oFet3]| A A27d A 1% 29~36(1983)
Yakhak Hoeji, Vol. 27, No. 1

Aspergillus niger0l| 2|5t Shogaol2| &9 MU ZT

oS OW-F M %
A S REB BB
(Received February 2, 1983)

In Kyung Koh and Sang Sup Lee

College of Pharmacy, Seoul National University, Seoul 151, Korea
Biodegradation Mechanism of Shogaol by Aspergillus niger

Abstract—Shogaol, one of the main pungent principles of the rhizome of Zingiber officinale, Roscoe,
was biodegraded by Aspergillus niger to produce two main metabolites. The crystalline metabolite
obtained after silicic acid column chromatography was proved to be 1-(4-hydroxy-3-methoxyphenyl)-
decan-10~o0l-3-one. The oily metabolite obtained after prolonged fermentation was 1-(4-hydroxy-3-
methoxyphenyl)-decan-3, 10-diol. The results suggest that shogaol should be biodegraded to 1-(4-hydroxy-
3-methoxyphenyl)-dec-4-en-10-0l-3-one or to 1-(4-hydroxy-3-methoxyphenyl)-decan-3-one, and to 1-(4-
hydroxy-3-methoxyphenyl)-decan-10-0l-3-one then to 1-(4-hydroxy-3-methoxyphenyl)-decan-3, 10-diol
and finally to carbon dioxide and water.
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3 ek, 239 7} microsomal enzyme?- shogaol® 7kEgfk3le] 5-hydroxy shogaol [44-1-(4,5-
dihydroxy-3-methoxyphenyl)-3-decanone] 0 & A A 74 9lz® A EZA 2] cytosol fraction
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Bk, ME L HE UV spectrum& A .20 A T4 methanols o 2 o] Hitachi EPS-3T
£ AHE83lg e, IR spectrumi Al 2.7 mA| ¢l A% KBr diskg] 02 o1d o] 7 %o neatd o
Z 939z Beckman IR 20A& A}&3l¢ch. NMR spectrum® CDCl, 8 2=o] 4] internal
standard2 4] TMS (trimethylsilane) & 4] 4] Perkin-Elmer R 32NMR spectrometer® A}-&3}9] 5
chemical shiftx] &= § vauel2 ¥ A)3+g ).

GC-mass spectrum-2 A §& BSTFA[bis(trimethylsilyl)-trifluoroacetamide] 2 silylationd} ¥
AEI Scientific Apparatus Ltd.2] MS 1073 DBMS 1073& A}&3}¢] A9

Aspergillus nigeri= Wisconsin (Madison) ®&<] Dr. C.J. Sih¢] x| Z o= malt extract agar
slantso]] B Z&3}g o}r} A}-8-3F o}

Malt extract agar slant®] Z4]-2 malt extract(295), peptone(0.1%), dextrose(2%), agar(295)
o]9l25, soybean dextrose medium(S.D.M)2] ZA-2 NaCl(0.5%), soybean meal(0.5%),
K,HPO, (0.5%), dextrose(2%), yeast extract(0.5%), pH5.4(HClz z4)o] gt}

Shogaole] Az ¢ 032} W& F£3¢ ) Z vanilling acetoned 733 alkali Zxj
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ate] A28t dehydrozingeroned FAE F }A 3% Na-Hg A&z 34% zingeroned
9l t}. o] zingeronee| capron aldehyde® »}8}z 40% NaOH= A z}slod shogaolZ @9lch o
2 shogaol2- silica gel chromatography(solvent system: bengene, ethylacetate) 3 33l A A 3}
9t} Organic 2 inorganic chemicals-& reagent gradeg A}8%}4 s, thin layer chromatograph
& silica gel& E. Merck Co.9] Kieselgel 60F 2549} Eastmas Co.2] chromatogram sheet-& A:
&8tol ot

A7f &= 2% ethyl acetate(110), isooctane(50), acetic acid(20), H,O(100)& R &+ E 313}
SHEab wlx 3 Az g al8stg ol WA A ko 2 = diazotized sulfanilic acid reagent'’,!®Z A}
L3ty 7, MerckA}A Kieselgel 60(15% Celite &-§)8 # 4] gradient elution(ethylacetate:
benzene) column chromatograpy s 8 3} ch.

