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Production of Anthraquinone Derivatives by Hairy
Roots of Rubia cordifolia var. pratensis

Seung-Won Shin* and You-Sun Kim
College of Pharmacy, Duksung Women's University, Seoul 132-714, Korea

Abstract — Hairy roots induced from stems of Rubia cordifolia var. pratensis were cul-
tured in the liquid medium under a varety of auxins to find the optimal condition {or the
growth and production of pigments. Culture of the hairy roots on NN liquid medium con-
taining NAA 0.5 mg/1 was best for growth of hairy roots. Production of yellow anthraquinone
derivatives and purpurin in hairy roots was enhanced by the culture on NN liquid medium
without auxins. Effects of L-phenvlalanine, L-tyrosine and juglone. synthesized via the shik-
imic acid pathway, on growth and production of pigments in hairy roots were studied in the
present study. Concentration of exogeneous L-phenylalanine, L-tyrosine and juglone in li-
quid culture system of hairy root containing NAA 0.1 mg/l was decreased quickly in its early
stages of the culture period. Addition of juglone to NN liquid medium containing NAA 0.1 mg/
1 enhanced the productivity of pigments in hairy roots.

Key words — Rubia cordifolia var. pratensis: hairy root: NAA: L-phenylalanine: L-tvrosine:

juglone.
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Table L Analytical conditions of amimo acids

4.6 mm IDX60 mm
(packed Hitachi custom
ion exchange resin # 2622
SC)

column temperature 57T

column

reaction temperature 130T

channel CH1 570 nm
CH2 440 nm

pressure P1 200-0 kg/em’
P2 500 kg/em’

buffer change steps 5 steps

buffer flow rate P1 0.40 mi/min

P2 0.35 ml/min
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nmolx &35t A e e
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o2 w9kt x] 25 9 hairy rootst 4 25C. &
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¥l & AhH 5k 424 nmold FHEE ZHE
juglones H7}gk ¥R YA v e hairy root
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A 3 oF
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Fresh weight (g/hairy root)

0 12 16 20 24 28
Pays
Fig. 1. Effect of auxins on the growth of hairy
root cultured in NN liguid medium.
-8~ NN liquid medium without auxin
-5~ containing NAA 0.1 mg/l

-A- containing NAA 0.5 mg/1
=7~ containing [AA 0.1 mg/l.
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Fig. 2. Production of pigments in hairy root cul-
tured in NN liquid medium for 28 days.

A® NN liguid medium

B: containing NAA 0.1 mg/1

C: containging NAA 0.5 mg/1

D: containing [AA 0.1 mg/1

[J yellow anthraquinone derivatives

& purpurin B alizarin

3 s wel Fapaa purpurin®|

22} 1.28mg 2 0.37
mgs Wehdon FS8MAAT} purpurindl B s}
o °F 34 WP = weol AMHAY. aed g3z
BAE HrkslA] &2 2A0A 9. alizarin® 84
FE 0.19mgo= 1AAR Astde o] 4dT
% gk (Fig. 2).

ol A#= Deno 571 888 Duboisia myo-
poroides®] hairy root %A NAAZ}F cell
yieldol stimulator2 2H&3h ol juiAbiHE)
A3 inhibitor2 2gache A7 Fos &
ARSHA WERRETEH

BiXIL} L-phenylalanine & L-tyrosine®7}7t
hairy root2f MEEE 4l M4 MMEH DiXls A
& - L-phenylalanine ¥ L-tyrosine& A1 &
ol anthraquinone #= 4% vt37kA] 2 shik-
imic acid pathwayE Z3lo] A€ ? L-
phenylalanine 2 L-tyrosine? #3474 ze
D-erythrose-4-phosphate$} phosphoenol py-
ruvate?t 238t 3-deoxy-D-arabinoheptu-
losonic acid 7-phosphate(DAHP)7} &418lx
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© activity® 4¥% Z3} L-phenylalanine 2
L-tyrosine2 DAHP synthaseo] hdld A3
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2 o-succinylbenzoic acide o-ketoglutaric
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2 A% feed back controlell 23] A E Ay
A shikimic acid® %¥ L—phenylalanihe L
L-tyrosine 29 Aol AA=E 2 EM Tujiol
EA8k= chorismic acid?t $719) o-succiny-
lbenzoic acid?} F7F4 224 anthraquinone
fFrEdo ARFE AT £ US A2 2 FH o
anthraquinone fr=#e] A the L-phe-
nylalanine @ L-tyrosine?l gkl disid #HE
stoich,

L-phenylalanine ¥ L-tyrosine 10 mg/1&
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alanine ¥ L-tyrosine 25 Wi ¥ 24A|3t i)
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Fig. 3. Time course of phenylalanine consump-
tion in NNN liquid medium added with phenyl-
alanine.

