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Antifungal Activities of Hemistepsin A and B Isolated from Hemistepita
lyrata Bunge against Dandruff-causing Microbe Malassezia obutusa
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Abstract: There are a large number of bioactive sesquiter-
pene lactones from compositae plants including Hemistepita
lyrata Bunge. In the present study, we purified two sesquiter-
pene lactones, Hemistepsin A and B, from H. lyrata and eval-
uated their antimicrobial activities against Malassezia
obutusa. Chromatographic separation was used for the prep-
aration of Hemistepsin A and B, and the identity of these
compounds was confirmed by NMR. Strong inhibition of
growth of M. obutusa was obtained with all doses of Hemi-
stepsin A tested. Moreover, antifungal activity of Hemistepsin
A occurred in a dose-dependent manner. Hemistepsin B also
showed potent antifungal activity at the dose of 800 um/disc.
From these results, it was suggested that Hemistepsin A and B
be beneficial for the preparation of the useful agent for treat-
ing scalp diseases occurred by dandruff-causing Malassezia
species.
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A AN (Hemistepita lyrata Bunge)= =+3}1} (Compositae)©]]
o= 2 2o g SUA o A ol Hrk Fof (
E)ol| A= Y E A (RBAR) L E E2]-9-1 0]+ 30~80 cm
0|31 1429 2B} y2l7} glom, P R 71 W3
o2 $ejutet 4atbo] dbolu Solx] A Aeket. Hemistepita
Iyrata Bunge®| %= 92 WL =3t £7]& 7hafet
513 o8& flofe Aol Jlon, 2IauE F7], 949
d, 45 ARste A2 dA ok [1]. A7 o
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i
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1! [2-4], T3 Hemistepsin A9} B= M| ZEA I} AZ=4
of thgt AT} = AR HAESG om[3,4], 121l
3% 9] diene-yn-diene chromaphore 3}3HE0] B E oA QL
o} [5]. o] 59 Ao T3t A= FYadt, FPTase
(farnesyltransferase) # 3] & I}, NO (nitric oxide) AJ A A 3| &
3} So] 1 1HYr}[6-8]

Fjo] i gHAIT} a2 Alo] Y] REE o] njRo] 4
7] $& BH O W vl go] 475 rHI). 8
B EE ) 202 B4, 5714 TR Al
Malassezia species7} QIth H| &2 o] 8|3t T u] A+ £ 9
Sl Malassezia 3t 'd/d T2 20] FH] &= AFE7] ©]
& Fujof he A7 Felof A AFESH] AlAFSHA A7 A
S} [10]. 53] 715, 2, 4 S0 S50l a ol AEg
2 5o AR Al el ofaff BlE+to] HrhstA FA sk
AF 9 M%7t Howl wEel 471, 83%7h Yo
A4 5 R elo] BT [11]. o A vl 5ol 9]0 1
5 Z17lo] W7 mopow Sekst A 1179 e 415
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Zo] B3 Ae| Aol w3 Aol 4 AAXYA A
£ AR Ae] RabEol v Hu|gh A 24 ]

oleb & 4= qlek. e} o] et FArol Aa A% ol A
% QATHHORE £5 w4, o5zt 2

X Ageba gtk B3 7k e BRolu el g% B o
U BUHE BUSHE 4ol vl Sl fslo] Ho] th
= weA HEZY A4S o
o Thest v o] WA E 49 FRFA §uE 4 9
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L ko) L} AF3E o)== Zine pyrithion, Ketoconazole, Piroctoneo-
lamine, Selenium sulfide, Coal tar solution 53} Z-& }stE
Aol e o] Slek [11]. BlF HAA 2 Wol ARg-Eo] &
shet EHO S AL Foerk et P YS M=
HHH ThE Rt o 2= Aol S5E o] dAl 2l HotE
7P oz vhs o e mie Y 240)7] % st o]
gk ol = A9 Aol AEAES 7H dAS =R
ol ofd QIAo] M& sf7} HA dh= HAEHE thA| 5
ofof gttt [12]. A|&7HA] AtE o] Q= FHlE &7t 9l
= A 52 = LA Z2(Chrysanthemum zawadskii) [13], T
I (Phyllosrachys Bambusoides) [14], 2.0|& (Sanguisorba
officinalis) [15], < *] (Resina pini) [16], 7§ L}&] (Forsythia
viridissima)?} AN (Echinops setifer) [17] 50| HIilE
et

