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DNA Sequencing and Phylogenetic Analysis of the 18S rRNA Gene
of Atractylodes japonica Koidz and Analysis of Atractylon

Young Min Bae'

Department of Microbiology, Changwon University, Changwon, Kyungnam 641-773, Korea.

ABSTRACT : The region containing 18S rRNA gene, ITS 1 and part of the 5.8S rRNA gene of the Atractylodes japonica
Koidz was amplified by PCR and the product cloned in a pBluescript SK II plasmid. DNA sequence of the cloned DNA was
determined and submitted to the GenBank (accession number EU678363). Phylogenetic analysis of the ITS 1 DNA showed
close similarity with the other plant species of the family Compositae. The extract of the plant materials of five different
members of the family Compositae was analyzed by HPLC to detect atractylon. Extract of the A. japonica Koidz showed
presence of significant amount of atractylon. However, noticeable amount of atractylon was not detected by the same analy-
ses from the extracts of the other plants belonging to the family Compositae including Artemisia capillaris, Chrysantemum

zawadskii, Eclipta prostrata or Taraxacum platycarpum.
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A= A AAE 25EE =38k} (Compositae)e] 23
o) ERZA S Atractylodes japonica®)3l, VXA
=, T S, G TR0l AEA|e] xR oA At
th AE7E Sk 28325 =3kt (Compositae)oll= ol 24
B ofxE AREEI Qe AEo] ATPE] Wrh (Park, 2004;
Lee, 2003). ©]9} 2 =3}te] s FoM 7= 2
g AREE A, EF vt A e Aske] S
AXA dA Aol ABFA RAEZR= FEZ (Chrysan-
VX (Artemisia capillaris), =3}
(Chrysanthemum morifolium), 3= (Chrysanthemum indicum),
w3 (W, Rhaponticum unifloum), =2Lvle] (A EH T,
Xanthium  strumarium), 9733 (Kiili, Circium japonicum),
W9 GRETE, Petasites japonicus), °F%& (K IE, Artemisia

themum  zawadskii),

argyi), WEY (HAX, Taraxacum platycarpum), 33}
(Carthamus tinctorius), SFA% (Eclipta prostrata), 3|VlE}7]

f s°l & A 5 N s
(Helianthus annuus) 5°) 4814 Atk (Park, 2004; Lee
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2003). A FEvetlA] SR wol AME I = Folt
2 Ao BEE AXRAAA ARSI (Heo, 2005).

WEo] g5 ool MR BRH InE el ik
TR VHE LT Bl Fasii B AU Ak RN i 5
AR, & 98 mEEskaL gho] & @i, So] g1, H]
e EESH st A 9A s e St E=S &
= A7), B AFH WR Pol BAl 253 A3 et
o7 Eslal AARles Aol 24 ¢= Ag Asdit) s
Wi Alole] & # B s Bt maste A7l o)dE
A gk retal Aese] Utk (Heo, 2005).

WEo Aol Wol o] &= W5 2 KRS A
B2 AMEY 9om (Heo, 2005), A2 =FEdE W&
o] F&Ho] AZ2E (Han er al, 2005; Jang et al,
2004; Resch et al., 2001), CuCLel it =28 (Kiso et
al., 1985), HIV-1¢] &4 <A 28 Min et al, 2001), H
B A L] 733l (Sin et al, 1989; Yu et al, 1998) &
3 ATPase S A3l (Sakuri et al, 1993; Satoh et al.,
1996) 59 855 7K ASE HiEo] gt
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HE-EZ+E sesquiterpenoids, = atractylon,

atractylonide III, 3B-hydroxyatractylon 22|32 TDDM, (6E,
12E)-tetradecadiene-8,10-diyne-1,3-diol, ~6-methyl-2-geranyl-p-
benzoquinone 5<] polyacetylene 3}HE 50| B Eo] Utk
(Kitajima et al., 2003; Wang et al., 2007). ¥Z0] $hf5]o]
R oleld AR5 oA kol tig A7t 74 wel +)
oJd= A] atractylon©|t} (Satoh er al, 1996; Kitajima et
al., 2003; Wang et al., 2007).

