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Effects of Phytohormones on Biosynthesis of Phospholipids
and Their Fatty Acid Compositions
in Chlorella ellipsoidea Chloroplast

Na, Hyung Shim and Chong Sam lee
(Department of Biology, College of Natural Science, Sungshin Women's University, Seoul)

ABSTRACT

The effects of TAA (107*M) and GA; (2X1073M) on the biosynthesis of phospholipids and
their fatty acid compositions in chloroplast isolated from Chlorella ellipsiden were analyzed. Growth
ratio and the levels of total lipids and phospholipids in whole cell system and chloroplast treated
with phytohormones were higher than those of control, and when treated with GA;, phosphatidyl-
choline content was predominantly higher than that of control. It was showed that in whole cell
gystem the fatty acid utilized for biosynthesis of phopholipids was 27.43% for palmitic acid in
control, while that was 20.25% for linolenic acid in treatment with IAA. In treatment with GAs,
23.17% for linolenic acid was used in phospholipid formation. The major fatty acid in the chloroplst
system was analyzed to be 35.67% for palmitic acid in control and in treatment with IAA, 24.91%
for linolenic acid was used in phospholipid formation, while in treatment with GAj;, major fatty
acid of phospholipids was 22.80% for linoleic acid.
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#4514 719 ATPases] &£ monogalactosyl-diacyl-
glycerols v & 323 2|hite] I3 oM Pick ef
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palmitic acidz} F& =¥4tal #Hez ebdheiMoore,
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1974). Etherton(1970)& Fa] Az« 107 Mg 1AAS
&]sts wt slxle] negative® Ho] Ax-S 23 A1k
Brgeod, Akt 24 23t A x W) Fasivhe
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(Jarvis ¢t al, 1968; Holm and Key, 1969) Avengol)+&
5EF qlarE Bell4 TR RaElE ZFHAA fd e
ulolg 2% A)7)uh(Simmonds and Simpson, 1971). GAgefl
ol&] CTP wialzt Brtsed ole AAE il 8¢
dge gle] w AL R FAe Z)odgcHColling ef al,
1972).

o]s} zhol whe AlE9 Al IAAeL GA, ZH2)e]
A& e g dA7E @ol TEF YoV AE:atd A
x¥, B3] JEAZ FAske dXATL o] zAE:=

Aupake]] gt I1AAS} GA2] 2hg-oll Fst T3z w|n] k)
waba B Aol A wall loosening®} wall plasticity &
A5 AEAA ] 7edshe IAAY GAZ) ZH2h A els]
vl =]l 4] wekgt Chlovellas] 217AF o]E FAsHe 7
yhab ZHAle]] ofw] S5 sleA|e] Wate] RAslaz g
o}

=1 )\
o

S o
R

T
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ko] Ao J=alE F-2]3tr] #lal Lyttleton(1962)
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rner$} Rouser(1970)2) wiwdell ozl 1z} #s§& chloro-
form/methanol/28% ammonia water(65 : 25 : 5) Fg-g-l
ol 4], 22 A7l chloroform/acetone/methanol/acetic
acid/distilled water(3:4:1:1:05) &Esb8uof 2 =8t
gch R A9 AL &) fg Py ) H(Skip-
ski¢} Barlley, 1969)2 AR&ste] wizlgd=d PCE dro-
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schiff's A]ebg o]8-5}5ivh

Fajxl Zzhe] qlxA-g Allenwt
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graphZ °l-&-stef FAstaeh Aur4re] #5-8-H(Sigma)
2 palmitic acid(16 : 0), stearic acid(18 : 0), oleic acid(18 :
1), linoleic acid(18:2), linolenic acid(18:3)7} &= ]
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lumn(3 mm X3 m)2 Z 15% DEGS(diethylglycol succinate)
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Injection port temperature 230°C
Column temperaturc 150°C
Detector oven temperature 250°C
Carrier gas N»(30 mi/min)
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Fig. 1ol viehd dhe} o] dizpelsdes wioF 5o
vlofatzle 53uie] AAEIlES wgor, IAARL GA,
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Aoz [AA Ae]FRo 4t 2 SvHEE el
Wed ek 3¢ 26.1%, 596 25.1%, 7Y 304% &
72 JE 272% EvHES vlebydh

