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Improvement of Growth and Benzo|c|phenanthtidine
Alkaloids Production by Modifying Nitrogen Source
in Suspension Cell Culture of Eschscholtzia californica
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'Department of Chemical Engineering, POSTECH, ®School of Environmental Science and Engineering, POSTECH.

Abstract The effect of nitrogen source on cell growth and benzo[c]phenanthridine alkaloids production by modifying NOs:NH,"
ratio in cell suspension culture of Eschscholtzia californica was investigated. When total nitrogen concentration is
maintained (60 mM), maximum benzo[c]phenanthridine alkaloids production is about 60.72 mg/L at 50:10 (mol/mol).
This productivity was_3.8 times higher than that obtained when cells were grown instandard MS medium. The
decrease of NO3;:NH," ratio at 60 mM of total nitrogen caused the decline of both growth and benzo[c]phenanthridine
alkaloids production. Under the same concentration of NO; (50 mM), higher concentration of NH, inhibited cell
growth strongly but induced alkaloids production slightly. Also, under the same concentration of NH,* (25 mM), higher
concentration of NO;™ induced alkaloids production strongly but high concentration of NO3 (=100 mM) interfered
alkaloids instead. Maximum benzo[c]phenanthridine alkaloids production is about 62.71 mg/L at 50:25 (mol/mol).
These results suggest that higher biomass and higher alkaloids production could be obtained by optimizing each
nitrogen concentration as well as NO5;:NH," ratio in the culture medium. Nitrate and ammonium in culture medium
have distinct role in the regulation of growth and alkaloids production; ammonium had a strong influence on growth
while nitrate had an influence on alkaloids production.
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Eschscholtzia californica®] MXE5F seed germination
o] 3l F-=%AT} Eschscholizia californica®) TEF A ¥
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0.47 mg/L 1-naphthalenacetic acid (NAA)S} 30 g/L sucrose
£ ¥ 33} Murashige & Skoog (MS)EjAS o]&3}ed uljk
tom, & i RS 400 mLE 8lo] 1 L Seka=
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120 ipm o2 B A pHE 552 Fdslgon, Az
25mic} Al vtk

il oiRE o|R22] X7| s u|E Y

AL} gRF o] 27 Tk HIEY JIFS dolr
7] 8, AALE TR 22 modified MS #jA|o] 2
WEE (KNO»)T d3ltEs (NHCODE Tt 552
A7RIG0. A WAZ, F AL FEE 60 mME A3}
3 AAE AEF o2 601 0, 50:10, 40 : 20, 10 : 50,
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Zv}E 129 (HPLC; high-performance liquid chromatography,
Waters, USA)Z #4131 ch £48 AHOZE Cy I
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Fig. 1. Effect of different ratios of NOs : NH," on cell growth at a
total N of 60 mM in suspension cultures of E.califonica.
(A) Dry cell weight (B) Fresh cell weight.
Symbols: NO3:NH4" 60:0 (C); 50:10 (4); 40:20 (H);
10:50 (@); 0:60 (@). Data present means = standard
deviations from duplicate samples.
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Fig. 2. Change of pH at different ratio with the total N of 60 mM
in suspension cultures of E.califonica. Symbols:
NO3:NH4* 60:0 (O); 50:10 (A); 40:20 (M); 10:50 (@);
0:60 (®).
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Table 1. Effect of NOs:NH," ratio at tetal N of 60 mM on Fresh
Cell Weight/Dry Cell Weight (FCW/DCW), Growth

Rate (GR)
NO3:NH,* (mol/mol) GR (d") @ FCw/DCW ®
60:0 0.399 25.13
50 : 10 0.558 24.98
40 : 20 0.521 22.68
10 : 50 0.438 18.11
0:60 0.209 17.03

% GR (Growth Rate) = (maximum cell mass-initial cell mass)/
(initial cell mass)/(time).
® FCW/DCW means cell size.
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Fig. 3. Effect of different ratios of NO3 : NH," on cell viability at
a total N of 60 mM in suspensicn cultures of E.califonica.
Symbols: NOz:NH4" 50:10 (2); 10:50 (@).
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alkaloids A4l = EAAYS FRISIHL. 1= GEF
o] o] AL A= 4l 5 ShZE crawford(10)
2 Fxe] duFol A7t € o duF ol x| dR
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Fig. 4. Production of benzo[c]phenanthridine alkaloids at different
NOs:NH4'ratio with the total N of 60 mM. Symbols:
rectangle: BAs production (mg/L); solid line: BAs content
(mg/g DCW). Data present means * standard deviations
from duplicate samples.
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Fig. 5. Time course of major nutrient consumption at different
NOs :NH,' ratio with the total N of 60 mM. (A) Nitrate
(B) Ammonium (C) Sucrose. Symbols: NOs :NH," 60:0(C);
50:10(A); 40:20(H); 10:50(@); 0:60(®). Data present
means * standard deviations from duplicate samples.
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Table 2. Effect of initial nitrate and ammonium concentration
on cell growth and benzo[c]phenanthridine alkaloids

production
INOs] [NHJT .. FCW DCw GRY Alkalolqs
(mM) (M) Ratio (g/L) (gll) (d'w) Production
’ ’ (mglL)

50 10 5:1 198.50 £ 0.00 8.35 + 0.15 0.82 60.72 + 6.69
50 25 2:1 18250 + 10.50 822 + 0.45 0.61 62.71 £+ 4.21
50 50 1:1 110.00 £ 10.00 4.45 + 0.76 0.59 74.72 £ 0.05

25 25 1:1 22350 £125 10.09 £ 0.81 0.83 27.25 +1.71
50 25 2:1 18250 + 105 822 + 045 0.61 6271 £ 4.21
100 25 4:1 167.75 625 9.23 +0.05 0.49 2208 + 2.07
125 25 5:1 18250 +7.01 945+ 021 051 2544 + 335

% GR (Growth Rate) = (maximum cell mass-initial cell mass)/
(initial cell mass)/(time).
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