APAES] kA Zpo] Bl M27e] FAAAE H|aLsh]
e A4l 9YPEELS 16S rRNAS] F71M 4, 83
AAYES] Aol 185 RNAS] 9712S vlwstz ck

EESIERE]

(Olsen and Woese, 1993). T2 3} (family)oll &3 $HHA)
=9 7ol 188 rRNAS] A7IM<Ee] &4 e A5k

AR, B ApoA] Bl & ujo] o5l A =sle)
2=E FToME 18S rRNA fFAke] d7IMdo] 79| =
e LA de AL AF it

meba 2 AFoxe =3k A EQ A5 genomic
DNAE F&3a}aL, AleER/eH FdaA sfidel f-&aht &
AR dedA A eks ] 18S rRNA %14, internal
transcribed spacer 1 (ITS 1) Z#]3L 5.8S rRNA f-3=}9]
H71MES 934 GenBankoll 5=31t} (accession number
EU678363). T3k oAl Fojxl A==2] ITS 19] f7IMLS
GenBankel] 5=5]0] 3= v =31t oM =
(Chrysanthemum zawadskii), 171%& (Artemisia capillaris),
WEY (WA, Taraxacum platycarpum), TH % (Eclipta
prostrata)®] 1TS 12] 971X E3} vlws] Roko), gk Aot
o] Fstatel] &ohs R FollA FAE de] AREHA
AL, 7HA0] AHaiH, fA T 7 Ue olE /KA k&
AE (FAEx, AXE, WEY, %) FEN9 atractylon &
A FRE HPLCE E4J3led 2 profiles M9 profile?}
M2 Blasl] ZoBM A Al IXE st} &t

k.

AEE

A==

1. Algiklis U A2

2 Ao ARgE WE, FEE, X%, VY, Rz
CREFRAIE (] T §83% 377-3)9] AFS Tilste]
ARSSIASL, GisteAoke] A-Aollx HA S | AlF
= ARgsiith
2. & DNAQ| 2|
Azx" 2 EAE All basic analytical mill (IKA Works,
Inc.)yS o]-83t] 15-30% &<t Esnt. niMlsAl E3€
E 0322 50ml 23] polypropylene tubedl] ¥, &7
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Table 1. Primers Used for Amplification of the 18S rRNA Gene,
ITS 1 and Part of the 5.85 rRNA Gene.

Primer Sequence
Forward 5-TTTAGATCTGGTTGATCCTGCCAGT-3'
Reverse 5-TTTAAGCTTCCAAGTATCGCATTTCGCT-3'

o] 0.5mm ¢l glass beads 3ml S 7131} 7)o 4ml 2|
TE buffer (10mM Tris-HCI, pH 8.0, 1 mM EDTA)®} 2md
o] 10% SDSE #7het, olZs 1 §¢ Hi ==
vortex3t AT 6ml & phenol:chloroform : isoamyl alcohol
(25:24:1) NS H7kstal opr] & WA O vortexd ¥,
o] AL 20Tl 9,700 x g2 VAHOZ §S-34 rotorS AHE-
3ted 1087 AR ST 4SS chloroform : isoamyl
alcohol (24:1) EFEZE 3 W ¢ FE3lx, HF A5
3M sodium acetate % ethanol® HAAIZ] ¥, pellet> TE
bufferdll =T} ©] DNA £ RNAse A (2mgml)E 3
7¥ste] 37CelA 2417F &t FAAIFIAL, ©]31E Qbiogene®
Geneclean Turbo KitE ARE-3ld A3t

