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K4k BS I B AE K B 3k R ELO2A=EL O34k [4 /5 3 5t BR (oleic acid, OLA) & 4K 2, m g id A P LA
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527 4 AU MRAR L RS R E R 4 b BR 6 2. AR XA M AR i BROE R BT 4m L B T AXGA B BR
v B E AR, A B BE ARG AF A 4m PG A0 R A S AR AR T b Ak .

XiiE  RITRRAE K, NG MR AU, BRI B
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Abstract Biomedical evidence shows that excessive fat, especially fatty acids (FA) accumulation in
non-adipose tissues can cause lipid metabolism disorder, leading to cellular dysfunction or necrosis. The fatty acid
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elongase family participates in fatty acid metabolism, which is highly conserved in eukaryotes in fatty acid
metabolism and is closely related to the metabolism of membrane lipids. However, the relationship between fatty
acid elongases and cellular lipotoxic effect is unclear. In this study, Saccharomyces cerevisiae was used as our cel-
lular model due to the advantages of easy characterization and convenient genetic manipulation in lipid metabolism.
By comparing the response of fatty acid elongase-deficient elo1A, elo2A and elo3A with that of wild-type yeast to
different fatty acids, we found that long-chain fatty acid elongases ELO2 and ELO3 defects were highly sensitive to
oleic acid. Cell lipid droplets and neutral lipid metabolism played a key role in maintaining cellular lipid homeosta-
sis. Our results showed that the synthesis defects of long chain fatty acids or oleic acid could promote formation of
cell lipid droplets, and significantly enhanced the synthesis of the cellular neutral lipids (TAG) and cholesterol ester
(SE). The fatty acid composition were analyzed by gas chromatography-mass spectrometry (GC-MS). C, fatty
acids were barely detected, while C,, and C,, fatty acids accumulated in elo3A strain. The content of Cy fatty acid
was also decreased significantly in elo2A strain. However, the treatment of oleic acid increased the proportion of the
total very long-chain fatty acid in the BY4741 cells, and the ratios of unsaturated fatty acids to saturated fatty acids
were increased in elo2A and elo3A strains. On the contrary, the overexpression of long-chain fatty acid elongase
genes could significantly reduce the content of oleic acid compared to the wild-type strain. Based on the study of
the responses of fatty acid elongase defects to lipid metabolism and oleic acid stress in the model cells of Saccharo-
myces cerevisiae, it provides basic data for the investigation of lipid metabolism disorder and lipotoxicity effect in

medicine.
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— AN R I g 1 R S K g, 5 R € I 7 G A AN R
BB 72 0f 52 ElovlLAIElovI2 1 AElovI3f] 7]

fatty acid elongase; lipotoxicity; lipid metabolism; Saccharomyces cerevisiae

TR RN o I8 5 R I B S R A Th R 43 Bt A I
ElovI1IElovI3 3 il 5 8% £EFElo3FIElo27E D e FH.
Z[FIREEY, EloviaZ: 5 K8 JIE 17 IR (VLCFA) ZE K
e AL M BER A B B BE K. ElovISEA 5Elo2[A]
T I, Elovl5Z 5 A AR (Cisn Cis) M
ZAMHAG TR (Cren Caon C)HIIELK, FEXT A
) 928 Js S8 S 3] S B P A MY . Nagarajan S50 F 4
FEDRIAH 5% 73 M 7 R A0 SR A TR PR 53— J 73 B R B
T ElovI6&E A, 1% 3k K ) R 8 7= ) N VLCFALE K i,
Z 5EEIR IR A . AT RIEIN A, Elovlee K
B I 7 1 22 2 K S B (1 PR, (3 Croy Cran Cus
FAMZE K, ELOVLEE (R 5K R 75 A [F 4 23 5 5+
PER K, JE PR AR S 2= 5] R AR B 40 211 i o HEAR S50
,E[ll,u]o
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1.1 sc¥avisy
111 @mBEAE SIS AR
% £} Saccharomyces cerevisiae BY4741(WT, MATa
his3A1 leu2A0 metl5A0 ura3A0). elolA(BY4741
elolIAKanMX). elo2A(BY4741 elo2AKanMX)
elo3A(BY4T41 elo3AKanMX); Jit 15 kL9 YEplac195
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i i TG . 1) FA R 30 85 92 3
1.1.2 KA E5ME LHRESKpn I, Pst 1. Xba 13
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buffer(MgCl,). 10xbuffer(MgSO,). T4 DNAE i .
YNB(Yeast Nitrogen Base without Amino Acids). 2%
OB TR v B 51 P 250 T A T AR AR (i)
4 R 2 \]; Lyticase(Fr K) W -SigmaA w]; i £1.0
MR MR VHEREN. KRAEER Y N E 24517

