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Nuruk is the Korean traditional Koji that contains various microorganisms and has been used to
make the traditional fermented foods including alcoholic beverages. Rhizopus oryzae KSD-815 was
isolated from the alcohol-fermenting Nuruk used for manufacturing traditional alcohol. In this
study, the authors reported the isolation and identification of four lipids from the Nuruk (Rhizopus
oryzae KSD-815) that inoculated wheat with Rhizopus oryzae KSD-815. The dried and powdered
Nuruk (Rhizopus oryzae KSD-815) were extracted three times at room temperature with 80% aque-
ous MeOH. The extracts were partitioned with EtOAc, »-BuOH, and water, successively. The
EtOAc extract was suspended in 80% MeOH and partitioned repeatedly with n-hexane. From the
n-hexane fraction, four lipids were isolated through the repeated silica gel and ODS column chro-
matographies. According to the results of physico-chemical data including NMR, GC and MS, the
chemical structures of the compounds were determined as linolenic acid methyl ester (1), palmitic
acid methyl ester (2), linoleic acid (3), palmitic acid (4). Cytotoxicity was evaluated in huamn
breast cancer cells, MDA-MB-231 and human hepatocarcinoma, SK-HEP-1 cells using MTT assay.
Exposure of compounds 1 and 3 led to a dose-dependent inhibition of cell viability in both cancer
cell lines. In addition, treatment of RAW264.7 cells with compound 3 caused inhibition of
lipopolysaccharide/interferon-y-induced nitric oxide production.

Key Words anti-inflammation, cytotoxicity, linoleic acid, linolenic acid methyl ester, Nuruk, palmitic acid
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&), flavonoid(apigenin, quercetin, tricin %), flavonoid ¥
(orientin, schaftoside, isoschaftoside &), phenylpropanoid
(caffeic acid, ferulic acid, vanillic acid, cinnamic acid %),
terpenoid(citrinin, tocopherol -5), steroid (ergosterol, cholesterol,
B-sitosterol Ty} 9o 2V Ao Bi= spAElE | FFE T
o] Hixo] ik

Rhizopus oryzaer T=olut L&, T 2851 AEUro} &
M AeFE T 1 YaHNA T2 AMEEHE 458, A
7 = lactic acid A4kl Fs A77F Bo] RuEoe] o)
T I3 fEjuEtlM e HlFoME Bl WAsEE TR
o] FFE ZHdo FA, o] =9
chitooligosaccharide %S =0]374} 3l 7% RO Ut}

B A7ME TS5 (Rhizopus oryzae KSD-815)0. 25 o]z}
qrREES EelsAstd 2 sigbEd disk o= 7R A
A3 #HE AFE YA 2N FE(Rhizopus oryzae
KSD-815)%] 7154 A& T= ook /i 53 72 ge9
tE BASIYA} STy 28 FS(Rhizopus oryzae KSD-
815) 0 2K ¥ & E5 % column chromatographysS A3}
o 4 Fo AAsRES UL, NMR % GCMS 55
Foe) 72 ARHA Tk 7} shakEel thsjol 1A A
Tof) theh ME=4E SAHSINUIL, RAW264.7 HEE o]83
adsgdE S8
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8 Rhizopus oryzae KSD-815. - 2 A3l &2
FrFEEoA AFs Aoz, A9 BrPHE) w9 O
&) 583190, A B(KHU-060425)= 7 &tk A
3 Ao B3 Hof Qi)

Aef & 7}7]. Column chromatography$- silica gel2- Kiesel
gel 60(Merck, Darmstadt, Germany)< octadecyl silica(ODS)
gelZ LiChroprep RP-18(Merck, Darmstadt, Germany)S AR
8l T Thin layer chromatography(©]3d} TLC=ZAl 3h+=
Kieselgel 60 F2549F RP-18 F254S5 A}E-31539a, Agof o]&-
g BE Aok 5FAIYE AMESIITE NMR &2HERH S
Varian Inova AS 400(Varian, Califormia, USA)S. 2 <=4 3}3]
3, GC<= GC-14B(Shimadzu, Tokyo, Japan)Z, GC/MST
IMS-700(JEOL, Tokyo, Japan)®.% =43}362™, UV lamp=
Spectroline(Model ENF-240 C/F, Spectronics Corporation,
New York, USAYS ARR-3IATE Al2Z2=/d3} nitrite= ELISA
microplate reader(Molecular Devices, Sunnyvale, CA. USA)S
o]- &3t A sIAT.

