T, H
FRA SR, s b e p-#A S b
FOV RS RN AR DR S IR AR, Bk
VE R Eh IR o e ek .

L HE i (Zabuye Salt Lake,
83°57'—84°15'E, 31°27'-31°34'N)vi T 75 i = i
VUL H W0 Hb X, K AR E A A Rl B [0
Li,CO;. NasMg(CO;),Cl Fil NaHCO;], J& Tt
TR IR T ER I8 1982 48, FR4RF-ZP1E ik
M FL A B R w8 v & BEOAE EG R R A R
(Chlamydomonas), [ AT RGN TE. HEa T
VOV BURR B b H vk I A ELRZ TR AE S, L
Chlamydomonas #i15: ## J& (Cryptomonas) A {1
J& o Oren™F7E AL PN K AT AR BIHT, & BAL
FC 348 J8 1R AT 74 (Salinibacter ) A {1 34V J& 5 W7k
22 U2V 00 b PG T by A G ) O T Ui R S
PE, BN 25 A8 (Synedra) . 55 i
J& (Diatom) 1 A HE i & (Navicula) . 75 i = Ji ik
RGN RIS R N S Qe TN R D
Oy E . AR EARRPE DL R PN TR AR ) A A
RIERF R, ERRAR G . A5 UL
A1 HRER T BT 3 B e R R SR B % 42, by Hode
T8 A K A (R B2 /pH/ I B ) A g A A i s/ 4L T/
B, IR IE I LA LR IR 45 1 (il . &L
Wl LA SRR BE K, DU OA Je S Ok AE A G
F R RRABE % 5 5 1L N IR R AU A 1) e e T 92 4
HE—E MRS 2K 8

AR

1.1 JKEERIR
2021 A4 7 HHA), RAEFAIRER KL
(5.0L), BEEMIRE, ICRIEHK 4379 m, RFE

WK 10-25 cm, JE 19.30 °C. FEAfEAF T
4 CCHFRVKA , IR 5256 % 7 B UEA T 3 b o0 i o
1.2 EFHFE

¥ G g FE Al 55 5% JE (Dunaliella medium,
DM)J#.43: NaCl 87.69 g/L, NaNO; 0.42 g/L,
NaH,PO, 15.60 mg/L, KCI 74.00 mg/L, MgSO,
1.23 g/L, CaCl, 44.00 mg/L, NaHCO; 0.84 g/L,
1% FeCeHsO; 0.5 mL, i c RIEW [HIE S
H,BO; 2.86 g/L, MnCl,-4H,0 1.82 g/L, ZnSO,-7TH,0
0.22 g/L., CuS04-5H,0 0.08 g/L., Na,Mo00O4-2H,0
0.39 g/L, CO(NO3),-6H,0 0.05 g/L] 1.0 mL.
1.3 EERFIFNE

NaCl 8434l , REREAF s SaUEY)
JLE R 2 DNA $2 B & B S HEE I DNA [
A&, KRB AR sIam, &1
AW TR A FRAF ;s 0.22 um AR
BEFRLFYERR, BR7E/\F]. PCR Y, Bio-Rad /A7l ;
pH i1, LIBHERAR; SLlERM, i
N AN, Cyvita 4] 5 a2 i
i, PRRAHE]; RO A o i £ I e B A
o, FEER CHI/RBHE ARl HSS T3 @ikt
(100 mm=2.1 mm, 1.8 um), REFHAH]
1.4 ARBEHKENTE. SGHfLE

B A EBKEE 10 mL A 90 mL DM £ 55
Berpr, 25 cCEE RIS 15 do BUEFRW 100 pL
AT DM [RREFR AL, JHEE R 10 do Bk
PR VR A TR R 2, R AR 34 Ik,
RATLAL R, 40% H AL . RADEE B
BiMESEERN L A 2544 . 2 BE DNA 2 BUL7 &
VLA BAR BN 4] DNA, FIHEZAEY 18S
rRNA JE[H K A #E47 PCR §74 51 . PCR 5]
Y1k 18N5 (5-TGGTGCCAGCAGCCGCGGTA-3')
1 18N11IR (5-CTCAGTAAGCTTGATCCTTCG
CAGGTTCACC-3"), PCR JZ W& Z (50 uL):
2xPCR Mix 25 uL, DNA #ifz(10 ng/uL) 2 uL,
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ddH,O 19 uL, b FIE514(10 pmol/L)£ 2 uL,
PCR S 3 £51F: 94 °C 5 min; 94 °C 30's, 55 °C
30s, 72°C 1 min, 35 fF¥; 72 °C 10 min,
PCR F=#paifb)a i T A TR CEE B A
BRI SE I Y . A 18S tRNA BN )7
Y34 NCBI $0#i %2 BLAST T2 F X404, IF:
FIF MEGA 10.0 B E# RS kB R CRH
neighbor-joining 7%, bootstrap A7 1 000),
1.5 EHRSFEKARSEKESR