KB H5E—2T7F5 His 30°Col 4 50m! S.D.M.& 43k 300ml Erlenmeyer flask& 3 3

rotary shakeri}ell 4] 180. r.p.m.o] X2 FAHAA W Fstgen], dvE wiEEs &2 His

72 zA0] 4 500ml S.D.M.& &3 2,000ml Erlenmeyer flasks A} g3te] A A stgct. &3]
Al Wik £4 222 Scheme 119} 7o},

Inoculation of A. niger on S.D.M. (50ml)
&Incubation on a shaker (180 r.p.m.) at 30°C for 8 hours
Transfering to S.D.M. (500ml)
JFurther incubation on a shaker (180 r.p.m.) at 30°C for 24 hour
Addition of substrate
1Further incubation for adequate hours
Termination of the fermentation by acidification with ¢. HCl
lExtraction with ethylacetate, Evaporation to dryness under reduced pressure
Separation by chromatography
i Acetylation with acetic anhydride and pyridine
Anaiyses with UV, IR, NMR epectroscopy

Scheme II—Experimental procedure.

1) Shogaole] 471 % ® & : Malt extract agar slantse] ¥#% A. nigerE 25ml S.D.M.o]| A F
3}od rotary shakero] 4] 484] 7} preincubationA| ] ¥ 5mlE- pipette® # &} 50ml S.D.M.o} A=
2 stgch 2447 B WA 7 ohe 12.5mge] shogaolg 0.3mle] N, N-dimethylformamide
(D.M.FJel ol 5| 919 wigade] Z3tglet. A A2 14 o2 5mlE  pipettez Hal HClE
748 A B A 6] k& F A3tz 5ml ethylacetate @ 3233t F&3l9td. Chromatogram sheet
of 27 AAF AMA7 = UV lampe F4 AAL &3 3 diazotized sulfanilic acid test
= shogaole) 12 4% FFFGeh RAel wet shogaol 4} AF 1,22 A ek
(Fig. 1)

2) Shogaol =] AbatE 19 ¥ : (1) i7-= 4r&. Malt extract agar slantse] ¥ &% A, niger
2 5oml S.D.M.= 5% 300ml Erlenmeyer flask 47§ o] HEA|A rotary shakero] A 48] 71 )
F3t = 500ml S.D.IV 0] = 2000m! Erlenmeyer flaske] 718} 213 F5}e} rotary shakeroll 4 244
7+ o wjokste el 0.5g9) shogaold 12mle] DMFe o 3mly Ztzho} wlj Fae] 7bst F 334
7+ rotary shakero] 4 wj okgt ©h-& HCIE 7l&) pH 2 sA 3t vl g FA A#

Vol. 27, No. 1, 1983

O

N



32 QA - o] 44

O o ——— : shogaol

—o— : retabglite 1
~= == metaholite 2

sorbance

¢
b

std. 10 24 32 48

22 239 o539 280 360 rm

Time (hours)

Fig. 1—A TLC profile of shogaol-biodegradation by Fig. 2—UV spectra of shogaol, metabolite 1 and
A. niger. metabolite 2.
Time: fermentation period, Std: shogaol
(2) & 9 F&. o kg £4A715 cheese cloth& myceliumg- o 337 o] & & ethyl acetate
2 24 £33 9t &AL 7ok, T3 5] 489 ethyl etherd] %o 2N NaOH= F &3}z
HClg 718] At o2 3tof ethyl etherz A$ 2 At F29 SF52 29 A3 32 Na,SO,
= 259 g A% B
(3) AA. 5%FEF 0.6g silicic acid column(15% celite 3%, 1x30cm)S E& Fol 1}
o] B H = A £ 2 A wHe Jox e FAHY gradient elution systemo = 3}
¢lt}. Z Ist chambero]] &= ethylacetate: benzene=20 : 80 150mlE-, 2nd chambers]= ethylace-
tate: benzene=70:30 150mlE& @z flow ratex Iml/I0min= s}¢c}.
T.L.C.o| A A ez Bol= fractionst Ro} £08 Fa] 2l 30mge] ZARAA Exo] Ao
FA o} o] & UV, IR, NMR, Mass spectroscopy® F2& 43}, (Fig. 2,3,4,8)
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Fig. 3—IR spectrum of metabolite 1. Fig. 4—NMR spectrum of metabolite 1.
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Fig. 5—IR spectrum of metabolite 2. Fig. 6—NMR spectrum of metabolite 2.
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Fig. 7—NMR spectrum of acetylated metabolite 2. Fig. 8—Mass spectrum of silylated metabolite 1.
3) Shogaol o) A} ALE 29] ¥ : (1) 4= 100 o
BE, 22 2 53 29 4 o 39T 24 pe ]

o 2 4719 2,000ml Erlenmeyer flaske] shogaol
0.5g% 12mle] D.M.F.¢o] o Sml¥ =z 7 4
Sz 5247 WA F HOE AAd e - i
FAAT L 2 o E & 55 3t :|tl

