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(Large scale production and industrialization of valuable agricultural

resources and its application to develop an effective cosmetics)
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SUMMARY
I. Title

Large scale production and industrialization of valuable agricultural resources and its

application to develop an effective cosmetics

II. The Purpose of a R & D

This study aims to carry out excavations for dietary materials and functional cosmetics
including skin whitening agents and commercialize eco—friendly, hypoallergenic cosmetics
by standardization of bioactive natural agricultural resources using metabolomic technique.

Together, we attempt to produce in large quantities of active substances and industrialize

them.

M. Content and scope of R & D

- Securement of materials of Lespedeza species

- Predicted value search of Lespedeza species wa morphological classification— and
molecular taxonomic classification-based taxonomic re-verification

- Structure elucidation of bioactive compounds isolated from L. maximowiczii with
tyrosinase inhibitory activity

- Construction of large scale process for constant supply of industrial materials

- Excavation of skin whitening agents from agricultural resources

- Excavation and standardization of the high value-added agricultural resources for

optimized skin whitening activity

IV. R & D results

- Securement of database for Lespedeza species using metabolite profiling

Isolation of bioactive compounds from Lespedeza species with skin whitening activities

- Construction of standardized system using metabolite profiling and identification

- Structure elucidation of novel active compounds using standardized system

- Construction of database for time- and regional-dependent material informations from
Lespedeza species

- Taxonomic re-verification and the study on seeds characteristics of Lespedeza species

- Optimum germination temperature selection and scale-up for the industrialization

- Optimized efficacy and safety for the maintenance to stabilize the formulation system

- Development of scale-up process for cosmetic products such as Cho.R.Lipo and

Cho.R.GTE



V. Research Achievements and Utilizing Plan

- Commercialization of metabolites database for Lespedeza species in Korea

- Classification re-verification through metabolomic-based on chemotaxonomy and
securement of the legitimacy from Lespedeza species

- The conservation of native plants and the securement of use management system as

well as the arrangement of continuous supply of industrial materials through seed

securement and the study on seed germination characterization of Lespedeza

- Securement of scientific data for creation of new value-added agricultural resources

- Guarantee of the industrialization rights through the patent

- Product development using Lespedeza maximowiczii

- Commercialization of products using the sales route of Activon Co., Ltd.

- Expectation to improve the profit of farms and Activon Co., Ltd
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- LC-MS o]&3te] 22 metabolome Y °]E]EE Principal component Analysis (PCA),
Partial Least Squares—Discriminant Analysis(PLS-DA) 59 tt¥# EA71HS Ea AF
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¥ 1. 3 AR grE

No. | Korea Name Scientific name Date Collection Site Collector 79

1 B Lespedeza crytobotrya 2010-07-09 FAGE FFEA vk Ed Joongku Lee et A, =71
2 R sl Lespedeza crytobotrya 2010-07-22 BT E AT 7tRd QL&A Joongku Lee et A =7]
3 A Lespedeza crytobotrya 2010-07-22 AAdE AFE JtxH L&At Joongku Lee et A, =71
4 A2 Lespedeza crytobotrya 2010-07-20 ARG E nAT tizbd o =Ak Joongku Lee et A, =71
5 R sl Lespedeza crytobotrya 2010-07-20 BAEE T9A Joongku Lee et A =7
6 242 Lespedeza crytobotrya 2010-07-21 AATFE AAA Joongku Lee et A, =71
7 Ea AR Lespedeza crytobotrya 2010-07-30 FHEE gt &3 HFX A Joongku Lee et A, =7
8 A2 Lespedeza crytobotrya 2010-07-30 AR T3+ AAd AAAr Joongku Lee et ol 7]
9 2412 Lespedeza crytobotrya 2010-08-01 RS XA F 2HF A4 | Joongku Lee et A, =7
10 2412 Lespedeza crytobotrya 2010-08-05 Aebd e GokA 289 we Al Joongku Lee et A, =7
11 2412 Lespedeza crytobotrya 2010-08-05 G5 AT S5 ATA Joongku Lee et A, E7I

. Agpd = FAd Eehd ozt o =
12 R AR Lespedeza crytobotrya 2010-08-06 2ol 2 Joongku Lee et A, &71
13 242 Lespedeza crytobotrya 2010-08-06 AAEE AGA $5H F9H Joongku Lee et A, =7
14 g Lespedeza crytobotrya 2010-08-12 THEZ oS Tt Joongku Lee et A =71
15 Z el Lespedeza crytobotrya 2010-08-12 WAEE AT 7HE2E Joongku Lee et A, =71
16 AR sl Lespedeza crytobotrya 2010-08-12 AAEE B =4 Joongku Lee et A =71
17 Ed AR Lespedeza crytobotrya 2010-08-21 AF= AFA e Joongku Lee et o, =7
HEYuAZ-HOoWLAE F7F ’

18 Bl Lespedeza crytobotrya 2010-08-27 FPE S A Joongku Lee et A, =71
19 R sl Lespedeza crytobotrya 2010-09-08 A7 FETA stEF e Joongku Lee et A =7
20 R sl Lespedeza crytobotrya 2010-09-08 FAE FAA AH ket Joongku Lee et A, =71
21 A Lespedeza crytobotrya 2010-09-09 FUE F=HA] TH HETY Joongku Lee et A, =71
22 Ea AR Lespedeza crytobotrya 2010-09-09 AU AFA] Aldd A Joongku Lee et A, =7
23 B Lespedeza crytobotrya 2010-09-10 A7 A A HA Joongku Lee et A =7]
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7} 2 tyrosinase inhibition activity (%) H.<lt},
A2 g7 AYsd ¥ 2 9 2k
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3 3. ¢ 69| Ethyl acetate FZ==4 dAts A4S Uehdl= 2259 LC-IT-MS k.
;\f{mi) R!:(!:;;) [M+H]+|[M-H]-| MW MS fragmentation (+) MS fragmentation (-) UV Amax (nm)
291-123-105,77,95
14 291 | 289 | 290 >247>135,121,149,163,177,191,229 2893‘5?203’161*175'188
>139,165

291=123=105,77,95
>247>135,121,149,163,177,191,229
=139,165

[289>245>203>161,175,188

14.5 291 289 290 =205

291>-123>105,77,95

DN 135 191 AR LR Ig zag Thor =31 61175148

8 15 291 | 289 | 200 | 733078 ~205 234, 278
351-123-105,77,95
155 | 291 | 289 | 290 £ 475135120, 149063277007, |22 2 r0E161, 175,158
205
>139,165
591-123-105,77,95
8 b89>245>203>161,175,188
- o1 | sms | 300 | >247>135121.149.163.177.191220 [89>205>

=139,165

,ﬂ.-']'\ ,.-\_fl“'\_ttﬂ,x_,.‘,__.h_n M .,,J\/‘Lva‘\ _Hn—hu\_, Jﬂ-)

e = e o

Feb et .

9 5. ¢ 189 ethyl acetate 5% =2] preperative HPLC profiling2] (A) UV 2 (B) ﬂiﬂ}ijﬂ

Hets FEF5E AJH oA tyrosinase A3 o] U A 18H S ethyl acetate & v = 3}HE]
A 3 % HPLCZ profiling 3ti detector® % E4S 30 W92 Ho}f
tyrosinase A&l A4S SAsIAY. 1 Ay A=ZetETOR A 39%, 407 siEdele =29
Tyrosinase inhibition activity (%6)7F 80% =2 #|d €% 1 E4S LC-IT-MSE o] &34
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3% 4. l18W Ethyl acatate F==&o1A v 245 Yehll= 2259 LCIT-MS #

LC/MS HPLC s L .
Rt(min) Rt(min) [M+H+ | [M-H]- MW Ms fragmentation (+) MS fragmentation (-) UV Amax (nm)
385 337 353 356 232, 293
357=339>283 355>193>124 125 149
2
39 357 355 356 301 161 232 293
395 357 355 356 232 293
327-191>173>145 325-185>134>106,105
37 325 326 ! 231, 286
37 40 >205271 »183-118
357 333 336 232, 293
353»216>133,151176
_— 355 333 334 355-200>165,281 109267 285 308 310,325 233, 263
357 355 356 232 293
323»308>253,265
i :
41 325 323 324 3252269>251,241 215158 49545200 235 226 237, 285

(A) (B)

2500000 - 500000 -
MW=326
: 2000000 MW=356 400000 -
g ) . ~8B-[M+H]+=327
§ 1500000 =B [M+H]+=357 '53:»00:»9-
£ § e [M-H]-=325
& 1000000 == [M-H-=355 E:oofm-
500000 100000
2 ==l § g ; . e
35 Cl 35 4 205 ] 35 L] 35 40 K 4
HPLC Rt (min) HPLC Rt {min)

A 2 jon intensity

M

a9 6. 9 189 Ethyl acetate F+=+%2] HPLC retention time®l w&
HPLCO A 3949 3% = =2, (B) HPLCoA 40+ =+ 4.
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il
i)

tlo
2 flo 7 rlo

o] Axz Ho} HPLC profiling 23 39%°]A tyrosinase A3 A4S e
AL 3562 7FA| M, 408 A tyrosinase A3 FAHES HEHUW= &= % l‘ﬁ_— 22 3268 7k
Hols WUt Combined chemical dictionary A2 A3} Ex}=F 3560 3| d3al=
a9 7.3 728 Lespecyrtin D192 93 WAt} Lespecyrtin D12 ﬂ’%}ﬂl o A olm H

g (A)

,d
lr

Z O

SR el

m{n

H EZol ]J. Nat. Prod. 2009, 72, 63-71(Melanin Synthesis Inhibitors from Lespedeza
Cyrtobotrya)©l ™2 Normal Human Epidermal Melanocyte Aol A ICs50=2.1(positive control

hydroquinone IC5=2.2)5 zt+= EZ o] H it}

HO
OH

/

19 7. Lespecyrtin D19] 4%
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HPLC profiling 23 4054 tyrosinase A3 &4 yERY Ak 3265 7HA
 Combined chemical dictionary A2 A3} Ex}zF 3260 a|dsts E2e gy e
Manuifolin HY & 88U 2t Manuifolin He= &3 A& Maackia tenuioliadl Xl o] Rl
¥ E#o]y Phytochemistry, Vol. 47, No. 5, pp. 903-905, 1998 (Three Prenylated Isoflavans
From Maackia tenuitolia)o] W= 198 3} & 125 zh=t}

rlr
0 m.{]j
r o

%Xl

HO, o
OH

/

19 8 Manuifolin He] +%

|
S el

T T T
= 1 PEm

T T ¥ T
= - & A1

GEte B A AR Ak

19 9, 9 18 FEthyl acetate FEEA] £ 3+ Manuifolin HS] 'H-NMR to] ¥
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1% 10. Manuifolin H %0 sj@at= 'H-NMR 3 =9] &l

Preperative HPLCZ E&] =7] 11HoA a3t &AS A4 vebdld &2 -& epicatechin©]
v onja Ao =A 7]y & A S Dalbergiodin, Benzofuran, Haginin A%< 93 W A o}

aga 7)ol FAkst W omwiddo]l RauEdd E 7H#] &% (Eriodictyol, Dalbergiodin,
Benzofuran, Haginin A, Epicatechin, Lespedezol D1, Manuifolin H)& LC/MS Aol A A Z3&}
% th. Eriodictyol, Dalbergiodin, Benzofuran, Haginin A& ¢l F&HE 53 AZ oA A
F WAZS standard curvedl 3|7 WA Aol dAFToEA AR Qb FFI T E(ppm)S
TR o standard =2 ©] $l+= Epicatechin, Lespedezol D1, Manuifolin HE= Al& 7o) A4 ¢

o ERI R O
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of &3}= Eriodictyol, Dalbergiodin, Benzofuran, Haginin A2 &% (ppm). (A)%, (B)=7].

5 A AE o
(A) Compound 1. 2. 3. 4.
No. Eriodictyol | Dalbegiodin | Benzofuran | Haginin A

1 215 3.3

2

3

4

5

6

7

3

9

10

11

12

13

14 64.2 8.2

15

16 274 5.8

17 6.7

18

19 63.3 3.2

20 64.2 1.9

21 54.7 14

22 59.8 2

23 50.6 1.1

_23_

(B)

Compound 1. 2. 3. 4.
No. Eriodictyol | Dalbegiodin | Benzofuran | Haginin A
1 1.1 0.1 2.1

2

3

4 3
5

6

7

8 1.7 0.3 11.3
9 15 0.3 2.5
10 1.1

11 5.8 0.3 12.9
12 3.3 0.3 54
13 35 0.3 79
14 21.8 29

15 3 2.5
16 2.6 0.9

17 15

18 0.9

19 17 04

20 3.8 9.3 0.3 17.1
21 214 1.3

22 14.4 1 59
23 12 0.8 2.7




el AMZ oo d+-3F= Epicatechin, Lespecyrtin D1, Manuifolin Ho] )
Co ound 1. 2. 3.
Epicatechin Lespecyrtin D1 Manuifolin H
No.

1 75806

2 60958

3 213425

4 188289

5 130407

6 131030

7 130707

8 145946

9 176211

10 120126

11 117353

12 116182

13 100690

14 160840

15 122669

16 274467

17

18 132944 31273 31585
19 114736

20 150064

21 91826

22 147543

23 181738

_24_

2.

Co ound 1. ) 3.
. . Lespecyrtin o
Epicatechin DL Manuifolin H

No.