3. PCROIl 2Jst 3=

PCR W3S $3lA= DNA template 200ng, forward
primer 2.5 pmol, reverse primer 2.5 pmol, dNTPs mixture
20 (10nM each) 2|3 Pfi DNA polymerase 1/4 (3
U)s Egeh= 100 9] wEgHelA vE-& X8)sleitt. PCR
HEg-o] ARE-3F forward primer 2 reverse primers= Table 1
o] AT (Bae er al, 2006; Wada and Satoh, 1994).
Forward primer= 18S rRNA F3#}2] 5 & HEo| Agts}t
= wHEo] M, reverse primere 5.8S rRNA f3zke] &
7k F-9le Ageles whso] Xtk (Bae ef al, 2006). o™
o 2JEE2°] 18S rRNA genestllX] EAISIA] gb= Aoz &
HZ Agkas Bglle] Q12F-91E forward primer®] 5-ETh
off H7kelAA] cloningAlell AR 4 JY=F STk HA|
cloning®]ell AR&-3}7] fl8te] 21EE2] 18S rRNA gene, 5.8S
rRNA gene 22|37 71 Afo]e] ITS 19 EAISHA] e Zlo=
LHZ Hindlll2] Q1XH-LE reverse primerel] 715kt Wt
SZAL 94Co|A 287F 3 cycle, 223 94Tl 18, 58
TolA 138, 72CollA 384 30 cycleS MNP T, HEZ
o8 72ClA 1087 &S5tk PCROIE error7} Bo] &
3= Tag DNA polymerase TRl error7F E41 HA| vy
3= Pfu DNA polymeraseE AFE-EFO 24 HES- o DNA
sequence’t WA E = S A48t st (Cline e al,
1996).

4. 229 P WM 2y

PCR 2HE2 ot HA7|9so=



B 2 ol

A719] AHge] AE Ag 1 Fol Promega®l Wizard
SV Gel and PCR Clean-Up System® 2 A3t} o2 A
AAE DNA= SmalSE A% pBluescript SK 1T plasmid
9} 2 oA ligation WSS FAIZN &, Escherichia coli
DHSo competent cells FZAH3 A7 oo ARESIRL,
PAAASE AFEELS ampicillin (100 zg/ml) S 33l
MacConkey agar plated] == 31th 249] colonyE= -l
plasmid DNAE FZ3h3L, op7t222 H7|95S B34 4

Agsie 2719 A9 DNAZH ERsI01gle 2% 818 7, 9
NGBS ST GINY BAE Flel ez

(5N PR PR35 358 =S,

5. DNA &M AISSHH 24

Aolzl P71 LS GenBank® BLAST program %
Baylor College®] Clustal W 1.832 ©]&3lo EAIs}Sc}
(Altschul ef al., 1997).

()] =

=

6. Atractylon &4
Az" AT, FEx, XS,

atractylons F&3dte] A8t A Z Wang et al
(2007)°] el wet Y= ATt 7hds) 314, analytical
millE 2 21 EA] 0.5 g methanol 10 ¢ & 7SI 40
CollA 3047+ FAIAFTE ©12S table top centrifugeol|A]
3,500 rpme 2 577 YAlEE|Etal, 2 S 045 m o]
syringe filter® SZA|Zt} o] FEH 2045 Waters 1525
HPLCZ separationd}©] Waters 2487 dual wavelength
absorbance detector® FAJ3}SIT}. Separationol] AFE-E S =
= acetonitrile} water (8:2)5 AFE3IH I flow rate=
1 m/min2 33t} B4 AREE columne Sunfire column
4.6x 150 mm 2 ZA] column®] == 40CE FAAAL, ¥
A 220 nm o4 2] absorbance peakES ERISFS] atractylon®]

