33 % 3 Eap RN Vol. 33, No.3
2012 47 H Journal of South China Agricultural University Jul. 2012

F i A W | U 3

rP R, IR, RlBE, RERRC, AR
(1 B RLKF BEHBFR, K SN 510642; 2 e R KF AHRAEFRIT, 7 &R M 510642)

FEE SRR B ek W - @05k, DA 30 £y TIBERE S PR 2] O I A A 4 BRI mERE. 285, 8S 1D-
NA JFH) 581 ,9 ¥r= i w43 5 Wk B Talaromyces trachyspermus WEFA T 5 Penicillium pinophillum 5 %% Pe. sp. .
MEEE T Pe. janthinellum JR 254U 55 Paecilomyces lilacinus {8 %5 5% Pe. simplicissimum. il FF Aspergillus aculea-
tus AKF Trichoderma sp. FAFET AREE Tr. koningiopsis ,4 #F 7= EE 4 5 & ¥e SR 88 B} Pichia caribbica {5 22 1 18 £
Candida sp. 2SR Meyerozyma guilliermondii A1 2= 52 Ve SR 1) Pi. guilliermondii. 3@ i3 FEI %, E T/
BRGSO R B I R e (R BN T 25, TR 26. 4% 5 R I i o v 2 IR 22 L R B, 7 i =
g 44. 3% . SRELEE SRR A , R TSR 3 — BT o A, A I A iy E R 14 ~ 20 BRI AR IR

KB A Y TR Y
hESHES . 0939.5 SCBRARAERD : A T EHE.1001-411X(2012)03-0384-04

Screening of the Oleaginous Microorganisms
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Abstract ; Nine oleaginous moulds and four oleaginous yeasts were isolated from 30 soil samples by using
Sudan Black B staining and methanol-chloroform extraction. These oleaginous microorganisms were iden-
tified by 5. 8S rDNA sequence analysis. Nine oleaginous moulds were assigned to Talaromyces trachysper-
mus , Penicillium pinophillum , Pe. sp. , Pe. janthinellum , Paecilomyces lilacinus, Pe. simplicissimum , As-
pergillus aculeatus , Trichoderma sp. and Tr. koningiopsis. Four oleaginous yeasts were Pichia caribbica,
Candida sp. ,Meyerozyma guilliermondii and Pi. guilliermondii. The lipid yields of the oleaginous micro-
organisms were tested by cultivation in shake flasks. The highest lipid yield was up to 26.4% by P. pi-
nophillum among 9 oleaginous moulds and 44% by Candida sp. among 4 oleaginous yeasts. The lipid ex-
tracted from Candida sp. was mainly composed of 14 ~20 short chain fatty acids by GC-MS analysis.
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organisms ) . T HIA P I 10 6045 A0 T L T B 14T L
BERIGE T, H o R R B B 2 A U R
A BB 5 FUAE )T A AR 0 BB DT 2 , TSR A
i I R NSRS R IR DN (A N
M BERR IR , & 2E 7 R W 58 it 0 W TR Uk J5 ok
KT A Wi B vy wF 5 3 AR v T R B g R il
g, s & ARSI R A g R AR
S8 A W Az 7 B B AR DG 7 R AR AT AR
Xof A= Wy St Ml T RS R A AR ) o o R R A
B X A A A AR R ) 2 T T B 5
Hr Kb 21 BF Rhodotorula glutinis T 72 i & 8 i
L IRE 72% O S lG B L 25% I A A 64
Fi AR Z B MR & B AE 20% ~25% 0 ik e
T 0 T A P A e 0 2 2 A A i L D L H il B
DA A . DRI, 0 A 0 S I TR
THIRAE P HOR , TG ZEMF IR IR 2 o ke s
EBR A G A T Ukt A i 07 e 2] 4 bk 7 il 19 B
A9 Bk e T, JER 1 BRIERE BT 0 R B
IR AT 1 025 3 A, LIS o R — 20 7 il T AR
PRI R R 3 AR BT 48 3R 1Y v 280 A
JIE B Tl Ak AR 7= BE 5 BRI LA

1 RS

1.1 TEHS

Te R H T AT 575 08 AR R AL R
AR B 5 S L T R LA A B SR AR
SEH/IMTRR AR L IE IR 5 ~ 15 em 2R TR £,
TAR OISR AT 0 CRRIEIR 485,
1.2 #EFERFEXF