1 87069

2 134256

3 287164

4 287276

5 158511

6 225722

7 118282

8 126828

9 246871

10 249734

11 186138

12 181993

13 122516

14 148952

15 109981

16 206582

17 56462

18 309562 108096

19 635612 288535

20 73975 296016

21 245198

22 517823 42930

23 520240 41521
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400000 - BOD00D - 100000 - 250000 -
o 0000 1y = i r= P
350000 - y = 7128.3x + 18366 %‘l Wy = 67527x + 19279 _—— 2047 7x - 23271 apooon o Y 8407 2x - 68142
300000 - 00000 - RZ = 0998 Rz = 0.099
230000 500000 - £0000 - gso000 -
Bhoooo - 400000 - g <
= < 40000 - 100000
T50000 - 300000 - 40000
T, 2 20000 - 50000 -
SO000 - 100000 -
o ¥ . g . . o T T D : 5, P : : ;
o 10 20 ET) a0 50 50 o 5 10 15 0 5 10 150 5 10 15 20 35 30
L (ppm) SE (ppm) sk (ppm) LC (ppm)

719 11. Standard compound® 1¥ standard curve. (A) Eriodictyol, (B) Dalbergiodin, (C) Benzofuran,
(D) Haginin A.

2. Chemotaxonomy 7%

A A7l 2 el ©E metabolite?] ZHo] .

LC-IT-MS Data processing Multlvarlate analysis
‘E_)il & \ | SIMCA

P+
a9 12, SAEA A

AN A7 R AT g 23709 A o, agla 3 &7 AES] LC-IT-MS 4
T AL metabolome U°]EE<S Principal component Analysis (PCA), Partial Least

— -

Squares-Discriminant Analysis(PLS-DA) 52 o¥® SAZIHE &3 AHA A7l 2 4w
HEE g2l 2 AP = XCMS AZEYAE T dHolHe %3 g4 3, 7]7]%

e Ea dojr uAFHE excel sheet® EE HoHE X 3toan EAH A 4

Ayt

Z

PC2(8.8%)

N 2% 2 5 M 5§ 0 5 W B oD B W N B W M5 A 5 0 5 115 oW B W

PC1(36.5%) PLS1(36.3%)

a9 13 AR A7 B A O 23710 e et 23709 e 719 thEE SAIEA. (A
PCA, (B) PLS-DA (534 @ £7], 454 : ¢l



o] ol 7|9 metaboliteE2 PClol & =LA v¥Hden A =72

¥ 7. 1% 13.9] PCA score plot oA ¢, =715 T8 3= metabolites.

No. Rt (min) m/z (-) Amax (nm) p value staf pro 4ol
1 6.9 289 221 0.004173 2l epicatechin
2 10.7 563 222,272 338 0 Ql
3 12.3 593 222 0 2
4 12.4 579 221 0.043778 2l
5 13.2 577 225, 265, 344 0 ol
6 14 271 222,283 0.036754 il
7 14.7 635 221 0.000003 2l
2 5 269 260 =7

431 0.000006
3 15.2 285 222 0.000001 4l
619 0

10 16 619 221 0
11 171 241 223,320 0.005226 Ben?o?fhran
12 18.3 313 235 0.0004159 =7|
13 18.5 315 226 0.001779 =7
14 15 269 229 0.000244 =7
15 19.6 301 226,233 0.00604 =7|
16 20.6 331 227,334 0.004405 =7
513 219 299 235.323 0.003176 Ha?r?;ln &

23702 & AEZw 7FA a1 B
A 71(AE 0 7-8€, 71E 1 99)
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PC2(13.4%6)

40 35 0 26 20 A8 00 & 0 B W 6 W W W ¥ & ﬁj b
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9 14 AF A7 R A7 B8 237 e AEe] PCA AR A (A) o, (B) €71, (A
o] 5(7-84), A (94))
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a9 159 AxE Hol o 7] EF AlFH FA S metabolite Aol 2] A
welt}h zglx FA o] B ¥ Eriodictyol, Dalbergiodin, Benzofuran, Haginin A,

1
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B A aFdth
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adry

a9 16904 YERE A o] zbzte] A EAe] = AMEo] FEsH FYEHY He 4Y
or 1o

S HolA &= gorng Zb7teo] S EH ] {5 7F chemotaxonomy®l A IS FA= &

rore

.
¢

St A -FstA T Ao 2 HE FHA7|HA 7]¥He ITS sequence HOJHE whol W ELE 21
A9 Hizel M M3k dvh} FueAst A Lebmuzt ek
UPGMA
& o 1oy TS —
Jlo = L ITs1
a [l o sonm (1,13, 17, 19, 21, 23)
[ [{“2 T
of L2 oerme
} i
| e
ol Sl | s>
J". , (234,56 7,8 9,10, 11, 12, 15, 16,
jr g 18, 20, 22)
! ] BS—

mr L s.Ts
’ - isgior.ou il
02, oreusz [
o
L 200 [-wm
O s s

2% 17. 742 sequencel] 7]HFsE ITS region dendrogram.

A) | ¥ |
o (B) w
0| Fi
£ a §
8 g
& 4 i
[}
1| S0t
" 0
60 40 A A0 S0 40 40 A 0 B & B OB MW oW oW

200 M0 H & H w0 B @ BN B o 12

PE1 [1425)
PCA [115%)

19 18 LC-IT-MSel 718kt PCA score plot. ITS13 ITS2 o al@ =& AMZS zhzF A8 (kA
ITS1, AAA 1 1TS2). (A) 9, (B) 7).

a9 1739 ¥ 189 AyE HW ¢ 7] EF gARAIE Al A A YERA PCA score
plot ¥} A=} sequence®l] 7]¥FE ITS region A3+ A AaAddA7F Qo



3.4 & e FH, AF A9 AZPE AR ZRukd|] s tiARA] ElolE o] s 5

FHARTAATAORNE AT B AUS 4B U3t 27 AL Hn AYL 59
o AEE cRYOoRYE AASAL Tt FFe HBEEANN APRdvh A5 F34
Yyetele] o7 uAZL . Helaign HEAES @wAYTetdTe] HBEE
of mEsglch AAT 4 ABES SN Az F BAVR Po} vy FUY e
w59l

(2) LC-ESI-MSE o] §& ulAbAl Z2stade 918 4% A%

@D 3g9] EAEfe MZSLS 40mLe] WErS 2 28C Z75te] 24A17F B9t 150rpmo. 2 4 o] A
sto FEaA o

@ FE=8&H2 5000rpmel Al 5 FF AEZFA sttt 2 o3, 459 10mL<s 20-ml
g wio] ko] &A ol ¥ slellA FHAIAT

@ F5d AEFS A 10mL WgE=2 A3 & o3 S715 247 404, 2ui¥ ] Askal 3]
A3 AES 02-pm ZEE ZE 89

(3) LC-ESI-MS +4] =3

Y

g N

: Varian 500-MS ion-trap mass spectrometer
: Varian PurSuit XRs Cig column (i.d., 3um, 100 x 2.0mm)
: 0.2 mL/min

: A - 01% (v/v) formic acid in water

® 0o e
oéo:(omﬁ

B - 0.1% (v/v) formic acid in acetonitrile
B (%)& 5-60% 1CJE AR 304 FoF 4
® MS %7 : electrospray ionization, negative mode
m/z 50~ 1,000

(4) UPLC-Q-TOF-MS 4 =7

@ 717] : Waters Micromass Q-TOF Premier with UPLC Acquity system
(Waters, Milford, MA, USA)

@ #H9 : Acquity UPLC BEH Cyg column (i.d, 1.7um, 100 x 2.1mm)

@ % 3 mL/min

@ &vf : A - 01% (v/v) formic acid in water
B - 0.1% (v/v) formic acid in acetonitrile
B (%)E 10-100% 1 UAE 0= 147 FF 4

& MS %7 : electrospray ionization, negative mode

L



m/z 50— 1,000
(5) dlolg Z2Z A4

@ LC-MS tHlo]EH = MS workstation softwareZ ©]-&3}o] &3]t}

@ raw I Vx Capture softwareE ©| 83}l netCDF (*.cdf) L= W
348 MetAlign software packageE ©]-&35fe] deel 3 & Aegkel =
values A3t EFE 918 A doly AERZ W3A7]7] 98 dHeolH Az AFS A

3+3} At} netCDF

9| ©] ] = missing

ind

@D SIMCA- P+E o]&3to] PCA, OPLS-DA, HCA plotS 1#Hom, o] Z2HE MyE A&
=T 7 REA E AYAF 242 e

@ % e FeMow Aotz yAAE 2951918 OPLS-DAS S-plotg 24 stsict.

=
T

i

el o3 Aels NS EAY

N

(7) LC-MS 7]4F tjA}A] =231

A E A d FEEY 189 £

- | [ _)A |
P AW \

9 19, el A

o 59 WgE: FEE LC-MS ARntEIH. (a) 34 F (b) A F, (o
254 F, (d) Y] <

7] 2o YA ARntE RS LER,

e



39719 Ay AE QY FEES LC-MS=E ZEudy 3 A3 AEnfEddoA MZE5L
Z ro] 2 Aol mBYT A4z 2o duHe ARatEaHS 19 199 VeI A A
ALAIE E&3t= MS dataol Al dl 744 AES FE4E 7 ¥HFE g3 & d 5=
o] LC-MS Hlolg HMEZRE, Metalign TEZ1H o2 Adeteldte] 6676719 W47 Ay
E 9% o Agsta AEAgdde AdE A7) Hdl folxl Wl RFS PLS-DA
el S AHE5ATh 6676702 MR EE, RF "adg o] o8] 2237, PLS-DA W4
Hell o) 223719 W47} *”ﬂﬂ ) th. Chemotaxonomy S 7]Hko 2 & W4 A w2 S
of AAH WFEL 779 AES diste UAAIREA Soldox WAL AY A& A
Hoh o A HAs= giARA o)t Chemotaxonomy-J RS ALY S 7|vto g WES AR
st7] wiZol] Afolub= tiabAlEo] & dAdo] HodES & F 2
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Detected  mmp 223
6676 variables variables

RF PLS-DA
kW, RFeF PLS-DAS] + 7FA WA 8H 5 Aojx 3 WijolA ded W45 39574
o] W7t g FAEA A HL&HAt. 29 20+ 395719 HaEFEH fFE¥® PCA score
plote]t}. AA| W45 PClell 93] 14.2%, PC2 93] 10.8% = Awstt). AMEZE5LS F(species)
of wel 47hA] o2 vt

{a)

b

15
10 —_—
AR -
! — .
(s —
. > % ¥ = L [ cyroborys
= ~= = - ® L bicolor
g i Y L v G i
| O i cuneasn
g 3=
20 =
e
e [\
WAB-B-HAEA0 B 4 42024 BRI NN
PC1(14.2%)

¥ 20, AEE AE Y H9e LC-MS dolH AEZREH fX%® PCA score plot (a), HCA
dendrogram (b).

a3 20be 395709 W2 HE %% HCA dendrogram®]th. 47F4 F(species)oll uhz} Al
ZEE5° AYATE Btk IR T2 F4E branchve AXNA SR Mg Fo= FAAH
branch®} &t} o] A3 branche Z&EME FO=2 A% branche} A Xt vz,
o] brancht H|F8] Fo2 FA % branch®t T H o AA| trees FAST. v = IAE £
I R F AEE Y AT TS A SR, o] F F2 & branch QoA R EE F R



¢ branch® T o] 24, LC-MS 718 oAl Z2add sWel g sehsgel o
o, FAe E3 el Fo E@Fl 0 F b FoR BRI F Atk ALS 4R 9
F2EL BRSEE T M AT, 3 G904 AARZRE FEF K% ol Aud
BRWA, LCMS 71w tAb Zestads sHel @ stetRaweld, fddu BAY)
e YEEY BR Ade vEAT F RFEAA 9 ABES FUHA S0 e 2
5 S(species)dl ek BRI RS mAP] Jurd LRI B Aol A m
@ wlsdn BAE 3 e F ASE e Age d A F AbelelA Hg AR,
Fel Fe UmA A A Fn A b Eed AnHon, dels B 9 Rt §
Axpgel wek A2 e AAE ANTS AT
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ofN
L
Lo
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o
fru
2
s
9
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2
{0,
Jot
rO

gl &, 25 F)oll e wFo] o] Al T FoH R ~
OPLS-DA ®9& LC-MS HolH AHEC HEsto] Fof &7
=3

ohoAde E 49 F, aem 254 F9 B Jelshe dAAe 9

(a) (B}

/B

P o ww wowow oo

i L1l

a9 21 AR F A F 2E2ERY F9 LC-MS HlolE MERRE HFEH OPLS-DA score plot
(a), loading S-plot (b). A&ld W (p<O0DZEFH Fodo=z Apojy= UAAES S-plot Aol w7k
Mo g FAE 5.

