
ergosterol

trihydroceramide

Erg4p

Erg2p

Ydc1p
Ypc1p

Erg5p

Erg6p

zymosterol

CoA + CO2

palmitoyl CoA + serine

3-ketosphinganine

Erg3p ethanolamine-P
+ palmitaldehyde

C26-acylCoA

NADPH + O2

4OH-sphinganine

dihydroceramide

inositolphosphoryl(di/tri/tetra)
hydroceramides 

hydroxylated on fatty acyl 
chain

PI DAG

NADPH + O2

Lcb3p
Ysr3p

inositolphosphoryl(di/tri)hydroceramides

sphinganines + C26-
fatty acid (OH)

Scs7p

mannosyl 
diinositolphosphoryl(di/tri/

tetra)ceramides

PI DAG

mannosyl 
inositolphosphoryl(di/tri/
tetra)dihydroceramides

BA

inositol phosphate + 
di/tri/tetra/hydro-

ceramides

Supp Fig 1, Guan et al.

Csh1p, Sur1p
Csg2p

Aur1p

Lcb1p, Lcb2p
Tsc3p

Sur2p

Ipt1p

Isc1p

Lac1p, Lag1p
Lip1p

sphinganine

Dpl1p

Lcb4p
Lcb5p

sphinganine-1P

Tsc10p



wt

erg3 erg6 isc1

isc1

erg3
erg6

ChasePulse

M(IP)2C

PI

IPCs
MIPC

wt

erg3
erg6

wt

erg3 erg6

Chase

wt isc1 erg3
erg6

erg3
erg6
isc1

37°C24°C

Supp Fig 2, Guan et al.



WT

erg2∆

erg3∆

erg4∆

erg5∆

erg6∆
isc1∆

isc1∆ erg2∆

isc1∆ erg3∆

isc1∆ erg4∆

isc1∆ erg6∆

isc1∆ erg5∆

sur2∆

sur2∆ erg2∆

sur2∆ erg3∆

sur2∆ erg4∆

sur2∆ erg5∆

sur2∆ erg6∆
scs7∆

scs7∆ erg2∆

scs7∆ erg3∆

scs7∆ erg4∆

scs7∆ erg5∆

scs7∆ erg6∆

erg2∆ erg5∆

erg2∆ erg4∆

erg2∆ erg6∆

erg2∆ erg3∆

erg3∆ erg4∆

erg3∆ erg5∆

erg3∆ erg6∆

erg4∆ erg5∆

erg5∆ erg6∆

30°C 37°C 16°C YPEG

A Temperature 
and carbon 
source

Supp Fig 3, Guan et al.



WT

erg2∆

erg3∆

erg4∆

erg5∆

erg6∆
isc1∆

isc1∆ erg2∆

isc1∆ erg3∆

isc1∆ erg4∆

isc1∆ erg6∆

isc1∆ erg5∆

sur2∆

sur2∆ erg2∆

sur2∆ erg3∆

sur2∆ erg4∆

sur2∆ erg5∆

sur2∆ erg6∆
scs7∆

scs7∆ erg2∆

scs7∆ erg3∆

scs7∆ erg4∆

scs7∆ erg5∆

scs7∆ erg6∆

erg2∆ erg5∆

erg2∆ erg4∆

erg2∆ erg6∆

erg2∆ erg3∆

erg3∆ erg4∆

erg3∆ erg5∆

erg3∆ erg6∆

erg4∆ erg5∆

erg5∆ erg6∆

NaCl Sorbitol CaCl2

B Osmotic 
and salt 
stress

Supp Fig 3, Guan et al.



WT

erg2∆

erg3∆

erg4∆

erg5∆

erg6∆
isc1∆

isc1∆ erg2∆

isc1∆ erg3∆

isc1∆ erg4∆

isc1∆ erg6∆

isc1∆ erg5∆

sur2∆

sur2∆ erg2∆

sur2∆ erg3∆

sur2∆ erg4∆

sur2∆ erg5∆

sur2∆ erg6∆
scs7∆

scs7∆ erg2∆

scs7∆ erg3∆

scs7∆ erg4∆

scs7∆ erg5∆

scs7∆ erg6∆

erg2∆ erg5∆

erg2∆ erg4∆

erg2∆ erg6∆

erg2∆ erg3∆

erg3∆ erg4∆

erg3∆ erg5∆

erg3∆ erg6∆

erg4∆ erg5∆

erg5∆ erg6∆

CFW SDS YW3548

C Cell 
Wall 
Stress

Supp Fig 3, Guan et al.



WT

erg2∆

erg3∆

erg4∆

erg5∆

erg6∆
isc1∆

isc1∆ erg2∆

isc1∆ erg3∆

isc1∆ erg4∆

isc1∆ erg6∆

isc1∆ erg5∆

sur2∆

sur2∆ erg2∆

sur2∆ erg3∆

sur2∆ erg4∆

sur2∆ erg5∆

sur2∆ erg6∆
scs7∆

scs7∆ erg2∆

scs7∆ erg3∆

scs7∆ erg4∆

scs7∆ erg5∆

scs7∆ erg6∆

erg2∆ erg5∆

erg2∆ erg4∆

erg2∆ erg6∆

erg2∆ erg3∆

erg3∆ erg4∆

erg3∆ erg5∆

erg3∆ erg6∆

erg4∆ erg5∆

erg5∆ erg6∆

Benzoic Sorbic pH9 Acetate

D pH and 
weak 
acid 
stress

Supp Fig 3, Guan et al.



