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Effects of synthetic defects of very long-chain fatty acids on cell
membrane stability and sensitivity of polyenes in yeast
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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. [Methods] 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 e/o2A and elo3A 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 elo3A mutants to AmB. Compared with those of
the wild-type and elo/A mutant, the ergosterol contents of the defective strains e/lo2A and elo3A decreased
significantly. Sodium-potassium ion balance was a necessary condition for maintaining the normal
physiology of cells, and was also 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 VLCFA 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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1.1
1.1.1

Saccharomyces cerevisiae
BY4741 (WT  MATa his3A1  leu2A0 metl5SA0
ura3A0) elolA (BY4741 elolAKanMX) elo2A (BY4741
elo2AKanMX) elo3A (BY4741 elo3AKanMX)
(2]
(SC-Ura )
e (] YPD

12 ypD SC
OLA AmB Ny Eco NaCl

1.1.2
AmB Ny OLA Eco (
) NaCl
(ICP-AES)
LEEMAN CHINA
1.2
1.21 AmB
(BY4741 elolA elo2A
elo3A) YPD
1x10"  /mL (ODgg
0.5) 10 ( 4-5
) 5 uL
0.1 0.5 1.0 uyg/mLAmB YPD
30 °C 3-4d AmB
1.2.2 Ny Eco
AmB
(BY4741
elolIN elo2A  elo3A) 2.5
10 uyg/mL Ny 0.1 0.2 pg/mL Eco YPD
30°C 3-4d Ny Eco
1.2.3 OLA
[13]
5 000 r/min 10 min
2
3 mL 25% KOH (25 g KOH
35 mL 100 mL)
1 min 85 °C l1h
1 mL 3 mL
3 min
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PBS 3
281.5nm 230 nm 50-60 °C
={[(A4281.5/290)xF]/ —[(A4230/518)x (10—15 mg) 2 mL EP EP
FJ/ 1x100% 600 u. 6 mol/L (5 mL 65%
F 290 518 7 mL ) 2h
2428)DHE  E (cm ) 12 000 r/min 10 min
1.24 AmB OLA ICP-AES
AmB 1.2.7
(BY4741 3-5
elolA elo2A  elo3A) 0.1 +
0.5 mmol/L OLA 0.2 pg/mL AmB 0 0.1 ¢
0.5 mmol/L OLA YPD 30 °C (ANOVA) P<0.05
3-4d OLA AmB YPD
1.2.5 NaCl VLCFA 2
(BY4741 elolA 2.1 VLCFA AmB
elo2A  elo3A) 5 uL AmB
0.5 1.0 1.5mol/LNaCl YPD 1 elo2A  elo3A
30 °C 3-4d AmB elol A AmB
ELOL1 Cl4 Cile6
1.2.6 ELO2  ELO3
(BY4741 elolA elo2A  elo3A) VLCFA VLCFA
YPD 30 °C 160 r/min
2.2 VLCFA Ny Eco
ODgyo 0.1 ODgo
0.5 0.0 02 03 pg/mL AmB
16 h 8 000 r/min 2 min
1 VLCFA AmB
Figure 1 The sensitivity of VLCFA synthetic-deficient strains to AmB
BY4741 elolA elo2A  elo3A 10 0.0 0.1 0.5 1.0 pg/mL

AmB

Note: The wild-type strain and fatty acid elongase-deficient strains elo/A, elo2A and elo3A were serially diluted (10-fold) and spotted on
plates containing 0.0, 0.1, 0.5 or 1.0 pg/mL AmB.
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2.3 OLA VLCFA AmB
BY4741 elolA elo2A elo3A
10 Ny
[14]
Eco 2 elo2A  elo3A
OLA (BY4741 elolA
VLCFA elo2A  elo3A) OLA AmB
3 elo2A  elo3A
2 VLCFA Ny Eco
Figure 2 The sensitivity of VLCFA synthetic-deficient strains to Ny and Eco
BY4741 elolA elo2A  elo3A 10 0.0 2.5 10.0 pg/mL

Ny 0.1 0.2 pg/mL Eco
Note The wild-type strain and fatty acid elongase-deficient strains elo/A, elo2A and elo3A were serially diluted (10-fold) and spotted on
plates containing 0.0, 2.5, 10.0 pg/mL Ny or 0.1, 0.2 pg/mL Eco.

