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Z3le| Prolyl Endopeptidase X3l &+ Isoflavonoid ¥ 0|=<)
BC-NMR Assignment

Zz §: 2325y 3 a9E 7IWY 5 U= prolyl endopeptidase(PEP) #J3|A1E

Z =0

A
B4 - BT
et}

2] 915ie] el

=
methanol %52 chloroform © ethyl acetate™ ¥¥]%% ¥ chloroform 784 H&o sl silica gel,
Sephadex LH-20 column chromatography = RP-HPLCE 33t A3}, FeClel & wH3-S Uehlle 439 3%
ES AUtk oS 'H-, C-, D-NMR ¥ MS 58 olgsle] 243 A3, 27} tectorigenin, genistein, 5,7-
dihydroxy-4',6-dimethoxyisoflavone, 5-hydroxy-6,7 4-trimethoxyisoflavone® = £75191.9™ HMBC, HMQCE %
Slod BC-NMR signats2 assigngto 24 7] B1% daas9] 255 W24 PEPY digh o) S3EES] IC,
e Z4zF 530 ppm(17.7 UM), 10.39 ppm(38.5 uM), 13.92 ppm(44.3 uM), 20.61 ppm(62.8 uUM)1AE}. (1999 0

2 0d "=, 19999 08 0 3]

M B

ZehEeEr 2 Pueraria thunbergiana(éq) Y= P lobata
7190 R ok AE] B el S (), IHEIT),
(RIR), WLk, 2V5@m), A (km), 35 @), <
i), TEEEL), S (TR, S@ER), R @), 3]
), BEAY Rk ) o = AMg-gt 2
=ol Ha)g Ao shikl Aul= $8] Yaele =
atol Arlolely] ke yEsh@EE ) wer AAY
e weEdt wsldade] dFog sl gty ey
10d 5k o8 Mzt 9 Y pFo] P FOoB
A77E FE3] FTIeFA Azt APge) ol & e
IHo] shbtte Q14 Fobd 71 Utk Alzheimer's
disease(AD: =18 Am = ¥ 23S #n7] #ES Eajaiat
At AT 4= ded ol 7198 ol Al
o] a5 715l tigk v oslE vepde we
H AATE A5EH Hdol FoiEm, A7 G
(neurofibrillary tangle, NFT)9} =219t (senile plaque)™ 7+ &
AR 125 JEe Ao duA Uty NFTE 274
o] FAE ofF= A ©ES uldTe] A4Sk tau
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%218k B protein =+ amyloid B protein (AR)C.Z 2
£ peptided] 3 AAEE Aow Wy gk

ol27kA] ADS] Sk W 7S BsiA] A kot AB
7F Aol o] AAEA HrsAdos ols) ARME}
APEEHAl EAL weA] ¥ 7l el AolE sk =
= ALR IEA UthY ARBE Bpleated sheet TRE 7R

2= :prolyl endopeptidase, inhibitor, tectorigenin, genistein,
5,7-dihydroxy-4',6-dimethoxyisoflavone, 5-hydroxy-6,7,4'-trimetho-
xyisoflavone, Puerariae Flos, "C-NMR assignment

RIE R

glom | 40712 amino acid 7= FAE AR, 42 EE 43
amino acid Z7]1& 717 AB,..= ©1FAA AT ABE 695
N EE I oPde olxAte 2 o]FoiZ amyloid precursor
protein(APP)EEl?—Eﬂ FAE=H o} APPEH-H AB7} A
2% mechanisme FHEEEA) ¢tk eyt HE AP =
28 A4%L F F e 7P FEHE 220 shE prolyl
endopeptidase(EC 3.4.21.26, PEP)7} A &5 St}