—o— with hairy root -4~ without hairy root.
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8'

Tyrosine concentration (ug/ml)

il . J 1 1 ]
0 24 48 72 96 104
hours

Fig. 4. Time course of tyrosine consumption in
NNN liquid medium added with tyrosine.
—— tyrosine. with hairy root
—4&— tyrosine, without hairy root
~©- phenylalanine in liquid medium added
with tyrosine and hairy root.

inedt Txv IS #3Y & UANHFig. 3.
4). Wix]fe] ZAsl= L-phenylalanine 2 L-
tyrosinedl wx@3le vixo H7lE A9 BE
%9 L-phenylalanine 2 L—tyrosine"] | Fx
71l HEANZ FFET & F O HER S o
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Ao 2 FAY & YA it F 64 F9 hairy
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Fig. 5. Effect of amino acids on the production

of pigments in hairy root cultured in NNN liquid
medium.

A: NNN medium

B: containing tyrosine 10 mg/1

C: containing phenylalanine 10 mg/l.
[ yellow anthraquinone derivatives
purpurin B alizarin

rootoll A Y M43e 8lwd A L-phenyl
alanine ¥ [-tyrosines #7}¢ ¢ 71 &2l A
NNNed A ufj 2] ot A uf Fet A °ﬂ

Eiasil purpurm«l *2! AHREY alizaring®] A4 &o]
o F7HE A Fig. 5).
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A= isoprene unit7t Z¥Ho] glemz of
prenylated naphthalene®| ring closureZ <
3le} anthraquinone #%=A2l ring system®]
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Juglone concentration (mg/100ml )

0 1 2 3 4 5 6 7 8
hours

Fig. 6. Time course of juglone consumption in
NNN liquid medium added with juglone.
—&-— jugione 2 mg/100 ml. with hairy root
—A- juglone 3 mg/100 ml. with hairy root
—5- juglone 2 mg/100 ml. without hairy root
—&- juglone 3 mg/100 ml. without hairy root.

g alizarin 43434 % 1.4-naphtoquinone
ol FVEHR 28 F YA Lotur] sjo
radioactively labeled 1 4-naphtoquinone®
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rine 2 A@Acks ¥art e ”

2R Juglans regiadl® 4A 4& F n
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a-ketoglutaric acid’} 2%t BAE o-suc-
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phththoquinonef %4 <) juglone™o| Rubia%
A Eo] £ 3= anthraquinone f52 M&A
o BiAE JTE dotrr] Yste] AAuiRY
juglone€ 7tste] hairy roote} &7 whakst 2
T Aol el whE} Wi jugloned F%7b
Hadtgom wiFeha] 2A1Zke] Awg w zZzt
34% B 28%° w2 Zo2&S JehNAHFig. 6).
juglone€ 2mg/100 mi® ¥=2 vl Hr}
&t hairy rootet g7 wiFet A3 juglones 3
7¥etA] e 71 2ul ol ulEle] FMMIE 19%,
alizarin2 26%° $718 Zt2t EG.om vz d
juglones 3 mg/100 ml 713 2 $ol= 71 L)
Ao Hl3te] FFMMAE 15%, alizarin® 36%.,
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Fig. 7. Effect of juglone on the production of pig-
ments in hairy root cultured in NNN liquid
medium.

A: NNN liquid medium

B: containing juglone 2 mg/100 ml

C: containing juglone 3 mg/100 ml.

[ yellow anthraquinone derivatives

& purpurin B alizarin

purpurine 9.4%¢] F7+5 JebAt(Fig. 7).
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Frjo] ZHL Tl XA B = alizarin 2
purpurin &2} A2 A A Fodsts Ao
2 3% 4 U3, old ¥ mechanisma &
A=A Fgkovt deld Agdag oz vl 2 ju-
glone®| o-succinylbenzoic acid22] feed back
reaction®] 2#Y 7HgAdo] FHRoZ oddr}

2 B
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