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Effects of the Nitrate and Phosphate Starvation on the
Biosynthesis of Phospholipid and the Composition
of Fatty Acids in Chlorella Chloroplasts

Lee, Jeom-Kyu and Chong-Sam Lee
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Women’s University, Seoul)

ABSTRACT

Chlorella ellipsoidea were cultured in “cold” media starvated with the nitrate and phosphate
sources. The effects of the nitrate and phosphate starvation on the biosynthesis of phospholipid
and the composition of fatty acds in chloroplasts isolated from these cells were analyzed.

‘The syntheses of phosphatidylcholine and phosphatidylinositol in the nitrate and phosphate
starvation were similarly inhibited as compared with the control but phosphatidyle-
thanolamine synthesis in the nitrate starvation was extremely lower than that in the phosphate
starvation. The major fatty acids utilized in phospholipid fotmation within chloroplasts were
palmitic acid and linolenic acid. However, palmitic acid and stearic acd were dominant in the
condition of the nitrate starvation. The levels of palmitic acid in the phosphate starvation were
predominant and availability of palmitic acid were enhanced 3-fold than that of the control.
Thesc results suggest that the biosynthesis of phospholipid and the composition of fatty acids

were affected by the nitrate and phosphate starvation in the culture media.

Abbreviations: MGDG, monogalactosyl diacylglycerol; DGDG, digalactosyl diacylglycerol;
SQDG, diacylsulfoquinovosylglycerol, PC, phosphatidylcholine; PE, phosphatidylethanola-
mine; PG, phosphatidylglycerol; PI, phosphatidylinositol; TAG, triacylglycerol.
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Heb (Or, 1986). 5422

A 2H, TFAE7S] 451 T2 l P2EAe 4 FahA
lamella®t HEF+ FE5H 22 MGDG, DGDG, A"y FAP-L Fo AWDe4L7 e-F3)
v~ o 2 BmEgl 91} (Allen and Good, 1971) AW EF G212 A F Ao 3 RO

2l dte] MGDGet

Bx grh 42AE T AL 484 TR e} 1 24¢ o
DGDG== lamella &} envelope membranedl] &4 s 2222 A2 famelladl] 7k, <122
% envelope membrane®PH= lamelladll 53] o] 9 ¥ Harwood and Stumpf, 1976).

FEA Q| A Ao Abs A aqledl st kg wharh A AL E LE(Sato et
al., 1979; Vigh et al, 1985), 47 ekA 2} energysl A} (Cronan and Vagelos, 1972), 341
(Browse et al., 1981; Ohnishi and Yamada, 1983), stroma pH (Sauer and Heisc, 1983)5-¢] #
glol] o]ate] AR FA kT4 AL EAle] welalck o] EL ol R T2 WYL AF
4 =44 =t ‘rr%’{'] st b F2ol| dake FEAL® ¢ F el (Cronan and Vagelos, 1972).

E AT A= AAZF) Chlorella ellzpsotdea dEA L Fg glxHL 22 ] Sl A el =) of]
A nitrate S} phosphate-— YA A A 3A 9 A 4 " 2wk A 7] 2] nitrate
2} phosphate 2 & oF A5k

R Y Tk

ChlorellaM| 3 H{2E, Chlorella ellipsoidea®] “cold”#} X141 M4N® 2|24 (Tamiya ef dl.,
1953)% A 444l potassium nitrate™ 4l potassium chlorideS ] #] 5}e] nitrated Y Wl =] 2 A&
stgl3, ¢4k potassium phosphate™] 4l potassium chloride FF 3] phosphate 2 vj
2 o] gotsieh. 2 Aol dA e AZE AT F 2,000 luxd] FAE ASH o 2
AFSFIL CO: enriched-airZ bubbling4] 7| ®4] 25Tl 4} 74 74 wi eksbglcl. wl of7] 7H-E<ke] A
Z A A2 packed cell volume©.® =734 o}

oA B2l wiokx I wfokFlzhell FEb AlEe] of Fal F & Lytdeton (1962)2] wh
& tht HY 5t o] 8813wl &gt Al Z-E 1/500 M potassium sulfate & 2~33] A28 &
0.5M phosphate buffer(0.4 M sodium chloride £3F, pH 7.5)e] &l 2h4|3 4°Coll 4] sonicator
(Sonics & Materials Ins. model VC 250B)2 v}l s}9i e}k, nkll &l 4] 25 2,000 rpmoll 4] 427}
AR g F A —r71 3led 3,000 rpmoll 4] 47+ 42 st 3 gdofa) Aol 35
o} 10,0000 rpmel]l 4 1027 F4l-Feldte] Lo AAEL 22 27 o2 Aol 4435}
dcth Fels =AY S—’.’ Za 292 aceto-orcein BY Lo E Zhrelslglc),