PEP:= prolyl?t71€] carboxyl site®] peptide bondE s}
£ protease?] UFOZ 1971 Walter TVl <J3) <17+e} =}
Zol A A& A% L™ oxytocin, vasopressin, bradykinin,
neurotensin, angiotensin®] Y224 peptideE FHshk= G40
TF219 1990 Tshiura V0] #9] HZHE B amyloidE &
ke aas FEsid &, 89 2401 PEPY] 7S &
dHor dAotehs g WHSIHARY FE7] ARSI e
] I3 PEP AdASo] SEAHNA =Ivke] APt g
Az aaheg JepJ o2 PEP Eold<l AA7E X]u)
of ol 7191, S5 ool thgh Aot A5 wfg 483
Aog 7istar .

ojo} Zhe wjAe] wjet HWAEZHE PEPY] thek AsiAlS
Al Ao ZEke] methanol FEEC] VA 52 &
e veils Ag wdsnl delEie gAEE S A, &
431928 HMBC(Heteronuclear Multiple Bond Connectivity)
% HMQC(Heteronulclear Multiple Quantum Coherence)ZE ©]
gsle] 7+ slgHEe] PC-NMRE assigndle] 7] H¥E das
A Barslaal g,

Mz X

ME 2 A

ek o Ale] 3ok JAVEelA Fleted ARSIt
Column chromatography2 silica gel2 Kieselgel 60(MerckA},
Art. 7734), Sephadex LH-202 SigmaAh(St. Louis, USA),
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TLCE plate= precoated Kieselgel 60 F,,(MerckAl Art.
5715 ARE8Il, 2 919 Ak 17 B 558 ARgst
%tk Prolyl endopeptidase(Flavobacterium meningosepticum
) 2 7122 AMEF ZGly-PropNAE QB AfpE T 5
ZRE 7Yl AME3INOH positive controlZ AFE-SH Z-Pro-
Prolinal:> Bakker &'92] Wl &t §Hdste] ARg-3I%ATT.

¥ 7171

ELISA auto readers= ELX808 Bio-TZ ARE3ISW, 'H-,
BCNMR & 77} Brucker Avance 400(ZHZF 400 2 100
MHz, 5EE 24 TMS AHE), EI-MS+ Shimazu QP-1000A
£ AREsle] 70evelr] 45T HPLCE Waters Model
441(Waters Co., USAYS A8-3159t}.

UL Toda¥50] AHET UL WY
Tris-HCl buffer(pH 7.0) 200w/, 0.1

xane) 20 WE 713814 37°C, 3087 ¥R3EkE 410 nmollM &%
ZA)E &23st9d. WE Tris-HCl buffer(pH 7.0) 240/,
sample 10 /9l mixureE FH|St 9A] 410 nmellM FHE=
B)E 8% ¥ U3 22 28 olgsle EA AuE 4
ATt

Ay, of control - (A - B)

Inhibition (%) = A,, of control * 100

A : enzyme + substrate + buffer + sample
B : sample + buffer
control : enzyme + substrate + buffer
=&, 22| ¥ =N
Zr3} 100 g& methanolMeOH)E 3A17HY 33] Wke 35 &
=% T A T FFHS B2 e chloroform
(CHCL,) 2 ethyl acetate(BtOAC)R Mo R Hul F&3lo
Z}7k 405 g7 092g8) 2FEES AU °] ¥ CHCLZ
< silica gel column chromatography(4.8 X 62 cm, CHCI,:
MeOH=20:1—100% MeOH)3}d 1~V 47l¢] E3o=
Wrom Ads 4% 12 dalEelsie] s e
2 Ut AL acetone O 2 AAA s8] T4 HAEAR
1101 mg) & LA™, &Y (198 mg)< Sephadex LH-20
column(1.8X 40 cm, 50% MeOH—100% MeOH)2.Z A A3}
o 11 2 129 7 2oz e o] T XL e I
2(45.9 mg)o| Wkl HPLC(Waters pu-Bondapak C18, 7.8 X
300mm, 50% MeOH, UV 254nm, 2.5 mi/min)E & A]&}o]
FE 2093 mgE AU
$HE 1430 mg)ell Widtd = Sephadex LH-20(1.8 X 40 cm,
50% MeOH—100% MeOH)2.2 #3351 -1 ¥ 28 the
H M-1(112.5mg)E ©A] Sephadex LH-20(1.4 X 28 cm, 50%
MeOH—100% MeOH)2.Z A3l 33HE 3(7.0 mgye 4

