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Production of Sphingolipids by Submerged Culture of
Ganoderma lucidum and Cutaneous Hydration Effect

II-Hwan Ryu, Jung-enn Kim, and Kap-sang Lee*
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Sphingolipid production was investigated through Ganoderma lucidum-submerged cultivation. Crude sphingolipid
obtained from G. lucidum was purified by methanol precipitation, Dowex AG DW-X8 (H+ form) cation exchange
chromatography, and preparative thin layer chromatography. Structure and functionalities of purified sphingolipid
were elucidated including cutaneous hydration effect. Possibility of use as cosmetics material and new biomaterial
was explored. Production was 0.4 g/I. at 1% yield. Purified sphingolipid was identified as D-ribo-1,34-trihydroxy-
2-aminoocta decan through UV/VIS, FT-IR, and 'H-NMR. Sphingolipids increased skinmate value for cutaneous
hydration effect by 20% at 500 pg/mL and decreased skin roughness at 100 pg/mL. Results suggest sphingolipids
from G. lucidum are effective for cutaneous hydration and improvement of skin roughness.
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Golden butter wax(Phaseolus vulgaris)Z %€ 2] 3t inositol-
phosphorylceramide, 42} & 22 HE] 2]t sphingoglycosylipid(19)
2 o 2 RE] B3t ceramide(20)7} F& o] &%l o)

v E fe2le] sphingolipide= A, &%, FHo| ¥ tioksl
HAE Fofl o] thst Fele] sphingolipid7t FElEo] B
=3tk Al fr#i el sphingolipid 2+ Bactervides37(21,22)9]
gram /Aol Al phosphorylethanolamine % phosphoglycerol
o], Wilkison 5(23)2 Pytomonas melaninogenica®)* ceram-
ide-1-phospho ethanolamin % Cystobacter fuscus®l*] sphin-
golipidE #2sle] BRUSIIAL, Yano 524y Sphongobacterium
sp.=5-E] ceramide glucuronic acidE, Yabuchi ‘&(25)& Sphin-
gomonas natatoria, Sphingomonas suberifaciens, Sphingomo-
nas ursincola s Sphingomonas®  gram-2-/d Al 7 ©. 2 F-E]
galacturonosyl-B(1—1)-ceramide & #2]3] H 183U} Yeast
sphingolipid &+ Saccharomyces cerevisiae® ©]-8-3t phosphoi-
nositol  sphingolipid(26-30). Candida lipoliatica®]  phytosphin-
gosine(31) R Candida  albicans(32)2]  Inositolphosphoryl
ceramide-type sphingolipid”l 1.7 fungal sphingolipid2 Gao
T332 Ammnillaria melleaZ5-F] 2-hexadecanoyl-amino-octade-
cane-1,34-triol)]  C,,-phytosphingosine 2 ¥25}% 3, Boas &
34y Aspergillus sp.25-E] N-2' hydroxyoctadecenoyl-1-0-8-D-
glucopyranosyl-9-methyl-4.8-sphingadienine®}, Toledo S(35)<
Aspergillus fumigatus®}  Paracocidioodes brasilensis2.%-¥] cer-
abrosideZ #2]519.2., Brennan 5(36)2 Aspergillus niger@
F-E] sphingolipidE +2]ste] B istdt) ©]E fungi sphin-
golipidi= ceramide®] 1-OHOl myoinositol ¥ 1 -F%=47} phos-
phodiester 2 ¥H%l  inositolphosphoceramide$} THgo|ud 221
o] A%tE glycosylceramide® S A& 5= ATH37).
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Sphingolipids A4te] 7V 978y Ganoderma lucidum(GA] 2
38 ARdel HES = ujR) (dextrose 5%, peptone 2.5%)2 ©|
|3t 25°CE 7H7 X wjgst & #AE FElske] sph-
ingolipids A84tell ol 83l o™, A= YU =7 ol uigk
% 4ol HEST, 8 vt AtEHA Aol A3
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1 mM phenylmethylsulfonly fluoride
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|
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Added chloroform/methanol/D - W/pyridine
(60 : 30 : 6 :1) reaction (for 16h, at 57TC)
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dry
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lAdded chloroform/methanol/DW (16 : 16 : 5)
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|

Dry » (Crude sphingolipids

Fig. 1. Extract scheme of crude sphingolipids.

el Fsted asiaict.