A2 £& A5 FiEle] Q& DL £5357) 95k Blighsh Dyer (1959)9] 14
€ 47 A o] g3 dl L e "5':"1 = ot 2o},

23t o Falel| chloroform/methanol (12, v/v) E8-EUL Hodle] BE 5 254 (1,
A7 o A A 2ot 293 chloroform® S Whatman No.1 ¢ 73] ¢
- g2 Akl Edll chloroform (1, v/v)E #H7lsle] 80| &2 o}
“?:3] chlorofor %”\l‘% F2 A atA]ol] st A 2538 EA Ak, ol A F
FTES AT ~50C FerxrdA Fu4, AxAA AQTPE 96490

e.lxla =YY IaL FER A2 F2 qxW]l PC, PES} PIE ¥2]817] 913}

N
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thin-layer chromatography (TLC)E o448t o= =¥ two-one dimension 2 5141 c),
TLC plate (glass, 20X20 cm)oll silica gel (MERCK, 69G)}& 0.25 mm 57 2 918 &5t o
= o]z E Fe]feE Turncret Rouser (19702 sFidl] =tel 12} #l78+& chloroform/
methanol/28% ammonia water (65:23:3) E8-&oldl 4, 2i =AM E chloroform-
acetone/methanol/acetic acid/distilled water (3:4:1:1:0.5) &~ ol 4 =3 s}gict. PC, PE2}
P12 42 74 QXA 2| standard (Sigma)e] Rfghzt LAl E <1-gated 24 sigd ool LA
2% PC2 7% Drogendroff 4| %%, PEE ninhydrin 494, PIE periodare-Schiff4] -2 o}
L3tedel (Skipski and Barllay, 1969).

F|4k4tel methyl esters), o dAAL FA e Aware] 24 ¥ oFd wskg ga
chromatography(GC)Z #£45}7] #{sle] Le|3 PC, PE¢} PIE Allen= Good (1971)9] ubyd
of w2} methyl cstergh ghgich & AR A= "L TLC placeEH5] F8]6bed 5% sulfuric
acid& #-%F methanol solution (1, v/v)= intemal standard <l hcptadecanou, acid (Sigma) S &
7Fsls] 68°C ~70T ovenoll 4 2417k Fot vhA g T WA AH SRF(1 v/v)E Arbshe] zet
ERAR vk olell n-hexane (0.4, v/v)E 5t vl AR ohE hoxane® S FEA B0

o] 2B hexaned 578 3w wb8-3hgi vl el hexane FEFL FA54] 7] 7] # 5l
o

w

2t 44 sodium bicarbonate (1, v/v)E # 7}8bed EE4)7) F fatty acid methyl esterE T
T

3t hexane®% H-2[8led 35T incubatorell 41 T, AEAA 74 QAR toral fatty acid
methyl ester &2-E 5% 59 ck
Xghbh =M BN Z QR A FAske u4E 242 farty acid methyl ester®] GC

(Shimadzu model GC-RIA)H-4 2.2 o] Foi3i vk 2183 GC= H: flame-ionization detecror®|
= 10% 1,4-butanediol succinate (Shimalite W)E T4 2 8k stainless column(3mm X 3m) S
¢] 53151 vt Injection port temperatures 210CE, column temperature™ 188°C5 2 A1 %
T, carrier gasEE No® 2% 50 mlfrs22 Fsbgieh. 24 28k4k 532 lipid standard