WT

erg2∆

erg3∆

erg4∆

erg5∆

erg6∆
isc1∆

isc1∆ erg2∆

isc1∆ erg3∆

isc1∆ erg4∆

isc1∆ erg6∆

isc1∆ erg5∆

sur2∆

sur2∆ erg2∆

sur2∆ erg3∆

sur2∆ erg4∆

sur2∆ erg5∆

sur2∆ erg6∆
scs7∆

scs7∆ erg2∆

scs7∆ erg3∆

scs7∆ erg4∆

scs7∆ erg5∆

scs7∆ erg6∆

erg2∆ erg5∆

erg2∆ erg4∆

erg2∆ erg6∆

erg2∆ erg3∆

erg3∆ erg4∆

erg3∆ erg5∆

erg3∆ erg6∆

erg4∆ erg5∆

erg5∆ erg6∆

α factor Rap Caffeine

E Signaling

Supp Fig 3, Guan et al.



WT

erg2∆

erg3∆

erg4∆

erg5∆

erg6∆
isc1∆

isc1∆ erg2∆

isc1∆ erg3∆

isc1∆ erg4∆

isc1∆ erg6∆

isc1∆ erg5∆

sur2∆

sur2∆ erg2∆

sur2∆ erg3∆

sur2∆ erg4∆

sur2∆ erg5∆

sur2∆ erg6∆
scs7∆

scs7∆ erg2∆

scs7∆ erg3∆

scs7∆ erg4∆

scs7∆ erg5∆

scs7∆ erg6∆

erg2∆ erg5∆

erg2∆ erg4∆

erg2∆ erg6∆

erg2∆ erg3∆

erg3∆ erg4∆

erg3∆ erg5∆

erg3∆ erg6∆

erg4∆ erg5∆

erg5∆ erg6∆

CYH HU MIC

F Inhibitors

Supp Fig 3, Guan et al.



WT

erg2∆

erg3∆

erg4∆

erg5∆

erg6∆
isc1∆

isc1∆ erg2∆

isc1∆ erg3∆

isc1∆ erg4∆

isc1∆ erg6∆

isc1∆ erg5∆

sur2∆

sur2∆ erg2∆

sur2∆ erg3∆

sur2∆ erg4∆

sur2∆ erg5∆

sur2∆ erg6∆
scs7∆

scs7∆ erg2∆

scs7∆ erg3∆

scs7∆ erg4∆

scs7∆ erg5∆

scs7∆ erg6∆

erg2∆ erg5∆

erg2∆ erg4∆

erg2∆ erg6∆

erg2∆ erg3∆

erg3∆ erg4∆

erg3∆ erg5∆

erg3∆ erg6∆

erg4∆ erg5∆

erg5∆ erg6∆

30°C

synthetic phenotypes were 
found for 13 of 15 possible 
double mutants in the final 
steps of ergosterol 
biosynthesis and 
hydroxylation and turnover of 
sphingolipids

G

Double erg mutants 
frequently had 
severe growth 
phenotypes

Supp Fig 3, Guan et al.



su
r2

erg
6

su
r2

erg
5

su
r2

erg
4

su
r2

erg
3

su
r2

erg
2

su
r2

scs7
erg

6

scs7
erg

5

scs7
erg

4

scs7
erg

3

scs7
erg

2

scs7

isc1
erg

6

isc1
erg

5

isc1
erg

4

isc1
erg

3

isc1
erg

2

isc1w
t

16:1
18:1
18:0
30:1
30:0
32:2
32:1
32:0
34:2
34:1
34:0
36:2
36:1
36:0
38:1
38:0
14:0
16:1
18:1
30:1
32:2
32:1
32:0
34:3
34:2
34:1
34:0
36:2
36:1
36:0
38:0
12:0
14:0
16:1
16:0
18:2
18:1
18:0
24:0
26:1
26:0
28:1
28:0
30:1
32:2
32:1
34:2
34:1
34:0
36:2
36:1
36:0
14:0
16:1
16:0
18:2
18:1
24:0
26:0
32:2
32:1
32:0
34:2
34:1
34:0
36:1
36:0

18/24:0-B
18/26:0-A
18/24:0-C
18/26:0-B
18/24:0-D
20/26:0-A
18/26:0-C
20/26:0-B
18/26:0-D
20/26:0-C
20/26:0-D
18/24:0-A
18/24:0-B
18/26:0-A
18/24:0-C
18/26:0-B
18/24:0-D
20/26:0-A
18/26:0-C
20/26:0-B
18/26:0-D
20/26:0-C
20/26:0-D

-2
.5

-2 -1
.5

-1 -0
.5

0 0
.5

1 1
.5

GPCho

GPEtn

GPIns

GPSer

IPC

MIPC

log10[intensity(mutant/wt)]

Supp Fig 4, 
Guan et al.















Wild type                             isc1                                       sur2                                   scs7

Can1-GFP localization

erg2                                erg2 isc1                          erg2 sur2                            erg2 scs7

erg4                              erg4 isc1                             erg4 sur2                          erg4 scs7

erg3                              erg3 isc1                             erg3 sur2                          erg3 scs7

Guan et al Supp Fig 5B



Can1-GFP localization

erg6                              erg6 isc1                             erg6 sur2                          erg6 scs7

erg5                              erg5 isc1                             erg5 sur2                          erg5 scs7