M) WISt Ganoderama lucidum BB 74t ojz}sle]
+ARIE B8, SmM EDTA, | mM phenylmethylsulfonyl
fluoride”} *¥%HE 350 mL2] 25mM Tris/HCl buffer(pH 8.5)°1l
H71sted AEAIH Y. ©l5 ultrasonic processoGE 50, Sigma
co., St. Louis, MO, USA)E 5%7+ & 33] gHaste] £ 313
ok B2 A7) pelletS 3.500X g8 1587F YA H)ate] Ab
TAg FElalda, o] ¥ g 23] wHESALh o] e
Aol chloroform : methanol : water : pyridine(60:30:6: 1,  v/v)
SLE HI, 57°CoA 16r7F °F &3 2 25
oA} F AZAHATE. AFAIZ] residue= THA] chloroform :
methanol ; water(16: 16:5, v/v) 250mLel] @EA|Zth mTdl
glycerolphospholipidg Al 317|918} residue®] 02 M metha-
nolic NaOH 1 vol-2 7F8k 5 30°Cell M 1AIZE &<t ekdzt
2 7heEalE stk 710 05% Na,-EDTA 250 mLE

Petra 5-(39)2]

[,

A7Velal, 1M acetic acid® AM&-ste] F3}A171 &, 250mL
chioroformZ o] BlF3}ER] & lipidE AAsIL FaA%

AA F=E3E Fig 19 29319

Methanol 33: Crude sphingolipids 25 gl methanol& A]A]
o] 71k & k3] Etele], BalHA ok FA=EMISHS
74t ozl A ASIATE Methanol -&81EE(MSFE Xof 7
o FEste] the Aol AHEsA

Dowex AG S0W-X89] cation exchange chromatography:
Dowex AG 50W-X8°l 0.5M NaOH £9-& Z¥#3] 713l i
whshAA] oF 308 FQ SN, SRR pHIE FEel
2 w7}4] Buchner Zth71E o838l AIEI8IH 71 0.5M
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Sphingolipids
Fig. 2. Purification procedure of sphingolipids.
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o7]o) MSFE 49 SHFol Zo F28ka, 40 mL/hre)
FEoE 10mLY 3t §&3Ich ol2HE SR
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Preparative thin layer chromatography: Thin layer chromatography
(chloroform : mathanol : water =40: 10: 1, 0.2% ninhydrin-®2 ©
2 spray —}- 100°C 7FE 3] wbaf gQly Aofla] o2 e}

= #3238 F3lod, chloroform : methanol : water (40 : 10: 1)¢)
AA7N-8ulE AME-31d preparative thin layer chromatographyS )
st 24 88 Easkd A9t 53 & TLCE 3l ©
o sporS ER13I o, B3k chloroform : methanol : 2M NH,
(40:10:1) ¥ chloroform : methanol : acetic acid : water(100: 20 :
12:5)9] solvent systemellA 22} ZME lste] AAEE &)
akirh o] AA S Fig. 20 aoFsdth

Sphingolipidse} T &4

UV spectrum®l] &% #]4: UV spectrume UV/VIS spec-
trometer(Jasco V-560, Japan)E ©|-8-8}4] 190-900 nm 3 9
oA} methanol® Sr2 o] 243490}

Infrared spectrum®]] ¢|¥ #4: IR spectrume Spectropho-
tometer(Jasco, IR-700, Japan)& A}&-3le] ZAE o AEE

AR AT FFEAZAME AE7F B9 A
Xl ‘3%8 KBr ¥2% 719 AAste] ALEa, Ao Al
9§ &Aool BeEe] F4E AAS e spectrumel] 2]g
82 7R L Y3k

NMR(Nuclear magnetic resonance)o] 2J§F #4: NMR
spectrum-> FTY4H (pulse fourier transform method)S AF8-3hed,
AR 7-10mgs &4 80 methanolel] 5-20%(w/v) Bl &2 43
Al7]1 3L TMS(tetramethlysilane : (CH,),S)E 71FEAZ &
JEOL FX-100 NMRZ 2435} t}.

Sphingolipide| I|5&4(40)

QA HF- B 4. vle} A2 AFESE A At
Foll AFFE2X2emEY 2712 FHA 95 HuR-9o|
THE FAE ¥, sphingolipidsE TX317) A AHHEFS &4
3laL, EYF-2lol H2)E sphingolipidsE 0, 10, 50, 100, 200,
500 2 1000ug/mLE UFo] 2A417F Bt E¥% ¥ handy
moisture & sebum sensor(Moritex co., Japan)% ARg3t %]
791 FEFe Ml EHGaNE Y3

QAN REEAS] AY7) Hr): vire A G4 dopd
bl AHFEEX2emE S 272 2 #e-E HupR
Aol 7HE HEAIZE F, sphingolipidsE =317 A mER&S
ZH% &, 4Rl E2lg sphingolipidsE 0, 10, 50, 100,
200, 500 ¥ 1000 pg/mLE Hro] TEET 2A4)17F 3 image
analyser®] 3bd 9® Zx]2l stereomicroscope(Dermalyzer, com-
posite type)S AHESle =X W, o] X AHE image
analyserll 948 Al1Z] ¥, skinmate v. 2.0 program(pigital skin-
lab. Koreay& AR&-3te] AH7E SA3Io

