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£ E BETARNBE. SER SR8 SNV HERERTISEARER REY
TRTEER R . RSN R EWRE Y 3%, B IR4EE BT K RS 1T
AR EHRBORAR ., B E B LT B S P AL 1 107 mol /1 4 L- AN E
MU0 —10" mol /1 AR C ATHBREKRET AN & A MBS i 4 &
IR AN K, {2 200mg /1 UBER] (R WIE AL, B TR AR R EETHEDB RN ER
433 332mg/1 CaCl, » 2H,0 1 1400mg/1 Ca(Noy); « 4H,0., LK TR MK IEH
ERILEH.

XEE BN MBS RE R RETITAER. B RET

KEGRAREHYRTNERBLIN . ENIARETRANEY.CNRAFE
EFOVE MR AEFHFEEEL. B AL FER P U FHREEE (Urnebia
euchroma) RYNE PR ZFRURAED Y, 40K, Tt A, M2 PR B L RS RN
MELBERERERER D B, AMUKFES MR R r B AR E G R Tabatal®
F 70 FERIFESHFB TR LE (Lithospermum erythrorhezon )AL ; Mizukami Z0C
HMRTHHAGAREREREARV NN ETREF,HHT TR MR TFIE.
Fujita U — AL T AR BPERR G KB TETEEARBNAM-9FHE. R
P RSLRIE KIS FT ) FIIFE RS T BUR E (Onosma paniculata) AR, ZER
HOM R KB THERERGAS HFETHERFEFERHEYEE -BWERR
MBS H—-EHRTARAREEFHRGASRERREEARENYER. A
B Z5 MR REMAXRRE EERANTERNFURERF RO ERRRENE
P Y 7T EAHGE . RIF R R Em TR BF R R R B E ], A, A1k
BT T X TEMR RAHETETHFURERPETRMEAR R EETMENTE L
TR EE, AU T L A P=T R T 20,
1T RRHHERFE
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1.2 AR

ERFFRERURM LSUIEFRE, IR LS $74 NH,NO B (NH,),S0,463mg /1
KNO;.CaCl, * 2H,0.MgSO, * 7TH,0 Ul X KH, PO, & & 7+ | Y 2830mg. 166mg .
185mg F1 400mg /1. PBHhO 1. Omg/1 IAA F1 0. 5mg/1 KT, pH5. 6, R L M-9 3%
Fe O, K0 0. Img/1 KT M 0. 75mg/1 IAA, pH5. 6, KEB , ERFEFMARRHE
A, ZIGTE 120CTF KB 15 4 4h.
1.3 3#hksvik

HAEKERHBGHEBADBEERERERERIREBR 4R, 25 . H4H
RoHBEREARGEREF EERIERETOEFE D 5 8 E/H (250m1 =AM,
PR 70ml SR, MAETEREFRHERFENN 10g/M. £ 20— 25C . BREX4 T#
73R FBIRFEHE R 100—110rpm , EH 3 K.

REARNBAFZRIT HENAFEFXSARRESE. Q&8 9 7, THEEAR
R8T, BFEN 2508 SEAM, EAKEREFRER,ESEN 0. 25vvm,
1.4 tmpiH ¥R ERTHARSEGINL

EEREFREPER 16 R, REEFERBPERT 23 X5, WIRMM. 740 BiF
WU, WAL BREFE ., SECOCTHEEE,FRTE,BE. REHMESC TR B
BHETFARPEETHEYDNSR.
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Fig. 1 Effect of carbohydrates of the cell growth in suspension cultures of

o
=]

A. euchroma cells (growth medium)

Tkedal M EHGE , AR T AEB PR HAR P ZMI BB, T Zenk 12
RERETHERBRTEMRBAORERERE 7%, Mizvkami®EBTHERE A
ALUFFRIT AN R RERE RN 3% . BB TR e MR EA A TH



350 RNHYFTER LBV -

ARETREARNER. ATHEETHEEERHREKRRE TN LW ROHER
WEL,RINFRT A RBRENER LERUEA 1 REL B 1 EREY, RERRETAMR
HERETBE, BN 3% . W% 1 T, D- LA . REKE O REKREQ B ERE
RKFEMHARERRKETHEYRNER. GEHUBEHRRE SURERETHEE
EYRFTRECRSERTREROBRELKE.

1 FEBRBEHFIAREBRRRERPERTHEHR AT R CEPERL)
Table 1 Effect of carbohydrates on shikonin derivative formation in suspension

cultures of A. euchroma cells (Production medium)

23: 4 B %% S Y B CL L Dk i
Concentration Sucrose Glucose Fructose Fruc. +Gluc. D-galactose
%) PC PY PC PY PC PY PC PY PC PY
1 » » » * * * * %* * %*
3 17.52 170.32 12.12 139.08 14.24 153.90 15.48 142.58 * *
5 14.21 137.15 9.46 98.51 12.18 106.12 10.34 116.80 * *
7 11.13 113.40 6.44  81.52 * * * * * *
9 * * * * * * * * * *

