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Abstract — In our ongoing research for anti-Helicobacter pylori compounds from natural resources, the methanol extract of
Carpinus tschonoskii Maxim. (Betulaceae), Asian hornbeam, distributed in eastern Asia showed significant anti-Helicobacter
pylori activity. Five fractions of n-hexane, CH,Cl,, EtOAc, n-BuOH, and aqueous fractions were obtained from the MeOH extract
of C. tschonoskii leaves, and tested against H. pylori strains 51 and 26695. The EtOAc fraction, demonstrating superior inhib-
itory activity, was subjected to further chromatography, leading to the isolation of four flavonols, namely isoquercetin (1), quer-
citrin (2), afzelin (3), and kaempferol (4), and a hydroquinone (5). The chemical structures of these compounds were elucidated
using UV, 'H-NMR, *C-NMR, and mass spectrometry. Among these isolates, compounds 4 and 5 displayed significant growth
inhibition on H. pylori at a final concentration of 100 uM. While compound 4 showed anti-H. pylori activity against both the
tested strains 51 and 26695 with MIC,, values of 63.6 uM and 55.1 uM, respectively, the values of compound 5§ were more than
100 uM for the two strains. Structurally, compound 3, with a rhamnose moiety at the oxygen atom of the C-3 position of com-
pound 4, failed to exhibit a significant inhibitory capability. Molecular docking studies predicted that compound 4 interactions
occur at aTyr32, aVal33, BPhe441, and BLys445 of H. pylori urease 1E9Y. The five isolated compounds, except compound 3,
are novel reports of isolation from this plant. Moreover, compound 1 is isolated first from the genus Carpinus. These findings
suggest that the EtOAc fraction of C. tschonoskii leaves or kaempferol may be useful candidates for eradicating H. pylori
infection. Further studies are required to elucidate the exact mechanism of action and their efficacy on the human body with
safety issues.
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o= o] & dom Y ket HAJMAE Bl AHS
dholt}, 52 Q Q1A 2 = urease, lipopolysaccharides, catalase,
TNFo % @2 (Tipa), cytotoxin-associated antigen A
(CagA), mucinase, protease, lipase 52| 4] &4~ % vacuolating
cytotoxin autotransporter (VacA) 7} 1t >10

19831 o] 7R = 73t A1 9 W FellA = Aleto]
AES  gitke Zlo] A4 9L, Barry J. Marshall?}
John R. Warren®l| 231l H. pylori7} ] WA AEsHY 9
g Akl T8 Alojgke ARl WK LE!YY & H.
pylori= 9ol F2H5E & W= S8k A-gsh, 1 3
Aol A urease= A I LA (urea)E o]AMS}ERA9} AR
Hol= gkttt dEUok= o 9 nAIgd S TAHCE
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AES F=Th ol BAlol olitsteae =3 vhgste] &
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AZN7A 7P4 gl ARRE L H. pylori Al X EHl=
duix] o7 T2 E 3 A4 (proton pump inhibitors, PPT)2}
2-3%9] AAE WHEel= Al = AR QW (triple or
quadruple therapy)°] UATH'"Y X5 a3= Foistslr] ¢8|
A S dH, 5] SRR, 7IAAES 55 deld of
Al Melo] HgAolrt, e} 7| X5l AREEE R
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A wre] S e F ARESIITh I EE(PGSC-
651, 652)0. 2 A|Zteto] =l otal 24 (Herbarium
of the College of Pharmacy, Gyeongsang National University)©ll
By Foltt,

