#E/EZE (Korean J. Medicinal Crop Sci.) 8(3) : 250 — 258 (2000)

Production of Tannin from Hairy Root Cultures of
Rheum undulatum L.

Sung-Jin Hwang', Myoung-Suk Na’, Byoung-Sik', Jong-Bin Lee and Baik Hwang

ABSTRACT : Hairy root cultures of Rheum undulatum L. induced by a co-culture with
Agrobacterium rhizogenes ATCC15834 were established and the production of tannin in hairy
roots was investigated. The growth of hairy roots was maximized in WPM liquid medium
supplemented with 2 mg/L IAA ,and 3% sucrose (pH 5.7). The highest yields of tannin were
obtained from WPM medium containing 0.5 mg/L ABA ,and 5% sucrose (pH 5.5). The
growth and tannin production in hairy root cultures were influenced by the addition of elicitors
to the medium. The addition of 50 mg/L chitosan enhanced the production of tannin with about
1.7 fold.
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e % ZEAA A2agos 888 F Q)
T HZ AYAEY SESE ATERH
AR ol o|27] 7AA v qFT &
AE W Fetqd dF AFA) 7] & AR 4T
A3 gA A 712 ol21 1t} (Flores, 1987;
Hasimoto et al., 1986).

N3 (Rheum undulatum L.) & vit) E 3}
&3l ofAlote] 2t} olF U] A G A4
Ste Y ER A5Her A, AY, T+
>, T, FFEF LA T ARt gl
Aoz dAD o, dPdrMs
v, R AAL Z4E, ¥, 599, 2459
A 7o A€} (Kimuraetal., 1996). W3t
N HXERH AAAEE = Fo FEH R
glycosides rhein-8-monoglucoside, physcion

e ofw

monoglucoside, aloeemodin monoglucoside,
emodine monoglucoside, chrysophenol
monoglucoside, sennoside, tannin, gallic acid,
calechin F-°| 1t (Zhu, 1998).

E AT e 3o 2R fE421 &2
S 71 (in vitro) oA E&FH o2 XAk
% WP o2 Agrobacterium rhizogenese
o] &3t FAATRLT FE3Fon, FAA
#BE 2Fo] HA AFE ez JEER
2l tannin®] A FS NG 5 gle o
¢ WFEA F, WAALE, pH, @424,
elicitore} A2, 13 ABAF2AERAS
B o g ZALE S35

Az R LY
1. NERE Y FF

W3 (R undulatum L.) 98 EXe F&2
FHo2RE BFEsUh F e 0% v/
v) ethanolol A 58¥3F, 5% (v/v) sodium
hypochlorite- 89 oA 1087 8 A A
¥, FaF=E 33 ol MAsHT. B9 A

T8 FAe EAZZAEA] F71EA
X2 1/2 MSHiA A o olF f=3L, 7)
ol ¢ 3 emAE A FEE 0.5 mg/L
BAP7} 718 MSHWIAZ &A FAAIZT
AN ALEE FFQ Agrobacterium
rhizogenes ATCC15834 ## 28 WA
(200 g/L patato, 2% sucrose, 1.5% agar) o
A 48113t vl F & oh& AHE-EF T

2. HEnE

—

FAEA Y 22 A @& FRuSF
e WS o8ty FAAHRS FEIIIS
™, 24-36A17 FxuY F =3 AHLE 300
mg/L cefotaximeo] H71E 7] Zujx|o|A &
< AASFAY. Al FAZRH wWF2F: F
e YNH e 2P IGozRE 9 1.5
cm 71 A Hsle T2Eo] HrHA FS
1/2 MSHIR 2 &A 2 Al AT

3. A2 o by

Z49 A2 ge 2 97 £
# A8 2F0. 05 g (fresh weight) = 40 ml Y A
# 2] 7} Eo] = 100 ml Erlenmyer flaskel &
Z 3] ¢gAoA 100 rpme 2 viF (25+
1C) 4ot wilgA = 35 HF o2 Ay
& ston, BT AT 2 B2 4F
Ao 4% FelAZd L @49, pH T
& ZAEAT VEMAZE MS WA E £
A3 75 S Agd AL m, WA &
2902 sucroses 2-8%7HA A 8ld T}
Bz e} %7} pHE 5.094 6.07bA 1IN
NaOH 2 =& stg .

4. MEAMEFTHEZR Y chitosan X2

23 43 240 4TS TN
7171 93t IAAE T3 752 A EQF2A
AL AgdF AAF w=d2 iR A7t
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3l 2.1, chitosan (Sigma) 2 10-500 mg/Le)
FE YA vlR o H7}slgct.

