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ABSTRACT

To study the effect of IAA on the growth of Chlorella, the algae were cultured on the
media for six days by bubbling CO; enriched air under 10K lux at 20-25°C. The culture
media were made by adding a concentration of 103 M, 10™* M, and 0 M (as a control)
TAA to the standard media. During the period of culture, Chlorella was sampled for the

given time of interval and photosynthetic and respiratory activities were measured by

Warburg manometer and change of chemical components of Chlorella was determined by

spectrophotometry after the Chlorella cell was fractionated by Schmidt-Thannhauser

method.

1) Photosynthetic and respiratory activities were enhanched by TAA; especially the

enhancement of respiratory activity was so remarkable.
2) As to the chemical components of Chlorella, carbohydrates and amino acids were

reduced a little but phosphate, RNA, DNA, and protein were increased by 1073 M

TAA; the increase of RNA, in particular, was noticable.
3) The above results suggest that the enhancement of growth of Chlorella, by TAA and

ATP induced by respiratory activity accelerated with TAA enhanced RNA synthesis,

resulting in an increase of protein synthesis.
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Table 1. Fractionation of various compounds
in Chlorella cells. (by Schmidt-Than-

nhauser method)
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Table 2. The effects of IAA of various o] Table 4o 4 & 7o) TAASY %zl =
concentrations on the growth of - _ N _
o 2 5nE & M
Chlorella cells during the culture el whet 2wt Sstel 10 ?ﬂ
(ml/1. medium) AE Qoo oM dlz=F9 1.25¢] A8
“Come of TAA ™ S ""’-“‘r—"— T o] endogenous respiration o 4 7.39 Qa2
Duration Control ‘10_5 MI107* M1073 M glucose respiration o A} &= | 272] 5.87 o]
of culture(days) | ! o Wete] 18.24 0014 F FAAHI 9
0 0.82 0.82 0.82 0.82 wolx gk,
1 1.00 1.08 1.15 0.93
2 2.50 2.55 2.36 2.10 Table 4. The effects of IAA on the respiratory
4 4.55  4.56 4.54 4.80 activity of Chlorella cell
1 o s.
6 5.80 6.23 6.82 7.97 | ey o Mhorera el
A T T Respiration - o
8 F Reemeenx Control o P 1 Endoge;mus G]écoge
3 Conc. of IAA (Qo: (Qog
—_— A =
- 7 b o TAA (10 M) Control 1.25 5.87
Kot 107*M 1.52 6.08
H 6 * 1075M 5.66 12.05
d st 1073M 7.39 18.24
~ o o B
—
&
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g Table 5. Amounts of carbohydrates in each
§ 3k fractions of Chlorella cells treated with
g . IAA (10‘“\/1) during the culture.
M 2T "‘ e e e — SN o
o .
& ,' Duratwn of Amount(yM/l medlum)
1 Rasss] Fraction culture
(days) Control TAA(1073M)
1 1 1 1 1 L
0 1 2 3 I 5 I (_days) 0 8.58 8.58
Duration of culture PCA-sol. 1 13.50 15.50
Fig. 1. Growth of Chlorella treated with 1AA 2 14.47 18.21
(1073M) during the culture. 4 20.85 23.51
6 34.10 35.10
2) Chlorella 2 MU 0/X]l= TAA S HE ’""O - 5 08
Chlorella &) 344 u] i]_% IAA 9] S8 ) 10.85 o 15
L o] AT YA E FxH ez AL EtOI—lI-ether 2 21.55 13.75
sol. : :
sm glow Table 30]4 By wish zlo] 4 22.11 20.77
IAA 557b Zolle] @ FRaEsE o 6 31.20 3181
3t 10‘3M AL =z Qo 7t dH&ERT 0 8.36 8.36
42.59 off W 3te] 49.88 24 <F 16%¢ 571 N 1 9.65 9.75
Alkali-insol. 9 20.23 2111
R : :
4 28.00 30.21
Table 3. The effects of IAA on the photosynt- 6 34.50 35.52
hetic activity of Chlorella cells. - B - e
. 0 22.52 22.52
" Conc. of 1AA 'Control \10 5M10 4M10 M 1 34.00 34.40
Total 2 56.25 53.07
Qo, 42.95 44.59 45.94 49.88 B 70.00 74.49
6 102.80 102. 43
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Table 6. Amounts of phosphates in each
fractions of Chlorella cells treated with
TAA(10®M} during the culture.
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Fig 2. Amounts of carbohydrates in each
fractions of Chlorella cells treated with
TAA(1073M) after 6th day of the culture.

