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A Study on Phosphate Metabolism of Chloroplast Isolated from Spinach
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(Department of Biology, Korea University, Seoul)

ABSTRACT

In order to observe the phosphate metabolism in chloroplast, the contents of

inorganic phosphate and various compounds in chloroplast from spinach leaf

tissues were investigated during the reaction in the light and dark in the reaction
mixture and the turnover of phosphate in chloroplast was compared with that

of whole cell system :

1. The phosphorus of DNA in chloroplast appears to ke transferred from inor-
ganic phosphate, while in whole cell system from phosphate paol.

2. 2P-phosphate content of acid soluble fraction in chloroplast as well as in
whole cell system was more increased In the light than dark during the
reaction. It was noted to be caused by the stimulation of sugar phosphate
synthesis in the light.

5]

. It was confirmed that polyphosphate exists in chloroplast as well as whole
cell. Acid insoluble rolyphosphate content in whole cell system was signific-
antly decreased during the reaction and the similar tendency was also obse-
rved in chloroplast. It is, therefore, considered that acid insoluble polypho-
sphate also play an most important role as a phosphate pool respectively
in chloroplast and in cytoplasm. .

4. Protein and lipid phosphorus in chloroplast as well as whole cell system

were transferred from acid insoluble polyphosphate.
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1. ZEGRROo| SRk

EiRiss] AMe Lyttleton(1962)9 At =M%
ded = EHE EFE Table 14) Fmstdct.

A A3 (Spinacia oleracea L.)S tap water®
Adstm v WER FFP2 2~3M HHT TS
2 EE BEsE 28 272 gEEdach ol 38 =
2 gl 2~4°CTd A4 @359k, Edmund Buhler
Homogenizer, type hr Nr 18758 &£As4 0.5M
sucrosert 474 phosphate buffer(pH 7.5)o14 &
< 302744 3~4E =hAldgdeh. =R & cheese
clothel <« stdld whole cellsl EEHEE Bxyg P&
150xgel A 5450 s@Lstdel. W@ 0.5M sucrose
we dxhetglel

200xgel Al 1048 o}A SELEHE 243 wEeE
0.5M sucroses] #9ate] wh-& FEEel ERSACH. &
8] @+1.& Feulgen [EC & ®sach.

2. #Rg SEHH FM

AT 232 ERE ouet A—stgdeh. oJE 3027
4 1~2E ®ta] -9t ula] B2 cheese clothe] o3
gted 1,000xgel A 1056 FELstd ek, e 0.5M
sucroseliell AHEd g R 485 gt

3. R K&

SR g9l whole celle R FER(0. 5M sucrose,
50mM glucose, 0.2¢M alapine, 100mM KH,FPO.,
0.2$mCi/L*P-phosphate) & A-4-8he] 25°C fE{E AN
A4 BApEel BERRFO) A2 SpEiY RoEEA A
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4. RHEyL&mel SR
FIEHRS —E R Ee whole celld +34
o} Table 28 & BRF= 29595 &%S 5
B Schmidt o8 Tannhauser(1945) J5ge] As+
B, Felalas SuE Mivachi &8 Tamiya(1961)
8 Fikd Agstded 2 BEEFE thiF 2
(1) 5% PCA= 2E(304, 154,
(T) 95%4+ 75% ethanolz Zz 1H,
(II) Hot ethanol: ether(3: 1) 3HE~4MH,
(W) Cold(10%) KOH= pH 9= J#ishd 2m(1k
i, 304) MHET F,

(V) 0.5N KOH= 37°Cell 4 16~18m:R pEHste
e BRI,

(M) kiBge 5% PCAE fnstel 2.5% #ie] 8
Al gk,

(M) #issl DNAZSS 5% PCAC g=hslsd 154
i 100°Cel 4 nFstd BAES WEA A0
5 %

2 fraction®] P2 5o 89 HAIEES BIFEs:
FIE#ES “Pe isete= Y Histdy 28
adtee. Scintillation Counter, Nuclear Chicago,
Model 181Bz & stgict.

