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i ZE. (81 ARFTEARRAERKREINERFARLT T AR RN KRR B 5 7~ b
BAred gk, [Fk] KA 1.5%% 58 1.0%4F 45 & B iR K g5 TR ta o B2 43 3 2A00015
(L -F iR R 2 B44F, Candida parapsilosis)éd /& & ik, ¥ HA T RINT FHER AR/ AREZ I,
T 12k FRAT AT AR B BB K B 6 & b BE B, R OR A AAR &35 IR 3R iR (GC-MS) ) & A AiE
g, (42 REKXRBFO R LA 240001525 AR EBLBEIZR T dE, L4H
T biE F R A F A A 17.77 g/L. 58.12%F= 1032 g/L, BB A MRS ARG T 12.45%.
23.32%%= 38.68%; FIHEAEERBESA, LAME. WE SRR T HES A 18.54 g/L.

49.44%%2 9.17 g/L, BBRWEBAHMI ARG T 9.09%. 21.16%F= 32.18%. F|F EAEEEHRL
AR BAKT AR R B AR S, (R IRARY BOR AR AN A &, RN AR AR
RS ARIE EARYE. FEARSNA BAEE LG T A m 52400 AH 8 FF 8 A,

HIG W BR 4L S M LML, HF RafE R4 E & EHERE E4 82.4%. [444] i@ iT 4
RRAEFTREIFEZHR, RARFT B —HITOT AR RN BIR G S5 hi A%k, ShE
X E] 49.4%, #5HT 21.2%.
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Breeding high-yield oil-producing strain to use cheap carbon source
by UV induced protoplast mutagenesis
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Abstract: [Objective] We used UV induced protoplast mutagenesis to study breed a new
high-yielding lipid-producing strain which could use cheap carbon source. [Methods] Get the 1.5%
glusulase and 1.0% cellulose solution. Hydrolyze to remove the cell wall and obtain the protoplast of
2A00015 (Candida parapsilosis). Put it under the ultraviolet lamp for mutagenesis and cultivate re-
genrated wall. Then screen to get the high oil generated yeast which could be fermented by low-cost
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carbon source. Determine its fat acid components by gas chromatography with mass spectrometric
(GC-MS). [Results] Cultivated the mutant strain with best mutation 2A00015/25 in the glucose. We
found that the biomass, oil yield rate and oil production are separately 17.77 g/L, 58.12% and
10.32 g/L, which are separately 12.45%, 23.32% and 38.68% higher than the original strain. We have
also cultivated the mutant strain in the waste molasses and found the biomass, oil yield rate and oil
production are separately 18.54 g/L, 49.44% and 9.17 g/L, which are separately 9.09%, 21.16% and
32.18% higher than the original strain. The oil yield rate is lower in the waste molasses cultivation
than that in glucose cultivation. However, in consideration of environment protection and cost of raw
materials, the waste molasses is of much more advantages. It is tested that the fat generated from the
waste molasses fermentation consists of eight kinds of fat acid. Its fat acid components are similar to
the vegetable oil, in which the content of unsaturated fatty acid comprised 82.4% of the total fatty
acid. [Conclusion] Basing on UV induced protoplast mutagenesis, we have successfully bred a new
high-yielding oil strain which can make use of the low-cost carbon source, with its oil production rate
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49.4% which has increased by 21.2%.

Keywords: Marine strain, Protoplast, UV mutagenesis, Cheap carbon source, Waste molasses
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I FE AT . AR | BT AP #2 A T A A
TMARRLER, TEARLL 6% MR B 1Y T K B i /K A
IR R TERE SR, IR E Y Y ik 182 g/L, T
PTG & i 45.7%, BOLIRFRUR BERIM G = ik
8.3 gL, 2 # Fakas S.ZELVH|FH A B 8 5%
Cunninghamella echinulata, F=ili=% R 57.7%, 7=
N 6.7 gL, Hd GLA &8k 1 119 mg/L,
Pnaikolaou S.Z5F /] Yarrowia lipolytica LAJ% 355
Vi VE R IEA LM TR 2 iR 50%-70%,
HRRERRR 5 15%—20%, IR (G 7%—20%, Fi
B i 2%—7%.