A RS FAsiinh

FAze NE

e}

rr
rlo
N ye

a3

al

9! x

At
1. 18S rRNA, ITS 1 ¥ 5.85 rRNAQ| SDIMA M
A (Atractylodes japonica Koidz)2] & DNAE A3l
PCRE a5l dojzl PCR =g o224 A7195S
Fste] B4k A, ode tiZ ©F 2.1-kbe] DNAZF 2y
At (Fig. 1). ©]A2S pBluescript SK T plasmidel cloning
stodx] AZIMES AL, olFAl Aol AVINES
GenBankoll 553131t} (accession number EU678363). A5
2HE dojd F7|MLEL 18S rRNA FAA ITS 1 &
5.8S rRNA f-4#}e] URZ L3 sl= 2,133-bpEA, G+C
FE 51.1%2 YERT
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Fig. 1. Agarose gel electrophoresis of the PCR product. Lane 1,
1kb DNA ladder; Lane 2, PCR product. The lengths of the
DNA markers in the 1-kb ladder are 10-kb, 8-kb, 6-kb, 5-
kb, 4-kb, 3-kb, 2.5-kb, 2-kb, 1.5-kb, 1-kb, 0.7-kb, 0.5-kb,
0.3-kb from the top. The arrow on the right indicates the
2.1 kb PCR product.

2. A. japonica Koidz ITS 1 DNA ¥J|MAo| HSsHH
&4

A9l 188 RNA f7d7te] f71M LS ed3s] vsloy,
313 2E ZoA= 18S rRNA F2A] H7|Ado] uhe
7 2 Eo] Aol 7] el AEsH HlaaEA S flske] ITS
19] A7IMES ARSIt 2 A3, 4] ITS 1 DNA
sequence™ Afractylodes%] TFE 2 =EQl A lancea, A.
koreana, A. chinensis, A. macrocephala 52| 1TS 1 DNA
sequence?} =2 “FEdS YERNATE (data not shown). HEgH
412l 188 rRNA FAke] H7IMES A&l BLAST #
S S Ax, HEYF (Lonicera maackii), gerbera
(Gerbera jamsonii), water marigold (Megalodonta beckii)
53 we FEAL BAth T B AT 2 FEel
HPLCE 43 A, 7z, X%, iz, W5l ITS
I Q7IMEES A= v 243 435 Fig. 201 YERASL
o xS 7= B0l ARSE 258719 7] FellAM 179
Aol @717k AFsE ARG F, PARE 00.4%e] FE
’d (homology)S Ho|al UJch. Hgh & hHow 7%
A3, AREL 68.6%] FEdE HIAN, FHERE 65.5%,
a3 WSHE 62.7%2] 3Eds UERIH. 22 e
2 A% 43, A == rygdE 2REE 9He

o
nalt:

o fr

=
Z
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10 20 30 40 50 60
Czaw TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAACAACCGAGTGTTGAGAGGA
Acap TCGAACCCTGCAAAGCAGAACGACCCGTGAACACGTAAAAACAACCGAGTGTCGGTTGGA
Ajap TCGAAGCCTGCACAGCAGAACGACCCGCGAACATGTAATGACAACCGGGCGTCGGGGGGA
Epro TCGAATCCTGCACAGCAGAACGACCTGTGAACATGTAA-AACAATCGGCTTCACCGGGAC
Tmon
TCGAACCCTGCAAGGCAGAACGACCCGTGAACACGTAAATACAACTGGGTGATGGGGAGA

B

70 80 90 100 110 120
Czaw CCAAGCTCCTGTTTGATCCTCTCGACGCTTTGTCGATGCGCATTTACTCGAGTCCTTTTG
Acap TCAAGCGCTTGTTTGATGCAATCGACGCTTTGTCGATGCGCATTCACTCGAGTCTGTCTG
Ajap
ACGGGCGCAAGCCCGGGACCTGCGGCGCTTCGTCGGCGAGCGTCCGTGGCATCCCTATCG
Epro TAAAGTTTTGCTTTGGTCCTCGTGAAGCATTGTTGACGTGTGTTCATGTTCGTCCCATTT
Tmon TGGATCTTGGTTCTGATCCT--CAACACCTT-CTAGCGTGCCTGCATGCTTTCTCTTTTG

