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Breeding of Mortierella alpina mutants with high yield of arachidonic
acid by UV - LiCl combined with ARTP mutagenesis

ZHANG Xin, FENG Yuanbang, FENG Xue, ZHANG Chunzhi, CHEN Ming

(School of Biological Engineering, Dalian Polytechnic University, Dalian 116034, Liaoning, China)
Abstract:In order to obtain a genetically stable and high yield arachidonic acid ( ARA) - producing
Mortierella alpina strain, mutagenesis of the strain of M. alpina FD — 1 preserved in laboratory was
performed by UV - LiCl combined with atmospheric and room temperature plasma ( ARTP) method, and
the strain was screened by TTC plate and the fermentation in shaking flasks. The results showed that a
mutant strain Z6 — A23 with high yield of ARA was obtained by UV — LiCl combined with ARTP
mutagenesis. The ARA content in the oil produced by the mutant strain Z6 — A23 reached as high as
44.57% , and the ARA yield was 3. 62 g/1., which were 75.40% and 223.21% higher than those of the
original strain FD -1, respectively. After 10 subcultures, the mutant Z6 — A23 had stable ability to
synthesize ARA , indicating that it had good genetic stability. In conculsion, the mutant strain Z6 — A23
obtained is expected to be a promising strain for efficient ARA production.
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Fig.1 Effects of ultraviolet exposure time on the mortality
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Table 1 Preliminary screening results of UV —LiCl mutagenesis

Witk SUR | SUR| FRR S5R | Wbk SR Ekk AR
FD -1 77 + || 214+ ||Z21 + || 728 + +
71 + 78 + +||Z15  + ||Z22  + ||7Z29 +
72 + |29 ++| 7216 + ||Z23 4+ ||7Z30 +
73 + || 210 + ||Z17 + ||Z24 + ||7Z31 +
74 + ||[Z11 + +||Z18 + ||Z25 + +|[7Z32 +
75 + |[Z12  + ||Z19 + +| 726 + |[Z33 +
76 + +|Z13 4+ ||Z20 + ||7Z27 + ||7Z34 +

TE S + " FORBEVEBIERT FD - 15 + + " RN RS E
W+

Note: " +" indicates that the colony is darker than FD —1;
"+ +" means the colony is darker than " +"

M T AT RUR B TRT FD - 1 Rk A9 34
ANGASRR T, 26 78 79 211 719 725 Fl 728 Fifh
BRIk
2.1.3 R I O

5 1.2, 4 TRk X RIA B0 7 A RASKRIEA T BE
A E BRI 2 BT

M2 A, 5 FD -1 A, 7 A RASRRAE
AR IR R CARA i ARA RIS T A
AN JEE B 4 i, b LR S B Z6 L5 R B i
B A 27. 41 o/L i AR B 8. 01 g/L,
G2 R 29.24% , ARA 5 i3k 30. 60% , ARA
Fei 2,45 ¢/L,

x2 ZEH-LICAEAFERINREREMABELER
Table 2 Fermentation results of mutants by UV — LiCl mutagenesis in shaking flask
(GRS AW/ (/L) g i/ (¢/L) g & /% ARA &/ % ARA 7/ (g/L)
FD -1 21.59 +1.85 4.39 +0.51 20.30 £0.88 25.41 +0.64 1.12 +0.15
76 27.41 =1.51 8.01 £0.28 29.24 +0.83 30.60 £0.74 2.45+0.23
78 23.21 £0.54 6.27 £0.34 27.03 £0.52 30.23 +0. 82 1.90 £0. 65
79 25.70 £1.31 6.81+0.12 26.48 £0.42 30.59 +0.23 2.08 +0.58
711 27.51 £0.38 5.81+0.41 21.34 +£0.92 31.02+0.43 1.75+£0.23
719 25.16 £1.24 7.19 £0.11 28.56 £0.78 30.26 £0.44 2.17 £0.36
725 27.53 £0.81 5.86 £0.64 22.09 +0. 66 30.74 £0.52 1.80 £0.80
728 22.25+£1.49 4.87 +£0.55 21.86 +2.06 29.60 +£0.46 1.44 £0.14
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Fig.3 Effects of ARTP mutagenesis time on the mortality
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&3 ARTPFEHHLER