@A+ BB &7 R A 12k
AT Qb E HE R IR Bl 100 ¢/L, (NH,),S0,
1 ¢/L, KH,PO, 1 g/L, MgSO, - 7TH,0 0.5 /L, iz}
¥50.2 g/L, pH6.0~6.5, 121 °C K} 20 min. @
REGf s 5% 5 M AT 20 ¢/L, (NH,),S0, 5 ¢/L,
KH,PO, 1 ¢/L, fi#EE#; 0.5 g/L, MgSO, + 7H,0 0.5
g/L, Bifig 20 g/L, 15 HAETINA 20 mL 56 K5 Y 2
FUH RN R WA 3.3 mL B % R I (10 000
U/mL), pH6.0 ~6.5, 121 °C K 20 min. @EZEEH
P DR B 95 4k 22 2771 (10°Bx) 100 mL, 35Uf5 2 g,
pH SR (2 6.4). QF A i 5 155 3= 56 . 5k A PDA #5
FeHE Im FHETTE 1 000 mL Jo s 5 FR S b A b &
CTEGAR 0. 1 g EE . @i E ) i 85 77
R I IR A 8 7 5L A 40 ¢/L, (NH, ),S0, 2
g/L,KH,PO, 7 g/L,NaH,PO, 2 o/L, {18 1 o/L,

MgSO, - 7H,0 1.5 ¢/L.

1.3 FhEBaREit

13,1 BEHeh g 330 WUCRIERE N 30 )y, B
FREL 25 g, BT 225 mL R AR B KA, S IR T2,
) R TR ERAE , 3 10 mL P TR A
90 mL FAEH IR T, 28 CHEIEIEFE 24 h 5, 53510k
BT mL P BG4 5) 99 mL B s AR KT SR, i
SpiEFR 2 ~3 fL.

1.3.2 BEe» B4 EMBE 100 wL 1535 T
2 ~3 AR SRR, A TR RETR A B 92 5 1 5
22 ~4 4, PRBOP M b T S 25 5 1Y SR V%
TRV A B Al , BRA5 0 40 T A B 122 30 22 2F 0 Aok
G T R AE

1.3.3 = Baagan s e aifbny i A
FRAEE SR, T 28 °C 180 r/min Y fH IR 2K I 57
IR 3 d, 1 R T A BT R A, H
IR B Yt 10 ~ 15 min Ji5 {50 25 YLkt 8 400
TR E T A, 5 H w N 0.5% I
BREYL T ~2 min, KPEW T WG T WL, BEZhE
W B bR PDA R S (5T

1.4 FHEREMIFIE

1.4.1 BEHEA B A BR300, B0
B 25 g inA 225 mL Jopi A= BRER K rp, 24T AR+
B TEE WL 100 L 452 3P |, 28 CfE R H;
F2 5 ~7 d Ji7 , PRICE M b1 3% B A 22 7 09 S e VR
HEATRIZR A B alifk , AR A5 Y 40 B R 5 42 31 PDA b
G T R AE

1.4.2 ZwmEHGmH Ko B aifb kA
BRI FRIED T 28 °C 180 v/min (fE IR IR I 1S
F%5 d, ML IELGE g BRI BRI TR B
Yy 10 min, B @ h 95% TS L , Bl g 40 5
e, WA, A W B S A IS R R
FiiFH PDA g4 255 PR AT

1.5 FHBEPYHISEE

1.5.1 % DNA#R ZH# T4 (1% FEDB ik,
1.5.2 5.8S tDNA PCR ¥ %2  /35di i 1TS1 . ITS4
2 FhiE 5 1k 4T PCR ¥, 519 /¥ %1 2 . 1TS1 TC-
CGTAGGTGAACCTGCGG; ITS4 TCCTCCGCTTATT-
GATATGC. JZ 1 251 47:94 °C 5 min; 4% 94 °C 40 s,
53 ~49 °C 40 5,72 °C 90 s #4730 WHFEIF;72 C 7
min;4 C {17 PCR P A TAY TR ( i) A
BRSEIEAT R 51030 %2 , 45 51 A9 17 51 #£ NCBI( National
Center for Biotechnology Information) [ i#47 blast, Jf:
fift st A SRR AT, AT 2D 25 2 TR PR
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1.6 HASHVERER
1.6.1  BR#kaAmie oA Y iR
FRARAT W & T W AE iR .S 000 r/min Ly 6
min, AR FKRE] 50 mL 21048 . FEEL.OE DA 4
mol/L (ELMR 10 mL, =353 %, Wk /KA 15 ~20 min.
1.6.2 VB - A5k inls  1EMR LB
1R HE A 10 mL B EEFT 10 mL 54475, 5847
Yk 5 B BT 2 A SEAR TR w S 0. 1% 1R
PREAWTRS) B, £ R B ekl 25 2 Bl is
Mg
1.6.3 Rt H
= x100% .
1.7 HEER SRS
PRI e e Y TR R, SR T BR B UR: IR, B
W pH tHAYEFF 6.5, T 28 °C 180 r/min FY1H L
REEFR T d Ja 32 Bam g Wi Yo 2 P ERfL AT AL 3, 15
A A 6 1% — T3 BE FH ( Gas chromatography and
mass spectrometry , GC-MS) 73 #5845 o0 M & &