Al F o AE F, 25 T EFel dske giAbAE gl 9184 OPLS-DA
wdg Agadt ol ¥ 21¢ vERi AT (B7X= 0573, @=0.851). 1§ 21(h)ell HE 3
]9 = W4 E S-plots B48te] AEE 1L, p-value 0.01 B9t el HEES
Aelstdth AelE I35 3 89 AASATH



=5

8 A % AE F 224 F Aol A folHoE olike AL,

LC-ESI-MS-MS UPLC-Q-TOF
. tr" ' measured .
tentative | [M+H]/ | MW | MS2 fragment UV Amax . error i-Fit
No.| . . (min ) ) ) q [M-H]
identification® [M-H] ¢ ions PIY/NI*(mm/2) (nm) (ppm) (norm)
) (m/2)
(m/2)
Apigenin
6-C-glucosyl
-8~ C-arabin
. 529, 499, 469,
oside
457/ 240, 272,
1 or 109 | 565/563 | 564 563.1406 09 0.6
o 473, 443, 383, 349
Apigenin
. 353
6-C-arabino
syl-8-C-glu
coside
Lespecyrtin
2 D 260 | 357/35%5 | 356 | 339, 283/193, 161 239, 297 - - -
1
Lespedezol 337, 299,
3 285 | 355/353 | 34 238, 299 - - -
Dy 285/285, 161
Le . 321, 311, 283,
4 Spe;mn 22 | 339337 | 33 %5, 177/ 239, 208 337.1076 12 01
‘ 281, 200

Peaks were tentatively identified using LC-ESI-MS-MS and UPLC-Q-TOF
tg, retentiontime
MW, molecular weight

PI, positive ion mode
NI, negative ion mode



el F A F 23R FA Fodoer oy tAAIEY AuHd AHuFS
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a9 23 e & g 29 LC-MS Holg AERZRE §%%8 OPLS-DA score plot (a), loading
S-plot (b). Agld W (p<OODEFYH FoA o= Aol tAAES S-plot Aol W7o = F A}
ATk

el F Y Fo EFd Vdete dAbAE gRlsy] ¢4 OPLS-DA =Es&
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Fkl
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AR E A E ALl oo el tAAIE,

LC-ESI-MS-MS UPLC-Q-TOF

tentative ty> . ) measured o
) o ] (M+H]"/ | MW MS2  fragment UV Amax ) error i-Fit
No. | identification | (min . . q [M-H]
) [M-H] ¢ ions PI/NI® (m/2) (nm) (ppm) | (norm)
é ) ()
(m/2)

Luteolin
6-C-glucos
yl-8-C-arab

inoside
425, 407, 365/ 238, 272,
5 or 105 | 581/579 | 580 579.1331 -33 05
. 489, 459, 399, 369 358

Luteolin
6-C-arabino
syl-8-C-glu

coside

Apigenin
6-C-glucos
yl-8-C-arab
inoside
529, 499, 469, / 240, 272,
6 or 112 | 565/563 | 564 563.1383 =32 0.1
o 473, 443, 383, 353 349
Apigenin
6-C-arabino
syl-8-C-glu

coside

Kaempferol oM %9
7 | 3/7-dirhamn | 138 | 579/577 | 578 -/430, 285, 255 ’353 . 5771539 -3.1 0

oside

f 238, 271,
8 NI 146 | 609/607 | 608 | 463, 301/299, 284 253 607.1640 - -

# Peaks were tentatively identified using LC-ESI-MS-MS and UPLC-Q-TOF

tg, retention time
MW, molecular weight
PI, positive ion mode
NI, negative ion mode
f NI, not identified

AR F AE FolA FoHoR Aolue tALAIES A A=FEE 17 24.bol
Box & Whisker plote. 2 WEF ST 5-6, 18]3L 8 o 3G st= HIgs=E2> A FolA
RO A FollA & AEFFS BAY wdE 7 o d9ste Auge=s A FoAART F
A FoA T AFERS BATh
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a9 25 s AE =7 F99 LC-MS dHeolg AHMERZXRE FE% PCA score plot (a), HCA
dendrogram (b).

a9 25(a)= 125709 WaEEEH FE%" PCA score ploto]th. A ®H4E PClo] 28l
32.8%, PC2 93] 16.0%= A3t A 25 F WA & Ik v, &
Al 7 & (e &, 25 F HlFE )2 F dleA 23S A @ o9
25(b)= 125719 W4 ERE 5% HCA dendrogramo|th. Zx4g] % AZELS T YollA 3t

branchE &Ast= Whd & A T2 Fol FaAsHI EZHﬂ‘jr
LC-MS 7|5t &}shiFH d ¥dggor BF 3 A3}, 9
Z

é
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et EF 7S (species)o] mapq o 2 BEREC o ) =
290 (2 %9, 27 ool w Aoy gydon qaAe A o7k 9eS
A ol @ diALAe] Aol AEld Ao REW Bid AL FALL AP

5. 402 & Awel vw #4823
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(1) Wete F5529 &4+sl5 (antioxidant activity) W]l
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Radical scavenging avtivity
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0
ag 260 A S A2 ¢ A, AEL Y 125 ppme®2
5 A yH2 o] A& t-test (p< 0.05)9l A



3970 A& AES 100% MEs= % $ 549 5% (125 ppme = 25 5 ABTS &
Abek Al S ST AFAIZ] B G e dHAde gldoey ol 7kH F FERE F, AE
T, 2EAE F, v ) BEFolA E71HYg o gidol o AA dERYTL A F7)
Atole] Fold 2 t-test (p < 0.05)°A gttt AFAS SHRES s £ u, o] &
Z1®noh @daksl BEdS v dRshs on s

o

(2) Wes FE5E9] golZAvle]= A3 &4 (tyrosinase inhibition activity) ]l

» Q » £7]
(a) (b)

S - c 100 -
2 2 c
= = b
T 80 - € 80~
o [1]
£ | o
2 60 b 2 60 - a
0, o o =
=) z ) a
£ A0 - b = 40 -
g a :
E 20 - R
2 2

0 - - 0 +— ; —
saal w2 ZEME 22 CEME M2l ZEME H[22

“LY 27 A 13k 27]) B9 HEs FEE] oA Uol2 Ag) 24 v, AES T}
o+

21&e] ¢
Al 100 ppmlZ FEE HFEALN yHS T FETHARZ YERA S

39719 AEE AES 100% WEeSEZ 5 $F 59 F% (100 ppmoz 2E
o= A &4 A ek APAIZ] R A mE dH#FS gldoy HAdHo s 1
A GIRE F A F, 25 F <
e T & AelY 7942 duncan test (q < 0.05)0 4 &
gl Aol A F7)H-9] Bl A YERRTH

6. =42 FolA ol A o= As] B Felats Puhemel A

ZEA FolA golzAdlel= A & Toste A=
Z 9] ethyl acetate FE=ES UFEd AT 254 A&
W E-S 600mL= 200rpmeol A 28C Z 7oA 4847+ &k F F= 2=}
slo] dojzl FEAE AFSIoA FFHst WeE FEE 43gS AU WEE FEES
water : ethyl acetate = 1:1 ZHo 2 33 E3F3to] ethyl acetate FEES 975mg LTt
Sephadax LH-20 #d7& 3 £ ZY (dem X78cm)o] X F ethyl acetate F=%&
975mgS =9 dtth 80% W eSS elution &m]= AFE3F L 9F 156mL A fractionS HF

9070 €] fractions LAtk ©] fractione ZH2t 5ul® F ko] tyrosinase inhibition assayE &F3i



o} 29 2894 K= upe} o] v EAISH Y HE (68, 73, 79, 87 fractions) °llA E}o] Z A
dlol= A&l &/de] 7+ AA YERSTH

100 +

) 5 & v
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ol el sl il ﬂHHﬂ illl

10h 35 7 9 1113 151 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 €5 67 69 71 73 75 77 79 B1 83 8S &7 &9
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inhibition activity
N
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fraction no.
9 28. 9070 fraction®] tyrosinase inhibition activity assay 23} fractions ZEM8] 5 AZ (37H A
0

Z 9 199 ethyl acetate F& 52 LH-20 #ld oz tgitglste] AAS

(1) Efe]zAvle]= Asf &5 yehll= Ha=o] -4l

Aol AA vEbd BE (68, 73, 79, 87 fractions)S LC-ESI-MS&E #A1sle] EabaF (
MW)& Eeletalar, HPLCE #e-A A5t single compoundE E%4th. Eel=ojxl Al 7k 9

gd 2242 U 7 AP Sl ddE AFAAAN 25N SolHow go] Ay
=49 ol g

3L = S o [e)
3 10. glolZAYjo]= A &4 YEldl= 9 Huke=eo LC-MS % UPLC-Q-TOF ZHH d2
A,
LC-ESI-MS-MS UPLC-Q-TOF
tr [MJ'I:‘]-_"F ma MsS2 fragme | UV Amax | measured | calculated error i-Fit MF
No. -H MW nt ions
. e [M-HT [M-HT
min; (m/2 nm 5 5 m norm
{min) (m2 (nmy) (m? e (ppmj) { )]
321, 311, 283
i 272 339/337 338 2551771 | 539 208 | 337.1018 | 337.1076 17 17.2 CaHm0s
281, 209
2 281 355/353 354 337,299, | 938 599 | 3530098 | 3531025 7.6 0 Ca0H130s
: e = 285/ 285, 161 " 2 : 3 '
3 287 385/383 384 239,299 | 3831107 | 3831131 6.3 0.2 CaHngr
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B Agesolth, MW = 338, 3842 gl EolZAdo]l= A3 A4S
gt Uncinanone B¢} & WY o® NMR 415 3t +x2& gRlste

7. Z2EAY F Y H9 ethyl acatate FEE9] cell linedl A HWebd A A& =4

120
100 | 2
ko

= S0
E
45 60
=
& 40

20

0

0.05 0.1 1 s (pg/mL)
EtOAcFr. PTIUC
B Melanin production O Cell viability

a9 29, 2= & o H9 ethyll acetate —T—%%% melan-a cello] A& A3} 13)/Y, 39 d& A

15 40g A =Fsto] 100% "l gk 600mLE 200rpmeol| 4] 28°C 2271 o A

48R 3F &< T2 &5 7Y Yoo Ao FE2AS WAFsteA s5ske] v
BE FEE 43gS AU WEE FEES water | ethyl acetate = 111 2O =E SQ 8ot
o] ethyl acetate F=ES 3Uth Ethyl acetate FE=° ¥XEE 005 01, 1, ¥l 25p

g/mL=Z 9t30o] melan-a celldl 13]/¢Y, 3¢ A& AHelsto] depd A ES e, MTT
asssay oto] ME AEES HEIS E‘r. o 290 vrERd ukel 3Eo] 0.05, 0.1lug/mLollA Al E
AEEL 100%S YEgo] AZe we FroA 54o] §leS Btk I3 0.05 0.1ug/mL
N Hetd A AEEZY H]23 $£F& HAUh Fractiono 2 H-E #213 @d A=
(Uncinanone B, MW=338, 384= &<l¥ =4)9 in vitro’dolAlel dad A EI AX XS

= O =] =
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oA AP o R R E Al e 2EME AE 9 AES A AYS FAY

AME oo ZHE AHSAY = o] AEFEANNA QHeAT AEFLS FFAAY T
StA o] o] vlAbzE 7HE- BelE R FEMZS AW TSI LAY Al BT E A
BRASATH AHAT AE AZTS SAoA] Ax & B2 o} mAsta 7#d3 2 9
=Sa=

No. A A 3 A4

1 08-03-11 A ATt

2 08-16-11 A FEA

3 08-17-11 A 1A

4 07-26-12 A A

5 07-26-12 A gt

6 07-26-12 A& Hobgt

7 07-26-12 A YA

8 07-26-12 A& A5 A

9 08-18-12 A et

120g9] F@abele] AES 1809 W 3087 2UACl @ F BT EAste] 4843
= &AL 4T A 5000rpme] E£E2 153

5 =

e AR & AAES WY HEHI F FEES evaporatorgE ©]-&ste] AXAIZH
AzxE FEES =9 Ao HES of&al 111 #8% & =& AT odoAH E F
< WAl evaporatorg ©|&3] FFAIZ L, FFE oHoMHCE F& WESS o] &3 T
=2l & LH-20 open column chromatography S ©]83slo] dxp4 oz Fg3sct 2% 9670
9] fraction & Ao 2 G-7FS Preparative-HPLCE ©]-&3}o] A& E@dlo] & #AdL

Jo] =2
2 dojyrt B E Tjrxé% tyrosinase A3&A testE: F3to] HF5 F JFHJH
7}. LH-20 open column chromatography 71

- Sephadex LH-20 resin (4 x 83 cm)
- Isocratic elution with 80% MeOH

- 96 fractions
L}, Preparative-HPLC =71

- Column: YMC-Pack Pro C18 reversed-phase column (250 x 4.6 mm i.d., bum)
- - Mobile phase

A: 5% acetonitrile in water

B: 100% acetonitrile

- Flow rate: 1 mL/min



- Gradient

Time(min) | %A | %B
initial 95 5
1.00 95 5

10.00 0 100

11.00 0 100
11.01 95 5
13.00 95 5

o
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FEES TEE U4H vesE &9
Vacuumo| 4 overnight AlA 2 AZAZY AxdE Ags 84 A 7 Algd WEss o
Al ol g8 02um filterE 9] vialol 200uL® A He &

UPLC-Q-TOF-MS (negative, positive mode)°ll 5 pL F94 3t B4& 233t}
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UPLC-Q-TOF-MS &y 2 =7
- LC: Waters ACQUITY UPLC ™ system
- MS: Waters Q-TOF Premier

LC &4 =4

- Column: Waters ACQUITY UPLC BEH C18 (2.1mm x 100mm x 1.7/m)
Waters Vanguard pre-column (2.1mm x 5Smm x 1.7¢m)

- Mobile phase

A: 0.1% formic acid in Water

B: 0.1% formic acid in acetonitrile

- Flow rate: 0.3 mL/min

- Gradient

Time(min) | %A | %B

initial 95 5

1.00 95 5
10.00 0 100
11.00 0 100

11.01 95 5

13.00 95 5

MS #4 =3

- Negative/Positive mode
- Mass rage: 100-1000

- Capillary (kV): 2.3

- Sample cone (V): 30.0
- Source temp. (T): &0



- Jon energy (V): 1.0
- Collision energy: 10.0

. NMR #4] =7

FEES FEE 4H vee=
Vacuumel A overnight A]7#A £+d AZXA At NMREA A Al 59| methanol-dyS ThA] ¥
£33 & NMRE vialdl A1 825 &4 #& &
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NMR v 9 =3

- LC: Bruker Advance 600MHz NMR

- Software: TopSpin 1.X

- Probe: 5 mm TXI ( 1H/ 13C/ 15N ) croyprobe
2.5, 5, and 8 mm TXI ( 1H/ 13C/ 15N )
5 mm BBI ( 1H ~ 109Ag, broad band)