3 OLA VLCFA AmB
Figure 3 The effect of OLA on the sensitivity of VLCFA synthetic-deficient strains to AmB
elolA elo2A  elo3A 10 0.0 0.1 0.5 mmol/LOLA 0.2 pg/mL

AmB 0.0 0.1 0.5mmol/L OLA

Note: The wild-type strain and fatty acid elongase-deficient strains elo/A, elo2A and elo3A were serially diluted (10-fold) and spotted on
plates containing 0.0, 0.1, 0.5 mmol/L OLA or 0.2 pg/mL. AmB in combination with 0.0, 0.1, 0.5 mmol/L OLA.
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OLA AmB OLA
AmB OLA
elo2A  elo3A 2.5
OLA VLCFA AmB
2.4 VLCFA OLA
NaCl
[15] 5 3 ELO1 ELO2
ELO3 0.5 mol/L
VLCFA elo2A  elo3A
ELO2 ELO3 VLCFA
(
4 )
A é;‘égg B ?)1(1 i* .i(iqtrol O.Smmol/LOL:T

4 OLA
Figure 4 Determination of ergosterol content in OLA-treated and untreated strains
A B OLA
¥ P<0.05vs. # P<0.05vs. # P<0.01vs.

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.

5 VLCFA AmB
Figure 5 The sensitivity of VLCFA synthetic-deficient strains to NaCl
elolA elo2A  elo3A 10 0.0 0.5 1.0 1.5mol/LNaCl

Note: The wild-type strain and fatty acid elongase-deficient strains elo/A, elo2A and elo3A were serially diluted (10-fold) and spotted on
plates containing 0.0, 0.5, 1.0 or 1.5 mol/L NaCl.
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2.6 VLCFA
[18]
ICP-ACE ergll 14a
AmB
VLCFA (191
6 ERG11
AmB ( 6A) [20]
AmB ( 6B) AmB l4a
0.3 pg/mL 3 Na" K" [21]
AmB  VLCFA
+ ot
Na® K 161 ol02A elo3A
AmB AmB elolA
AmB ( D
VLCFA AmB
Ny Eco ( 2) elo2A  elo3A
VLCFA
3
AmB Ny
VLCFA (4]
VLCFA VLCFA
[2]
VLCFA elo2A  elo3A
[16-17] ( 4B)
AmB VLCFA

6 AmB VLCFA
Figure 6 Impacts of AmB on the content of sodium and potassium ion of VLCFA synthetic-deficient strains
A 0.0 02 03pgmLAmB ICP-AES elolA elo2A  elo3A Na”
0.0 03 0.5pg/mLAmB ICP-AES K

Note: A: After the treatment with 0.0, 0.2 or 0.3 pug/mL AmB, the Na" content was detected by ICP-AES in wild-type (BY4741), eloIA, elo2A
and elo3A mutant cells; B: After the treatment with 0.0, 0.3 or 0.5 pg/mL AmB, the K content of the above samples was detected by ICP-AES.
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B

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1652

Microbiol. China

[2,22]

VLCFA ELO2 ELO3

VLCFA

elo2A  elo3A OLA

AmB ( 3

OLA AmB
elo2A

elo3A

OLA

(23]

SCD1

[24]

OLE1

OLA
OLA

261 oLA VLCFA
elo2A\

OLA
®7 oLA

elo2A\
AmB

251 1 ockshon

AmB
elo3A

elo3A

[28]

Quist

ELO HOS3

HOS3

hos3 elo?2 elo3

[29]

AmB

AmB

VLCFA

REFERENCES

[1] Tvrdik P, Westerberg R, Silve S, et al. Role of a new mammalian
gene family in the biosynthesis of very long chain fatty acids and
sphingolipids[J]. Journal of Cell Biology, 2000, 149(3): 707-718

[2] Wang Q, Du XX, Ma K, et al. A critical role for very long-chain
fatty acid elongases in oleic acid-mediated Saccharomyces
cerevisiae cytotoxicity[J]. Microbiological Research, 2018, 207:
1-7

[3] Toke DA, Martin CE. Isolation and characterization of a gene
affecting fatty acid elongation in Saccharomyces cerevisiae[J].
Journal of Biological Chemistry, 1996, 271: 18413-18422

[4] Tehlivets O, Scheuringer K, Kohlwein SD. Fatty acid synthesis
and elongation in yeast[J]. Biochimica Et Biophysica Acta, 2007,
1771(3): 255-270

[5] Ohanian J, Ohanian V. Sphingolipids in mammalian cell
signalling[J]. Cellular & Molecular Life Science, 2001, 58(14):
2053-2068

[6] Schneiter R, Briigger B, Amann CM, et al. Identification and
biophysical
very-long-chain-fatty-acid-substituted  phosphatidylinositol in
yeast subcellular membranes[J]. Biochemical Journal, 2004,
381(3): 941-949

[7] Lorenz RT, Parks LW. Physiological effects of fenpropimorph on
wild-type Saccharomyces cerevisiae and fenpropimorph-resistant
mutants[J]. Antimicrobial Agents & Chemotherapy, 1991, 35(8):
1532-1537

[8] David D, Sundarababu S, Gerst JE. Involvement of long chain
fatty acid elongation in the trafficking of secretory vesicles in
yeast[J]. Journal of Cell Biology, 1998, 143(5): 1167-1182

[9] Eisenkolb M, Zenzmaier C, Leitner E, et al. A specific structural
requirement for ergosterol in long-chain fatty acid synthesis

characterization of a

mutants important for maintaining raft domains in yeast[J].
Molecular Biology of the Cell, 2002, 13(12): 4414-4428