SEI6 B FHAX#8 A - Bio-Rad gene pulse xcell, Bio-
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272004 - ABI 2 #]; Tanon-3500%E i 1 1% & 4t 4 T
R AR A BRA F]; BX53%5 )t B fs T H A
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T X A [ 2 R 2R e R A AR L T 5
122 wmiefg@e) 2R B RO RN A
TIBY ATALHI I 7 18 4 K B R 3 B tkelod AL elo2AF
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WANEE IO 551 4: Xba IF1Kpn 1, Pst IF1Kpn 1, Pst |
FIKpn I, #J% YEplac195-ELO1. YEplac195-ELO2F!
YEplac195-ELO3[¢)fi¥i. ELOL: F'-gct cta gaG CAA
GTA TGG TAA GTG ATT GG; R'-ggg gta CCA CTA
GAATCG CCAGAATAATG, ELO2: F-aac tgc agA
AGC CAT GAA TTC ACT CGT T; R’-ggg gta CCT
CGC TGC TCC TTC AGG TAA C. ELO3: F'-aac tgc
agC AAATGATTG ATG ACG CGA GAA; R~ ggg gta
ccG GAT TAC GAC TTG GAC ACT TTA. LR34
BARFGAL K T 1 00 P 80N IS, 530 % Ak R B BT
A TUBY ATALZ AL, ) 522 B T2 S A Tl R A 7 08 TR
PR, 75 PRI e Bk e Y & i35 77 55 (SC-Ura) 35 9%, R
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6
s S
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2
&3
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1
0
0 3 6 9 12

3 1 i R 2L RS AR B =B S 5K vk 20 A g T R
SR A X Il Rl A PRS2

126 ZFEHT A SCH R N3~-5IE A,
SRR N B E AR HERE o B A RRITRARAR 2 [H] |
B RIRAS [F) AR P 22 8] Y EU R, A Student’s tha 56
LRI 38 7 22 43 BT (ANOVA)EAT 7 HT K 56, P<0.05
REZE B BEE.

2 #R
2.1 ARACHERS AR BRI A B ER PR B X JH BL Bl
P BE o B = Fh I 07 2 A8 K I, Elo14E K Cuu-
FAZ|Cys-FA, El024E K:Cys-FAMIC5-FAZFIC,4-FA, El03
ZE K Cig-FAR|Coe-FAM, I iR (OLA) i 38 X5 A [F] 3
RIBUEERE(WT . elolA elo2ARNelo3A) KA /3 Hr
(BILA) R BH, WA R 17 1R A A P R 7 1 B elo 24701
elo3AXE ANVELA T 157 1 i B2 A 9 UK, 0.5 mmol/L it
TR AL FH12 h50% L I B4 22, Mrelol AN ¥4 itk
PEAR VR IR 07 2 A6 AR TR (PAM) o A ik K] 7Y 1% &)
A 1 A2 K 3 A B S 2 (1 1B), 2% WA A0 AR iy

elo2A elo3A Con
elo2A elo3A 0.5 mmol/L OLA
15 18 21 24 36 Time (h)
elo2A elo3A Con
elo2A elo3A 0.5 mmol/L PAM
15 18 21 24 36 Time (h)

