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Studies on nucleic acid and protein biosyntheses of Chlorella
cells during the course of the chloroplast development

Yung-Nok LEE and Chong-Sam LEE
(Dept. of Biclogy, College of Science and Technology, Korea University)

ABSTRACT

Nucleic acid and protein biosyntheses of the glucose-bleached Chlorella cells in relation to the
process of the chloroplast reformation were traced, by measuring the changes in the amounts of
cell constituents and nuclease activities of the cells during the greening pracess.

The contents of RNA and protein of the glucose-bleached cells decreased significantly, while
the contents of nucleotides and amino acids of the cells increased to compared with those of the
comtrol, showing that the biosynthetic activities of RNA and protein of the cells were inhibited
severely in the glucose-bleaching process.

In the early greening process of the glucose-bleached Chlorella cells the contents of RNA and
protein of the cells increased significantly without any increase in the chlorophyll contents showing
that the massive biosyntheses of RNA and protein proceed prior to the chlorophyll biosynthesis
i1 the cells.

The phosphate contents in the DNA fraction of the glucose-bleached cells decreased, but the
contents of acid-insoluble polyphosphate increased to compared with those of the control in the early
greening process, exhibiting that the incorperation of the phosphorus from acid-insoluble poly-
phosphate into DNA was retarded.

In the greening process of the glucose-bleached cells the ribonuclease and deoxyribonuclease
activities of the cells decreased to compared with those of the control, although the initial activities
of the both enzymes in the cells were far great compared with the control.

Although the initial phosphate contents in the lipid fraction of the glucose-bleached Chlorella
cells were more great than the control, the phosphate contents in the lipid fraction of the cells
decreased in the early greening process to compared with the control, and then increased in the late

"% developmental stages in which massive chlorophyll biosynthesis occurred.
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Fig. 1." Electron micrograph of normal and glucose-bleached Chlorella cells.



Mar., 19703 Lee, and Lee: Nucleic acid and protein biosyntheses of Chlorella 3

oz $E%gc. H#ke) HEkE Schmide-
Thannhauser 3:(1945) ¢ & A3l = &<l
Ak 8 RNA-polyphosphate & 2] = Correll-
Tolbert(1962)°] 4™ & tha A 2she] 33l
ek, #EE =4 5% & PCA(perchloric
acid)z S Ahbiehx BORHE B
ethanol-ether(3 : D& (3(@) 60°C oA A 4
fhet g ok BRE: JRIRE Eih -2 EsiEe)
A g1z 5ok KOH 2 pH11.52 £33
Zn&o] #lEbste] -] polyphosphate 9}
RNA-polyphosphate 3§+ & -&-d] Al 7 T
Zabolth. LS 10% &4
pH4.58 =7 DHZ 0°Cell Al JhA]
b oupA g B 2wk pLEye A
o}, lisye dil. HCl=z pH3.52 x4
9g 245 S ethanol & sl WA
RNA-polyphosphate 234 &} B pEM: £
QA& AyEketslct.

Byt JEfeE JEET4 R
4.5 49 FAEs €7 0.5N2 KOH=
st 37°Cel A 16~18 A 7H-E-<k RNA
2 JbeeAA AAEEETRE A
3 5% PCA = difngt % ¥kl PCA & 7}
o] 2.5% o] SHEE shgivh. LM
(RNA H#D& AAI oo 4= DNA
th) 0. 50, PCA 2 90°C ol 4 15-7) 7}
sl DNA & sl3ald + oz
JrBEst ol et

17 A= 7HR] HEIEA QA BT
o B2 ortho-phosphate 2 7}
B A7 v}-& ammonium molybdate & X 2|
3}o] spectrophotometer 2 #5E6}5] oF. RNA,
DNA @ RNA-polyphosphate -¥-314] 2] 3}aF
& Q1 AFeHEF Bk ol 2 260 my o 4] 9] opti-
cal density 25 H5Esle] = kg v asty)
2, &9 o5 =& PCA mFHL#ES] 44
Ze F alod charcoal(Norit SX 30) & 7}sla
2 554 0°CelA 30 £3F BEA 7] &
YA E2 2 charcoal - F2| &3 IN H,SO,
& 7tete] 100°Cel 10 #3F shd et £
" 259 AY FFAE FAsdd. =

i

00

ﬁrd'rs‘:kzr_\&lo-

sy

435 & HSO0, & A4y g o
/%9 oF-g ninhydrin FjE (Troll and Can-
nan, 1953) 0.2 &7 55 tl. Schmidt-Than-
nhauser @ W] o 7 X2 g Chlorella Al £
RNA 32} ol 3= Aad 2ol o ol 4571
(Aoki and Hase, 1964) RNA 3-8l o
2] 3be] 2 ofw]x 4t kg ninhydrin
o A erste] alkali-labile protein 9] <F
& Aok wbpshae shEe
7J:(Scott and Meluin, 1953) 0. & %) 23} ¢ o},