Table 3 Preliminary screening results of ARTP mutagenesis

IR 45 LS 4R R 4 LS 45 R 45

76 + + 76 — A9 + + + 76 - A18 + + + 76 — A27 + + + 76 — A36 + + +
76 - Al + + + 76 — A10 + + + 4+ 76 - A19 + 4+ + + 76 — A28 + + + 76 — A37 + + +
76 - A2 ++ + 76 - A1l ++ + + || 26 -A20 + + + 76 - A29 + 4+ + 76 — A38 + + +
76 — A3 + + + 76 — A12 + + + 76 — A21 + + + + 76 — A30 + + + 76 — A39 + + +
76 — A4 + + + 76 — A13 + + + + 76 — A22 + + + 76 — A31 + + + + 76 — A40 + + +
76 - A5 + + + 76 - Al4 + + + 76 — A23 + 4+ 4+ + 76 - A32 + + + 76 — A4l + + +
76 — A6 + + + 76 — A15 + + + 76 — A24 + + + 76 — A33 + + + 76 — A42 + + +
76 - A7 + 4+ + + 76 - Al6 + + + 76 — A25 ++ + 76 - A34 + + + 76 — A43 + + +
76 — A8 + + + 76 — Al17 + + + 76 - A26 + + + 76 — A35 + + + 76 — Ad4 + + +

F o+ + + T RRBEBERT 265 + + + + " RREERHERT + + +7

Note: " + + +" indicates that the colony is darker than Z6; " + + + +" indicates that the colony is darker than " + + +"

FIE 3 FHL, T i O TR T R A Rk Z6 1 44 Bk
B, 26 - AT .76 - A10 .76 - A1l 76 - A13 .76 —
A19 .76 - A21 .76 - A23 F1 76 - A31 Bi{a iR,

2.2.3 PRI
% 1.2.4 J7ik%E 2. 2.2 1320/ 8 R ARIFT
FEUACEE  ZE RN 4 R .

R4 ARTP FERBIMREREMEABLER
Table 4 Fermentation results of mutants by ARTP mutagenesis in shaking flask
LS YR/ (/L) ™ &/ (g/L) g & R/ % ARA i/ % ARA "/ (¢/L)
76 27.41 £1.51 8.01 £0.28 29.24 +0.83 30.60 £0.74 2.45+0.23
76 - A7 23.85+2.22 8.60+1.33 36.48 +8.97 31.17 £1.00 2.67 +0.33
76 — A10 25.67 £3.38 8.35+0.52 32.68 £2.26 36.48 +1.55 2.64 £0.63
76 - All 21.14£2.52 6.80 £1.22 32.74 £9.65 36.32 £0.04 2.47 £0.44
76 — A13 29.05 £2.53 9.82+0.53 33.90 £2.19 38.07 £1.26 3.73 £0.11
76 - A19 21.21 £1.74 4.73 £1.63 22.06 £5.86 35.91 £1.91 1.68 +£0.49
76 - A21 21.33 £1.97 8.18 £0.79 38.39 +£2.43 38.15 +£0.84 3.12+0.29
76 — A23 26.10 +1.15 8.14 +0.61 31.19 £2.05 44.57 £0.71 3.62+0.23
76 - A31 31.82 +£2.01 7.28 £0.51 22.87 £0.16 32.78 £0. 10 2.39+0.17

M4 Al F 1, 55450k 26 tHIL,8 PREEAERR
ARA F A — @ IR ey, U HOE R Ak 76 -
A23 e iE e ARA 235 44.57% ,ARA 7=
HILF 3. 62 g/ L, /il 5 Btk 76 4215 1 45.65%
FI47.76% , 55 H R Rk FD — 1 55T 75. 40% FI
223.21% . ARA 572 fe By 1L g 5 B 0 &
ARA BB EE A8 bR, S48 bk 76 — A23 il g
H ARA i f , RIS R ARA [0 IV 7o
2.3 E Ak FD —1.76 — A23 44 5 By B2 40 %,