- Experiment temperature range: 15C~ 50C
(4) Tyrosinase A 3] &4 A3

Tyrosinase A 22 2500 unit®] tyrosinaseE 5 unit/uL2 % sodium phosphate bufferol] ¢
3125kl tyrosine 1.5mM=E %l % AFEstar, wlek&dd 52 F5F A= 5 ulel tyrosine
40 uL, buffer 125 pyL= Y1 Ao A tyrosinase 30 L= 2ol 37 TolA 20837+ ¥Hg %
microplate reader® &3 %= 495nmol 4 =43
(5) AEX wjs S5 depd g As) &4 29
7F. A Z ol &

Murine melanoma A|X5¢1 BI6F10 A~ 1% PS (penicillin-streptomycin) 2 10%
FBS (fetal bovine serum)< 3% DMEM (Dulbecco’s Modified Eagle’s Medium) ®i =] ol A,

37°C , 5% COy xxdstel ujj sttt

. wekd A4 oA g

N

2ol AIEZE 100 mm v F-H Aol v
2 2 trypsintEDTA 1 mLE #718te] AEE vigolAq woldl & wjxE 9 mL
BHE AEXE 15 mL FHEO Hof dAEHSIT. A= A & A vjA 10 mLE ¥

MEZS B5A70 T 10 pLs #3539 hemocytometer® ¥ AlFS A1, B16F10 Al X

24 well test plateo] 10* cells/well®] H%7} 5 E2 233193, 244 7o) Ad & 71 well

HE¥ B16F10 AlZFo] 10 nM a-MSH (melanocyte stimulating hormone) ¥ 7] Z =4

Aol MigtE: FEE, oHotNE = B Eeste 72t w4 F EES vREEE A

ML 2 o oX
2



2t shFol o WA XS wxe} Al5E AHElstar, 39 & vtk uiA e AR
AP E g 24A ¢ F WA E A ASL IN NaOHE dA4%F o] Aed s =2 F 405 nmol
A FFEE SASAY. YU ET S 2 Phenylthiourea (PTU)E AFE-3}] T
o AXAYES

MEAEES sty ¢35l MTT assays AAsEA T 24 well plated] MTT-8 < (final
F% 5 mg/mL)S 20 ulLl® ¥ i1, 37°C 5/ COg oA 1A% 3025t vl Fstsieh 18
I UA vl S A AL DMSO 1 mL< %3 Shakinge AlAT £ 96 well platedl 200 u
LA ¥ol¥ % 570 nmolA F3=E 573 O}Oj‘jr

I

(6) =512 o Aedyd =

2 24

254 2 ARE 29 1% 2e A4 AA F pe g Anesg o =
=AE AR 120gS ol &ste R A3 HARE 12 0007%9 F&S, HIALE 2E
0.016%9] &< Bt (M-S F5= 26%, Gt HlE 9 248% &)

‘ Lespedeza maximowiczii
Leaf (120 g)
100% Methanol
48hr, 200rpm, 28°C
‘ Methanol extract (32.4 g) ‘
3 x EtOAG/H,0 partition
‘ EtOAc fraction (2.98 mg) ‘
SephadexLH-20
Open column chromatography
(96 fractions)
Bioactivity-guided
chromatographic fractionation
no. 41~42 no. 59~61
Preparative HPLC
(YMC pack pro C18, 250 x 4.6 mm)
Compound 1 Compound 2
(8.15mg) (19.0 mg)
Yield- 0.007% Yield- 0.016%
a9 30, =54 delA e AegA Hakts oAl

Tyrosinase Al ZA4 S FallA SAS Hlusto], dAE=E APt vgs FE=E7
ol o]l E #89o] &2 ZH2F 075 mg/mL, 0.12 mg/mLol 3t o €olAlHolE #33 v
El2o)] o] Sephadex LH-20 column chromatographyZS o] &3] dxpHow Helstelal 96
Mol ZAMS F5 Waw At AL 243 2o RHS Mt FrH APL
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Fraction No.
19 31. 967) fraction®] tyrosinase inhibition activity assay Z3}. fractione ZEA2] £ AMZ9] ethyl

acetate FEES LH-20 #l7 o= tjFiEaste] dAL.
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o dA4S W LH-20 ¥3S preparative-HPL
(9 ), UPLC-Q-TOF-MSE $tel B9 £492 shelsra s

3

IS

19 32. Preparative-HPLCE &3l #23F MW=338(H)¥} uncinanone B($-).

(7) A4 A B4 +x 9l
2oE gAY 22 Fodsty] gl NMR 4L 9t A5 600MHz NMR
spectrometer® CDs;ODoll =o] A1 th 1D NMREZA 'H, ®C NMRE 2418141, 2DE A

COSY, HSQC ¥]i1 HMBC NMR< o] -&3to] 43ttt

@ 'H NMR data.

|)\ | luJ J

@ C NMR data.

[

Ll 1‘ \HH‘ | ‘ \ ‘

T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20

@ 'H-'H COSY NMR data.



@ HSQC NMR data.

® HMBC NMR data.
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T 11 AL e 13 A= 29 'H (600 MHz) 18 21°C NMR(150MHz) Spectroscopic Data

Desmodianone H Uncinanone B

Position 8¢ Su(JinHz) Position Sc Su(JinHz)

) . 4.66 (m) 5 697 459 (m)
447 (m) 443 (m)

3 49.1 4.14 (m) 3 45 3.90 (s)

4 195.1 4 196.7

4a 117.6% 4a 101.6

5 131.1 7.79 (d, 8.40) 5 159.5

6 105.7 6.52 (d, 8.40) 6 106.5

7 168.8 7 170.2

3 114.8 3 91 595 (s)

3a 158.2 8a 164.4

1’ 117.6% 1’ 1155

2' 159.6 2' 156.9

3’ 104.2 6.32 (s) 3’ 105.7 6.32 (s)

4’ 161.8 4’ 156.9:x

5' 108.2 6.25 (m) 5’ 108.8 6.25 (m)

6’ 1324 6.82 (t, 6.60) 6’ 128.9 6.84 (t, 6.06)

2" 89.6 5.35 (m) 2"

- _ 2.95 (m) g
3.32 (m)

» » by 285 m

3.25 (m)

5" 5" 38.8 5.30 (t, 2.04)

6" 145.7 6"’ 143.2

- . 5.09 (s) - 135 5.06 (s)
491 (s) 490 (s)

8" 17.6 1.77 (s) 8" 171 1.75 (s)

2'-OH 2'-OH

4'-OH 4'-OH

*Assignment interchangeable.

AMeE 1 7]Eo] RuHA e A ARLcR EAHYI, ol Desmodianum
[e)

_FIL
canumol A T8 ¥ desmodianone G FAFSH X E 7}A desmodianone HE}al ™™ 3} o,

(8) Melanoma A|EFoA o] =M £ g FEE JHolAHoE EIE Fg 2 +



z 54" F =49 dad 3G =

A

N

2

| vA=

ot

o
=

N |
>
kel

Murine melanoma A|XFoA o] HE S FEE 4 oA HE 8 & Z}
g/mL % 5 ug/mL ¢ FxoA AX Z4S Hole ZoE Uiy WEs F55 2 odo}
AECE 8 242 v54 01-5 pg/mL % 001-1 pg/mL = 39 Az % #HAd A4
AA Agde stk 2 A3 BI6F10 M XA a-MSHRS A 23+ control 2 W]l
e FEELS 01 ug/mLe FEA 12%, dlEolAEHolE B ES 001 ng/mLe 3
8% A™ AUt (L9 33(a). 424e] A sZoAe= AESAHS HolA & Aer &
A=A (2 33(b)).

—~~
£

-
=
=

B
£ 120
=
Z 100 -
=
=
- 80 r
E
L cs
S s
= 40 r
=]
i_; 20
P
0
0.1 0.05 | 1 10
Normal | Conirol MeOH ext. (ug m.Lj EtOAc fr. (ug#m]_) PTU (uM)
o-MSH (-) o-MSH (10 nM)
120
:
-
3
=
z
i
0.1 0.05 | 1 10
Normal Control AMeOH ext. (],lg mL) EtOAc fr. (pg ‘mL) PTU (p)I)
o-MSH (-) o-MSH (10 nM)

=)

1% 33 BI6F10 AlZF0lA 2534 o] mes 352 3 oldopHolE £8 &2 Wopd A4 (a)
.00

A
I AEZRES (b) o HXE G #p<0.05, ##p<0.001, *p<0.05, *+p<0.01, **xp<0.001)

A
&

w3k tyrosinase A& A A
Desmodianone Hell thale] & U3 A
melanoma M ZFNA e F EZS
© 2 YERY Uncinanone B Desmodianone HS ZH7zt

g AA oA AES skt 2 A3 BI6F10 Al 3E ol A

< Eg= , 7% SA¥" Uncinanone B}
Foll A “é“j/} A A S Al . Murine
of AeAl 50 uM o] FEoAM AE SAHS Hol= A

TEE 001-10 pMZ 39 A7 & 4
a-MSHYHS A 2|3t control 73} H

P

M

A 3E



El
Ol

}o] Uncinanone B¥ 10 uM9] %0 A 33%, Desmodianone H< 10 pMe] =4 29%
T oAEAY (29 34(a). 4749 AP sEAAMe AEXESAHS TA HolA &S FHow
olg At (28 34(b)).

Jﬁ?_‘, o2

(a)
- 120
=
HEUE
= 80t s o
z 60 -2
o 40 r
.5
g 20 |
3
=
0
0.01 | 0.1 | 1 | 10 0.01 | 0.1 ‘ 1 | 10 10
Normal Control TUncinanone B (uM) Desmodianone H (uM) PTU (pu))
a-MSH (-) a-MSH (10 nM)
120
% *E L2 2
fr=
3
=
&
0.01 | 0.1 | 1 | 10 0.01 | 0.1 ‘ 1 | 10 10
Normal Control TUncinanome B (u)) Desmodianone H (ui) PTU (ud)
o-MSH (-) o-MSH (10 nM)

719 34. BI6F10 Al EFolA Z24E] oA 8% Uncinanone B& Desmodianone He] @abd A4
(A) 3 MEAESE (B) o nx= 9F ##p<0.01, ##p<0.001, *p<0.05, *+p<0.01, *#*p<0.001)

9. Il A= oyt =71 tiAbAl Z2apd"] g tiARA] HlolE ol s =

(1) AE 4w

FEARTHATAORRE AT we IAUS 4B U3} E7] W@ AHn A
42 S AEe ofdozyy AAdAY w= @Re JEREAAA Adaddt 4
o FFYPFTAATAL o|FT Wb} - FARYD FRASS FFYYTIAT A
HEEEAe nasat AAE 42 AL AN A% T BAs2 dob vASD T



Collection date

Collection area in Korea

province city
1 07-09-2010 Chungcheongnam Gongju
2 07-22-2010 Gveongsangnam Geochang
3 07-22-2010 Gveongsangnam Geochang
4 07-20-2010 Gyeongsangnam Goseong
5 07-20-2010 Gveongsangnam Tongyeong
6 07-21-2010 Gveongsangnam Goegje
7 07-30-2010 Chungcheongbuk Yeongdong
§ 07-30-2010 Jeollabuk Muju
9 08-01-2010 Gyeongsangbuk Pohang
10 08-05-2010 Jeollanam Gwangyvang
11 08-05-2010 Jeollabulk Gwangsan
12 08-06-2010 Chungcheongbuk Jangseong
13 08-06-2010 Gveongsangbuk Jeongeup
14 08-12-2010 Gveongsangnam Danvang
15 08-12-2010 Jeju special-goveming Yeongju
16 08-12-2010 Gangwon Bonghwa
17 08-21-2010 Gveonggi Jeju
18 08-27-2010 Gangwon Donghae
19 09-08-2010 Gangwon Namvangju
20 09-09-2010 Gangwon Chuncheon
21 09-09-2010 Gangwon Wonju
22 09-10-2010 Gyeonggi Anseong
CIRERES S
3gel T AES 40mLe W= 28T A3ste] 24413t &<t shakerE o] &3¢
150pmo. 2 F&eith 549 4ToA 5000rpm4 2R 5% F9 AR AY. 3
=S Wi 25022 im3 & FEFES speed vacs o] &38to] A=A FH
(3) GC-TOF-MS 24%¥ %53t 3 24210 o9
O FE=5 755 %5 Ag2= &alld 5, 2L FE= 50 ubs =L e-tubeol %o

Speed Vacuumol 4] overnight A7 <4 A%

@ Azx"E 72+ A&

pyridine) &
@ Oximation®] &4y
@ WHS-E-° autosampler vialoll

Az

GC
- Injector temp. :

- Split ratio : 5

A
250°C

oximation<

Al

At

A e 7,

- Column: DB 5-MS (0.25mm x 30mm x 0.25¢m)

- Carrier gas: He

37C, 30 <k W

#sle] methoxyamine hydrochloride (20 mg/mL in
50 uL %o 30CelA 903t wH&AZH

FE=A3E f8] MSTFA 50 upLg ¥
GC-MSel 1uL F=Y 3t}



- Flow rate: 1.5 mL/min
- Oven temp.: 75C(2min) —> 300C (3min), 15C/min

MS &4 =4

- EI mode

- Ton source temp.(C):230
- Detecter voltage (V): 1450
- Mass range: 35-700

- Solvent delay(filament off): 4 min

(4) LC-ESI-MS 2419 E#3} 9 2427

FEES L5 9H fE2R &893 H, 2 FE=E 100uLE M =ZEF e-tubeo] ¥ Speed
Vacol Al overnight Al#A €& AZAIZTE 72 Alge] WS oA Yol &8dd. 02 um

filters ©o]&3te] ZE F autosampler vialel 200uL% %74 9<& $& UPLC-Q-TOF-MS
(negative, positive mode)°l] 10 pL = s} %t}