ST & ARV I PR R TR A R AR B
TE AR AT — 1k T ) FH Bk ¢ A AL s 2R A 2 2 e i
Vi i I R 22 BERE 2A00015, ABE5EIE 2 2
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W B 2%tk (Candida parapsilosis), i E SR
5 PR 5 TV I 35 2 T SO A R S
FOTE . DR

1.1.2 EZERF: W 450, H A Solarbio
Z5dl; PC: 0.2 mol/L MEMRERZE M, pH 6.2;
B PCS: PCHIS%UEME ; BEW . 1.5% Mk 4
fifi+1.0%2] 4 Z il 1R 45+0.8 mol/L KCI (PC Ft#l),

L UERRTA(0.22 pm BT PEBR AL U8) s IR A Ak
{#AEWE : PCS+0.01 mol/L CaCl, (FEfERaER); i
REFEYE . 50 mmol/L EDTA (2, — DU Z.1R).

1.1.3  EEMEE: JOERMEE( S Nikon Eclipse
50i), Nikon A ] ; Z I HERFAR L (FLS : SpectraMax
MS5), Molecular Devices A ] ;8 5 205 8 250
ML(EIS- . MINI-SPIN), Eppendorf 23] ; #4314
BEOPLEIS . 12-MI), Beckman 23+ KK
#%, EHE ZEALWAY Al IR, 1THKE
BRITALAR) s rAAEIRBESRAR , VL KBS
T R A BN, T 2 AR R R A
BRAHED g TAER, RiElg bt s <
HETE-FUEHR L (E S . QP2010), HABHA
Al ; DB-SMS E 41 & {4 3% A (30 mx0.25 mmx
0.25 um), ZHEERBHA R,

114 $E5E: PYG HiES, Fhriigsl; ot
PR RIS PR R IR AR IR HEH+15%
REBE B EREH); 9 103 kPa K 20 min,

1.2 REAE

121 EMERST KEF: BMEMTEL 12
&, A YEPD #HAT, 28 °C #5557 48 h, 4K
JEHERE AR TR, 28 °C. 150 r/min JR% 15557
40 h; B3R EEFRY 10 mL B2 A 519 YEPD {4k
(100 mL/500 mL ) 3e sk, [ FEgR, (4
Mfal A K, 8535 16 h, 4% (1.0-3.0)x
10" 4~/mL, Zeab$53%, FFHla R A A

1.2.2 FEEREKHEIESFIES B REREA S LE
H1, 3000 r/min B5.0> 5 min, PC WPEMIR, W
A WAL A TR R o A A B A TR A AT,
BT 30 °C [HIRALEE 30 min, 3 000 r/min 5.0

5min, 7 i, JORZKPER 2 Ko F% 1:30 (AT
g R AER mL) Y Ho I A T T A, W
RAEIE], A 30 °CHEIKLL 110 r/min (93 R
Vi, BB 15 min RIS R JILIK, [ R J5A
iR TE 22 EIRTE TR, B0 30 min BUREERAS i
FRFREE, ZYAbFE 1-2 h RIW] 45 1k B A B (R4S 11
30 °C Ki¥R37), 3 000 r/min 5.0> 5 min, F-BHE,
W D A TR B R Tl A A, B I PCS Tk
Ve, 4 R AGTIE T OO & A B AR R AR
BB TP (LIIE BRI 22 7 By, B TR
FEo AR RS B TR BE R R, , SRS HERIIRE AN
FAE BRI O M OBUZ AL 2R, F 28 °C {5 &
WEERESR, 24 3-5d Al WA TR
1.2.3 FREREKEIMET IR R H A 10 i 2B o
K E B IE R R 5%10° A/mL, B 20 A2 K
(15 om $EFR L, I3 511 2BE A3 3 il & 1) D A o
B s mL, £ 3AFICh—41, Wk 74, B
SR SEFT T2 MR (15 W) T 20 min, (%)%
FaseP), AR BRI AE G A R kT, AR A
ST KT VO TS BT, X 2 LT R 4R AN AT
30 cm Zb4rAIEEF O, 1, 2, 3, 4. 5. 6 min, &
JE BRI 0.1 mL & SR TR AT T A5 97 4 1
FARAT L5 BT R HDER 28 °C HIRAR 7
4-5 d FRPR K YR S, X RSP IR & T T4
RALL 3 AV MLV A V- A % 4 0 VR
B, IR HSgEEN,
B (%)=
0 min s J5 AR AR A5 — T minb J5 AR i AR p AR 2
0 min s J5RAE AR A= R

x100
124 [R5 FIRETHREVRIE : DUSA: BUA R EoE
RIS 4 BRS0BS54 I B i A T
PFR R S TR A AR, DL e U RO B . EAR B
K AERRIERIET, SRR, HEF T N i
PR B o