HEH. 939 & AF ¥ WMsE Fig 2o
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Fig. 1. Effects of phytohormones on the growth of Chlo-
rella ellipsoidea during the cultivation.
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Fig. 2. Changes in the contents of total lipids in Chlorella
ellipsoidea treated with phytohormones during the culti-
vation.
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Fig. 3. Changes in the contents of total fatty acid methyl
esters in Chlovellu ellipsoidea treated with phytohormones
during the cultivation,
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58] 31.7%, 7] 314% =712 =27 411% <7182
el en GA; M7 4FAHe dzFed vt
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209%2) Z7he-& el
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Fig. 4. Changes in the contents of phosphatidylcoline in
Chlorella ellipsoidea treated with phytohormones during
the cultivation.
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% F7F WA Bed 4577 Fok BF 244% FUMES
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56% Z714% vehd ZAL® Hel AFITEL o4
£x5e o F71 dch
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Fig. b. Changes in the contents of phosphatidylethanol
amine in Chlovella ellips idea with phytohormones during
the cultivation.

1.6F Whole Cell Syatem N

1.2L cChloroplast

Phosphatidylinositel {(mg/ml cell)

T T — T T T T

4] 1 2 3 4 5 6 7

puration of Caltvre

{dnya)

Fig. 6. Changes in the contents of phosphatidylinositol
in Chlorella ellipsoiden treated with phytohormones during
the cultivation.
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ovy, GA, #He|Fel e el vlaled wick 3%, 54
794 ztzh 26%, 3.2%, 56% E7t= AX7)AL Fot 3.8%
Zylgs Bol PIE 4% Z=Ed 2)ale] Zalzqgo] gl
o] A=)

HEAL 2o 4] 91#]AL2 Figs. 4-604 P
dhel o] & A & PCE 4.8%, PEE 2.7%, Pl& 1.9%
F5=o] sldd.

AT 2R A FollA 7 QA stepgsE A B2y
PCE Fig 4|4 E7|He] gl uiel zho] JAA AHalsled
BEA7) ALY FFA e 272 GEA o) v)stod vk
34, 59, 76 Z+7F 587%, 32.0%, 27.8% =)= A47]7t
ok 305% Z7REE Be]l Foer, GA; HETelA9
BEAE d2Te vleled wiok 39, 64, 7doll ZH2} 46.7
%, 26.8%, 27.8% Z=7t= AS7|7F Eok 338% E7EL
Bl

PEE Fig. 5o 4 vehd wie} Zo] IAA T4 &
2§t JEA A dlz el wlshe] wiak 34, 5, 7Yl
7} 64.4%, 36.0%, 306% = A&7t FoF 43.7% &7}
8 He F9on, GA; AT A5 A a7 Hl
slel wiok 39, 5, 79 24 6.8%, 21.3%, 8.2% 712
AL77F Eol 122% Z78-2 Hooh

PL= IAA Hzjsled 4547 XN F5t 954
o L Fig. 6ellA R wiel o] hzol wlshed wik
34, 59, 7<) 27} 56.8%, 26.8%, 37.7% Z7L2 A-57]7}
Et 404% F7EE Be Few |, GA; AT o
EA A= d=Tel wlste] wiek 3, 54, 7l T
182%, 4.2%, 15.6% Z7}2 4477} T 127% F7142
Bk

olejzro] AEEZEE Hz]dte] w27 whole cell
systemT} I 2A| A9 oj@Fbx] Q)7 Ae gEFE 2T
o m3le] EAEglLe] EAEglon [AA He)FelA=
PCol 271&7 o2 Al A F71e= F2A FA7F GA;
HE PN B AR wls) PCY Frhgo] A
=4 Vg

QIX|E S| K|EHt FA

Whole cell system@| X2kt Chigrella®] 2172l
PC, PE, PI7} €432 o === b4l 248 Tables
1-3¢ Zhzh ZAls}ede)

PCE 7A43te 8 A|ukabe Table 104 B #fs)
7o) d - Tol| A= viek Zol palmitic acid7} 32.6%, lino-
leic acid7} 16.0%%3 2.5 wlek 394 linolenic acid 25.4%,
palmitic acid”} 24.3%¢]x w9k 5= palmitic acid”}
51.7%, linoleic acid7} 14.1%c]3. swi<F 7dell= linoleic
acid7} 26.1%, linolenic acid?} 205%%. EA=qch =&
IAA Aol A PCE T-A3te T2 Alukate dlzTelA
| ok 324l linolenic acid#} oleic acid7t 2%} 39.7%, 27.4%

e

o]
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gl e 5= linolenic acid2} oleic acidz} Z+Z} 42.3%,
13.1%°] 3. 7<)+ linolenic acid®} palmitic acidz} =zt
38.1%, 23.9%% FA= el slgdvh GA, HT-elAd PCE
FAskE F8 REbake ek 344 linolenic acid®} oleic
acid7} 7F7F 60.6%, 18.9%] 91 2.v] helelli= palmitic acide}
linolenic acid7} Z+7z} 39.1%, 38.0%°)x 7<= linolenic
acid®} stearic acid?} ZHzb 34.4%, 249%E FA=l gl
Lol Y=k

