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Rapid determination of oil content in Phaeodacylum tricornutum
by high-throughput method

CAO Su-Juan, LIU Ke-Huan , REN Ling-Xuan, HOU Xing-Guo , QING Ren-Wei, LAN Li-Qiong
(College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract; In order to achieve the rapid high-throughput determination of intracellular lipid content of
phaeodacylum tricornutum , the detection conditions were investigated by Nile red fluorescence staining.
To establish the optimal dyeing conditions, the 96-well-plates and microplate reader were used to exam-
ine the various pretreatment solutions and their usage, the amount of Nile red, the dyeing temperature,
time, and the effect of cell concentration on fluorescence intensity. And the relationship between fluo-
rescence intensity and oil content was further investigated. The results showed that the optimal condi-
tions for detection were as follows: the final concentration of TritonX-100 at 0. 05%, 3 ul of Nile red
dye solution (0. 1 mg/mL) to 100 L of algal suspension,temperature 40 C and the time 10 min. There
was a good linear relationship between the fluorescence intensity (y) and the oil content (x) of the algal
cells in the range of 3X10° cells/mlL, y =927, 37x +15. 913, R* =0. 9247. After optimization of the
method, 96 samples can be processed and analyzed within 90 minutes, greatly improving the throughput
of the analysis.
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Fig. 1 The growth curve of Phaeodactylum tri-

cornutum
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Optimization of nile red dyeing method for Phaeodacylum tricornutum

Different letters indicate significant differences (P<<0. 05)

PAZK Sy stk B AR FRAE S P o 3R 20 0 R
() 375 P AR A 3 A DU 5 e B, fR 1A 4a WD
57K PBS L, FY P TR i Ah L ) 956 4T L 26 D' 5k
FERGINANBA 2 B 5 PYEEAT DMSO 4b 3 i) 5% 20
FEL S SN FEE A D 408 1T 20 Y 8 M 5 A A 14
J£0. 1% TritonX-100 4bH 5 (K Fe 4. R vE £
20201 TritonX-100 g 4341 0. 1700 15 Ay 5 240 fifd
TAb B
3.3.2 0.1%#4 TritonX-100 4k A 5 2 it 4 &, 49
B SCIRTEBEANEYR N 5X10°4/mL.2 L Jé
B 40 ClEJEY A 10 min 5544 N H 5
RALSME0 0. 1% TritonX-100 X %% 6 3 B 1 5

2RI 4b.

ZER R0, 1% TritonX-100 A& FAAHON 1%
~20 %0 958 FE K IR TR 20 %6 35 B e K AH (&
Ab). AU EE 1Y AL PR S 0 Ve 55 . R TR — o TR
JEE S L P i 0 Ak R e R K Ol e A v
K520%0~40 %0 JE Bl N o 1t R M BE 11 TritonX-
100 2% 36 40 Jfd = Az B P TR I o6 O i B 340 T e
1K BT 55 5 20 %0 1 28 S B 5 K 1060 1 B /).
I, 0.1% TritonX-100 FiE AR50 h 20 %.
3.3.3 RARRERTUNEEWNHw LRI
Y BE R 5% 1054 /mL. 0. 1% TritonX-100 {4
FUMECR 206,40 CiEY (8 10 min 550 N H 4



% 64

EEAE, F. R ZBINITZABERESE

ARV TR B 21 B8 10 98 5658 FE i 52 el o 45 2R WL
& 4c.

ZER P R,0. 1 mg/mL JE % 41 1N il 7 W AR R

0. 5~3 pl I, ZEGHR BERIIG R . 3 pl Ik 3
KA e B LN RAR L 3 pL i, i T
R EE JE B L1 iR A A — o I B R SO R i
BN o). H B IRk E P A& 3 pL N
i 1.
3.3.4 FEmtixEEd P SR ANk
JEH 5X10°4/mL. 3 pL e F L. 0. 1% Tri-
tonX-100 {AFRAE0h 20%, 40 CHEHOEYLE 10 min
AN B EAN ) G o B[R] 0] 2 ' 58 B 1) 5% T, 45 2
LA 4d.

