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Effects of synthetic defects of very long-chain fatty acids on cell
membr ane stability and sensitivity of polyenesin yeast
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Engineering and Biotechnology, Donghua University, Shanghai 201620, China
2 Northwest Ingtitute of Plateau Biology, Chinese Academy of Sciences, Xining, Qinghai 810008, China

Abstract: [Background] Very long-chain fatty acids (VLCFA) are involved in the synthesis of membrane
lipid sphingolipids and closely related to the metabolism of membrane lipid ergosterol and phospholipids.
Defects in the synthesis of VLCFA in cells can damage the stability of cell membranes and thus enhance
the fungal susceptibility to polyene-based drugs. However, the effect of the synthesis defects of VLCFA on
the membrane stability and the sensitivity to polyene drugs is not entirely clear. [Objective] The role and
function of the cell long-chain fatty acid elongases ELO1, ELO2 and ELO3. [M ethods] The response of
mutants with the synthesis defects of VLCFA, elolA, elo2A and elo3A, to amphotericin B (AmB), one of
the polyene drugs, and other drugs, such as nystatin (Ny) and econazole nitrate (Eco) was investigated.
The ergosterol contents of different yeast cells were detected, and its response to Na™ and intracellular
sodium and potassium levels was examined. [Results] We found that el02A and el03A mutants were highly
sensitive to AmB. In addition, these two mutants were also sensitive to other drugs, such as Ny and Eco.
Generally increased unsaturated fatty acids affect membrane stability. Our results showed that exogenous
oleic acid (OLA) increased the sensitivity of elo2A and el03A mutants to AmB. Compared with those of
the wild-type and elolA mutant, the ergosterol contents of the defective strains elo2A and €l 03A decreased
significantly. Sodium-potassium ion balance was a necessary condition for maintaining the normal
physiology of cells, and was aso an important parameter for measuring cell membrane stability. We found
that defective strains were more sensitive to high concentrations of NaCl than wild-type strains. The levels of
sodium and potassium in cells under different concentrations of AmB were detected by ICP-AES. The data
showed that sodium levels were elevated in VL CFA synthesis-deficient strains compared with the wild-type
strain. The potassium content in mutants was decreased significantly. [Conclusion] The synthetic defects of
VLCFA could lead to the more fragile cell membrane and lower stability, thus increasing the sensitivity of
fungi to polyenes. It suggests that fatty acid elongase could be the target of potential antifungal therapy.

Keywords: Fatty acid elongase, Polyene drugs, Ergosterol, Sodium/Potassium ion balance, Saccharomyces
cerevisiae
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Figurel Thesensitivity of VLCFA synthetic-deficient strainsto AmB
T B AR I BE TR bR BY 4741 FNSIIIR S B BRIA TR lolA . eo2AF elo3Aiist 10 AL EER RS , 7E &4 0.0.0.1,0.5, 1.0 ug/mL

AmB 5;FE3E |,

Note: The wild-type strain and fatty acid elongase-deficient strains elol1A, elo2A and el03A were serialy diluted (10-fold) and spotted on

plates containing 0.0, 0.1, 0.5 or 1.0 pg/mL AmB.
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Figure2 The sensitivity of VL CFA synthetic-deficient strainsto Ny and Eco
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Ny % 0.1, 0.2 pg/mL Eco (54 L.
Note: The wild-type strain and fatty acid elongase-deficient strains elo1A, elo2A and e€lo3A were serialy diluted (10-fold) and spotted on
plates containing 0.0, 2.5, 10.0 ug/mL Ny or 0.1, 0.2 pg/mL Eco.
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Figure3 Theeffect of OLA on the sensitivity of VL CFA synthetic-deficient strainsto AmB
1 B AR TR | N IR 4E K BEHER A TR Ak elol1A  elo2AF! elo3AiE i 10 £5 LBk BEERR B , 7 & 0.0.0.1,0.5 mmol/L OLA 5§, 0.2 pg/mL

AmB 5 0.0, 0.1. 0.5mmol/L OLA A L.

Note: The wild-type strain and fatty acid elongase-deficient strains elolA, elo2A and el03A were seriadly diluted (10-fold) and spotted on
plates containing 0.0, 0.1, 0.5 mmol/L OLA or 0.2 ug/mL AmB in combination with 0.0, 0.1, 0.5 mmol/L OLA.
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Figure4 Determination of ergosterol content in OL A-treated and untreated strains
T A ZZ A BIEEAE S AMA] WA T N G R B B AR B GAAR FIAR I R 4 WG B MR TE OLA AbFR 5 A4 22 £ [
WL Er . * . P<0.05 v ARALFRAGAIM; *: P<0.05 vs.BFA AN ; ™ P<0.01 vs. A R4,
Note: A: Scanning spectra of ergosterol under UV-Vis spectrophotometer; B: Wild-type strains and fatty acid elongase deficient strains were

detected for ergosterol content with or without OLA treatment.”: P<0.05 vs. untreated cells respectively; * P<0.05 vs. wild-type strain; *:
P<0.01 vs. wild-type strain.