PEE F4she F2 =wh4bg Table 204 E7]5 vle}
7o) O FT-ol| 4 ufek Zel linolenic acid 27.7%, linoleic
acid7} 157%siem sk 3« linolenic acid?} 41.2%,
linoleic acidz} 16.4%e]3L sk 54e)&= linolenic acid”}
29.0%, palmitic acid7} 19.6%<]L el ek 79e]= linolenic
acid”} 47.2%, linoleic acid7} 25.6% 2. 24 =9}

gt JAA #g]Felld PEE FAsle Fo #ukas
Hlj ek 3 ol palmitic acid#} linoleic acid7} 2+7F 29.2%, 18.9
%32 ™ 59« & [inoleic acid 2} stearic acid7} ZHz} 39.7%,
26.6%0°) 1. 7 ol = linoleic acid®} stearic acid7} 22} 375
%, 183%= FA= alslch GA; T4 PEE +
Azle 348 #hake wjek 39l oleic acid2} linolenic
acidz} 27} 28.1%, 25.9%¢)9). .21 5« ef| = linoleic acid2}
linolenic acid”} ZZt 27.3%, 24.7%°)x 7l oleic
acide} stearic acid7} 7zt 54.7%, 36.1%E ZA =< gl
&o] EajEgch

PIZ F43= Fa #uk4ibE Table 304 Ri= wle}
Zre] d)z=F ol A vk Fel palmitic acid7} 49.4%, linoleic
acid?} 18.4%>)g.2™ wjek 324 linolenic acid?} 22.0%,
palmitic acidz} 18.2%e¢]x wjek 5lell= palmitic acidz}
42.1%, linoleic acid7} 15.9%°)i ¥iek 79| palmitic
acid”} 50.6%¢) 3 stearic acdi2} linoleic acid?} #4] 13.0
%2 A= gk & IAA APl PIE FAse 7o
| ukAkL 8 ok 326 oleic acid®) linoleic acid7} 27k 28.1
%, 18.2%% 2 m] 59)e)+= pleic acid®} stearic acid7} z}z;
36.0%, 258%E x40l ddrh

GA; AH=]Tel4 PIZ 74%hz F8 A4k <k 3
ool palmitic acid2} oleic acidz} Z+zF 16.7%, 12.1%% 2o
5o linolenic acid®} linolic acid7} Z+z} 24.9%, 24.0
%ol 79 3= palmitic acid<} linoleic acid7} ZH2- 46.5%,
214% % 2A= S 9)So] EHHYU

HEH L XL PCE FAFE F2 AHHEE Ta-
ble 1el4 i wlel zbo] Q&AL tlmFs wf o
palmitic acid?} 35.3%, linolenic acid”} 15.9%9] 2™ =)<k
3o palmitic acid7} 21.4%, linolenic acid7} 21.0%e] 1
#l<F 5ol palmitic acid7} 79.2%, linoleic acidz} 4.7
%o oz v ok 79 ol = palmitic acid7} 41.9%, linoleic acid”}
77%2 451} 3 H 1AA HE o] 2e]et g2



December 1992

Table 1.

Na & Lee: Phytohormone Effects on Phospholipid Biosynthesis

phytohormones during the cultivation

377

Changes in contents of fatty acid methyl esters of phosphatidylcholine in Chlorella ellipsoidea treated with