K E AN NG R T A T B A K AT 4
(350-750 nm). HFEXTEERBIGE 10 )M B
FhFERR RS, B 2 6% i {H (optical density, ODgog)
02, 04, 06, 0.8 & 1.0, I AHmBRiT5H
HEMMEER ., UL OD fH EEAAFR, LL4HH%
JE R P bRz il e A A A AR e 2. ool i
R FEVEIE R 5%—30% ([EIF&HR 5%), pH B
TWHEh 5.5-10.5 (A& A 1.0), SRS RO N
22-28 °C, LABLIRZT PhEE Az M I e %) fpe i B (A
AR FAM o BT b 35 A (ODgos=0.2) H2 Fll T
DM AR F£3(100 mL F2H)JEFT 6 B 5% 5%
12d (25 °C, 12 h:12 h, Jt5 6 000 1x), ik
TR 3 AN EAE, BERR 48 h AN AN i
M E
1.6 &, &, BMESERZIKE

JEF DM SR, W E IR (NaHCO;
C¢H 1,06 . C1oHp0y, il CH3COONa) ¥k & N
0-2.52 g/L ([H]F@EN 0.84 g/L); & JE(NaNO;,
CO(NH,), #l NH,CHHK &l 0-1.26 g/L ([H]f&N
0.42 g/L); BEJH(NaH,PO, Fl KH,PO,) ¥ N
0—0.112 5 g/L (8] ff@ A4 0.037 5 g/L), #FT IR
A A K RS R (C) . AN BE(P)FPE
S AL R SRR B L T A T ) 5 5 AR N A ik
JERI T 0 1.5, srAr s R (NaCl, ik . A& .
BEVE )R LB 25 5, R F Latin v3.1 1 SPSS {4
PEAT IE ARG T (n=3) AL dis o0 M, 863 DU Rl

KPR IE SR (R 1), LASE AN 5 Ry i
NAE, ik DM RrgR o ie b3 0E . 32
SPSS 26 FEATH M T A Z T )T 22 53 A i o b
NaCl, fdi . &8 . BEUEH E800 . Fodk R A
X+SD i, 25 W EME P<0.05,
17 XEBRIFEHNE

BUEgE 12 d BB 2.0 mL, 4 722xg B0
5min 3, 1.0 mL KEE R 11K, 4 722xg
B0 5 min 7 B3, JEMA 2 mL JoK 2 EEL
#BE (400 W, 50 °C, 30 min), 4 °C¥ 37 5 (R4
7 (400 W, 50 °C, 30 min). 4 722xg &[> 5 min
JE BRI, DE R EREE Ases Asao F1 Aaro
NGO R TR, Co13.95%A0s—6.88%Axg;
Ci=24.96xAgs0~7.32%Agss; Cearo=(1 000xA47—2.05%C,—
144.8%C,,)/245; A48 3K (chorophyl)=21.21xAgse+
8.02xAses, FuH: Cu. Cp Fll Ceror 77 I FR /N M2
Foa, MEER b FIZREHE DR TR (mg/g).
1.8 RFEZESTRIE

WO B AR B 95 450 T W BEAR VA W (n=6) T
4 722xg &0 15 min £ B, SEBEE RS
3G 4 722xg B0 15 min, UUHE TR, FREL
50 mg FEhL, 400 pL $2EOR (FFEE KR FLEE N
4:1)% 0.02 mg/mL Y NAR(L-2-F AN TR) i
AR P R B, FEAR TS WA T8 VR AL 8L
6 min (-10 °C, 50 Hz)/5 iR #2H 30 min
(5 °C, 40 kHz). B E T-20 °C, 30 min J5
F 4°C. 13 000xg &.0> 15 min, FE IR F
BLAHIT o SR 1 AR €2 5 AR I e L i A 4