Total-Pe] |.& # fractiond] BEEsHme Kiel-
dabl flaskpge] 4 HL,SO.E mkSfEd A 23 @i
#EEe] B4 Fiske and Subbarow(1925) HFEez #
&t et

Table 1. Method of isolation of chloroplast
from spinach leaves

Spinach leaves
Wash with tap water and
sterilized dist. water.
Remove midrib.
Leaves
Homogenize in
phosphate buffer(pH 7.5) containing
0.5M sicrose sol.
Homogenate
Filter through
cheesz cloth
Filterate

f Centrifuge

| 150xg 5 min.
Pl{ecipitate

| Resuspend in 0.5M sucrose sol.
Centrifuge 200xg 10min.
Precipitate(whole chloroplast pellet)
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Table 2, Fractionation of phosphate componnds

in chloroplasts isolated from spinach leaves
and cells

Sample
| cold PCA
[ |
SUP Residue
(PCA sol. fraction) ethanol
| |
sUp Residue
(Lipid-P) kot ethanol:elther(?,:l)
[ I
UpP Residue
KOH at pH 9
. [
|
SIIJP Residue

| I
in H,50,(boil) 0.5N KOH(16-18hrs at 37°C)
|
Poly-P
| |
SUP Residue

|
add 5% PCA
(finall 2.5% sol.)

! . [
SUP Residue

[
(RNA-P) 5% ITCA(boil)
\ . !
sUP Residue
(DNA-P) (protein—P)

Ortho phosphate;” Berenblum = Chain(1938)2)
Fritel]l wEl BiF 1A & EERd HS0.(&&
Je e 0. IN) 2L ammonium molybdate (%% E 0.0016
M) = isobutanol 3mlé jpgtd AA EE S
isobutanolfF-% sl T H#ned WES AT

Nucleotidic labile phosphate; Crane 3 Lipmann
(1953)8] Frikell wtel #fF [e4 QL LB
charcoald st 2 EEolq 0°CaA 05 &E
A7 e FEing#ste] charcoals S#Estm H.S0,
(BEEE 1INE ke 100°C4 1057 fEeg
o B % R ammonium molybdate(F %
R 0.016M) 8k isobutanolg- fpste] isobutanoljse)
#&ihssl phosphomolybdates] &< miEstd o,

Acid soluble polyphosphate; Miyachi ¢ Tamiya
(1961)8) JFikol] =tk i2fF Io]4 o2 REHR-S pH
4.00 2 W3 £ acetate buffer(pH 4.0) = =%+
Ba(NQ;). ##e mehd & £Bo1A 5°Cd4 g%
v s R WESS SO a8t 1IN HCL
o R BE o EatiE S piEshd .
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Acid insoluble polyphosphate; Miyachi s} Ta-
miya(1961)2] Jidiel] =el fEfF V4 & L
of H.S0,(B#EEE IN)E mstd 1048 15404 m

kR smipge] B4 mEstd .

Phospholipid; #fF T} #fF M4 9L LiEw
2 lipid fractione & 23w =z 4HE& sl semi-
micro Kjeldahl flask poel A H,80,2 fnka824 A
4L SR B pEstgd.

RNA g DNA; #fF V- #F VslA 98 L
2 27 RNAsL DNA fractiono = ¥ 3 =29 fmiss
ghEse) B& PIES AT

ik o] B9 45T BULES DU-spectrophotometer
2 flEsd o g hEsgeh.

Protein; #fF VIdl4 42 HigHE 0.5N KOH=
E#EA A5 semi-micro Kjeldahl flask R4 H,S0,
E koA A delnl MmiSmEe] &2 BiEstslch

6. EEH U &kikihel o8

Table 2 ol A 1elrk nhel 2bo] #BE(1)eA e F
BEE fE olvlwal, BfF U4 o2 45U
alkali lzbile protein, #&fF VI QL& HBRHE
alkali stable protein® & 3 ¥ ninhydrinigfE(Troll
and Cannon, 1953)& FIAsS = W9 EaBEL
ik e

BECD)AA 92 BRTEEFSR, RECDS ()
A ol fiEiEsE, BE(VAA d& dre RiE
4@ 253 A 42 anthrone method(Scott
snd Melvin, 1952)2 FEsH4 e},

¥ e

REA deid B whole cell systems] 75
HpE b ipe] P 9 totalPe &8 28 3 g
WEs) $2{kES Table 33 44 FHshdet

1. BEFE @B Awmel SB Rt

R KEHMNTE el BTSEas, B
A& Z9 9l 4L, ortho-P4#], nucleotidic labile-P
AES “P 3§ toal-PY 2B BTELESHY ot
B RIS w(kE Fig. 15 Fig. 2414 3Emalelvl.
Fig. 17 Fig. 2¢) Fmsl whsk o] sigfse]q mewr
BiEFBS *PY SRS REHMTL ERTA4E
g A 2t A8 Eimstgel. BemEiE Seqal
4] *Psl total-Pe &EL dulgk #mE Jeldgdz
EEgiel o S TAA <Fzk #8instgict. Ortho-P 4
#1e] total-Pi= BB teal MEAA @A8A Ein
FR= P wARA THA.

