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On the biosynthetic activities of protein, nucleic acids and phospholipid
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ABSTRACT

Chlorella ellipsoidea cells were cultured in an iron, copper, zinc, manganese, molybdenum or
boron-free medium. Biosynthetic activities of nucleic acids, protein and phospholipid in
chlorella cells, which were growing in a microelement deficient medium were compared with
those of the normal cells by measuring the contents of phosphate, amino acids or UV-abso-
rbing substances in the various cell fractions.

When the algae were grown in a molybdenum-free medium, the amounts of phosphate
in the acid-soluble fraction of the cells increased, whereas the amounts of alkali-stable protein
and RNA decreased compared with the normal cells showing that the synthesis of protein
and RNA from the carly products of photosynthesis was inhibited.

When the algae were grown in a boron-free medium, amounts of alkali-labile protein and
phospholipid of the cells decreased, while the amount of phosphate in acid-soluble fraction
increased compared with the normal cells showing that the biosynthesis of protein and phos-
pholipid from the early products of photosynthesis was retarded.

In general, amounts of protein and RNA in the microelement deficient cells significantly
decreased compared with those of the normal cells. Phosphate content in the acid-soluble
fraction of the algal cell grown in an zine, copper, molybdenum, or boron-free medium
increased considerably, whereas that of the algal cell grown in an iron or manganese-free
medium decreased remarkably compared with that of the control. It is considered, therefore,
that molybdenum, zinc, copper and boron etc. play an important role in the biosynthesis of
macromolecule from acid-soluble phosphate compounds, in contrast to the principal action of

iron and manganese on the photosynthetic process itself.
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Table I. Amounts of phosphate, amino acids and UV-absorbing substances (per liter medium)

in the various fractions of Chlorella cells raised in a micro-element deficient medium

for 5 days in the second subculture. The cells were precultured in respective micro-

element deficient medium for 6 days before the inoculation. (unit; micro-mole)

— Fraction | | ! Ty { 7
) . Normal -B -Mn ‘ -Zn J -Cu -Mo 1 -Fe
Medwm | Lo L
Lipid-P 36.60 99.44 | 34.69 99.53 | 928,27 | 3196  21.29
PCA-sol.-total P 30. 85 51. 46 20.15 61.14 47.55 69. 14 1.73
Nucleotidic-labile P 3.35 4.05 | 2.03 6.11 4.56 6. 04 0.16
T"(t:.la?’;‘;‘;g;e) 221 132 1 121 186 166 162 104
Alkali-stable protein| 108 88 48 86 72 52 28
Alkali-labile protein] 113 44 73 100 94 110 L
RNA¥* 1.49 1.30 1.28 1.22 1.23 1.C8 0.79
DNA* 0.102 0.100 ‘ 0.102 | 0.105 0.100 ‘ 0.082 | 0.078
* Relative optical density at 260 mpu
Table II. Amounts of phosphate, amino acids or UV-absorbing substances (per milli-liter-
packed cell volume) in the various fractions of Chlorelle cells raised in a
microelement deficient medium. (unit; micro-mole)
e e T T T
~—— Normal | -B -Mn -Zn -Cu | -Mo -Fe
Mgé}xm T ! I ——
Lipid-P 15.51 8.80 16. 60 13.30 12.91 | 15.98 14.99
PCA-sol. total P 13.07 20.18 9.64 27.54 21.71 34.57 1.22
Nucleotidic-labile P 1.42 1.69 0.97 2.75 2.08 3.02 0.11
T e 94 57 58 84 76 81 7
Alkali-stable protein| 46 38 | 23 39 | 83 26 20
Alkali-labile protein| 48 19 ’[ 35 45 43 55 54
RNA* 0.68 0.58 0.61 0.55 0.56 0.54 (.56
DNA* 0.043 0.043 0.049 0.047 0.046 0.041 0. 054
Packed cell volume
1(1;11275 subculture 2.36 2.33 2.09 2.22 2.19 2.00 1.42

*Relative optical density at 260 mg
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Fig. 1. Amounts of acid-soluble total phosph-

ate, nucleotidic-labile phosphate and phosph-
olipid compounds in the Chlorella cells raised

in the micronutritional-element deficient med-

ium.
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Fig. 2. Relative optical density of UV-absor-
bing materials in the DNA and RNA fractions
of Cfhlorella cells raised in the micronutrition-

alelement deficient medium.
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Fig. 3. Amounts of amino acid residues in the
alkali-stable and alkali-labile protein fractions
and total proteinous compound of Chlorella
cells raised in the micronutritional-element

deficient medium.
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