*x1 EXRER

Table 1 Orthogonal experiment table
JKF A:NaCl B:NaHCO; C: D:
Level (%) (g/L) CO(NH,), NaH,PO,
(g/L) (g/L)
1 8 1.26 0.63 0.060
2 10 1.68 0.84 0.075
12 2.10 1.05 0.090
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i o3 A1 5 AT A 2 U o i, (i ok
23 pL FEAS £ HSS T3 i H: 43 B 5 HEA R
Kl shA A R85 0.1%H BRIK: 20 (95:5),
WA B AE 0.1%H BRI OIE: R INEE: K
(47.5:47.5:5) . W~ 0.40 mL/min, Fi&H
40 °C. Jiilk 26 AN BTSSR FHE 7 B 5
PR, B LR 70-1 050 miz,
LC-MS 5L 4f B4 5 A A 20 27 4b B AR
Progenesis QI (Waters Corporation, Milford)i/£47
FR g R B PREEISTRIASOE | U
XF5F, AR AR E] BT R SR
JE IR A . TR MS Rl MSMSS (S K5
oA I % HMDB (http://www.hmdb.ca/) |
Metlin (https://metlin.scripps.edu/)L & 37 H 4
PEHATIERCE RS, RAGCEHIE R . X8RS
B AU ) A7 T A B [ 0 2 B L O ik O (B Y
KT 20%M9 FRAEAE , DR B AR XS b oE f 22 {6
(relative standard deviation, RSD)<30%74% i J i
1 logio X &AL 45 2] T A W A5 2.5 53
HIEREE M . R KEGG U3 R (https://www.
kegg.jp/kegg/pathway.html) ¥ 17 18 i 97 18 B v
B, Python 3% {FfU scipy.stats PF1 718 1% & 504 o

2 BRS04

21 hEEHKENSE., dHFEE
#R

K1 DM it 35 77 503 B RS H LA HRER b
Hyalifbsark ZBY-1 (K 1), SEEIR R gt a (&l 1A).
YA OME IR Y, K 10-12 um, T
4-6 um (|8 1B), K EAWFKRK WS, ©
AR, AHAE NI — AR SRk, SR
WA REAZE 10), Btk ZBY-1 BYFEA
TEARHIE 5 A Qe — 3% BE T 8Epk ZBY-1 19 18S
rRNA FEFH P51 (1 162 bp)5 Dunaliella 2:#£1Y
NCBI BLAST HXJ4558, >R neighbor-joining ¥

C

&
@
? t .ﬁg

e B

50 um 20 pm

]

1 SEMRZBY-1 IESEFE A BIAE 3. B:
Het BB (40x). C: Je2F BAETE A (100%)

Figure 1 Isolated and purified strain ZBY-1. A:
Liquid culture of ZBY-1. B: Morphology of ZBY-1

under light microscope (40x). C: Morphology of
ZBY-1 under light microscope (100x).

ARG L BER(E 2). iR, Btk ZBY-1 5
PRERAEFE (D, pseudosalina) MAH (KU641615.1)
RAF] 433, P HIAR I 99% , 2 W] A Tm] i
BT FREYI A E BEbk ZBY-1 k)8 T
A M G (D. pseudosalina) ZBY-1 (GenBank
S5 OR939361.1),
22 ARAEHIKENEEKIESmEZ
AN N o v oV 2 i R L 3 B o N =
i, IR AHML % B2 S OD fH 2 Hil i i 4% .
ZPR BN 698 nm ZbA SR RM g, PR R
ML) F B AR RIS R, TSR FEW
Iz 430-450 nm A% 225G LN K 630-700 nm AT
. L, PEE 698 nm i Lk R Ik I E
B2 2 P (B 3A) . 358 20 RGN %) s o fil 26 R
Y=5 940 476X-178 571 (R=0.990 4, [& 3B), T/t
% JEAH ODgos -5 4 %5 B 22 [A] AT AT AAEDCHE o
23 AREHEKENREEKER
WEAFMEEWE(5%-30%). pH &
(5.5-10.5) 0l B2 B i (22-28 °C), s Hretk
ZBY-1 WA AL G AR R, AK
WM RN, TE 5% 15%A9 £h vk B 3 Rl
W, Bk ZBY-1 A RIFMAKERE . T7E 10%
BET, BEMmAYERSES, WHEE N
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99 Strain ZBY-1 (OR939361.1)

Dunaliella pseudosalina MAH (KU641615.1)
Y punatielia parva SAG 19-1 (DQ009763.1)

% Dunaliella granulata TAU-MAC 1120 (OQ418468.1)
Dunaliella tertiolecta RCC6 (KT860851.1)

