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R F 4r g ik M b AR A F 7 ik RN A A B AR ODgo T 1.2, RF LR
JE 0.5mg/L, # &1 5 min, A K 488 nm, LA K 570 nm. Z N E A B AT
RAIREHARERFE M AE S F 2 EAN K%, R*=0.9637.

K88 RF L E %k, FihfEH, 26S DNADI/D2, £k, his4 &

Study on screening of oleaginous yeast and determination of
intracellular lipid content by nile red dyeing

LINYi"? ZHONG Tian-Hua"" LUO Zhu-Hua' HUANG Xiang-Ling' YE De-Zan'

EEWMB.: EZREHFERE ZIGE R TR 52 £ 9 455 H (No. ¥ =7} 2010009)
*BITAEE: Tel: 86-592-2195679; X: zth23-1980@163.com
YKt HEE: 2011-07-05; = HEA: 2011-10-09



126

#od g A

(1. Third Institute of Oceanography, State Oceanic Administration, Xiamen, Fujian 361005, China)
(2. School of Life Sciences, Xiamen University, Xiamen, Fujian 361005, China)

Abstract: [Objective] To establish a simple method to screen oleaginous yeast and determine
the intracellular lipid content. [Methods] The study is based on the theory that the combina-
tion of nile red and intracellular oil will emit fluorescence when induced by UV light and the
fluoresence indensity is associated with the lipid content. We cultivate yeast in the culture
medium added with nile red, and screen the oleaginous yeast strains from the 385 deep-sea
yeasts by measns of obeserving the fluorescence of the yeast colony. We have identified the
screened oleaginous yeast strains by the 26S rDNA D1/D2 series analysis method. Designating
one of the oleaginous yeasts (2A00015) as the test strain, the lipid content rapid determination
method by nile red dyeing was established. [Results] 22 oleaginous yeasts were obtained with
the lipid content reaching up to 62.9%. Based on the molecular identification, it showed that
the 22 yeasts are separately belong to Candida viswanathii, Candida parapailosis, Rhodotorla
mucilaginosa, Debaryomyces hansenii, Pichia guilliermondii and Rhodosporidium paludi-
genum. The optimum condition for lipid content determination by nile red dyeing is: bacterium
suspension ODgg lower than 1.2, nile red concentration 0.5 mg/L, dyeing time 5 min, excit-
ing wavelength 488 nm, emission wavelength 570 nm. The relative fluorescence intensity ob-
tained by this method exhibits a positive association with the lipid content obtained by weigh-

ing method, which can be explained as R*=0.9637.
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AL IE R AT IS 60 nm, PECH AT 4 AR
LB TRL A, 53 A S SRR i B 8 10 R ) E G
i) K Je B 4Lk B A — 25 5
PR AR T — 258 A KRR W e T S R A
Sk R ME

AR IEE A5 MR BT 45 & SR TE 58t
PRI T & 2 R, SR F AR 3 19 7 1 %
385 KRR T, If DAH T — bR R
THRE T BT R 228 BE 2400015 FEMBFIEXT
%, FREUE B 21 G A5 A TN M A ek Bl 7 1t 1
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1 MRS ®
1.1 {5

PG HBE(Nikon Eclipse 50i), Nikon 23 Fl;
Z U1 e EE#5 1 (SpectraMax MS5), Molecular De-
vices 23 Hl; 5B B O AL(J2-MI), Beckman;
{5 R KA, ZEALWAY A~ H); FEREIR, TLAAK
GBI, AIVEIREERA, LR e EEST
AR RIS, et b R L H R RSG5 A
FRAF]
1.2 E#5KHF

ASCHT IR 42 85 DY 115-19 fiiK
DY 115-20 LUCREERIEK . AW KUY
FRR PR IR L HEELE (Trichosporn cutaneum)
2.571 (FritiE: 65%)"2, W 1 v [ A 1 o R e
T NS mEMAEY L, JEP L (Sigma 2
Al). ZH S DMSO (i g A48 55 4 B
o). CEE(E 2R A R A A L A
BECPU B AL TR A R AR . #hR (255 Rk
AT BRA FDAFEE Ry a4l
1.3 EHRE

FHARE TR HE(PDA Figedk): 25 425 200 g,

Y/, i ATiE7K 1000 mL, &k 1h, X2
YUAR LR BT R S I 10 g FATRE, In A TEK
#MEZ 1000 mL, ZEARH 2%, pH H A

PYG Kigidt: #4220 g, B 10 g, B
R 5.0 g BUIRHT 15 g, ATE7K 1000 mL, pH
HAR

FhFEE ek #ARE 20 g HEANE 10 g, BiZ
R 5. ATIE/K 1000 mL, pH H2R.