PRI = R R R AT

2 FHER545H
2.1 FEilmEwRTE
2.1.1 Fihsraayis B RS RER RS,

WOR PO T R B Qe R 7E s T LgE, 4521
LI L. TR 200 P 2 B P Sk 0 S R, 0 2% I
2R M A i 7 BR3P A e R AR B IR S L
WNAFLERIIR T PR ] 95 P - 2R B e 6, 1oty B B
I T O O 0 . AR A0 3 i B T ) A v X
R AR 2R 3% B A7 DRSE A U, AS BF S Ui 1 114 4
BRI BERE, 2 i g R J2-2A . J2-2B J3-2A  ]3-
2B.

A:10 x10;B:10 x40
BT J2-2A ERAUAE AR B Ye i j5 i BRI A

Fig.1  Micrograph of yeast J2-2A stained by Sudan Black B

2.1.2 FhEBEHOMB TR ZIKKE, b
2 WA R AR, HOANE IR UL ks 3%, 1M
UE AR BB B 7 BF He B 1A 04 3 B, R0 TT SR FH 08 4R 3 %o
i 15 25 DA DA 22 EA T 0 PHB B e, 45 L LR 2.

2 M2B BRI S SHR B Gl
Fig.2  Picture of mould M2B stained by Sudan Black B

BRZ IR PR B Qe (8 )5 R A0 VIR &
il pEBE, S ASE RS REAS A H
2z A IR I AR R MK A SE T iR R4S T 9
PR NG 05 00 85 T, 43 i g 5 O MIC M2B, M2C
M2E M3C .M4C .M5A M5B M5D.

2.2 FERGBEY AR L XY

{di F§ ITS (Internally transcribed spacer) 35X} 7=

TAEP A TARRUME FEXT, 25 SR L3R 1.

F1 BB HBEMECIELLTER

Tab.1 Results of oleaginous yeasts and oleaginous moulds

by blast
f sk HRUE, B/

% %
MIC  WREE Talaromyces trachyspermus 99 97
M2B Vg EE Penicillium pinophillum 98 97
M2C 7% Penicillium sp. 95 95
ME WIS Aspergillus aculeatus 99 99
M3C %% Penicillium janthinellum 99 97
MAC  IREBIFHE Paccilomyces lilacinus 99 95
M5A  BURETARE Trichoderma kongingiopsis 99 97
M5B A% Trichoderma sp. 99 97
M5D {755 Penicillium simplicissimum 99 98
224 HER[EEE Pichia caribbica 99 100
2-2B R HIEEEE Candida sp. 99 97
B-2A  ZEBEREEE Meyerozyma guilliermondii 99 98
JB3-2B  FEBEHeRkEEE} Pichia guilliermondii 99 100
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2.3 FEMZERNE
FERAT B W) 7 TR b i — 2P 0ok BT RS 5%,
WA TR AR - o PR B | Y B G 1 A 4 AR A5 T g
THAH P G5 R L3R 2.
£2 MBS R BRI R

Tab. 2 Lipid yields of oleaginous yeasts and oleaginous
moulds

FS PR FB PR %
M1C 21.6 M5B 25.4

M2B 26.4 M5D 18.6
Mm2C 22.8 J2-2A 23.1

M2E 20.6 J2-2B 44.3

M3C 19.3 J3-2A 21.0
M4C 17.6 J3-2B 17.0
MSA 24.4

IR 1 RIRL, BT 400 0 64 T R 22l il , 2R W0
T VR T, B IO 17% ~27% ok
PR A BRRR D M2B, il SR IK 51 26. 4% 5 BEREY
FAMARTE 17% ~45% , ForP bR J2-2B 177 R %
5,35 44. 3% . T LLERERERE R bR 12-2B TR A
PRELE ™ N 4 1R
2.4 HEERL S HITURE

Wtk J2-2B AP IR 22 d GC-MS 23, e
Iy K L 3.