98

100
Chlorosarcinopsis gelatinosa CCMP 1511 (DQ009759.1)

100 Dunaliella minuta TAU-MAC 0420 (0Q418461.1)
100 Dunaliella salina UU1 (KX377708.1)
|7 Tetracystis pulchra SAG 97.80 (KM020022.1)
Chloromonas subdivisa SAG 67.72 (FR854374.1)

0.01

2 ET 18S rRNA EEFIHIEE ZBY-1 WRZ A B
TR ROESALIE & $55 ¥ 5 R E) GenBank % 5% 5

Figure 2 Construction of a phylogenetic tree of the algal strain ZBY-1 based on the 18S rRNA gene
sequence. Branch numbers represent Bootstrap values; The bottom scale in the figure is the evolutionary

53 H T3 Bootstrap {H; Bl fx

distance, and the sequence number in parentheses is the GenBank accession number of the algal strain.

A 036
R 698 nm a
3 0.35
2 S—
0.32| - - - - - - - - - g
600 610 620 630 640 650 660 670 680 690 700

Wavelength (nm)

& 3

B 66 ..
¥=5 940 476X—178 571
3 R=0.990 4 *
E
T 44 /
&
it . . . . .
0.0 02 0.4 0.6 0.8 1.0

Optical density (OD=698 nm)

EIR ZBY-1 2K K136 (A) S iR E/Z(B)

Figure 3  Full wavelength scan (A) and standard curve (B) of strain ZBY-1.

(1.23+0.02)x10" 4~/mL (& 4A); R e o m(a
MRS, MR a. SRR b AR PR
H4(18.510.05) mg/g (& 4B). (10.70+£0.02) mg/g.

(4.88+0.02) mg/g F1(2.39+0.01) mg/g (& 4C).

PHE , B AR ZBY-1 R K AR R 10%.
pH BEEESCHG R, FERRTE pH iy 7.5-10.5 it A
RAFA R a3 16 pH Ry 8.5 I, BEARAYA: Wt
T, AR S](1.5340.04)x 107 >/mL (&l 4D),

Tel: 010-64807511;

BREHTE(SHSZR TR, 4R a, gt
R b FZEHE M) HH(25.934£0.15) mg/g
(8 4E). (14.67+0.04) mg/g. (7.14+0.10) mg/g.
(3.31£0.02) mg/g (&l 4F), X E #Ak ZBY-1
FBE A K pH o 8.5, IRERE MR, B
Pk ZBY-1 76 3 N ¥ RB A A . Hidifi
FER 25 °CHRIHAAHE AR, N
(1.51£0.01)x10" A~/mL (& 4G), & e o (e
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4 TERIEMHTEKE ZBY-1 HEKBRAUREREE

Temperature (°C)

A, B, C: #¥k¥.D. E. F: pH.G. H. I:

?J%E Civ Gy %ﬂ Cearot ﬁj\%u%‘:zﬂ?“f?%“ a. n+é%% b *u;'&tﬁﬁ? I\%

Figure 4

Growth and pigment content of strain ZBY-1 under different conditions. A, B, C: Salt

concentration. D, E, F: pH. G, H, I: Temperature. C,, C, and C.,,: denote chlorophyll a, chlorophyll b and

carotenoids, respectively.

SRR AR a. 4R b FIZEEE M) 4
}(25.77+0.28) mg/g (K] 4H). (14.60+0.08) mg/g.
(7.08+0.16) mg/g F1(3.34+0.05) mg/g (& 41).
I, BAAEERE ZBY-1 B adE A KRR 25 °C.
24 ARERKENSER. B BEAR
AR R T 08 . AL BEIE,
Mrifetk ZBY-1 BIAN 2 SO A R TR & Bk

TR 531 s : NaHCO;, #5258 (CeH1206) . FE
B (C12H2401) S L FR AN (CH;COONa) ) 3 4~k i
T A A R R R S e Y TS R IR
(& 5A). BRIF NaHCO; ¥ & 1.68 g/L Bf, &
EAGR&EMAEY R, WKEER
(1.830+0.023)x10” 4~/mL, {03 Ffm o (R 4%
ROa. MERER a. MEEER b MR R4
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“}9(30.41+0.43) mg/g (K 5B). (16.98+0.13) mg/g. VR E T 1 T 4 L 28 1 v TS R R, 0.42 /L
(8.61+0.28) mg/g H1(4.02+0.15) mg/g (& 5C), NH,CI AMfE kbR ZBY-1 MK, (HEHkEny
P NaHCO; MfictEfkili, W R 1.68 g/L. NH,C1 23l ¥tk ZBY-1 4K (& 5D), AJE
BRI /R . CONH,), A1 NaNOs2H 3 4~ CO(NH,), ¥ EE ly 0.84 g/L I, Jekk HA i Ak

ell density (x107
o =
Q ES

.,
<
o

tal chlorophyll cc
hotosynthetic pigi

-
[¢]