K bTHBT G R AT AR R O R R SR L BBOHC TR
B, REEROCEEMEEHE 1.20 DA, %
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LIHREEN 0.5 mg/L, Yetait(a] 5 min, JFHEEARALN
IR K 488 nm KREFIK 570 nm Ak HAH
xR

1.2.5  JEUEFRBASRR RS 6™ W00 i 1y
()05 A kK o i R R IR, BRI WA T
3000 r/min B0 15 min, £ FIiE®, 530100 #
R, BB E. T80 ° CHImMARMET-RIEE, K
HTHE, BLOT@ERE) o/L RIREREEEY &,
VR A PR LIS B A R, NS ELIR S SR IR TR S 3 A01R
w1 h, M)adh/KiEsAbPE 5 min, —20 ° C P4

H, N 10 mL & A5 FEE(:1, AR, &
D 3 000 r/min &0 15 min, HUE

Pilz, N 10 mL J5E 2 H0Ch 0. 1% &AL B
JB%J, 3000 r/min B0 15 min, JHC40E B
WA=, EREEE, FRE, 155 &M
MR H

PRI EA
HAIRE E(g)
RIAE (o)

TR MBI R g™ 5 S hAE
PR, SR VLR SR, DRIk 5 AR ki
B — R AR AP AR bR, AT AR AR T
1.2.6 BETREMRE: LA E 5210 AR
2 K g 7 O R v () A8 S TR AR 2 AR 5 IR, B AR
Gy AT R R B RE 5% , e FL AR AR K g 7
i, OrE e N s e VERE R E .
1.2.7 SHASMIERES L R BERAER R B sy Y,
(1) JMARAHER{L . BGMAR 100 mg, A 0.6 mol/L
KOH-H W 2 mL FIECbE 2 mL J&, FIZURS
2 min, fE 30 °C Jit® 15 min, 7K 5 mL, #E
2, WOKEZ0IENIR . (2) UM k- ]
(GC-MS) o464 (A %4E(DBP5-MS), EHME A
HAE(50 mx0.25 mm, 0.25 pm); #<: He; HFFEM
MEE: 280 °C; FUENEEE: 250 °C; AT IHE:
120 °C 15 2 min, FHRHE#E 20 °C/min F+Z 250 °C,
PFE 15 ming 430iHE: 5:1; i : 1 mL/min;
FEEE . 33-400 amu; AR : 1.36kV, (3)
EMEHr: st GC-MS solution T AE¥Y, #&

PR (%) = x100 .,
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NISTO5 F1 NISTO5s i/, 456G ST T A
TRITEAARAT, B0k P S R S T
1L GC-MS solution TAE%,, RAHTAFRIH—fb kit
TR, BES D RIAX & atE .
2 G5
2.1 2A00015 JR4& FRIKEIMFE T B 26 &%
o3 2 IR E

R B8 B0 S A T A BB R B 25 5 X 1074/
JFH & A0 2808 J5U AR AR 43 3R AT AN [i) B 1) F JRELSRS Ak
L, WhEYZ L R DRI 28 © CHIEM KR 34
d J&, KPP 1 B 0 BB AT U5, DA RS I TR)
REARAR, DA AR B V5 B0 B0 9 HAA R, 1] H R
A TR AMB AR R AON 2k, WK 1R, hE
LAl LAE W, JRAERR G RANE AT G, B AR
T ahml, BULEW Bt . NBUEE 5 IHL5H
HMXRP AT LA, BEE AR &8N, S0
AL, (HIFA 2 IE L C R A 0-2 min
WS T Py, 2R AR LA 2218 2—4 min LU,
ek il BT, RBOULRAREZE, L5 80%LL
b £ 4-6min Z ], BHLAELE 80%—90%4 47 7F 5l
ANK, AE 6 min FETHFIAFIT 100%. HHIFEEW,
BARMIE AR R A5 HILIE R, — 8K HBUER
g 80%Ze A7 U A E AR . Rk,
&P ASF B EE RS 15 W AT 30 cm AbREET 4
min, BEIFESEED 82%,

120
100}
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60

Mortal rate (%)

40}
20}

0 I 2 3 1 5 6
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1 ZKHNERS A [E] B B) 3o B B 2400015 JF & RIKELSE

eSO

Figure 1 Effect of UV irradiation time on the death rate
of the 2A00015 protoplast
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2.2 2A00015 FTHRAIAD

