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Table 1. Comparison of the extracellular starch
and intracellular starch determinations in
the algal culture by the method 1, in-
cluding the dimethylsulfoxide-treatment,
and the method 2, comprising boiling and

the iodine-starch-reaction

reducing| . 1 dry
sugar weight
mg/m/
mg/ml mg/ml
culture
culture culture
Method 1
total starch 4.7 4.4
intracellular starch 3.1 2.9
extracellular starch* 1.5
Method 2
supernatant after
boiling, determined 1.7
by the iodine-starch| (2, Q)** (1.8)%*
reaction
supernatant before
boiling, determined 0.1
by the iodine-starch
reaction
pellet after boiling 4.7
pellect before boiling 6.8
extracellular starch* 1.6 2.1

* Calculated.
** An amount of starch was calculated from the
amount of reducingsugar.
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Fig. 1. Incorporation of “C-glucose into cell-substances.

Table 3. Production of extracellular starch by
Chiorella vulgaris Al-1y-3(11),
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cultural conditions total g}e(ltlilal-ar extra- total
starch cellular %
mg/ml starch starch starch
g/m mg/m! ’
shaking for 4 days 4. 34 1.58 36
shaking for 4 days-
stationary for 3 days 5.40 3.25 60
shaking for 4 days- 5. 15 2.89 56

shaking for 3 days
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Table 2. Recovery of the counts of **C-glucose in 50m/ of 3-day-algal-cultures

in light and in darkness

reducing sugar total counts specific radioactivity ! dry weight
mg cpm cpm/umole glucose ‘ mg

in light culture

initial 838.5 266, 500 57.2

residual 147.1 35,510 43.5

consumed 691. 4 230, 990 60. 1

cell-fraction 281. 4 162, 500 455. 0

cell-recovery 40.7% 70.3%

starch-granule ‘ 165. 3 42,410 | 46.2

starch-recovery ‘ 23.9% 18. 4% !
in dark culture

initial 925.0 247, 200 48. 1

residual 192. 6 33,110 30.9

consumed 732. 4 214,110 52. 6

cell-fraction 312.3 151, 400 413.5

cell-recovery 42. 6% 70.7%

starch-granule | 267. 8 | 99,600 | 66.9 |

starch-recovery l 36.6% j 46. 5% ' ‘

* Inoculum size: 1,58mg dr. w. in light, and 6. 15mg dr. w. in darkness.
Cell: a pellet, to which an algal culture was centrifuged down.
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Table 4. Facilitation of the discharge of starch-granules from algal cell.

starch
cultural conditions after cultivation dr. w. mg /mla medium gzﬁﬁ‘l; " total %
haker for 4 d t 30°C, mg/ml starch 72
on a shaker for ays & total extracellular starch ’
initial 7.36 5.75 3.01 52: 4
stationary, 2 days, 30°C, pH 8,2 7.05 5.15 2.37 46.0
42°C, pH 8.2 6. 05 4.72 2. 85 60. 4
50°C, pH 8.2 6.11 5.79 2.87 49.6
30°C, pH 3.0 6. 90 4.76 3.76 79.0
30°C, pH12.0 6.75 4.80 1.93 40.2
stationary, 2 days, 30°C, pH 8.2
with CTAB at 100ug/ml, 6. 66 5.24 2.94 56. 1
with LAS at 100ug/ml. 6. 20 4. 60 2.58 56. 1
with LBS at 100ug/ml. 7.04 4.99 2.32 46.5

Table 5. Recovery of starch-granules by disruption of the cell of Chlorella vulgaris.

starch, mg/m/ medium

treatment of cell-suspension in extra-
i ’ b cellular [ 051 %
distilled water g total extracellular  starch ,
sorixg lt{rI_eIaztr?::tesan n?:rll .oscdlator at 5.23 4,89 5.16 105.5
th"’j’é’(’)%gtffro 22’ h‘;fter frozen at 6.97 5.31 2. 69 50.7
resuspension in distilled water after
suspended in 6% NaCl solution for 1hr. 5.95 4.68 1.11 23.7
Table 6. Sonic treatment
starch, mg/ml extra-
time of sonic treatment, min. (xirf /vx;'l cellular ;(t)z::ih %
g total extracellular  starch ,
0 6.11 4.93 1.55 31
10 3.81 77
20 4,35 88
30 4,57 93
60 3.92 80
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Unbroken cells on the interface between
water and toluol

Photo 1.

Table 7. Fractionation of cell-substances by means of centrifugation
in increasing concentrations of sucrose solution

density dr. w. starch, mg/m/ med. exltlral- i )
of sucrose solution mg/ml total intracellular* extracellular¥* gt?ar‘::lfr/ o %
1. 00 8. 63 6.97 1.08 5. 89 68. 3
1. 06 8.58 7.09 1.08 6.01 70.0
1.11 8.77 6.70 1.12 5.58 63. 6
1. 20 8.12 7.13 1.42 5.71 70.3
1.25 6. 50 5.97 1. 42 4. 55 70.0
1. 30 4.01 3. 98 0. 44 3. 54 88.3
1.34 2. 64 1.95 0.75 1.20 45.5

*=total starch, analyzed after a pellet was washed twice with dimethylsulfoxide to remove extracellular starch.