B V.42 /L CU(INHL, ),
&10.84 g/ CO(NH,),
H1.26 g/L CO(NH,),
& Blank Group

Al

—_—
N

1.4

0.7
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0.0

2
NE
2

0 042 084 126

% g E CIV.114 U g/ iNaLpl Uy
° £ 2.l (8 70.037 5 g/L KH,PO,
= 14 g 16 10r 18 . Ld

= E 2 LRl §0.075 0 g/L KH,PO,
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£07 5 8 s s -
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= e =}
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Concentration (g/L) Concentration (g/L)

5 AEBE. RE. BERET ZBY-1 HEKIBERAURBESE  C,. C, M Coro I HIF/R 41
Fa, HEE b KA NE

Figure 5 The growth and pigment content of strain ZBY-1 at different concentrations of carbon/nitrogen/
phosphorus. C,, C, and C.,,; denote chlorophyll a, chlorophyll b and carotenoids, respectively.
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Yrde, 0% B N (1.930+0.008)x107 4~ /mL.
CRERESTR(EMHZREST . TR a, it
LR b MR b R)7 0 (30.48+0.11) mg/g
(Fl 5E). (17.17+0.08) mg/g. (8.48+0.02) mg/g.
(3.94+0.03) mg/g (K 5F). Zi4Hik CO(NH,),
TRIR , e B N 0.84 g/L W TR 43 BT R
NaH,PO, 41 fil KH,PO, 4 3 Nk & i35 41 i
wEYETAE AN A, UL NaH,PO, I
KH,PO, ¥ 7] LI{E #F ZBY-1 M4 K. #i i
NaH,PO, ¥ &4 0.075 g/L i}, SEkk A e A4
i, YRR A (1.8240.01)x 107 A~/mL (& 5G),
OREm T REMSRR SR, TR a, gt
2 b M2 b R)5518(20.3341.28) mg/g
(8 5H), (11.92+0.68) mg/g. (5.17+0.40) mg/g.
(3.41+0.08) mg/g (& 51), WHABH A WE T
BEMERT . FHIL, i NaH,PO, i
J5, MR EE R 0.075 g/L.
25 EXRREER

FIF Latin v.3.1 A4 IE AR E (3% 2),
GERAPT BN . AR EA G X B ZBY-1 1)
AR ERAFAE—E WM VE R, A 2253 B 5% i [
B Ry FIE> B > B >0 AR A% TR R K
F, ABUA,, BEUB,, CHLC,, D it D, Aiil
R, RGN AN ABICD,, HAKN
NaCl 10 g/L; CO(NH,), 0.84 g/L; NaH,PO,
0.06 g/L; KC1 74 mg/L; MgS0, 1.23 g/L; CaCl,
44 mg/L; NaHCO; 1.26 g/L; FeC¢HsO; (1%)
0.5mL; WERICREW 1 mL. FJF] SPSS #ftik
PB4 M Al F K56 (K 3), 45BN
4 4~H & [NaCl ,NaHCO; .CO(NH,), fl NaH,PO,]
XTERR ZBY-1 Y20 M % B2 52 2 2 (P<0.05),
BRI IHA R, W TR SR fb B 77
2.6 EFEZFHMUAIEXIEE

PIILRRE 3R 3E DM 25 LX) BE(n=3), DL
IEZ AR IR EE O S A (n=3), R Lo B e bk

x2 EXHERERSH

Table 2 Experiments and analysis of orthogonal

results

i 5 A B c D e 2 e

No. Algal cell density
(x107 cell/mL)

1 8% 1.260 0.630 0.060 2.56
2 8% 1.680 0.840 0.075 2.35
3 8% 2.100 1.050 0.090 1.05
4 10% 1.260 0.840 0.090 2.41
5 10% 1.680 1.050 0.060 2.26
6 10% 2.100 0.630 0.075 2.20
7 12% 1.260 1.050 0.075 1.81
8 12% 1.680 0.630 0.090 1.95
9 12% 2.100 0.840 0.060 1.99
K 1.988 2.261 2.238 2.270

K, 2.288 2.188 2.252 2.120

K; 1.918 1.745 1.704 1.804

R 0.369 0.516 0.547 0.466
Optimal A, B, G, D,

solution

KA ] — R B FME s R I ZE (ReKnax—Kmin) 3 N=3
K is the mean of the same factor; R is the extreme variance
(R:kmax_kmin); n=3.