@) AA. F2F 0.72% )9 @elA 7 o
< columnd] 23¢] We] E&l s%rt. Gra-
dient elution system& t}-8-3} 7kc}, (Ist cha-
mber ethylacetate: benzene=3:7 150ml, 2nd chamber ethylacetatate: benzene=g8:2 150ml,
flow rate: 1ml/10min) T.L.C.ofl 4 & & o = F o5 fractiongl o} &mjE Fa ¥z I
50mge] §AEA-8 UV, IR, NMR, Mass spectroscopy® +Z& FA3t4rt. (Fig. 2,5,6,9

(3) Acetylation, 2)o| A} Ee]g djAt AE 26mge FHs) 48o] acetic anhydride®} pyridineg
e vhe Sk Aol WA Ete acetylationA e, EHlE 2y Rz ezl EAL
NMR spectroscopy 2. 2% FAgct. (Fig. 7)
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Fig. 9—Mass spectrum of silylated metabolite 2.

Shogaol& FzA oz Ew] ulAg B 23 HA7t 7Hedt F-97F AlFel vk A, shogaol
9] vanilly! ring moiety® 4} ¢]3to] A3} uro} catechol ZF71dl = HYv}rt o1& 235 o ring
o] Aoz Ea s Aolx, Ea] shogaole] side chain Wzt o 2 4] w-oxidation® o = upAl X
oA dutAel p-oxidationd AH Hs]=E Zoln, Al shogaole] side chaing] a, f-unsaturated
ketone H-912] 34 olr}l, electronegative substituentz} ¢l conjugated carbonyl systemo] ©]
Eo =FAE o]F A o] carbonyld] HAL FAHE
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iR EgEE—Shogaols] WA & A3 FAL U] 93 shogaold 250ng/mle] B & A, niger
of =FAF S W 27kA] A Aol A4 HAHAen 4 oA AEL UV lampe] &4%
e}l = diazotized sulfanilic acid teste] ] ¥4 & t}elv]o] phenold] Eadg & 4 Agch

KB BEE—UV spectrumA} 9] shogaole] 227nmef 49} imax: side chain® a, § unsaturated
ketones} vanillyl ring moietyel] 7] <ql¥}] 282nme] Amaxi= vanillyl ring moietye] 7] <lgc}. o
TFE iz 9L A} AEE9 UV spectrum& =3 A 282nmef 4 ¢} absorbanced] =& ZF
2o A9l SAA 9 S = 227nme] absorbancer} shogaolo] w3l X3 A3lE o & ring
% oo 2oln side chaino] Walrt do| B AAbal F4ich (Fig. 2)

D fREE® 1: Shogaole IR spectrumifo] A a, 8 unsaturated ketoneo] C=0 peaks} 1670cm™
5} 1630cm™tel 4 vhebvbik B AR 19] IR spectrume] 4% 1700cmio] 4 73 peaksh vhebyt
o 24 595 ketoneo ® WatE &4 & 4 ek

) ALAHE 12] NMR spectrumel] 4] & shogaole] carbonyle] <l A& B %38} 4249 5. 2ppm=} 5.9
ppmol] 41 2] peake} side chain whele] CHzel 0. 85ppmoi 418 peakr} AbebAz 2.37ppm3t 3. 64
ppmel 4] A &g peaksl vhebikel. (Fig. 4) B A44-E 19 NMR signal2- Table Ie] Hrxlo} gl
L.y mass fragmentation® t}&3 e}

438(M*), 423(M-CHy), 407(M-CH,OH), 366(M-Si(CHa)s)
349(M-HOSi(CH,);) 334(M-(HOSi(CHj)s-+CHj))

o] A9] spectrumAte] 2 w2 Ho} d AbAE 12 shogaole] side chain®] o $X 7 F43t8 =z
a, B unsaturated ketoneo] Z 3} ketoneo 2 393 1-(4-hydroxy-3-methoxy phenyl)-decan-10-
ol-3-oneo 2 A} g # .