Guan et al Supp Fig 5B



NCA3
1774534_at
MMS21
SHC1
1773983_at
MDH2
UTR5
MND1
1777184_at
1771904_at
1772766_at
RPTR-Sc-AJ002682-2_s_at
1773507_at
RPTR-Sc-J01636-1_at
ARR2
1775546_at
1778593_at
1770587_at
1778537_at
HMS1
SMA1
1777239_at
PEX18
1774259_at
1769723_at
AMA1
1778286_at
1778724_x_at
1776349_s_at
SFK1
SPO22
1774501_at
IME4
ZIP2
SPC25
RPTR-Sc-AJ002682-1_s_at
BUD5
1773143_at
1776828_at
ARN1
MHT1
MET2
SUL2
FIT1
RPTR-Sc-AF292559-1_at
1775147_at
PIR3
SLT2
PTP2
1771963_at
PRM10
YPS6
HAL1
YPK2
1776257_at
1777678_at
AFR1
SKM1
SLM5
1777972_at
RIM4
SGA1
1775443_at
1775810_at
PET117
GPH1

SPI1
ALD3
1779897_at
SPG4
HSP26
HXT5
SIP18
TKL2
SSA4
RTN2
1779563_at
GPG1
1775890_at
1774777_at
FMP45
NDE2
PAI3
1770123_at
LAP4
1769322_s_at
YAT1
HPA3
PYC1
SSA1
STE3
FRE7
ARG82
MCH2
PAU5
PAU5
SPS100
GND2
GRE1
ARA1
GTT1
VPS62
AMS1
WTM1
1775215_at
LSB3
YRR1
GRE2
1770367_at
OSW2
BNA2
GCV1
TDH1
DAL1
THI13
SUL1
ADD37
BSC5
1771340_at
1775742_at
PHM8
PHD1
1772626_at
1770548_at
CAR1
GTO3
ZTA1
COX5B
MDH1
GLG2
1774729_at
1770707_at
ATG2
SCS22
YTP1
TIS11
1772726_at
CCC2
NTH2
GIP1
1772365_at
ALD6
CAR2
HOR2
1775219_at
1775497_at
1771364_at
1777937_at
1777802_at
1777707_at
THI2
1769626_at
MET28
1777561_at
1779784_at
GID8
1780148_at
RSB1
1779364_at
MYO3
BAG7
1772850_at
GAC1
SYM1
1779450_at
1772958_at
AGP2
1772642_at
SDH1
RIP1
RPM2
SDH2
CYT1
CYR1
MEF2
YRO2
PUT4
GIP2
HSP30
1777402_at
LDB17
VID30
SDS24
GGA1
HUL4
BTN2
ROM1
ATG14
STB2
ADY3
ATG8
1779591_at
1771951_at
ZRG8
1772023_at
OM45
TMA17
HFD1
PFK26
SAF1
1774985_at
1769544_at
1772692_at
1774339_at
1773415_at
TPS2
GLC3
1776883_at
1774057_at
1771404_at
1772181_at
OPI10
1773234_at
1780011_at
1779877_at
IKS1
ATG7
ATG9
NDI1
XKS1
GSY1
VID28
SDP1
SIS1
MDJ1
TPK2
PHM7
PIC2
COX20
HVG1
DIA4
1772308_at
KIN82
1779394_at
FBP26
SRX1
1775271_at
1772292_at
SPS19
1779440_at
YDC1
1776204_at
PNC1
GLK1
PYK2
EMI2
CYC7
HSP104
STF2
TPK1
TSL1
HSP78
RNY1
1775842_at
HSP42
TPS1
GPD1
1777845_at
MCR1
DCS1
1778498_at
NTH1
1770487_at
1774614_at
1772934_at
YEF1
GPT2
ULA1
ETR1
UBP15
1776156_at
PDR15
YSC84
GSY2
OM14
GUT2
1773684_at
UBC8
SAP4
1770764_at
AYR1
1777753_at
GUD1
YPC1
PNS1
CIT1
IDH1
IDH2
HSP82
STI1
AHA1
CIS1
1776228_at
GPM2
UGA1
1774184_at
AVT6
1774983_at
NCE103
ATG19
1778930_at
PUT1
DAL3
BDH1
UIP4
1774435_at
CTT1
DCS2
PGM2
MSC1
SOL4
1770302_at
GAD1
DDR2
GDB1
SSE2
1778931_at
EMI5
1771949_at
GSP2
ALD4
HXK1
1777106_at
GRE3
TFS1
PRX1
UBI4
STF1
1770656_at
MPM1
ALD2
TMA10
ECM4
CAT8
SDH4
1771801_at
1771990_at
PST1
1770054_at
PET10
1772852_at
1771041_at
AGX1
XBP1
YAP6
ATH1
1776930_at
EMP46
1771977_at
1773936_at
1778105_at
NGL3
1780210_at
1771022_at
MRP8
VPS73
1771432_at
ATG1
1779091_at
ATO2
1771775_at
1776670_at
RRI2
1775916_at
ERR3

