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Rhapontigenin Production by Bioconversion and Inhibition of Melanin Synthesis. Jeon, Min', Kang-
moon Lee’, Young-Hee Lim?, and Jeong Keun Kim'*. ' Department of Chemical Engineering & Biotechnol-
ogy, Korea Polytechnic University, Siheung 429-793, Korea, *Department of Clinical Laboratory, Science College
of Health Science, Korea University, Seoul 136-703, Korea — Rhapontin is the glycosylated stilbene compound,
and comprising major component of rhubarb root extract. Rhapontin has been used as a raw material of skin-
whitening cosmetics in Korea. Rhapontigenin, the aglycone of rhapontin, has been suggested to be more
active than its glycosylated form. Therefore, the rhubarb root extract was treated with commercial enzyme,
Pectinex to remove glycosylated moiety of rhapontin and rhapontigenin was prepared. The resulting material
was analysed and identified as rhapontigenin by proton NMR and MALDI-Mass. Rhapontigenin exhibited
tyrosinase inhibitory activity with an ICsq of 126.72 pg/mL. The tyrosinase inhibitory activity of rhapontige-
nin was six times higher than that of rhapontin. In melanin biosynthesis inhibition assay using Streptomyces
bikiniensis, rhapontigenin showed wider inhibition zone than that of rhapontin. From these results, we expect
that rhapontigenin has stronger skin whitening effect than rhapontin and has advantages in cosmetic industry.
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Pectinex(Novozymes, DENMARK)E A}-8-3}19].2H, tyro-
sinase * | BA] &Aoo AH-E L-tyrosine, mushroom tyro-
sinase, hydroquinone, kojic acid %! ascorbic acid¥= Sigma
(St. Louis, MO, USA) R &2 AHg-s}gich,

Rhapontin &=

71 2pekEe] W& ¥ 48kg2 WH7)ell ¥ methanol
(MeOH) 160 LE 718t & 48717 &3 ulsiet. o %
Aol 48A)7t AAAIA 1A E MeOHES FI3l YA
MeOH 120L% ¥ 3wt A1A $9} 2 Wy es
MeOHZE Helsle] 12} 245 €4 o348 F 75°C
A FF3I8. 33 SH 40 LE He] ARolA 3083 1
ukslaz, oAl 80 L9 ethyl acetate(EAYE go] 3087 amt
g & ARgollA] 2A17F AXERIG. BelE B5E ARl
16717 AAA7| 22, 738t F 33} 55 10L¢F EA 10L
2 Zpz} AlFste] 50°CelA 30412 A Axsge} Ax
% atomizer® F3)8}o] 48kge] wiE oz HE] kg2
thapontingy &3},

Rhapontigenin M=

o) ske 2 e 323} rhapontin 30 g& DMSO 500 mLell
43| A17) F acetate buffer(pH 4.0) 1500 mL9} Pectinex®
100 mLE- e 55°C, 100 pm & 44|27k vhgsladet. whe-

A2 F 2F4 1500mLe A7Nsle] A o5 o
) stedeh. WA= vh-E8 || (Qualitative filter papers,
110 mm &, Whatman)s o]-§3}e] o33} F FHpE 3
AES 88 AFsgc 258 FHES Tl 50°CAN
3047t A AZNA AZSH 11.8 g2 rhapontigening 4
A=t

Rhaponting} rhapontigenin2| HPLC &4

o) sle] 2 Be] Al2% rhaponting} o] & EA -3
&he] A2 rhapontigenin®] A #E4-2 HPLC(LCQ Ad-
vantage MAX, Thermo Electron, USA)Z 48] =] 3] “h(Fig.
1). HPLC ¥4 2712 953 2ok 4Z7] PDA detector,
7% 97 325 0m, 24 2% Luna-Pak® C-18(5 um, 4.6x
250 mm, Waters), A& 4% 20 uL, F% 1.0 mL/min, &
7§€=l CH;CN : 10 mM H3PO4=35: 65.

NZ=E Rhapontigenin®] #X1& ¥ TEEN

Rhapontin® 25€] §4 715pRslel] ojs) #A1x% rhapon-
tigenin®] FAIEF-E AW FAF A} T5717199
MALDI-Mass(Voyager-DE STR Biospectrometry Worksta-
tion, Applied Biosystems Inc., USAYE AHE-3le] &<l
o} $A72e Feld ke 'H NMR(Varian 400-
MR, 500 MHz, Varian Inc., USA)S °]-&3}5ich.