41 - A3

AL
- 5734

om 112 E&8185mg)°ll thElA = Sephadex LH-20 chro-
matography(1.4X 28 cm, 50% MeOH—100% MeOH)E A A3}
o IFE 434 mg)E YT

Zdu o g

=3

SE 12 3N AN AFo2 Ao on FeCloll Fde
2 Yyeh} 7% £ dw4 OHE 7RI Sle Fes 45
Ak, ELMS A3 mz 32804 EAfelg 37t vEhtoer
'H-NMR(chloroform-d)*lIA4]  87.89(1H, s), 6.46(1H, )] signal
o] FAT|o] 1 o|aZEEo FAE A A-Fe] 3719
X&7)7F gl 2y AoR &3t 3 para-XE 9
Az fAe APAQ signalo]l §746(2H, d, J=9.0 Hz),
6.98(2H, d, J=9.0 Ho)oA Welsith. 3 §12.83(1H, s)ellA]
H) 2% sharpdt signalo] A& o]AZEHE 722 5¥ %]
o 4 carbonyls®} FAATE 3l U= hydroxyl groupe] &
A g 4= Jdgrh. o] Yoll= Al 712] methoxy resonance
7v 24zt §3.92(3H, s), 3.96(3H, s), 3.85GH, s)°lx #H=H
t}. o]Ate] A9} BCNMROIA §855~61 Akol) 3779
methoxy carbon resonance, 8181.12] carbonyl carbon, §90~
159 ApolollA 12719) A& A o] AhZFENL carbon signal©l
AzE AR ¥ ELMS9 m4z 132(COHSO+H)S] fragment ion
Z3}sle] 2 v 12 5-hydroxy-4-methoxyisoflavone®] &4
= Ao g AohE]drt. BC-NMR signal®] assigna
70¢] methoxy groupe] ¥ AF Flslr] 95t
HMBC ¥ HMQCE &74si3e™ 1 A3} 513279 carbon}
5-OH Atolo)l correlation®] YEROm o] carbond §3.929
methoxy protonZH= correlations WERY 83.922] methoxy=
C-60 Afse] UL & F AN EF §6469] singlet
protone C-52] §153.6 carbon?} correlation VFERHA] 2832
o3# 810699 C-10 R °FstrlE skt 818119 C4
carbonyl carbon2] 4-bond correlation®] EFY §3.969
methoxy group C-79 X|&=o] Stk A& & + JUTh
olg} k& AN} 7] HYH Carman 59| data'®E HIHOE
12 5-hydroxy-6,7 4"-trimethoxyisoflavone 2.2 4=}, A
Ol5L C-3%} C-1'Y assigng BE3] 3] Z3lA=Hl § 746
o] H-27} 8123.5¢] catbon} correlation spotS WERATHE Al
A3} 56982 H-37} 812299 carbon@= correlation spotS
vepv 8123.59] carbonde comrelations ROA] Retie
He 78T 1 512358 C3Z, 812292 C-I'E ASAIIE
Rol epgsitia A7kt 19] NMR data= Table 13} 29,
T2 2 HMBC data¥ Fig. 19] F&siot.

33ME 2& 34 R dojglow FeClol| gt} El-
MS A3} [M+]=m/z 314904 #ZE30 2w 'HNMR(DMSO-
d)elM 8835 S} 6.499] singlet, 813.01(1H, 5)°] ThA: broad
& hydroxy signal, §7.50QH, d, J=85 Hz), 7.00QH, d,
J=85 Hz)9 signals2 13} vl AR Fd-S veRiQITH
BC.NMROIA] DA S 709l methoxy signalo] ZHEEH A& A
oJFtare 13 FARE FE vERe] 130} methoxy groupo]

[¢]