BegEe| SEMERAIFE ¢ <F 0.2mI(PV)O] Bk
3 Chlorella ) 2o 1IN HCl &2 23 A

ri

o |4
. Olo mu }rd

anthrone

O

o] rEmel 1oml o A RS- FFH 45 sl
o] homogenizer & -2 Oﬂ/ﬂ Al &5-7
sle) el vh. o] & °F 10,000%g ol A G4

4ol

Fate] @& A xS KEHEEHE

Aste] mL£Y o A8 Ribonuclease
#E:0) =2 o Anfinsen o al.(1954)9 ¥
o] 97 38}3 =6 phosphate-citrate buffer &

2443 o u] A ¥ o A} Chlorella ] RNase i&H:
£ pH6.0 ¥ 8.00A ZZF Sue] Bk
b ek 2 g ok o Ak “4‘“/1/1 RNase
e pHB.0 2 6,094 24 H435lE
B ul-SAlE A4AFEE 0.5ml 8 RNA L9
(5mg/m) 0.5ml B 0,04 M 2] phosphate-
citrate buffer(pH 6.0 =+ 8.0) 1 m/ & -
5 kgl w. 25°C el A 30 -7 wb-3A1 7§
T ANE TREE BEAE A48 260
mye o] A optical density & Z&] sl ). 54
o gge AR AF h9de weld
wkeko] OD 9 ZFobE Abddlo] AODE kS
2] 8k4d ©F. Deoxyribonuclease &) %2 .2. Sung
and Laskowski (1962)9] ye] - m}a} &) 3}
dluj 4 ¥4 4§ DNase o 23
PHE 8.0 8 4.0°149. Fie &4 9
2] 40D 2 24| 8kgl o),

EE &ER
Glucose-bleached cell -& #) A}= o] &) of
&7 stel A Wl g o deld Az
HLARs 4% 49455 Table1 ¥
Fig. 20 A% 999 $=9 4% o

o

P



4 KOR. JOUR. MICROBIOL.

Table 1.
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Changes in the packed cell volume and the chlorophyll contents measured by DOD

(ODggo—ODs40) /ml  cell/l medium, during the greening process of glucose-

bleached Chlorella cells.
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31 2.400 0.130
45 3 600 0 2]1
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DURATION OF GULTURE
Fig. 2. Changes in the packed cell volume per
liter medium and the chlorophyll con-
tents measured by DOD of the glucose-
bleached Chlorella cells during the green-
ing process.
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Table 2. Amounts of UV-absorbing materials in each fraction of glucose-bleached Chlorella
cells during the greening process.

Relative UV-absorbency at 260 mp

Duration of

Fraction culture (hrs.) Normal cells Greening cells
) ) #m/l medium  pm/ml cell  pm/l medium _ gm/ml cell
0.209 0.297 0.156 0.220
£ 0.233 0.274 0.143 0.202
DNA 10 0.299 0.253 0.178 0. 209
21 0.500 0.333 0.270 0.229
31 0.528 0.220 0.472 0.295
45 0.511 0.142 0.602 0.241
0 0. 050 0.071 0.050 0.071
5 0.028 0.033 0.023 0.032
RNA-poly-phosphate 10 0.028 0.019 0.022 0.026
complex 21 0.077 0.042 0.073 0.062
31 0.137 0.057 0.157 0.098
45 0.135 0.038 0.277 0.111
0 0.613 0.871 0.437 0.618
5 0.956 1.122 0.677 0.955
RNA 10 0.825 0.610 0.401 0.472
21 1.130 0.753 1.270 1.076
31 1.674 0.698 1.998 1.248
45 4.161 1.156 3.644 1.458
0 0.034 0.048 0.038 0.052
5 0.041 0.047 0.045 0.063
PCA-soluble 10 0.041 0.035 0.043 0.051
nucleotide 21 0.063 0.042 0.060 0.051
31 0.121 0.050 0.139 0.087

45 0.212 0.059 0. 366 0.146

Table 3. Amounts of ninhydrin reactive substance in each fraction of glucose-bleached
Chlorella cells during the greening process.