HSP12

SOM1
LEE1
1772647_at
1776270_at
1775991_s_at
VID24
SKS1
1772813_at
1773061_s_at
FIT2
FIT3
FRE5
1776829_at
COT1
SIT1
SNG1
ARN2
OYE3
ENB1
1770048_at
1778344_at
1777476_at
FRT2
TPO4
1775556_at
ARR3
SUE1
HXT12
1774888_at
1770957_at
ADR1
1779736_at
CRC1
YGP1
DOG2
SNO4
ATG16
1776107_at
1778462_at
1777923_at
REC104
1771615_at
LEU2
1779999_s_at
1779659_at
1774824_at
DIA1
MNT4
RTA1
1771868_at
RCR1
1779620_at
1773641_x_at
1775697_at
OPI3
1776191_at
COS111
1777219_at
ARE2
SGE1
CUP2
1778527_at
KHA1
PRB1
1775421_at
PIN3
GSC2
YPT53
YPS1
CMK2
1777525_at
PEP12
MPH2
1778440_at
EDC2
PMC1
SUR1
1769609_at
UGX2
RNR3
1778149_at
SMF1
YPS3
1778243_at
1770166_at
INO1
FLO1
AAD4
1774938_at
1773235_at
1772198_at
AZR1
1778088_at
1777030_at
PLB1
ICT1
SRY1
1776553_at
1769713_at
1772193_at
1774893_at
HUG1
DAN3
SET4
DAN1
DAN4
1770751_at
PAU2
1769344_at
TSA2
DAN2
1770340_at
1771070_at
BUD25
HAP1
PDR11
ERG8
1776565_at
1778473_at
SCM4
ERG28
MSC7
ERG9
ERG26
ERG27
1779601_at
NRG2
PRM4
YSR3
SRO77
TIR1
TIR3
ATF2
CYB5
1769461_at
HES1
1770137_at
DAP1
AUS1
UPC2
1777294_at
PAU4
ADE17
DOG1
1773617_at
STL1
SOR2
1775769_at
MDJ2
MIG2
MIG3
RPTR-Sc-J01347-3_at
RPTR-Sc-J01347-1_at
SNO1
1776680_at
1771806_at
1772328_at
1770412_at
COS12
HXT8
ARO9
OPT2
1771791_s_at
PHO84
1773104_s_at
PHO86
PHO81
PHM6
VTC1
SPL2
VTC3
VTC4
PHO11
PHO8
PHO5
CTF19
CBF1
1773293_at
1770850_at
REG2
ICS2
GIT1
PHO89
ATG22
PDC6
1772756_at
PCK1
MET13
STR3
1780088_at
SPS2
GGC1
CPA2
HIS3
ECM40
RIB5
HIS5
ORT1
HIS4
HOM3
1777793_at
ARG4
TMT1
PCL5
ADH5
ICY2
MET16
SDT1
SSU1
ICY1
PGU1
MCH4
SIP4
1769313_at
YHI9
1769998_at
1777549_at
RTS3
SRL3
1771580_at
PRM5
1778446_at
1772597_at
RDS1
AAD3
1777472_at
ADH7
AAD3
AAD3
CSM4
1771291_at
SPO19
1779577_at
1774108_at
1772534_s_at
1777445_at
1771691_at
1776490_s_at
RPL41B
1778683_at
1779165_s_at
HXT2
1769876_at
1777214_at
AQR1
1774239_at
GFD2
1771069_at
UBC11
HMS2
FET4
IMD2
IMD1
TYW1
KRR1
1769377_at
1780197_at
SPS1
BSC1
PRM7
1776844_at
1778789_at
SPO74
PPM2
FYV7
PWP2
RRP15
IPI3
1770541_at
DUS1
1772631_at
JJJ3
1777761_at
1774820_at
MAK16
RIO1
BUD27
1774694_at
TRM11
FAL1
SSF1
BUD22
DBP7
TRM2
RSA4
1771835_at
DBP8
RNT1
DHR2
RPF1
REI1
NAF1
HIT1
ATC1
HMT1
NOG2
1778201_at
1777921_at
IPI1
RPA12
LTV1
NAN1
1775431_at
UTP13
BUD23
HPT1
1772547_at
DBP3
UTP20
NOP4
TRM1
UTP21
1777206_at
CGR1
1770967_at
ENP1
YTM1
TSR1
UTP23
ERB1
RIX7
RRP12
RPA49
RRS1
DBP9
HCA4
UTP11
CIC1
NOG1
SPB1
UTP7
ECM1
REX4
BUD20
ALB1
PUF6
RIX1
MRD1
DRS1
1774914_at
1776524_at
1774053_at
FAF1
NOB1
1773941_at
ESF2
ROK1
URK1
DBP10
RRP1
ENP2
NOP13
RPF2
TMA16
SDA1
NMD3
NOP14
NOC3
MPP10
LOC1
YVH1
PWP1
RRP8
MAK5
ARX1
SAS10
NSA1
NOC2
LRP1
RPC31
RMT2
HAS1
1770954_at
DBP2
AAH1
NSR1
NOP7
1773963_at
KRE33
1775506_at
RSA1
IZH1
BIO2
RAS1
BRE2
1775393_at
1773291_at
1770450_at
1777228_at
ATF1
FAA4
OLE1
IZH4
QDR2
ECM22
1778200_at
ZRT1
1775158_at
ARG8
ARG5,6
ARG3
1770393_at
CPA1
ARG1
AGP1
HEM13
1778735_at
MAE1
BAT1
LEU1
OAC1
ISU2
DIC1
CUP9
1770015_at
FUI1
1778293_at
1778154_at
MMP1
SAM3
1775466_at
1775953_s_at
1777872_at
1772214_at
LYS1
LYS2
LYS12
LYS9
CTP1
ACO2
LYS4
LYS20
1776484_at
1779327_at
1769832_at
PIG1
PES4
1778832_at
PRM1
PRM6
WSC4
PRM2
1779096_at
1775180_s_at
MNN1
FIG1
FUS1
BAR1
ASG7
TPO2
TEC1
1771348_at
FUS3
RGS2
ZEO1
PHO3
AGA1
SST2
AGA2
MFA1
MFA2
RPI1
TIP1
OPT1
ELO1
1770920_at
HXT4
MTH1
GAT2
NDJ1
ARO10
1777669_at
CYC1
INH1
HXT7
QCR10
CYB2
1774523_at
1779924_at
MSN4
HAP4
CWP1
FET3

Fe S met

TORC2 regulated

ergosterol
anaerobic

phosphate

lysine

arginine

mating

Golgi/vacuole

stress

RNA processing
ribosome
biogenesis

FeS cluster

autophagy 
endosome/Golgi

histidine
methionine

fatty acid synthesis

3

2

1

0

-1

-2

-3
Wt isc1 sur2 scs7 erg2 erg2

isc1
erg2
sur2

erg2
scs7

erg3 erg4 erg4
sur2

erg5 erg6 erg6
isc1

erg6
sur2

erg6
scs7

Supp Fig 6, Guan et al.