LN
A A

oo Rhapontin standard
156000 {RT:3.35)

0 o® ow

w
3
ey

Fed Rhapontigenin
e (RT:7.59)

38 ¢ 1 Rhapontin
b 3.36)

fag
AR

BLan
AR e

Fig. 1. HPLC chromatogram of rhapontin standard (A) and mixture of rhapontin extract and rhapontigenin (B).



Tyrosinase *si&Ed =3

FZE°] tyrosinase A3 432 Tomita[19] 55 W3}
o 53 o] FAss]ch HF-E-9- 0.1 M phosphate
buffer(pH 6.5) 1.15mL, 0.05M phosphate buffer(pH 6.5)
50 uL, mushroom tyrosinase(2,000 U/mL) 50 uL, 1.5 mM
L-tyrosine 0.2 mL, %% 0.1 mLZ FA3593, 1.5mL
microtubeel| HF-§-28-& A 7}}ed 25°C heating bath(BS-11,
Lab. Companion, Korea)ol| 4l 10%-7F WHg-A)Zic}. k8 &
Aol A FaukeS X A7 F UV-Vis spectrophoto-
meter(CE 9020, Cecil Instrument, ENGLAND)E- o]-8&3}¢q
470 el M FREE SAIG. FEE-2 DMSO, ¥ITE
Zlel hydroquinone, kojic acid ¥ ascorbic acids 2F5E
247} 62.5~1,000 pg/mLe) EEH )2 A H 02 545}
ARg3ldet. F2E Hiile) DMSO 0.1 mL& 7138}d control
2 393, vaEA Wil S5 0.1 mLE 7ksted vl
E29 control® ¥t Th =3 tyrosinase 4l 0.1M
phosphate buffer(pH 6.5) 50 uL& 7}3le] blank®. 3} ).
olmle] B B AE(%)S olelle} o] AAbslal, Ha
2] BAE 50% Adshs FEE WAMHOR T3l o5
ICsp B2 veh)|siet.

Tyrosinase 4 A a-&(%) = {(A-B)/A} x 100

A; OD at 470 nm without sample

B; OD at 470 nm with sample

Enzyme kinetic assay

Enzyme kinetic assay™= 7]¥-% S 2 tyrosinase *] 3] ZA]
S U8k 271 shellM S8= i} 1), L-tyrosine
9 Fxx= 27t 025, 0.5, 1, 1.5 mMZ WH3R|A 7o) &=
2o HE3I81aL, 550 FEE 44 0, 005, 0.1, 04
mMEZ H3A|AH #851990). 1.5 mL microtubed]] HH5-24-2-
H7bsked 25°Cel| A 1A17F E9F HheAIZ] B LA A 5
7 BANRES ARAZ F 470 nmell M FRES A E)
gt XA 7= Lineweaver-Burk plotg o}-8-3te] FA3}
Aot

Streptomyces  bikiniensisE 0|€8F melanin M4 AXE
o 25

Tyrosinase A 3&A 2} w712 2 Tomita[19] 52 W
& waaied cheat ol ARskT wehd AAETe
Streptomyces  bikiniensis KCTC 91723 KCTC(Korean
Collection for Type Cultures, Daegu, Korea)=5-E] 2413}
qet. B T -70°C A FARISAL 1S ISP No. 2
medium(Difcoyl] =sle] 28°Col|lA 48~17) wiokslgict. V-
8 juice(Campbell Soup Company, USA) 200 mL, glucose
2 g, yeast extract 2 g(Difco), CaCO; 1g, agar 20 g5 %
T 800 mLell -8-3§A]# #| =3} Papavizas' VDYA agare]
S. bikiniensisZ ATste] 28°CellA 257} wiesisiet. 3]
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o] A} HAEY G4 10 mLoll A8 FEE IAE
e A] 7] 22, Bacto-yeast extract(Difco)E 0.2% X373}
ISP No. 7 mediumel|] 0.1 mLZ =43}e] ujz|of] F4A171
o}, wjA) Ewle] 4] ml2e AR £ 20 uLE § mm
paper disc(ADVANTEC, Toyo Roshi kasha, Ltd., JAPAN)
o] A7) F iR Fool] 7], 28°CollA] 4817 wl
oksiglth. ol Al3e] = 20 pLlell 125~1,000 pgel

£ 3191, controk- DMSOZ }ict, wiek £ vieht
* jinhibition zone®] 7|+ vernier calipers(Digimatic
caliper 500-182, Mitutoyo Corporation, JAPAN)E- A}-4-3}
of ZA3lct.
A3t o g
Rhapontigenine] M4EM

Rhapontin®Z5E] &4 7lpRalel ofs) A= 49
2 g9l 9)8led MALDI-Mass ¥-4-8- & A3}, B}
2 258.1% rhapontigenin®] ¥ARFH YAk Ao ve}
Woh(Fig. 2). =3 AAE Ao Fx 2l 98 'H-
NMR 4173} v]atE-2¢] rhapontindl]l Yeld 4.5~5.5%-2]
peak’} $1o17 722 vehdoh(Fig. 3). o= ANk 9
shA] WA S A4S W rhapontin®] glucose?} 7%
3 =|o] aglyconddEl®] rhapontigenin®] A€ Z1E& 2 4= 9
oot AEA 3t 2]3} thapontin(30 g)>E5E] rhapontigenin
(11.8 gyo2o] A3 3582 393%% Hioh.