=3 RAESHER
Table 3 ANOVA results

BIHWE MEZEFrM A b

Y177 Fvalue P value

Project  Illsumof Degree of Mean

content  squares freedom  square

Revised 4.935° 8 0.617 39.280 <0.05
model

A 0.785 1 0.392 24980 <0.05
B 1.278 2 0.639 40.689 <0.05
C 1.826 2 0913 58.119 <0.05
D 1.047 2 0.523 33324 <0.05
Error 0.283 2 0.016

Total 121.125 18 0.392

Corrected 5.218 27
total

% R?=0.946 (adjusted R*=0.922); n=3.

ZBY-1 A K R a R R 5 (F 6) 25 R ER
Ak 3 5 B X B bk ZBY-1 oA % 10 A K AE ik
YERT, 40 % 8 B i o (2.57+0.12)x107 4~/mL
(B 6A), EHERER | 4K a. FHEEER b MK
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Q 0.0 s . s L s L s . *g
0 2 4 6 8 10 12 14 16 18 &

Time (d)

6 EFEMUATEERK ZBY-1 HEKBAUREBESE

LR b MIZEWIE bR

Before  After

Photosynthetic pigment (i

Ca\ Cb ﬂ] Ccarotﬁ%l‘l%éﬁ_\‘nfé%%% a. [H“

Figure 6 The growth and pigment content of strain ZBY-1 before and after media optimization. C,, C;, and
C.arot denote chlorophyll a, chlorophyll b and carotenoids, respectively.

W N R SR N 46.71£1.79 mg/g (Kl 6B).
(25.95£0.32) mglg . (13.36£1.19) mglg Fl
(4.22+0.36) mg/g (K 6C).
2.7 EMK ZBY-1 IRIEEF SIER
R 2: LC-MS 1B/ 8 74 40 b
SEE R BARRGACH 73 54 1169 F1 1234 4,
KEGG compound £54fg 2 LU XS ARASA G 4 53 25k
(& TA), FEERBUKIKA 63 FhiifiZ(terpenoids,
Lo 33.7%) . 55 P AE W68 (alkaloids, LL A
H29.4%). 17 FhZEN 2 2 (phenylpropanoids,
FLH 9.1%) 16 Bl KB AH G AL 5 P25 (amino
acid related compounds, H.°4 8.6%). 13 Fiifig
iR AH %Ak & P25 (fatty acids related compounds,
HBS 7.0%). 9 FhSEEEIZE (flavonoids, LB N
4.8%). 7 FhZERIIR/MEIR-N IR A b &
¥ (shikimate/acetate-malonate pathway derived
compounds, HB R 3.7%) . 3 FiZliZE(polyketides,
R 1.6%)5% . iRk SWFE K% b & .
JeRRR . #HER A/D. EEEESE, AYmEEi
EEFEEREZF. FA . B O,
RKNREMMEYELE 2-FRERNER . AR TR
&, ARG RUE /AT . -

FEMRSE, NRIWIRRAH AL W) = AL 45 R |

AR . b TRRNIRIR . TR TUAER . AR
255 KEGG & 4Ptk th 92 /- (K1 7B),
5 (FT 10)F B2 26 500 03 Bl 2 R B K A &
% (biosynthesis of cofactors, 63 ). FHPZEIK
A AR P W) 4 W) & R (biosynthesis of plant
secondary metabolites, 48 ). ABC #5iz &%
(ABC transporters, 36 1), H &R/ 2R/ I8 2
M2 (glycine, serine and threonine metabolism,
33 ). JEAH S A9 HEAE AR 5] (choline metabolism
in cancer, 30 4~). & # & X (nucleotide
metabolism, 26 4~). & F & H k-5 W UL (protein
digestion and absorption, 22 ™). JEHE Y HHOK
. (central carbon metabolism in cancer,

20 ). MEREA I (pyrimidine metabolism, 18 4“)
DL Ko TN 2 R /R 4 B IR 1 4% 24 1R A 1 (alanine ,

aspartate and glutamate metabolism, 13 >),
3 W

31 HEMHKEMHSHANE
G (Dunaliella) & — A= K 5 5 Y il
J7(0.05-5.50 mol/L) H. 4% J& 1iif £ /) B Az e e A=
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Terpenoids