Guan et al. 1 

Supplementary Figure Legends 

Supplementary Figure 1. Ergosterol and sphingolipid synthesis and turnover[1]. A) Synthesis 

of ergosterol from zymosterol. The Erg proteins used at each enzymatic step are shown. 

Synthesis of ergosterol from zymosterol is not a linear sequence. The only reaction that 

strictly depends upon a previous reaction is that of Erg4p, which depends upon prior action of 

Erg6p. Erg2p is an ∆8,∆7 isomerase, Erg3p a ∆5 desaturase, Erg4p a ∆24(28) desaturase, 

Erg5p a ∆22 desaturase, Erg6p a ∆24 methyltransferase. Erg2p functions inefficiently in the 

erg6 mutant[2] (Supp Table II). B) Synthesis and turnover of sphingolipids. Sphinganine 

(commonly called dihydrosphingosine) is synthesized starting from palmitoyl-CoA and serine. 

If can be hydroxylated by Sur2p to form 4OH-sphinganine (commonly called 

phytosphingosine). The di- and tri-hydroceramides are made by condensing a C26 fatty acid 

onto either sphingoid base. The hydroxyceramides are converted to 

inositol(di/tri)hydroceramides in the Golgi and can be further hydroxylated on the C26 fatty 

acyl chain by Scs7p. These sphingolipids can be converted to mannosyl and 

mannosyldiinositolhydroceramides. An additional hydroxylation can occur on the complex 

sphingolipids (not shown). The head group of the inositolhydroceramides and mannosylated 

versions can be recycled by action of Isc1p, the first step in sphingolipid degradation which 

yields inositol phosphate and (di/tri/tetra)hydroceramides. Ceramides are deacylated by the 

Ydc1p and Ypc1p. Phosphorylated sphingoid bases are removed from the pathway by the 

sphingoid base phosphate lyase, Dpl1p. Structures were drawn with ACD/ChemSketch 

freeware. 

 

Supplementary Figure 2. Sphingolipid turnover and consequences in the erg3 erg6 mutant. 

The indicated yeast strains were grown to early log phase and 1 ml of cells (108 cells/ml) were 

labeled with 3H-inositol (25 µCi) for 1 hour, then for an additional 18 hours in presence of 
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unlabeled inositol (180 µg/0.5 ml). Lipids were extracted and equal amounts of radioactive 

lipids were analyzed by thin layer chromatography and imaged using a Cyclone 

phosphorimager[3] (Upper panels). One can see that there is little difference in the labeling 

patterns of the wild type (wt) and erg3 erg6 mutant cells after a pulse, indicating that 

synthesis of the major inositol-containing lipids is normal. However, after a chase period it 

can be seen that there are less IPCs and MIPC in the double erg mutant, but more PI (upper 

left panel). The ISC1 gene product is required to generate this difference because addition of 

the isc1 mutation to erg3 erg6 restores its 3H-inositol chase-labeling pattern to wild type 

(upper right panel). In the lower panel the indicated strains were grown to stationary phase 

and serial dilutions were prepared and plated onto YPUADT plates (1% yeast extract, 2% 

peptone, 2% glucose, 40 mg/l uracil, adenine and tryptophan, 2% agar) and grown for 5 days 

at 24°C or 37°C, then photographed. The addition of the isc1 mutation to the erg3 erg6 strain 

caused a synthetic growth defect as the triple mutant grew worse than either of the parents. 

 

Supplementary Figure 3. Growth phenotypes of ergosterol and sphingolipid biosynthesis 

mutants. The indicated strains were grown until stationary phase and diluted to 1.4 OD600/ml 

with water and serial 10 fold dilutions were prepared in microtiter dishes. The dilutions were 

pinned onto YPD (1% Yeast extract, 2% Peptone, 2% glucose, 40 mM MES, pH 5.5, 2% 

agar) or YPEG (1% Yeast Extract, 2% Peptone, 3% ethanol, 3% glycerol, 40 mM MES, pH 

5.5, 2% agar) plates and then grown at 30°C except when indicated. Plates were photographed 

after 2 to 6 days depending upon the growth rate on the different plates. An arrow is placed 

next to the double mutants (ergosterol and sphingolipid) where introduction of the 

sphingolipid mutation changed growth of the erg mutant (synthetic growth phenotype or 

improved growth). The following plate compositions were used. A) YPD (30°C, 37°C, 16°C) 

and YPEG, B) YPD plus 1M NaCl, 1.7M sorbitol, 200 mM CaCl2, C) 10 mg/l calcofluor 
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white, 0.01% SDS, 1 mg/l YW3548[4], D) 2 mM benzoic acid, pH 4.5, 1 mM sorbic acid, pH 

4.5, YPD adjusted to pH 9, 200 mM sodium acetate, E) 0.1 mg/l alpha factor, 0.02 mg/l 

rapamycin, 2 g/l caffeine, F) 0.1 mg/l cycloheximide, 100 mM hydroxyurea, 1 mg/l 

miconazole. G contains a summary of the suppression and synthetic growth phenotypes, 

indicated by arrows, seen in the double (ergosterol and sphingolipid) mutants. Some 

combinations have synthetic phenotypes under several growth conditions.  

