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2.2
100 mi 40 ml MS ( 2.0 mg/L NAA, 0.2 mg/L 6-BA, 3% ) pH
5.8~5.9. 20 d
2~-254. (25£1)°C 2000 lux 16 h/d 20d 110 r/min.
4d
NH," NO;
2.3
60°C
(DW). Beckman
8
7 (mg/L)= (mg/g)x (gL). 1
NH," NO; [9,10].
3
3.1
1
ce* La* 0.025
mmol/L  Ce* 17.7 g/L 942
mg/L 34% 67%. La* ce*
La* ce* ce* La* Nd**
0.001 0.005 mmol/L  La* 0.001 mmol/L
MRE
1
Table1l Effectsof concentrations of RE on cell growth and flavonoids production after 20 d culture
L& ce™ Nd** Mixture of RE
RE conc. Cell conc. FIavonq ds Cell conc. FIavonqu Cell conc. FIavonq ds Cell conc. FIavonqu
(mmol/L) L) production L) production L) production L) production
(mg/L) (mg/L) (mg/L) (mg/L)
0.000 13.2+1.6 565+30 13.2+1.6 565+30 13.2+1.6 565+30 13.2+1.6 565+30
0.001 11.2+1.3 453+34 13.1+1.4 579+33 10.4+1.2 408+31 11.6+1.0 505+37
0.005 12.3+1.1 525+31 13.7+1.3 632+46 10.8+1.1 436+34 13.3+15 539+35
0.010 125+1.7 561+35 15.4+1.7 769+60 11.4+1.3 482+37 14.2+1.4 656+40
0.025 14.1+1.6 672454 17.7+1.6 942+78 12.5+1.2 543+29 16.4+1.9 805+56
0.050 135+1.2 593+46 16.7+1.8 795+63 11.3+1.1 472+27 14.6+1.7 670+49
0.100 11.5+1.3 441+32 13.5+1.2 578+37 9.5+0.8 356121 12.2+1.3 483+33
0.020 8.7+0.9 312+23 10.5+1.1 382+22 8.3+0.7 276+19 9.5+0.8 329+24
4
[6] (11
3.2 ce”
0.025 mmol/L  Ce*

0.025 mmol/L Ce*
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Ce3+
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Fig.2 Time course of flavoniods production with

or without Ce* in the culture medium
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Fig.1 Time course of cell growth with or without

Ce® in the culture medium
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Fig.3 Time course of residual sugar with or without

Ce** in the culture medium
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6-BA NAA
0.005~0.05 mmol/L  Ce**  0.01~0.025 mmol/L 6-BA
( 2 NAA 6-BA MS
(13.2¢g/L 565 mg/L 1) 0.025 mmol/L  Ce*
( 15.7 g/L 750 mg/L). 0.005~0.05 mmol/L
Ce**  0.01~0.025 mmol/L 6-BA
0.025 mmol/L  Ce* 3 0.01 mmol/L  Ce*
NAA (120 g/l 548 mg/L)
6-BA NAA (13.2g/L 565 mg/L 1)
ce* NAA
2 6-BA
Table2 Effects of RE conc. on cell growth and flavonoids production without
6-BA but with NAA in the culture medium after 20 d culture
La® ce™ Nd>* Mixture of RE
RE conc. Flavonoids FHavonoids Flavonoids Flavonoids
(mmol/L) C‘“?é (/:f)n c. production Cil; 73;1 C. production Ct?gll 781 C. production Cil; (/:f)n c. production
(mg/L) (mg/L) (mg/L) (mg/L)
0.000 10.5+1.2 414+33 10.5+1.2 414+33 10.5+1.2 414+33 10.5+1.2 414+33
0.001 10.3+1.1 383+27 12.0+1.1 484+28 8.4+0.7 319+22 11.2+1.3 441+32
0.005 11.2+1.4 443+38 14.2+1.6 606143 8.8+0.9 343+25 12.5t1.4 505+38
0.010 11.4+1.3 480+27 14.5+1.8 663+46 9.2+0.8 377+30 13.2+1.6 576+40
0.025 12.6+1.5 561+30 15.7+1.7 750+51 10.7+1.2 450+34 13.8+15 643+44
0.050 11.8+1.2 504+28 14.4+1.3 665+39 9.4+1.1 373+28 12.6+1.2 570+39
0.100 10.4+1.4 407+26 12.1+1.0 537+34 7.6+0.6 292+21 10.8+1.1 463+31
0.200 8.3+0.9 310+18 10.0+0.8 391+29 6.2+0.5 226+18 9.1+1.0 350+27
3 NAA
Table3 Effects of cxoncentrations of REEs on cell growth and flavonoids production
without NAA but with 6-BA in the culture medium after 20 d culture
La ce* Nd>* Mixture of RE
RE conc. Favonoids Flavonoids FHavonoids Flavonoids
(mmol/L) Ce(lgll </:I<_))n c. production C(zl@ll 781 c. production Ce(lgll </:I<_))n c. production Ce(lgll </:I<_))n c. production
(mg/L) (mg/L) (mg/L) (mg/L)
0.000 9.3+0.8 375+24 9.3+0.8 375+24 9.3+0.8 375+24 9.3+0.8 375+24
0.001 6.3+0.5 229+16 9.2+1.0 384+21 4.9+0.5 171+14 6.9+0.8 263+25
0.005 8.4+0.7 342+21 10.8+1.2 469+33 6.8+0.8 261+19 9.440.7 394432
0.010 9.740.8 420+23 12.0+1.1 548+41 8.3+0.7 334422 11.2+1.4 504437
0.025 8.8+1.0 364+28 10.8+1.3 480+43 7.8+0.5 302+24 9.4+1.1 412+38
0.050 7.5+0.9 297+32 9.6+0.8 407+30 6.8+0.6 256+18 7.9+0.7 322+24
0.200 5.6+0.6 198+27 5.7+0.7 208+15 4.3+0.3 149+16 4.910.6 178+20
ce* 6-BA
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Promotion of Cell Growth and Flavonoids Production in Saussurea medusa Cell
Suspension Cultures by Rare Earth Elements

YUAN Xiao-fan, WANG Qian, ZHAOBing, WANG Yu-chun
(Sate Key Lab. Biochem. Eng., Institute of Process Engineering, CAS, Beijing 100080, China)

Abstract: Cell suspension culture of Saussurea medusa was cultivated with either Ce**, La®, Nd* or a mixture of
rare earth elements (MRE) supplemented. After 20 d culture, moderate concentrations of Ce*, La®* and MRE can
promote cell growth and flavonoids biosynthesis, while Nd®* presented an inhibitting effect. Ce* at 0.025 mmol/L,
gave the highest cell dry weight (17.7 g/L) and flavonoids production (942 mg/L) with both NAA and 6-BA in the
culture medium. They were 34% and 67% higher than those without Ce* addition, respectively. Ce* at 0.005~0.05
mmol/L or the mixture of rare earth elements at 0.01~0.025 mmol/L, can substitute for 6-BA in promoting cell
growth and the biosynthesis of total flavonoids of S. medusa while without 6-BA in the culture medium. When NAA
were removed from the culture medium, none of the four rare earth elements can substitute for it in promoting S.
medusa cell growth and the flavonoids biosynthesis. The kinetic curves of cell biomass, flavonoids production,
residual sugar, NH," and NO;~ concentration with or without 0.025 mmol/L Ce** in the culture medium were also
obtained. The mechanism of the promotion effect of Ce* on cell growth and the biosynthesis of total flavonoids of
Saussurea medusa was explained in some degree.
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