Fatty acids related compounds
Flavonoids

Polyketides

Others
Shikimate/acetate-malonate pathway derived compounds
Amino acid related compounds
Phenylpropanoids

Al 124,

Biosynthesis of cofactors
Pyrimidine metabolism
Choline metabolism in cancer

Alanine, aspartate and glutamate metabolism |

Glycine, serine and threonine metabolism
ABC transporters

Protein digestion and absorption |

Nucleotide metabolism
Central carbon metabolism in cancer
Biosynthesis of plant secondary metabolites

63 (33.7%)
13 (7.0%)
9 (4.8%)
13 (1.6%)
4(2.1%)
7 (3.7%)
16 (8.6%)
117 (9.1%)

£C /AN A0/

63 (5.28e-06)
18 (4.67e-06)
30 (4.13¢-06)
113 (3.57e-06)
33 (1.84e-06)

36 (2.91e-09)
22 (5.37e-10)
126 (1.00e-10)
20 (3.52e-11)
I 48 (6.98e-15)
0 10 20 30 40 50 60 70

Numbers of metabolites

B 7 KEGG (A5 &AM KEGG KB B =% S HE(B)
Figure 7 Classification of KEGG compounds (A) and KEGG metabolic pathway enrichment analysis (B).

Vi, WAE AR R R A B i . SR AR
HEHP, B TR AR R, Ak R
(D. salina). ZrEAtIGEE(D. viridis) FIAE FGF: GHE
(D. tertiolecta)., Teodoresco! A% T4 Jg IV ERh il b iy
WA D. salina fil D. viridis; 1959 4F Butcher
SV [ v K S b 4 5 HE R DL viridis,
FE QBN A B A, k= AR A RE , 3 0 AR A7
BEBChTZ, BT, BAE RN L
5 5 A A R v U T AN
it B Gk B E LRI .
it Ul I A AR A5 L AR R e el S R
FIB M . ARWFT 58— RO AR AR AL
# (D. pseudosalina) ZBY-1, k&4 A7 R
5%-30%, £ pH EH R 5.5-10.5, HA RIFH
FER AR T o

EREEE R AT, KB M A R a

BAE MR GACIT Y, e 2 PR B
Az YRR S G LA AR R A D . FRAT]
MR A T KB, Btk ZBY-1 P T REAE
£ 2 403 Fb G 5250, 24U 63 Fl
RNEIAE MR #HER A/D F). 55 ik
PR (AN B ZEF0K . #P EAEE) LA K 13 Fh
HE R AR Ak & IR AN FRER . .+ —h NI
M5, iAW R — R BA T IZ Y s
HEZTFMANKRAI A i s
Yy B-#E MR ] IS S NO & li(inducible nitric
oxide synthase, iINOS)FIFFAfL-2 (COX-2)(H %=
ki, IR RSE R F-a (TNF-a) . I
F-1B (IL-1B)FI 1 4/ % -6 (IL-6) A Bk 21,
He iR 28 Ak & Wy e — 2 B KAkEE R iR, I
TEBEZY | Tolb 25 T B4R HA )32 i 0 (5
U a-\VJFR R (a-linolenic acid, ALA)R] i i 11 il

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Y F | —HRILAEERBPNRERREN DI BLEERERKZWE RS 4513

I 7 2 S R 42 T PR IR 114 3 B AR 28 2
T RS H R (docosahexaenoic acid, DHA)Xf
TUWARGEN AT . LRGN TEE LRk
HAREHABENEZEE, Cg N H TR
AT R A, A P A A A
AR, AT AR AR R A e Y
32 AREHKENEZWEKERZSH
R | pH AR S 5 ) R A0 A AR K Y
B AP IREE N 7Y, R i R 28 1 A K
EPEY B R, s 5o e P A A A . A .
Bt U5 ) W SR P o A A 5 BT A DR R R R TR
ZBY-1 M@K 10%, fidA K pH
R 8.5, WBEH 25 °C. WL, EhEREHE M
B T R R R R PO, R R
B A AE HRCE A K 3 7 2 0 e s IR 5 I
o EREB S| A A% 18 R BE X Tk 4 A
)35 351 HIL T A BBk K, S S0Am It % AR K
oyl BE M K, T S ) 4 Y 1) 57 3 R AR
Mo SRR 5T & AL FG e A9 AR KR YT
9812 (0.29%-31.90%) , {H# = ML FEATI R 2
R AR . TSR P R NaCl
MR RBEM A KB B E, RiGAKIRER
14%; RARE IR BoR HEICHE 558 s A4
KELEN 8.7%, LRBFFEAIR G AN —2L,
RN 10%0 , Bk ZBY-1 B e RAEY &=,
T 6 A ER VA B A T e, 00 o WU Bt 22 e
HR, pHEW 2 MBERIE R HEEN R, &
M) 240 L ) Fr Bk b for o BN, AR PO A B
FEERER A RIE pH EN 7.0-9.0, SUAE4NHEAR
F14) 308 325 A1 5 W) 35 5 00 3 %) MR SCRT A 38 7 0 1) HE
o A, RERXTEARN AR AT A
—E W VR, 52008 370 i W ORI FRASC%
ALY 0 BRI R B8R L Tt %) T 1 S 24 i - 24
W 4 B Seepratoomrosh 45 PHHF 5% & Fi
D. tertiolecta 1 A AE K I B2 L 25-35 °C,