ok k ek

130 140 150 160 170 180
Czaw GACC-TTGTGAATGTGTCATTGGCGCATTAACAACCCCCGGCACAACGTGTGCCAAGGAA
Acap GACCCTTGTGAATGTGTCATTGGCGCATTAACAACCCCCGGCACAATGTGTGCCAAGGAA
Ajap GGGCCTTGCGGGCGTTTCGTCGGCACATAAACAAACCCCGGCACAACACGTGCCAAGGAA
Epro AGGCGTCATGGATATCAAGTTGACAC-—-AACAACCCCCGGCACGACATGTGCCAAGGAG
Tmon GGCTATCATGCATGTATTGTTGGAATTTAACAAAACCCCGGCACGGCATGTGCCAAGGAA

ok kR ok kR RRERERERE ERERE kS

190 200 210 220 230 240
Czaw AACTAAACTCTAGAAGGCTTGT-TTCATGATGCCCCCGTTCGCGGTGTGCTCATGGGATG
Acap AACTAAACTCTAGAAGGCTCGTCTTCATGTTGCCCCCGTTCGCGGTGTGCTCATGGGATG
Ajap AACAAAACTTAAGAAAGGCGCTTCTCGTGTCGCCCC-GTTCGCGETGCGTGCATGGGTCG
Epro AACTAAACTTAA-AGAGCTTGT-GTTATGACGCCCC-GTTTTCGGTGTGCGCATTGCACA
Tmon AACAATAAACGAGAAGGACTCGACCTGTTATGCCCC-GTTTGTGGTGTGCATTCTGAGCG

BhE kR kR kR RERER ERE REKE *

250 258
Czaw TGGCTTCTTTATAATCAC
Acap TGGCTTCTTTATAATCAC
Ajap TGGCCTCTCTGGAAACAC
Epro TGGCTTCTTTGTAAACTC
Tmon TGTCCTCCTTTGAATCAC

Wk AR AR kW

Fig. 2. Multiple alignment of the internal transcribed spacer 1 sequences of Atracrylodes japonica (accession number EU678363),
Chrysanthemum zawadskii (accession number DQ028924), Artemisia capillaris (accession number AY548201), Eclipta prostrata
(accession number EF190031) and Taraxacum mongolicum (accession number EF114672). The perfect matches are marked by
asterisks. Abbreviations: Czaw for Chrysanthemum zawadskii, Acap for Artemisia capillaris, Epro for Eclipta prostrata, Ajap for

Atracrylodes japonica, and Tmon for Taraxacum mongolicum.

45.7%°] Fe/dE BN, el ks A2 51.3%]

e LBk, mebd oleldt AskE 73 Bkt v)
W Opgel v 7ie) stk HEEe) e ARsh)
it 2o Oe Aol HEERce 95 e 2%
& % ek et Fekalol] Sske Tl 7P HEE 3
A TR} QA% vl AT} TP, dRizet 7

Sele fABAV} vad W 2ow ehgo,
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Dong et al. (2003)S 2] 2|3 YE Al 37
(Astragalus species)2] 5.8S rRNA spacer, ITS % 18S
RNA fr8zte] 71X De ebds] Brsliio] Barsigich. &
gt Zhao et al. (2003)> FhEE R, WENER, HAERS 5S
rRNA®] spacer region®] A71XES ¢Hd3s] Hauir] vlast
At & H oM E Choi e al. (2004)°] $12] Al 7IA
] TS region2] F71MES ¥EUlo] A= H|w3l L,
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3. HPLC profile of the methanol extract of the Atractylodes

Fig.
japonica. The scale of the vertical axis is from 0 to 1.80.
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Fig. 4. HPLC profile of the methanol extract of the
Chrysanthemum zawadskii. The scale on the vertical axis
is from O to 4.00.