» SRR, BRI BETF 0.5%,) » » BHAMA,, AMBERER 3%, M ZHAEESEH1.5%
% Cells died and pigment content lower than 0. 5% ; PC={& X & Jf (Pigment content (%DW)),PY= XK=&

(Pigment yield (mg/flask));
% % Equal amount, eg, when total concentration is 3%, the conc. of fructose and glucose will be 1. 5%

respectively

2.2 TREZEAASHFEREREFBABRARAERZTHADH XRG4

2.2.1 BEEIR
Mizukamil 3B IA Y, Y CaCl, HIIK B L 120mg /1 Y , R A GALERKEE

TR, ARERZMH . AR RERGUARF . B2 EREY, YL CHFEN, FIBERE

—e— CaCl2 * 2H20
—+— JfL®X Inositol
B2 SHRINYHFREKERTRE
HRERNIERCERERD
Fig. 2 Effect of calcium and inositol on
the cell growth in suspension cul-
tures of A. euchroma cells
(growth medium)
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MAARALTE T TEMIREET , B AR Bl Ca® VR B AT 388 40, 243K 332mg /1 B, 4E MU 8%
HRE L. WEFRE Ca” RE, MAEKBTRE. B AMEKMGERAX, B EH
x40 M A A BRI RAE R (B 2).

FEEPERER, MRBE SR, WA (R 2. HERFRESI R, &R
TREARSEEATEMER. & Ca(NOy), + 1H,0 E RN 1400me /1 B, BRI ER
PR FIIE 18. 24580 184. 25mg /M. EM-9 BT+, AN, HER 251 %YW,
200mg /1 EE AT R R EEBRAOTER.

%2 GHRILNHNFEELERRRERPEIFHESEROERCEFERLD
Table 2 Effect of calcium and inositol on shikonin derivative formation in

suspensjon cultures of A. euchroma cells (production medium)

C:(NOy)2 * 4H20 ¥ Inositol
W (mg /1) exi X~ PR (mg /1) exsi X~k
Cancentration PC PY Concentration pPC PY
0 * * 10 13.6 136. 96
70 5.6 59. 4 100 15.1 153. 98
700 16. 16 162. 18 200 16.9 186. 86
1400 18. 24 184. 25 500 12. 6 140. 28
3500 16. 50 172.11 1000 11.1 123. 49
7000 14. 50 150. 36

* HREBAET ERTEMET 0.5%

* Cells died and pigment content lower than 0. 5% PC=pigment content, PY =pigment yield

£33 FTARERMFRRERRERBRPEETITEDL AR CE>ERD
Table 3 Effect of amino acids on shikonin derivative formation in suspension

cultures of A. euchroma cells (production medium)

L-ENER 22 HER
L-phenylalanine Tyrosine Glycine
WHE (mol/1)  PC PY EBE(mol/) PC PY ¥EEmol/D) PC PY
Concentration Concentration Concentration
0 16. 16 162. 18 4X10-% 15. 62 148.00
10-¢ 18. 20 189. 42 2X10~1 16. 41 164. 84
10-3 19. 24 205. 07 10—5 15. 41 157.95 4Xx 10— 14. 83 133.47
104 17. 31 155. 35 10—+ 14.92 143.32  1.2x107% 16.00 133. 44
10-* 14. 50 149. 80 10-3 11. 00 110.07  4Xx10°3 14.74 144. 82
102 6.10 73.20 10-2 * *
10—? 4. 21 41. 57 10-? * *

* HHRBARC. EXSEBET0.5%

* Cells died and pigment content lower than 0. 5% ;PC=pigment content, PY =pigment yield

2.2.2 HER

Lutz Heide™I R F Y, FH T RHMAEDOIERENER. HIL, HEENTYR
HERFEFMAENER ATRSTARF =Y EE MizvkamiCHRIE A Y .
107°mol/1 FWNERTEEREEXEAHARFHEREE. AW RLERRWGE D,
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ERERETNA 10 mol/1 L-ERERTABRTFREXEARYECRSBRE™E, B
ERmAEENSME TR, BERUEAHEREMH TAREKBHEBTRES
REOER HPRARSMEHEARE.
2.2.3 #HAEER

EMZERVEAR AXELERMKEYRERAMERTEMNRESE.
Matsumotol) ¥ #1i¥ , VB, [ RN WA H TAGRPE R B F AR FHE L. Tadata
FO HAEFINTERUAL L PR NHEECROER. R TRA, ERXREF
A 107°mol /1 4 R B, FFEEN W MHAEKEY BREECRSERE HERE
RREE T ). XEW, VB, T HRAKECRQMHIEL. ARIPETEY,
VB,.VB, X VBs BM KEBRNERA W RAER BERRANUE. HKENEE
RCUFRAREGRAERERIBE IRESN 107 mol/1.

