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Biosynthesis of ceramide by deletion mutant
of Saccharomyces cerevisiae

Se Kyung Kim, Yong Ho Noh, and Hyun Shik Yun*
Department of Biological Engineering, inha University, 253 Yonghyundong Namku, Incheon 402-751, Korea

Abstract Ceramide is important not only for the maintenance of the barrier function of the skin but also for the
water-binding capacity of the stratum corneum. Though the effectiveness of ceramide is not understood fully,
ceramide has become a widely used ingredient in cosmetic and pharmaceutical industries. However, ceramide
production from Saccharomyces cerevisiae has not been widely studied and the quantity are very low. Gene
deletion in the cell is used frequently to investigate the function of gene and verification research of drug
target. Specially, deletion mutant library is useful for a large amount functional analysis of gene. In this study,
deletion mutants of genes on the metabolic pathway of ceramide synthesis in S. cerevisiae were grown in a
batch culture and the cellular content of ceramide was measured. The ceramide content was highest in Ayde1
mutant and 6 mg ceramide/g cell was obtained.
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o2 AZEo] gk}, ©]%F 1986'39 sphingosine®] in vitro
o| A protein kinase C (PKC)2] &3t xajA|o] B
FA31(5), ©1%F sphingolipidel]l thdt 12o] B<e3] |2
2] RN AA7EE 2Hshe A SRR
2 AEA vAE AF2 ceramide$} sphingosine 2.2
HEHE apoptosis T B AMEAPES AadGEAR
A19] sphingolipid®] th3+ A9} sphingosine 1-phosphate
9} sphingosylphosphorylcholine .2 ¥ %= MEut 4
|AE 7HE XL AZHGEL B A7} Bo)
o]FR)aL QlTke, 7).

A WM F7A} deletione 74 715 2 drug
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mutant library= F321Y] i 715 4, drug target
1 B HF A7l wis- 83l MEE shiel 539
Azdog EA% £ e F2 o] @ £ Aokl
£ A7 sphingolipidE AAksh= 752 BY4742
9} deletion mutant 979 ujeko|x Ztzre] 7o) uh
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Ceramide A4tol] A8 7+ sphingolipid®] deletion
mutant® FHZ Saccharomyces cerevisiae 9 EF-$F &
T2 BY47420|M ZhZbe] deletion® gened ydcl,
ypel, scs7, surl, csg2, iptl, Icb4, IcbS, dpll©]tHOpen
Biosystems, U.S.A.).

Saccharomyces cerevisine WFS 93+ HiAEE YPD
& ARE3I o w9 FA)E glucose (Samchun pure
chemical Co., Korea) 20 g/l, bacto pepton (BD, U.S.A.)
20 g/l, bacto yeast extract (BD, U.S.A) 10 g/1 o]t}
S 2 L A 82439 500 ml YPD ¥R B3
gl % shaking incubator (Vision Co., Korea)E ©]-&3}

o 180 rpm, 30°CollA wjkalsict.
Lipidse] &

kol B #F= AR 7] Centrifuge 5403
(Eppendorf Co., Germany)S AM&-3ld FAq 3425 &
SZ47% (Bondiro Ilshin Lab. Co., Korea)dlcth 52
2z d 07 1 gl 80 [ (EEEZF WS = 1:2, vW)
7} glass bead 2 g& Y3 Z3H vortexing 3t #FE
3k

e dFe & 1 (F22XE 199 = 2:1, vv)
100 miE 7Fete] 3087 W-EAIFT W3 Sl
filtering 3} 60C °llA] evaporation At} ©|¢} &

HAE 43 v 9EESHTHS). ©] gL ASUe A=
polar components®} non-lipid contaminantsE A A3}7)

23+ Aotk
Ceramide| 22| ¥ H=|

%249 total lipido|A] sphingolipid ¥ 7] s
mild alkaline hydrolysisS 433l tk8). 22X &S
713k A8E-ol methanol carbon tetrachloride (5: 1, v/v)
30 ml¢} 0.2 M methanolic NaOH 60 ml & 37}3 &
Sk AlZFESt HREAIFTE B ¥ FHSE AR 1 M
acetic acid® F3AZITE F3H AE2 4ToA 12417
L BBl SEEE 3 §F SEEYEST BYsiHth

HPLCE 0|28t Alzjolo|=2| 24

2|9 ceramidew™ FE2ZXE WERE (2:1, vv)E 10 ml
& 9 £ 0.2 mm RC filter (Satorius, Germany)Z ¥E]
o] E4o] AHg3lth AMSE HPLCE Acme 9000
HPLC system (Younglin Instrument, Korea)©]™ data
system- Autochro 3000 (Younglin Instrument, Korea),
detection system- ELSD Sedex 75 (Sedere, France) ©]
). ELSD 7L drift temperature 55C, A} 7[AeE
A4 3.5 baro|tk F-Ao)] AME columne Spherisorb®
5 mm Silica (Waters, U.S.A.)2E 1 772 4.6 x 250 mm
o|i o}/ 1.0 m/min®] EEZITE WS (96:4, v/v)
°]ATHY, 10).

