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Identification and Quantification of Tar Compounds in Plant Cell Cultures of Taxus chinensis. Kim, Gun-Joong, Gyu-
Yeon Park, and Jin-Hyun Kim*. Department of Chemical Engineering, Kongju National University, Cheonan 330-717, Korea

In this study, the tar compounds derived from the plant cell cultures of Taxus chinensis were first identified and then quantified
via gas chromatography/mass spectrometry (GC/MS) and gas chromatography (GC). 2-Picoline, 2,5-xylenol, acenaphthene,
1-methylnaphthalene and o-xylene were found to be the major tar compounds by biomass. These compounds were identified
and confirmed by comparing their retention times with those of authentic compounds. Each compound also spiked with the
pure standard. The contents of 2-picoline, 2,5-xylenol, acenaphthene, 1-methylnaphthalene, and o-xylene in biomass were
0.2512, 0.1586, 0.1240, 0.0942 and 0.0525 wt%, respectively. Liquid-liquid extraction and adsorbent treatment were able to
remove 42% and 94% of the tars from biomass, respectivly. After hexane precipitation, all of the tars were perfectly removed.
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N = < A g3 BENEST] WollA et e g AgAbo] Thsst
7] wEol AR F2 9 paclitaxelS g A 4= ok

Paclitaxel> FEUF(yew tree)?] ET| oA dAE U = AHo| A9l
o]t AGY FAELE d2 %, FHY, A FF AEA 2Hj 225 H paclitaxel®] 22 % FA|= o2

[e]

(Kaposi's sarcoma), B| AN Z4 ¥ d(non-small cell lung TA Y & 4 FAFTHE AA LeE(>98%) AES A
cancer) (| &80 2 u|= FDA 8715 535t @A 714 AbstA o getdoz 22 4 FA B2 d&7gl vho
Z93 FAAZ AFEE L QrH11]. Paclitaxele 1 ZE3F  2ul|X(paclitaxelS 83t AEAZ)ZEE paclitaxelS H
FA7NFo R FES WY e 7|EY A= dE A {718 E FE5HL, A A FH (pre-purification
ARl AR E7] Y HAEZ BES AAFLEHN BlLE  process)= AA HF FAE Tt AEFS Yitste 34
W 54T A FASHCE 19909t RE 7t dE] 02 o]Fo|A QitH14, 20, 21]. E3] A AP 3L HF
AHEE = Al olth22]. B3, Fute A WA, 2t A HlEol B G vt 7|&] B4, 21]€ 33
olw] 18 59 AgFol AL =L o8 b A8 Fole BAE AT A A FHLE 1t ARvEDY
HETY] Sl et AGA ol IF Fofl oA F  HE ol &St YAY A A glo] FEF AN 2 E
3T paclitaxel?] $£8+= A&LEHA Eod ALo|tH16].  (crude product)S high performance liquid chromatography
Paclitaxel®] =& A Wl o= FEURA 23 &5 (HPLC)O| A BtE XF FA|sto] BA 2 SHAA &
= 0, B W, AEA Zuek ol Atk B3], 4] & ZAVF e BE AAY o 2 AYA dFgAtel &
Az T2 7%, 3 FY AR AR o §F 2 o Eo| mEr HAR Ho|emjARRE {U] W E

0] &3}4] paclitaxel2 £&31H &= 0.5% J=o|lH, 7+

oe A A 34 Fol& 10% ol5te] == o 2}, o]
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AgstA] gk A A7 FHE T3 ARY =& 7tF
5P 9] (>50%) F=oioF 2|F AAl, 53] HPLCE o83t &
Aol A9 v-&E &Y 4= AUTH13].