S LA 4 min AR BRI 2A00015
JEAE A, ESEAAS 10 4, SIRBR G 3
Mo 25 J5 AR BT S- L_E A VR s, R4
i i RIT)E, RZAM 30 AL 30 f
AR

Je B LLRENS SRR S5 & & BARSR D, fiE
% A 2550 1) 4 L PN i 25 4 Jot 5 LA i g DX T F
S, DRIt 22 9l FH R 3 9 LA R ARAE A48 L P vl
PR o & 2 41 Y 0050 S e Ao DN L P Sl B % ek
Greenspan 25U OV8 — k4R, R E O 2 F0
P uE Bl , AT SR E T A SCRIH e S
21 53R Lo 45 B R A SR A IR T & Ok Ry
PEVE LR & A HE bR o AR BRI AR it L AH
X HECAE PRI (B 2), M 30 BRIBAE bRk 5

REEA HERARXT SR S 58 A5 0k, 4351k 3. 5,
13, 5F128 %5,
2.3 2A00015 iFTRRROTE T

W S AR TRAR AR LA TR AR — R I SLif AT 3 Hit4E
A I, FEAH R R S TG BT, i AS
AW AR R KR, SRR 1 PR,
MR 1 ZERATLUE W, AR bR 25 45, HAEY &
Az PN R B IR R B R R Al 4 AR AR
MR IR AR, R A AR i IR R I, A=
i AR IE R AR B R 12.5% . 38.7%
F123.3%; FIBREANE A R RERT, HAY R A4
PR IR S AR 9.1%.32.1%F1 21.2%.,
PRI, 5728 A R AR R IR TR T LU SR LR B R T 8
EPE, 25 SRARMNGAEREN T4
Bk, 44 2A00015/25,

» Lipid content = Biomass
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400 H

Relative fluorescence
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S
—
-
—
—
—

| Il[ R

=
Biomass (g/L)

0 L i L i L I L L i L i L i L L L L 1 L i L i L L L L L L i L l[)
con.l1 2 3 4 5 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Number

B2 EEE 2400015 BT EKE KK ~HIER
Figure 2 The lipid content and biomass of yeast 2A00015 mutagenic strain

=1 EEE 2400015 BT EHRZBABEIEFER

Table 1 Result of yeast 2A00015 mutagenic strains by fermentation culture

Strain No. Glucose (70 g/L) Molasses (70 g/L)
Biomass (g/L)  Lipid yield (g/L) Lipid content (%) Biomass (g/L) Lipidyield (g/L) Lipid content (%)
16.393+0.160 8.236+0.120 50.250+0.110 17.563+0.210 6.852+0.120 39.010+0.200
15.997+0.210 9.481+0.080 59.264+0.130 18.122+0.150 7.097+0.150 39.166+0.120
13 15.662+0.180 9.116+0.130 58.203+0.210 18.613+0.190 7.863+0.150 42.248+0.140
25 17.762+0.130 10.323+0.090 58.121+0.150 18.539+0.150 9.168+0.180 49.444+0.110
28 16.862+0.090 9.767+0.110 57.925+0.090 17.206+0.180 7.699+0.160 44.748+0.140
2A00015 15.795+0.260 7.444+0.120 47.130+0.180 16.996+0.140 6.936+0.170 40.810+0.130

TE: R BE R 3 UCHAT IS B AR (B e 22

Note: The data in the table is the three parallel tests’ X+S.
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24 BREREMIEER

T PR RAR PR T ARE , LHETEE
SLp R IR . A TR TS Y 2A00015/25 5
AR PR A H AR st R SEe oz
RRTE PYG #HE B SR mh 5 48, MR 4
A TR F% , SR A A LA i | A IR
ForeR e fa gk, a5 WoR, YAk gL 5
R IR SR, TCie A& 8024 = h g
i, SRR, WA KR

22 e et gt R, bR
BRE MR . LRI D, BEREAE Y
HRTE 18.7 g/L e A7 50y, i AE s &RiA % 9.0 g/L VU I,
FHIWELE 2A00015/25 578 B AR N da e AT o

=2 B 2A00015/25 L EMAEEIEE LR
R (n=3)

Table 2 Genetic stability test of yeast 2A00015/25
mutagenic strains (n=3)

The number of

I Biomass (g/L) Lipid yield (g/L)
1 18.508 5+0.150 0 9.146 4+0.100 0
2 18.762 0+0.130 0 9.165 0+0.080 0
3 18.676 5+0.090 0 9.082 0+0.120 0
4 18.702 6+0.120 0 9.237 0£0.070 0
5 18.801 2+0.110 0 9.171 0+0.120 0

T RAPEE 3 YT IER A ARF E (bR 2.