Duration of Culture

Fatty acid methyl esters (%) in whole cell

(days) 0 3 5 7
treatment Control  Control 1AA GA; Control TAA GA; Control IAA GA;
Palmitic acid 16:0) 32.61 24.30 8.31 12.10 51.65 5.28 39.12 16.18 23.92 10.50
Stearic acid (18:0) 7.97 16.44 7.38 342 8.96 - 6.73 14.33 1.38 24.93
Oleic acid as: 1 5.28 — 27.44 18.93 2.91 13.08 549 6.11 21.61 5.55
Linolelc acid (18:2) 16.03 13.60 7.75 - 14.13 - 446 26.06 4.72 19.14
Linolenic acid (18:3) 8.25 2541 39.67 60.55 811 42.28 38.03 2047 38.13 34.43
Unknown 29.86 20.25 945 5.00 14.24 39.36 6.17 16.85 10.24 5.45
Total fatt i
otal faity acid 100 100 100 100 100 100 100 100 100 100
methyl esters
Fatty acid methyl esters (%) in chioroplast
Duration of Culture
(days) 0 3 5 7
treatment Control  Control IAA GA;  Control 1AA GA; Control 1AA GA;
Palmitic acid 16: o 35.34 21.39 4.81 39.15 79.18 10.33 3491 41.89 1115 2257
Stearic acid (18: ) 9.68 1.12 6.89 3.80 3.24 547 5.54 2.39 16.73 10.72
Oleic acid (18: 1) 2.50 1.63 9.16 26.21 3.78 6.21 15.80 5.93 - 10.30
Linoleic aad (18:2) 9.90 18.50 — - 4.65 30.80 20.92 011 19.42 23.25
Linolenic acid (18:3) 15.92 21.01 64.55 5.30 — 23.54 8.61 774 14.21 -
Unknown 26.66 36.35 16.75 25.54 9.15 23.65 14.22 41.94 3849 33.16
Totz tt i
otal fatty acid 100 100 100 100 100 100 100 100 100 100
methyl esters
PCE sl 22 A|upAbe dlok 3] linoleic acid®} g 9542 PEE T Fa Auhibe d% 3ol
linolenic acidz} =zt —." 64.6 , 9.2%9)9) 2] 59l & linoleic lmolenm acid<} linoleic acid7} 27+ 25.2%, 21.7%¢°] gl.2.7,

acid®} linolenic acidzt 27T 30.8%, 235%c°1x 7Ydl=
linoleic acid®} stearic acid7} 2}7t 19.4%, 16.7%2 &4
o] alelch GA, A= TolA ET 43 AHds Wt
3%el] palmitic acid$} oleic acidz} zH2t 39.2%, 26.2%°]5L
5aloll = palmitic acid®} linoleic acid7} ZHzh 34.9%, 20.9
%ol 7ol linoleic acid®} palmitic acid7} 247} 23.3%,
226%E 2AHo 9lgo] FA=gth

A=A PEE T4shs F8 A|ub4t2 Table 2414
vhehd whel ko] thEmell4] wiek Zof palmitic acid7}
28.6%, linolenic acidz} 23.7% ©)ge.v, gk 3ol = pal-
mitic acid7} 28.3%, linolenic acidz} 25.1%<)]x, <k 5
o= palmitic acid?} 35.0%, stearic acid”} 18.5%°]x
ek 7ol = linolenic acid?} 72.4%, palmitic acid”} 13.8
%R 2AE glgo] Bk @8 [AA M7l A

53lel| = stearic acid®} palmitic acid?} Z7F 26.1%, 22.9
o] 3L 79 el linolenic acid#} linoleic acid7} ZH} 61.5%,
240%2 ZAHS itk GA; AT BT 4=
A= dl ok 39¢] linoleic acid®} stearic acid”} 7} 35.2%,
31.2%e)¢] 2.0 5943 linoleic acid®} stearic acid7} Z+zd
20.9%, 17.9%°) 2 74 el= linoleic acid®} palmitic acid”}
2k 27.7%, 99%E ZAEe 9lgo] "'/“75]2‘1'-1}

225l 9249 PIE 743 38 Auh4td Table
3ol E71" whel 7o) YETelA] ek Zof palmitic
acidz} 20.0%, oleic acid7} 19.1%c¢]93.2e0 wigk 3o
palmitic acid7} 41.0%, oleic acid”} 26.7%°|= #j<k 54
o= palmitic acid7} 34.2%, oleic acid”} 316%2 4=
gk 34 [AA ATl Eela g &4 o PIE 745k
Zo zubabe g 2T A uloF 3YUe] stearic aicd2} lino-
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Table 2. Changes in contents of fatty acid methyl esters of phosphatidylethanolamine in Chlorella ellipsoidea treated

with phytohormones during the cultivation

Fatty acid methyl esters (%) in whole cell

Duration of Culture

(days) 0 3 5 7
treatment Control  Control T1AA GA;  Control TAA GA;  Control 1AA GA;