71& B3 st AEAZujYozRE FAEE
paclitaxel FA|E 3 DA 2 BA A 24 A8 ¥4
< =98k ek, 10, 15, 17, 20, 23]. F2HA| Ao 2J3t
paclitaxel <& 57h= B|R|sh $&F A9 FA &&
A A 2 7Hed S9) el B =80l H7| 9
ot} o]2|3t olfr= FAA X2 Il &sf Hio] 2w
9 B2 2ol AEHOoE AAHN LR &R F
Rt SFATH15, 20]. wehA] & AollAl= gas chromatography/
mass spectrometry (GC/MS)2} gas chromatography (GC)
£ 0|83l FE A EA3E Taxus chinensis B %O 2 X E
3 AEA @bl 2ml) G B2 HRE 22 A/
A& sk on, =3 paclitaxel FAE AT DA 2 FA4
A ol B2 AEEY AA FS skt ol d
T ik 3 ¢ AEA g2 E FEE paclitaxel
o A BN T8 FofalolHd HioluA fef B
B RS AR r ggewn FE A 3 AT

= = H1a—

AISMER} HHYEA

2 Aol AHE F5 AEA 2 FL Taxus chinensis
9l Yo ERE A& AEZF(cell line)E ©]-&3+¢t}. Taxus
chinensis25¥] 7198 Ao AT 24°C FRANA
150 rpm o 2 W HHs}o] vl sl g th. & E(suspension) A3
= A= Gamborg's B5 ] Z|[5], 30 g/l sucrose, 10 um
naphthalene acetic acid (NAA), 0.2 um 6-benzylaminopurine
(BA), 1g/1 casein hydrolysate, 1g/1 2-[N-morpholino]
ethansulfonic acid (MES)ol|A] vljoFstict. A= vjofe 23
oheh A 28 vjA| 2 ZopRglon it i g ARl
7] S8l 793 219 A = doll 1~2%2] maltoseE 7}
3 F1 elicitorZA] HjF Z7]9) 4 um9 AgNOsE H7}
3 F=3UTh3]. AEAZu g T g A 22 FE decanter
(Westfalia, CA150 Claritying Decanter)Q} 1< A&
7](o-Laval, BTPX205GD-35CDEEP)E ©]-&35}9] A &A%
oF Nl 227} (cell debris) 3|3ttt Al A 2ot A2
2te Hetel shol ool 22 shadon] @A LA A
2 Wi

El2 M2 53 U BY 24

St Al ZH|
2 Ao AL ge 42 53

32 A BHL gatel,
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paclitaxel A& 1% 2 AH2 FHE AR E L AR
I, A& III, A& IV)E SHI8H T A& I A SA 2 ¢
HOo 2 RE 3|43k Hio] Quf A0k WEE9] HlES 1:1 (whv)
2 ot H2oA 43] ¥HE &5ty FEYS rotary
evaporator (CCA-1100, EYELA, Japan)& ©|&3}t¢] &=
3to] AF2 E(UP-2000, EYELA, Japan)o.2 AZAZ 3}
Aot AR L Hes 25 5 129 ARE o] &35t 9¥-
N &2 33 HHE YA ARE HEEo] =o]aL v
g3 2|8 HrtE e/ Ed S20|E = 41, viv)
8k, 30 & 3 wEE T AAAFAH12]. H-A & F A
Y& 33l 4 ELE2 AU HEE S o8 AAS,
paclitaxel:Z 3}5-¢1 HEA Z22tolE FO7 Jpdte 5
Z/AZAZ SHQTh A B I A7 TS Hgd 2|t
o] 20% (wiv) B] &2 Zo]1l FZHA| 2l sylopute (Fuji Silysia
Chemical Ltd., Japan)& AZ ¥ ZFZE(crude extract)
] 50% (w/w) H]&2 F7}5te] 40°C -2 % (PS-1000,
EYELA, Japan)ol4] 30 5t i3 50 w8417 el
Z](150 mm, Whatman)2 Z¢F o 3ttt ofpoal-& 30°C
A AFAx stEth Al® IV: F2HA] A & o it of
FobE Azt itk JA FA o] &5t ARE A=
£ HEgd S2o|E0) =of ik ol JHS F=
sto] v EeES AASAGEIEA S 20| =/34t =
1:10, v/v). AL A & of1-E B3} paclitaxel I HES
Y3 35°COll A 24X 7F B2t IFAX AT A& IMVE
vpol 92 o) B2 MR $HAF Aol ATt
Hholeuj A f2f B2 &Y AL AF £4= Sl Al
& £ 342 Fig. 19 Yepfi it