Lipopolysaccharide(LPS), aminoguanidine(AG), interferon-y
(IFN-y), MTT(3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium
bromide), sulfanilamide, naphylethylenediamine, sodium nitrite
(NaNQO,)= X3 & A %2 Sigma-AldrichAKSt. Louis,
MO, USA) AFE TUIAL, MEF wiS 218 RPIM1640
medium, fetal bovine serum(FBS) 2 penicillin-streptomycin
€ Gibco-BRL(Grand Island, NY, USAYPIA F&ke] ARE-s}
ATt

P EZ] B, ¥=(Rhizopus oryzae KSD-815) 8keg(HE
Z 80% MeOH £ (45 Ix3)S 7}3le Aol 3159 &+
%3 T oaRR gtsint. Aol AAE 45°ColM A
=3l FE2E 12kgs AL, o] FHES E@DH ethyl
acetate(EtOAc, 4 1x3)% HH] &350, FOACES Y%
23 & phexane(d ) 80% MGOH%‘QHG [)EEQ‘*] E*HH
223190t} 919 B3-S s-butanol(n-BuOH, 4 K3)E Buj 5
Zs19on, 7t 28 2523t nhexane E(TAHe,
135 ), EtOAc EE(TAE, 92¢g), n-BuOH 3 (TAB, 114g)
2 2 B3I (TAW, 855 gys AUt

n-Hexane 3 (TAHe, 130g)ol thale] silica gel column
chromatography(c.c.)  (n-hexane:EFtOAc=10:1 >7:1 > 5:1 >
3:1 > 1:1, $9x20cm)E A3t 1670¢] 3 =(TAHel~
TAHel6)S A0}, o] Follr 8 TAHe2(S gl tistd ODS
c.c.(acetonitrile: H,0=6:1, $5x10cm)E A8t o= 1
(TAHe24, 55 mg)?} 315HE 2(TAHe2-11, 34 mgys EE3M3ith.
3l 3 TAHe4(3 2)°] thsle] ODS c.c.(acetonitrile: H,O=
3:1, ¢4.5x10cm) S HAEH 3I5HE 3(TAHed-6, 65 mg)2t
3131E 4(TAHe4-10, 88 mg)S 313t

3135 1(linolenic acid methyl ester): Yellow oil, EI/MS
miz. 292 M]; 'H-NMR(400MHz, CDCl;, dy): S21(6H, m,
olefine-H), 3.63(3H, s, OCH,), 2.80(2H, dd, J=6.4Hz), 2.78
(2H, dd, J=6.6, 6.4Hz), 2302H, t, J=84Hz), 2.07(2H,
m), 2.032H, dt, J=6.6, 6.7Hz), 1.41(2H, m), 1.36(2H, m),
1.302H, m), 1.29(2H, m), 1.27(2H, m, methylene), 0.94(3H,
t J=7.8Hz, terminal methyl); “C-NMR(100 MHz, CDCl,,
8c): 174.9(ester), 131.6, 130.6, 128.7, 128.6, 1272, 1264
(olefine-C), 51.5(OCH;), 34.9, 295, 294, 294, 2093, 274,
25.6, 25.5, 24.9, 20.7(methylene), 14.4(terminal methyl).

31 3HE 2(palmitic acid methyl ester): colorless oil, E/MS
miz: 270 [M]; 'H-NMR@400 MHz, CDCl;, &y): 3.63(3H, s,
OCH,), 2.26(2H, t, J=10.0Hz), 1.98~122 [28H, (CH,)n, m],
0.84(3H, t, J=7.6Hz, terminal methyl); "“C-NMR(100 MHz,
CDCl;, 8c): 170.5(ester), 51.5(0CH;), 34.7, 34.1, 29.6, 29.5,
29.3(x3), 27.7(x2), 26.63, 26.01, 254, 25.5, 23.4(methylene),
14.1(terminal methyl).