ek R 77| - F% 2 B4 AME AlFo R = WEkE,
n-hexane, CH,Cl,, EtOAc, n-BuOH=- Daejung Chemicals &
Metals (Siheung, South Korea)oll X 79)8t] ARE-31%12.H,
DMSO< Junsei (Tokyo, Japan) A& ARS8} T o2~
dysto|= A2k Sigma-Aldrich (St. Louis, MO, USA)IA]
TFYste] AMESISITE HPLC 418 &3 o Eve|EY
(ACN)2 Fisher Scientific (Hampton, NH, USA)ol| A -3}
%32, NMR #41-8- 8+¢l CD,0D ¥ CDClL= Eurisotop
(Tewksbury, MA, USA) A&-S ARS-SIATE H. pylori ¥
2 g = ol= Brucella Broth (BD Co., MD, USA)9} &
% (Horse serum, Gibco, NY, USA)S AR5, A T)
Z0 2= quercetin (Sigma-Aldrich)?} metronidazole (Sigma-
AldrichyS ARE3Ith AP azvlEey(co)el S
+ silica gel 60 (0.040-0.063 mm, Merck, Darmstadt, Germany)
9} RP silica gel (C18, 0.040-0.063 mm, Merck), Sephadex
LH-20 (Cytiva, Uppsala, Sweden)yS A3l o, v
ZrlE2)I)(TLC)YE- plate= silica gel 60 F,s, (Merck)&
A18-3159 ). MPLCOl= Biotage Isolera Flash Chromatography
System (Charlotte, NC, USA)S A8-3}59t}. HPLCE= Agilent
1260 Infinity binary HPLC system (Santa Clara, CA, USA)S
A18-51992 1, ChemStation A~ E o] (Agilent Technologies,
Germany)Z. H|©|E] 418 3313 t). oju AMg-H A7
Gemini C18 column (110 A, 4.6 x 250 mm, 5 um) (Phenomenex,
Torrance, CA, USA)°|H, 4% ZAol= Optizen POP
(Mecasys, Daejeon, South Korea) %3715 AF-3I9 T MS
2HE-L Xevo G2-XS TOF (Waters, MA, USA) 2 X500R
(AB SCIEX, MA, USA)S AMg-3te] 4932, NMR 2~ E
&2 DRX-300 (Bruker, MA, USA)L} AvanceNeo400 nanobay
(Bruker), AvanceNeo600 (Bruker)E AF&-5}o] AT,

£ o 28 X3 AT LA 2T kgys HEEE
Z250 FE51 AL FEAE A ESot] vee T F
F=(5794 gre AU 70l SRTE 78l AR
% 854S A3} 22871 p-hexane (192 g), CH,CL, (21.0 @),
EtOAc (181.2), n-BuOH (221.0 g), & #-3E(84. 3g)2 A%
t} ©] F EtOAc #-&E<l tI8l4] Gemini C18 column (110 A,
4.6 x 250 mm, 5 pm)S AHE-31> semi-preparative HPLCE
AAEHATE E(A)Z ACN (B) 3892 Z71-871= 0 min,
10% B; 0-50 min, 10% B; 50-51 min, 100% B; 51-55 min,
100%= A4aH0.0H, §5-2 | mL/min®& fA]313it} 2
A3}, 210 nmolA FHE 1 (1.1 mg, £, 31 min), 2 (0.9 mg, 4
36 min), 3 (2.2 mg, ; 43 miny= LU} ©|F FL3 EtOAc
8=l tigte] CH,CLEF WiEhe-2] E3H8-94(100:0 — 0:100)
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S 2780 2 3} open silica gel CCE AA|sle] & 8719]
A= (f 1t 8y LAUTE 2 the, AEEE 2 (1.036 g)
off thated == vehee] E9-6-9(100:0 — 0:100)y %1718
"l =2 open RP silica gel CCE AAI3te] 33709 A= (1
2.1, 2332 AATE 2EIE i 2.1 (229 mg)e 2 HE A4
AL Eslo] E 5 (157 mg)E AUt 2RI E fi.
226 (53. 3mg)oll tisiA WE-E-S H7/l8vlE Sephadex
LH-20 CCE A3l 315 4 (46.3 mg)ys L3t