SLRfiF=AehE AL WAIE 70 g (NHL),S04 1 g
KH,PO,; 1 g. MgSO,7H,O 1 g. BERER) 0.5 g, A
T#§7K 1000 mL, pH 5.8-6.0.
14 FEHEERIFIERETE
141 FHRFEFERME T AIFILETHEEE:
PYG iR IR SR A1 E 60 °C A4 G IRINe %
SIVAEM 1.0 g/L (Nile/DMSO)!'), i Hfe 2 v Ji
ikE 0.5 mg/L, IWEHSEEIA—KMFHR, 1F
VA TE 4R Ve AR [P W i B 22 1Y) T B 42 e 3]
AR, RS TR b A TS 7 T —— ROk 22 70
Trichosporn cutaneum 2.571, #E)'6 28 °C HiF#
3-4 dJ5E TN 280-300 nm KAMT T WM
g A AT BN R PR T AR, X L
P78 B DO B A G SR g 7 i AR
142 F=HEBESFLEE: MAAEHA DNA $#2
WO 2 W2 BOCER[3]. 5149 NL1 (5'-T
ATCAATAAGCGGAGGAAAAG-3")Fl1 NL4 (5'-G
GTTCCGTGTTTCAAGACGG-3")iH4T 26S rDNA
D1/D2 X34 . PCR GFF: 95 °C 5 min; 94 °C
1 min, 52 °C 1 min, 72 °C 1 min 20 s, J&¥ 36 IX;
72 °C 8 min"" "*, PCR P21 & atifb )5 (2lifk
AL EMRYE OMEGA A+ PCR F=#4ifkisl & il
BIAS), 1638 1 FE AR A AR AT RS R
143 FEREHEMRIESR: 407 L 4 iy R fR
REEEREAN R PYG 5573 L4555 3 d, HEEMIA
S ARLF I RAR TR R F 557 5, 27 °C,
160 r/min $EREGFR 24 hy BUFIFIRLL 10%0A9 4%
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ol B (VI7) 5 b T B RS RS B 5% 25 R (100 mL/
500 mL), 27 °C. 150 r/min %% 72 h,
144 BREYENE: 2H—E B EBOm
AF|CFRER 250 mL 204, 7£5 000 r/min
T 5 min, PIREHZRIBKIEYE 2 #, 7 L
W o WTTE AR A MRS, 80 cCHt T2 1HE, A
SR A B Z RIS PR A B OB I B
. PR - 2
AR )=
1.4.5 GHEEREAZ(RERREEBGE): .00k
EIFEET 100 °C—105 °C L4 TPt T I B,
HEBRFREL 5 g TRETIELCREN, B b, %
UEARTET A BB P2 AR AR B P, e T4
ZE A, AR EEE LA 101
To/K LIk B AR RN R 2/3 b, T
B0 12 O v 1 N e 2 N T L 3 G E )
[ KHER 6-12 ho MEELEHRSHU N 2 e T
WERE 78 RAL, [N 2 Bk | Ak, T A g i
80 °C T4 2 h, LTI 0.5 h JFFRED,
MR SR E A
MR E =
BT
1.4.6  FRAENE: FRAHINE R B,
1.5 RAGNEREMASHEX S HEREL
1.5.1 EH 2400015 B3 R A0 pRKT SR 7Tk
UL 1.4.3, MEFEE 10 mL ZBEK, 5 000xg 5.0
5 min, 3% PR, IS = 1 JC KT U A,
LA 5 000xg B0 5 min, BE 2 K, RFHE
WLAR R
1.5.2 B 2A00015 REZEN: DL 600 nm
TRPOCEEEARMME L, 48 R
I BRAR R
153 RFLAFERFTLFEEN: FA T ry
2A00015 PREAEpH B C KM B 2 G b Wk,
IR LI AT (A 0.1 g/L Nile red/DMSO),

x1000

G & m=(%) = x100% .
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2.1 FEHBEEENFLSER

TR R ) Je B AL Y RHE R A Kt
BB A b 2 35 A MBS AL T, 4 SRR
KL, Mk BRI e B 20 2 AR T
BT AR R AR AR ST R, DL 1

K1 BRAE ARSI INE P 2, el
BRI 3 SIMDCIRTT, A AP LW
AR BB 07Y76. 07Y144, 07Y147. 07Y162
DL K B e B LLushnrAi Y 07Y74. 2400011
2A00015 FEREBATERE = AR R OO0, AT
JEF LU AR N BT A BT B TR 5O, X Lt
NWERE Trichosporn cutaneum 2.571, 07Y162
07Y147. 2A00015 —RREERE T 5OCESR, W1
FIWT A = IR EERE . T 07Y15 VA ARG Eif
AL, RAMET TRIEHE OGN, IS
PR T A — 20 g