Note: The data in the table is the three parallel tests’ X+S.

2.5 2A00015/25 FTHE KIS F4FE

(1) difEss. 2EE; MEE;

(2) A K/N: (4-5) umx(5—7) pum;

(3) RN EHEEEENNRIIA, BB
K, WEE SR, SeF a e a 3);

4) W% (M, BUER, 6.
2.6 HIAEHIIREN

2A00015/25 78 B bR BE HaE B R
SR E, B, Watdr(& 4),
2.7 HBEREBAERLE X

2A00015/25 WKW IR WL 5, R
GC-MS W AR R4 AL, 2A00015/25 THAH G
JNRIDTR BRI S B T (B 5), IR & TR IR
H RS 3] T3 1 4385 . 3R 3 81 T 2A00015/25
AT I 10 g U P AL B B AR X5

H12¢ 3 JCIEl 5 AT, S8R BRI B Hh -t AS i H
8 FIARIR, 78 MR 97.38%, NRMFRLLL
FEIE C17 F1 C19 RAUBRWIIR, Hrb, AR . I
TR RN THITR (7 4 BRIV R 75 1Y) 81.86% o 2 A8 PRI A
R B AR BRI MR iR, L AN AR
g, AR b R TR B 82.4%,
FE A 5 7R TR I U R () AN PR AR B A ey, LA i
M shtE . AR iR, THER . ARAER M & it

20 pm .

3 RARMETER 2400015 FEEH A
Figure 3 Yeast 2A00015 mutagenic strain cell under the fluorescence microscope
T A WG T FEBERRAM ;. B 6 N AN NIEEAE A0 (B 420-490 nm, 1 000%).
Note: A : Ordinary light; B: Blue light (wavelength 420—490 nm, 1 000x).
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B4 ERPCEIRBNAYHBE

Figure 4 The lipid is extracted by acid-heating method

FIDIA. (E12A10.376\A0341037.D)

AL E] 63.83%F1 12.52%, HABK K K 8-+L %
JHIR 5. 52% WOMER 5.51%. AEfENE 4.61%. T-£%
MR 2. 19% +-Lkefg 1. 87%. 7-vHg 1. 33%,
X5 K 22 BT I PR MR I R 4 — 3K

TE LR AH ARG, A — L8 il B 1)
JIG W5 2 21 J LB R 7k G IO 1 1) (Labyrinthu
lomycota) B FK B 14 A [ DHA 5 LG I 2 5 & 11
43%"", E B Mortierella alpina) AN
(K] ARA & AT IA LG R A R 0% B T R
R gl R R O IR DT IR i 60% A BA E AR
TE M /D, wE EeE R B i (63, 83%) , o T
PR AR = e AL TR R D RE R S R T AR
WO RAM™ .

F
A- 2
PA 2 . 8
] - o =
35.0 B
32.51
30.0
] 3 5
27.5 Q 8
] N g bt
] = o Q
1 Al =
25.0 S
| 1 4
22.51 5 S -
; = S = 28
4 L wy
20045322 g2 [Fl% oes 2 2
] =~ o = g 883 o =
S 3 & d wmws 2 C
] % = JW
175 ol A
1 N N I N N N ' 1 N N N N I N
10.0 125 15.0 17.5 min

&5

SETIRE

Figure 5 Total ion chromatogram
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Table 3 The composition of biodiesel

Peak number FAME

Molecular formula Mr

Relative amount (%)

1 7R M R C17H3,0, 268.45 2.19
2 TR R Y e C17H340, 270.45 12.52
3 8-~ LR HH e Ci1sH3,0, 282.00 5.52
4 bR H R C1sH3,0, 284.48 1.87
5 SV 2 H i C19H340, 294.47 5.51
6 THITR H B C19H360; 296.49 63.83
7 71 H e C1oH360; 296.49 1.33
8 S g i FH i C1oH330, 298.50 4.61
9 oAt AN 2.62
3 Wi 71N, A Y HAE S BRI R A O