**—total starch — intracellular starch.

Table 8. Purification of starch-fractions with several solvents.

starch, mg/ml medium

I dr. w ex1t1mf/d %
solvents t cellular r. w., %
mg/mi total extracellular ir?e((i:favssi, % starch
control 6.11 4.93 1. 45 — 23.7
toluol 4. 89 4. 33 1. 60 20.0 32.7
xylol 5. 04 4. 34 1.51 17.5 30.0
butanol 4.21 3.77 1.29 31.1 30.6
ethylacetate 4.78 4.18 1. 36 21.8 28,5
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Table 9. Recovery of starch-granules.

starch-granules

strains crlffg /:1'1 nfé%lx I (recgl\:/rg;l %) puo;olty

Chlorella vulgaris

Al-1y-3 (11) 7.68 5. 85 4.66(79.7) 9. 41
Chlamydomonas sp.

Al-5-2 10. 10 0.78 84
Chlamydomonas sp.

C-21-1 11. 60 5. 07 0.65(12.8) 88

C-21-2 11.00 5.53 0.90(16. 3) 90
Scenedesmus bastlensis

C-66-1 9. 59 0.18 81

C-66-2 9.74 2.97 0.49(16.5) 87

* gonic treatment: 10 kHz, 20min.
purification by toluol.

cell fraction from 50 ml of 3days culture

151,428 cpm

sonicated at 10 kHz for 20 min.
centrifuged at 3,500 rpm for 10 min.

supernatant pellet
(sonicate) suspended in 20 parts of water.
39,854 cpm mixed with toluol of 1/5 the volume
26.3% of suspension.
I 1
toluotl starch
fraction fraction
(water)
washed

mixed with toluol of 1/5the volume
of suspension.

\. /

Y
toluol
fraction
11,974 cpm
7.9%

/with .
water
' | |

toluol
o fraction

starch

fraction
99,600 cpm

65.8%

Fig. 2. Distribution of *C in the cell-substances of Chlorella vulgaris.
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Photo 2a. Chlorella vulgaris, cells and extra-
cellular starch-granules
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Photo 2b. Chlorella vuigaris, cell-wall debris,
caused by cell devision, or by starch-
granules-discharge

BRLOREIR G EEE LT, KEBELYI0EL LicEmL 7
RE® S L, 10 kHz 20~305 OF HgERL, 4 T10
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RN L THED, Tha—L Tkl - BRI TRE
RL& U TR BB D80% & BT 5 = & H -
LG, PAF A RITMIEERE DR EL T T <,
b —b < KO FRENCHER: I NIk o Ty B
L, ThODBREXRBCTHZ L TEYTH o1
¥ 7z, FAE% Chlamydomonas, Scenedesmus .3 3§
AU, BREZHELI.
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Summary

When cultivated on glucose, a microalgal strain, Chlorella vulgaris Al-1y-3 (11) was found
to discharge lots of starch-granules into the culture medium. However, only half a weight of the
produced starch-granules was -discharged into the culture medium. A more efficient method for
obtaining a rich yield of algal starch-granules was investigated.

Incorporation of glucose into an algal cell was found to be influenced by illumination executed

on preculture.

The distribution of glucose incorporated in the algal cell was investigated: the amount of the



86 Mgz - WIES - el (CHRE AR - MR- - KEEL - REEK - #E8%

reducing sugar in the cell fraction reached 40 percent of the consumed sugar, in light as well as in
darkness. A vield of starch-granules from the culture in light was 23.9 percent of the consumed
sugar and 58.7 percent of the produced starch, and it was 36.6 percent and 85.8 percent in darkness,
respectively.

Spontaneous discharging of the starch-granules at more than 50 percent of the produced starch
is quite rare. Promotion of the discharge of starch-granules and the recovery of starch-granules were
investigated: a ten-strength-concentration of cell suspension from the algal culture was prepared and
sonicated at 10 kHz for 20 to 30 min. One fifth toluol was added to the ten-strength-diluted sonicate
and the cellular residues of the water-layer like a liquid-against-liquid-extraction were removed,
repeatedly. Starch-granules in the water-layer were collected on a centrifuge, washed with alcohol and
dried in a desicator. Starch-granules, amounting to 80 percent of the produced starch, were recovered.

The toluol-treatment was effective not only for the removal of cellular residues of starch-fraction,
but also for that of the unbroken cells by absorbing them on the interface between water and toluol.

Other algal strains, Chlamydomonas sp. and Scemedesmus basilensis, were employed for the
starch-granule-preparation by the above method, and their results were compared.