FEDCIR G BN, 2 A K R RO A A
BRI s AR B (35 °CHI1 40 °C) T, TERRHY
FEALERORIEAG, B Rl A
3.3 ARAEMKENRER. & BESH
FFRER (B VR B ) R B A KA,
RO B SRR IR TR] , B Ehk . & TR T RE
FETENMAT e R, , WA 2257 . A5, thih
A AL ICHE ZBY-1 sk . Al BRI B
NaHCO; . CO(NH,),. NaH,PO,, ¥ 54l K
1.26. 0.84 F1 0.06 g/L. Akl 2B 40 M A= AN AT
BB FE R R R U B A
A TER SFELMEER T, WkS 5
fift . ZIRIRIGIS . DOWEBEIR ki 72 5 AR gt
BN A ST Y. White PR B, %
1 g/L BRER SN T LA = U A ¥ (Tetraselmis
sueci ca) F1 7 2§ BK # (Nannochloropsis salina) Y
M4 ; Colman ZEPOL BB H ) HCO™
BRI, (s E ik R
MLk, Bl CO, 25 A G, A5,
FL A HIS 6l 08 = S8 T 0 R R R TR < 1 (L R
243-396 g/L), FIT LAERK ZBY-1 REA A B U5
NaHCO; #1 R A .
RIEEBISE R AR LT E R IR
—, RIS R AS[R] v BE ¥ 25 5 i i 2R 1 A
KA R ET B T5 2 08 B e A0 W e
RN, SRR K HY, BRRE 553 pH {H,
AT B R ) A e 5 TR A PLDOT S i 4 10
HERIMIKE CONH,), 43f# ™ NHHCO; 5%
NH,OH, 59 BrRm I, fie 1F 45 i 20 i i 43 2L
I H AR AR F2 1 pH. Mulholland Z£HF5
2B, W E ¥ (Triehodesmium) nibb1967 7& ] F
FRZE CONHy), VBN & IS A9 A K R T
FOA R, X — & B AR S50 i WF 58 25 SR AH W)
Ho MAh, BEOTRWIEM AR | 5L YR
T ATP S5 EEIC R, S 54 a
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TSR A RR A B, BRI T
XK I NaH,PO, AT SEAFA B e 9 A AR 5 22
YU s IR NaH,PO, . HIMBE IR &h A1
ZRERR IR AT, &P NaH,PO, 23k A= 4 I%
e EERRIR . 2R A BT R EE R, kLR
ZBY-1 A IR AR 535028 CO(NH,), i
NaH,PO,, 5 RZHERA: A FCEE A AR FREAR.

4 Zi

A 5T DN FL AT B ER B8 53 25 %5 0 — RO £k
2E K G (D. Pseudosalina) ZBY-1, 2 it 52 4 5]
G, S EA IR S, s RN
10%, pH{E N 8.5, IEEHN 25 °C, HETIEAL
I, DAk B: 35 42 NaCl 10%., BRI (NaHCO;)
1.26 g/L . AIR(URE) 0.84 g/L FifIF(NaH,PO,)
0.06 g/L. IEAbIEFRELSS , #Epk ZBY-1 MAEK &
MENOR SRS B ERS, 0%k
(2.57+0.12)x10” > /mL (325 1.25 £5). A5 27
7R BERR ZBY-1 IR FACH ™ ) F E A FE i 2
WEY . Y. RN RATEY KA SR
AW, AR T A TR AR A
KRG =Y G GER ABC f4ia
WA SEE, SN BRI S S KRB S 3R 5 ik
A B A AR A — o I BRI SRR
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