 

Supplementary Figure 4. Lipidome of the double mutants. Isogenic wild type, ergosterol, 

sphingolipid, and double mutant strains were grown in duplicate overnight in rich medium, 

harvested, washed three times and frozen. Lipid standards (5µg dimyristoyl GPCho, 20µg 

dimyristoyl GPEtn, 4µg dioctyl GPIns and 15µg didocosahexaenoyl GPSer) were added to 50 

OD-equivalent of cells and lipids were extracted as described and measured using negative 

ion electrospray ionization mass spectrometry (ESI-MS)[5].  The quantities of lipids are 

expressed as ion intensities relative to wild type levels, converted to a log10 scale. 

Glycerophospholipids: GPCho, glycerophosphocholine; GPEtn, 

glycerolphosphoethanolamine; GPIns, glycerophosphoinositol; GPSer, glycerophosphoserine; 

Sphingolipids: IPC, inositolphosphoceramide; MIPC, mannosyl inositolphosphoceramide. 

The suffixes -B, -C, and -D on IPC and MIPC denote hydroxylation states, having two, three, 

or four hydroxyl groups respectively. 

 

Supplementary Figure 5. Fluorescence microscopy of Tat2-mRFP and Can1-GFP. 

Fluorescent proteins were visualized on log phase cells as described in Experimental 

Procedures. Representative images are shown for each protein in the wild type and 15 double 

mutants. 
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Supplementary Figure 6. Transcriptome analysis of single and double mutants. The transcript 

data was obtained and treated as described in Experimental Procedures. Gene names or 

identifiers are shown on the right. The scale is log2. 
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Supplementary Table I. Strains used in this study. 
 
Name  
RH448  MATa his4 ura3 lys2 leu2 can1 bar1 

Genotype 

RH5812 MATa erg2∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH4213 MATa erg3∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH4217 MATa erg4∆::URA3 his4 ura3 lys2 leu2 can1 bar1 
RH6969 MATa erg4∆::ura3 his4 ura3 lys2 leu2 can1 bar1 
RH6774 MATa erg5∆::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH5684 MATa erg6∆::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH5912 MATa isc1∆::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH4348 MATa sur2∆::LEU2 his4 ura3 leu2 can1 bar1 
RH4524 MATa scs7∆::LEU2 his4 ura3 leu2 can1 bar1 
RH5913 MATa erg2∆::LEU2 isc1∆ ::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH5935 MATa erg3∆::LEU2 isc1∆ ::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH5916 MATa erg4∆::LEU2 isc1∆ ::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH5917 MATa erg5∆::LEU2 isc1∆ ::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH6787 MATa erg6∆::LEU2 isc1∆ ::KanMx his4 ura3 lys2 leu2 can1 bar1 
RH5818 MATa erg3∆::LEU2 erg6∆::LEU2 isc1∆::KanMx his4 ura3 lys2 leu2 can1 

bar1 
RH6711 MATa erg2∆::LEU2 sur2∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6749 MATa erg3∆::LEU2 sur2∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6718 MATa erg4∆::URA3 sur2∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6915 MATa erg4∆::ura3 sur2∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6732 MATa erg5∆ ::KanMx sur2∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6744 MATa erg6∆::KanMx sur2∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6709 MATa erg2∆ ::LEU2 scs7∆ ::LEU2 his4 ura3 leu2 can1 bar1 
RH6741 MATa erg3∆::LEU2 scs7∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6714 MATa erg4∆::URA3 scs7∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6916 MATa erg4∆::ura3 scs7∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6734 MATa erg5∆::KanMx scs7∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH6752 MATa erg6∆::KanMx scs7∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH5928 MATa erg2∆::LEU2 erg3∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH5864 MATa erg2∆::LEU2 erg4∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH5866 MATa erg2∆::LEU2 erg5∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH3616 MATa erg2∆::URA3 erg6∆ ura3 leu2 can1 bar1 
RH5868 MATa erg3∆::LEU2 erg4∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH5871 MATa erg3∆::LEU2 erg5∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH5930 MATa erg3∆::LEU2 erg6∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH5873 MATa erg4∆::LEU2 erg5∆::LEU2 his4 ura3 lys2 leu2 can1 bar1 
RH5874 MATa erg5∆::LEU2 erg6∆::LEU2 his4 ura3 lys2 leu2 can1 bar1  
RH6971  Matα PDR12::CFP::HygB ura3 leu2 his4 lys2 can1 bar1 
RH6926  Matα sur2∆::LEU2 PDR12::CFP::HygB ura3 leu2 his4 lys2 can1 bar1 
RH6919  Matα  erg4∆::URA3 PDR12::CFP::HygB ura3 leu2 his4 lys2 can1 bar1 
RH6930  Matα erg4∆::URA3 isc1∆::KanMx PDR12::CFP::HygB ura3 leu2 his4 lys2 

can1 bar1 



RH6925  Matα erg4∆::URA3 sur2∆::LEU2 PDR12::CFP::HygB ura3 leu2 his4 lys2 
can1 bar1 

RH6922  Matα erg4∆::URA3 scs7∆::LEU2 PDR12::CFP::HygB ura3 leu2 his4 lys2 
can1 bar1 

 
 
 
Yeast strains were constructed using standard gene replacement and tagging methods and 
double mutants were generated by standard genetic techniques of crossing and tetrad 
dissection. All strains were generated in the Riezman laboratory. 
  
ura3 derivatives of URA3 strains were selected on  plates containing 5-fluoroorotic 
acid(Rothstein, 1991).   
  