El2 8458 83

Hrolemij A f2ff Bl 2 R TS Ast] A& & v
23l S 20|20 &9 1000 ppm(wiv) &HS A 23R
3 B4 93t v &4 (unknown material) 2] &7 o
o] AFE-E& GC/MS (6890N, Agilent, USA) £4-& 53}
of AlxE HozRE Hlol oA G n|R 9 BHE H7
S 5A5AT. B4 2AL HP-5MS Z3H(0.25 um film,
0.25 mm ID x 30 m, Agilent)2 3 E43l¥on, 78
oA o] Be] 2x=& 50°C A 250°C7HA] 5°C/min®] <
£2 z2adYstel Agstt. A4 Fhae dgolv
1.0 ml/min $&° 2 BX35}9 ). Taxus chinensis &3 €
2 gue 5 flstel, UM vhoonj2 29 B
22 48A e 4639 R g2 JES Y 243
o4 GOMS BHS Zashe] azoke 13l Ao ARAZH
(retention time)& H| W /EA 5t E3F FZERA(EE A
)& 083 spike testing F3t L 2L US U3t

FATHL, 18].
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Liquid-liquid extraction with methylene chloride > Methanol phase (discard)
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Hexane precipitation
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Fig. 1. Preparation of sample for the identification and quantification of tar compounds from biomass.

o

B2 4pe) A% 24S 954 299 ARRR 1-V)
Z+7F eSS S 2 1000 ppm(w/v) XL A 231
) LN GC (GC-2014, Shimadzu, Japan)E 9|

alo] Bttt 242 AL HP-5 29 (25 m, 0.33 um
film, 0.20 mm ID, HP) 2 FID (flame ionization detector)S
Sl Bt eH, ZY el B 2E& 50°Co) Al
250°C7H4] 5°C/min®] &% 2 ni;aﬁm sho] AHL5tAT)
AN 7EAE dEo)Y 1.0 ml/min §&0 2 BASIFTH GC/

MS BHS Fobel 54 vl ool 47 the A2l o
o GC #Ao] g RETHE FAsto] A2 1¢ T B2
of & Z4eteich AR 7 B2 HRo FUFE 5
s 0.2 2 Stk AR 1 el A9l B2 Haol XA 3}
= H&E Aitste] SEFHAE (wt%)= Ve ok

1]
E-EL L L)

El2 M 53 % ol

vol oxll 2 o) B2 HES S| stol ARIS 0|
£31o] GOMS BAS 29519t GOMS L2ubE 13 A
o=@ 5EE0 =g W32 395t cHFig. 2). GO/MS L2
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Fig. 2. Chromatogram of Sample Il via GC/MS.
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Table 1. Identification of tar compounds from biomass.

Retention time Identified tar

Compound (min) compounds
1 6.374 2-Picoline
2 8.208 o-Xylene
3 15.209 2,5-Xylenol
4 20.045 1-Methylnaphthalene
5 24474 Acenaphthene

Ao 2 A F A7 6.374, 8.208, 15.209, 20.045, 24.4745-9]
H&x¥ = EZ o] Z+Z 2-picoline, o-xylene, 2,5-xylenol, 1-
methylnaphthalene, acenaphthene®} 5 Y-S 3215t th
ES o] F 5% Y BE AR H3 2EEES AR 4
1000 ppme 3 7}8to] spike testingS 3 st] Y =3
A& AEIstsith(Table 1).