3}3HE 3(linoleic acid): colorless oil, EVMS mi/z: 280 [M]';
'H-NMR(400 MHz, CDCl;, &y): 5.40(4H, m, olefine-H), 2.63
(2H, dd, J=66, 64Hz), 230QH, t, J=84Hz), 2.18(H,
m), 2.142H, dt, J=6.6, 6.7Hz), 1.52~127 [l6H, (CHyn,
m], 0.90(3H, t, J=7.8Hz, terminal methyl); BC-NMR(100
MHz, CDCl, 8o): 1784(carbonyl-C), 130.3(x2), 127.3(x2,
olefine-carbon), 34.0, 31.9, 299, 29.7, 29.6, 294, 29.0, 27.8
(x2), 25.6, 24.7, 22.8(methylene), 14.1(terminal methyl).

3}3HE  4(palmitic acid): white powder, EIMS m/z: 256
IM]; '"H-NMR(400 MHz, CDCl;,, dy): 230(2H, t, J=10.0
Hz), 1.52~1.26 [12H, (CHyn, m], 0.88(GH, t, J=7.6Hz,
terminal methyl); "C-NMR(100 MHz, CDCl,, 8&c): 1784
(carbonyl-C), 34.0, 31.9, 29.6(x7), 29.3(x2), 29.0, 24.7, 22.7
(methylene), 14.1(terminal methyl).
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Aol GCMS B4, A E TAHe24(1, 1 mg/lml, hexane, EtOAc, n-BuOH % H,0% ¥uj&&ste 233,

CHCL;), TAHe2-11(2, 1mg/l ml/, CHCL), TAHe4-6(3, 1mg/l
m/, CHCL;) 2 TAHe4-104, 1 mg/l m/, CHCL)EZ%¥ z} 3
wWE #H3te, FID7F AX¥ GC(GC-14B, Shimadzu, Tokyo,
Japan)®] FU-7ll Wi, EHAA BEYsd. £48 ZdH2
DB-530mx0.32 mm IDx0.25 um, J & W, Folsom, Califomia,
USAYE ARSI oM, GCY injector &=+ 300°C, oven 2%
= Aw 3% B 150°CE FAEL, £F o2 $55 7°C
2 3t HF2E7) 300007 HES g 3 587 300°CE
AteE 3G A% 3gHE 1, 2, 3 2 49] retention
time(miny Z}7F 10.84, 9.72, 1149, & 934 2 Jepdt} &
A5k 31E2 F4s7] 3k, GC(Agilent technologies,
California, USA)$} 14 ¥ massspectrometer(JMS-700, JEOL,
Tokyo, Japan)S ARR-31$15L, ¥480 % ARR-EH AH(HP-5, 30
mx0.32 mm IDx0.25 um, USA) ©]9j¢] BE ¥4 F4Le GC
273 T3 GCOMSE A3 ZF peak®] HE 1L
library (Wiley GC+MS Library) ¥4-& vlgo 3 8155},

Mg, 2 Ake] MESAS 8] A8 HEF=
T AA 7199 dNEFER, I ETS MDA-MB-231,
Z7HbM| 231 SK-HEP-1= ARS8l 8t 848 H7hst
71 fste] A M X A E(murine macrophage cell line)2l
RAW264.7 A EE A8t AEF v gl =
RPIM1640 mediume AFE-3}5.29 10% FBSS} 100 unit/m/)
penicillin, 100 units/m/®] streptomycing A7Fetd 37°C, 5%
CO, MY7] WollM Z-GAIA w3ttt