s 7 Ao A= o]l Ak A=l AR
B H2hgo] A1, a-5o] 43 2L vl5el et
A EAS EMSto], o] 75 AEEEFCE Y
o 5 A= 7Hs e FobE ARl stoq, vl Eatol| et St
2] o] 9l sesquiterpen lactone#| & 9] 3}3HE Q1 Hemistepsin
A%} BE #2lste] 94 = duled AE Eo7]e

2% 23y
21. 4 EA A=

2 Ao A AHEEE AR WS T2 4 7HA G et
ol gtu A} AR of| A FoFrtol sesquiterpene lactone

ol ARg-sF AT

2.2. u|BE wjF

H|E YRl O 2= Malassezia obutusa (M. obtusa, KCTC
7847)2 A A AANE] (Korean Collection for Type Culture)
2 HE BEofdtol mLNA (modified Leeming & Notman agar)
v ] (Bacteriologicalpeptone 10 g, Glucose 5 g, Yeast 0.1 g,
Ox bile 8g, Glycerol 1mg, Glycerol monostearate 0.5 g,

Tween 60 0.5 mg, Cow’s milk 10 mL, Agar 12 g, Distilled
water 1 L) s ofsto] 4| & 2] &, Wt 2 335] &
3}o] glycerol 1:19] H| &2 A 7}5lo] —~72°Co]| #3190
o A9 3 Mol 2 EA4A I T AT

2.3. Compound A%} B9] £-g]
7Aool ietal ghefabd Y Aol
B AN HgEFEE 150 g5 A7 (70~230
mesh) Z'¢ (12x20 cm)of] 42 &, S22 XL E/M S &
ol A o vas AR w9 7H (10—
1) 2 Azt S st 8592 200 mLA 34>
st o, o]gA Adojzl 807)2] F&-& TLC patterno] w2}
127§9] &2 (Fr. 1~12) 0.2 #3131t 1271 9] &8 = S0l A
SEREZEMEE =19/19] G20l FEH U 2H 10%
Pl A FEM o2 TR = FEEZH UV, active, Ry
0.45 in CHClyMeOH =9/1)0]| 7}# @o] 3+8-% B3 E Fr. 7
(21 gy& A 271 (230~400 mesh) 2% (5 x 20 cm)of] 22 =,
2 Ay A zntE S AAISkITh 278 E 69 TCL 2
W mEAS 9ol 2 7HA] A/ dol EA5H 7] wizol
ol5& A|AsE| 8l Aol oAl g ol E =2/1& 27181
& ARESte] ofgotAEolES Hl&S HA & 7HHA
SomLA §%o0g F4aheict. 1 Ak, slabe]gobAEo]
E =219 §ul 2704 BEEYG0| §E 5] ARG
o 0 E 700 mLE 9]<5to] 553k qinh oA dojxl
=200 TLC 3 A7} o 30% A = o] BdBo| ZAaHec).
Hemistepsin A2} BS] 44> £2]2 $jate] ¢jo] 2582
2 Recycling preparative HPLC (JAI 9104, Japan)@} C,sZ2 3
(20 x 400 mm, 10 pwm; JAI, Japan)& AF-8-3} 31 75% W g2
| & AHE-sl] FAE 2 ¢ Compound At HSHA o] A4
¢l Compound BE <4~ 2] aFqlct. 2+ 3}&9) sfeh4tx
+ NMR (Bruker AW500, Germany), EI/MS (Jeol JMS-700,
Japan), UV/Vis spectrophotometer (Beckman Coulter, USA),
FT-IR (Mattson Genesis series, USA), Elemental analyzer

(LECO CHNS-932, USA)& B A5}¢itt.