Kim et al. (2008Y2 A|E.(Anemarrhena asphodeloides)]
E4) DNA®| @71 EE A6t 2 FAdAIE Asisich
%3 Shiba e al. (2006 4] nrDNAS] ITS @714 <2
< WelUlo] Ao o] F7ke] Aolg ERIE & & UEF
Stk olEd A4S A9 EA RNA F4212] 971499
A& Fo] ¥ Ee W8 ARAE AFshe el B o
3L deS & 7 AUk =3 AEE FolMe 1FH
o o8k F=titk 2] FABAS A7 A= Ao
(Sung et al., 2008), AA7HA] A5 BIES F3l3} AEES
185 rRNA f+4Fe] H7IMEL 3 GEAA 9%k,
phylogeneticsE A7 wol] 7H¢ ©eol ARE= H7IA Lol
AAYEQ]D ol 16S RNA, FHAYEQ] Aol 18S
rRNAYS: 7391ed wjol] A2 ¥3she =3t ofxE59] 18S
RNAS] 971X EE &3] Bejdl= Zlo] A5 9 Ak o
2 AEEFe] sk AR At gt sl AR

g
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Fig. 5. HPLC profile of the methanol extract of the Artemisia
capillaris. The scale on the vertical axis is from 0 to 4.00.
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Fig. 6. HPLC profile of the methanol extract of the Eclipta
prostrata. The scale on the vertical axis is from 0 to 1.50.

2=

= FE5ke vl S8 AdE & -

Woese, 1993).

STk (Olsen and

3. =ehlt AlE FE=°| HPLC 24
2 ATl AF ol9le] BE =kt s TRE,

o1&, WE, Az FEEZHE atractylon®] EA] o
& 3743l7] 915k HPLCE ©1&3 #4& St

(Fig. 3, 4, 5, 6, 7). = A3} A9 FE=0M= 1052
atractylon®] peak’} #Zo] 91O}, 1 9)o] HEEE FE
£ atractylon®l] sdsle F=217 peaks 2S 71 {1t
ety o]5 HEERE FRA AFE tT F JIF
S & 4 UAY et phylogenetic analysisZF-E] A5k
FABAZE 7P W Aeg yehd RIS FE A
atractylon peak®} fFAFSE Y1x|ol|A] w]eFSt peakZ} THEE ATH
(Fig. 7). Tt ©] peak”} atractylondl] 3s]@ETCIH, °o]&
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) [F=) = = =) o0

b ek

Fig. 7. HPLC profile of the methanol extract of the Taraxacum
platycarpum. The scale on the vertical axis is from 0 to
0.60.

phylogenetic analysis”} chemical analysis®} A2 2 dX|3}
A gethe & YeptaL E 5 QU o] peakel] s
245w B AAlsle] o2 725 s oR EAg
O Beg 435 45 F US AoE A e AE
9] 79l phylogenetic %7 A9} chemosystematic
F AE ME Z dASARE, o8 g AREe] 7IE R
Afehks AR XA e ol Beg dakl &k

ABES BXAsto g7 grel By}
A

o S rlr
[‘-111

Veronica% 2EE& 4%
(Taskova et al, 2004). W=pA =
B A4 A7t e
2250 dA7H Bl
o2 LE o oJal U5E o]
jc].ﬁ-x-] :Lg] kU
}E]—Z ),
oA R

L

203 AT BREe] Y
e A7 7P gl Holgla, wgt
Bog FAEE Ao] atractylono|t}. E

o] 4% tE 37 HESEZTE 9]‘:’]9}}: &
atractylon2 WA 4= gk a3y oz
ol9le] thE AEEME dE 7FsA ol "1*0}‘”1:}* &
Zrerer ol phylogenetic analysis® {o|X AxE s}
o Aet sHH o7 Tk AEES FolaL, 28e 4
555 S oR B8 woEM oy 7EK] {83 4l

Ao W, e ¢ FEME 71 o

2hal o AxI.

oJz

LU

7O
+ 9

A BE

NEES] F

20| o

B ATE @RAEATA 7| ZATHA @ANE: KRF-

2006-311-E00571)2] Aol oall =38 Aoz oo ZAl=
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