80 T' Xerenn % Control
7O e——¢ 1a4(20~3y)
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1 1 1 b1 i 1

Duration of culture

Fig 3. Amounts of total phosphate of Chlorella
cells treated with TAA(1073M) during the
culture,

6(days)

| (days)  Control jIAA(lO‘aM)

0 3.22 3.22

1 5.65 6.95

PCA-sol. 2 9.80 13.95
4 17.40 24.66

6 24.05 39.10

0 0.82 0.82

1 2.35 2.50

EtOH-ether sol. 2 3.60 3.65
4 6.83 5.16

6 13.60 12. 40

0 1.60 1.60

1 3.15 3.00

Protein 2 3.65 3.75
4 4.89 5.69

6 7.30 9.80

0 1.62 1.62

1 3.85 3.65

Acid-insol. 2 4.70 4.55
Poly-P. 4 6.30 5.76

6 11.30 10.70

0 7.26 7.26

1 15.00 16.10

Total 2 21.75 25.90

4 35.42 41.27

6 56.25 72.00
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& T2 3#3sle EtOH-ether soluble
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tion o 4] 2] phosphate = ¢33 249 2
e dehin ga,

Total phosphate o] IAA o) 93 Z714
& Fig3 ol A 45 »wd W2 7o v ole
ez s oA BE Zr1el7] Al FFEte] A 6
ol oz dxFre oF 28%Y F
M BelFz gleh. £3 ¥o] )& RNA
% DNA o el w& 2% 342 phos-
phate mb2] juEdtctsl = ke phosphate
o &) [AA o) ostef zefsrha 4z}
.

6) Chlorella M|z 2| 34 (RNA, DNA)E 20|
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Al 7}$d 4 RNA fg}ac}% Table 7
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Table 7. UV-absorbancy in the fractions of
RNA and DNA of Chlorella cells treated
with TAA(1073M) during the culture.

UV absorbancy

Duration of

Fraction | culture et 260myI)AA
(dayS)W ‘ Contiol_ QoW

0 0.11 0.11
1 0.34 0.34

RNA 2 1.00 0.97
4 1.26 1.77
6 1.43 2.21
0 0.04 0.04
1 0.06 0.056

DNA 2 0.18 0.14
4 0.21 0.35
6 0.30 0.43

b woka] 4 oA HE dE2TFE 7187
Azpste] Wef A 6 Lol Az 1,43
hsle] 2,219 Z7}E molx ¢lth.

5 [ Xees - x Control
o IAA(1077M)

{(26Cmp)

CD.

O 1 2 3 4 5 §
(days)

Duration of culture

Fig. 4. UV-absorbancy in RNA fraction of
Chlorella cells treated with TAA(1073M)

during the culture.

Xeewany Control
) o Tar(1077

M)

0.5F

Duration of culture

Fig. 5. UV-absorbancy in DNA fraction of

Chlorella cells treated with TAA(1073M)
during the culture.
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33 DNA #sfx Table 7 3} Fig.5 ¢ #| %-----x Control
A% Az RNA S z24s A wid oF . o TAA(1077M)
Aoz =Agqed [AA6 oste] Wk 160r N
Al 6 Dol H2T9 0.30°] »®|3led 0.43 140 F
024 Z7% 2o Fx g zHAd o
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of A4 A E 100}
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nlXEe 1AA o 98 g8

2 4 PCA-soluble fraction o] 52 %-$%-5 2 60k
o] gl amino acid = Table 8 3} Fig. 6 o] =
A w oshe el e U mare B HOf
U7.62M ol Wsted IAAQOM) REFA 2 sl
132.96¢M 24 279 ZFAE e Z Y g ¢'
% olsh 2o AL Wz ARY A =

(days)

Table 8. Amounts of amino acid and protein
in each fractions of Chlorella cells treated

with TAA(1073M) during the culture.
e ,,_.,._.ivl_ﬁ.,,,_wg . Fig. 6. Amounts of amino acid of Chlorella