24. 948 3

2% Hemistepsin A9} Bo| &84S S45t7] 9lst
of FHHufA] SAPH S o] 8-kt [18]. WA HEQl M
obtusa= 24X 7} F-oF A wjeFal gl ar, 1.540.5 x 108 cells/mL
2 a5 A8l 45°CE A H top agaro] 100 uLA
HEoto] & &% $, mLNA agar plateo] =2s3ith
Hemistepsin A2} B= 100, 200, 400, 800 pg/20 puL/disco] =
=2 FH|5lo] 8 mm paper disc (Advactec, Japan)of 7 &3}
3l o) 2 © 2 Hemistepsin A2} B2 23] £1f 2] DMSOE
20 pL M2 sto] FtAdEolA Azt &, 5 =T
mLNA agar Hj 2] 3£ 9]of| &2] 11 30°Cof| 4] 48A]7F &<t il
Fatsict. TR aalE BAFE] Ago] HaHEA 34
&= A5 A 8l 2 (Clear zone) o] Z7] = 218} Th.

RIE-E A 1Ly

3.1. Compound A(Hemistepsin A)2] & 13
Compound A% A1) 42 A2 A Aold A¥EY (FT
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IR)of| A 3045 cm™ 3} 1760 cm™oj| 4] 271 2] 7} 2 R group?|
HEHAT YA AEH (UV spectrophotometer)©f] A]
Amax (CHCL)7} 241 nmoj| A #2HE| Qi) A5 A ER (EV
MS)of A EAFo] 2 (M)E] o] L7} m/e = 3460 A T2 E]
¢l11, 2-hydroxy-methyl propenoyl”] 2] I o]=7} m/e=262
(M"-84)ol| A, 12|l m/e=850|A ZZt BAE Tt EIF
m/e = 2449} m/e = 2262 (M'-84-18)1} (M'-84-18-18)5 Z+Z}
oju]stE & 279 OH7| 52 acyl7] 7} £ TS & 4= 3
PC-NMR A# Eol A= 19719 g4 3jo] 27} gl
T DEPT A E & of A= 7749] CH, (2H x 7 = 14H), 67} 9]
CH (1H x 6 = 6H)7} 2= 3t} Y4B A (Elemental analyzer)
oA C=659%, H=6.5%7} &¢1% ¢ 1 'H-NMR AHEH
o A= 2071 9] ¥R} DOE A 2l W AFkA] = 270
O] FAAE EelstGitt. o] o] £l A nE T
o 2}t Compound A9 EAFAL CH 060 2 AT 4=
AT

BC-"H COSY(HMQC) A2 E & o] 4] Table 13} Z+-& Akt
A& 2kt o] A2 endo methylene 27 ¢} vinylic methylene
07F EAW ol A on Aol YA AEE
DEPT AHER O] Aol & A9l 12al 'H-'H
COSY ¥ E Hof| A H13a/b2] vinyl%FA] A= allylic] 2] H9
(3.20 ppm)&} cross peak7} IEE 11 H9+= H8 (5.14 ppm),
H10 (4.27 ppm)Z} cross peak 7} Z+2} 32 =] ¢t} H8-> H7a/b

Table 1. NMR data for Hemistepsin A

Position ¢ (ppm) S (ppm)
1 51.4 2.84 (m, 1H)
2 1394 (Quaternary)
3 73.7 4.55 (m, 1H)
1.74 (m, 1H)
4 38.3 2.23 (m, 1H)
5 45.7 2.97 (m, 1H)
137.3 (Quaternary)
7 371 2.40 (dd, J,=14.6 Hz, J,=3.8 Hz, 1H)
’ 2.72 (dd, J,=14.6 Hz, J,=5.2 Hz, 1H)
8 73.4 5.14 (m, 1H)
9 47.5 3.19 (m, 1H)
10 78.6 427 (m, J;=10.6 Hz, J,=9.0 Hz, 1H)
11 141.8 (Quaternary)
12 165.4 (Cc=0)
5.62 (d,J=3.1 Hz, 1H)
1 122.
3 ! 6.20 (d, J=3.4 Hz, 1H)
536 (m,J=1.7 Hz, 1H)
14 113.5 5.48(m, 1H)
494 (d,J=1.4 Hz, 1H)
15 118.2 5.14(m, 1H)
1 169.1 (C=0)
2' 152.2 (Quaternary)
5.96 (d,J=1.2 Hz, 1H)
' 126.
3 67 6.32 (d, J=0.9 Hz, 1H)
4 62.1 4.38 (s, 2H)

Fig. 1. Structures of Hemistepsin A(a) and B(b).