*3 FEHERE J2-2B BRYiHAE R RIRE L S

Tab.3 Lipid analysis data of yeast J2-2B

L/ Min g=—s=v PR w/ %
15.44 C,, Hys 0, KA 0.62
16. 87 CisHs,0, T FRR R 0.67
18.34 CyeHy, 0, Fr BT R 4.74
18.94 CiH3, 0, KA R 17.21
20.62 C;;Hy, 0, TRH 7SR R 5.60
21.19 C17H3402 7‘“/‘3@%@4‘{ 4.00
22.73 C,H,,0, IR 1.41
23.28 CisH;, 0, A 54.04
23.69 CigH;,0, R 9.55
25.17 C,H,,0, + LB R 0.51
25.92 CyoHyg O, + JUB R 0.99
28.10 CyHys 0, /3Ty 0.43
29.03 CyHyo O, e 747 0.23

EE%:@ 3 ﬂ%ﬂ,{ﬂﬂﬂﬁlﬁ‘]}%ﬁiﬁj\% C14 ~ Czoﬂﬂaﬂ)‘j
1%, Horr C BEITTR (FRHRER ) A1 Cg BRI R (VAR ) 5T
B, 00 17. 21% F1 54. 04% .
3 WheS&ER

EN PSS AR [C G/ NOL i s |- A |£|
JESPRRAE A 2R BB AR B 5 — B AR

Gy KR R B A P R R 5 O L
A ME— BRI ) B R 3R R AUHERR AR R R
T B A B T TR, T A 2 LA B O SR IR TR
Y525 T 36 , DA T RS AT) 75 1 77 Yok J 5 5 % 7 T
B ()T 5% , SR FH U8 A B e 11%) 76 0 5 1A e £, 7 B
THEBETTA AL, BT T8 T B U LS B ol
sup LY SAEES

ARBIF 0 36 4 — Bk s Tl A B AR M 22 f R 7=
TR EIA 4. 3% s AL BRI =B R ZH 17% ~
27% , SCHRIRE (9 P Rk £ 0 20% ~25% Y A&
IG5 AT AT 45 R EAR —F X T —
PRIR IR B ™ T & 1 2 A P B B 4 T B JE At

U5 LU BB BRIE, ) Lipomyces star-
key & BEA5 R A THIIE 0 & EL Ry 53. 6% , Hh g i g i
PR ZH A A JRIR TR b R A e TR 7 8B T TR IV R
M. ARG A 22 6 e g K T2 T 7 1 R oy 5
HRIE B e —3 B EE R Coo 1 Co IR R , He
s A 70% DL b, ool R O A s, iR
54. 04% s kEtRBR IR Z , R 17.21% .

PRI R, 7 I AR P B 20 R R - il T 4R
IR R A R R B 0, I vk LA 3 T . 4
PRLRE AR 5 4 | i IR 85 P | A5 7o 3 v S AR, (R R —
R A P i b BRI | RN S0 5 3R] 9 7
FE R, R EERIURA S AR5 4ok, R, 20T
IR A RFIR AT ST

S 30k

[1] TYSON K S. Biodiesel research progress 1992 — 1997 .
NREL/TP - 580 —24443 [ R/OL] // National Renewable
Energy Laboratory. NREL technical report. Denver West
Parkway Golden;NREL,1998[2010 - 11 —=22]. http: /
www. nrel. gov/docs/legosti/{y98/24433. pdf.

(2] SRPAR, 27, FRIR, 55, el A AR s Bk 5 &
JERTR (T IR AR ,2007 4 : 126-129.

[3] EVANSCT, SCRAGG A H, RATLEDGE C. Regulation
of citrate efflux from mitochondria of oleaginous and non-
oleaginous yeasts by adenine nucleotides[ J]. Eur J Bio-
chem,1983,132(3) :609-615.

[4] BOTHAM P A, RATLEDGE C. A biochemical explana-
tion for lipid accumulation in Candida 107 and other ole-
aginous micro-organisms [ J |. Microbiology, 1979, 114
(2):361-375.

[5] PALMIERI L, PALMIERI F, RUNSWICK M J,et al. I-
dentification by bacterial expression and functional recon-
stitution of the yeast genomic sequence encoding the mito-
chondrial dicarboxylate carrier protein[ J]. FEBS Letters,
1996,399(3) :299-302.

(F#4% 397 1)



553 1]

WRFR T A5 : F ] SUMO R GE sl b nl i P A #0005 7 2 B9 Cap HEH

397

(8]

[9]

[10]

(11]

[12]

[13]

[14]

MANKERTZ A, MANKERTZ J, WOLF K, et al. Identifi-
cation of a protein essential for replication of porcine circo-
virus[ J]. J Gen Virol ,1998,79(2) :381-384.
NAWAGITGUL P, MOROZOV I, BOLIN S R, et al.
Open reading frame 2 of porcine circovirus type 2 encodes
a major capsid protein[ J]. J Gen Virol,2000,81(9):
2281-2287.