Control 0.5 mol/L NaCl 1.0 mol/L. NaCl 1.5 mol/L NaCl

5 VLCFA SBURFEE X AmB B8RS

Figure5 Thesensitivity of VL CFA synthetic-deficient strainsto NaCl

T BFERIEEREANNG . NIV R AE K B P TR R elolA . elo2AR eo3Ailsd 10 /7% s R B, J{E+ 0.0, 0.5, 1.0, 1.5 mol/L NaCl
P

Note: The wild-type strain and fatty acid elongase-deficient strains elol1A, elo2A and el03A were seridly diluted (10-fold) and spotted on
plates containing 0.0, 0.5, 1.0 or 1.5 mol/L NaCl.
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Figure6 Impactsof AmB on the content of sodium and potassium ion of VL CFA synthetic-deficient strains

HE: A: 00, 02, 0.3ug/mLAmMB A#Z S5, ifid ICP-AES Kl EF A=Ak . elolA ., elo2A il elo3A J&7L I FRANMI A Na' % & B:
0.0. 0.3, 0.5pug/mL AmB ZbBEZ 5, ifid ICP-AES #:il_EiRE RN K& 5.

Note: A: After the treatment with 0.0, 0.2 or 0.3 ug/mL AmB, the Na" content was detected by ICP-AES in wild-type (BY4741), €lolA, elo2A
and el03A mutant cells; B: After the treatment with 0.0, 0.3 or 0.5 ug/mL AmB, the K™ content of the above samples was detected by ICP-AES.
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PR, B2, TRIIREKE, JLHE
VL CFA #E K il EL O2 FI ELO3 1E 4k 540 M A% 2 1k
Hrke 2 AR

JE W R S K i, R VLCRA SEK kG
elo2A Fl1 elo3A X OLA gk, 5 OLA 5 AmB HL[d]
A PREEREAARRT, JHERNE T elo2A Fl €lo3A X
AmB EUBFEEE (& 3). MFIREIITR S AR ARG
i X P P9 52 Wi -5 5% 59 4 s 45 ol 240 Lok 1 1 P 2%
A, BT TR RER A OLA AbHHIEF A R
ISP T K TSI P I B2, R BB R X e A=
RIFN AR AR IR B 2, TS AR R AN
SRR R o AP, 5t i 22 S ) J5E DR T i
SN AR BRI 2 N RE 1 5 . TE A sk i
B A =5 F A R TR 22 1 A SCDA BERS ARk
BT B RN T2 T R v N IR 2
OLEL k4R JG &AM AR I FR BURK, AR
T TR A VR I RE A% ke 36 2 i A Kok e ). Lockshon
EXT OLA SURPRPRINTRE, &I —Lit Al
R HA OLA REBUSMRT, "R H T
AfeE L 2 iR, S BOEARAR IR 4
4?9 OLA BN T VLCFA %iE KB itk AmB
AR, — 7T T RESE elo2A Al eo3A M4
T FIRE W7 R 5 AN 1 R i 75 122 1 b 481 A 5% i) 48 %o
OLA MUK -5 55— 1, BERR AN FIAR TR i)
S R ST OLA AR T R Ffllg
JT R I A, A RRAR T 22 A T i, M ASE Y
AraETERE, IE T elo2A 1 elo3A BLfE Rk
AmB Y RHURFREE

R YA R 2 B A0 B E A B A B A
1, AR A RS S PR S e R BB
R TR A T () Bl BT Na IR R BUR (& 5), i
ATREJE T e T 400 VLCFA B4 A At
i, ANMIEARR E MR, FTRE T AN N AR B
EA, RN K b 25 R R R0
APRAHEEEL, SRR Z BB AE, PR
QS I SEN O E L st e B o SR = e =i B
LA g 1 2 0B K P T B G0 AR W38 J T

PRAFINEN B TP R/ . Quist SRR T X
ELO F:3E F HOS3 IMTTE SCRpAS SR TE SR, &
BIANR HOS3 MM R AEGHER I N HIE AR R
AR, - H hos3 figlal4h elo2, elo3 SRERAY
HrEEP, BRSBTS S VA R A B K
SR AGAE,  AmB AL ARFEIAI R, i
e TR R A 0 8 1 2K 1 A BB A R b
32 (1% 6), X AT RESE i T R HE K M A A B vy 1
AU AE BT, R T A S IR,
AmB LEBHE— LA T AR e B, B TR
TV, B LABRBE AR B AL B .
FZEFHER T 40 VLCFA SEK il 5 AR50
FEPEME SR, DT R T AR
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