W LR T T RAT R o I R SR
R 2 e B L TAE#(0.5 mg/L Nile/DMSO)H
5 B TPO6 WMEE 420-490 nm WG R WL,
JIARE SR LA 2. T AnMENR I AEAE, e
WO T MY BoR a5k
07Y126 HEL, F=iHEERE 07Y162, 07Y147,07Y15
YA P B B B A w iR, R/ INECH Rt
BERDR AR A i 25 5 . Baka g R 5 P Al ik
GPRER 3, — MO T RS AR LR R
PEGnR ZY, L B i 20 kL g A it AH X



MR JE % 21 e (0150 e 7™ ik B 1 B e AGH I e A ik A

SE BRI 129

A

Without Nile red With Nile red

Without Nile red With Nile red

B1 ZETEERLIFR
Fig. 1 The fluorescence of yeast colony in the UV light

20 pm

20 pm

B2 RARFIETEEAM
Fig. 2 Yeast cells under the fluorescence microscope
Note: A: Yeasts cells under the ordinary light; B: Yeasts cells under the blue light (Wavelength 420—490 nm); 1, 2, 3, 4: Respectively
represent yeasts of 07Y 126, 07Y 162, 07Y 147, 07Y15. The microscope magnification x1 000.

K F e % L1V AR 16 T 12 %0 A S 36 25 4 15 4
fEIY 385 BREEREIEAT = PR RES 1, S IEARAS
TMEERE 22 R, EBSAGTE VP AR P B X (20 BE)
DRERFHEZEBAERKQ M), Wk 1. DR
PRI RE IR, 45 R TR, BERE 07Y162
FEIRE ) s, IR A EA E] 62.92%, LW
11.50 g/L, JRIHTFRFREL 10.32, BERE 07Y147 K
2, Mg & EILF] 50.81%, AWraE 11.09 g/L, JI§
AR 280 7.98, AP 07Y12, 07Y15, 07Y 144,
2A00015. 2A00011 FbkmEERHMAR & L #fm T
40%, J&m e ImIRTERE R AR, MEIREE A 6

BRI S AR, AR 20%22 45, WIS 2 P i
PRI E X o
A MR o BN e 45 R, e W AR
G BE A AT ALK 20t =k g, 1 LA e AR 3 A
TR ISR FI Wi e & g =%, 45 R 1
1, EAEX R S i ik o i fa e bk
22 FHBOEESTEE
FHOCSCHRICZR S L™= Yl e B T2 A 35 22
g | IMIREEEE . ZDEERE R AR AR SOR
FH 26S rDNA D1/D2 X /)75 A 7 ik %t 22 Bk~
THEEREE 7401 %5E, F14% IR Kuttzman 1 Robnett
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Table 1  The result of oleaginous yeasts screening

T ot HE A G 7E 322 22 (o 3
number S FE e RS (L) (%) (g lipid/100g substrate utilized)
07Y12 WPA JEEFTJeE 9-12 cm (KR 5 000 m) 6.75 47.11 7.10
07Y15 WPA JEEFJeRE 12—15 em (ZKE 5 000 m) 7.38 48.74 9.15
07Y29 WPA /KH 200 m 7.72 30.77 6.01
07Y30 WPA 7K 200 m 5.30 23.92 421
07Y31 WPA 7K 800 m 8.70 20.11 5.37
07Y35 WPA JKHf 3 000 m 7.48 22.19 3.66
07Y42 WPA B JiE 500 m KEECKIR 5 021 m) 7.16 19.89 2.03
07Y43 WPA EJE 200 m KEECKIE 5 021 m) 6.98 25.36 4.50
07Y46 WPA EJJiE 50 m ZKFEKER 5 021 m) 8.00 22.78 2.60
07Y52 WPA JK#¥ 3 000 m 6.09 30.71 4.24
07Y53 WPA 7K 3 000 m 6.11 20.21 2.17
07Y74 WPA 7KH 800 m 9.92 31.09 531
07Y76 WPA B JiE 500 m KEECKIR 2 596 m) 6.06 38.01 5.75
07Y87 WPA RJZ/K 10.04 33.87 4.70
07Y116 ~ WPA /K£f 1500 m 727 20.15 2.47
07Y141  WPA KF 150 m 9.79 2333 3.70
07Y144  WPA £JZ/K 11.80 43.62 7.93
07Y147  WPA ZKFE 15 m 11.09 50.81 7.98
07Y152  WPA ZK#f 500 m 5.23 20.71 9.08
07Y162  WPA 7K 500 m 11.50 62.92 10.32

2A00011  EPA JIKJE 1.6 m (K& 3 086 m) 6.83 40.33 5.49
2A00015  EPA filifafii 10.93 47.16 8.58

[E: EPA: ZRACFE; WPA: YT,
Note: EPA: Eastern Pacific Ocean; WPA: West Pacific Ocean.

