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Growth characteristics and secondary metabolite accumulation of Solanum nigrum
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Abstract: Objective To establish an optimal culture system for Solanum nigrum callus, study the changes of physiological
indicators and the accumulation of solasonine and solamargine in callus at different culture time, and lay the foundation for the
industrial preparation of solasonine and solamargine. Methods The effects of different explants and culture media on callus
induction of S.nigrum were investigated, response surface test design method was used to optimize the hormone ratio of callus
induction, Coomassie brilliant blue G-250 method was used to determine soluble protein content, TTC reduction method was used to
determine cell viability, catechol method was used to determine polyphenol oxidase (PPO) enzyme activity, nitrogen blue tetrazolium
photochemical reduction method was used to determine superoxide dismutase (SOD) enzyme activity, guaiacol colorimetry was used
for the determination of POD enzyme activity, thiobarbituric acid color method was used to determine the content of MDA, and the
content of solasonine and solamargine was determined by HPLC. Results The best explant for callus induction was the stems of
S.nigrum, and the best medium was MS + NAAL1.43 mg/L + 6-BA 2.15 mg/L + KT 2.48 mg/L, and the most suitable medium for
callus proliferation was MS + 6-BA 1.0 mg/L + NAA 0.2 mg/L. The fresh weight growth of callus showed an "S"-shaped trend, and
the cell viability reached the highest peak at 20 d, the soluble protein content and POD activity both increased first and then
decreased. SOD activity showed two peaks at 20 d and 30 d, and the MDA content decreased first and then increased. In the later
period of culture, the decrease of PPO activity may be related to callus browning. Solasonine and solamargine content changed in the
same trend, reaching a peak on the 30th day. Conclusion The callus growth period of S.nigrum is 25 d, and it is also the most
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suitable harvest period for callus fresh weight. After 25 d, browning will appear in varying degrees. The accumulation of secondary
metabolites in the callus and the cell growth process are usually negatively correlated, and the synthesis of secondary metabolites is

mostly in the late growth period of the callus.
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Table 1 Box-Behnken design

F#/(mg L)

¥ NAA 6-BA KT

1 0 0 0
2 1.5 15 15
3.0 3.0 3.0
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1 TESMEFEEBGEHREFENFME (X£s,
n=23)

Fig. 1 Effect of different explants on callus induction rate
of S. nigrum (X +s,n=3)
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Fig. 2 Effect of different media on callus induction rate of
S.nigrum (X £s,n=3)
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Table 2 BOX-Behnken test design and results of callus
induction

RIS NAA/(mg L) 6-BA/(mg LY Cl(mg L™ HFHR/%

1 3.0 0.0 1.5 61.818
2 15 15 1.5 81.818
3 15 0.0 3.0 50.909
4 15 15 1.5 85.455
5 15 0.0 0.0 45.455
6 15 15 1.5 89.091
7 15 3.0 3.0 78.182
8 0.0 15 3.0 74.545
9 15 3.0 0.0 67.273
10 3.0 15 0.0 70.909
11 0.0 3.0 1.5 69.091
12 3.0 3.0 1.5 76.364
13 15 15 1.5 87.273
14 3.0 15 3.0 72.727
15 0.0 0.0 1.5 43.636
16 15 15 1.5 83.636
17 0.0 15 0.0 47.273
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RN F R AR R E .
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WREDIAEE: HARESHKRE (R =0.9819,
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R XS S A A A S R R AR LA T TR AN
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Table 3 Significance test and variance analysis of callus regression equation

gE| S5 H B F{H PE BE M
5] )3 )5 FRASE A 3550.85 9 394,54 42.30 <0.0001 bk
A 279.34 1 279.34 29.95 0.000 9 ok
B 992.17 1 992.17 106.37 <0.000 1 i
C 258.25 1 258.25 27.69 0.001 2 b
AB 29.75 1 29.75 3.19 0.117 3
AC 161.98 1 161.98 17.37 0.004 2 o
BC 7.44 1 7.44 0.80 0.4015
A2 297.75 1 297.75 31.92 0.000 8 ok
B2 863.19 1 863.19 92.54 <0.0001 i
c? 480.42 1 480.42 51.51 0.000 2 i
s &) 65.29 7 9.33
AT 32.23 3 10.74 1.30 0.389 8
R ZE T 33.06 4 8.27
syl 3616.14 16

"P<0.01, WMEBEZESR
*P < 0.01, the difference is extremely significant
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Fig. 3 Response surface analysis of different hormone ratios and callus induction rate
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Table 4 Effect of different hormone concentration ratios on
callus proliferation

45 6-BA(mgLTY)  NAA/(mgLi™) B
1 0.5 0.1 5.85+0.18¢
2 05 0.2 5.95+0.28
3 05 05 7.07 +0.38%
4 1.0 0.1 6.18 4 0.45bcd
5 1.0 0.2 7.70+0.49
6 1.0 0.5 6.79 +0.3420xd
7 2.0 0.1 6.29 10.29bcd
8 2.0 0.2 7.26+0.41%
9 2.0 0.5 6.51+0.26bcd
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Fig. 4 Growth curve of fresh weight of S. nigrum callus

(x+s,n=5)
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Fig.5 Changes of related physiological indexes of callus at different culture time (x+s,n=3)
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