Palmitic acid (16:0) 12.68 10.40 20.15 22.79 19.62 9.20 12.85 13.85 16.51 8.33
Stearic acid (18:0) 1.07 11.69 10.76 8.12 15.89 26.64 6.38 0.06 18.25 36.12
Qleic acid 18:1) 3.83 - — 2811 14.81 6.31 0.35 — - -
Linoleic acid (18:2) 15.72 16.40 18.94 10.28 10.96 3966 27.32 25.56 3753 54.68
Linolenic acid (18:3) 27.68 4121 18.37 2593 28.96 — 24.67 47.15 - -

Unknown 39.02 20.30 22.78 4,77 9.76 18.19 2843 13.38 27.71 0.87
Total fatty acid 100 100 100 100 100 100 100 100 100 100
methyl esters

Fatty acid methyl esters (%) in chloroplast
Duration of Culture
(days) 0 3 5 7
treatment Control  Control TAA GA; Control 1AA GA;  Control 1AA GA;

Palmitic acid (16:0) 2860 28.31 0.95 9.71 35.03 2291 13.58 13.76 201 9.92
Stearic acid as: o 2.23 4.75 18.92 31.18 18.48 26.10 17.94 484 049 4.20
Oleic acid (18:1) 17.92 24.59 — - 1.50 891 9.15 7.25 - 0.39
Linoleic acid 18:2) 14.20 8.04 21.70 35.16 12.09 7.63 20.86 — 23.98 27.73
Linolenic acid (18:3) 23.74 25.07 25.16 212 1643 16.05 - 72.39 61.52 6.95

Unknown 13.31 9.24 33.27 21.33 16.47 16.40 3847 1.76 12.00 50.81
Total fatty acid 100 100 100 100 100 100 100 100 100 100

methyl esters

leic acid7} zF2ZF 34.9%, 34.7%o)l3l e, 5Uo& linoleic
acid®} linolenic acid7} Z+zd 29.3%, 19.2%°]3 7Yel=
linoleic acid®} palmitic acid?} Z-zt 16.8%, 13.0%% =3
Hol aledsh GAy Melrels Belgt dZA A e vk
34 6] = linolenic acid€} oleic acid?} Z+2: 18.0%, 17.1%
olgj.om 5% linoleic aicd®} stearic acid?} Z+zh 254
%, 20.1%0) 3 7 ol|= linoleic acid 9} linolenic acid7} -zt
364%, 259%% =AY gl EAHA

o]slzte] wiekr)7t H-ot PC #Ad] =l® Fa A
Ahe gz whole cell systeme)| 4= palmitic aicd 30.7%,
linolenic acid 18.0%2 =45 alom x4 ¥
QE2 A= palmitic aicd 47.5%, linolenic acid 9.6%= &
Axlg)ct. TAAS 22}t whole cell system?] PC EAde
==l g A|ukake linolenic acid 40.0%, oleic acid 20.7
Zol 3 Belgt 9= linolenic acid 34.1%, linoleic acid
16.7%2 e GAE A&|g whole cell system-2-

linoleic acid 44.3%, palmitic acid 20.6%°)3 z|3 4=
A= palmitic acid 32.2%, oleic acid 174%2 A5
WA-Se] EA=iech

x5t PEE FAsE F2 A2 whole cell system
| A& linolenic acid 39.1%, linoleic acid 17.6%°]xz
FTol| A B3 gEA 4= linolenic acid 38.0%, pal-
mitic acid 25.7%= 4= IAAS 23 whole cell
system-2 linoleic acid 32.0%, stearic acid 18.6%, palmitic
acid 18.3%¢]x Fel¥k 924 & linolenic acid 34.2%, li-
noleic acid 17.8%% vlelyton GAE 2)El§ whole cell
systemel] 4= linoleic acid 30.8%, stearic acid 16.9%, lino-
lenic acid 16.9%°)x E2]3t gEZA A= linoleic acid
27.9%, stearic acid 17.8%% ZAF o] glgo) A=}

wekr17t Eok PI Ao =918l F8 xubabe thET
whole cell systemel| 4]+ palmitic acld 37.0%, linoleic acid
15.5%0°) 2 224t g2 A= palmitic acid 33.8%, oleic acid
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Table 3. Changes in contents of fatty acid methyl esters of phosphatidylinositol in Chlorella ellipsoidea treated with

phytohormones during the cultivation

Fatty acid methy! esters (%) in whole cell

Duration of Culture

(days) 0 3 5 7
treatment Control  Control IAA GA;  Control IAA GA;  Control IAA GA;