LC-ESI-MS %4 2 =4

- Varian 500-MS ion-trap mass spectrometer

LC +4 =1
- Column: Varian PurSuit XRs Cig column (i.d., 3um, 100 x 2.0mm)
- Mobile phase

A: 0.1% formic acid in Water

B: 0.1% formic acid in acetonitrile

- Flow rate: 0.2 mL/min

- Gradient

Time(min) | %A | %B
initial 95 5
30.00 40 60
30.06 0 100
35.00 0 100
35.06 95 5
40.00 95 5

MS 4 =4

— Negative/Positive mode
- Mass rage: 100-1000

- Collision energy: 10.0

(5) UPLC-Q-TOF-MS #4] =1



FEES T 94H dEgsz &8s FH, 7 FEEF 100uLE MEE e-tubed ¥
Speed VacolA overnight AlA €A AZXAIAGY. &4 A 7} A5 weE&S tha] dof &3

S
@ 02 um filterE ©o]&3to ZIH < autosampler viald]l 200ulL® A S $

UPLC-Q-TOF-MS (negative, positive mode)oll 5 ul. 3}

UPLC-Q-TOF-MS #H] # =7
- LC: Waters ACQUITY UPLC ™ system
- MS: Waters Q-TOF Premier

LC &4 =1

- Column: Waters ACQUITY UPLC BEH C18 (2.1mm x 100mm x 1.7/m)
Waters Vanguard pre-column (2.Imm x 5mm x 1.7um)

- Mobile phase

A: 0.1% formic acid in Water

B: 0.1% formic acid in acetonitrile

- Flow rate: 0.3 mL/min

- Gradient

Time(min) | %A | %B

initial 95 5

1.00 95 5
10.00 0 100
11.00 0 100

11.01 95 5

13.00 95 5

MS &4 =4

- Negative/Positive mode
- Mass rage: 100-1000
Capillary (kV): 2.3

- Sample cone (V): 30.0
Source temp. (T): 80

- Ion energy (V): 1.0
- Collision energy: 10.0

3

24 4

hid

(7) tALAl dlolH A 9 gz 45 &3 A 3

7} Hloly A g

GC-TOF-MS datax ChromaTOF AXE9|o]E o] 83} data processing= 93t L2ZEY]
o] AF-g& format?l .cdf file® W3tslar, LC-ESI-MS data® Vx Capture 2AZE¢o]E o] &3}

o] cdf file® W33 & Metaligns ©]8£3lo] peak selection, alignment, base line correction



I} 7+& data processing= 3+

o AR

Ao
1=

b o,

M
ol

SIMCA-P(ver.12.0) A2ZE¢|o]Z o] &3 thA
- F Q9% A (PCA; principal component analysis)

- BEHALAHE IHEA (PLS-DA; partial least squares—discriminant analysis)

Hak 7 BA 5 Fo3 YAbH BAHS ~"du= 3359 mass spectra, fragment
pattern¥} retention time 2 F&ol 9EA SAHEHJG. "= sgtEo] gle Alde=
NIST05 MS Library (NIST, 20054 references, combined chemical dictionary version
7.2 (Chapman & Hall/CRC) % in-house libraryoll 2|3} tentative &4 & 33t}

kv

(8) 34k3l 2 tyrosinase A& A test

A
3g2 EdEe] AES 40mLe HWEE = 23T Zdsld 24417 & |
Z3tith FEE N2 4TCelA 5000rpme] &R 15% T A4®essla, A
JE(0.22 ym)3 ¥ FEES speed vace ©] &3] A%
o = X

tol HHAA AHgetA

1. ABTS test

ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) A% 7mM ABTSE
245mM  Potassium persulfate © o] 3|43 & 750nmel A OD#k 0.7¢] 25 A}-8-3F )
HgkZol] =<l F5 Als 20 pLol ABTS Al¢F 180 uL& ¥ i1, A2olA 73 ¥h§ F ELISA
2 FA3IYrh Standard  solution<  0.5mM*-H S5&HA| 1/238] A 1o Trolox
(6-hydroxy-2,5,7,8- tetramethylchroman-2-carboxylic acid)E A}&3ta 3t Akl <o 38)
Trolox Equivalent Antioxidant capacity (TEAC)E 43t

t}. Tyrosinase A3l &4 test

Tyrosinase A 22 2500 unit®] tyrosinaseE 5 unit/uL2 % sodium phosphate bufferol] ¢
3|25kl tyrosine 1.5mME Q1 % ARESAt) wlekE&dd 52l F& A5 5 uylel tyrosine
40 upL, buffer 125 ylLE Y3 A olA tyrosinase 30 uLE 2ol 37 ToAl 2083 ¥8 %

ELISAZ OD 495nmd|A] =43+

© AF5y Az

=

e 9, 7] B4 9 e AR

el <, 71 A& PLS-DATA A¥, 717 19] score plot¥ #o] v} £717F 747}
T o Mk GC-TOF-MSell A= PLS1(16.4%), LC-ESI-MSell A= PLS1(7.3%)°ll ¢J3 <1,



=717 FEEE AFe Holw 227] AHEEY o E77F FeEe Aol Hoxy (1H
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a9 3B, #3AE  F7] Alg¢] PLS-DA score plots (a) GC-TOF-MS (b) LC-ESI-MS.

LC-ESI-MS #4 3 gz AN s el o, £7] Aolzm FEA A= o2

AMAHE-2 Luteolin, Apigenin  glucoside, kaempferol, quercetin glucoside derivatives¥}
Lespedezol#} Lespecyrtin A4 5ol T4 ATHE 12).
Luteolin-6-glucosyl-8-arabinoside®} Apigenin-6-glucosyl-8-arabinoside, Apigenin glucoside
18] 31 Luteolin glucoside derivatives, Quercetin diglucoside®] ¢ oA @& 3F=FS e}
Wil 2] Lespedezol?}t Lespecyrtin AlE S =704 ¢ B S ey} o]+ &
129] fold change#t o= X &3St



¥ 12. LC-ESI-MSe] 9]3)] %

Apolipz el 9L, E719

o)A AR

Putative metabolites

Fold ch

Elemental comp Faror iFIT angelle

Antioxidant Tyrosinase inhibition

T AE

RT M-H]- M+H]+ i MSn fragment ion R afistors) activity activity
(min) (mfz) (miz) (miz) DM-H-  (ppm) (norm)
Luteolin-5-C-glucosyl-8-2 579,407 C6H27015 07 12 140 044 -0.52
1 rabinoside 122 579 381 580
Apigenin-6-C-glucosyi-3- 363,443, 333,323 297 CH2014 1§ 32 130 017 0.23
2 arzbimozide 120 363 363 364
3 Dibegioidingucoside 14 M0 451 450 A49287.051,107 CAM21011 64 143 077 012 008
o ) i o 303.447,301,271,1% C2TH29016- 42 -1 195 019 0.23
4 Apigenim glucoside 141 395 395 504
kzempferol-3. 7-dithammnos 577,423,407, 389, 255 CJ7TH29014 28 49 132 023 -017
3 " 15 377 3 378
Luteolin-6-C-glucoside de 447,283, 199,175,147 C2IHI1%011 21 47 132 013 -073
& Hvaves 164 447 449 443
7 Queceimdifluosides 167 637 635 @36 535.446,269,271 CLH306 18 3 272 0.34 -0.05
- - 431,285,235,227.1%6 - = 173 056 -026
8§ NI 17 43
$  Lespsdesol DL 83 197 295 2ge  285199.171,0%3 CIGHI30F 04 14 142 034 0.62
10 Lespedezal F1 % 257 255 256 235,135.91 CI15H1104 B - | 062 -0.18 0.34
1 Lespedezol D4 136 355 353 354 333.323,236,203 C21H2103 04 11 Q.56 028 -040
) . -  355,103,149,124.105 CJIH305 08 13 066 003 0132
12 Lespecyrtm D1 264 357 355 33
13 LespecortnFL 27 w3 am Gl 4 3 L 23
> o] = o) % L=, ]
of el o) E719] dARgiAREE 24 2 5
=] =] =] = = =
GC-TOF-MS #4 3l vk TAEA A oa e =71E
o= Sl E O % = =l o s
EEE 1A F3ES Foldla, o 671E F@deAT (i 13). 4849

Urea, Succinic acid, Fumaric acid, malonic acid, arabinose, myo-inositol< %= 7]X

=

Hol=

671 <
)

U

B2 IS e dAT 2 9 FAHEHA X FFEES E7]4d4 9
Ao 2 F139 fold changeE %3 e
3E 13. GC-TOF-MSell ¢J3l] Apoluh= e &, F7]19 o] tAMHE
Metabolites  RT (min) MIS fragment jon (m/z) Derivatized "ol Change 4 4 dantactivity  Tyrosinaseinhibition activity
(leafistem)
0.85 033 020

urea 6.67 73,147,171, 189, 234 2tms
succinic acid  7.39 73, 147, 172, 247 2tms 084 034 006
fumaric acid  7.68 45,73, 147, 217, 245 2tms 87 gt 015
NIl 8.32 73, 101, 116, 133, 147, 233 - T a0a 003
malonic acid .00 73, 101, 147, 180233, 307 3tms 0.87 -0.44 D33
NI3 9.18 45,73, 103, 147, 217, 307 . e 0.08 -0.08
arabinose 10.45 73,103, 147, 217, 307 Jtms 0.96 -0.38 D48
NI10 11.94 102, 145, 202, 260, 311, 367, - 50 024 L
NIl 1230 73.103. 147.205.319.376. 464 = 123 0.34 -0.13
NI12 12.55 73,103, 147, 217, 265, 318, 433, 507 < 0.85 -0.50 017
myo-inositol 1341 73,103, 147,217, 265, 305, 367 Gtms &3 047 D18
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=
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g el o, 719 d4kst 2 tyrosinase A3 A4

A B o %
100 E 9% ‘
9 z 80
E 80 T £ 70
-é 70 ; 60
[ @ T
E £ 30
- e £ 20
I g
E 10 = 10
0 0+

stem leaf stem leaf

a9 36, AAE A, E719] ket &4 (A) 2 tyrosinase A3 A (B).

A 8, #7] 22 ARE dAkst & JJr tyrosmase Al Fds SAste] 7 A E71E
2 His ol A3E Yeuddt (28 36). IAEE A A7k A YGo] tg2Y] uid
A& 7F Zol7b AAN AAHoz 3 P§} gL 718} O‘Oﬂ/ﬂ =S @4& e Ao
2 Holt} tyrosinase A3 FALE AA] 22F 9 A 5E SAHIT T A3 ZV|HE HAFS Yo
A%E YERAaL, 1 7ﬂﬂrL =700 dET ¥ w2 84S 7}21% Aoz el o=
kst @R £ o FEg AolE Kol & 1He] o7t oS UEE RoRRE B

ol Xt
nb el & oolatti At Ed EA vk e) G

A o, 2713 Aol ol AbthAbAlE 3t FAtE, tyrosinase A &/ dke] JdAAE B
7] #1381 prepHPLCE ol &3le] 7}7te] st 5s Tdstart. 18 &% preps Wol
Al ate] 31E o 24 tentativestAl FIsEATE (¥ 37). & A A A

S X9 AAAERE YERYAT (19" 3R).
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% 37 3R o, £719 prepHPLC Z23ds] 2 &4 54 23 3] dA)F =71B)Y] A=At
B8, 47 F8ee2 dOF £71(D)9 tyrosinase A &3t A(E), =719 kst 24 =
A Ay} Luteolin-6-C-glucosyl-8-arabinoside  (1);  Apigenin-6-C-glucosyl-8-arabinoside  (2);
Dalbergioidin =~ glucoside  (3);  Apigenin  glucoside  (4);  kaempferol-3,7-dirhamnoside  (5);
Luteolin-6-C-glucoside derivatives (6); Quercetin diglucosides (7); and Non-identified (8); Lespedezol
D1 (9); Lespedezol F1 (10); Lespedezol D4 (11); Lespecyrtin D1 (12); Lespecyrtin F1 (13).

Urea
siccinic acid
fiumaric acid
NI
nalonic acid
NI3
r arabinose
N.ILO

NIl
N2
myo-inesitol
Luteolin-6-C-glucosyl-8-arabioside
Apigenin-6-C-glucosyl-8-arabinoside
Dalbergioidn glucoside

igenin glucugad:s
knempferol-3,7-dithamnoside
Luteolin glucosides
Qllm:tlm diglucosides

chp:dczol D1

Lespedzol F1

Lespedezol D4
Lespecyrtn 11
Lespecyrtin F1

tyvosinase mhibition assay
ABTS
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Lespedezasr9] w4l 2 2AF9 R FH o /34 HASS A8 34e 268, A 6
Ad, 25348 33dS dde=z sk e 2 Rel= Lespedezasr @] Macrolespedeza?
Aol &3t, 15 ARFH Y Fas A2 QA Hogkdd Ewr dH o FE(calyx), 7|
(standard), ¢ ¥H(wing), & & H(keel-petal)e] 4ol & 4 Az Ao FHEwd o
H(lateral calyx-lobe)> E#H o] MA ZHolxth Aut olstz ZAetxom, 7],
ZAolg vy 7]go] 71 Adx &3, 3 FolAdrt I Ag
(lateral calyx-lobe) @ o] A dolrt} Ant o] Zelxlon 7|3 <3,
E vl R 7ol 7P Aa i, &0 wolUvh. Macrolespedezar € ©)
ol 879 eREeiers FAA Aol dataE 7| FE simple matching coefficientE A}
o FAIE A ¢S BA3 A3 MacrolespedezaZ)l 9l x4 e] o Heterolespedeza? | 21
M2l 7V MacrolespedezaA €92 Al Hth o] FZRAN= FASE Aoz eyt 18y
H Ao Algw A A Macrolespedezall 8 ol A el et sg]e] £37F FoA4
AZ37] Y3 Aol o, 2RI £34= Heterolespedezal B3 kel o #e]7t %
3= MacrolespedezaAl 48 o}l ol@(scale)d} o] vide] old] FEE 7] ufjiFo] g
of ZEAY7ZE aH FA 9s A FAsttE A gut glew, a¥ HAF¥ES Foh
MacrolespedezaA ]! Z4»elek Aef= 2wy W] dei(calyx), 7]¥(standard), %
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3 14. List of taxa of the Korean Lespedeza for the morphological study.