(2.41,2.72 ppm)2} A1 A 0] 91T HTa/b= H15a/b9} o} oF
gk cross peak7} THEFE| QI TE HlSa/bi= T ©]/f2] ojd 44
Apete Ad/do] llen, & o2 Wkl H102 H1xk ¢
Aol Sl allylic) %] 2] Hlda/b vinylFAA}F 1831 HS
(2.98 ppm) 2} AFFPA|7F Sk, o HSOFA A= Haarb (174,
2.23 ppm)2}, Hda/b= H3 (4.55 ppm)x} AZAA o] 1o H3
2 H13 20| = Hl4a/bQ} cross peak 7} 3H2HE 0 & A
Satg] +71e] +532]9 7| & A4S VAL leE &
Qlth. Z 2= H3'a/b vinyl %4 A= H4' (4.38 ppm)2] 271 2]
¥ AL} A 7} 911 H4'S] methylene2 © o]AFo] A7}t
gle Aor Hol OH7|7F &0 Q= ALz 4 &, o] A
& ZeFAH E ol A m/e = 859 A] 3H2HE 2-hydroxymethyl
propenonyl7| 9} & Q7| ShSL). o] AL 157)19] B g b
sesquiterpen lactone =270 4719 ©AE Zt= 2-hydro-
xymethyl propenonyl7| 7} 20191-8-< o] u]gic}. o]4be] &
FstA ol A5 E FEstH Compound A= 3'-hydroxy-10
(2-hydroxymethyl propenoyl)-2,6,11-guaiatriene-b12,8-olide =
gAsron, wAxA Aol Blusto] o] jHES
hemistepcin A o] <215 it} (Fig. 1(a)).

3.2. Compound B(Hemistepsin B)2] & 19

Compound Bi= 3410 Ao w, oAl AT EY|A
3500 cm o A] A& A 0] et B2 9} 1772 e T} 1680
em™' o A 27] 9] 7k 2 W 717} Rk E Qloh AR o)A AU E R
YA Amax (CHCLy)7} 229 nmof| A 2= e} AF A EF
oA Aol & (M9 3] o] A7} m/e = 3300 A & H Gl
2-methyl propenonyl7] 9] o] 27} m/e = 261 (M™-69)T} m/e
=699 A ztZF {EEITh E3F m/e = 2449 m/e =226
(M'-86)2+ (M'-86-18)5 22t oJm|st2 = 17]18] OH7] 22
acyl7] 7} A3 & 4 Stk "C-NMR 23 Egof A= 19
el 'hax mojazh wEEglon, ofeh4 ol F4l 8 166.4
ppm, 169.2 ppm O 2 ¥ 2719 712 R I 7|7} 245t &
73.7 ppm, 74.1 ppm, 78.6 ppm O 2 HE Z} Bt A Fofj = A4
7F EARE & 4 AUek 28] 3L DEPT 903} 135 A3 E |
ol = 17]2] CH, (3H x 1 =3H), 671 ¢] CH, (2H x 6 = 12H),
671©] CH (1H x 6 = 6H)7} T+25]¢lch. £ 'H-.NMR A
EYO] A ZH 2R 22709 FAATE dee & = AT



IZITHOIA 223t Hemistepsin A%t BO| HIS R0l 3t @& 1} 77
wreha] o] #fgh Bl AR E Foteto] & o FvtE = HI0 4540t o] & dd (o] F - ol 5A)e &A% AFe
Compound B9] B2} A& C\H,,0s2 FAY 4= it J,=10.6 Hzo] 11 J,=9.0 Hzo|t}. J,& H103} H17te] AT &

BC-'H COSY (HMQC) 2| E o] A] Table 29} 7+ A&+ g]o| i J,x= H103} H9ZHS] AT R |24 o] 59] J3He 118