 
Reference 

Rothstein, R. (1991). Targeting, disruption, replacement, and allele rescue: integrative DNA 
transformation in yeast. Methods Enzymol 194, 281-301. 
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Supplementary Table II. Sterol compositions in the yeast strains used in this study (single determinations) 
 

A. Wild type and sphingolipid mutant cells. 
 

                                                                                    strain wt isc1 sur2 scs7 
                                                              µg sterols / 108 cells 26 33 30 31 

sterol mass     
Cholesta-5,8,24(25)-trienol 382 1.0 % 0.6 % 0.9 % 0.6 % 
Cholesta-8,24(25)-dienol 384 9.6 % 7.9 % 8.6 % 9.3 % 

Ergosta-5,8,14,22-tetraenol * 394 4.8 % 3.7 % 4.9 % 4.6 % 
Ergosta-5,7,22,24(28)-tetraenol 394 2.8 % 2.9 % 3.3 % 3.0 % 

Ergosta-5,7,22-trienol 396 58.5 % 59.1 % 61.4 % 64.7 % 
Ergosta-5,8,14-trienol * 396 1.4 % 1.7 % 1.2 % 1.1 % 

Ergosta-7,22,24(28)-trienol * 396 2.0 % 1.0 % 1.2 % 0.9 % 
Ergosta-8,24(28)-dienol 398 1.0 % 1.5 % 2.6 % 2.1 % 

Ergosta-5,7-dienol 398 16.5 % 17.2 % 12.2 % 11.7 % 
Ergosta-7,24(28)-dienol 398 1.4 % 1.5 % 1.5 % 1.0 % 

4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 1.0 % 0.9 % 1.2 % 0.4 % 
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B. erg2 mutant and erg2-derived strains. 
 
                                                                                      strain erg2 isc1 erg2 sur2 erg2 scs7 erg2 
                                                               µg sterols / 108 cells 62 52 51 59 

sterol mass     
Cholesta-5,8,14,24(25)-tetraenol * 380 9.3 % 8.5 % 8.9 % 6.2 % 

Cholesta-8,24(25)-dienol 384 1.5 % 1.3 % 1.2 % 2.4 % 
Ergosta-5,8,14,22-tetraenol * 394 2.9 % 2.5 % 2.3 % 1.6 % 

Ergosta-5,8,22-trienol 396 23.1 % 22.6 % 27.1 % 20.7 % 
Ergosta-5,8,24(28)-trienol * 396 2.7 % 1.8 % 1.5 % 1.9 % 

?? 396 2.0 % 1.2 % 1.1 % 1.5 % 
Ergosta-8,22-dienol 398 1.7 % 2.0 % 1.6 % 1.2 % 
Ergosta-5,8-dienol 398 3.8 % 5.4 % 5.0 % 3.0 % 

Ergosta-8,24(28)-dienol 398 24.5 % 20.0 % 19.4 % 32.9 % 
?? 398 3.6 % 3.9 % 3.6 % 3.2 % 

Ergosta-8-enol 400 23.8 % 29.9 % 27.6 % 24.5 % 
4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 0.4 % 0.3 % 0.2 % 0.5 % 
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B. erg3 mutant and erg3-derived strains. 
 

                                                                                     strain erg3 isc1 erg3 sur2 erg3 scs7 erg3 
                                                              µg sterols / 108 cells 63 52 51 62 

sterols mass     
Cholesta-7,22,24(25)-trienol 382 0.2 % 0.2 % 0.2 % 0.3 % 

Cholesta-8,24(25)-dienol 384 2.5 % 2.4 % 2.8 % 4.2 % 
Ergosta-8,22,24(28)-trienol 396 0.5 % 0.7 % 0.5 % 0.4 % 

Ergosta-8,14,24(28)-trienol * 396 1.0 % 1.0 % 0.8 % 0.7 % 
Ergosta-7,22,24(28)-trienol 396 1.2 % 1.3 % 1.0 % 0.9 % 

Ergosta-8,22-dienol 398 1.6 % 1.7 % 1.8 % 1.6 % 
Ergosta-7,22-dienol  398 44.3 % 41.1 % 41.2 % 40.4 % 

Ergosta-8,24(28)-dienol 398 6.4 % 6.5 % 7.5 % 7.5 % 
Ergosta-7,24(28)-dienol 398 15.5 % 15.0 % 15.5 % 18.7 % 

Ergosta-8-enol 400 4.2 % 4.5 % 4.7 % 4.3 % 
Ergosta-7-enol 400 20.9 % 23.1 % 22.8 % 19.0 % 

4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 0.1 % 0.3 % 0.2 % 0.2 % 
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C. erg4 mutant and erg4-derived strains**. 
 
                                                                                   strain erg4 isc1 erg4 sur2 erg4 
                                                            µg sterols / 108 cells 43 57 43 

sterols mass    
Cholesta-8,24(25)-dienol 384 3.7 % 2.3 % 3.4% 

Ergosta-5,8,14,22,24(28)-pentaenol * 392 3.3 % 2.8 % 2.7% 
Ergosta-5,7,14,22,24(28)-pentaenol * 392 1.9 % 3.1 % 2.9 % 

?? 392 ~ 6 % ~ 7 % ~6 % 
Ergosta-5,8,22,24(28)-tetraenol 394 1.3 % 1.0 % 1.1 % 
Ergosta-5,7,22,24(28)-tetraenol 394 79.2 % 79.1 % 80.5% 

Ergosta-5,8,24(28)-trienol  396 ~ 2 % ~ 2 % ~2 % 
4-Methyl cholesta-8,24(25)-dienol 398 0.8 % 0.7 % 0.6 % 

Ergosta-7,24(28)-dienol 398 0.7 % 0.9 % 0.7 % 
4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 0.4 % 0.5 % 0.4 % 