Nc Cﬁie Taxon Date Locality Voucher

1 Lespedeza cyrtobotrya  2010-07-22 7249 E AT 7F2W L4 K Kim et al. 2010-1001
2 C3 Lespedeza cyrtobotrya  2010-07-22 72249 E AFT 7t2W 2548 K Kim et al. 2010-1002
3 4 Lespedeza cyrtobotrya  2010-07-20 A Ea47 oirbd o F4 JK. Kim et al. 2010-1003
4 C5 Lespedeza cyrtobotrya  2010-07-20 A= T AFEF JK. Kim et al. 2010-1004
5 C6 Lespedeza cyrtobotrya  2010-07-21 BAEE AN FEE JK. Kim et al. 2010-1005
6 C7 Lespedeza cyrtobotrya  2010-07-30 3 EH= d5T &34 WFA4 SH. Park et al. 2010-1002
7 C8 Lespedeza cyrtobotrya  2010-07-30  A&E= F37 AH4H 244 SH. Park et al. 2010-1003
8 9 Lespedeza cyrtobotrya  2010-08-01 AAEE TFA G AL J.U. Eum 2010-1001

9 CI10 Lespedeza cyrtobotrya  2011-08-16  Mepd = FFA £8H W4k C Y. Lee et al. 2011-1011
10 Cl1 Lespedeza cyrtobotrya  2010-08-05 Aehd® F5F BT FEAFA C Y. Lee et al. 2010-1002
11 C12  Lespedeza cyrtobotrya  2010-08-06  Hehd % 247 H3E thiz4k C Y. Lee et al. 2010-1003
12 C13  Lespedeza cyrtobotrya  2011-08-04  HZEE AFA F5H £UA C Y. Lee et al. 2011-1010
13 Cl4 Lespedeza cyrtobotrya  2011-08-10 FAERE dST GFF JK. Kim et al. 2011-1013
14 Ci15 Lespedeza cyrtobotrya  2010-08-12 AR GFA THE2FE JK. Kim et al. 2010-1007
15 Cl6 Lespedeza cyrtobotrya  2010-08-12 BAEE T3 =¥ JK. Kim et al. 2010-1008
16 Cl7  Lespedeza cyrtobotrya  2010-08-21 AFEZ=AFABNETHE=IRAZ  JK. Lee et al. 2010-1001
17 CI18  Lespedeza cyrtobotrya  2010-08-27 U= FaAl J.K. Kim 2010-1009

18 C19  Lespedeza cyrtobotrya  2010-09-08  A7E G454 =g It C.Y.Lee et al. 2010-1005
19 C20 Lespedeza cyrtobotrya ~ 2010-09-08 ZUE EHA AW At C. Y. Lee et al. 2010-1006
20 C21 Lespedeza cyrtobotrya  2010-09-09 BEE E3A TH & C. Y. Lee et al. 2010-1007
21 C22 Lespedeza cyrtobotrya  2010-09-09 FEE dFA AEE Ay C. Y. Lee et al. 2010-1008
22 C23  Lespedeza cyrtobotrya  2010-09-10 A7 % AN 4 A C. Y. Lee et al. 2010-1009
23 C24 Lespedeza cyrtobotrya  2011-07-26 deE 94 9%y B2 JKKim et al. 2011-1001
24 C25  Lespedeza cyrtobotrya  2011-07-27 ARET 2 BT BAA JK.Kim et al. 2011-1002
25 C26  Lespedeza cyrtoboirya  2011-07-27 AAEE 23 B HAA JK. Kim et al. 2011-1003
26 C27  Lespedeza cyrtobotrya  2011-07-27 A}EE 28 5T BAA J.K. Kim et al. 2011-1004
27 Bl1 Lespedeza bicolor 2011-07-26  ZE9= ¥€ A3 24 =27k ] K Kim et al. 2011-1008
28 B12 Lespedeza bicolor 2011-08-03  AAHEE AZT 7txd £54F  C Y. Lee et al. 2011-1001
29 B13 Lespedeza bicolor 2011-08-17 BAEE I =HF C. Y. Lee et al. 2011-1002
30 Bl4 Lespedeza bicolor 2011-08-10 BAEE 4T 7M2% J. K. Kim et al. 2011-1009
31 B17 Lespedeza bicolor 2011-08-04  AHFEHE H{FA A FLA  C Y. Lee et al. 2011-1003
32 B22 Lespedeza bicolor 2011-08-29 7= A Fatw A C. Y. Lee et al. 2011-1004
33 M7 Lespedeza maximowiczii  2011-08-03 e = AT 7Fx2H 2=4F C Y. Lee et al. 2011-1005
34 M8  Lespedeza maximowiczi  2011-08-17  77d = TAT di7ldA diF4k C Y. Lee et al. 2011-1006
35 M9  Lespedeza maximowiczii  2011-08-16  AgpdE FdA SF5H W4k C. Y. Lee et al. 2011-1007

Stress: 0.02

19 39. Scatter diagram showing 35 Lespedeza
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a9 40. A dendrogram of 35 Lespedeza based on complete
linkage distance method using 8 characters of principal component

analysis

howde % caBe sEed 24

Macrolespedeza’d 2] 2], Ag], 25429 &2 BT E}%(monad)olj, dlolot g
AER ’%iﬁla(tricolporate)ob} Uehytth gt ge] av)= A A, 224 e i)
Aol 29 (19.53-2367m)olR e, debd® FATeA RS Cl2d zww% 28.91+2.58
m, A7) %= SHAAl A 3 B22H Mgl 2451:1.17mE $HY A717F vEbgoy, I
g, A, 259 Fige BT Ao AV|E YEgen, Rk g, A, 2ERE

At A F2 o}&7-8 (Subprolate:1.15-1.33)01 2l o™, 2] 470 A H(C12, C18, C19, C25) &
2] Bl12, B22o| A& &3 (Prolate:1.34-1.99)¢] = oFo] eyt ow, °ﬂoﬂﬁ T B13W

Aol A= 248 (Prolate-spheroidal:1.01-1.14) 9] FoFo]Qith, W o] FHFE Y= I, A
2], 2348 25 A (reticulate) 0.2 BEE oW, WA JHE A Z%L% THol &

Aste Aoz dFEHJ o Iae 47) JH(C10, C25, C26, C27)¥ B22H Akg], M9 XS4}
gl oAM= A 7]l el EAEHA @ 9kth Bo Xu etal(2011)= ], A, 254 E
shedel A7) B @Al EAss 7 5o G- s FEEe] A e gES

N

PREAeR §87 FAolAn Ao, B0 AR BEA Bhe FAL PL Folx
= A wek SRyl 2] L BRFY, 33710 FHEeIA FolE ol Ao n
o} Akiyama S.(1988)7} 8% @4 §8% Fdo] oheh: At AAF: Aow U

¥ 14. Quantitative characters of various organs in the Korean Lespedeza (F.1: Length of flower; S.:
length of standard; W.I: length of wing; KlI: length of keel-petal, Cl: length of calyx; CL.I: length of
lateral calyx-lobe; CT.I: length of calyx tube, (All measurements are given in mm, except CL.1/CT.],
SL&W.I&K.D).



Code

S1.&W.1&

Taxon F.l sl W1 K.l cl CL1 CTl1 CL1/CT.
No K.l

cg Lespedeza 9.81+0.35 9.20+0.38 8.70+0.39 7.66+0.34 6.00£0.27 2.97+0.35 3.00£0.29 1.00£0.19 S>W>K
cyrtobotrya

cg Lespedeza 10.29+0.2 9.87+0.29 9.44+0.29 8.15£0.20 7.03+0.50 3.71+0.44 3.32+0.27 1.1240.17 S>W>K
cyrtobotrya

cq Lespedeza 9.88+0.42 9.22+0.57 897+0.47 7.75+0.34 493028 3.22+0.28 1.72+0.20 1.90+0.31 S>W>K
cyrtobotrya

c5 Lespedeza 10.28+0.3 9.93+0.35 9.17+0.22 8.07+0.28 7.01+0.54 3.73+0.47 3.27+0.19 1.14%0.14 S>W>K
cyrtobotrya

cg Lespedeza 10.58+0.3 9.97+0.42 9.28+0.29 8.18+0.25 6.33+0.28 354+0.24 2.79+0.09 1.2620.08 S>W>K
cyrtobotrya

o7 Lespedeza 11.26+0.4 10.96+0.4 10.08+0.2 8.91+0.16 7.04+0.43 4.19+0.35 2.85+0.14 1.47#0.11 S>W>K
cyrtobotrya

cg Lespedeza 9.8620.31 9.64+0.28 9.26:0.22 8.09+0.19 5.02+0.44 2.74+0.36 2.29+0.11 1.19+0.13 S>W>K
cyrtobotrya

cg Lespedeza 10.53+0.2 10.28+0.2 9.13+0.35 8.65+0.30 6.27+0.45 3.28+0.31 2.98+0.28 1.11#0.14 S>W>K
cyrtobotrya

clo Lespedeza 9.37+0.40 9.11+0.37 8.43+0.14 7.67+0.12 5.60+0.46 3.02+0.33 2.58+0.16 1.17£0.08 S>W>K
cyrtobotrya

cn Lespedeza 0.43+0.45 9.11+0.44 854+0.48 7.78+0.38 5.64+0.47 312+0.28 2.46+0.42 1.35+0.34 S>W>K
cyrtobotrya

clp Lespedeza 9.59+0.53 9.03+0.49 8.67+0.50 7.75+0.37 5.71+0.53 3.23+0.28 2.49+0.51 1.36£0.36 S>W>K
cyrtobotrya

clg Lespedeza 9.9340.52 9.42+0.54 8.77+0.53 7.57+0.54 5462051 3.28+0.32 2.18+0.36 1.55%0.31 S>W>K
cyrtobotrya

cly Lespedeza 10.16+0.2 9.90+0.28 9.24+0.27 8.26+0.23 6.33+0.40 3.38+0.26 2.95+0.18 1.14%0.07 S>W>K
cyrtobotrya

cls Lespedeza 9.85+0.44 957+0.43 8.97+0.42 8.04+0.39 583047 321+0.29 2.62+0.24 1.2240.10 S>W>K
cyrtobotrya

clg Lespedeza 10.66+0.3 10.46+0.3 9.53+0.32 8.4140.27 6.26+0.37 3.36+0.26 2.90+0.21 1.1620.11 S>W>K
cyrtobotrya

cry Lespedeza 10.890.2 10.48+0.2 9.81£0.23 8.65£0.14 6.67+0.43 4.04+0.35 293+0.17 1.3740.12 S>W>K
cyrtobotrya

cig Lespedeza 10.62+0.5 10.39+0.4 9.45+0.36 8.36+0.26 6.69+0.28 3.63+0.23 3.05+0.14 1.20£0.09 S>W>K
cyrtobotrya

clg Lespedeza 9.71+0.19 9.47+0.17 8.94+0.21 7.86+0.18 5.37+0.19 2.96+0.19 2.40+0.15 1.24+0.13 S>W>K
cyrtobotrya

cop Lespedeza 10.62+0.4 10.39+0.3 9.49+0.27 8.34+0.18 6.11+0.43 3.29+0.25 2.81+0.23 1.17£0.08 S>W>K
cyrtobotrya

co1 Lespedeza 11.08+0.3 10.63+0.3 9.89+0.23 8.87+0.11 6.69+0.33 3.73+0.24 2.95+0.16 1.2620.09 S>W>K
cyrtobotrya

cop Lespedeza 10.28+0.2 9.76+0.32 9.49+0.33 8.2620.31 6.63+0.40 3.62+0.33 3.01+0.33 1.23£0.24 S>W>K
cyrtobotrya

oy Lespedeza 105005 10.19+0.4 9.64+0.36 8.2120.18 7.28+0.55 4.1240.43 3.1640.23 1.31£0.13 S>W>K
cyrtobotrya

con Lespedeza 9.80£0.59 9.51+0.57 8.71+0.45 7.73+0.38 5.10+0.39 2.86+0.25 2.23+0.22 1.29+0.13 S>W>K
cyrtobotrya

co5 Lespedeza 10.38+0.5 9.99+0.54 9.25+0.42 8.27+0.25 7.52+0.49 4.33+0.46 3.19+0.21 1.36%0.18 S>W>K
cyrtobotrya

cop Lespedeza 10.28£0.4 10.03£0.4 9.12+0.40 8.21+0.32 6.43+0.52 351+0.31 2.92+0.26 1.21£0.10 S>W>K
cyrtobotrya

coy Lespedeza 9.3740.42 9.13+0.44 842+0.40 7.75+0.36 6.3620.28 357+0.24 2.79+0.33 1.30£0.22 S>W>K
cyrtobotrya

Bll Lespedeza bicolor 11.86+0.4 11.49+0.4 9.22+0.34 10.50+0.3 5.21+0.24 2.06+0.19 3.15+0.10 0.662£0.06 S>K>W

B12 Lespedeza bicolor 11.38+0.5 11.08+0.5 9.22+0.56 10.02+0.3 5.03+0.20 1.62+0.27 3.42+0.26 0.48+0.12 S>K>W

B3 Lespedeza bicolor 11.00£0.4 10.77+0.4 9.42+0.36 9.87+0.37 5.24+0.40 2.11+0.29 3.13£0.20 0.67£0.08 S>K>W