(Sigma)el vlmabed 23 3Rgdch
& £

ChiorellaM|Z 2] ME.  wf o}7] 215 <k nitrate®} phosphate 3 & 2] Tof] 4 9] 4| £ 4§ 22 Fig.
13} 2ot HEZT = k7| 2b-Fot A2 4] 2 g abe] lod v} whoF 7ol & Wi ok 2 8 £} oF 5u)
&) A AE7E el 9 2t nicrate2) phosphate’ 2 " 2| e Toll 4] & of Z 7ol ulsle] wiekz g
B Al Z 4 7o) A =] 7) Ajabste] nitrateZ H & 2] ol 4= ool FA & A A J‘ 7ZrAE el
geb. QA oA E3ks phosphate 23] A Bl T2} nitrare % A 2] Toll 4 Fzio] i gle},

d=xel X&E B2 Nicate2l phosphate® 3 sl x| o] 4 o} k8L Chlorells % £ =) 2
HELE Fig. 291 EAaHgich Ml d7] 2wt AE2T2 d5a ATk G54 A2 100
mg% oF 14% ~18%l] siwtslz Aoz E4F NV 5 AFHe| Foll e 12%~10%2] &
FE2 velllel Ak e S BeoFolol siofAr¥ B A=y pirrated)
phosphate 23 2 2] Fell 4] wfoF4s] x| Aok sz T H et 24 19,.3%, 28,7%2] 74F X
ok o7 el % nitrateZ H A =] T A 270l w]Eled 39.1%, phosphate? H 4 2] T 40.
252] AshE viebe] nitrate®} phosphateZ ol 27k A A4 2] QA4S Hel Tl
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FEx) XA Hak  2AHo| B2 PC, PES P19 total fatty acid methyl ester®FaF2] "3}
€ Table 1ol vjeblgleh. w7l b5ek A FAol A FAH 374 Fa A=A total fatty
acid methyl ester@ %2 272 ZA-¢ o Fa] AxeF 100 mgﬂ’ 1.7% 2. 7% %3 o
=gl et 5 ’“ﬂiﬁlﬂwi O 1.3%~1.5%2] S44E ehol o) 27 o)ahed 7

HALS Bl o), o 242 alx) 2 Al 4 #4E PC ] R4 2 790
glow PE= 4.6%, PIE 4% ;} 5ol ol= Ao A

_‘ﬂH«r

T
= gt

Table 1. Changes in amounts of total lipid and total fatty acid methyl esters of each phospholipid in chloroplasts
isolated from Chlorella ellipsoidea duting the culture with the nitrate and the phosphate starvation

Duration of Culture (days)

Total fatty acid 0 4 7
methyl esters of Control  —NQO: —POs  Control =NQOs —PQOs
phospholipid mg/100 mg chloro.
Phosphatidylcholine 0.70 0.93 0.60 0.67 1.21 0.66 0.63
Phosphatidylethanolamine 0.55 0.63 0.33 0.39 0.81 0.31 0.43
Phosphatidylinosicol 0.46 0.59 0.4 0.48 0.70 0.40 0.38
Total lipid 13.75 15.20 12.27 10.83 17.69 10.77 10.58

7z QXA ek HA3E A3 2o, nitrate9) phosphate W 2] Toll A &4 5l v ok4d =
PC9| total fatty acid methyl ester® %2 ™2 Tol] wldled 27 35.5%, 28% 74 gl 5L wjok7
dell A= A7 45,4%, 47.9%9) F4A8E Vel el PEZ S woF 44 nitrate?t phos-
phatcﬁfﬂ 2] 72 total fatty acid methyl ester¥-Tk- o) 27l vl sle] Z-2- 47.6%, 38.1%2)
AT Z4E 29 on wok7dd 4T nitrateEH A 2] T 61.7%, phosphateZ H 22| &
46 9‘/-4 4] AsfLE BTl Proll 49 #3F2 i oF 49 nitratest phosphateZ 3
A% A Z ol wshe] A7 17%, 18.6%2] €4 Z4E Ve g o ok el AL &

4 0] & Azl sl nitrateZ A el T4 = HZ Tl v15ke 42.9% phosphare@ A A ] T+

7% AskE Re3gich

.‘D_IIIéJ Algst =Y. Chiorellad] L2H-H F2] & A &4 dAAL TASE T4 2|8
A& palmitic acid, linolenic acid® #&FH o= 7 ¥tell myristic acid, stearic acid. oleic acid.

linoleic acid® E4 = 4i=h

Talbe 2¢i] Z7)3F vhe} Zro] PCE T4 she A AR 2T Z ¢ o k7] 2--Fk palmitic
acid®} linolenic acid7} $& 2| 8b4ko 2 £ = g0 nitrate 2 A ] Tofl 4= palmitic acido]
£ o] = HEToe vh2A stearic acid7b W ok 4] 18.8%, 7o+ 16.9%2] o[-8-¢