SR L2 KA L, B AR A e TR A R Y O
PR INR TR G AN, PR o 5 52 A 4%
PRI I 2 AR MR 2828 L N R0 90 1) 240 B e 24
W5 R AR, H B afRageE | LT A
I RMESE Z R LY o P TR B A Pl o A o Ak
A Al 2 RS TR] T, ELASE R A5 T A 55 SR
FbBR— AT . ASSCI0 0l F A AR S5 R 1.5% 00
A WF+1.0%F AR MIR G MRS ; RN, & kb
BT A — PR Bl VR T B TR AN i BE AR 2 K T
FREE , S RE T, A E A RLRE K S 1)
REZH, P AR A 2 0, R4k A
B IE], BRAREERRORH I B ) S A S AR 455, PR 1%
PE, e ARG A, JAh, JRAE ARl
FFAE SRR AR B 2 —A> F AR B A A it AL A
SRR, A AT RE IR B S A R H
DR a5 A SO AR 75 70 A AR 2 — ol 5 5 177 P A7 ) ] o
WH L, CELERMET PRI T ZM
mﬁﬁ[ZO—ZZ]O

S R FH 48 AMFS AR DA T AR R P A A i RE 1
A HA 81 RIS B 20 e £ )5 28 6 (E
HEATA) 0 S B FOCEH JEL P 9 Bl 2R A7 A O A DU AR A T
MR 2A00015/25, il Je B 4O S5 iMARSE &
K uet, RSO DG E , MREZOEE K

http://journals.im.ac.cn/wswxtbcn

LB (. PR B 0 e 20 i S SR BB i Ak &2 0
ARSI 7k, FERGI 2A00015/25 S &,
B} 27 1l s B TR R 1 7 i o Rt AR PR AR e

SCHY DA R R IR, ANLR A T Sy i
2A00015/25 7=y fbami, mRE LR K
KGR BiAS , HE 2 256 R AR 1 45
MEH .. BTGl T2, 17 %1,
i B AN B R, TS —RAE 3 000 JT/t
KAy o SR, WRE GBS, e ™ i 3 255
MTEAREE . T AR T PUAE4A 0y BHSE0EE 5 Hh L
et Rdb, PEARHIIX A EIRE, AR H
4900 J7 t, 4E77EHSE 1300 4307 t, b DIHRE.
FISRAE A SRR HGI B I 75 2] i 28 R AF R 31 130 7 ¢
DLk T b e BEOBE 8 BT O RN A —
600—1 000 Jo/t, HHBESETE 40% 4L . R,
oA PR 25 A R HTFRE T — 208 B3 18, X
BRI 9 K J S PR B T R R R i LK

VR 7 S TR AR 32 FLAS B 1 it AR Rt | kb A= 2
RS Z R, S0 g
77\ EIE R RE MR A4 A AR R . A
HPEEE N PR A ) B L B PR REHEA T T KR
5t BREPFEPIN R LA E B P R BE T T
WE5E, TELARIZINEA IR LI 7 d, $RBGRISAY)
i 30.65 g/L, HAiliflga 17.142 g/L, M AW



IR T A58 D A T A 5 S5 A 7 T AR P R0 T E 1 e ™ BT 1 889

H 2A00015/25 LIRS Al 2 e85 5% 0 T A it s
m, SBn T HESE AR ST, (H25 EE R LU A R
TR 2 T P B0 1 A, AR 5 o LA 3 AR iB
ARk 41 % RE(Rhodotorula glutinis) ABE ) Bk
WHEE A JEORMIEA T A I, 245 LA i T FE A g i
A 2.42 g/L F10.8 g/, MiASCH 2A00015/25 FFH
W K B IR 20 S AR B (051 18.54 ¢/L
9.17 gLl HA B ERE; £ 2A00015/25 78
TR PR 85 3 P A1 o TR A JYS A0 e 7 7 T LA
B BE /7. Pnaikolaou S.Z£UF|H Yarrowia
lipolytica DA% 55 sl i R VE F i A5 B Ag L v A
Tk 50%-70%, HH RS 15%-20%, MR
0 7%20%, WIHER 5 2%7%; & KEH
Sandra D.Z£4}3E T Mortierella ramanniana var.
ramanniana 7EffEACME N A3 B AG S = S S AR
1 54 2%, AR AR 84. 3%, LA b2EsE
TIE T RE 7 T A [ K 357 3l 1 ke J9T 7= g iy 1R 24 24
(1) 2 BEE, LA ARG 5 75 A 22 2 AN RSk ™
MR IEE . Ascd, 2000015/25 F)HI B &
B = kL T DL B3R, Jah I L #
17. 142 g/L, Hrh iR Y 63. 83% AX AR (5 12. 52%-
WEVHRR 5 5. 51%. fHHRMR M7 4. 61%, AMAIEIER
IR TR R R 82. 4%, PR, IR RAT T b
INE G 0778 (DHA EPA 25) (7= Bl bk, 3 b jgf ol
R R R F 0 e 1, LS A Dol Az = e A
W EZE 7 )