MNESY &34, At AE2sAd 295 S35 Y8k
MTT assaye THoIHTEY 2 AIZFE 2x10* cells/well2 Bt
F3L, 96-well platedl] 200 p 718k 24 AJZRs2F 37°ColA
Hjefsted AEE Fasialvt. 2hzhe] A4kg 10, 20, 30, 40,
50 pg/ml FE2 FGriete 24X7F FQF WSt ¥ 5 mg/m/
MTT solutions H7Fslal 4117+ F<F BRSAIF T MTT &9
< AlA3IEL 100 W DMSO$}F 20 w/ Soren’s £-2[0.1 M glycine,
0.1M NaCl, pH 102)]Z #7}s+ ¥, ELISA microplate
readers ©]-&3t 540 nmol|A] 2= E A5t} ZF Al Ee)
NE FA7RES 100%2 3l AhAl AE =4S Brkeisich

Nitric oxide(NO) 84 A &%. RAW264.7 AZE 10%
FBS7} AH7}El RPMII640 HiR| S o]&3t 1x10° cellym/=
ZA3k] 24-well plated] EF3F] 12~18A17F wikS 3k3Th
zt Akt LPS(1 pg/ml)a IFN-y(10 Umlye SA)o A28}
o] 24X17F HiSFSIAT. AAAE NO2Q| & Griess reagent B
o7 ZA3{TEY NO= Griess AeF [1% sulfanilamide, 0.1%
naphylethylenediamine in 2.5% phosphoric acid]& ©]-8-3}<]
Alzui kel Fol] Sxsh= NO, 9 FelE ST AlE )
* ASH 100 W Griess A1 100 WS £83k] 96-well
plateoll A SEZF ¥H-SA)7] 3 540 nmolA] F =S 233
A Bt AeHel NOE A&sH| Hstd sodium nitriteS

X2

L
5=

AFEl] EEEAL 2SI
23 o 7

Ao)Z 47) H3)(TAHe, TAE, TAB, TAW)RI thsld ME=4]
g4Ee AMSE Azl TAHe F8olA #9373 €4
(Data not shown)°] EIEISUTE webxs| TAHe &8l thaled
silica gel#} ODS column chromatographyS H¥H&-3le] 4% 9]
A AsES EEskin.

BHE 1(Yellow oil)e TLCOl AMAIA #FHadt A3z uv
F7F L, 10% FAAE 7, Az 3 & ARk At Ag
710 2 wpAE)tt 'H-NMR(400 MHz, CDCly) spectrum®llA]
8y 5.21(6H, m)2] signal2F-H 6719 olefine methine proton
o] &AL FERNIT, & 3.643H, ) signalZHH
methoxy®] EAIE &Rl sF\th. 8y 2.80(2H, dd, J=6.4 Hz),
Sy 2.78(2H, dd, J=6.6, 64Hz), oy 2.30(2H, t, J=8.4Hz),
8y 2.07QH, m) ¥ §, 2.032H, dt, J=6.6, 6.7Hz)®] signal
22E allyl 939 methyleneo] #HZFoH, §, 1.41~1.27
A}ololl A th4=2] methylene proton signal®} &y 0.98(3H, t,
J=7.8 Hz)oIA triplet®] Wt methyl proton signalo] #=%U
o} webA] o] sELS Al A9 o|FEAFE HIL s
aliphatic chain Feje| 3}TEZ JEEHUT. PC-NMR(100
MHz, CDCL) spectrumlA4l 197]9] &4~ signale] 5% ATt
Sc 1749904 ester-carbon signal 3, 8. 131.6, 130.6, 128.7,
128.6, 127.2, 1264914 6712 olefine methine carbon signal
83 §: 51.59014] methoxy signale] #HZE AT §: 34.9~
20.7 A}o]oll A methylene signal3 &. 14.49|A] terminal
methyl signale] ERIEIIT} webr 3gHE 12 octadecatrienoic
acid methyl ester® T+Z5 THIIAT E£3F GCMSE ©|-&-5}
o] B A3 108 84=0lM T peakr} #SEIR2H, o]
313HE2] EUMS spectrumlX] M' o] peak’} miz 292014
A=)}, o] AE EUE Wiley libraryS ARSI A4
&l 43} 3}3-E 18 linolenic acid methyl ester® 5733154t

