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Analysis of chloroplast proliferation phenomenon of photosynthetic organisms
using nano-ZnO particles and creation of CO2 fixation process
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We have succeeded in inducing high growth of photosynthetic organisms that
can immobilize CO2 and contribute to low carbonization by using metal nanoparticles as a mineral
source. When nano-ZnO particles are exposed to dedifferentiated plant callus and algae, it has been
clarified that chlorophyll protein responsible for photosynthetic reaction is highly produced in
plant cells, and the same is true for plant roots, which play a major role in mineral absorption.
Succeeded in inducing high growth. The results of this research will lead to the creation of
bioprocesses that can impart high CO2 fixation ability to photosynthetic organisms such as algae and

plant factory crops used in oil production and water purification processes.
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Fig. 1 Fresh weight of tobacco callus irradiated with white
light and cultured with from 0 to 100 mg L™} ZnQ NPD for
two weeks. The data are shown as the mean = S E. of the
results of three independent samples. * and ** indicate a
significant difference (P < 0.05 and P < 0.01, respectively),
between ZnO NPD treatment and control treatment (0 mg L™1)
according to the Student’s r-test. PCTOC 138:377-385 (2019)
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Fig. 2 Chlorophyll content per gram fresh weight of
tobacco callus cultured for 2 weeks with 100 mg L™! ZnQ
NPD or BPD. The data are shown as the mean = S.E. of
results from three independent samples. * indicates
significant differences (P < 0.05) between ZnO NPD and
the control according to the Students f-test. PCTOC
138:377-385 (2019)
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ZnO NP Table 1 Zinc content per gram dry .\veight of tobacc.'o ca?lus cultured for .two

weeks in 100 mg L~ dispersions of different ZnO particle sizes under white light.

Zinc content per gram dry weight is the average value of 3 independent samples.
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Fig. 3 Classifying the DEGs into GO categories for tobacco callus cultured with
100 mg L' ZnO NPD for 24 h. The x-axis shows the percentage of the total
number of DEGs classified as a specific GO term. PCTOC 138:377-385 (2019) ¢

Table 2 Expression analysis of photosynthetic-related genes in tobacco callus cultured
with 100 mg L~! ZnO NPD on day 1 of culture under white light. At each day, the
expression level in the control tobacco callus was taken as 1. Data are the result of 3
independent samples * standard error. PCTOC 138:377-385 (2019)
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Fig. 4 Variations of calcium localization patterns at the 3
tip of pollen tube. The numbers on the left side of the S Caz*
figure indicate pattern types 1, 2. 3, and 5. DIC, 1
differential  interference contrast image: Fluod, 20 mg L ZnO NP
fluorescent image from Cal® indicator Flio-4/AN. 1 2 3 S Ca
Diagram, illustration of four types of calcium ZnO NP
localization patterns near the tip of pollen tubes. and
calcium concentration is shown in black. Type 1: 2
representation of uniform caleium concentration in the Ca Ca
pollen tube, type 2: formation of a calcium localization 3
pattern at the tip of a pollen tube, type 3: formation of a
caleium localization pattem in front of a pollen tube tip, 1 3
type 5: formation of a high caleium concentration spot Ca2*
near the tip of a pollen tube. Scale bars = 10 pm. 2
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