Duration of culture

Fracti Durﬁtion of (FMﬁrfl;léﬁgum cells treated with JAA(1073M) during the
raction culture -
(days) Control \ ({Igng) culture.
0 5.46 5.46 450 b
1 13.35 12.23
PCA-sol. 2 46.50°  38.93 hoor
(amino acids) 4 113.62 96.90 350}
6 147.62  132.96
00 |-
. \ 0 3.40 3.40 3
;_';; 1 10.10 10.20 ’35250 _
= 2 21.44 16.21 e
2 3
= 4 36.10 50. 23 g 200F s
6 95.50  112.52 - e
- S150F
. 0 46.50  46.50 = 7
= 1 127.50 97.50 = 100F Ko -o o Control3
/4, -
Protein| 2 168.75  142.50 E . o TAACLO™ZM)
i 4 229.24  241.30 20 /
6 300.00  337.50 2 IS N WO —
. 172 3 &k 5 6
0 49.90 49.90 (days)
—_ 1 137.60 107.70 Duration of culture
[ 2 190.19  158.71
& 4 265. 34 201.53 Fig. 7. Amounts of total protein of Chlorella
6 395.50 450.02 cells treated with TAA(1073M) during the
) ) culture.
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9} 2ol Anacystis & A B2 sl R 33}
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o] A oo} 7o TAA 2] Chlorella o o &t
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A A4 2 4w, 282 HHFEA
3 AR Wl izl st AA 43
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AikA ol FCRE) (Kuryanov, 1967)3%
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S
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DA a4 {FHEE HolEEA o Fox
A 3
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S FHEH(French & Beevers, 1953),
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229 Bi# (Hackett & Thimann, 1953),
2F-n1e] BAR(Okamoto & 1966), 259
4 (Yakushkina & Kulakova, 1967) %o
Al B =3 gled Table 504 2y uf
S} Zol Chlorellaol A% e F3E 77
Skt

TAAo] 93t 35579 HAXE (107
~107M)E 4 AEA S HAREes 2
st (Frech & Beevers, 1953), M&igk:
°]v} CN (Bonner, 1934), f#EERE =4 5
© NaF(Van Hove, 1968), TCA A =
gl #1 ¢l monofluoro acetic acetic (MFAA)
(Thimann & Bonner, 1949)%$02 35%2
et TAA o &gk A AFFx10] o=
Aoz mol IAAY 4A2e] 557
Aol BAAe 8e ¢+ Aok

Hexokinase
tseu, 1969) 9}
Spelsberg, 1965) ¢} Q}'/‘éﬁ 4]
et ExHte B Qlvh

G5 Be A5z T L W TAA
2 &t Chiorella &) A AZ2x1x% TAAO 38
o) Ao} Yk webol @

(Zemlyanukhin & Zvyagin-
acid (Sarkissian &
TAA of

citric

F9 57

T8 2 Chiorellas) 4] IAA
o Fg4e A% 259 Tt o}
hebd =48] carbohydrate & s33k4)
& S m &l 9% ko] sud
27, o] F3po] o Ho g 7]golx
k3 3F=d ol Chlorella A} 2.9] carbohy-
drate geko] AA=w & 7579
BEFEMZA £u)HE carbohydrate & of
E ob2y o] dojop & Aol

IAA 2 A=) R Chlorella A E9) carbohy-
drate pl SlolA] A=) AHe| 4= B
NESH B Y SR W O 3
Ao, BRH AR o dastz gl
t}(Table 5, Fig. 2).
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A8l &7 ol [AAo] 938 cellulase
activity &) Zd] (Fam & Maclachlan, 1967,
Davies & Maclachlan, 1968), 3 &&A %%
9] TAA o] 93} a-amylase activity & =3}
(Tanimoto & Masuda, 1968) 2] B.52% 7t
oksted BBkEte] Bolok & Fole, 2=
Van Hove (1968)%= IAA o] 98 s&57
< AA e 20 2oe BEY 2 A
o4& A gt g Hape] A"l
Al FEARES] 47t 4" AL olHE Hel
A zAste B 5 9lg A ek olst F
o] TIAA o @& Chlorella A) Z.¢] carborydrate
= AYREE Gabae Sl gslent 2
22BN £ wlE oldy & F3el Y2
22 TAAd| 93 Chlorella 9 A #E37]0]
carbohydrate 8] Ao w& Aol
¢ <+ sleh

TIAA o] 93t Chlorella 4 =2} phosphate
ke Az Aol 2 28 Sl
A dz2TF Bt oF 28%9 F7+E Hyed
(Table 6 #z), AL F2 3§ A4
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o 419] phosphate -] EH A& & &
1.