3} 2(colorless oil)> TLCol| Z7MAIAH st A3 UV
T 1L, 10% SRS 75, A= 3 5 249 A3 A%
ZHBo g whalglQitt 'H-NMR(400 MHz, CDCL;) spectrum®]]
A 8y 3.633H, s)°I1A4] methoxy proton signalo] HZE| U3,
8y 2.26(2H, t, J=10.0 Hz)°l|4] allyl methylene proton signal
A &y 1.22~1.98 AlelollA T2] methylene proton signal©]
A=%9ch ESF §, 0.843H, t, J=7.6Hz)%N 4] terminal
methyl proton signal®] &5 o] X4t sRtE=Z F5 HIU
t}. BCNMR(100 MHz, CDCl;) spectum®l A 17709 &
signalo] #ZSFH AT, & 17059 4] ester-carbon signal? &¢
51.5914 methoxy signale] #=HTh & 34.73% 3 234 At
olol A 14712 methylene carbon signal® &. 14.190A]
terminal methyl carbon signal®] ER1= A}, mpA] G35k
Z B8E& Slekd GCMSE olgste] 43 A3 o 7270
A T3 peak’t FEEHALH, o] 3ES EUMS spectrum?]
A M o] peak7t m/z 270914 #SEo| 2700E 2R 3
3, O|AE Wiley libraryE ARE-3F Blas]E 23 palmitic
acid methyl ester®} HX| SIS,

3}5HE- 3(colorless oil} TLCol| A7RAIA #&st A3 UV
F7F 1AL, 10% 3k 57, =% AR A Qg

o=

— T,
ol A=

B ¥
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Ao 2 AT}, TH-NMR(400 MHz, CDCls) spectrumollA]
8y 5.40(4H, m)®} signal2HE] olefine methine proton 4717}
S-S SRISA L, §y 2.632H, dd, J=6.6, 6.4Hz), §,
230QH, t, J=84Hz), & 2.18QH, m) 2 &, 2.14(H, dt,
J=6.6, 6.7Hz)9| signal=F¥ allyl $1X]¢] 4712] methyleneo]
ASFHACH, & 1.52~1.27 AlolollA] t}4=2] methylene proton
signal®} &, 0.90CH, t, J=7.8Hz)olX tiplet®] T methyl
proton signalo] FAZEITE WA o] 3gHES T A9 olF
AE 7t Q)= aliphatic chain FEje] 313HEE A=
T}, “"C-NMR(100 MHz, CDCL) spectrumo| A 18712 &4
signal®] TSH AT 8. 178490 4] este-carbon signala}, 3¢
130.3, 1273904 Z+zF 270, & 4709] olefine methine carbon
signalo] FEEHATL ¢ 34.0-22.8 ARo]olA methylene carbon
signal?t 8. 14.1914| terminal methyl carbon signale] ZH1E]
Atk EF GOMSE ol&ste] A% 23 11t 4954 &
A peak’t BSEHULH, o] 3HES] EUMS spectrumox] M
o}2 peak’l m/z 28014 AZFEHUH o] AAE EUIEZ Wiley
librarys ARgale] HAE A3 s1gHE 38 linoleic acidE &
Attt

SRME 4(white powder)= TLCO ZA7HA1A #ast A3 UV
F77F 912, 10% $Ahe &5, Az ¢ 3 sl Axk Agh
2o 2 g QItt TH-NMR(400 MHz, CDCl;) spectrumoi|A]
8y 2.30(2H, t, J=10.0 Hz)*lA] allyl methylene proton signal
I 8y 1.52~1.26 AtololA Th€] methylene proton signal®]
FZH A T3 5, 088(3H, t, J=7.6Hz)°| A terminal
methyl proton signale] #5 Fo] 2wkl slRtER 5 =Y
t}. PC-NMR(100 MHz, CDCly) spectrum®l|A] 16702 ®4
signalo] B=%037, 8 1784914 carbonyl-carbon signal®}t 8
3403 8¢ 22.7 AtelolAl 14712) methylene carbon signal® 3¢
14.1904] terminal methyl carbon signal®] &<l=3ict. GC/MS
2 A% 43 07 3404 B peak’t #ZFH AT o] 3}
FHE2] EIMS spectrum®|A] M* o] peak’} m/z 2569041 &
Z25om™, Wiley libraryS AM2-3te] vlwalE A3} palmitic
acidelt d*| sl