Palmitic acid (16:0) 49.43 18.20 1342 16.65 42.05 8.32 2257 50.60 6.38 46.52
Stearic acid 18: 0 1143 16.35 0.77 6.33 14.15 23.95 15.91 13.03 3.18 7.38
Oleic acid (18:1) - - 28.13 12.10 - 46.13 — 5.17 35.98 18.45
Linoleic acid (18:2) 18.36 17.70 18.16 - 15.87 19.90 24,04 13.03 252 21.39
Linolenic acid (18:3) /13.99 21.97 18.01 — 10.29 - 24.92 10.23 25.76 -

Unknown 6.79 25.78 21.51 64.92 17.64 1.70 12.56 7.94 26.18 6.26
Total fat i

otal fatty acid 100 100 100 100 100 100 100 100 100 100
methyl esters

Fatly acid methyl esters (%) in chloroplast
Duration of Culture
(days) 0 3 5 7
treatment Control  Control [AA GA;, Control IAA GA; Control 1AA GA;

Palmitic acid (16:0) 2000 41.01 9.30 390 26.28 14.26 11.49 34.17 12.96 5.55
Stearic acid (18:0) 10.76 - 34.88 042 22.82 249 20.07 — 7.54 2.05
Oleic acid 18: 1) 19.07 26.67 8.92 17.14 12.19 — - 31.58 2.96 0.54
Linoleic acid (18:2) - - 34.65 1545 - 29.32 26.37 26.99 16.78 36.43
Linolenic acid (18:3) 18.37 - - 18.00 26.11 19.17 - - - 2593

Unknown 31.80 32.32 12.25 45,09 12.60 34.76 43.07 7.26 59.76 29.50
Total fatt i

otal fatty acid 100 100 100 100 100 100 100 100 100 100
methyl esters
235%% EA= 9ttt IAAS Az)8t whole cell system- il &

oleic acid 36.8%, linolenic acid 14.6%°] 3L 48] FE4 =
linoleic acid 26.9%, stearic acid 15.0%= vlelyter] GA;
= 2|5 whole cell systemn2- palmitic acid 28.6%, lino-
leic acid 15.1%¢] 2 B2l 9§ Z-a| o)) 4] linoleic acid 25.8
%, linolenic acid 14.6%% A= 9)&e] EAggic)
olelzto] Chlorella®] Q1A A& F4sh= Fa AuHtd
whole cell systeme] tZ-To|AlE palmitic acid 20.6%,
oleic acid 19.9%9°)%, GA; =] Fol| A linoleic acid 23.2
%, palmitic acid 21.3%°)3i2¢] 2= 9244
Z7%= palmitic acid 35.7%, linolenic acid 18.8%%} IAA
&) el = linolenic acid 24.9%, linoleic acid 20.5%%F
GA; #e)Tell - linoleic acid 22.8%, palmitic acid 16.8
%7} <A AL FAes F2 Aukskez EAzgich

2413} GA= RNA 3418 231 A]# translational leveld]]
zaglo] Gl AzW TAZEAL F4(ones, 1973;
Baker and Ray, 1964; Evans and Ray. 1969)3}= =&
plasticity & 27147170t looseningAl# = FapAde] o
S il Azl d%E $rHWood and Paleg,
1972; Ralye and Cleland, 1970). JAAS} GAell 2/§F 21 €8]
RAzH Azle] Ti AFE FE I5AEL o434
o S5Al B3] HAE 2Fol & Lus of 3 Ao
Ulothrixol] TAAS} GAs7} A ZRE7 Aadg =4 E714]
Zlt}i= ¥ 7 (Conrad ef al., 1959)2} IAACl 2l&] Chlvrella®
353 Bede] 2ol W (Chai, 1972) o] gt}
2 odtel A [AASE GAE A2l wl Alell A wiskst Chlore-
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ligs o =7 vlsle] HA7E AL
#o Ay dze) dFHE AR THFE Ak