A o o
SN
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Fig. 1. Structures and summarized HMBC data of compound 1, 2,
3 and 4. (1) 5-hydroxy-6,74"-trimethoxyisoflavone ; (2) 5,7-dihyd-
roxy-4',6-dimethoxyisoflavone ; (3) tectorigenin; (4) genistein.

sht A2 olhFell IFEY AR FASUTE S El-
MS$] m/z 132 fragment jon 2 §13.012] proton signalZ o)
Fof 13} nRRIRE 5-hydroxy-4'-methoxyisoflavone 222 2t
= 3oz FAEYoH YR methoxy groupe] X|F 912
elslal ZHzke] NMR signal5S assigndt?] $18l] HMBC
% HMQCE 334t = ZA3 §13.01¢ 5-0H protona
81319 carbon3} correlations WERNSIL ™M o] carbond §3.75
2] methoxy protons correlations YERASITE. wlebA §3.759)
methoxy= C-6° &€ AL & F+ Ao 13 Fdgt &
WoZ HMBCE siX8 23} €7 9A7} free OH group 2
AZE 2 & 5 ATk o] A3} 7] HuE daa9E
a#ste] 2= 5,7-dihydroxy-4',6-dimethoxyisoflavone & 2 574
=tk $H1 Carman 592 C3& 81235, C-1'S 312302
C-37F A2 222 assignd}$) 2t HMBCZ 3 H2'2
assign®l 87.50 proton 8121.6 carbon3} correlation spot-S
YeRRE o wkeked §7.009) H-3' proton §121.69] carbon
= comelationg WERJA EegG T 512322 carbondit
correlationS YERJU T o]2 3 Aldd ZASIH C-37)
8121.6, C-1°] 8123.2% assign dh= Alo] Elgsitle. A=
U Ak o2 jsoflavonoid®] F§- C-37F C-I'HTh 05~
1.5 ppm AAPe] Uheth= Alal sl AR)Ee ZAiolmE o
Fiol tiste] Hrh Al At e AoR 7ML 2
2] NMR data® Table 1 % 29], 7% % HMBC data:=
Fig. 10 A&}t

ke 32 3N BEE dojxlon FeClLell Y4 veR
Atk EIEMSOIA [M+] =m/z 300014 =310 Mgk 'H-NMR
(DMSO-d)ol* 88.23(1H, s), 646(1H, s), &+ 7he] 24
hydroxy group(812.99, 1H, s) % broadd F 709] singlet[(5
10.97, 1H, s), (89.72, 1H, s)]°] vfepom oj2lelx 3t 7he
methoxy group®] 83.71(3H, s)°llA, 8|3 para-coupling< &}
T MR Sa S signalo] §733CH, d, J=87
Hz)Z 6.80(2H, d, J=8.7 Hz)olx zt+ =3ict. oleigh Zst

Table 1. '"H-NMR data of compound 1, 2, 3 and 4
y (mult., J in Hz)

Position
2 3 4

2 7.89 (s) 8.35 (s) 8.23 (s) 8.30 (s)
6 6.38 (d, 2.0)
8 6.46 (s5) 6.49 (s) 6.46 (s) 60.22 (d, 2.0)
2,6 7.46 (d, 9.0) 7.50(d, 8.5) 733(d,87) 1738(d,87)
3.5 6.98 (d,9.0) 7.00 (d, 8.5) 6.80(d,8.7) 6.82(d,8.7)
5-OH 12.83 (s) 13.01 (s) 12.99 (s) 12.96 (s)
6-OCH, 3.92(s) 375 (s) 371 (s)
7-OH 10.97 (s)
7-OCH, 3.96(s)
4-OCH, 3.85(s) 3.79 ()
4-OH 9.72 (s)

Recorded at 400 MHz in chloroform-d (1) or DMSO-d; (2, 3, and 4).