A: B A A RE MRBY 4741 B 17 12 2 K B BB i Prelo1A . elo2AFTelo3A7EYPDEL0.5 mmol/Lir 2 it 26 4 il 28 B A Hi I vt DU i 32 [R] 72 e
REAAM AR FEME . 7EYPDEL 270.5 mmol/ LA RE IR T 14 5 57 5L 00 52 M A A I BETRTBRBY 474 LR IR 17 12 A A B/ e R ke lo LA TR AR Kl 2k
A: growth curves of wild-type yeast strain BY4741 and fatty acid elongase-deficient strains elo1A, elo2A and elo3A in YPD or medium containing
0.5 mmol/L oleic acid; B: effect of palmitic acid on the four genotypes of yeast cells. Growth curves of the wild-type yeast strain BY4741 and the
fatty acid elongase-deficient strain elo1A were measured in YPD or medium containing 0.5 mmol/L palmitic acid.
E1 B4R AR BRES BB B0 K
Fig.1 Response of yeast cells to fatty acids stress



1498

- WFFER L -

P B AN 0 7 1 % 4 B ) A= K B T A [, AN N
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K% M 17 TR ) 4 BRAE 20 R X BL AR T R 3w ke )
HEMEH.
2.2 E#TIARRHER KRG BRPASZ M h BRI, Sb
IR RER IR (Rt LA 14 A R

JIE T A2 FAZ A 4 b MR T ) AR
FTe3, H o = s (TAG) A §S % i (SE) A& 14 g 15 4%
O B 4. 0.5 mmol/Li & A1 %t F8(0.1% NP-
40, 0.5% £, i) 4 P BT A 0 i 17 IR S K Il R P B ke
elolA. elo2AFllelo3A 12 h)g, ZIMZL04% (0, W86 5
TS I EE A M e R AR Ak . 45 SR B R, I8 TR I K il
Tl B T Mk elo2A Flelo3A i ¥ 20 H B 2 v FWT 4 i,
T TR Ah 3L 5 A 35 ) 284 1 200 0 P R 2 A B3 2
(E12A) . FI I £LO L 26 ) % 356 PR 23 41 il o
NE& &, G5 RSN, 6T A K R I A R 4 i
NE & 22w TR AR, JU IR A B g D 2 e K
Mty it Ffa kelo2AFIelo3A 1 14 fiig 7K P B WT 43 3l $2 1
184.6%A170.5%(K2B). JHER AL )5, Py A AR
KFPHERA - EENRE. D EERBRY,
TRV B E I S IR RO SR 45 AR

(A)
DIC Oilred O DIC
WT
elolA
elo2A
elo3A
Con 0.5 mmol/L OLA

A L0 ()5, MR A 20 B MO 25, B: il ZLO L (3% 7t h 14

#P<0.01, **P<0.001, 5 E L RFH ELER .

Oilred O

I EUE .

FRE I B AT Ko A Arb FH A3 DR TR 200t 1) 1 28 R,
G2 RN o W LS Rl B I 2 0 AR A, HARHE T Z
JEHTHEE P, i Band Scanfk A HEAT 4 HT 15 2 TAG
S E(KBAVNISES B (&3B). 45 5% EoR, 0.5 mmol/Li
FR AL HE J5, Mo P TAGAISER) & /= #8AH & 2 88 m, ¢
HRTAGHIG s i % . [ Haes & th, HXS
TWT, B A B g W5 12 4E K Bl B B elo2A Fllelo 3A T 1k
MTAGE B R EHR &, HAh EAEREMNE, Wi
A F 5 elo2A R elo3A R A () 1 HH Mg 197 18 7 &2 B I 1
ER
2.3 REBABRIE < B X B £ 40 A BE AL R 28 AX Y 52 M

By 4 RBYATALR g 07 R 4E K 1 Bk Fe B PR
elolA. elo2AFelo3AZE i R B4 B AN [F] A 2, $2HX
B RE R AR HEAT R AL, 8 )5 18 I SO G- s I
FAASC o B7 g 17 182 2H B (P 4A) 0.5 mmol/L i 2 Ak B
J&, NEWTER AL R A T BRI B3 o FF B AR AR
5 (Cied) F1 70 S B (1) T B, TR (Cran) B 7 B I £,
[ Bf 7Eelo2 A FTelo3A H A5 A P& (C1e:0) B A /I 5 (Cis:0)
a7 & B A U R EIC(E4B). RIS, F
THR (Caso) BN HE W BR 4 RSP 1 EBE R4y 2 —, TR
AR A3 20 A R TR R I PR (B14B) . Ml
07 8 S g 5 2K IS R K BE T T R 1R 1 4 B e R AR AR