TAE ko o]AL endo methylene 271} vinylic
methylene 4717} E4} W ol EA 92 &fu| g Aol 1|1t
'H-'H COSY 23 E & o A H13a/b] vinylok4 24 allylic®]
2] H9 (3.19 ppm)@} T3] o] Z7} THAE| 11, HO%= H8 (5.14
ppm) H10 (4.23 ppm)Z} cross peak”} Z+ZF B2 E Qi ch E31,
HSS H7a/b (237, 2.71 ppm)2t 91 2 ¥ o] 9131 H7a/b= Hl5a/b
@} o} ¢F3l allylic couplinge] IH&E Th. 183l HlSab
= H oY oW Aot Addo] fldleH, ® oE
Hekol H102 HI1Y dZAo] QI allylic 922 Hlda/b
vinyl /g A} Z12] 31 HS (2.98 ppm) o A ¥A|7F Itk HS
ORI 2H= Hda/b (1.73, 2.20 ppm) @} Ha/b= H3 (4.55 ppm) 2
Aol §lom, H3-& Hixt ¢4/ o] §li= Hl4a/bo} allylic
couplinge] T&E O A 5378 +7118] +5118 9] 7|2 &
AL 7HAAL Ql&& & & Qitk e A A 2] E H3'a/b vinyl
OF A 2= HA' (1.97 ppm)©] 3749] kA 29} allylic THA| 7} 9]
31 H4'9] methyl>- & 0]/+2] A7} §17] wjof| Compound
B+ 15719] &tAE ZF= sesquiterpen lactone 2] of| 471 9]
g4 5 ZF= 2-methyl propenonyl7] 7} 20 1SS oJu| st}
w24 Compound Bi= Compound A9 7| 221} 2SS

o 4= qlgith. 1 o2 AP A ABXFH) O] 2 U LS 3

Table 2. NMR data for Hemistepsin B

Position  Oc(ppm) Ou(ppm)
1 513 2.84 (m, 1H)
2 137.4 (Quaternary)
3 73.7 4.55(m, 1H)
1.73 (m, 1H)
4 39:0 2.20 (m, 1H)
5 453 2.98 (m, 1H)
6 136.0 (Quaternary)
7 371 2.37 (dd, J,= 14.5 Hz, J,=3.9 Hz, 1H)
' 2.71 (dd, J,=14.5 Hz, J,=5.2 Hz, 1H)
8 73.1 5.08 (m, 1H)
9 47.7 3.19 (m, 1H)
10 78.6 425 (m, J;=10.6 Hz, J,=9.0 Hz, 1H)
11 141.9 (Quaternary)
12 166.4 (Cc=0)
5.60 (d, J =3.0 Hz, 1H)
13 1226 6.21 (d,J=3.4 Hz, 1H)
5.36 (m,J=1.7 Hz, 1H)
14 13:5 5.49 (m, J=1.9 Hz, 1H)
494 (d,J=1.5Hz, 1H)
15 118.1 5.14 (m, 1H)
1 169.2 (Cc=0)
2! 152.3 (Quaternary)
5.67 (d, J=1.5 Hz, 1H)
! 126.
3 66 6.18 (d, J=1.3 Hz, 1H)
4 18.3 438 (s, 3H)

ot A 27ke] o]z 150~160°0] 7] wiZof, H103} HY9 2
HI2 HI0Z 7| S 2 transP B 2 24 2F S Zloftt. ob-&
] H8T} H7a2] JZHL 5.2 Hz, H7bS}F H8Q) JZHL- 3.9 Hzo| 11,
H7a2} H7b7FS] I3k 14.5 HzZ Compound By 31eh&E
Compound A} Z-& YA 725 7ML Y& & 4= A3t
o]Aro] A& £33 & uf, Compound B= Compound A<}
o] sate] +7a1e] + 5312 9] 7|25 2 S 7HA| = sesquiter-
pene lactoneQ!l guaianolide®] €20 & A, Compound A}=
10 9] %] o] 2-hydroxy methyl propenonyl group tjAlef 2-
methyl propenoyl groupe| AgE ZlW ©fZ, 3'-hydroxy-
10(2-methyl propenoyl)-2,6,11-guaiatriene-12,8-olide?l %o
2 ggstplon, 232 Aol Hlalste] o] detES
hemistepcin B2 ]| &+915}4 T} (Fig. 1(b)).