Table 2. “C-NMR data of compound 1, 2, 3 and 4

Sc¢ (mult.)
Position
1 2 3 4
2 152.7 (d) 154.4 (d) 1543(d) 154.2(d)
3 123.5 (s) 121.6 (s) 1220(s)  122.6(s)
4 181.1(s) 180.5 (s) 180.8(s)  180.5(s)
5 153.6 (s) 1534 (s) 153.5(s) 1623 (s)
6 132.7 (s) 131.9 () 131.6 (s) 99.4 (s)
7 159.0 (s) 158.7 (s) 1578 (s)  165.0(s)
8 90.4 (d) 94.3 (d) 94.1 (d) 94.1 (d)
9 153.6 (s) 153.1(s) 153.0(s) 158.0(s)
10 106.9 (s) 104.6 (s) 105.0 (s) 104.7 (s)
1 122.9(s) 123.2 (s) 121.5()  121.6(s)
2,6 130.1 (@) 1304 (d) 1305 (d)y  130.5 (d)
3.5 114.1 (d) 113.9 () 1153 1154 (d)
4' 159.9 (s) 159.3 (s) 157.6 (s) 1578 (s)
6-OCH, 60.9 (g) 60.0 (¢) 60.2 (g)
7-OCH, 56.3(9)
4-OCH, 554 (q) 55.4 ()

Recorded at 100 MHz in chloroform-d (1) or DMSO-d (2, 3, and 4).

S} ELMSOIA 1, s 2004 B2l myz 1329k €8] CH+H
7} B35 mz 118914 fragment jon®] AZEE Ho R w|Fo]
B-3lol| methoxy group Y41 hydroxy groupe] X|&=e] gl

A-3H) hydroxy group3 methoxy groupe| Z¥z} sh¥ x|&
H o]AZHE fEAYS & F AT E=JF PC-NMROIA
5180.82} carbonyl carbon, 860.22] methoxy carbon 2Jell §94
~158 AlolollA] 127)1¢] carbon®] WFER 30] 1, 29} w9~ fA}
ok FgrEoghe RS SREEAh 2871 9% €l 2
BC-NMR signal assignS $]3td HMBC 3 HMQCE =4st
gon 7 Az §12.999] 5-OH proton} 8 131.69] carbonol|
A correlation®] WEF O™ o] carbon & 3.712] methoxy
proton} correlation spotS WEFHSZH methoxy®] 1A= C-
602 AT & Ak T 1, 20149} vRREAR 86469
singlet proton C-6, 7, 9, 10 carbonE3} A% TAE VER)
A}, o]# st AR Cho' 5o Akete] Hlaof] oJsie] 3

4'5,7-trihydroxy-6-methoxyisoflavone (tectorigenin) &% 574 3}
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Atk W Cho 9 ©] SFES 7L 81532, CHE
315752 C7& IAHLRE assigndlRoy HMBC 27 §8.23
2] protond} 8153.02] carbon AR]dl correlation®] HLHZ
C-7& 81578, C9& 515308 assigndld 7] B datal)
2FE uEAUTE 32] NMR datas Table 1 @ 20|, 722
2 HMBC datai= Fig. 19) 223199t}

siME 4 A B dojxlom FeClol] ¥¥doIitt. El-
MS ZAHM+]7} m/z 270904 AEEN S 'H-NMR(DMSO-
d)ol A 8830(1H, s), 622(1H, d, J=2.0 Hz), 638(1H, 4,
J=20 Hz), 1296(1H, s) & para-X|3t8 A Fa)9) signal
o] §738(2H, d, J=87 Hz), 6.822H, d, J=8.7 Hz)olA &
AU}, PC-NMRWA methoxy F-21¢] signale] VERFA] 9
& A3} mera-couplings 3L = WHF a7t sht of
= A olell= A7) EES v FARE patternS UHEF
o] o] SI3E% isoflavone®] YFY AT F93IAUct. MS
data®t NMR data® HE8] AESE 23} o] 3FFEL genistein
o=z FH=Yoer 7] BaE “C-NMR data'™® ¥ 33 (Sigma
AFye] AHZAQA vl sl 4F 457-wihydroxy-
isoflavone(genistein) .2 34T 'H- 2 PC-NMR datat
Table 1, 2°Wl, 3= Fig. 1] A3}