Bl o] nitrateBH 0T QI8 Aubal A9 W3LE B Fgiv} Phospha:eﬁ-;!zi g 7ol A=
palmitic acid®] o] g-o] i k4l =} 790l 27 84.4%, 89.2% % W EZTFHv} & 4 E
ERH el palmitic acid7} 8 A ukibe 2 FARE Hvk

Table 3¢l vFebut PES] A 8bkal E4of] o3k, o 7ol A& o of7] 25k palmitic acid7}
A RxubAb F 45.4%~48, 8%, linolenic acid7t 14.5% ~17.5% 9] 42 Jehy F8 Xk
2oz Basigdel NirrateZ 3 X 2] Froll 4 = palmitic acid®] o]Fo] HE2FE ol o &3
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Table 2. Changes m the farty acid methyl ester composition of phosphatidylcholine in chloroplasts isolated from

Chlorella ellipsordea during the culture with the nirate and rthe phosphate starvarion

Duration of Culture(days)

0 4 7
Fatry acid " Contol =NO: —POy Control —NOs —PQu

methylester Yo Yo Y%
Myristic acid 10.9 3.9 2.4 1.5 3.0 2.0 1.4
Palmitic acid 33.7 29.3 67.4 84.4 77.8 79.5 89.2
Stearic acid 5.1 6.3 18.8 2.5 1.9 16.9 6.2
Oleic acid 6.1 3.4 5.6 6.1 4.2 - 0.4
Linoleic acid 4.7 7.4 1.2 1.5 3.4 0.7 0.3
Linolenic acid 20.0 40.4 4.2 1.0 53 0.3 1.2
Unknown 19.5 9.3 04 3.0 4.4 0.6 1.3
Total fatty acid 100.0 100.0 100.0 100.0 100.0 100.0 100.0

methyl esters

Table 3. Changes in the fatty acid methyl este compositdon of phosphatdylethanolamine in chloroplasts isolated

from Chlorella ellipsordea during the culture with the nitrate and the phosphate starvation

o

Duranon of Culture(days)

0 4 7
Fatty acid Control —NO» —PO. Control —NOs —PO.

methylester , Yo Yo Yo
Miyristic acid 6.8 3.5 1.5 27 6.0 1.2 32
Palmitic acid 45.4 47.6 75.0 72.9 48.8 78.0 63.6
Stearic acid 34 6.9 13.0 3.3 5.8 16.2 2.3
Oleic acid 4.6 7.2 6.6 5.1 45 4.5 5.7
Linoleic aicd 3.4 8.6 1.9 4.7 4.0 - 9.2
Linolenic aicd 15.9 145 1.3 7.5 17.5 - 10.9
Unknown 20.5 11.7 0.7 3.8 13.4 0.1 49
Toral facty acid 100.0 100.0 100.0 100.0 100.0 100.0 100.0

methyl esters

Table 4. Changes in the farry acid methy] ester composition of phosphatidy linesitel in chloroplasts isolated from
Chlorella ellipsoidea during the culture with the nitrate and the phosphate starvation

Duration of Culture(days)

0 4 7
Fatty acid Ejomrol —NQO; —P Control —NQs =TPO
methylester Y% Y% - Yo
Myristic acid 0.5 1.1 1.8 1.8 0.3 1.7 0.9
Palmitie acid 90.4 923 66.1 89.7 92.0 80.7 93.9
Stearic acid 1.4 1.5 17.9 1.0 1.1 16.0 2.1
Oleic acid 3.9 2.8 7.9 4.7 4.3 - 1.4
Linoleic acid 0.2 - 3.6 0.5 1.0 0.6 0.9
Linolenic acid 0.2 -~ 2.2 0.3 - 0.2 0.3
Unknown 3.4 2.3 0.5 2.0 1.3 0.8 0.5
Toral fatey acid 100.0 100.0 100.0 100.0 100.0 100.0 100.0