Jr o B[R] A A [ TR PR (] 25 S — AN . 1% e IRIERE Pichia guilliermondii . UM | i E):
FRAE!S BT A PR E B R, R ALRE R Debaryomyces hansenii . KiRZLEEERE Rhodotorula
S E MBS E R Z B % R N RE mucilaginosa . 1 T35 i B Rhodosporidium
ML UL 3 EZE R AT, 22 MRIMBELRE ST E T 4 paludigenum), Forih i E 5w 0 T AR AR
NaE, 6 MG R4 Candida parapsi- rhAER 22 ) S 2L Wbl g, 5 A DG Sk e g
losis . W22+ Candida viswanathii . Z2H57 M—3,

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



ML Je 2 L G Rk i 1™ ik e B B A I Py ik i 55 FR O AT 131

91

100

P
0.05

07Y152
Candida parapsilosis (U45754)
100 | 07Y162
07Y116
99 2A00015
07Y30

Candida viswanathii (U45752)
07Y144

100 1 07v147

66 | 07Y87
07Y141

% 2A00011

Pichia guilliermondii (U45709)
07Y29
Debaryomyces hansenii (U45808)

07Y35
07Y53

731 07Y12
9 07v15

Rhodotorula mucilaginosa (AF444749)
07Y42
07Y76

oc| 07Y46

Rhodosporidium paludigenum
5| 07Y31
5| 07Y43
15-07Y74

3 ETF 26S rDNA D1/D2 [X15/57%!#1 Neighbor-Joining 43 4% il B9 & 44k
Fig.3 Phylogenetic tree drawn from neighbor-joining analysis based on the
26S rDNA D1/D2 domain sequence alignment
Note: Numbers in parentheses represent the sequences accession number in GenBank. The number at each branch points is the per-

centage supported by bootstrap. Bar: 5% sequence divergence.

2.3 RFLAFREHMNEEMRHENEE

T GE IR P2 U7 75 2R A ML R U,
n, SA05-P B CRE-ArEEEPAE, S
UG R AR AR & i, X251k
ARG 2% Sy T YIREE, T EL AR A AT
—EEOR . ARSCRI e B LR R g o), DL
B2z BERE 2400015 VEMIRIR R AR, #5205 51
B R I S A TR T 3
230 RACIESR: BRI 2 R,
1713 J& 29 216 I 240 3 1A 0 P 3o 33 A D o

£ 480-490 nm. ZSCIH BRI E DI RE,
BRI K 488 nm, X 420—700 nm 35 Bl P A4 & S
PR IATHHE, IR LA 4,

Je B ekt A 5Re KW 4 G A ek
B, TEARKP SR, AN e 2 21 Y
BIA B AT 20 A, hHIE 4A. B Pidd
PRAFESE R AT, 488 nm L KR, AR
B ESSA P Ay, RN
440520 nm YU FENAEA —RORAYIE, BRitkZ
Gb, WIS L1 YRR RE T B AE 540—-670 nm
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1 000
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1 600 j %
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Fluorescence (unit)

-200
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Wavelength (nm)

420 460 500
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Wavelength (nm)

El 4 488 nm HAKICT &5 &R
Fig. 4 Emission spectrum light scanning with excitation wavelength at 488 nm
Note: A: Emission spectra of cell suspension; B: Emission spectra of Nile red-stained cell suspension; C: The corrected spectra.

W HA — AR, it AL B IS
ZHEHITABR, B ARl 5052845 & UTE
540-670 nm JEFE N EA BILIOGHE, HIEEAE
KK R 570 nm 4k, VLK 4C,

T FIaREEIR, AR e B 2RI B v
JE A R ARSI i A B A 488 nm, At
570 nm, TEZALAS T HA s I B A EL,
232 FEETE: BIEP YR 2R
1.67 HIPHAPERETR B, (1 e P 2L 2R E 57
B2 0.5 mg/L . 2.0 mg/L, REAE G PREUIA BRI
Hh e [ 494 5 S T O ER BEASI, A H A )
[EF7°A 1 min, FTfSE5R LA 5.
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i, Hh R B e B A YRl 0 R i R BT
MR B Je B 2T gu k), PRI DN Dl R 43 51 Ry
IR 1.59% M 0.86%, H1 FaR ] %, 2%
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1300 1 360
—o— Nile red 2.0 mg/L

