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Abstract: Docosahexaenoic acid (DHA) has many unique physiological functions such as promoting the development of
brain and retina in infants. Therefore, it is widely applied to food, pharmacy, breeding and other industries. To obtain
engineered strains of Aurantiochytrium limacinum SR21 suitable for industrial application with increased lipid and DHA
production, we designed a simple, fast, accurate and high-throughput screening method based on Nile red staining of oil
droplets. First, ultraviolet C (UVC) mutagenesis was used to generate a random mutant library of A. limacinum. Second,
screening conditions were optimized including staining conditions of Nile red and the sorting criterion. Thereby, three putative
high-lipid mutants (D03432, D05106 and D01521) were selected from the mutant library containing 3 648 mutated clones. The
three mutants grew faster and produced higher amounts of lipids and DHA compared to wild type (WT). In 100 mL cultures,
the lipid content of D03432 and D05106 mutants reached 64.74% and 63.13% of dry cell weight respectively, whereas the wild
strain exhibited only 43.19%. DHA yield in these two mutants were even 2.26-fold and 2.37-fold higher than that of the wild
strain. Experiment with 5 L fermentor further confirmed that D03432 and D05106 mutants had better performance than the
wild strain on DHA yield (45.51% and 66.46% more than that of the wild strain, respectively), and demonstrated their high
potential for industrial application. This work not only generated several high-DHA content mutants with high potential for
industrial use, but also provided vital guidance for high-throughput screening of lipid hyper-accumulating mutants in other
oil-producing microorganisms.
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Type Culture Collection, ATCC), {#A71E [ ARy T
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200 r/min ATEIRIE IR FEE R . TEREFRES 3 KIMA
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Fig. 1 Fatality rate of A. limacinum at different
UVC-irradiation time. The irradiance was about
0.5mW/cm®. Data represented the mean+standard
deviation (X +s) (n=3).
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Fig. 2 Effect of different staining conditions on the fluorescence intensity of A. limacinum stained with NR. (A)
DMSO concentration (V/V). (B) Nile red final concentration. (C) Incubation time. (D) Incubation temperature. Data

represented the X+s (n=3).
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Fig. 3 The correlation between the ODsgs value and the
fluorescence intensity. Data represented the X (n=3).
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Fig. 4 Time course of cell growth and lipid

accumulation of A. limacinum cultured at screening
medium. Data represented the X+s (n=3).
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Fig. 5 The rescreening results of A. limacinum random
mutants library. Based on FI/ODsgs value of A. limacinum
wild strain (showed by a line, as control), The obtained
mutants were divided into two group: Up group
(showed by e) containing 55 mutants and Down group
(showed by o) containing 40 mutants. Mutants in Up
group with the top 3 of FI/ODsgs value represented by
asterisk (%).
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. —2ZH & FI/ODsgs {H = T WT Bl fig & - TH4H
(Up group), £ %% 55 PRASA ; i —21J& FI/ODsgs
EART WT B As & F R4l (Down group), £
40 MR, IR B, RAKY
FI/ODsgs fH# i WT fE 0-50%Z [A] ()4 74.55%
(41/55), #AH WT 50%L) A9 4 25.45% (14/55),
Forh FI/ODses {E T 3 YRS (K FRIR), HIE5T
B H T 85.37%. 93.28%71 116.33%. fEiHfE &
TRedF, ZHEARRE) FI/ODsgs {HAE H7EALF
WT 1% 30%LA P, Ak FI/ODsgs {H i 58 A (AL Ky
WT 9 40.42%.
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PR AR i 7 S8 POERR I, SEHL FI/ODsos {ELRT 3 37
[Z&AE AR (D03432, D05106 Fil D01521) fEiE—2
MYRIIYTE . B, XX 3 AR AR THE I & 15
Bige, WAERCIRES (CEa). misfER GliE) L
S DHA &t S5 RAR AT 408 i . WKL 6 IR,
ICSR IR 3 PRI WT B IR 00 & I 7
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Fig. 6 The growth curves in the wild type (WT) of
A. limacinum and the putative high-lipid mutants
(D01521, D03432 and D05106) in 500 mL Erlenmeyer
flasks. Data were presented as the average of three
independent experiments. Error bars represented X+s.
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WAL H] 3 PRSI EH WT A KA, Hp
D03432 Fl D05106 114 4 i A < A48 WT A 1 1Y
P15 (P<0.01, t#0). AlERAEM 132 h i, X
PIRK S AE AR ODsos {H 7371l WT 15 31.85%7F1
27.45%, 5341, 275 1A D01521 W kb WT ) 16.46%.
SHE A A A A 1 i A AR 2R A R A
G208 B, XECUR PR b, BIRR e IR 222
18 b T IR F e e T R T D S
F£ T % (Lipid droplets or oil bodies) ix— 4l fifs
el T TR X A S WT il
REFR B 25 5, EREAE A0 MR 529 i e bR et 44
(36 h) ATV . Wil 7 iR, NR ()5,
SR O AT 2R A I OB X A I A T SR, R
PLIX 3 A4 5 A5 V4 B A Tl T AR SR T WT,
T HL 2 AR PR 40 B I B B 3 WT B &
RBELEHE, MR D01521. D03432