1 & 4d ATATL YL ERTEA 3~10 min B, 286

SR PEARUGE R 10 min B2 %58 B2 3K 3] e K 10~30
min, M P o T] B 565 N 5 620 M T K G ARL I
A5/ I ATPERE 10 min Sy e YL (R ).
3.3.5 RRFEBESRABENY R LIE
LM EE A 5 X 10° A4 /mL, 3 pul JE B L EK
0.1% TritonX-100 R4 20%,40 C ey Ye
810 min Z50F T % ZAN ] G 40305 2 0 98 08 B2 1Y
M, 55 DL de.

HH ] de AT, YL AR FELE 20~40 CHT, 5
SR RS, 40 C TS5 B Ik B e KL
TR 40~60 CHY, o F = i A2 T 38 40 06 4
TOCEAS/N. B, J5 SRS gk 40 C ol fefE
DGR
3.3.6 REREEmMIEAT KRB EN R m LK
TEBEAM AR BE R 5<10° 4 /mL. 3 pL Je B 4L B
0.1% TritonX-100 {A&F43 %k 209,40 CEGYL
810 min Z50F T 25 28 [ 358 4H A v B2 % 9 't o BE
2 25 5 DL 41

FH T AL AT, > 38 20 R L A5 1<10° ~3
X100~ /mL B}, 5 0 P B W4 R, Y% o 3
X10°A~/mL B}, 9 GR BE IR B e K, e KT
3X10°A~/mL B, i T35 B R I 55 15 B B 1Y
51,9 B REAG. BRBL . iE B Ol 3 X
10°4>/mlLL B Ay fpe A 40 L R 22
3.4 BRHESESWNEENMEXESHT

TN = AR TR AR S e
ZI ARSI R 43 AR iR E iy Je B 4L e 1
DRI AR PR ME 1 1 5 200 v B2 A [m] | e U
PRFEAH ) (0 25 41 T S 00 2 DI 0 B R i 25 £, X ¢
JE5R B Cy) FIE & (o Z [al BEAT [l )3 20 . 45

1335
LA 5.
200
1=927.37x+15.913
150 | ®R=09247 L.
G
% 100
R
K 50
0
0 0.05 0.1 0.15 0.2

iHHEﬁLi(g/L)

B 5 skidiseEh %R E GRS
Fig. 5 Correlative analysis of oil content and flu-

orescence intensity of algae

HIE 5 AT RLA 1 Y205 By 0~ 140, 4 g
WePE g 0. 510°,1X10°,210°,3X10°4>/mL ff,
HAR ST, A Rl v =927, 372 +15. 913,
R* =0. 9247, Ut B AR G M4, B, T LA
JEB LT Y A0 T RGN = £ 4 48 3 PTG 1Y) B i

4 i B

JEB LTG5 1% O I R s 200 PN i S o B
BT —Fp A BE 10 735 T A R R AL e il
. (EUR R T AN R A I A — 2 5 T A Y 2 i
BE il g ok T IR A @ PELI
FAL PR RE 2 T BOMR & iR 22 I HHAb R0
AL RCR - AR B e A e S5 L e
(OLRSF TE] FOELE 25 DRI A 45 b e (0 2 1 ) 3 s —
bR AE R = R T 5 R EME. fad Bk
PR AR B, = BRSSO EAE AL BT R A T4
RS L 20 AR LA TritonX-100 BTk
JPEC0. 100 MR BIACR fe . DN AL R L T
HoE TritonX-100, BUAE 1 = ffi 48 45 B 200 i BE A 40
ISR B 4R T8 B LR R Y P 0 8CR
X A 52 W] T 34 Y0 L 5 A L L T € BT 1) A
T BE W AT Tk AR R 3 1 e 0 2 A0 A
L.

25 b ARBIETER AT 96 LA E 5 1% R B AL
TG, BEARACHRHAT I Xk e (0 SRR AT TR
A ST T Rl A PR R i R 1Y JE B
JET R I = A48 4 e R 5 07 ik k2P
AR EERIPTFEAT T RAF A SERE ., S Al i s b
i i g R 4Rt T 22505 ik

Sk

[1]  Felizardo P, Correia M J, Raposo 1, et al. Produc-
tion of biodiesel from waste frying oils[J]. Waste
Manag, 2006, 26. 487.



1336 W K FFRCH RAF O % 55 %
[2] And M G K, Dalai A K. Waste cooking oil an eco- [13] Bertozzini E, Galluzzi L, Penna A, et al. Applica-

[3]

[4]

[6]

7]

[8]

[9]

[10]

[11]

[12]

nomical source for biodiesel: a review [J]. Ind Eng
Chem Res, 2006, 45; 2901.