5. Tannin®24

MFzNo2Pe AE 849 tning] ¥
4] & Bakkali 5 (1997) & Robbins 5 (1996)
o o) met 242 UE Az BUAR

20 mgell 2 ml MeOHE 7}R) 3 320 A 16A]-

B¢ 323 the 0.45 pm membrane
filter& §3t o3 F HPLCAA £4 %
o9, % tannin® UV/VIS scanning
spectrophotometer& A&-3}a] 550 nmol| Al &
#F= £7# sHth(Bakkali et al., 1997;
Robbins et al., 1996).

Aot U T

1. YENE 7 W 2AZo) vt

Agrobacterium rhizogenesol| &4 G X5
T R2E2E Y oA JENZZAE
S A7 FA gol= A£AQ Ex71 o
ojun, 3 Rert} L4 o] we A
S 71T S Ak E=3 225 B A
X9} 22 A sol #AHY dF9 1
3 X (immobilized cells) F & EA &
YehA ) (Flores, 1987; Shanks and Morgan,
1987 ; Toivonen, 1993). I Ay=
Kittipongpatana % (1998) o w=4
Solanum aviculare®] ZZ ujj ol <]
solasodine®] AJ4tol) A} Wz 21} H e v kA
¥ W3] BAFToA ko] 4u) o]l E
g3, Fig. 1€ Agrobacterium
rhizogenes ATCC15834 8} 3z uj F3t o) 3}9]
Z3 Ao 2R IAHE AL 2g B
AZ5E o 1.5 cm 73S AR sl 4 EH
FZAEA FNERA g 1/2 MS 13y

Aol Xgste] 53 ujgH e mAyZo T
AT 2 ¢ WA ZAsie, sten
EAE FdA 54L& o F}. 23] %o
oA iR EL wFA Y 4P B2 R
3lol) A3t 71F F8F 8409, 24
AHEZ S Ao Y 9FL A= Aoz
& A3 Yo} (Toivonen et al., 1991:
Weathers et al., 1997). wWa}A], ZZujkA
A E M 3o o2 FH 3 uix] Meo] &
A O F o] RolRok ¥ W) Uth, B A
ol e MS HIA S st 7F9] 718y
Ao A thge] 2dTE v g3 23, WPM
H A oA F71del F=rt Ao g Folg
1/2 MSH1R] & <k 1. 48], RCM ®ix] <] 3, 44)
o o2 A% ERE RAFNen (Fig.
2), AR B39 tannin®] AAtE JA] AEF
° 2 9% (.43 mg/gS B F WPM #l A7} 7}
T AP Aoz JeEldt) (Fig. 3). 4wty
oz e 27 g FHL 79 5
T7t Agto g ZolE 1/2 MSH|A] & MS
WA E YR8 ALSSta glen, B QA
£°]7) S8 & RCM HiX & £ T4

Fig. 1. Hairy roots of Rheum undulatum L.
cultured on solid medium containing
3% sucrose, pH 5. 8
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e Az A E dd3tn vt (Bakkali
et al., 1997; Toivonen, 1993; Toivonen et
al., 1991). Merkli 5 (1997) & Trigonella
foenum-graecum®| R/ ¥ ol A WPME
Atgste] HA AR E fxdtdn, AR ER
Q] diosgenin®] AJAHS Fol7] fialAl 7] &)
AZRE 77199 FEE Aoz £ 1/2
WPM¥i A & AH&-8t A th. 12y, Tkenaga &

0.4+

0.3 po- -

Diy weight (g/flask)
o
N

e

<

Fig. 2. Effects of media on hairy roots
growth of Rheum undulatum L.

Tannin {mg/g F

MS 1/2MS WPM SH RCM BS LS NN
Media

Fig. 3. Effects of media on tannin content
in hairy root cultures of Rheum
undulatum L.

(1995) & Solanum aculeatissimum® E/3T
v ko] 9lol A = B5 WA 7} steroidal saponin
o WA Y BT gl P ABB AR
Baustgch 39, 43H 229 A4l
ol A Ztzk 42 o wjA g] Abfo] 875
T ASY iR B9 2H o] 8 7HE B ¥

RgE A B8 4
A oA vl T BERTAH S T & 5

JE MR 2 &A WIS ste 29A WFE

oldet diAtEA Y FAde F8T =
x| Al ok (Weathers et al., 1997). I&F&
o] A EZujFol] glolA wiAY BAUY F