3.3. Hemistepsin A%} B9 v| 5 A8 FFEA

A Aol A B2t 259 sesquiterpene lactonesQ] Hemistepsin
AP} BE Ao 2 4o} uli 5o 4B E oA o]¢
PHs A 241 Statel, Bt M obmusao] thE a8
A= SHsHth It A 23 Table 33} Fig. 204 H=
H}-2} Z+o] 800 pg/disc 5= of| 4] Hemistepsin A} B& 31 mm
o} 35 mm 27]0] WS AHNES o] 74T HRBAS Lt
U eich E3], Hemistepsin AS] S &AL sk &% o
Z7}5}5th. Hemistepsin A= 100, 200, 400, 800 ug/disc2]

Table 3. Antifungal activity of Hemistepsin A and B against M.

obtusa
Diameter of clear zone* (mm)
100 200 400 800  (ug/disc)
Hemistepsin A 11° 18 25 31
Hemistepsin B - - - 35

*Diameter of clear zone includes disc diameter of 8 mm.
®Data represent the mean of three separate experiments.
“Not detected.

(a) Hemistepsin\A

(b) Hemistepsin B

Fig. 2. Inhibitory effects of Hemistepsin A(a) and B(b) on the
growth of M. obtusa. Hemistepsin A and B were loaded on the agar
plates spreaded with M. obtusa, and then the yeasts were incubated
for 48 h at 30°C.
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SEoA 242 11, 18, 25, 31 mm9] Clear zone©] FA4 =3
0B HA HFBT (MIC)= 100 pg/disc ©]5Ho] 1L, vhd
o] Hemistepsin B&= £0]3}4] 800 pug/disc®] =2 5 x0 A
9k 35 mme] #Ht}gk Clear zoneo] P4 =S ¥ 71 0|59
SrolAe FtgAdo] yErA] 9bek7] wiell 400-800
pg/disc H 2] ol A MIC gho] Uebd Ao 2 oS},
Hemistepsin A, B&} 22 sesquiterpene lactone2] t}F3t A3
2| 842 0] £ 9] a-methylene-y-butyrolactone -3 0] 7| ¢13}
= Ao 7 oA 9l 2 [19,20], DNA polymerase2} T+ 2]
S a4 78 38l A 4 (thiol-containing enzyme)2] thiol
group} H| 7} 4 alkylationS -8 3HO 2 X4 B8-S A
#j3to] B a1 % o] & 9t} [21]. webA], Hemistepsin A, B] H]
ol ek FHBAAE o] gt F24 EA o 70T AL
2 AR E, Yokt 714 Tt o AR s ofof g AolT.

Ee

=R

V7 (Hemistepita lyrata Bunge)E ©]-83}o] H|5+tof o
IS 2= IgE B E st A vEE
=& silica gel column chromatography S HHE2] 0 2 A
Algt & Recycling preparative HPLC (JAI, 9104)9} CsZHH
(JAIL, 20 x 400 mm, 10 pm)2 AF8-3}o] 2% 9] sesquiterpene
lactone#| 3FHES =4 w2 okh o5 =l et
E2]3}8H4 A NMR, MS, IR 5 9] spectral datas 7] £t
Z 7} Hemistepsin A2} B2 57 & ¢1th. Hemistepsin A2} B
2 diom AHEe) bl So| AEgEoRA Y 0|87}

( ON'

nepot N

A& V7] $I8tod, BlGat M obtusa©) Tt F4tEdS
22435ttt 11 A3} Hemistepsin A2} B 800 pg/disc 5%

o| A B]S+ M. obtusa®]] t3l] 31 mme} 35 mm 27| 2] A5
Al S hEo] A 7Fet gt o] FRIE 7] g E
of AP ol et $HA7F A HH 4FF
O H| e 5o EEEF oA o] 7Hed AR Alm

e

REE

B ATE FRATAT ATaA LY AN (FHLA
2ol ofstel Sa =gl ofof] gAE UL
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