Song D, Fu J, Shi D. Exploitation of oil-bearing mi-
croalgae for biodiesel [ J]. ] Biotechnol, 2008,
24, 341.

Miao X, Wu Q. Biodiesel production from hetero-
trophic microalgal oil [J]. Bioresour Technol, 2006,
97. 841.

Sharif Hossain A B M, Salleh A, Boyce A N, et al.
Biodiesel fuel production from algae as renewable en-
ergy [ J]. Prep Biochem Biotech, 2008, 49; 250.
Razon . F, Tan R R. Net energy analysis of the
production of biodiesel and biogas from the microal-
gae: Haematococcus pluvialis, and Nannochloropsis
[J]. Applied Energ, 2011, 88: 3507.

Tang H, Abunasser N, Garcia M E D, etal. Poten-
tial of microalgae oil from Dunaliella tertiolecta as a
feedstock for biodiesel [J]. Applied Energ, 2011,
88. 3324.

Bligh E G, Dyer W J. A rapid method of total lipid
extraction and purification [ J]. Can J Biochem Phys-
iol, 1959, 37: 911.

DA, IV, ARAEZE. JUR/INER B G & Ry
BRI AL TR BT, 2012,
25: 20.

Ahlgren G, Merino L.
microalgae; a method study [ J]. Arch Hydrobiol,
1991, 121. 295.

Genicot G, Leroy J L, Soom A V, etal. The use of

a fluorescent dye. Nile red, to evaluate the lipid con-

Lipid analysis of freshwater

tent of single mammalian oocytes [ J]. Theriogenolo-
gy, 2005, 63; 1181,

Kimura K, Yamaoka M, Kamisaka Y. Rapid esti-
mation of lipids in oleaginous fungi and yeasts using
Nile red fluorescence [J]. J Microbiol Methods,
2004, 56, 331.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

tion of the standard addition method for the absolute
quantification of neutral lipids in microalgae using
Nile red [J]. J Microbiol Methods, 2011, 87. 17.
Chen W, Zhang C, Song L, et al. A high through-
put Nile red method for quantitative measurement of
neutral lipids in microalgae [ J]. J Microbiol Meth-
ods. 2009, 77: 41.

Silva T L D, Santos C A, Reis A. Multi-parameter
flow cytometry as a tool to monitor heterotrophic mi-
croalgal batch fermentations for oil production to-
wards biodiesel [ ]J]. Biotechnol Bioproc E, 2009,
14. 330.

Chen W, Sommerfeld M, Hu Q, et al. Microwave—
assisted Nile red method for in vivo quantification of
neutral lipids in microalgae. [J]. Bioresour Technol,

2011, 102: 135.

XUBAL TS T, 5. A A4 B s i i
AR G 1 A6 I T 7 1 U]E%IFMW,

2013, 29. 382.
i, ARG H, BRI, . Rk = e s
BEIER B WF LT ] U1 R 2 4 AR 2 R
2017, 54, 173.

Alemannava G S, Cuellarbermudez S P, Cuaresma
M, et al.
cent stain for microalgal neutral lipids [J]. J Micro-
biol Methods, 2016, 128. 74.

Ren HY, Liu BF, Kong F. et al.

red staining of Scenedesmus sp. by combining ultra-

How to use Nile Red, a selective fluores-

Improved Nile

sonic treatment and three-dimensional excitation e-
mission matrix fluorescence spectroscopy[J]. Algal
Res, 2015, 7. 11.

Siegler HD L H, Ayidzoe W, Ben-Zvi A, etal. Im-
proving the reliability of fluorescence-based neutral
lipid content measurements in microalgal cultures

[J]. Algal Res, 2012, 1. 176.

EIES TS §
Pohoc RIS, WIRRUC, FERORE. SR U R R E = AR SO AR S )] DI A R T
by }
+ 018, 55; 1331. +

+ P& . CaoSJ, Liu K H, Ren L X, etal. Rapid determination of oil content in Phaeodacylum tricornutum by high- +

+ throughput method [J]. J Sichuan Univ: Nat Sci Ed, 2018, 55; 1331.

e

bbb —hee ettt —hes et e