Bl4 Lespedeza bicolor 12.00+0.6 11.67£0.6 9.64+051 10.58+0.4 5.04£0.35 1.99+0.20 3.05+0.18 0.6540.05 S>K>W

B17 Lespedeza bicolor 10.02+0.4 9.58+0.45 8.24+0.58 9.01+0.47 4.18+0.46 1.15+0.41 3.03+0.23 0.38£0.13 S>K>W

B22 Lespedeza bicolor 1158+0.6 11.27+0.6 9.82+0.58 10.33+0.6 4.93+0.27 1.92+0.17 3.0120.16 0.63£0.05 S>K>W

My Lespedeza 10.98+0.3 10.52+0.3 9.78+0.31 10.51+0.3 3.95+0.29 2.09+0.24 1.86+0.28 1.14+0.25 S=K>W
maximowiczii

Mg Lespedeza 9.41+0.27 9.13+0.28 8.14+0.17 9.10+0.27 3.91+0.22 2.20+0.18 1.71+0.15 1.29+0.16 S=K>W
maximowiczii

Mg Lespedeza 9.96+0.24 9.69+0.25 9.17+0.45 9.58+0.19 351+0.22 1.89+0.27 1.62+0.08 1.1740.21 S=K>W

maximowiczil




19 41. LM and SEM micrographs of pollen in Lespedeza cyrtobotrya.
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9 42. LM and SEM micrographs of pollen in Lespedeza cyrtobotrya C26-21, L. bicolor B11-Bl4,
B17-B22, L. maximowiczii M7-MO.
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3 15. Seed morphological data of Lespedeza in the Korean.

nge Taxon Length (mm) Width (mm) L/W Shape Colour Surface

C1 Lespedeza 3494028  2.22¢0.16 158:0.14  elliptic  dark purple-brown  Smooth
cyrtobotrya

C2 Lespedeza 317+0.31  2.03023 1584026  elliptic  dark purple-brown  Smooth
cyrtobotrya

C3 Lespedeza 3274021 229:0.14 1442012  elliptic light brown Smooth
cyrtobotrya

5 Lespedeza 3284026  2.18+024 152:020  elliptic  dark purple-brown  Smooth
cyrtobotrya

6 Lespedeza 3414030  228+021 150£0.09  elliptic  dark purple-brown  Smooth
cyrtobotrya

c7 Lespedeza 3324016  2.35£0.12 142:0.12  elliptic  dark purple-brown  Smooth
cyrtobotrya

c8 Lespedeza 289+024  195#027 146%0.10  elliptic  dark purple-brown  Smooth
cyrtobotrya

) Lespedeza 2984020 2.32¢0.17 1.29:0.10 elliptic light brown Smooth
cyrtobotrya

C10 Lespedeza 3074025  2.09+0.17 147+011  elliptic  dark purple-brown  Smooth
cyrtobotrya

Cl1 Lespedeza 343019 246012 1.39:005  elliptic  dark purple-brown  Smooth
cyrtobotrya

C12 Lespedeza 3164038  2.36£0.33 1.34:0.09  elliptic  dark purple-brown  Smooth
cyrtobotrya

Cl13 Lespedeza 287+0.19 2124013 1352006  elliptic  dark purple-brown  Smooth
cyrtobotrya

Cl4 Lespedeza 345+024  2.37+0.17  146:011 elliptic light brown Smooth
cyrtobotrya

C15 Lespedeza 2924018 2102040 155:092  elliptic  dark purple-brown  Smooth
cyrtobotrya

C16 Lespedeza 3354033 228018 147+0.14  elliptic  dark purple-brown  Smooth
cyrtobotrya
Lespedeza . . . L. B

C17 evrtobotrya 3.57£0.20 2.38£0.18  1.50+0.08 elliptic dark purple-brown Smooth

C18 Lespedeza 3.27+0.30 2.18+0.24  1.51+0.19 elliptic dark purple-brown Smooth
cyrtobotrya

C19 Lespedeza 3134027 2112012  149:0.15 elliptic light brown Smooth
cyrtobotrya

€20 Lespedeza 3104027  2.24+0.15 1.39:0.10  elliptic  dark purple-brown  Smooth
cyrtobotrya

21 Lespedeza 3155027  223+0.14 1412012  elliptic  dark purple-brown  Smooth
cyrtobotrya
Lespedeza . . . . B

C24 cvrtobotrya 3.30£0.16 2.28£0.09  1.45+0.08 elliptic dark purple-brown Smooth

c25 Lespedeza 3354038  2.26+0.17 149+0.17  elliptic  dark purple-brown  Smooth
cyrtobotrya

B13 Lespedeza bicolor — 2.92+0.25 241£0.21  1.22+0.09 elliptic light brown Smooth

M9 Lespedeza 3284029  1.8120.16 1.81+0.10 kidney shapeddark purple-brown  Smooth

maximowiczIl




a9 43, LM and SEM micrographs of seed in Lespedeza cyrtobotrya C2-25, L. bicolor Bl13,

maximowiczii M.
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No. Code No sk R A2 A2+ No.

1 Cl Lespedeza cyrtobotrya — 2010-07-09 FHGE FFA xR SH. Park et al. 2010-1001
2 C2 L. cyrtobotrya 2010-07-22 BAAEE AR 7tERE 2Eak JK Kim et al. 2010-1001
3 C3 L. cyrtobotrya 2010-07-22 A A kA et JK Kim et al. 2010-1002
4 4 L. cyrtobotrya 2010-07-20 7AAdE e gi7bd =4t JK Kim et al. 2010-1003
5 (¢35} L. cyrtobotrya 2010-07-20 A E TG A JK. Kim et al. 2010-1004
6 C6 L. cyrtobotrya 2010-07-21 A= AAA S JK Kim et al. 2010-1005
7 Cc7 L. cyrtobotrya 2010-07-30 FAEE Qe U NFEALE SH. Park et al. 2010-1002
8 8 L. cyriobotrya 2010-07-30  AepEi e A At SH. Park et al. 2010-1003
9 O L. cyrtobotrya 2010-08-01 5= A @ A At J.U. Eum 2010-1001

10 C10 L. cyrtobotrya 2011-08-16 b= FEA Sgu Hest C. Y. Lee et al. 2011-1011
1 cu L. cyrtobotrya 2010-08-05  HMebdE B @A GEASFA C. Y. Lee et al. 2010-1002
12 C12 L. cyrtobotrya 2010-08-06 Aehd e At Sshd dizar BEal 24 C. Y. Lee et al. 2010-1003
13 CI3 L. cyrtobotrya 2011-08-04 A= AgAl 5 794 C. Y. Lee et al. 2011-1010
14  Cl4 L. cyrtobotrya 2011-08-10 FARE dST dSE JK. Kim et al. 2011-1013
15 CI5 L. cyrtobotrya 2010-08-12 BAEE GFA 7HE2E JK. Kim et al. 2010-1007
16 Cl6 L. cyrtobotrya 2010-08-12 BAEE gkt 4 JK Kim et al. 2010-1008
17 C17 L. cyrtobotrya 2010-08-21 AFE AFA s et JK. Lee et al. 2010-1001
18  CI18 L. cyrtobotrya 2010-08-27 AAE FEAl JK. Kim 2010-1009

19 C19 L. cyrtobotrya 2010-09-08 A7 FEFA S ok C.Y.Lee et al. 2010-1005
20  C20 L. cyrtobotrya 2010-09-08 AT A Ad et C. Y. Lee et al. 2010-1006
21 C21 L. cyrtobotrya 2010-09-09 FEE B4 FE HE C. Y. Lee et al. 2010-1007
22 Cc2 L. cyrtobotrya 2010-09-09 FUE AFA AEE g C. Y. Lee et al. 2010-1008
23 C23 L. cyrtobotrya 2010-09-10 A7 QA Sk 2] C. Y. Lee et al. 2010-1009
24 CA L. cyrtobotrya 2011-07-26 FUE 9Y A A Aot JKKim et al. 2011-1001
2 C5 L. cyrtobotrya 2011-07-27 BAARE X B 2AA EFAT JKKim et al. 2011-1002
26 C% L. cyrtobotrya 2011-07-27 BARE XF B HAA dEFAT JK. Kim et al. 2011-1003
21 C27 L. cyrtobotrya 2011-07-27 AR ¥ 59 2AA g5 JK. Kim et al. 2011-1004
28 C28 L. cyrtobotrya 2011-07-19 AT AR 7tERE &4t JK. Kim et al. 2011-1005
29 C29 L. cyrtobotrya 2011-07-19 AT AR 7MW L=k JK. Kim et al. 2011-1006
30 C30 L. cyrtobotrya 2009-09-07 Fo chun, Hun chun, Ji Lin, China

31 C36 L. cyrtobotrya 2011-07-21 BUE B it Wolrte] ofgl J. E. Han 2011-1001

32  C37 L. cyrtobotrya 2011-12-01 Xuefeng Reservoir, Hancheng city, China J. K Kim et al. 2011-1007
33 C40 L. cyrtobotrya 2008-09-06 Japan

34 c41 L. cyrtobotrya 2005-10-02 Shikoku, Kochi Pref. Ino-machi, Japan

3% Bl L. bicolor 2011-07-26 AAE 4 A A4 =2t J. K Kim et al. 2011-1008
36 Bl2 L. bicolor 2011-08-03 A AR 7tz LwAk C. Y. Lee et al. 2011-1001
37 BI3 L. bicolor 011-08-17 7= 94 =3lE C. Y. Lee et al. 2011-1002
38 B4 L. bicolor 2011-08-10 BAEE GFA 7HE2E J. K Kim et al. 2011-1009
39 BI7 L. bicolor 2011-08-04 AeHEE AHA S5W FUA C. Y. Lee et al. 2011-1003
40  B21 L. bicolor 2009-09-06 Caomaozi, Dongxing town, Ji Lin, China

41 B22 L. bicolor 2011-08-29 B71% Ml Fabd A C. Y. Lee et al. 2011-1004
42 B23 L. bicolor 2011-07-21 A% G ik golrhE] ol J. E. Han 2011-1002

43 B2 L. bicolor 2011-09-08 Yunmengshan National Forest Part, Beijing, China

44 B2 L. bicolor 2011-09-08 Yunmengshan National Forest Part, Beijing, China

45  B26 L. bicolor 2011-09-08 Yunmengshan National Forest Part, Beijing, China

46  B27 L. bicolor 2011-09-23 XiaoLong MenNationalForestPark, Beijing, China

47  B28 L. bicolor 1995-08-10 Japan

48  B29 L. bicolor 2004-09-24 Honshu, Niigata Pref., Kariqga-gun, Japan

49 B30 L. bicolor 2004-08-12 Hokksido, Oshima Division, Kayabe-gun, Japan

50 B3l L. bicolor 2007-08-01 Honshu, Miyagi Pref., Osaki-shi, Japan

51 LBl L. bicolor 2011-09-22 T Mskd Ak J. K. Kim 2011-1011

52 LB2 L. bicolor 2011-09-10 T A Aepak

53 M4 L. maximowiczii 2010-08-05 Aebde BFA S WLt C. Y. Lee et al. 2010-1010
5 M5 L. maximowiczii 2010-08-05 b= FEA SEH west C. Y. Lee et al. 2010-1011
5 M7 L. maximowiczii 2011-08-03 A AR 7tz LwAk C. Y. Lee et al. 2011-1005
5 M8 L. maximowiczii 2011-08-17 A E T o7bE oAk C. Y. Lee et al. 2011-1006
57 M9 L. maximowiczii 2011-08-16 Aepde AgA] SEd ek C. Y. Lee et al. 2011-1007
58  MI0 L. maximowiczii 2012-07-26 Aepde Gt wAW Y& J. K Kim et al.