Isoquercetin (1) — Yellow amorphous powder; C,;H,,0,,,
ESI-QTOF-MS (m/z): 465.1019 [M+H]" (caled. C,,H,,0,,,
465.1033); 'H-NMR (300 MHz, CD,0D): § 7.73 (1H, d,
J=2.2 Hz, H-2"), 7.61 (1H, dd, J=8.5, 2.2 Hz, H-6'), 6.88
(1H, d, /=8.5 Hz, H-5'), 6.42 (1H, d, J=2.1 Hz, H-8), 6.23
(1H, d, J=2.1 Hz, H-6), 5.28 (1H, d, J/=7.5 Hz, H-1"), 3.72
(1H, dd, /=11.8, 2.3 Hz, H-6"a), 3.59 (1H, dd, J/~11.8, 5.2,
H-6"b), 3.50 (1H, t, /=8.9 Hz, H-2"), 3.47 (1H, J=8.9 Hz,
H-3"), 3.44 (1H, t, J=8.0 Hz, H-4") 3.24 (1H, m, H-5"); *C-
NMR (150 MHz, CD;0D): 8 178.1 (C4), 165.0 (C-7), 161.6
(C-5), 157.6 (C-2), 157.1 (C-8a), 148.5 (C-4"), 144.5 (C-3"),
1342 (C-3), 121.8 (C-6"), 121.7 (C-17), 116.1 (C-5'), 114.6
(C-2"), 104.2 (C-4a), 102.9 (C-1"), 98.6 (C-6), 93.4 (C-8), 77.0
(C-5"), 76.7 (C-3"), 74.3 (C-2"), 69.8 (C-4"), 61.1 (C-6").

Quercitrin (2) — Yellow amorphous powder; C,,H,,0,,,
ESI-QTOF-MS (m/z): 449.1073 [M+H]" (caled. C,H,,0,,,
449.1084), 'H-NMR (300 MHz, CD,OD): § 7.34 (1H, d, /2.1
Hz, H-2'), 7.32 (1H, dd, /=82, 2.1 Hz, H-6"), 6.93 (1H, d,
J=8.2 Hz, H-5"), 6.39 (1H, d, J/=2.1 Hz, H-8), 6.22 (1H, d,
J=2.1 Hz, H-6), 5.36 (1H, d, J=1.6 Hz, H-1"), 424 (1H, dd,
J=3.3, 1.6 Hz, H-2"), 3.76 (1H, dd, /~9.5, 3.3 Hz, H-3"), 3.44
(1H, dd, J=9.5, 6.0 Hz, H-5"), 3.35 (1H, d, J=9.5 Hz, H-4"),
0.96 (3H, d, J=6.0 Hz, 6"-CH,); *C-NMR (100 MHz, CD,0D):
§ 1783 (C4), 164.5 (C-7), 161.8 (C-5), 1579 (C-2), 157.1 (C-
8a), 148.4 (C4"), 145.0 (C-3"), 134.8 (C-3), 121.6 (C-17), 121.5
(C-6), 115.5 (C-2"), 115.0 (C-5"), 104.5 (C-4a), 102.1 (C-1"),
98.4 (C-6), 93.3 (C-8), 71.9 (C-4"), 70.7 (C-3"), 70.6 (C-2"),
70.5 (C-5"), 16.2 (C-6").

Afzelin (3) — Orange amorphous powder; C,;H,,0,,, ESI-
QTOF-MS (m): 433.1126 [M+H]" (caled. C,,H, 0, 433.1135);
'H-NMR (300 MHz, CD;0D): § 7.79 (2H, d, J=8.8 Hz, H-2'
and H-6'), 6.95 (2H, d, /=8.8 Hz, H-3' and H-5'), 6.40 (1H,
d, J=2.1 Hz, H-8), 6.23 (1H, d, /=2.1 Hz, H-6), 5.40 (1H, d,
J=1.7 Hz, H-1"), 424 (1H, dd, J=3.4, 1.7 Hz, H-2"), 3.73
(1H, dd, J=5.8, 3.4, H-3"), 3.36 (1H, m, H-4"), 3.35 (1H, m,
H-5"), 0.94 (3H, d, J=5.8 Hz, H-6"); 3C-NMR (100 MHz,
CD,0D): 3 1782 (C4), 164.5 (C-7), 161.8 (C-5), 160.2 (C-4"),
157.9 (C-8a), 157.2 (C-2), 134.8 (C-3), 130.5 (C-2’ and C-6"),
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1212 (C-1%), 115.1 (C-3' and C-5'), 104.5 (C-4a), 102.1 (C-1"),
98.4 (C-6), 93.3 (C-8), 71.8 (C-4"), 70.7 (C-2"), 70.6 (C-3"),
70.5 (C-5"), 16.2 (C-6").