Tyrosinase Aafj&Hy

Tyrosinase A8l &4 &2 27}, 62.5 ug/mL®] rhapontin
W rhapontigening 2|8+ A3} 77 45% 2 31.4%2] &
A Aeheg B9, v|aEd 2 AMSE hydroquinone, kojic
acid ¥ ascorbic acid= Z}7+ 76.4%, 93.3%, 73.1%2] A
A8 Rodoh. =3 1,000 ug/mlellA rhapontin®- 47.1%,

100, 25810 Rhapontigenin 148
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Fig. 2. MALDI-Mass spectrum of rhapontigenin.
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Fig. 3. 'H NMR spectrum of rhapontin extract (A) and
rhapontigenin (B).

rhapontigenin 89.0%%] ¥4 A& Hglal, v|wER
hydroquinone, kojic acidt 99.8%, ascorbic acid:= 98.8%
o] B AeES Boloh(Fig. 4). 7] Agol ¥ kojic
acid®] ¢ T= 7kl wel Heg Fol & HEE 2
o]2] ¢k ubA, rhapontigenin®] 7= 200 ug/mL ©] 3}
Me Fx 7l wet tyrosinase 24 A7t F43] 27}
e T HEHe A e Boh 840 $4S 50%
Asfehe FE VEME ICs 7S 533 23}, rhaponti-
genin®| rhapontinell B]3] <F 7 & A3 AL Jehy
1H(Table 1).

$1¢] Z#= rhapontin®} rhapontigenin =5 tyrosinase
A S 7 US4 4 2191} Rhapontigenin®)
745 A3 o] A5l = tyrosinase inhibitor® LE}=]
kojic acid ¥ hydroquinones} Bl Wb & x}o]E ¥y on}
UAFE(500 pg/mL) o]eld M2 2pol7} =A 7
4FE o 4 2d%ich. 4h, rhapontin®] 4ol =27}
ol 23) Asf&o] MA3] FrIsl ot A1) ALL-3r 9

120
W1 e—— == 4
o T -
804 Tl
g_'v-*’ -
- -
£ Ve
e 60
8 «
E s
s . 7 ——
S -
E J AT
L
-
20 4 " -
R
I'e
o P
T r v r r
[ 200 400 600 80O 1000 4200

Inhibitor concentration (g/mi)

Fig. 4. Tyrosinase inhibitory activity assay. The test was
repeated three times independently and the each result was
expressed as the mean value of the results. @; Kojic acid, O;
Hydroquinone, ¥; Ascorbic acid, A; Rhapontin extract, ll; Rha-
pontigenin.

Table 1. Determination of ICs for tyrosinase inhibition.

Inhibitors ICso (ug/mL)
Rhapontin extract 832.8+23.1
Rhapontigenin 1267+ 4.5

el M= v E2 Y rhapontigeninel] B] 3] #]d]E-<] =7
@2 g & 4 Usieh WA rhapontin®] WiEAIE B
7ol o8l AAT2EHN tyrosinase AN DS L5
3] F7HE = UeS o 5 oldk

Enzyme kinetic assay

Tyrosinase inhibition modeol| &t A3 A} rhapontini}
rhapontigenin 25 557} 271845 V.. 33 K, 3ol
74 2~8} 91 o(Table 2). ®2}A rhapontind} rhapontigenin-o
EF mixed-type inhibitionEE3 <A)9] AL VehdS
gl & 4 S HFig. 5). Z, tyrosinase2] active siteol]
7143 ARz Agsle dehdo] AL JAFE=
competitive inhibition(3A < #|)3} tyrosinase®] active site
o 7|Ale] At F AAEE T B st
o] Wehde] S JA3= uncompetitive inhibition(F77
A dAllye] E3=e] 9)= 3eleo]o}. Inhibition constant (Ki)
A4 94 o | ki 32 73 A 4 | K o=
el Heplisie. o] Ao vl ulel Aago]
7¥etet dAAFE oM E Asgo] o oA FIEA] &
= x3}348 H<Ql rhapontigenin FEF 7l wE
tyrosinase*| 3l A A3} (Fig. 49} F& AR S By

Streptomyces bikiniensis& O|&8t melanin &4 {x|&3}
Streptomyces bikiniensis KCTC 91725 o] 83 Wahd



INHIBITION OF MELANIN SYNTHESIS OF RHAPONTIGENIN 53

Table 2. Ki, V 5., and K, values for the mushroom tyrosinase activity in the presence of rhapontin extract and rhapontigenin.