5 Ml L. maximowiczii 2012-07-26 Aepde odat gk vjdA A J. K Kim et al.

60 M2 L. maximowiczii 2012-07-26 AeHs e okt 2w YAt At Y. J. Jeong et al.

61 M3 L. maximowiczii 2012-07-27 AehdE UFA] eobd oA o+ J. K Kim et al.

62 M4 L. maximowiczii 2012-07-27 AeEe GgA b S347 J. K Kim et al.

63 M5 L. maximowiczii 2012-08-18 Agbd e Fae AgAak C. Y. Lee et al.

64 KMl Kummerowia striata 2011-08-17 BAddE AAA SFE C. Y. Lee et al. 2011-1009
65 KM3 K. striata 2011-08-10 R sl J. K Kim et al. 2011-1012
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Lespedeza®: & Q432 FAdAANA dATHl FQAEF O™ Lespedezai WA= 4t

g 2 A JaES AL o2 AT FABAV FEEHE HdoE FAH o] EAAEE
o

A ATEe F83 Rty FHowwdo]l 2AEJL A I Hud we Ja
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3 17. Values and statistics from parsimony analyses of ITS, #rl, &nl-trnF and combined DNA

data
ITS trnl. trnl.—trnF Combined
Unaligned length of sequences (bp) 614-622 529-530 354-367 1503-1515
Aligned length of sequences (bp) 625 530 375 1530
No. of variable characters 56 12 15 83
No- of izz:f;ys l(r;:;matwe 50 (8) 11 @ 12 (32) 73 (48)
G+C content (%) 64.1 336 216 43
No. of trees retained 3 16 3 >10000
Tree length 58 12 15 91
Consistency index (CI) 0.98 0.92 0.93 0.85

Retention index (RI) 0.99 0.93 0.98 0.92
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19 44. NJ tree of ITS based on distance value.
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19 45. The 70% Majority rule tree of the 174 most parsimonious trees from the parsimony analysis
[1000 random addition replicates, tree-bisection-recombination (TBR) branch swapping] of nuclear
ribosomal internal transcribed spacer (ITS) for Lespedeza and related species. Bootstrap values are

given above the branches.
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1% 46. The 70% Majority rule tree of the 99 most parsimonious trees from the parsimony analysis
[1000 random addition replicates, tree-bisection-recombination (TBR) branch swapping] of combined
sequences(ITS, 7., trrl—triF) for Lespedeza and related species. Bootstrap values are given above
the branches.
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1 C1 Lespedeza cyrtobotrya 2010-07-09 THAGE FFA wkxd S.H. Park et al.  2010-1001
2 C2 Lespedeza cyrtobotrya 2010-07-22 AAHE AT txd L xA JK. Kim et al.  2010-1001
3 C3 Lespedeza cyrtobotrya 2010-07-22 AT E AT 7hxd o =Ak JK. Kim et al.  2010-1002
4 Cc4 Lespedeza cyrtobotrya 2010-07-20 AAdE nAdT dizbd ok JK. Kim et al.  2010-1003
5 C5 Lespedeza cyrtobotrya 2010-07-20 BAdE 9 JK. Kim et al.  2010-1004
6 C6 Lespedeza cyrtobotrya 2010-07-21 A= AAA JK. Kim et al. 2010-1005
7 Cc7 Lespedeza cyrtobotrya 2010-07-30 FAEE 5T &3 NFEAt S.H. Park et al.  2010-1002
8 Cc8 Lespedeza cyrtobotrya 2010-07-30 AgE e F3 g4 g4 S.H. Park et al.  2010-1003
9 C9 Lespedeza cyrtobotrya 2010-08-01 AAEE LY G LW 5 A J.U. Eum  2010-1001

10 C10 Lespedeza cyrtobotrya 2011-08-16 Aepds FdA S35H At C.Y.Leeetal.2011-1011

11 C11 Lespedeza cyrtobotrya 2010-08-05 AepgE FFFAA FabT FEAFA C.Y .Leeetal.2010-1002

12 C12 Lespedeza cyrtobotrya 2010-08-06 Aetds FAT Habd ozt C.Y.Leeetal 2010-1003

13 C13 Lespedeza cyrtobotrya 2011-08-04 AEE J5A S5dFgA C.Y.Leeetal 2011-1010

14 Cl14 Lespedeza cyrtobotrya 2011-08-10 FHAELE 9GS GYS JK. Kim et al.  2011-1013
15 C15 Lespedeza cyrtobotrya 2010-08-12 AAEE GFA 7HE2% JK. Kim et al.  2010-1007
16 C16 Lespedeza cyrtobotrya 2010-08-12 AAEE Bahit F=dH JK. Kim et al.  2010-1008
17 C17 Lespedeza cyrtobotrya 2010-08-21 AFE AFA BAE JK. Lee et al. 2010-1001

18 C18 Lespedeza cyrtobotrya 2010-08-27 FAE Fa Al JK. Kim  2010-1009

19 C19 Lespedeza cyrtobotrya 2010-09-08 BNE FFFA Eg ok C.Y.Leeetal.2010-1005

20 C20 Lespedeza cyrtobotrya 2010-09-08 FRE FHA AW Atk C.Y .Leeetal.2010-1006

21 C21 Lespedeza cyrtobotrya 2010-09-09 A9E FHA B HE: C.Y.Leeetal.2010-1007

22 C22 Lespedeza cyrtobotrya 2010-09-09 A% AFA Aldw A C.Y Leeetal.2010-1008

23 C23 Lespedeza cyrtobotrya 2010-09-10 A7 % PA FAakH A C.Y.Leeetal.2010-1009

24 C24 Lespedeza cyrtobotrya 2011-07-26 BUE 99 Ao A ALt JK. Kim et al.  2011-1001
25 C25 Lespedeza cyrtobotrya 2011-07-27 AgEE 2 B4 BAA dEFA4 JK. Kim et al.  2011-1002
26 C30 Lespedeza cyrtobotrya 2009-09-07 Fomg chun, Hun chun, Ji Lin, China

27 Bl Lespedeza bicolor 2011-09-22 = Metd ALk JK. Kim  2011-1011
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32 Bl14 Lespedeza bicolor 2011-08-10 BAEE JFA 7HE2E JK. Kim et al.  2011-1009
33 B17 Lespedeza bicolor 2011-08-04 AeEE AFA &5 594 C.Y. Lee et al.  2011-1003
34 B18 Lespedeza bicolor 2011-08-10 FAEE FFA BEE A F S.H. Park et al.  2011-1001
35 B21 Lespedeza bicolor 2009-09-06 Caomaozi, Dongxingtown, JiLin, China

36 B22 Lespedeza bicolor 2011-08-29 BA71E A FA A% e C.Y. Lee et al.  2011-1004
37 M1 Lespedeza maximowiczii  2011-09-09 T Aed it

38 M7 Lespedeza maximowiczil 2011-08-03 AT E AZT kW o=k C.Y. Lee et al.  2011-1005
39 M8 Lespedeza maximowiczii 2011-08-17 AT AT d7be oAk C.Y. Lee et al.  2011-1006
40 M9 Lespedeza maximowiczii  2011-08-16 Ads FEA SFd B4k C.Y. Lee et al.  2011-1007
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) Number of Percentage of
UBC Annealing Total Number . .
] Sequence ) polymorphic polymorphic
Primer temp.(C) of bands
bands bands(%)

310 (GA)ST 50.4 11 11 100
825 (AC)ST 52.4 15 14 93

827 (AC)G 52.8 13 13 100
830 (TG)sG 52.3 14 14 100
880 (GGAGA)3 50.6 14 13 92.8
881 (GGGTG)s 58.8 17 17 100
888 BDB(CA); 52 15 15 100
total 99 97 97.9

B=(C, G, T); D=(A G T)
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9 47. UPGMA phenogram and boostrap of ISSR pattern based on Nei-Li distances (Dice

coefficient).
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A3 A (F) JgE2

zERY S} 2 FEES L AHE AFSSHAIEY, ARk A7) kg o At AA), o

&S F3te] A& Debris @4, By product?} AlZte] Ayt
of wet AAEE A a8 HITHoR g Edo] Alte]l Ao uwEt vyt Ao w
AEA FHBE olg FEES AAHIA 7= Vehicle /M2 A4 sdF daddola I

E3F VehicleZ ©13}o] ActiveZ} AW E Al gkl Aol wel A3 W5 A
ARl &% FFo| Hog 4 9 Tk wmEAIN FHoR Qs 5A4dA

- o
o] E Vehicle 7§H-& v Z4=4 o]t}

7F. 2] 2% (Cho.R.Lipo)

A Walr 9321
Ao 13E7E
B Hymgaraid Ledthin 0zis
Choiesteml + PO Qo7
. Wakr 12
o WamreTEd 1TE
Tenaloe oTE
g Bmiene Gyen 41578
Franpmthanal oz0E

*Glkg HEF| =

E-To= A=
Mix and 3 ME 5 ZE
1= Ind pMF - (1200 Saf T5-35 Sineafoli.

{1000 Bar I5-35 =R
P el

(SE0 TS B

B om B AL

() 0.45um filtering point

Vessel, duct, MF= AF2H RO5= O 70% EtOH Reflux
MFA| Dt=5F Heating 24|

A

13 48. 2] £Z%(Cho.R.Lipo) AHE 93

)

|z

ol

o wrEo3on ChoR(EEMT FE2)2 4 =& T4
2 F2 Alcohol, Hydrogenated Lecithin, CholesterolS ¢
, D& B, 52 CHoR.(Z=ER/E)E ¥eH ofF
MFE o]l&3le] #x2&F3} gttt 3 PassE 3F™ 1,23+ 1000 Bar, 25-35%=% fA3atH, 33]+=
1200 Bariz dfo] 25-35% % 7@tk Z7]ol ChoR.(ZE42)S B i w5 o, B
S & v ChoR7F BIAHERE FHE A¥o= DA ¥a ddsh= Ao= sqrt 1
01% oldoz2 HEA AP Fej7F BAHAEHER 1% o] AFo A& = vhA o] &
stA HAoh =E JdHE A4S W g7 AfAdolBR olF JidEy] 9% e 28



A HAT. ool Rgay] 98 Awd el vholzzowA, agw A QAAE A
o]},

. npol A2 2o ¥ H(Cho.R.ME)
(1) mlolmaZoHA A=x

0.4% Cho.R.(Z=E4g])o] &3l Microemulsions Al &3} mouse skin delivery®l] ©]-& 3}
9t} 04% Cho.R.i= Microemulsion 1 A2 I F-F3} A g o AL&3}1th. Microemulsion2]
2O 2= 74% oil (IPM, HD), 35.8% LAS, 4% PC, 10% ethanol E+ 1,3-BG, 40.8% water
2 A48t Axstth ChoR.2> LAS, PC7F 59171 = &Hell wnkA| 7] A H7bs ol
microemulsion {FeHs] W FH a2 ST Ao ARE$ Microemulsion] 343
S 7)o el oy A Fo g Algd AL PXE /3 FA o]t Microemulsion A
Zo] Q3 soybean PC (lecithin):= LipoidAtol A A 23 AS AFE3R 1L E0]7FE oillEE
isopropyl myristate (IPM), medium chain triglycerides (MCT oil), Hexyldecanol I+
Eutanol G16 (HD), CC168< AF-&3}% a1, surfactant® PEG-8 caprylic/capric glyceride (LAS)

ALE-3} St} Enhancers ®+= poloxamer (PX), Nerolidol, SEPA, urea, Tween-20= AF-83F%1

t}. WA 2 phenoxyethanol (PE), propyl parabene (PP), methyl parabene (MP)E A}-8-3}%]
=

Control | Enhnacer ¥ nanoemulsion
PX SEPA | NOR PX+NO | PX+ure | PX+T2
R a 0
ChoR. |04 0.4 0.4 0.4 0.4 0.4 0.4
PC 4.0 4.0 4.0 4.0 4.0 4.0 4.0
EtOH 10.0 10.0 10.0 10.0 10.0 10.0 10.0
IPM 7.4 74 74 74 74 74 74
LAS 35.8 35.8 358 35.8 34.8 34.8 34.8
PX - 1.0 - - 1.0(0.5) 1.0(0.5) 1.0(0.5)
SEPA | - - 1.0 - -
NOR - - - 1.0 1.0(0.5)
Urea - - - - - 5.0
T20 - - - - - 1.0(0.5)
Water | 39.2 38.2 38.2 38.2 382 34.2 382
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

ChoR. 3+ nanoemulsion®] A% (ChoR. 04% 7], & A7) o] gle AgL PX A8)

t}. Gelatin Encapsulation(Cho.R.GTE)



Flow Sheet of Gelatin Encapsulation

Gum Arabic ‘ { Core Material

‘ Emulsification ‘

Gelatin Sclution

‘ Mix ‘

Form Liquid coacervate by adjusting pH/adding polyanion and dilution

water

‘ Cool(slowly) ‘

‘ Fast Cool to 10°C ‘

‘ Crosslink{e.g.., overnight) ‘

‘ Harvest capsules ‘

‘ preservative treatment ‘

‘ Packing ‘

1% 49. Flow Sheet of Collagen/Gelatin Encapsulation
Gelatin Encapsulatione th23 28 Flowe® At A Arabic Gum3} Core
Material(ZZM 2] £ 8)S  R3Fstth. o] % Gelatin SolutionS ¥ kst pHe ZH 3}
polyanion® #7} 18] &9 3402 13t Liquid coacervate’} W& XA Hrt}, o] & A
sl Wzt wel 1022 dZst stFAE sA4A7IH 2 H8=3F Crosslink7F B4 ¥
A At o] & 3]ete] WRA 1HS A
Gelatin Encapsulation®] &2 B 4o A& FAoz ¥s 4 govmzg A% &
Al Fdlgez &8 F v o] Utk

o AR 4w

(1) T

a9 50, 9F%owRY 1) Add A&l A (ChoRGTE) 2) 2]X% A% (ChoR.Lipo)
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Sub. N° Code' Age Sex
01 YOOLEL0 37 F
02 EUNPAO08 42 F
03 SEUGO02 38 F
04 JIYKIO2 37 F
05 GYEKWO03 45 F
06 JEOKIO5 39 F
07 HYEKI09 43 F
08 YUNGY 41 F
09 HYEIMO06 40 F
10 BOKLE04 42 F
11 EULLE 47 F
12 GEULEO6 36 F
13 GYEKI41 38 F
14 MINJE 26 F
15 HYOKW 40 F
16 HYEJO 39 F
17 JEOKIO6 41 F
18 MIJJEO2 54 F
19 INSHW 34 F
20 MIOBA 38 F
21 EUNLE24 35 F
22 JEOKIZ23 38 F
23 HYELE30 37 F
24 MISGO 33 F
25 EUNGO04 33 F
26 HYOKIO7 40 F
27 INHKIO2 41 F
28 JEOYEO2 39 F
29 SARLE 39 F
30 JEOJEO2 50 F
31 JEOPAOQ7 47 F
32 YEOCH21 39 F
33 JEOKI22 39 F
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Flow Sheet of Gelatin Encapsulation

Gum Arabic ‘

| Emulsification |

Core Material

Gelatin Solution

| Mix |

Farm Liquid coacervate by adjusting pH/adding polyanion and dilution

water

| Cool(slowly) |

| Fast Cool to 10°C |

| Crosslink(e.g.., overnight) |

| Harvest capsules |

| preservative treatment |

| Packing |

19 55. Flow Sheet of Collagen/Gelatin Encapsulation

Gelatin Encapsulatione th&3 22 Flowe 2 &3t 2288 F25 50g 2AY=E
Arabic Gum¥} Core Material(ZZ#2] X)) S f3}3tt}. o] F Gelatin SolutionS 3l wHHSH
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