Nile red

Bright field

Merged

wWT

D01521

D03432

D05106

7 HETERTERSRENSHRERELE
36 h B R HUE BB

Fig. 7 Micrograph of lipid droplets in WT, D01521,
D03432 and D05106 at 36 h of cell growth. Column one:
lipid droplets visualized by NR staining. Column two:
bright field detected at white light. Column three: merged
by column one and column two. Bar= 8 um.
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1l D05106 Ay T H KK N (23.35+0.55) glL .
(30.10£0.35) g/L HI (28.49+1.35) g/L, ¥+ WT
BT E (20.22+1.18) g/L, Hroe75{k D03432 B
B WT & T4 48.88%, [T, % 3 HhasAs ik
(MG & 3 B 2 T WT 1Y 43.19% (P<0.05, t
Krge), 2€78{k D03432 F1 D0O5106 [1)iH i & i 2
SYHIAEN T T ER 64.74%7 63.13% (14 8A)., H
I, IESEIX 3 BRGEASARY AR, i —
AN T IR 7 ZE A T A T AR o BRI Z A1,
XX 3 R el R AR R T DHA & AR T
M5 Hr, anE 8B AR, KX 3 #RZA 1A DHA
T (5 TE) WHEET WT, WT /) DHA &
& (4 TE) 2 20.11%, [MZE4AE{k D03432 1%
A5 {4 D05106 /) DHA & it (& TF) 40 3liss T
32.00%71 32.11%. #RiMi, Bi 7 %8748{k D01521 f#
DHA i Blilig &S WT 25540, RAEK
D03432 5 D05106 1) DHA /5 s ig iy & & 5 WT
HEA B ENZER (P>0.05, t KK), X il
TEAS 2 A9 g 7 Tl S AR R AR R B R AT DR 5 5
JiT o BRI Ok 0 e P i S AR A Y AR W i T R
=T WT, 76 DHA 257 h b, 3Pkm il R4
KR B T WT (P<0.05, t Kiik), RASK
D05106 i5%| T WT () 2.26 %, i %728 1A D03432
BORIRE T WT 9 2.37 fif o X ULBAIRBEA3X 3 Bk
FASRAAUMAR & &5 T WT, DHA 7= gttt
=T WT.

BE, EBUMIE R . DHA PR n Heas il
12848 /& D03432 5 D05106 17 5 L & FFKIE,
WE 9 PR, X PRI AR TR I e & T F 4315 2
T(36.25+2.58) g/L F1(40.59+2.91) g/L, /35|t WT
B (29.43+0.91) g/L #EE 23.17%F1 37.92%; 7Eiil
JREEJrm, ¥k TEW 65%L, A&+ WT
) 52.44%; 7E X DHA 9775 I, 22745 14 D03432
K (11.54+0.47) g/L, & WT (7.88+0.84) g/L ¥
1.47 f¥%, D05106 B2 WT fY 1.66 fi5 ., AHEAL
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Fig. 8 Lipid accumulation (A) and DHA synthesis
profile (B) of WT, D01521, D03432 and D05106 at
fermentative stationary phase. Data were presented as the
average of three independent experiments. Error bars
represented X+s. Significant differences were calculated
using the Student’s test (***P<0.001, **P<0.01, *P<0.05
and n.s.: no significance).
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Fig. 9 Time courses of cell growth (A), lipid content
(B) and DHA yield (C) of WT and the high-lipid mutants
(D03432 and D05106) cultured in a 5-liter fermenter.
Data were presented as the average of three independent
experiments. Error bars represented X+s.
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PAEREE T B AL i il i O T 58 ey
ZRRGEH T P IMER B R E], S A (Al
P B Pl B bR B 3R AR 5 Ak, AU TR 3
FIFAA T 758, b iEE ) 3 Mk DHA il
HE I 28 AR A, I % H o R Ak 3R B AL Y 98 AR AR
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S RRRR G e T RUISITRR A iHE R (Type 1
fatty acid synthase pathway, FAS) Fii 5% 4l EPA
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® 1 SFBRELREER LB EERER
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B (34.24%) % WT (25.51%) FFHEI%, 1AM
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B GE FE T, DTS5 B 7 2 1 5 s T AT X 4
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ARG AR BE DR B3 0 A R — 2D BRIE
EAS—FE M2, ATk Zhmne S ey a
M. TR AR IR B LA B JE B AT Y B[] Y
PR TRAT DLEF XA [R] 7 i A W i A 7 A A i
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W, HAERER 96 FLARIE IR T EA B B 241 Y (0 i

Table1l Fatty acid composition (%) of high-lipid content mutantsin shake flask culture

Fatty acid composition (%)

Strains Ci4 C16 cis C205 C225 C226

WT 0.61£0.03 25.510.13 1.28£0.10 1.01£0.04 12.32£0.03 46.560.60
DO1521 1.44+0.15 34.25+3.04 1.37+0.09 0.96+0.03 10.38+0.49 40.99+2.12
D03432 1.14+0.01 32.40+0.01 1.38+0.02 0.82+0.01 11.73+0.08 45.68+0.21
DO05106 1.02+0.11 31.67+2.01 1.34+0.02 0.87+0.08 12.05+0.42 46.96+1.67
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