Kaempferol (4)— Yellow amorphous powder; C,sH,,O,
API-QTOF-MS (%) 286.0489 [M]" (caled. C,sH;, 0, 286.0477);
'H-NMR (300 MHz, CD,0D): § 8.11 (2H, d, /=9.1 Hz, H-2'
and H-6"), 6.93 (2H, d, J=9.1 Hz, H-3' and H-5"), 6.41 (1H,
d, /2.1 Hz, H-8), 620 (1H, d, J=2.1 Hz, H-6); 3C-NMR
(100 MHz, CD;0D): § 176.0 (C-4), 164.4 (C-7), 161.1 (C-5),
159.2 (C-4"), 156.9 (C-8a), 146.6 (C-2), 135.7 (C-3), 129.3
(C-2" and H-6"), 122.3 (C-1"), 114.9 (C-3' and H-5'), 103.1
(C-4a), 97.9 (C-6), 93.1 (C-8).

Hydroquinone (5) — Brown crystalline powder; C,H.O,,
APLQTOF-MS (m/): 110.0377 [M]" (caled. CH,0,, 110.0368);
'H-NMR (300 MHz, CD,0OD): § 6.56 (4H, s, H-2, H-3, H-5
and H-6); *C-NMR (100 MHz, CD,0OD): § 150.2 (C-1 and
C-4), 116.1 (C-2, C-3, C-5 and C-6).

Tl — Aol AMES H pylori 51, 26695 #FE
Helicobacter pylori %-2|d-5~23Y[Helicobacter pylori Korean
Type Culture Collection (HKTCC), 73/3=Hth gt 2| gt
S =Sl el A Eitol Aol ARS-SISITE. 5 51
2005 SElvet 19 $ARRE 2eE el
T 266955 19974 F=¢1 SA=FH £l ATCC %
eIt 7F 55 WA (Gibeo, NY, USA)] 10%
771l Brucella Broth (BD, MD, USA) HA[HIA] S ARg-5}
37C, 10% CO, ZZ11A v gt 0.0, 2417wt} Al
Fahsict.

&tH. pylori 8MEHE — 249 %= (Minimum Inhibitory
Concentration, MIC)E Z735}7] 9l& AAulAs]H-S 71
Ashdch. MICE 819 12l 1. pylorie] A< o113}
<=t a3t HAEEE nlshH, MIC H. pylori®] A
AL 50% QA SRt g ArFeE ou|ett ) 7 o+
TE 6 well platec]] 8x]7F &<t vl ate] A2 7F #9 o
AS HFFE7}F 2-3 x 108 cfwmL7} EA1E Brucella Broth
ARl ol] AEFete] ALE-SFATE Al = DMSOZ =]
TEE7F 100 pg/mLo] H=SE 2Edeh 1 oy 37C, 10%
CO, ZZeA 244715t Mdet 5 FHEE 600 nmollA]
243300}, SAUZZOE DMSOS AHEIT 34
2O E= quercetind} metronidazoles ARE-SFATE. MIC
9} MICy, %t GraphPad Version 5.01 (GraphPad Software,
Inc., San Diego, CA, USA)S- o]-8-3t ALIsISIth. H. pylori
off gk AAl&-2 vhaah 22 A& ARg-sisitt.