%4 FAKEFMFRETBERRRERPRETH LDV RNTE CEF= R
Table 4 Effect of vitamines on shikonin derivative formation in suspension

cultures of A. euchroma cells (production medium)

W BE (mol /1) VB VB: VBs Ve
Concentration PC PY PC PY PC PY PC PY
0 16.16  162.18

10-7 16.2  167.95 15.2  156.4 6.5  171.37 19.1 211. 24
10-¢ 14.3 144. 34 143 162.72 17.2  138.05 17.89  192.20
10-% 16. 8 163.13 14.5  151.59 15.0  163.00 17.2  184.37
10—+ 14.2 153. 45 17. 4 159. 94 12.2 127.49 14.2  124.31
103 10. 6 124. 90 16.5  171.67 11.4 116.72  13.3 138. 94
10—%a 9.6 89. 41

PC=pigment content, PY =pigment yield
a: 2R (Exposure to light)

BZ 2 EEKEFRES A 332mg/1 CaCl, « 2H,0 FRIFAMRAK ., LS FHE
HE IR R, EATERERNA 10°mol/1 L-FEFEE.10"mol/1 £4E C.
1400mg /1 Ca(NO;), « 4H,0 AR 200mg/1 PIRE A F F EXEC RN R,

23 KR AE KA EFIEAR

BRI RARREFR, RITH LS RM-IEREHRTTYUR . KBTETH
HEEREERARAERREETMEYERMEREREREG-DHEFERE
P-D,RFRES,

AR G-1 AR P-1 FEREMZR FZRSFARER L SAXREEHTT
HEMR ERANE 6, T£G-1 FHERERN, AREFH, A KER HEKEBEXT
FELSHEREFIERMY. FARERKEE.P- I BEREESM-INERAK,HNEESH
RFREGRHER.
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F5 LS.G-1.M-9 & P-1 1=K (me/D
Table 5 Components of LS,G-1.M-8 and P-1 media(mg/1)

LS G-1 M-9 P-1
NH(NO3 1650 - — —
KNO; 1900 2830 80 80
(NH)2S04 — 463 — —
Ca(NO3)2 » H20 - - 694 1400
CaCly » 2H,0 440 332 — -
MgSO, » TH:0 370 185 750 750
KH2PO4 170 400 — -
NaH:PO, * 2H.0 — — 19 19
KCl — — 65 65
NazSOq ~- — 1480 1480
NaFe—EDTA a a 1.8 a
MnSO, * 4H:0 22,3 22.3 — -
ZnSO, * 7TH:0 8.6 8.6 3 3
H3BO; 6.2 6. 2 4.5 4.5
K1 0.83 0. 83 - —
Na:Moy * 2H.0 0.25 0.25 — —
CuS0O, * 5H,0 0. 025 0. 025 0.3 0.3
CoClz * 6H:0 0. 025 0. 025 — —
Inositol 100 — — 200
Thiamine « HCL 0.4 1.6 - —
Vitamine C - — - 0.0176
L-phenylalanine — — — 1. 65
IAA 1.0 0.75
KT 0.5 0.10
Sucrose 30000 30000 30000 30000
pH 5.8 5.6 58 5.6

a:FeSO » TH20 27. 8mg/1+NaEDTA 37. 3mg/1

F*6 BEFEAPMFRRERFEFARERRRENTEDLEOR M
Table 5 Effect of medium types on the cell growth and shikonin derivative formation

in suspension cultures of A.euchroma cells

HHRFHE ) )
N M ERETHGTE R (g /D
ERE Dry ccll weight - ¢ content Pi ¢ vield
1gmen anten men c
Media TR e/ D) oL [ % & ) ement
. ask
Flask (g /flask) 9L bioreactor(g) (% dry wt (mg/flask)
LS 2.21 104. 52
G-1 3.53* 147. 42
M-9 2.75 16. 24 164. 74
P-1 2.90 19. 78 216. 59
*p=0. 05
£ £ X W
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EFFECT OF NUTRITIONAL FACTORS ON CELL
GROWTH AND SHIKONIN DERIVATIVE
FORMATION IN SUSPENSION CULTURES
OFARNEBIA EUCHROMA CELLS

Fang Deqiu  Hou Songsheng Li Xingming Ye Hechun Li Guofeng
(Wuhan Instinte of Botany ,The ('hinese Acad emy (Unitute vf Botany, The Chinese Acad emy
of Sciences Wuhan 430074) of Sciences  Beiprg  100044)

Abstract A study on the effect of carbohydrates, vitamines, amino acids, calcium and
inositol on the cell growth and shikonin derivative formation in suspension cultures of
Arnebia euchroma cells was carried out. Sucrose is better than any other caybohytrates
tested for cell growth and pigment formation. and the optimum concentration is 3%.
Neither vitamine B, nor vitamine By is effective for shikonin derivative formation. but
vitamine B, can promote cell growtir. Both tyrousine and glycine retard the formation of
shikonin derivatives, however, 107" mol/l L-phenylalanine and 1077 — 107°® mol/1
vitamine C stimulate their biosynthesis. Although inositol has no effect on cell growth,
200mg /! inousitol can increase pigment content. The optimal concentration of caleium
salts for cell growth and shikonin derivative formation are 332mg/! CaCl. » 2H,0 and
1400mg /1 Ca(NO;). » 41,0, respectively. The hetter"growth medium”and "prodaction
medium” have been developed and listed in the present paper.

Key words Arnebia euchrama. Cell suspension culture. Cell growth. Shikonin

derivatives, Nutritional factors