Kulakova (1968)+& Na,HPO, 9] F-F<]
lojobut IAA o) & A AElo] A=A,
o] A& ATP & 3r4o] o] Fojd & 37| o
Eolgtz g2, Nooden (1968)%& =7t
2 RS 2P o] F471 [AA o &3l F
Afcz sl

28] 2 Yakushkina & Kulakova (1967)&
S w& ATP 3 4¢], Bianchetti (1966)
X hexosephosphate & ~P 33&E9 44
o], ttA] Yakushkina & Kulakova (1968)
i mitochondria o] & A==z FAA=H ATP
3 A o], 28 3 Palmer(1970) < phosphatase
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high energy P-3830] IAAo] ¢3ld &
7H AR dg4ddes Lgses 2 72
.

bl e
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B4 53 RNA 9 444¢ 1AA 7} 320
gz dhe @ wlas we #qld
Biswas & Sen (1959)-& 2] ZfEdzo A %P
2] RNA ¢} DNA o] 9] A g} (incorporation)©]
TIAA o] 9)38}e] FA13 ez 39 o, Silber-
ger & Skoog (1953)% =wje] < (Pith) A
zo] A IAA 922 RNA s} DNA S =7}
£ 293, RNA =k 342 g3l 3l
gtz d¢iek, Fam & Maclachlan (1967)
& JAA He) 39§ $HF A4S RNA =
o) 39, DNA o] 292 3759 e% 2
= slgeh. AR A8 Chlorella A e
IAA A2 6% Tl vlste] RNA
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9l c}(Table 7, Fig. 4,5 &%),
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AFEAZE AP A A Qe A 7
i shg .

Trewavas(1968) = IAA o] 213 RNA ¢
%7k} 53 ribosome ol A FHE AL E
o] ribosomal RNA (r-RNA)2] 314 e] 1AA
o &lste] 23 A Aehx 39z, Ingle
= (1965)< IAA o] 95k Z75E RNA
7F, = S ko] r-RNA ¢} transfer-RNA  (t-
RNAYY F7tel 9z, @ 2Ae] =& A
o 2 #ol messenger RNA (m-RNA)e]l A
gk FA8g et vobrkA Key (1964)
£ [AAG] 98 Y42 e 54 RNA Y
F4d BE SAHYY Y4 7= = A
Zetz stk A A AP Chlorella o A &
IAA G ©lste] 74 RNA 7} oj £79
AQAE HAT 5 gk Azl 9o
18] RNA ¢ 7|22 w]Re¢ & 9 RNA
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o] F7}7} protein 8] 572 olojd AL A
9 &4 & Aol

Key & Hanson (1961)2 A& o)A
IAA o] 93l “C-amino acid & protein o]
8 Zgo] Fx150] 25~30%9] protein
Zb7F ddeks dhgl =, Nizva (1968):= <
Tk Sagrel A IAA o 93 protein §HA
4 chloramphenicol 2 #] 8] 3}™ amino acid
S o] zan, protein 49 FAe
amino acid &} 2% o Z3A Fobz sk

.

]

Chlorella | A fest ftiiel W14+ 1AA 9
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A2} A Chlorellao] A= IAA ¢ <
shed 14% X 59 protein 3z}t 10% A=
9] amino acid 7+sFo] VEby}cl.

ol el A9l ofe] A e APAs
A wE 2 Tt 2AY [AAC] 9
3lod Chlorella 2] A 7}o] Z25 AL IAA
of & g4 £, a2z 3§ A, W
§i-TCA [E1%:9] 37e] @2 ATPY AR
st 34 #5s] RNA S HBES 714 o
2ol AE elrkd Y gARA 2
7 26 FR e A 2

=

o g et IAAU0SM) A eld wE Chlorela
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