FIIF GC — MS Xt & itk FD -1 FISEAE vk Z6 -
A23 Jr P BB 5 BR AL R A T 43 BT, S5 R LR 5

S ATLAE ), 248 bk 726 — A23 5 R Ttk
FD -1 (57 R 2H A [W] , {5 45 g 107 R 5 & 22 S5+ W
o M T AR FD -1, %454k 26 - A23 (1)
C16 .C18 RFIARNITR & XAk, M C20,C22 ,C24 &
SRR TR & i s , i 28 78 Bk 26 — A23 5 K
FERRNTRR HUBE ) 9 . 5B RK 76 — A23 1Y) ARA %

I TR R FD - 1, B R AL bR B AT
ARA (777

500 3 FD-1
1 76-A23 -

=10}
H“ rﬁ. T P .-|I-|

0 C16:0 C18:0 C18:1 C18:2 C20:0 C18:3 C20:2 €22:0 C20:3 C20:4 €24:0

B S Btk FD -1 F0 Z6 — A23 By =i A5 B A5 A BR 42 A
RENEE
Fig.5 Fatty acids composition and relative contents of

oil produced by strain FD —1 and Z6 — A23
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Table 5 Biomass, oil yield and ARA content of mutant Z6 — A23 after 10 generations

AL bk R/ (/L) R (/L) s A % ARA /% ARA R/ (g/L)
ZA23 -1 26.10 +1.15 8.14 +0.61 31.19 £2.05 44.57 +0.71 3.62 +0.23
ZA23 -2 27.10 +1.78 7.66 +0.53 28.27 +0.99 44.63 +1.12 3.42 +0. 18
ZA23 -3 27.44 +2.60 8.44 +£0.37 30.83 = 1.58 43.88 +0.71 3.70 0. 10
ZA23 -4 26.38 +2.46 8.82 £0.26 33.43+2.64 43.95 +1.90 3.88 +0.21
ZA23 -5 25.59 +1.10 8.67 £0.20 33.88 £0.77 43.49 +0.96 4.21+0.16
ZA23 -6 26.20 +1.24 7.50 +0.64 28.61 +0.01 44.08 +0.18 3.31£0.27
ZA23 -7 24.75+2.42 9.70 +0.17 39.38 +2.98 44.49 +1.03 4.32+0.18
ZA23 -8 22.25+0.83 9.67+0.20 43.49 +1.17 44.25 +1.02 4.28 +0.05
ZA23 -9 26.89 +1.42 8.09 0. 30 32.53 £4.29 44.85 +0.78 3.63+0.16
ZA23 -10 26.91 +1.70 8.84+1.76 32.85 +3.08 45.17 0. 18 3.99 £0.80
¥ 1H 25.96 8.55 33.45 44.34 3.84

M S W LIE AR 76 - A23 TEfEUid 72
L AN BRI o ARA & BN E, IR FFAE
43.49% ~45.17% LR N, B 728 Fk 26 — A23 1E
A A R ARA 5 T EA B B s AL AR e
28 10 YAGMREE SR, P EY) iR 25.96 o/ L, P23
BrEE N 8.55 ¢/L, 1) ARA &8 44.34% ,F
1 ARA P2 H353.84 ¢/L,
3 & it
KA - LiCl BE4 ARTP Xof 2 1L w760 25 1 ok
FD — 1 AT AL B, 2545 TTC SRR w10 , F8 9 &
PRS2 0, AR A — IR AR L AR E P R 4P ARA )™
RARKR 26 — A23, @ IL P EE R AL R 76 — A23 I
FAMAR ARA 5 5 F ik 44. 57% , ARA 77 K F|
3.62 g/L, s A B RR FD -1 #2858 T 75.40%
F1223.21% . RASHK 76 - A23 22 10 AL IR,
HAW 5 M ARA 13815 HERERSE . AWTSE il
WA Tk A2k = ARA MBS H6E T8 R T A
[E /38
SE
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