methyl csters
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stearic acid<s A xIuk4bel] o &t A o] vk 4903t 7ol A7 13%, 16.2% 2 T Ak o] =
22k obE A ukak 248 2B Folvh Phosphate 4 8] Tl A X palmitic acid2] 31X A
Eqle] sl 2T Ho} ol 8 Aukibe 2 pAsgl o) W oF7Udl = linolenic acid?] <172
E4jo] 10.9%0ll @l vhsle] o272} TA}"{P Aukab 245 debA gk
Table 4ol Z 713t whelte] Pl 42 o) 27 A ub4l Z24-& PCOF PEZ-$94= ohE5 24}
Hodvh &, wekrl 2459k plamitic acid®] © %O] 90% ol Ao AA| x|uf4ke] o X E-L 3R
# et NitrateZ F = 8] 7ol 4] palmitic acid®] ©]8-& 66.1% ~80.7% 2 Ve srearic acid
o] 8 16%~17.9% 2 T As o] T8} o} 2 24 S ¥ 9 21} phosphate A 2] T uf oF
7) ZkEF palmitic acid®] A =] ubalel] of 3k 24 1) 7} 89.9%, 93.9% 2 ZA= zTeol
dlmste] Fehg dsst goleh
B3 Chlorella 3 5=12) 91x4-2 nitrate®} phosphate? % =]
=

acid®} stearic acidE $8 = al4ko g T lste] zukal F4

F E3kx1ukak] palmitic

2
A52 vebl gk,

dFAl= Foll 2] S5l AA =L FPA T3z %Jf“““ doirvies FERFo 3
AR At 2L AR A E e =20 4 EA R EAGAYT vhak 15450 o 24T =
oF 4+4Fglk envelope membrane} thylakoid membrane® & 0]-?*01/}3‘.4 (Lang; 1968).

23 A bl Tl Chiorellas Al o] g1 2] S5 &4

=9 4 EAls vaE P

Aol A 8 2= Bl AkE) 4b-2-2 chylakoid membranel €] x| & 3} vl Al 2] 2 gk of
2la] o] FolAo] o T= rl (Pick et al., 1934, Murphyl 1986; Siegenthaler and Rawyler,
1986) FEAE TN e ALY 2R DFA B4 Fabsbd] el =H Y2

74 Fo AAL MGDGE AlA 2 3A 9] el 3 == == DGDG, SQDG, PGolH
PC, PE, PI®] 1A12-& 42 EAldte A2 Ha=lgc} (Sato ef al., 1979). &5 A F32) ¢
G54 A 2ANAE MGDG7F AAl 22 F 37%l s wkEgdon edxAel pCE 3.3%,

PE+ 0.6%, PI= 0.4%0] % 2= 2 vkl DGDG, SQDG, PA, PG, TAG, %8| xjubikT gh-&
2.2 2459t (Dubacg et al., 1983). X ARl 4 Chlorella ellipsoidead] 3 23
12 AL ZAEE Ak PCY| 3R A A) AR F 7%, PEE 4.6% PIE= 4%0l] sHehs] =

A

L

&
Penjamo®} Miranovskaja 5 &5 28 9 54 thylakoid membranes ¥ 278 (1.57T)4 2 7
+ ARl A Bt Penjumo= PC2| 24 0] 7} 4 77 2 Tol] 2bA 3l Miranovskaja 735l & &
8 QAR 2 PpCEpo] Hbele 2Xod W2 dxA 4ol WEE Ay 4 o] =y
(Vigh et al., 1985) o]} 72 2.5 of a}2 ]2 4 74 o) /‘S%-%% £ Pike2} Berry(1980)¢ll
A AR BusE et = iz A Aahg e Ao wel gulA A1F
Z| (Spinacia oleracea)?] °3 54l manganese chloride (ZmM) A7t ] Fole PGEAl ] £3)
== A% £ 9 dsivh(Sparace and Mudd, 1982). o] 2}& dhe] 2 4 2ul 2] F Aol 4 nitratet
phosphatc® ZHX 2| qt Chlorella 4 -S3oll4E <dx2 Aade] A zddo] =labg]olc)

c{- m“
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(Table 1). Nitratedd 7 7% phosphate@ ¥ 7-9} 28] PEAlA ¢4 Axladto] 74 2 Ao
= wepgtee o)L 2499 AY R ethanolaminee] F8-3) 4ol e shx) E37)
Bo= AR glet. ol AsE PEYA ]l A AA 43 ustado e pcel ko] vhok
A4 St AL2 289 phosphateZH T-oll A& o) 8} vha) 8 4bo| Qelit A0 = Al8
gk PCo PERAS AZHAA Al Az XA el 4 dojrterz B3 5ok
(Moore, 1982).