3 3 O

Sphingolipidse| #2| - x|

WS A8 WEIAA diRlsie] Feds Bas F, A4
Sl chloroform : methanol : water : pyridine(60:30:6: )E 2
I lipidsE &3 -’F%%é chloroform : methanol : water
(16:16: 5 &= Al §-, methanolic NaOHZ 78} 3}
3T 9719l chloroformE ¥ol HIYF8t5]R] ¢k lipidE
A 78kl 7Azste] 42.0g/1.9] crude sphingolipidsE AUt} o)
FZ2E Y] methanolg 718k, methanol 88 #3%
MSF) 10.5g/L& 43tk ©] MSFE Dowex AG SOW-X8(H*
form) cation exchange chromatographyS #sled, F37 2 HE
sphingolipidql%z}m MSF-2& AUt} MSF29) Atake 291
Aom, 8L 5%%TE ©] MSF2E chloroform : methanol :
2M NH40:10: 1)¢] solvent system-Z ©]-&3led preparative
thin layer chromatographyE #3}< phytosphingosine % ceram-
ide-1lI9} 5Y3$ TLC patterne zZhs HEL FExow Hast

K

Table 1. Summary of purification of sphingolipids

Purification step Sphingolipids (g/L.) Yield (%)
Crude sphingolipids 42.0 100
Methanol precipitation 105 25
Cation exchanger 20 5
Preparative TLC 04 1
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Fig. 3. TLC pattern of purification procedure for sphingolipids.
A: Crude sphingolipids, B: Cation exchange chromatography, C:
Preparation TLC — Purified Sphingolipid.

L

.
2nd Development

v

1st Development

Fig. 4. Two dimensional thin layer chromatography of
sphingolipids.

1st : chloroform : methanol : 2M NH, =40 : 10 : 1, 2nd : chloroform
: methanol : acetic acid : water = 100:20: 12 : 5.

Oﬂr/}(ddta not shown). & 2] A3 sphingolipidse] Y4
2 04 gL, &S 1%91@. olfe] AAAHE T
734;_ Table 1o QoFslct. H3F Al 37449 TLC pattern
< Fig. 39 Yepflen, 221 A7) & TLC patterns Fig. 4
o Yeplich TLCE 33 &, ninhydrin @Ak 0 2 =3
ated 100°CoNA B A1 TR spot(R;: 0.11)YS &1t

Sphingolipidse] 7= 54

UV/VIS spectrum®l] 2|3t 814]: Sphingolipids®| 728 378
3l7] €18ked UV/VIS spectrometers ©]-8-31¢4, sphingolipids&
methanololl =11 190-900 nm2| 3 ¥4 &4 spectrum
S ZA}SE A3k Fig 59 Zth Spectumel ] B npe} 7F
o] 200-210 nmel| A hydroxy group % amino groupd] &5
o] ERIFIem, o= n—A* band v 1o w* band°] 7‘4%}
dol7t = ATt 260 nmit-2olA C-09] AFH] F5

45 veEfl AT

e

Infrared spectrum®] 2]& #4: Sphingolipids®] +3 43

LH

?w‘ L] L] 400
Wavelength (nm)

Fig. 5. UV/ VIS spectrum of sphingolipids.

S - g —

~ = = = P ™ -
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Fig. 6. FT-IR spectrum of sphingolipids.

< F437] #5k KBr pelletd S ©]83l FF spectrums
ZARSE A= Fig 63 2}

SpectrumollA 3,300-3,400 cm oA O-H group®] &=l &
o7 YRR, 2,900 cm'el A long chain C-H, group, 1,054
em A C-0, C-0-Cdll slFshes Fr8 UEpSIT) gk CH,
+CHol a3t 1469em™9k LISlem™'e] F47F AL,
1630 cm™9] amide bandoll #F3te 57t Eolx oz uE
[Eie=3

:LEJL]' Kim@4he] Higk 840em™ oA B-glucosidicd
o] &4 9 park B(42)°] Hg 1,180 cm™of| A1} -CH,-
v1brat10n°1 VEREA] ool B E3EPA] W sphingosine
AR FHEAG.