MNESY B 7= 1 AP 3] dAHEY oItk A
E=AE sk A8 A [ Y MDA-MB-231) 7F
H(SK-HEP-1)°] Al AEE-ES MIT WHS |83l Hrls
S SEE  1(linolenic acid methyl ester)® 3FE 3
(linoleic acidllX] T 7Fx] & AlEFo]| wxo&A0] MEEA
2= et thFig. 1). MDA-MB-231 A=l tjgt 33tE
1(linolenic acid methyl ester)¥} 3}3HE 3(linoleic acid) 50
uM EFZoA ZHZE 49%9) 43%2] M EZ=AS Ve THFig.
1A). MDA-MB-2319] Zo|5H3} estrogen receptor 22| X}
o)7} U= MCF-7 A|ZF] gt NE5A A" 75 &
APt ke MCF-7°0 gk Al 54 g3t gidth(Data
not shown). 7+t A EZFQ] SK-HEP-19] w3t 3stE 1
(linolenic acid methyl ester)¥ 313+E 3(linoleic acid)2 50
uM EFZoM ZHzt 47%9) 38%2] AlEXEAIS §=51 HFig.
1B). B3t -2 F=olX4 3HE 1(linolenic acid methyl ester)
3 35HE 3(linoleic acid>- <1A] 2] melanoma A EF<
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Fig. 1. Inhibitory effects of compounds from Nuruk on cacner cell
cytotoxicity. MDA-MB-231 and SK-HEP-1 cells (2x10* cells/well)
were incubated with the indicated doses of compounds purified from
Nuruk for 24 hr and treated with MTT solution for 4 hr. The extent
of the reduction of MTT to formazan within cells was quantitated by
the measurement of absorbance at 540 nm. A) Human breast cancer
cells, MDA-MB-231, B) Human hepatocarcinoma, SK-HEP-1.

A20589014] 55~80%%] AE =4 &3S AF3ttHData not
shown).

RE 147 OF Aad AR A4S Bl 3
SHE 13 3 cisHlR|8] o]FAEE V) F2 IHE JHeE
gled, vke-Ajo] 3R 2 9F 400 H|EtH AulHeE =ar, ¢
ANA Be dFAo] ope} Rl BYgoE EAZ e
e aglel He Aow F=5EY. AT 03 B2 06
B XSRS A 9] o]FAH o], FaAA, ATHAGA
Al 58 ZHse d] Uriar Harso] flom B B3]
Hhako] A3 fatty acid synthase(FAS) 5 lipogenic enzymes
AA|5le] F AEL] APFES fEditiy Ry EHQIT Y EX3)
A Akel 33HE 1(linolenic acid methyl ester)?t 3} 5H=
3(linoleic acid)= AISHEAA £ lipogenic enzyme =& 52
B3t o Alxe] BS5E 2™k A0E AlEHN

Nitric oxide €A B3 Nitric oxideNO)= nitric oxide
synthaseNOS)| 218 L-arginine®- 25 AAEH o 71
A st A Foste FoE dHA Yok LpSH
cytokineo] ¢]&] ZHE inducible NOS(INOS)= B2 49
NOZ calcium B|e|SEd o7 AASI] FE5Hke FU¢ Y &
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Fig. 2. Inhibitory effect of compound 3 on the production of nitric
oxide in RAW264.7 cells. The production of nitric oxide was assayed
from culture medium of RAW264.7 cells stimulated with LPS (1 pg/
m/) and IFN-y (10 U/m/) in the presence of compound 3. RAW264.7
cells were plated at a density of 2x10° cells/m/. Nitirite accumulation
was measured by Griess reaction in culture medium. The values are
the means+S.D. of three independent experiments.

of #dste AoE B HIYEW FF il F83F 9%
< 3= NOAAY Wit 5 fdlf AHAE sijtee] 29E &
71kt AAE NOE= Griess A RS o] &3k A|E njjoked
o EAsk= NO, ¢ FHE Sty 2 23, sidE
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