[10] Jiang ZL, Lin JQ. New progress in research on polyene antifungal
drugs[J]. China Pharmaceuticals, 2006, 15(7): 62-63 (in Chinese)

> . [J].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1653

[11]

[12]

[13]

[14]

[15

=

[16

[}

[17

—

[18]

[19

[}

[20

=

[21

—

, 2006, 15(7): 62-63

Kaiser C, Michaelis S, Mitchell A. Methods in Yeast Genetics: A
Cold Spring Harbor Laboratory Course Manual[M]. New York:
Cold Spring Harbor Laboratory Press, 1994: 232
Kurat CF, Natter K, Petschnigg J, et al. Obese yeast: triglyceride
lipolysis is functionally conserved from mammals to yeast[J].
Journal of Biological Chemistry, 2006, 281(1): 491-500
Arthington-Skaggs BA, Jradi H, Desai T, et al. Quantitation of
ergosterol content: novel method for determination of fluconazole
susceptibility of Candida albicans[J]. Journal of Clinical
Microbiology, 1999, 37(10): 3332-3337
Wang XY. Effect of salt stress and aluminum stress on the
composition and content of membrane lipids in rice[D]. Beijing:
Master’s Thesis of University of Chinese Academy of Sciences,
2016 (in Chinese)

[D].
,2016

Shreaz S, Shiekh RA, Raja V, et al. Impaired ergosterol
biosynthesis mediated fungicidal activity of Co(Il) complex with
ligand derived from cinnamaldehyde[J]. Chemico-Biological
Interactions, 2016, 247: 64-74

Gruszecki WI, Gago§ M, Here¢ M, et al. Organization of
antibiotic amphotericin B in model lipid membranes. A mini
review[J]. Cellular & Molecular Biology Letters, 2003, 8:
161-170

Ostrosky-Zeichner L, Casadevall A, Galgiani JN, et al. An insight
into the antifungal pipeline: selected new molecules and
beyond[J]. Nature Reviews Drug Discovery, 2010, 9(9): 719-727
Fanos V, Cataldi L. Amphotericin B-induced nephrotoxicity: a
review[J]. Journal of Chemotherapy, 2000, 12(6): 463-470
Mansfield BE, Oltean HN, Oliver BG, et al. Azole drugs are
imported by facilitated diffusion in Candida albicans and other
pathogenic fungi[J]. PLoS Pathogens, 2010, 6(9): e1001126
White TC, Marr KA, Bowden RA. Clinical, cellular, and
molecular factors that contribute to antifungal drug resistance[J].
Clinical Microbiology Reviews, 1998, 11(2): 382-402

Lupetti A, Danesi R, Campa M, et al. Molecular basis of
resistance to azole antifungals[J]. Trends in Molecular Medicine,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

2002, 8(2): 76-81
Hama K, Fujiwara Y, Morita M, et al. Profiling and imaging of
phospholipids in brains of Abcdi-deficient mice[J]. Lipids, 2018,
53(1): 85-102
Cheng X, Du XX, Wang HD, et al. Study on the response of fatty
acid elongase defects to lipid metabolism and oleic acid stress in
Saccharomyces cerevisiae[J]. Chinese Journal of Cell Biology,
2018, 40(9): 1494-1503 (in Chinese)

[J]. , 2018,
40(9): 1494-1503
Peter A, Weigert C, Staiger H, et al. Induction of stearoyl-CoA
desaturase protects human arterial endothelial cells against
lipotoxicity[J]. American Journal of Physiology-Endocrinology
and Metabolism, 2008, 295(2): E339-E349
Nguyen LN, Nosanchuk JD. Lipid droplet formation protects
against gluco/lipotoxicity in Candida parapsilosis: an essential
role of fatty acid desaturase Olel[J]. Cell Cycle, 2011, 10(18):
3159-3167
Lockshon D, Surface LE, Kerr EO, et al. The sensitivity of yeast
mutants to oleic acid implicates the peroxisome and other
processes in membrane function[J]. Genetics, 2007, 175(1): 77-91
Zhai ZH, Wang XZ, Ding MX. Cell Biology[M]. 4th ed. Beijing:
Higher Education Press, 2011: 62 (in Chinese)
[M]. 4

> >

,2011: 62

Sun TH, Zhao CX, Jin FX. Effect of several kinds of inorganic
ions on yeasts metabolism and mechanisms of acid producing in
fermentation[J]. Journal of Dalian Institute of Light Industry,
2002, 21(1): 29-32 (in Chinese)

[77. , 2002,
21(1): 29-32
Quist TM, Sokolchik I, Shi HZ, et al. HOS3, an ELO-like gene,
inhibits effects of ABA and implicates a S-1-P/ceramide control

system for abiotic stress responses in Arabidopsis thaliana[J].
Molecular Plant, 2009, 2(1): 138-151

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