TR E—FhE EAOR An1b Tsk), & 2
T2 A, b DAV (Al FER T 70%,
TR, e, . ESA L, AT
80%, FIHFdh. BEZy. ATk Tin T
kit btbEAa e, B AEY AR KRR, mal
MR AERE, ZGHEH Z 2600, Tk E KR
WK, ol MR &2 k. ASLE T 2A00015/25
B AE P [ e 2 FR AL i SR GC-MS 3 52 Jig iy
MARERIMBR S EEE, HRMES =M
63. 83%. HI TR e ANEFNRIIR, 255 AR,
P W58 BB ACRAR, BT DL H BTIEAR T TolkkE
7= WA R AL ROR S g, A HLE R T Tk ik
Azr=, AT CARCA ARSI — AN 5 1) 6

2 % XM

(1]

(8]

[10]

[11]

[12]

[13]

[14]

Aggelis G, Komaitis M, Papanikolaou S, et al. A
mathematical model for the study of lipid accumulation in
oleaginous microorganisms. I: Lipid accumulation during
growth of Mucor circinelloides CBS 172-27 on a vegetable
oil[J]. Grasas y Aceites, 1995, 46(3): 169-173.

BEK, XEMWE, KEZ, %, AwRER & Mg
MR, TR RE TR, 2007(6): 24-28.

R AR. AR A W AR R 5T A A St L SR A BRA
JERHT). P EAY TR, 2005, 25(2): 8-11.

Mata T, Martins A, Caetano N, et al. Microalgae
processing for biodiesel production[A]// Luque R, Melero
JA, eds. Advances in biodiesel production: processes and
technologies[M]. Cambridge: Woodhead Publishing Ltd.,
2012: 204-231.

TN, W2, BEAHE, 5. IRMH R A R bk
P57 E FLEL D). AR TR, 2010, 26(2): 189-193.
Fakas S, Papanikolaou S, Batsos A, et al. Evaluating
renewable carbon sources as substrates for single cell oil
production by Cunninghamella echinulata and Mortierella
isabellina[J]. Biomass and Bioenergy, 2009, 33(4):
573-580.

Papanikolaou S, Chevalot I, Komaitis M, et al. Single cell
oil production by Yarrowia lipolytica growing on an
industrial derivative of animal fat in batch cultures[J].
Applied Microbiology and Biotechnology, 2002, 58(3):
308-312.

MRS, BhENTE, SRR, 5. JB B AL Yl (00 0 0k 7 I
BE K g R A VIR BE B R A ST (0], RUEW SR AR,
2012, 39(1): 125-137.

FRefE, IS5, LU T M R AR I AN Sl &
EH K MonacolinK Kill[J]. & &5 &k BERHH, 2011,
47(6): 44-49.

TREE. ST B IR A B ARAAE B R R LR I AR A B
Y], FEHEAMAEYD, 1994(1): 32-35.

INGERE, PhEAR, EIY, S XM BE T 0 A0 A R
T R IR SR BRCR W LA 0], ITRg Lok K222 40 A
IRBLERR, 2007, 28(4): 67-69.

AREIE, SRS, TEWR R, . VORM BRI BOT BiHY
LR [T]. TP #3@ 4, 2001, 28(6): 72-75.

Sasser M. Identification of bacteria by gas chromatography
of cellular fatty acids[J]. MIDI, 1990: 101.

TR, NEAME, dhEk, . REEAIEXT R BEM: 2l R
iR AL R [I]. o El R, 2006, 10: 20-22.

JEIREYE, AR B TR M. 6D A
H AR, 2007.

Greenspan P, Mayer EP, Fowler SD. Nile red: a selective
fluorescent stain for intracellular lipid droplets[J]. The
Journal of Cell Biology, 1985, 100(3): 965-973.