AA&(%) = [(FUET 3% - A8 8%) /24
th&t E4%] x 100

SAXE| - 2E A2 33 wHro =z AAjsiglen, 1
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EXtz=ZA|E2]|0] (Molecular docking simulation) —
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Zolt}, AR AL B9 s sExE 2tk
t2 Qs & FYaision, s sigteS 540 71d
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Visualizer] 423 E 9o} E ARSI T} AutoDockTools 1.5.62
Thild s} g7 25 FHlstal A slel, 29595
of|=3h= vl A3t AutoDock Vina= 2 3H3181= (binding
affinity)E- Al4Fsl= o] AR8-5199 3L, Discovery Studio Visualizer
= H2AFAAA] defolr o] B2 5 32k I
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N AH(C. tschonoskii) 2] WERE FZ5-2 H. pylori
51, 26695 7 5l tiste] HF%% 100 pg/mLolA Fr2)
v 3 H. pylori 8735 BT o] & A= vl g v
e FFEES B0 I8 F n-hexane, CH,Cl,, EtOAc,
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Table 1. Anti-H. pylori activity of total extract and five frac-
tions from C. tschonoskii leaves

% inhibition

Samples - -

Strain 51 Strain 26695
Total ex. 25.7 +3.0¢ 123+ 1.3¢
n-Hexane ft. 20.5 £ 1.8° 272 £2.5°
CH,CI, fr. 154 £4.0° 248 £2.2°
EtOAc fr. 92.6 £2.1° 84.5+2.8
n-BuOH fi. 39.5+ 1.4 16.8 + 2.6¢
Aqueous fr. 18.7 + 1.3° ND
Metronidazole 943 +£1.2° 87.6 £ 2.2°
Quercetin 55.6 = 1.6° 452 +1.3°

Data were expressed in terms of % inhibitory activity (Mean + SD) at
a final concentration of 100 pg/mL (100 uM for positive controls).
Different superscript letters in the same row indicate statistically
significant differences among groups according to Duncan’s multiple-
range test (p <0.05).

Metronidazole and quercetin were used as positive controls.
ND, Not detected.

n-BuOHOE A4S o 71 F8sie] z}7e] £8&3
EREES A3k ol EE=9 FH. pylori B3-S H7t
3 A3}, EtOAc B8 20| 100 pg/mLe] F=014 51, 26695
ol sl 2H2F 92.6%9) 84.5%2] A &S Hof ThE &
355 visl =& 3H pylori 2432 HIATHTable I). EtOAc
8= AR Pt o= AN metronidazole®]
AR AP e, ThE ATt quercetinE Tk
=2 AR S Bk

g AHE v o R, 7HY =2 FH. pylorid’d-S Bl
EtOAc & =25 H silica gel, RP silica gel, Sephadex LH-
202 o]&3st AP A2 rE 19} semi-preparative HPLCE

OH

5

Fig. 1. Chemical structures of the isolated compounds from the EtOAc fraction of C. tschonoskii leaves.
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Arete] 7H(1-5)8] TS stk e skt
E2] NMR, MS spectrum3} 7+-2 F-338H4] t|o]E| & 7]E
BuE dolgel tixgt A¥, 7t sijtEe] serxE
isoquercetin (1), quercitrin (2), afzelin (3), kaempferol (4)2] 4
7FA] flavonol 3H5HE3} phenol 3}3HE<21 hydroquinone (5)
o2 F43AtkFig. 1)) SI¥HE 35 A9 YA 8t
FEELS C 1schonoskii=FE o] AF 02 FE|HIY = &
Ao, S3HE 12 Carpinus S04 2502 FeHILE=
=do|t

2o 2 B3 315HE(1-5)2) 5132 26695 & 5l th
F S pylori 84S HFEE 100 pMellA 9318
stet= 49 H. pyloridll ek AAIEd-e 2t w5l thated]
717+ 91.5%2F 91.9%= Y FEO 2 ARS8 metronidazole
F AR e gAIE/dS BAtKTable 10). 3}gHe 59
AA G2 Zh7} 28.9%9} 15.8%= SIS 4HTh= W2 &
‘de B3tk OE siteolA e fFefngh oAl o] &
=X it wiebA FH. pylori 8438 29l 35HE 49} 59
gk MICSH MIC;, w2 Z7d83lth. 2 23, sigte 4¢]
MIC 712 513} 26695 7ol thate] 25 Mol oH, shet
£ 59 MIC 342 72} 50 pM 100 Mo AT, S13HE 49]