Auxin receptor el 9li= ATPase(Evans, 1974)¢]
JAAZ} K*-H* exchange pumps #4417 K5 wle}
Seolx H*E = ez Juu) AE=hs A4 Zch
o] 2 ald] A EY loosening enzymee] A F = o acid-la-
bile link2 Z<o}A] viscoelastic extensibilityz} < ofviw
g K*-H* exchange pump7} @42 % o] malate 347
£z 0% Az pHe} Asle] A== feed back mecha-
nism2 & Z@=viHaschke and Kiittge, 1975). 2+F A
vl Soll JAAS A2lstd A9} s A, RNAY} S7)3hed)
ol ZwZojel HEAze] 4o 7)]sm(Maclachian,
1977) RNA 42 A17)ol) B slw o] F = actinomycin
Dol &5 90%7) s eHCleland, 1965). Abdul-Bakig}
Ray(1971)= TAA 58] &4 &4%7) Z7kge] 424
FAEAS T Aol 2Fche g Hadler
Ray(1973)= & Z7]o| IAA(0.1 uM) # 2] 2] B-glucan syn-
thetase &AJe] Z7}s]o] Az 4L 2Acky ¥

2} AxHoe] 4lAksly] Ao A Z 2 minimum stress
relaxation time(Ty) valuez} MAFL =A3l=r [AA Agn
HEEe] T, valuer} FH4sle ol Mz A Ao Ax
We] e WEE ou)slei(Masuda ef al, 1974) °l=
a1 AFER En7) deds ¢ 5+ glvh

GA:= A1E A 39 sterol, dicetyl phosphate® T4 %
model membraneel| A Ex2v}, 3} £

_I]—’,\
[
el
b
i
i
v
-+
il
E
Pl
rle

, chromate 2] 748
271471t Wood and Paleg, 1972). GA; A= 20]
shal 2o TAA freAzte) ZA Z7)ste] [AA9 GA; 7
of| = synergimeo] &5 IAA2} GAz9] FHE-2 8] H o]
8B ool ahocia 7}t de)l GAs 27)dA ] [AAE &
7ol zhgs] AZ ARG el GAset IAAE ALA Z
22 vjehfdtiKazama and Katsumi, 1974). o]&}zt& #
T B ATl vick 4, 5 6ol 1AA &7t & A3
AA g} Chlorellad) GA4 54?«]'"4 WAEY TELAH
Z7)sbed(Chai, 1971) ®a] 826 GAE A= 5h9 ribo-
someZ} polysome HAe] &3 =|o] g-amylases} ribonuc-
lease®] A7 Fu|7} £z = cMChrispeels and Varner,
1967; Evins and Varner, 1972). Z=tA o 2 JAA 2] F4]
GA; A= F5c} AAEe] £ 2L GAE 24 4 &
Fo B AR 25 A 24 A4 B
(Cleland et al., 1968; Kuraishi and Muir, 1962)2} 483}
[AAE Agdez =gshe ybd GAsE 1AA A4S &
A A sk ZbgE Loz B 5 9r) olelite]
IAAS} GAE 719 2E AEd4] Az4dde w3l
W& B e

AAe NEAEY F9 FAHALAZ dL 7z 10
%7} & x| ol o JEA e} FAE FHelA= AR

Vol. 35, No. 4

ghikol v EoiKates, 1970). whwfolel & xjalaf 2ub4b
a—tl-ac]:% 1_;;.9] QLH‘Q]— Ag,d- E]}”oﬂg]\— imi"' A7]3]-L]-
rabale]i= 7haEbe(Koiwal el al. 1981) 72 el 4

A Fof dEA7) wiegt el Ak AR thyla-
koid =+e] whlale] gk = Wulg(xhdd/z]A)e] =A
v}ebdeChampman, 1983). ols}bzte] = Zgheks 4484
7)o e} 3] §H7)e wlel HEsiohs AE o = vk
Crovius avellang 34oll GA 2] 2 free sterole] Z7}shy
(Shewry and Stobart, 1974), Crotaluria juncea®) 23t
GAyE #2314y waterel 7]iba)] R ol 41(1-1"C) acetate?} F
| A2 incorporation= 3 IAA X 2]4|ol= water ®]=]ei]
=k incorporatione] £21: waterell 4 GA; [AA A=
acetate7} PC, PI, phosphatidylglycerol(PG)Z. incorpora-
ti011°] #7}g}tHBhandal and Malik, 1980). Chlorellasl 4
=3 & Zl;él Feke JAA H=Feb GA;, el A
7HEARE Bl o) 29t 72 ubdo2 [AAR} GA,
whole cell system3} od Aol ZA] 7 FHAE Hx14
= WEe g g5k u|ge Flelth