LEKCHAROENSUK P, MOROZOV I, PAUL P S, et al.
Epitope mapping of the major capsid protein of type 2 por-
cine circovirus (PCV2) by using chimeric PCV1 |, PCV2
[J].J Virol,2004,78 (15) :8135-8145.

LIU Qiang, TIKOO S K,BABIUK L A. Nuclear localiza-
tion of the ORF2 protein encoded by porcine circovirus
type 2[ J]. Virology,2001,285(1) :91-99.

TRUNDOVA M , CELER V. Expression of porcine circo-
virus 2 ORF2 gene requires codon optimized E. coli cells
[J]. Virus Genes,2007,34(2) :199-204.

LOU Zhong-zi, LI Xue-rui, LI Zhi-yong, et al. Expres-
sion and antigenicity characterization for truncated capsid
protein of porcine circovirus type 2[J]. Can J Vet Res,
2011, 75(1) :61-64.

KONG Wen-tao, KONG Jian, HU Shu-min, et al. En-
hanced expression of PCV2 capsid protein in Escherichia

coli and Lactococcus lactis by codon optimization [ J ].

(L% 387 W)

(6]

(7]

(8]

(9]

[10]

[11]

RATLEDGE C, WYNN J P. The biochemistry and molec-
ular biology of lipid accumulation in oleaginous microor-
ganisms[ J]. Adv Appl Microbiol ,2002,51 :1-51.
RATLEDGE C. Lipid biotechnology: A wonderland for the
microbial physiologist [ J]. J Am Oil Chen Soc,1987,64
(12) :1647-1656.

COHEN Z, RATLEDGE C. Single Cell Oils[ M]. Cham-
paign: AOCS Press, 2005 .1-20.

XSO PP AR P i DR AT ST by 2 0 2 0k 7l 42 44 g
BrIsOR LT ] AR TR A%, 2005, 25(2) @ 8-11.
RPPSE,XUBE, BT i IR R W AW T[T ] AR
TN T.,2009(6) :54-57.

JATEIR. A2 928 T (M. il BAEREHOR
L, 1983 :32-34.

[15]

[16]

[17]

[18]

[19]

[20]

World J Microbiol and Biotechnol, 2011, 27 (3) . 651-
657.

AFY  RF  FRTRE, 45 SRS 2 B Cap SR YR
B AE ELISA g 91 2 B[ ], & o BR o 4l
2011,42(6) :808-814.

Selglpe, P, ZEE L . MR SUMO il RS
BEAGAAEEE A E A R[] ] RAER R
#%,2008,39(10) :57-62.

GAGNON C A, MUSIC N, FONTAINE G, et al. Emer-
gence of a new type of porcine circovirus in swine (PCV) ;
a type 1 and type 2 PCV recombinant[ J]. Vet Microbiol,
2010,144(1/2) .18-23.

MAHE D,BLANCHARD P, TRUONG C. Differential rec-
ognition of ORF2 protein from type 1 and type 2 porcine
circoviruses and identification of immunorelevant epitopes
[J]. J Gen Virol ,2000,81(7) :1815-1824.

TRUONG C,MAHE D,BLANCHARD P, et al. Identifica-
tion of an immunorelevant ORF2 epitope from porcine cir-
covirus type 2 as a serological marker for experimental and
natural infection [ J]. Arch Virol, 2001, 146 (6) :1197-
1211.

BUTT T,EDAVETTAL S,HALL J. SUMO fusion technol-
ogy for difficult-to-express proteins. [ J]. Protein Expr Pu-

vif,2005,43(1) :1-9.

(RERE R 8]

UL RO BRBHEG . 7=l R 35 3R (1] AR R

eEdR ,1997,25(5) :103-106.

F L I DNA 2505 058 [ )] & 17,2008,

30(3) :18-20.

THAKUR M S, PRAPULLA S G, KARANTH N G. Esti-

mation of intracellular lipid by the measurement of absor-

bance of yeast cells stained with Sudan Black B[ J]. En-

zyme Microb Technol, 1989,11(4) :252-254.

BLIGH E G, DYER W J. A rapid method of total lipid ex-

traction and purification [ J ]. Can J Biochem Physiol,

1959, 37.911-917.

XU 47 SCIE b 22 . 1R TR HIL AR IR A 19 B K T

SR 1) . Ay 4, 2000,27 (1) :8-11.
[EZEHE Foei]