Chlorella 54 & TAH = £& A uk4bd 7 QA 9= 4sive, pCo} PEAS palmitic
acid, linolenic acid®} § -2} PIo) A = palmitic acid7} A A 21 8k4F & 90%0] 4 o] 45 Ao 2
LHE w0l 2hZ-2 palmitic acid®] ¥ o[ 8-& A3 dEH9 whole envelope mem-
branedl 4 = £ + glo] (Block et al., 1983) §1A1 2 FFol] w2 Aupal 249 zho] B & &
Ageh AALE TASE A 2AL 250 5l Halsloy] & WS W LT 4
= 3| 4HAE o] Fo] T4SHT B EA ukAE E4l0] okl Ao] Y2-E Anabaena variabilis
o o oFgx Aojoll A WA 0w (Sato eral, 1979) o] B3t AL We) o T2 i 27
FHA R S = Ao rdet (Vigh et al., 1986). 1 o 24 0] =] 9FAk §-41 -2 od 41 stroma
pHell £ & &3} pH7E Webal el A1 uk4l o] 2 &k=" (Sauer and Meise, 1983) =] u}FAkS)
desaturation-2 B4l = 4 gL o} (Browse ef al., 1981) A4k desaturationsl] £)%F =) u}
Ab 249 H2brk RS el (Ohnishi and Yamada, 1983). o] 2bzb-2. 2| ubal x4 4] ik o
AR AN A A4 Q4E AR ALARAE Qo ke (Tables 2, 3, 4). Nitrated ] Tol
A £45 Chlorella 4 512) PC, PES} P19 stearic acid®] o] $-¢) ol 279} vh2A] 2o Ao
2 F 25 93 phosphate ] Foll 4= palmitic acid®] £¢] W2 TR}t 1 A S 24
“EH . Nitrate2} phosphate® % 2] Toll 4 £ 4k palmitic acid®} stearic acid®] ¥
2 ol MAxA T AL JAkde] AP o2 o)abe] Akl g4 3k 2 w4Ae] chain
elongation, desaturationell ¥ 83+ ATP, L5529 Pi, NADPHS (Heldt ef al., 197 5)8] F A 0|
shabs] A5 B0 A FoR Qs

] =

Chlotella ellipsoidea® 2 Al 3} 9l Ab=lo] AR “cold” v Zfell 4 v o¥sled v okasl 3} 7 ell Chlorella &
£49 nitrate9} phosphate2Poll W& F8 A A3 2 T4 Aupake] 244 HS LA519 )

Phosphatidylcholines} phosphatiylinositol®] §4-& t) &4} ) 3} nitrates} phosphate 2] 2] F 4]
A fapEkA] A=l 2t phosphatidyl-ethanolamine ¥4 -& phosphateZ A 2| 2 v} nivrare? 3 ] 2] 7
A4 TR AstEglet o549 ﬂz]ﬂ-% TAEE AETH $8 AL palmitic acid®} linolenic
acid @ 2 v} pitrated P A 7] Foll H = palmitic acid9} stearic acid7} 8 2 4kabo & LA qlv}, Phosphate
AY 2 T2 F4 2 94ES palmitic acid P EWl T o] $-& HE TR 5T 30 L Aoz FaAs ek



September 1988 Lce & Lee: Nitrate and Phosphate Starvation on Lipid Biosynthesis and Composition 195

2 % X M

Allen, C.F. and P. Good. 1971. Acyl lipids in photosynthetic systems. Method. Enzymol. 23: 523-547.

Bligh, E.G. and W.J. Dyer. 1959. A rapid method of total lipid cxtraction and purification. Can. J.
Biochem. Physiol. 37: 911-917.

Block, M.A., AJ. Dome, J. Joyard and R. Douce. 1983, Preparation and characterization of membrane
fractions enriched in outer and inner envelope membranes from spinach chloroplastis: [I. Bioche-
mical characterization. J. Biol. Chem. 258: 1328113286,

Browse, J., P.G. Roughan and C.R. Slack. 1981. Light control fatty acid synthesis and diurnal fluctuations
of fatty acid composition in leaves. Biochem. J. 196: 347-354.

Cronan, J.E., Jr. and P.R. Vagelos. 1972. Metabolism and function of the membrane phospholipids of
Escherichia coli. Biochim. Biophys. Acta 265: 25-60.

Dubacg, J.P., D. Drapier and A. Tremolieres. 1983. Polyunsaturated fatry acid synthesis by a mixture of
chloroplasts and microsomes from spinach leaves. Plant Cell Physiol. 24(1): 1-9.