Glucose 4

L 0.2 im cellulose acetate filter (Satorius Co.,
Germany)Z filtering 3} RI detector LC-10AD (Shimadzu,
Japan)& &Sk HPLC 10A system (Shimadzu, Japan).o.
2 24519 t}E Glucose EA41o] ARRHE columne Aminex
HPX-87H (Bio-Rad Laboratories, U.S.A.)¢|H 0.5 M
32HE 0.5 m/min®] 502 EHFACL

dot ¥ g

AdL AZY AZHGAAZAY 75S e AL
2 d#A gt Mighvleo]=1} sphingosine-1-phosphate 2
55+ sphingolipide ZF 59, AE A%, AxzMt
T2 dsle ZEe LA otk Sphingolipid9] ZA|
pathwayt Fig. 1(11)3} 2tk £ AFoA AR-E a5=
Z¥Z}y ydel, ypel, scs7, surl, csg2, iptl, Ich4, Icbs, dpll©]
deletion® 75| controlEE BY4742E ARE-SlQT)
Mg}uo] = 4L ceramide standard (Avanti U.S.A))
£ 7|1¥E4= 3o ELSDE 3t HPLCE SA313
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Fig. 1. Pathway of sphingolipid in S. cerevisiae(11).

Fig. 1014 & = S150] ydcl¥} ypel gene2 phytoceramide
oA phytosphingosine2.2 7}= AEAAur-So] #HAH
ceramidase®] Aot} o] T FHx7} deletion® mutant
© A M E M2 S FEE mA|
A 2=} ydel gene?] deletion AH|XEE- heat stress©ll
eA sk, AEuelA YDC1p3} YPClpol 2z}
dihydroceramide®} phytoceramideE 71224 A&-31A)
Bk Aydel mutant 759 Mghvto]|= At 6 mg
ceramide/g cell2 BY4742 Xt} 1578 B& Ai-Eks
UePSlem, Aypel mutant T2 Agtulol= Agirkak
£ BY4742 Rt} 238 W& 1.93 mg ceramide/g cell
< YeRfIit:. ©]= phytoceramide®l| 4] phytosphingosine
o2 7l= UARBZA ydel gene©] ypcl gene KT
O B2 9% vHve v 97 293 AP0l
U313, 14).

Inositol-P-ceramide A} MIPCZE 7= AJ3Hd wh3-l
283 gene surl @ csg20|t}. ©] T gene2 inositol
phosphorylceramide mannosyltransferaseE ksl 2
&A] MIPCE] 753} 1PCTVL S35 = @ido] vehdth

Stock 5(15)9] IT7AHNM= surlF csg2? geneol Al
Ad FFIME MIP),C7t BAES & + dvkar 8k
=8 ol M(P),C AtelA o] F gened] HTHe 7|5
FEE M(IP)C 339 o2 A=7F EA7ksdol 710
t} Asur]l mutant TF] AHEtvlo]= ALt 411 mg
ceramide/g cellZ BY4742 TR} 1.088) B2 At
< JERIL Acsg? mutant T Mighule]= ALk
2 Aypcl mutant 5o AL-9 v|5=314) BY47429)
Algtelol= ok B} 238 v ghg YEriIT: ©] 23
AA] surl gene®) csg2 gene KT} MEhvlol= AR A}
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Fig. 2. HPLC chromatogram of ceramide.
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Fig. 3. Cellular ceramide content produced from deletion mutant.

Gene Ich49; Icb59] 73S EW phytosphingosine
o A phytosphingosine-1-P2.2 7} A &}eh-g-3}
dihydrosphingosine®l|A] dihydrosphingosine 1-phosphate
2 7h= Agshikgel #E=o] Slet] o] F gene PHS
kinase®} DHS kinaseE AJAFgo =4 ZEA] PHS-1-P
9} DHS-1-P¢] ZAE HolA ATk Nagiec 5(17)9] 2%
o] w2 Jch4 deletion mutant= PHS-1-P2} DHS-1-P



o] A & HES XA [ch5S mutants 12 X]
& B Aol A= Alch5 mutant’} Alch4 mutant

Hoh 176W] B Algtrlel= gataks Yepdo g &
ATEFdE e FIL BTk, 18).

Fig. 1¢] L}E}‘d' upe} o) S cerevisiae®l Algtnfo)=
A #A& B3I} Deletion mutant FHO.2 At}
ol= g BHE FHAY JFL B FAS}
Atk Algrte]l= AFA vXE GBS o FAFow
ER13}7] 215} deletion mutantE ST R Aglejol=
Aol #EE dRIEE de) faxE 22493 7FE
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Saccharomyces cerevisiae2] deletion mutantE ©]-8-3}]
ydcl, ypcl, scs7, surl, csg2, iptl, Ilcb4, IcbS, dpll2]
deletion®] Aﬂa}u}olt_,] Aol vl FgS wEEs
o} Algulo|= ELSDY} <1A% HPLCE Este] BA
SHHoH Aydel mutant-% Agtete]= AFrrEko) 6 mg
ceramide/g cell2 HulHS YENA OB Asur] mutant,
AlebS mutant, Adpll mutant«] 73—;— control 2 A3
BY47429} BlS=3t Algtulo|= Aakake Yehla, 1 9
Aypel mutant, Ascs7 mutant, Acng mutant, Aiptl
mutant Alch4 mutante= BY4742R 0 $& Agtujol=
ArkES YeERYSITh

# Al

2 =2 FT=T AT XY (KRF-2005-202-
D00120)°ll 8l AFE P ool A=)

A4 120093 1Y 6°‘ AAES] 1 20099 29 23
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