¢

Table II. Anti-H. pylori activity of the isolated compounds 1-5

% inhibition

Compounds - -

Strain 51 Strain 26695
Isoquercetin (1) 49+38° 6.7 + 0.8
Quercitrin (2) 73 £ 4.8 6.4£0.7¢
Afzelin (3) 52+ 6.6° 13.1 + 1.6°
Kaempferol (4) 91.5+0.9* 91.9 + 1.3%
Hydroquinone (5) 289 £1.2° 158 +£1.9°
Metronidazole 89.9 +£0.8* 93.3+1.2%
Quercetin 28.8 +2.1° 21.7 +2.5°

Data were expressed in terms of % inhibitory activity (Mean + SD)
at a final concentration of 100 pg/mL (100 uM for positive controls).
Different superscript letters in the same row indicate statistically
significant differences among groups according to Duncan’s multiple-
range test (p <0.05).

Metronidazole and quercetin were used as positive controls.
ND, Not detected.
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MICy, w2 513} 26695 w0l thste] 22t 63.57 uMe}
55.07 uMOIA 3L, 3F3HE 59] MICy, 362 100 uM o]’do] 3]
ok SI5HE 49] & H. pylori €730] SIgHE SHET} folF o=
E34TH(Table 1M). SFHE 49] MICS} MIC,, #b2 iz
O 2 ARE-$F metronidazole®] MIC®} MIC,, #HE U= =
k2| quercetin®] MICS} MIC, tHE T Sttt

SHkE 19] 75, & AolA AR 513} 26695 el
tiate] fefm|gh o] UeRtA] XA, H. pylori 43504
w=rol] tialAl= oFet 3-8 JeRRItkE a7t Sl
SI3HE 49} 59| H. pylori B} #5-(NCTC11637, NCTC11916,
ATCC43504, 193, P12, ATCC49503 5 )0l et 84>
Ui o P 2 AFelA 7P =2 RAIEES B
kaempferol (4)2] 7d-5-oll= & AFolA AR FE90 Ul
X H. pylori /0] LA JctO

B Ao A E2]E 459 flavonolAdl A (1-4) FollAE
SISHE 4o AH. pylori B/3S BTt 35HE 13 2=
quercetin®] C-3 #]1X]2] hydroxyl groupll Z}Z} glucose®t
rthamnose”} A38tal A= wigA| o]}, BIFAQ! quercetin
£ Aol A positive controlZ ARE-E T AR FollA]
frelvlgh &H. pylori /3] G4 = Aol Rl viEA|
Q1 13} 2= fFoJm gk A S Holx] skt 2§ 559
33HE F 7P =2 A4S B2l kaempferol (4)y afzelin
(3)9] aglyconeo|t, 3}3HE 3& 42| C-3 $X¢] hydroxyl
group®l] rhamnose moiety”} A= o] A= 722 Folns
AR E HolA] Tt WebA, flavonolAlE Aol &
H. pylori €739 Jejx= C-3 $1212] hydroxyl group®] 2
291 o7 FHT} T3k, kaempferol (4)2] H. pylori
ZAdo] quercetini T} =& Z1 0 & Ho} flavonol 7+%2] B-
ring®] 3'.4'-catechol group®.th 4-hydroxyl groupS 7}l
flavonol®] 3H. pylori 870 &= o2 FAT 4 3l
HE=4 5= S3HE 5= tyrosinase ASIAZ tyrosine<]
melanin® 2 F2HS AA|sto] F)FmARg-S Yefll= A
o2 & Ul EFo|th) wEhA, 7|8 BarE iAo
W F259] 3709 2R8-2 hydroquinone A3+l 71<1
kol E 5 ol

H. pylori®] A74AE24S ®21 kaempferol (4)2}

Table III. MIC and MIC values of compounds 4 and 5 aganist H. pylori

Strain 51 Strain 26695
Compounds
MIC MIC,, MIC MIC,,
Kaempferol (4) 25 63.6 25 55.1
Hydroquinone (5) 50 > 100 100 > 100
Metronidazole <6.25 16.3 6.25 4.90
Quercetin 50 > 100 25 67.7