Rios SD, Castaneda J, Torras C, et al. Lipid extraction

http://journals.im.ac.cn/wswxtbcn



890 WAEY) 1B Microbiol. China 2014, Vol.41, No.5

methods from microalgal biomass harvested by two [22] Oakley CE, Edgerton-Morgan H, Oakley BR. Tools for
different paths: Screening studies toward biodiesel

manipulation of secondary metabolism pathways: rapid
production[J]. Bioresour Technology, 2013, 133: 378-388.

promoter replacements and gene deletions in Aspergillus

(18] TRARAS, MF, BHl]. RALIEEE M124 7=JIRfE nidulans[A]//Keller NP, Turner G, eds. Fungal Secondary
B I g e 1 PR AL A 53 W (9] o Bl 2011, 36(6): Metabolism[M]. New York: Humana Press, 2012: 143-161.
42-44. [23] EWEW, FRE, HAE, % &bk s = 16k DU R 1Y

[19] XVE, /S, BRZ, & REMRRI A UK K R FEEESE[I]. S ENmAg, 2011, 36(10): 42-44.

B[] WAL, 2006, 29(9): 18-20. [24] Z=gE, F95, PEIY%:. Rhodotorula glutinis & B2 5™

[20] Sasvari Z, Kovalev N, Nagy PD. The GEF1 ?Hﬂﬂﬁ‘?ﬁ”ﬁ?ﬁ%[ﬂ ;F}‘I_ﬁ_g'jiﬂ’xl’ 2010, 28(20) 77-81.
proton-chloride exchanger affects tombusvirus replication [25] Dyal SD, Bouzidi L, Narine S. Maximizing the production

via regulation of copper metabolism in yeast[J]. Journal of
Virology, 2013, 87(3): 1800-1810.

[21] Zhang S, Haider I, Kohlen W, et al. Function of the
HD-Zip I gene Oshox22 in ABA-mediated drought and salt supplementation[J]. Food Research International, 2005,
tolerances in rice[J]. Plant Molecular Biology, 2012, 80(6): 38(7): 815-829.

571-585.

of v-linolenic acid in Mortierella ramanniana var.
ramanniana as a function of pH, temperature and carbon
source, nitrogen source, metal ions and oil

) R R R R SR R R R R RY LY R R LY RY RY LY R R R RY LR R RY LY RY RY R R R R R R LY R R R RY LY R R LY R R R R LR R RY LR R R LY R LY LY R

(4% p.880)
fE #FF/ &

33 MEGEFEFW
330 BOCHHEE: 1) BRI — ARR, LALAT X AFoE 25 25 | SCIkiE A E B AR s 2) BB EES, #ishEdsRik
Wb iR, REAH, ARGt n), DoRFIBIER; 3) S A L4, ZORERIEW, A, 4) SomEmm
ZEN S SO, HAT P SR, 5585 55 B I SR HR M R B & B I RE R S TR R g, 5)
MAEMASETE, BRIERANSMN, 0. DNA, ATP%; 6) S CHES, AT US54 5 .
332 kHEAE. DiFAMR . Bk, —SoOl . BHEAAE RGN, WERE ., Kk
4 FRAIBH
4.1 RTFMFIesC

JFLEE 2 DNA . RNA S0 A BFAIRESC, Wi FEPrEE 4 EMBL (BRH)EL GenBank (32[#)g, DDBJ (H4%), Hijh
55 [ PR R B RS (Accession No. )5 K,
42 TR
42,1 AFIRBERAATFRFMICHE, W0 —RaPiHL.
4.2.2 JUEATIER SR FERHSCE, FraRR0 (ERSCT . SR BB AT g E . fE4 a5
W, WOEFE A
4.2.3 SRR AT RGEAT SC N T, R R R K s, HiE R A RS
4.2.4 UTHM. EELARIF IR E S, NP EEG . FIBEMSTASIEN—VER, g AR
4.3 HRAREF RIRATRE
4.3.1 REETES5FHEEEERGTC. WAZHWRMS, —BAERR 2 NMAZ AT E-nail JHER, &SR TIRS
W &G, MGy, SFEE, MEE R EOR F ARG R LT SN FE, AR LABERR IR 1% 42 R i 2 ol 3
T RG LA TR, g 8 & 5B S e RS e, Rtk IRt R %,
4.3.2  XTEERGMAS AR — A R RE SRR T ME— bR, SRR SRR AR S B R SN o W ORI AT AR, AR
B (R PR , SOOI ORI . B, et T R R BN, S RTI R EIE AL R, W
TR

5 KER#LEFH
WX—Z S, e Kk AR IR AR R — 2 1 & R I F I R . kAT
6 BREIR

Motk JEEATEIH X AURVERS 1 5B 3 5 ERHFGERE IR T (AR ) HEETR(100101)
Tel: 010-64807511

E-mail: tongbao@im.ac.cn

41k . http://journals.im.ac.cn/wswxtbcn

http://journals.im.ac.cn/wswxtbcn