=2 X2 I~NIVE 1000 ppm =2 o e
2o %"J LAE Azxst &lstAnt. AEAN E(Taxus
chinensis) W oFo © 2 B g 3431 vlo] Quj AR EAE)Z
T8 =4 paclitaxel ZAE A% 22 AA 2] 374
2 Hio| QA 2EWEE 3E), A-9 &, T2A A=
9 A AA 3R FAE ] ATh20]. wEbA £ A

£ AA g E’er*g S vtolemi A G B2 A

[e]

HEE F&: Uﬂ%% —;?‘—%54 g £ maEES o
&35t 43|18 &5 YT A& [& o]&3dt £4514
toHEeE F2H AR WY BHE HAEY S A= bt
oleujA 7|E o FHFHAMEZ ALttt GC £4 2
I HEE FE2 Yol Ax vlo]eujA 7|Eo 2 F
0.6805 wt% (2-picoline: 0.2512 wt%, 2,5-xylenol: 0.1586 wt%,
acenaphthene: 0.1240 wt%, 1-methylnaphthalene: 0.0942 wt%,
o-xylene: 0.0525 wt%)2] B2 A Ho] Z3}tE o] 9l &9l
seie.

o-of £&: o.0) 22 SHW ARE AZF AR II
2 B4% A% AAHOR G2 HEY FFHANE T}
adtgt. oo 22 9% Azo B2 Jre 3
0.3973 wt% (2-picoline: 0.1765 wt%, 2,5-xylenol: 0.1016 wt%,
acenaphthene: 0.0497 wt%, 1-methylnaphthalene: 0.0227
wt%, o-xylene: 0.0468 wt%)2] B} 2 A Ho] £gg Ao
SRIH AT, B 225 F33 27, g FE3 AR
W ZF B2 AR & thu] 42%9] B2 A&l AAES &
o1& 4= Q13lth. 1-Methylnaphthalene, acenaphthene, 2,5-
xylenol, 2-picoline®] Z-$-oll= Z+Z} 75.90, 59.92, 35.94,
29.74%2 =2 AAEES 2ol WY oxylened HALo=

Ni
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10.86%%] AAER JdAZ A AALE & 5 Adch
o-Xylene®| 7 =&l of EHEE =7t Wop of.of 25
BN FEHEMEE) T HA Zetur WL 2=
gho]E Fof HEdte= Ao dEHT oY o] F 2 -
A 2= RAX Y A B 45 BT Fo=
AAEE AR 315 HEd S2eto|= Fof B/
70| © WotA o-xylene A|AZo| FjHoz U2 Hoz
wehgh

A M2 49 FES £ ARE 40°Co1A 302

¢ syloputeE o]-&3A F2A| AE F3Psto] 2 Al
2 IS E4% A1}, 2-picolined} o-xylened] ¥ AMH3]
ZAAT o] 5 2FF Y B2 &S AT YA Al T/
B2 A E(2,5-xylenol, 1-methylnaphthalene, acenaphthene)-2
HAds] AAEE ZAF = YT ol & 3] paclitaxel
BAE AT AA P AN F2A A7t vpol A &
A B2 A& AA 4T aAd 3HYS IS 5
ASATE F2HA| A o] F B2 A& F 0.0433 wt% (2-
picoline: 0.03379 wt%, o-xylene: 0.00951 wt%)Z &=
FE2E EH e HE ALY TF ] 94% A=
AA= A ol A= 71E £7[15, 2010014 H gt B
o} 7o) AEAZAF L 2Rl YHE pactitarel H7)
oA volon2 B2 B2 AR AAS skl T2
A A2 A wAT AAE T AATE L S AU
BZZA| A2 AL 5319 paclitaxel] &% F7}= ojy]|
Sh A TN B OGS 1AL tho] eu 2 o)
B2 JES aRF o AARCZN 34 FAY 5,
-] g‘k] 7].‘.:./(-]_9_ ‘5‘]:/(]—}\]71 2 9}\9}\‘4