The unit of the values is pM.
Metronidazole and quercetin were used as positive controls.
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Table IV. Molecular docking results obtained from the interactions of compounds 4 and 5 with two H. pylori ureases 1E9Y and 1E9Z

Binding affinity Interactions
Compounds Urease — -
ydrophilic ydrophobic ers
(kcal/mol) Hydrophil Hydrophob Oth
1E9Y Yy aTyr32, BLys445, Pro446, aVal33, fPhed41,
' BGIn459, GIn471 BVal473
Kaempferol (4) Alal6, aTyr32, aVal33
_ aAlal6, oTyr32, aVal33,
1E9Z 8.5 BPhe441, pGIn4d71 BPhedd 1, PLysd4S, lles6S
i 1E9Y -5.0 aTyr32, fLys445 BPhed441, BLys445 BAsn447
Hydroquinone (5)
1E9Z -5.0 aTyr32 BPhed41, PLys445 BAsn447
hydroquinone (5)2] H. pyloriol TEgh &A|&43 71718 do} & RF Ao 2 vke AU E BloH, 35HE 49

17| 98t A=A A EE o)A T% %0}04 H. pylori urease
(PDB ID: 1E9Y ¥ 1E9Z)el| W3t Ag=13}= (binding affinity)
oF T ARG FEE TS THTable 1V). =2 A}, 7 319

(A) VAL
A:36
GLN
TYR ; ALA
A:32 R A:l6
GLN " g o
B:459

ILE

B:568
. A -
Lys .
. PRO s
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\\
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p X
SER s H
B:438 .. )—F
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.
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B:475
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[ van der Waals [ Pi-Pi Stacked

[l Conventional Hydrogen Bond [ Pi-Pi T-shaped
[ Pi-Donor Hydrogen Bond [IPi-Akyl

[ Pi-Sigma

urease 1E9Y9} 1E9Z°Y tgh AgtellUA7} 2442 —8.73 8.5
keal/molZ 3}3HE 59 AR (-5.02F —5.0 keal/mol):
t} B Yol ureased] 3 A¢Fs s} o re AL &

(B)
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Fig. 2. Molecular docking simulation of compounds 4 and 5 with H. pylori urease 1E9Y and 1E9Z. (A) and (B), Interactions of
compound 4 with H. pylori urease 1E9Y and 1E9Z, respectively. (C) and (D), Interactions of compound 5 with H. pylori urease

1E9Y and 1E9Z, respectively.
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T AT} o= S5HE 49 FH. pylori 730 313 59
AR R} =2 ko] Aol dAetH, S5k 49} 59]
SH. pylori 73°] H. pylori ureasedl] thal A= 213k 7
o2 FAT F A} F 3E B5F urease 1E9YC] il
M FFHLS=Z 0329} B4459] EAIS= tyrosine lysine
1= 3154 A5 2R (hydrophilic interaction)S-, 441 $1%]2]
phenylalanine¥= A4 /‘}iﬂ'&(hydrophobic interaction)
= o= Zlo= AFEEUY shekE 4] Aol 1E9YSh
1E9Z =5FollA 471 91X1€] glutamine ;\(_]_‘l‘}\é FeAeS,
339 valine?h= A543 A3 22 3h, 31gHE 59 7%
o= 1E9Y S} 1E9Z 7 B 4ol thsled p44s 91219 lysine}2]
FA GRS AT YA Ao il UA
319 tH(Fig. 2, Table IV).

4 =

MNAATT(Carpinus tschonoskii) & FE2EZHE I
B E FollA 7P =& 3 H. pylori 8732 23] EtOAc &
glo]| tjste] FoEAREEE At 459 flavonol $H5
=21 isoquercetin (1), quercitrin (2), afzelin (3), kaempferol
43 H=4 39HE21 hydroquinone (5)2] & 79| 33+
< 2Eslgitth. o] & afzelin (3)S A2 YA PEE
L C tschonoskiiZiE] A0 2 ETH1E+= 2ol
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