_ Amounts of ninhydrin reactive substances

Fraction Duration of

culture (hrs.) Normal cells Greening cells
#m/L medium poo/ml cell  pm/l medium pm/ml cell

0 7.87 11.18 9.90 13.97

5 13.29 15.64 10.16 14.33

PCA-soluble 10 19.80 16.78 18.63 21.92
21 27.00 18.00 29.85 25.30

31 49.30 20.54 48.00 30.00

45 79. 36 22.03 48.05 19.22

0 14.27 20.27 9.93 12.61

5 11.78 13.86 7.69 10.85

Alkali-labile protein 10 11.48 9.73 8.65 10.18
21 22.00 14.67 20.50 17.37

31 24.70 10.29 29.10 18.18

45 40.18 11.16 43.04 17.22
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0 20.80 29.55 18.00 25.42

5 36.30 42.71 17.50 24.68

Residual protein 10 37.95 32.19 21.78 25.62
21 64.75 43.17 53.75 45.55

31 185.00 77.07 129.00 80.62

45 336.05 93.35 228.80 91.52

0 35.07 49.79 27.93 39.45

5 48.08 56. 56 25.19 35.53

Total protein 10 49.43 41.89 30. 46 35,84
21 86.75 57.83 74.25 62.92

31 209.70 87.38 158.10 98. 80

45 376.23 104.50 271.83 108.73

Table 4. Amount of carbohydrate (glucose equivalent) in each fraction of Chlorella cells
during the greening process.
. Amounts of anthrone reactive substances
Fraction Duration of e —
culture (hrs.) Normal cells Greening cells

]  pm/l medium pm/ml cell pm/l medium  pm/ml cell

0 3.12 4.43 1.17 1.65

5 1.84 2.16 1.29 1.82

PCA-soluble 10 2.48 2.10 1.72 2.02
21 3.60 2.40 2.10 2.78

31 5.10 2.13 2.60 1.63

45 5.86 1.63 5.29 2.12

0 0.81 1.16 0.29 0.41

5 0.60 0.70 0.96 1.35

EtQOH-ether 10 1.11 0.94 1.65 1.94
21 1.22 0.81 0.70 0.59

31 7.80 3.25 0.18 0.11

45 11.87 3.29 1.93 0.77

0 9.10 12.93 7.14 10.11

5 9.99 11.75 5.91 8.34

Alkali-insoluble 10 12.97 10.90 8.35 9.82
21 18.50 12.33 14.75 12.50

31 33.40 13.92 35.00 22.87

45 43.47 12.08 45.05 18.02

0 13.03 18.51 8.60 12.15

5 12.43 14.62 8.16 11.37

Total 10 16. 56 14.12 11.72 13.79
21 23.32 15.55 17.55 14.87

31 46.40 19.33 37.7¢8 23.61

45 61.20 17.00

52.27

20.91
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Table 5. Amounts of phosphate compounds in each fraction of glucose-bleached Chloreila

cells during the greening process.

. A ts of
Duration of mounts of phosphate -

Fraction

culture (hrs.) Normal cells Greening cells
e pm/l medium pm/ml cell pm/l medium gm/ml cell
0 30.03 42.66 20.13 28.43
5 41.90 49.29 29.00 40.90
PCA-soluble 10 49.50 41.95 37.62 44.26
21 63.75 42.50 54.40 48.02
31 90. 62 37.76 93. 80 58.63
45 112.68 31.30 131.27 52.51
0 84.76 120.40 100. 32 141.68
5 108.90 128.12 103.95 148.03
EtOH-ether soluble 10 155.43 131.72 149.52 175.91
21 173.90 115.93 77.00 65.25
3 384,00 160.00 410.80 250.50
45 464.75 129.09 478.19 191.28
0 107.90 153.27 105. 60 149.15
5 124.74 146.75 126.82 ‘ 178.87
Acid-insoluble 10 76.23 64.60 160.37 188.67
poly-phosphate 21 165. 00 110.00 87.95 74.53
31 237.50 97.71 296. 40 185.31
45 535.54 148.76 550.55 220.22
0 30.89 43.88 28.50 40.25
5 23.43 27.56 18.15 25.61
RNA-poly-phosphate 10 18.15 15.39 20.79 24. 46
complex 21 39.40 26.27 35.50 30.08
31 126.00 52.50 110.00 68.75
45 293.15 81.43 251.68 100.67
0 14. 30 20.31 14.19 20.04
5 10.33 12.15 12.87 18.15
Protein 10 12.87 10.91 15.61 18.38
21 27.50 15.33 27.50 23.31
31 42.50 17.71 47.30 29.56
45 71.50 19.89 76.51 30.60
0 22.31 31.70 22.83 32.26
5 24.39 28.69 22.28 31.42
DNA 10 26.00 22.63 24.22 28.50
21 35.10 23.40 33.75 28.60
3 54.80 22.83 63.80 39.88
45 83.23 25.90 91.23 44. 49
0 22.75 32.32 21.84 30.85
5 32.93 38.99 24.22 34.02
RNA 10 33.00 28.81 29.79 35.05
21 53.50 35.67 47.50 40.25
3 96.30 40.10 97.00 60.62

45 148.43 41.22 133.13 53.25
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Fig. 3. Changes in the amounts of UV-absorbing
materials in each fraction of the glucose-
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process.
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