 
                                                                                           strain erg4 erg4 scs7 
                                                                    µg sterols / 108 cells 39 38 

sterols mass   
Cholesta-8,24(25)-dienol 384 2.1 % 3.0 % 

Ergosta-5,8,14,22,24(28)-pentaenol * 392 0.8 % 0.8 % 
Ergosta-5,7,22,24(28)-tetraenol 394 86.8 % 85.5 % 

Ergosta-5,8,22,24(28)-tetraenol * 394 1.0 % 1.0 % 
Ergosta-5,8,24(28)-trienol 396 ~6  % ~5 % 

4-Methyl cholesta-8,24(25)-dienol 398 1.4 % 1.2 % 
4,4-Dimethyl cholesta-8,24(25)-dienol 412 0.6 % 0.8 % 

4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 0.9 % 1.7 % 
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D. erg5 mutant and erg5-derived strains. 
 
                                                                                        strain erg5 isc1 erg5 sur2 erg5 scs7 erg5 
                                                                 µg sterols / 108 cells 54 32 43 35 

sterols mass     
Cholesta-8,24(25)-dienol 384 5.6 % 4.2 % 5.0% 6.1 % 
Ergosta-5,8,14-trienol * 396 4.5 % 5.3 % 5.6 % 5.8 % 
Ergosta-5,7,14-trienol  * 396 5.3 % 5.6 % 5.6 % 5.3 % 

Ergosta-5,7,24(28)-trienol 396 2.3 % 2.3 % 3.2 % 2.2 % 
Ergosta-5,8-dienol  398 1.5 % 1.6 % 1.5 % 1.3 % 
Ergosta-5,7-dienol 398 77.2 % 78.1 % 76.0 % 77.0 % 

Ergosta-8,24(28)-dienol 398 0.8 % 0.6% 1.0 % 0.8 % 
Ergosta-8-enol 400 0.1 % - 0.2 % - 

4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 1.4% 1.3 % 1.4 % 0.9 % 
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E. erg6 mutant and erg6-derived strains**. 
 
                                                                                         strain erg6 sur2 erg6 scs7 erg6 
                                                                  µg sterols / 108 cells 43 29 42 

sterols mass    
Cholesta-5,8,14,24(25)-tetraenol * 380 2.9 % 3.2 % 2.5 % 

?? 380 6.6 % 3.9 % 5.0 % 
Cholesta-8,22,24(25)-trienol * 382 0.7 % 0.7 % 0.5 % 

Cholesta-5,8,24(25)-trienol 382 5.8 % 7.8 % 6.3 % 
Cholesta-7,22,24(25)-trienol * 382 2.1 % 2.5 % ~ 3 % 

Cholesta-5,7,24(25)-trienol 382 34.5 % 27.4 % 30.1 % 
Cholesta-8,24(25)-dienol 384 41.1 % 44.7 % ~ 46 % 
Cholesta-7,24(25)-dienol 384 4.1 % 4.8 % 3.3 % 

4-Methyl cholesta-8,24(25)-dienol 398 0.6 % 0.8 % 0.5 % 
4,4-Dimethyl cholesta-8,24(25)-dienol 412 0.9 % 1.0 % 0.8 % 

4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 0.5 % 1.1 % 0.4 % 
 
                                                                                             strain erg6  erg6 isc1 
                                                                      µg sterols / 108 cells 48 39 

sterols mass   
Cholesta-5,8,14,24(25)-tetraenol * 380 0.9 % 0.7 % 

?? 380 7.8 % 8.3 % 
Cholesta-5,8,24(25)-trienol 382 7.1 % 6.9 % 
Cholesta-5,7,24(25)-trienol 382 46.6 % % 50.2 % 
Cholesta-8,24(25)-dienol 384 25.1 % 23.7 % 
Cholesta-7,24(25)-dienol 384 5.8 % 5.9 % 

4-Methyl cholesta-8,24(25)-dienol 398 1.5 % 1.1 % 
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4,4-Dimethyl cholesta-8,24(25)-dienol 412 1.9 % 1.1 % 
4,4,14-Trimethyl cholesta-8,24(25)-dienol 426 2.0 % 1.2 % 

 
 
* denotes sterols whose identity is not certain.  
 
**Sterol determinations for some of the erg4 and erg6 strains were determined in two separate experiments. The data from 
each experiment is presented in a separate table.  
 
Data on some minor sterols (less than 2% of total) whose identity was not certain is not shown. 
 
Isogenic wild type and ergosterol mutant strains were grown overnight in 2% peptone, 1% yeast extract, 2% glucose, 20 mM 
MES, 40 mg/l each adenine, uracil, tryptophan at 30°C, harvested at 1-2 OD600/ml and washed three times with water. 4 µg of 
cholesterol was added as an internal standard to 5 x 108 cells and total sterols were extracted, derivatized and analyzed as 
described previously1. One can see that there are some differences in sterols between experiments, however these differences 
sometimes exceed those found between erg and erg-derived strains in a single experiment. Therefore, we cannot find any 
significant differences in sterol composition in erg strains that are caused by introduction of the sphingolipid mutations. In 
particular, in the wild type sterol background no substantial differences in sterol amounts or composition were detected (A). 
With the possible exception of the sur2 erg6 strain all erg mutant strains show an increase in total sterols over wild type cells, 
although the sterol overproduction varies greatly between erg mutants. We have not determined whether the increased sterol 
amount is due to an increase in free and/or esterified sterols, but find it more likely that the increases are mainly reflected in 
esterified sterols. 
 
1. Heese-Peck, A. et al. Multiple functions of sterols in yeast endocytosis. Mol Biol Cell 13, 2664-80 (2002). 
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