M EIH:
9] Bt2 AJ&(2-picoline, oxylene)O] L& —;’7—%101“-]9,] A A
AE Fal] Astel Fat YAE Sk FHA A
0.30
N 2-Picoline
[ 2,5-Xylenol
0.25 - [ Acenaphthene
? [ 1-Methylnaphthalene
é I o-Xylene
-
=
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Fig. 3. Change in amounts of tar compounds through the
stages of paclitaxel pre-purification from plant cell cultures of
Taxus chinensis.
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Table 2. Quantification of tar compounds in the pre-purification process of paclitaxel from plant cell cultures of Taxus chinensis.

Compound (Wt%)

2-Picoline 2,5-Xylenol Acenaphthene 1-Methylnaphthalene o-Xylene
Sample | 0.2512 0.1586 0.1240 0.0942 0.0525
Sample I 0.1765 0.1016 0.0497 0.0227 0.0468
Sample I 0.0338 - - - 0.0095
Sample IV - - - - -

Z & Az ANERE HEd SEG0|E U &
Yol Ed S2 o] /84 = 1:10, viv) I A
I M B LB L AS @R AAH T 2
o S)AZ ] AR IVE A2 a9t} 34 Aol
NRE GCZ ol gato] A A3}, vlolorj2 48 =
Bt = &0l &ds AAEE EdstAAct. B3 St

F ARE o g3kl GOMS BHEHL +9% 23
79 B2 43l 527} 98l AAHNEE 2le)
ohAALE W24 Sz B4 WA BRI u2A 4
(2-picoline, o-xylene)2 S &o] o3 A E0] ofd A+
doz aTHoR AARGR, ol L2 £ B2 4
0] F4=4 paclitaxel JAE At DA 2] B A A
A== JAEE Fig. 33 Table 29 2+ Yelfi ¢ict.

e 2 o
Mo H2

A e i e

o

H
>
ol Mr x& h o

2 o

2 A7 AL gas chromatography/mass spectrometry
(GC/MS)%} gas chromatography (GC)S o] &3l F& 4
EAE Taxus chinensis {3 12 AES 222 T/
Shlth B3 AZAZH Yo=Y FUEH paclitaxel
AE A% AA Y FHNA o] 2 HJREY AA T
< s GOMS £4& Foto] AFAZHS v agt
A1} 5279 2 A Eo] A FA|7E 6.374, 8.208, 15.209,
20.045, 24.4748-o)| A Z+Z+ 2-picoline, o-xylene, 2,5-xylenol,
1-methylnaphthalene, acenaphthene®] 574 ¥ gltt. E3t
REEAE o 47 spike testing® +AT 27} 5U B2
A2 ATl AT GC £HE Boto] B 5EF B2
HEe e A7), 9 F2E0 3 06805 Wit @
picoline: 0.2512 wt%, 2,5-xylenol: 0.1586 wt%, acenaphthene:
0.1240 wt%, 1-methylnaphthalene: 0.0942 wt%, o-xylene:
0.0525 wt%) Bt2 d+o] 25ttt H-f 225 F3PT
A3, meE F2E AR W T B2 &Y & tiH] 42%9 &
B AJ&o] AAEE ZAE 4= AT} 1-Methylnaphthalene,
acenaphthene, 2,5-xylenol, 2-picoline®] 7 $-o= z+7+
75.90, 59.92, 35.94, 29.T4% 2 &2 A A LS H el W o-
xylene?] 7$-o& 10.86%<] AAEE AdHoz HA A
AGS &+ AAh FFA A F 2-picoline¥} o-xylene
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9] G 3| EQAN o5 2 TFY BE AES AT Y
W] Al £29] gl 2 A E(2,5-xylenol, 1-methylnaphthalene,
acenaphthene)Z 443 AAHE T 4 AUt F&
A A2 FAANA AAA @F F T7Y 32 JEE@-
picoline, o-xylene)Z A+ A FA o g3l &3] AA 7}
sttt
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