2) tHAF AHE 2:wlA AF AHE 29] IR spectrume]] 4] 1700cm~! H-Z9 F4rt Ao R
C=09 A% & 4 Al (Fig. 5)

Table I—NMR spectral data for metabolite 1. Table II-NMR spectrum of metabolite 2.
h
e f g h i Jj k 1 mn ’
£ OH . . ko1
CH,,CH, COCH o CH, CH, CH,, CH., CH,, CH, OF e T 1 monoop
- !
. : CHZC}{ZCSCHECHZCHZChZ“'EZCHZCHZOH
' a b
¢ OCH d
OH OCH3 d
- OH
Sﬁ??n(%%l No. of H Pattern Assignment I e
%h;:;ni(%z}l No. of H Pattern  Assignment
6.76 3 quartet a,b,c st o) o
3.88 3 singlet d 6.78 3 quartet a,b,c
3.64 2 triplet m 3.9 3 singlet d
2.76 4 sextet e,f 3.67 3 triplet 0
2.37 2 triplet g 2.7 2 multiplet e
Ca 2.3 1 buried n Ca 2.3 1 buried p
1.1~1.8 10 multiplet h-1 1.2~2 16 multiplet f-n
Solvent: CDCls, Internal standard: TMS Soiirent: CDCls, Internal standard: TMgA
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o A} 2% 29] NMR signal2- Table [Jo 4 Table XII—NMR spectrum of acetylated
wsle} 9o mass fragmentation® &=} metabolite 2.
7, i
512(M*), 497(M-CHy), B R T
423(M-HOSi(CHg)3), CH, CH, CHCH, CH, CH, CHy CHZFHECHZOCOChg
407{M-(Si(CHjy) s+ CH,0OH)] s b hj k
334(M-2x OSi(CHj),), c P
303(M- (2 X HOSi (CHy) 3+ CH,OH) ] OCHs d
YA 4T 29 FEE US WY A 9 0eocts

o acetylationdt ¥ AHALE 2¢] 2.04ppmel e ¢
acetylz] 9] 6719 44 peakz Qe phenoM Chemical )
OH»| o] 5] % 3-o] 243 51989 243 shift (8) No. of H Pattern  Assignment
g2 (Table ), oA Azalz A A4E 2% 6. 86 3 quartet a,bec
oA} A% 19 carbonyle] 343 1-(4-hydroxy 4.97 1 broad h
-3-methoxyphenyl) -decan-3, 10-diol1-&- 53 4.08 2 triplet P
kg o}, 3.84 3 triplet d
Shogaole] o)A 4% 129} Age st g 20 2 triplet f
Qe TR wedd o]F ojx W] WA 229 0 singlet ¢
2L ZA6 Aol Ao "l A3 i 04 6 smfl‘et1 1,'q
FREA Ragn AALE A Ag am oo M meRe e
o] A ukate] B-oxidatione A ZaE A Solvent: CDCls, Internal standard: TMS

oz a&dd o] Fig. Deld 2 vhsh 2ol 4847 ol Tl A4 AFo] AEAA Fge
A4 S50k wesl AEY Aoz A2 Lok

CH,CH,C0(CH,, ) cCH,
doublebo{d 00‘3 S~
hydrogénation OF w-hydroxylation CF,,CH,CC{CH,, ) ¢CH,OH
CH,CH,COCR=CH(CH, ) ,CH -
2 274773 1-{4-hydroxy-3-methoxy-
phenyl })-decan-3-one o O
ocH w h;l Latt Qoubl ebgnd . OCH,
3 -hydroxylation . aro ti ’
OB CHZCHZCOCH=Ch(CHZ)l'CHEOHy EERatlon . (4-hydroxy-3-methoxy~
shogaol O phenyl )-decan-10-0l=
ocH 3~one
3
1-(4-hydroxy-3-methoxy-
o phenyl }-dec-4~en-1C-01-3-one
|
CHZCEZCH(CHZ)GCHZOH
carbonyl reduction —— > —— > co, + H.O
CH 2 2 N

- 3

1-(4~hydroxy-3-methoxy~
phenyl )-decan~3,10-d10l

Scheme III—Biodegradation pathway of shogaol by A. niger.
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Shogaol& A. nigero] A& A7 wl A4 3 (biotransformation)o] o] Folz] &A= oA}

AES B2 Q3 A5 A 4E 12 1-(4-hydroxy-3-methoxyphenyl)-decan-10-ol-3-oneo]

o]

4

PN DT e N

10.
11.
12.
13.
14.

16.
17.
18.
19.

AL A2 23 1-(4-hydroxy-3-methoxyphenyl)~3, 10-diole] g}z = o} = o},
A AE 19 28 A= HAAA €2 AAE Hakdte] £ A nigero] 23 shogaole] AF-
(biodegradation)2] 7] wAlY 7]AL v}&3 #ZL A27 JdE Ao W=}, (Scheme [[)
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