_ . Ki Ki Mode of
Inhibitory agent Concentration (mM) Vinax Kmn (mM) (mM) inhibition
0.05 0.021 4.505 1.042 1.190
Rhapontin extract 0.1 0.018 4.292 1.163 0.422 Mixed-type
04 0.010 3.745 0.487 0.340
0.05 0.020 5.747 0.118 0.450
Rhapontigenin 0.1 0.017 5.525 0.175 0.321 Mixed-type
0.4 0.004 3.322 0.118 0.079
A 2500 - y Table 3. Inhibitory activities of rhapontin extract and rhaponti-
S/ genin on melanin formation in Streptomyces bikiniensis KCTC
e 9172.
2000 i == —
./ s Inhibitory agent Amount used (Lg) Inhibition zone (mm)
" by r
T P S 125 11.0 = 0.08
E oy a4 4 // Rhapontin extract 250 14.820.10
! e : P 500 204+0.17
S ool d / 1000 23.6 % 0.09
£ e = 125 14.9 £ 0.53
] Rhapontizenin 250 17.6 £ 0.15
500 pontg 500 215+0.12
8 1000 24.5+0.05
¥ G} il
-2 o 2 4 [
Ufs] (mm)*
B 5000 - -
/
. 4000 e
£ '
H e o
g D00 S e
fa) f,' o
o
4 e
S Yy,
= 2000 s x‘
- 2 / -
1000
2 0 2 4 6

18] (mMy"

Fig. 5. Lineweaver-Burk plot of mushroom tyrosinase and L-
tyrosine with rhapontin (A) and rhapontigenin (B). @®; 0 mM,
V; 0.05 mM, W; 0.1 mM, <; 0.4 mM. The test was repeated three
times independently and the each result was expressed as the mean
value of the results.

A AA &= Z1E3F A3}, rhapontin?} rhapontigenin 5
I+ inhibition zonee] “}E}st}. Rhapontin?}t rhapontigenin
< &8A17]=d AF-¥l DMSOZE negative controlZ ©]-&
8k 7-§-ol|*= inhibition zoneo] YFER}A] ¢kstt}. Inhibition

zone?| 7| FE HEXH R 7} 3199, rhaponti-

Fig. 6. The inhibition zone of DMSO (A), rhapontin (B), and
rhapontigenin (C). The disc contained 1000 ug of each sub-
stance. The zones of growth inhibition, melanin synthesis inhibi-
tion, and melanin formation were a, b, and c, respectively.

genin®] Aehd A4 A E7} rhapontinZ vl FHod-& &
4> )9l TH(Table 3). ©] A= tyrosinase inhibition 7
ZAzpel vlas] B, 7 A7} vl§- Akt B2 ARRA
< Hepisieh
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& A¥ellM FE= inhibition zone S. bikiniensis®) &
Ao] AAFe] £ Mol HEa} o] 242 FHglo
u Eehd MAE AR Fele] IS g Bow
1A 1k (Fig. 6). °17- rhapontin} rhapontigenin®] =
gde] AL A FAo| S. bikiniensis®) 24 w3k
A= ofn)2 Mg 4= glo}h w2k rhapontinT}
thapontigenin- Wehd A4 AA| &3} Pat oj)z} A
2R o &7FsAE & Aoz s

2 ¢

3o 2 HE] %3} rhaponting AFYS 42 IR
#]3}e] rhapontigening A &8}3L kojic acid, hydroquinone
4 ascorbic acidE W] FEAZ. § tyrosinase A A
2 S. bikiniensisZ °-83 Wehd A JAEH} AHE F
s wlw & 3tel o3 7bsA4 S el 59t} Rhapontinst
rhapontigenin®] Z#}-Z B]¥s)] 29 rhapontigenin®] 7-$
tyrosinase A F I Wepd YA JA)5o] Frkeh= A
22 vepgel webA rhaponting: &= 7Hpallsle] A
¥ rhapontigenine- P]Wo] YE3) %—7]"—% Ao vz}
FAZ AL S S Aoz suEs
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