'H-NMR(Nuclear magnetic resonance)®ll & & 3}43: Sphin-
golipids®] 12 A& FG317] ¢I8led 'HNMRE ZAWE 2
4= Fig. 73 720+ NMR(500 mHz, Methanol)®] 343 23, §,
331(m, H-4), 3.30(m, H-3), 3.30(dt, 7.9), 3.9(Hz, H-2)-1.77(m,
IH), 1.55(m, 1H), 1.28(m, 24H)0.89(+, 7Hz, 3H)®] chemical
shift signal2 YFERARACE &, 1287 §, 0.89°141 long chain®|*
A (CH,),- % CH2 EAE A er §, 330004
N(CH,),2] &A1& <ttt vhd Li 5@3)e] R 40
5.0 ppmell 412l aldohexoside residure®l] 31%@8l= chemical shift 2
4.195 ppmell A1 2] B-glucopyranosyl Zt7] = 4281 ppmel A B-
galactophyranosyl 271 335z chemical shift7t E<1==] 9
O Zhou H(44) 2 Park F@2)0] EId §, 4.139] glucose
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Fig. 7. '"H-NMR spectrum of sphingolipids.
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Fig. 8. Changes of skin moisture with the purified sphingolipids.
Liniment before: [, Liniment after: 5.

moiety®l] %8 chemical shift7} R1%|R] ¢t} wlebr] Eel
¥ sphingolipids= LHOA &} & TX2E Zh= Deribo-134-
trihudroxy-2-aminooctadecan(C ,H,,NO,) .= 37 = ]t}

- Sphingolipidse| |5 #4

QAAMe ¥F B FH: 22§ sphingolipidse] 3% B
2HE °L°}H7] 3t AJubRoll sphingolipidss =X3
A F AEE Fig. 8o JERNRATE 0-200 pgmLE M E &
&l ‘?01 1~§}7} 712} gllent, 500 ug/mL ©)ie] FEo)
Al 9F 20% A= skinmate 3ol F7F8heE Ao R vehdich
aev dvEoR WEAls REAvE EXshe 874 mE
BER 47} 2ot 2 dew, AR 7119 typeoll wetr
g purt 2 °4%L°ﬂ"1 o] Fo4 e dae £ sph
ingolipids &%= L[}'i H&EY oo AL Bl & 4 9o
L, A felde I_J?SV]OH\_ oj#gol e Aoz
gEH, 25 o] @l wls] HEsr ge & Aoy @
it

u:[}

!

QA RFHY A7) ¥2)3 sphingolipidse] A2 710 o)

Fig. 9. Changes of skin roughness with the purified sphingolipids
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o] Fro|A ek #]F EHS He ZM] Hl&l 2 (profile)
o] A7|7t ehksbAl Vel ol B &3E JEhle 500
pg/mL Hth W FrolA HR W AAr) hhon axrh
A= Aoz vEhdt) o] Aib= 9phingo]ipid§7} FoATS
g AEute] 32 AnAg AEsE ¥ building block
o2 ZFEevhe Lotgren 5452 B3 Y homy cellrks®]
lipid barrierE A FTI= Clive(46)e] B9} 7ro] & 8 7]
5 °lHell membrane leaflet= 2H-E3hs 7oz dadr) ol&
aqueous interfaces®| A1 emollient® 2FHE-3Th= Vaknin47)2] 2
Job dA vk B3, B AglM o) foAd e A B
5 Aol Aot U}Z‘lﬂ;‘]-‘n TAGH fFoldg #Esr] 8t
of A, A F oride R adele] HE/ Bad A
o2 wrkEd

2 o

Ganoderma lucidum A2l AA vk Edle] A W
sphingolipid& #8] AAste 1 +2E FHsIYoH, FEn
F& RS A4Fe /1EAe BaEe] F3AE A B A=
& AE e ol&rteAde HES A uikdt Gano-
derma lucidum2 56 U] 348 £3589 crude sphingolipids
E 7, methanold A, Dowex AG S0W-X8(H' form) cation



660 2l ek A 36 W Al 4 3 (2004)

exchange chromatography % preparative thin layer chromatog-
raphyE 3J3le] sphingolipidsE 2|31} AHE 04 gLA
o, #&& 1%t UV/VIS spectrum, FLIR % 1H-NMR
Ag sl +2E 34t A3} phytosphingosine =42
AEEACL o] phytosphingosine F= 9] FHol digh H&d
= 500 ug/ml o)) FEolA ¢k 20% H X skinmate kO]
F7FeIR2™, 100 pg/mL o] wxellM AH7] il {2
& Ax+E vepideh

o|del AAZRE Ganoderma lucidum®] 3231 sphin-
golipidse> B F-EH E AA7] 7f Fejdo] Eixe) 3
F oA 2 AR BE AP ZA G ol 8rFeAde] wraL
g ot

Aol 2

2 A7 20039 % gk wrR] el oM e,
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