(B)
3.0 Con
25 0.5 mmol/L OLA " %
- sk Kk
§ 2.0 # »
g
.g 1.5 e
=
2 10
0.5
0
WT elolA elo2A elo3A

& . *P<0.05, **P<0.01, 5 & &b 2 (1) 48 fild (Con4i) #H LL §5; *P<0.05,

A: fluorescent microscopic observation of lipid droplets with oil red O staining; B: colorimetry analysis of neutral lipid contents with oil red O.
*P<0.05, **P<0.01 vs untreated cells (Con group) respectively; “P<0.05, #P<0.01, **P<0.001 vs wide-type strain.

E2 BERAEREKEEXIEE BB FRAR R A0S

Fig.2 Effects of fatty acid elongases on lipid accumulation in yeast cells
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(A)
> Con
0.5 mmol/L OLA *k Hokok
4
*%
% 3 *%
g
o =2
2
A=)
& #
1
0
WT elolA elo2A elo3A

2.5 Con

0.5 mmol/L OLA

* ##

2.0 "
dok

s 15 #
=
]
=)
[
o
Z 1.0
=
Q
o

0.5

0
WT elolA elo2A elo3A

A: TAGHIZE T3 HT; B: SEfIZE M. *P<0.05, **P<0.01, ***P<0.001, 15 AL FE £ i (ConZH) A Lh 4% *P<0.05,%P<0.01, **P<0.001, 5 BF 47

AHELEL

A: relative amount of TAG; B: relative amount of SE. *P<0.05, **P<0.01, ***P<0.001 vs untreated cells (Con group) respectively; “P<0.05,”P<0.01,

#P<0,001 vs wide-type strain.

El3 BERAERIE K EEXTBE £} A5 FR4E AR AV S M

Fig.3 Effects of fatty acid elongases on the lipid composition in yeast cells

. ELO3mIR G, CosllR MR E ARG AR, 1M Cot5
CollilifR 2z B, ELO2BR K 5, CoollG T ER I & &t
B} 2 [ (B14C)

¥ ) 3 B P I 7 TS S K G A Rk T L B N BT
A TUEEREBY 4741, [RIB K 23 S KLY Eplac195 . %
ABYA741/ERHE . #ESC-Urady 725 b it i 9% )5,
B B RS IR 3L B, RS 9% £ Deo=0.5, 4 BN
0.5 mmol/Lif g, 5 AN I g o0 A AL 2H12 h)5 AH
Eof. $REURFALEERE Fh SRR, FERfL R R
AH B -5 I Ao AT MR DT R ZH e 0.5 mmol/LH
P AR5, AR TR (0 2H B H BT A A 2 A AN
FN MR (Cisz), H AR AKLH]. 7TEOLALEEZ
J&, BYA741-1954H i A KR AH I B2 (Caeoa) HIUE IR (Cisio)
B & N e R A I = Rk 41, 7EOLA
Wb PR Z S5, KRR R (Cea) FHIH FR(CL18:1) F 23 & EE Y
NEE, TARAEER (Croo) 10 E 70 & 2GR, [RIN 7RI RIA
Elo2F1El03H1 & 5 iR (Cuao) U F 3 & AR B35 18
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A8 07 TR 55 1L A i 7 R 17 LB 481 (Unsatt/sat, Unsatura-
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JIG W R S K i 2 S, ANV A T i TR 5 v A IR 7 R FY)
ECA LG N2 UKL IR B P e, TR, 3 ek IR T e A&

THTR A B i ANV R 28 O X B IR AELATS g T I 0 fE
AE(EI5B)-.

3 g

I I3 2 (FA) 72 48 B g o2 AR 0 S 5 4 1, (AL
SNREERPE R 51 R 38 0T R SO 4 i ke 2098 7E 1) 28 AR
FAM H i =B (TAGS) 2 H AN A T /K 1 i 17 1 =
B, B LED R YRR TR AR 1 B R Ay, SR AR
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