Whole cell system®] [AA AHe]fe PC, PI 4 Eo]
¥ 528} 2) Tk GAy H=| e 4w PCo 8o dxs] &7
2algl gEZAde [AA A=l PC PE, 283 PI
AEA FA bR T GA; #H 2]l A PC2
FAgol FA FE=EH o] ABE GA; Huld 23
PCe gtade] =gk & 5= glek x§ AFgaEl
He] 2 als] PI vl ostA|dl 7t ql=x] A9 F712 total
fatty acid methyl ester™ ~o—7}zﬂ° B}, o)
A= GA, M7 24]7F Fell lecithin €42 cytidined:-
phosphatecholine pathwayell 4] phosphatidylcholine-glyce-
ride transferase &4de] A3s] ZFrgele B 7(Jones,
1973; Bental, 1974; Johnson and Kende, 1971)8} #&
Aztole) Bz THZ6 GA Ha] 44]7F e (M'C) cho-
lineo] WA F 5= incorporatione] w]aFxr} 4-8u) =
7}5rcHEvans and Varner, 1971). 4% 32 & =& %
Aol zo] 7} 2l A AW} o] o) u] 2tk Wi o 2 7} el
T4 AR F4GA %2 vy AR Fade] Hxlg
e Abfch

Chiorella2] wjok7|zt Zab AL T T2
#kAh2- palmitic acid, linoleic acide)r] TAA )72 GA;
5"]?—]‘?94 T8 Ak EREAC] FelAe HdE B

—v—‘ N'h"

N o|\l e

A Eol

% olgith AW L FE B4 2|Este] ofg n)
ALl Abe] cdspg viHd = A=) Rl

2347} glow BxE Aubbe] FEvE £
A5 HEga A el A4 Fd 9% FE
zgiste]  antibacterial EHE Jehfir)T &, oleic
acid= biotind} B8] &4do] 9\;, 1 AL 3477 %

ahof Abatel Slef ol Shak M) VehlAE d
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(Nieman, 1954). Z=zlull okAlell Oligorrhiza2] *| 22 x|uk
12 90%7} palmitic acid, linoleic acid, linolenic acid=
linolenic acid>} 7}2] o} ¥2-¢]5(Grob and Eichen berger,
1969) cell suspension cultureel| A pHell &)8) 412 =[ak4k
4 Zie) e gkg wrol A pHB.0-82 Atolell4 pyru-
vate dehydrogenase #-+de] =vH(Nothelfer ¢ al., 1977).
ole}zle] A Ee} x{]i/aﬂ.tl-o]]/q FAFEE ¢z HE F4]
Sl A ukabe od)7)ln] g el g A]7]8) 317
l &bol] whel wlgr) A7ich

o]g}7¥o] IAA, GA= traslational levele| 4 zF£-3ho]

C"_IA]Q% Tl Bl 4T o Ao o3&k w3
she TAGHE AR RS TS AerkA FHEL T
odgke v|H o| & A A TR FEL o
e Ao Anarh geba of Auarel mgAsz 2
Be) m} AT G9e PR d2du, 4F
F22q) TAAS}L GAyZ QR "} =uk4l A d S
"Ae E455, 2 7153 713k AE oS g ATl
9 a8z 424900
® 2

Chiovella ellipsoidea~)* F-=]d |5ae) =4 A
Aal 9] =jukal ZAle vl 107" M2] IAA(indole ace-
tic acid)®} 2x10 ¢ M2} GA.o] RxE FA3kge) #F
TV Al vste] 43E, F A A, A3 ke F2
Ao Jrlytew] 535 GA; A TelAE phosphatidyl-
choline steke] =2 7oz RAF gt Whole cell sys-
temel| 42] T8 RAuFare EFel A= palmitic acidz)
2743% Hov IAA He]Fell 4 linolenic aicd7} 20.25
x Balelch GA; &]8]Fel 4= linolenic acid~} 23.17
B2 AR G o]LE Fo =ukigl How F4F
ek 223 dEA A= 2T T2 A4S palmi-
fic acid7} 35.67%2 LJEhEom IAA 2] Te) A linole-
nic acid7} 24.91%, GA; # 2Tl 4= linoleic acid 7} 22.80

%z AAA GH o]$F o APy Fasigch

k]
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