Harwood, J.L. and P.K. Stumpf. 1976. Plant acyl lipids: evolutionary curiosities or functional constitucnts?
TIBS 1: 253-256.

Heldt, HW., K. Werdan and M. Milovancev. 1975. The role of the pH in the regulation of carbon
fixation in the chloroplast stroma. Studies on CO: fixation in the light and dark. Biochim. Biophys.
Acta 396: 276-292.

Lang, N_J. 1968. The structure of blue-green algae. Amn. Rev. Microbiol. 22: 1546,

Lyttleton, J.W. 1962. Isolation of ribosomec from spinach chloroplast. Exp. Cell. Res. 26: 312-317.

Moore, T.S., Jr. 1982. Phospholipid biosynthesis. Ann. Rey. Plant Physiol. 33: 235-259.

Murphy, D.J. 1986. Structural properties and molecular organization of the acyl lipids of photosynthetic
membranes. In, Encyclopedia of Plant Physiology: Photosynthesis II. L.A. Stachelin and C. J.
Arntzen (eds.), Vel. 19, pp. 713-725.

Ohnishi, J. and M. Yamada. 1983. Glycerolipid synthesis in Avena leaves druing greeing of etiolated
seedlings IV. Effect of light on fatty acid desaturation. Plant Cell Physiol. 24(8); 1553-1557.
Omata, T. and N, Murata 1983. Isolation and characterization of the cytoplasmic membranes from the

blue-green alga (cyanobacterium) Apacystis nidulans. Plant Cell Physiol. 24(6): 1101-1112.

Ort, D.R. 1986, Energy transduction in oxygenic photosynthesis: an overview of structure and mechan-
ism. In, Encyclopedia of Plant Physiology: Photosynthesis III. L.A. Stachelin and C.J. Amtzen
(eds.). Vol. 19. pp. 143-196.

Pick, U., K. Gounaris, A. Admon and J. Barber 1984. Actvation of the CF~CFi, ATP synthase from
spinach chloroplasts by chloroplast lipids. Biochim. Biophys. Acta. 765: 12-20.

Pike, C.S. and J.H. Berry. 1980. Membrane phospholipid phase scparations in plants adapted to or
acclimated to different thermal regimes. Plant Physiol. 66: 238-241.

Sato, N., N. Murata, Y. Miura and N. Ueta. 1979. Effect of growth temperature on lipid and fatty acid
compositions in the blue-green algae, Andabaena variabilis and Anacystis nidulans. Biochim. Biophys.
Acta 572: 19-28.

Sauer, A. and K.P. Heise. 1983. On the light dependence of fatty acid synthesis in spinach chloroplasts.
Plant Physiol. 73: 11-15.



196 Korean J. Bot. Vol. 31 No. 3

Siegenthaler, P.A. and A. Rawyler, 1986. Acyl lipids in thyla-koid membranes: distribution and
involvement in photosynthetic functions. In, Encyclopedia of Plant Phhysiology: Photosynthesis IIL
L.A. Stachelin and C.J. Armtzen (eds.). Vol. 19. pp. 693-705.

Skipski, V.P. and M. Barllay. 1969. Thin-layer chromatography of lipids. Method. Enzymol. 14: 530-598.

Sparace, S.A. and J.B. Mudd. 1982. Phosphatidylglycerol synthesis in spinach chloroplasts: characterization
of the newly synthesized molecule. Plant Physiol. 70: 1260-1264.

Stanier, R.Y. and G. Cohcn-Bazire. 1977. Photosynthetic prokaryotes: the cyanobacteria. Ann. Rev.
Microbiol. 31: 225-274.

Tamiya, H., K. Shibata, T. Iwamura, T. Sasa and Y. Morimura. 1953. Effect of diurnally intermittent
illummnation on the growth and some cellar characteristics of Chlorella. Carnegie Inst. Wash. Publ.
600: 76-81.

Turner, J.D. and G. Rouser. 1970. Precisc quantitative determination of human blood lipids by thin-layer
and triethyaminoethyleellulose column chromatography. IL Plasma lipids. Anal. Biochem. 38:
437-445.

Vigh, L., I. Horvath, P.R. van Hasselt and P.J.C. Kuiper, 1985. Effect of frost hardening on lipid and
fatty acid composition of chloroplast thylakoid membranes in two wheat varietics of contrasting
hardiness. Plant Physiol. 79: 756=759.

(1988.4,18. &%)