1200 + —a— Nile red 0.5 mg/L 1 340
= 1100 t 1% =
&) {300 E
g 1000 F =
2 1280 3
g 900 g
E {1 260 2
00 | a

T 240

700 1 220

600 200

0 2 4 6 8

10 12 14 16 18

¢ (min)

E5 RECRREMMIEL

FRRRARERERE AT

Fig. 5 The changes of fluorescence intensity with time

233 RREE: BUL VPR EE 2400015 1H
B 10 mL, &2 B R, 53 —R
B 241 L 23 AN [ A e B R B . A 600 nm Ak
A P R I e B 20 % (] 6A) o AH G
TN IR, TR ODgoo TE 0—1.2 715 [l 5 41 fif 25 )
FEAE B35 AH EE(R?=0.9927), VLK 6B, PHIAT LA
FHIZIE N 8 6 25 P (AR 4 M 25 T

K7 SR, ANEIRRE T MR R R R A e
VAR SN PO R A b ool X SR P A w =aIl]
BRI, BRI IR AR R, HAS R R R 4
MR A — 2, FS U AHRTDOEsR I 5
B E AN ZATAELRNEANDC, BRI 25 R /R
HAEOLHIEM 0-1.2 Yo P EA B & A,
) Je B 21 FE A5 31 1 R* JEFIAE 0.9793-0.9946.
Y B RT 0, SR 2 1 G (o A I 200 i P T T 7
BF, 400 6 288 B A A — P L, VR A B VR A
600 nm PN EPEEHEEAN T 1.2, Hlj<s
KRR FEACKLIAG B B, PR X 40 2 B R i
TR RGN 2 T A0 20 S R e
23.4 RBLRE: B 3 AR 4055 5 1Y

BB (ODgoo 73514 0.64, 1.21, 1.97), 435
W B gL, Bl i— R YA A Je B L1 vk
JE BRI, R LT, PR 25 L L
Kl 8.

TR 5 S5 B AN AN 55 40 2% A G, T HL
WS RBAMMER K, B 8 B, 4w E—
ERTE LT, e B 2r i B T LUK 58 65
B, AR X R A S AN K R . ODgoo
A 0.64 BERETR BRI INE S 2T B2 0.2 mg/L
RIRT 35 ) fe AR X 28 S B, AkSign)e ¥ 2
LR BE I A BEAH L 5t g FLAR X S GREE s [
FE, ODgoo M 1.21 F1 1.97 I, J& B L1 He i 43 HilAE
0.5 mg/L. 1.5 mg/L &b HATf AR 2O LR E
PRI e 27 21 e (0 o't e s R T A N AR B, e
B LT P SRR ARSI PG o B 7 R R I, e
B LIWREE R, MR R e e g, A
XS B S AR, T YR B i i 2 A
TR N, OISR iR, 45 A SR
B3R (ODgoo /N T 1.2), P F LMRSE 0.5 mg/L

JEEIEM .
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Eo6 ZMAEZEES 600 nm FKTAZEEMKER
Fig. 6 The relationship between cell density and ODy,
600 ¢ Nile red 0.2 mg/L o
500 + ™ Nilered 0.5 mg/L
g A Nile red 1.0 mg/L o
2 400
3 © Nile red 2.0 mg/L °
=
S 300
S
o
S 200
=
o
2
E 100
[}
=2
O 1
0.2 0.4 0.6 0.8 1.0 1.2
-100 *
ODGOO
B 7 HEHARAEBES 600 nm FKTAZEENXR
Fig. 7 The relationship between relative fluorescence and 0Dy,
1600 1 —e—0Dy=1.97
1400 r —8— OD,=1.21
5 1200 F A OD,~0.64
[
2 1000 r
o
[} -
5 800
=
© 600
2
S 400 f
od
200
A— & A
0 1 1
0 0.2 0.5 1.0 1.5 2.0

Nile red concentration

8 RFLLKESHEMIABERR

Fig. 8 The relationship between relative fluorescence and nile red concentration
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23.5 TOEMHE S EAEMAIITES M N
T B UEDE AN AH A P T B e HERR 1, SR
AN TR 15 35 S A5 2 W I 2 e A — B0 T
22 FERE 2A00015 TR, HEEBOCR I HE
HIAE 1.20 KLY, B LIWE R 0.5 mg/L, YLt
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Fig. 9 The relationship between relative fluorescence and lipid content
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