WEEY

358 1, 2, 3 ¥ 49 PEPO) W3 IC,, @& ZH 2061
ppm(62.8 uM), 13.92 ppm(44.3 uM), 5.30 ppm(17.7 uM), 10.39
ppm(38.5 uM)°|ATH(Fig. 2). ol&9] 42 HNE SR positive
control® A8t Z-Pro-Prolinal[IC,,, ¥ 22 ppb(0.05 uM)} X.th
- wigtovt APt 2} 5o 2FeR olgdre ¥t T
(BhHe] isoflavoneF7} AHEH oz FAdo] W AZoZ ALg
Hrk= A Z%keid ko x)ufe] oikg 93t 7158 AE
To= ol§8 4 UL Zo= J|viEh

3 FA7tA] B1E PEP AsiAle tiF-Eo] $4 peptide
EPoly] uAEZRE EE AHAZE staurosporine,®
poststatin,”” eurystatin® 5o RIE v} glom FHZ AEZH
HE (-)-epigallocatechin 3-O-gallate®™ & pyrogallol ringe 7}

95 1

75

5517

inhibition (%)

35

15 v . T T
01 A 1 10 100 1000
uM
Fig. 2. Inhibitory activities of compound 1, 2, 3 and 4. O, Positive
control (Z-Pro-Prolinal); @, 5-hydroxy-6,7,4'-trimethoxyisoflavone (1)
0, 5,7-dihydroxy-4',6-dimethoxyisoflavone (2); A, tectorigenin (3);
A\, genistein (4).

TrT———T

i

Ax 33FEH} luteolin, quercetin 5 catechol rings 7HA=
flavonoidE27¢] R I1® vl Utk °]EL catechol, T+
pyrogallol moiety7} E/dell 54l Aoz AEsta ou
AAxp 5o A8 Aol 28l catechol & AL Tl
IutE o 2 flavonoid B} isoflavonoid?] 7397} 433 &4
o] ¥iE AMIS FAEsthdata PIAA)). olE g AL
phenolic OH groupe] el ® o}l phenolic OHS}
carbonyl group#e] AFAZ7} el 7 Fe S0 IF
& F F Atke ARE AR F ReE olE sEEl] ¢
sto] A okt Aol sk 2 84 JudAE HEs)

ISk Folrh
#HAle| 2

NMR 2 EIMS &30 =82 41 72348 X4 o
FEAo A=Y

o
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Prolyl Endopeptidase-inhibiting Isoflavonoids from Puerariae Flos and Some Revision of their “C-NMR
Assignment

Kyung-Bum Kim, Sang-In Kim, Jong-Sik Kim and Kyung-Sik Song*(Department. of Agricultural Chemistry, College
of Agriculture, Kyungpook National University, 1370, Sankyuk-Dong, Taegu, 702-701, Korea)

Abstraet : In order to find anti-dementia drugs from natural products, prolyl endopeptidase inhibitors were purified
from Puerariae Flos by consecutive solvent partition, followed by silica gel, Sephadex LH-20, and HPLC. Four
isoflavonoid inhibitors were isolated and identified as tectorigenin, genistein, 5,7-dihydroxy-4',6-dimethoxyisoflavone,
and 5-hydroxy-6,7.4'-trimethoxyisoflavone by means of instrumental analyses including 'H-, *C-, D-NMR and MS
and IC, values against PEP were 5.30 ppm(17.7 uM), 10.39 ppm(38.5 uM), 13.92 ppm(44.3 uM), and 20.61 ppm
(62.8 uM), respectively. Some previous mistakes in C-NMR assignment were revised by careful investigation of
HMBC and HMQC data.

Key words : prolyl endopeptidase, inhibitor, tectorigenin, genistein, 35,7-dihydroxy-4',6-dimethoxyisoflavone, 5-
hydroxy-6,7 4'-trimethoxyisoflavone, Puerariae Flos, *C-NMR assignment
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