7} 2-4% WL A AT A 2 AH LR
o A Aoz XD Uth. B A+ 2
o g 2T Aol Hag wA g4
o] 27 FEE 3-4%7F ARG Ao 2 o}
Bxron, wlxW sucrosed] FX7} 5% o4
dae 2318 AFEC] dA =HUrt(Fig.
4). 22 tannin®] AY4HE 5% sucrose®l A
A9 g Jeddct (Fig. 4). ¢4,
glucoseYt mannitol, sorbitol& Y Fx A
sucrose®] B8] HHQ AHE BoAFA &
ottt (data not shown). Battat 5 (1989) 2
Dioscorea deltoidea®] ) EHl ol X v A
sucrose?} 27} 27} 10% ©13L w A 5=
W AE5F v 7t A dAEA
HA Pare el B g vk glo
Merklis (1997) & Trigonella foenum-
graccum®] B vl &Foll A diosgenin®] A4k
< Eol7) g 2818 v AW sucrosed]
¥EE 1% 2 F5EA v 3 sivta Eust
At B3 &2 AEZRE FAT B

O:

e}
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Hjgol M M2 TE sucroser =7t B 23
2 BoFE A$= ok Liu $(1997) &
Artemisia annua®l RBAT W YA 7%
sucrose A 2|7} 2422 A4 9 artemisinin
o AAFE 3 HH v=E2 Hgou,
Nin & (1997) & Artemisia absinthium® 27
= W gl A 4% sucrose F=7F AL L A
A B5 B3 g2 Holth B dApF
T th 3o A9 1% o3t 7% ol 2] F x|
Me 2429 Aol AA=AY £x)9 &
HE e AoZ YErGT. mals, wl A
A% H EAS AL &olV) e
A Fwxe] gado] TFHojok & Ao
2 ArEY.

olgle] ®ton, tannin® A4t wlx &
pHS A& ZAME 23 pH 5.5 2 EF
© 2 9F( 46 mg/g9 tannind LS 5 YR
t}. a2y, pH 5.0 ©]3F & 6.0 o] ol A
= 2479 A7 Astel 7 tanning] A4k
AstE MR FAE @722 Merkli
% (1997) & 2AAIuf oA 7] pH7} 4.8-
5.7 A H HA AAH B2 e
Fo g xo]E Rolx ke,
diosgenin®] AFAE ZA JTFLS A
pH 5. 0914 H WA & Jeiitia B sty
th. @3, Al A A viA] 2 pHE )
% 123714 §A% A3 oA &t
(data not shown) .
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Fig. 4. Effect of sucrose concentration on
growth of hairy roots and tannin
production in Rheum undulatum L.

w2 ¢] pHE Wl FA o 44 2 3 gALE
Ao Aol 9FE E 5 7] Y Fo WY
z7l€ EE i Afg oA AA pHI} #A
Sojok & " g7} glv}. Fig. 5¢ W3 wAE
] ol A Wi =] o] 27] pHYY BAEY A% 4
tanning] AAte] U= 1S Vel Ao 2
pH 5.7-5.8 9 WA o] &l A

Fig. 5. Effect of medium pH on growth of
hairy roots and tannin production in
Rheum undulatum L.
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o A= IFE XA Aot (Ozeki
and Komamine, 1986). IAAY NAA &
LEAFE BT M FAA EAE £ A
71, 53 dAEA Y A= 43S 1]
Ae Aoz A Ytk (Arroetal., 1995;
Rhodes et al., 1994). CytckininF+ 32 A
g Zo2HY Axe £33V EXHAY F
B 545 st A17]9 o] 2 13 B A
FAdol dFE w2 A2 Y
(Aoki et al., 1997; Arro etal., 1995). ¥ &
Tl e AW M AEYFRE A
ol th mAZe A 4 FHjol o3 &9
£ JER o™, tannin®] YFANE J &
& F= 22 et (Table 1, 2). ¥ AU
auxin®2} Fohg A2l cytokinine] T
Aele A 288 /Mg Aduws 2
oA AL 4 FF AT 2,4-D,
IBA, NAAS] A ToAe QT B2
A8 dAH D Aejasirt 22 HAo
U, 2 mg/LIAA A 2] el X & 2139 4
AELQGEEAE AEstA & HEFo ¥
gl oF 1.7v] AEFS F/ME 7HA S
Tannin®] A Aol 2loi A = 0.5 mg/L ABA A
gl Fol A v 125 F 2T vl oF 1.
4ui o} S7+8 7 e, GAs tiET H]
&l A AYFIHE YEA sk
Rubia tinctorum®] B3 k2] 73 % wi Ay
1AAS] A&7} A3 43} alkaloidse] A4S =
F (Sato et al., 1991), HyosyamusEA+
ekl M= AF= auxin X7} X 3E
Z271 A7) Ao 2 ¥ ¥} (Hasimoto et
al., 1986; Sauerwein et al., 1992). 28},
Rhodes & (1994) & FAAEZ v ol A
1AAS] 9 &Ql BHE QA RIFL
®, Liu ¥ (1997) & 2.3 & auxin®7F BA2
o A& At dAEAY] YAEFE 4

As FBAQA FFS vAe A2 Hud

Table 1. Effect of plant growth regulators
on hairy roots growth of Reum

undulatum L.

PGR Fresh weight Dry weight
(mg/L) (g/flask) (g/flask)
[AA 0.5 15.1%0.2  0.43%£0.01

17.2%£0.3  0.5940.01

2 18.3+0.2  0.7240.02

IBA 0.5 15.6%+0.2 0.42£0.01
1 14.4+0.4  0.44%0.02

2 14.8%£0.2  0.41%0.02

NAA 0.5 13.8+0.4 0.34%£0.02
14.0£0.2  0.3740.01

2 14.240.3  0.38%0.03

2,4-D 0.5 13.6x£0.3  0.34%0.02
12.4£0.2  0.28%0.02

2 11.8%£0.4  0.24%0.03

Table 2. Effect of plant growth regulators
on tannins content in hairy root
cultures of Rheum undulatum L.

PGR Total tannin
(mg/L) (mg/g FW)

[AA- 0.5 0.56=x0.02
0.53x0.03
0.54+0.02

ABA 0.5 0.67x0.02
0.540.03

0.52%0.02

GA 0.5 0.51%x0.03
0.52x0.03

0.49=%0.02

0.54+0. 04

0.51%0.03

0.46=%0.03

BA 0.5
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A}, Panax ginseng®} Lotus corniculatus®
73 5ol IBASH BAZE 242t djAME - 9] B3
A€ 593929 (Inomata et al., 1993;
Robbins et al., 1991), Datura stramonium®)
d¥ole GAY At AFAQ o2 B
HA (Sato e al., 1991). wWetA, T2
A4E FF A7 B dAEAY AFA
FE ¥V daAe 2T Ayt
A o) B3 & 5 e HAHT vx9 4
EAZZEEA Y AN H Lo} o] FojA ok
g A7 AlgE.

4. Chitosan2| X2

Chitosan< $-1, 4-D-glucosamine &4 &
719 9] st 25 dojxr). oozt
chitosane o|AHAIEA 9] A2 243}
= Aoz dA 3 9t} (Hashimoto et al.,
1986). WA ol Fx=H 2 & 7}3}F chitosan< o
3 mA2e A aA FES iR Eite
Aoz velt ey, 50 mg/L A FollA o
ZTo) H|3 2 1. 78] 9] tannin A S &
& 2t} (Fig. 6). Merkli & (1997) & )
AW 40 mg/L chitosan® A2 3F & o th=
T-o} 8] 3] 3uf o] e EANAE /A &)
3 B33k vl oy, Sauerwein B (1991) &
%= (0.2-10 mg/L) 2] chitosan # 2}t
2 5819 hernandulcin® A A =718 &9
gk ul glth. 28y, Bourgaud 5 (1999) &
Psoralea®) B/ wj %o A chitosan &)
299 ¥ <F 1%9] flavonoid A A2
7F Aot Wi 71zke] AoALE 03
A8 2t go] VEFGS FAsA T £ do)
A1 & chitosan 2 2] ol 9] 3} tannin B3 9] wj} %]
WZe 5L o|FofAA &&& A
Aqem, wMF z71q HiAN nFEE9
chitosan 2 2] = BT A& A g &2
HH o2 EF Aitolx RHAQ A

Dry weight (g/flask)
(mg/g FW

0 10 50 100 500
Chitosan (mg/L)

Fig. 6. Effect of chitosan on growth of hairy
roots and tannin production in
Rheum undulatum L.

AR Wl Wl 1-2F Foll Ae F
£ 70 A g Aoz At

o9

g2 8o 7| (in vitro) Wl oFel] <3
£EH LS et dE (Rheum
undulatum L.)9 HE2 23 ZHHAJ
Agrobacterium rhizogenes AlS ZFEAF &
AARSE ot gAASRE 73 2
B4T& WPM i A] o 4] RCM ®j =] 2} 3. 4u)
o 4ZE F7HE e e, AR 29
tannin®] AJ4bEF E T wiA] A A =
tot, WA ABAAZZHEZ L] Ao ¢
g Ao A% 2 tannin AAER EF e
AEAGZEED S At g2 dxT9
vl &) 2 mg/L IAA A 8] 79} 0.5 mg/L ABA A
g ol Z7) 1,790 AR (0.72 g dry
weight/flask) ¥ 1. 494 €] tannin (0. 67 mg/g
fresh weight) & A& S718 7HA gt W
A &4 Y2 sucroses 3% 9} 5%l A i
A (0. 54 g dry weight/flask) &} tannin A4+
(0.46 mg/g fresh weight) & B2 or,
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chitosan® %+ 50 mg/L A2 FolA
tannin®} AT F S FUr}.
Al Al
2 dFAA e 19989 Ady sted
vl Aol 93 =3 HAL
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