Nucleotidic labile-P 43¢ total-P= RKE#H 48
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Table 3. Amounts of 2P and total-P in each fraction of chloroplast isolated from spinach leaf
cells during the reaction under the light and dark

Duration 32P_phosphate Total-P UV-absorbancy
Sample rea(cjfion (gmole/ml chl) (umolesml chl) at 250mu
(hr) Light Dark Light Dark Light Dark
PCA sol. total-P 0 20.16 20.16 0.09 0.09
0.5 11.76 7.26 25.87 21.19 0.10 0.03
1 14.56 7.40 26.69 22.60 0.12 0.11
2 18.16 7.30 43.44 40.53 0.16 0.11
5 20.05 11.75 46.78 44.41 0.21 0.14
Ortho-P 0 0.13 0.13
0.5 0.11 0.10 9.15 2. 84
1 0-18 0.11 10.22 5.95
2 0.24 0.10 10.67 8.31
5 0.19 0.18 23.93 10.56
Acid soluble 0 ' 0.79 0.79
nucleotidic 0.5 0.57 0.56 0.83 0.77
labile-P 1 0.75 0.57 0.96 0.84
2 0.94 0.56 1.15 0-94
5 1.01 0.86 1.46 1.19
Acid soluble 0 1.43 1.43
poly-P 0.5 0.23 0.25 1-68 1.43
1 0.35 0.25 1.82 1.57
2 C. 39 0.28 2.01 1.66
5 0.44 0.39 2.05 2.02
Sugar-P 0 17.81 17.81
0.5 i0.85 6.35 14.21 16.15
1 13.28 6. 46 13.69 14.24
2 16.53 6.36 29.61 29. 62
5 18.41 10- 14 19.34 30. 64
Lipid-P 0 15.57 15.57
0.5 0.78 0.46 18.25 15.39
1 0.19 0.41 20.08 15.82
2 1.23 Q.46 21.94 17.57
5 1.65 0.79 23.87 17.81
Acid inscluble 0 2.04 2. 04
poly-P 0.5 0.22 0.28 1.64 1.50
1 0.29 0.25 1.21 1.01
2 0.19 0.12 1.04 0.67
5 0.09 0:12 0. 67 0.55
RNA 0 16-49 16.49 0.16 0.16
0.5 1.59 1.71 17.43 16.74 0.18 0.18
1 2.24 1.69 18.58 17.79 0-23 0.23
2 2.32 1.71 23.12 19.17 0.33 0.29
5 2.78 2.56 28.05 21.87 0.44 0.35
DNA 0 0.52 0.52 0.13 0.13
0.5 0.10 0.11 0.49 0.47 0.13 0.12
1 0.15 0.12 0.54 0.49 0.14 0-13
2 0.23 0.18 0.60 0.54 0.16 0-14
5 0.27 0.34 0.67 0.62 0.17 0.16
Protein 0 0.33 0.33
0.5 0.04 0-03 0.39 0.36
1 0.06 0.03 0.57 0-45
2 0.07 0.04 0.75 0.63
5 0.09 0.07 0.87 0.78
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Table 4. Amounts of *P and total-P in each fracition of spinach cells during the reaction under
the light and dark

Duration #P-phosphate Total-P UV-absorbancy
Sample r eagfion (z mole/ml ceils) (& mole/ml cells) at 260my
(hr) Light Dark Light Dark Light Dark
PCA sol. toial-P 0 32.82 32.82 0.29 0.29
0.5 16.22 11.05 45.58 24.89 0.32 0.30
1 22.19 21.20 52.94 48.29 0.34 0.32
2 27.16 20.37 56.00 52.89 0.35 0.33
5 39.05 26.04 68. 50 63.95 0.45 0.34
Qrtho-P 0 11.68 11.68
0.5 6-49 2.41 15.93 14.35
1 11.89 6.92 18.88 15.25
2 18.59 6.89 20. 64 16.01
5 16.21 7.89 20.91 18.05
Acid soluble 0 2.84 2.84
nucleotidic 0.5 0.36 0.21 3.78 3.25
labile-P 1 0.76 0.43 4.49 3.39
2 0.89 0.59 5.53 3.61
5 1.24 0.77 8.05 5.46
Acid soluble 0 0.70 0.70
poly-P 0.5 0.41 0.24 3.65 0.77
1 0.44 0.32 4.92 1.42
2 0.53 0.33 5.53 1.65
5 0.74 0.45 5.91 2.10
Sugar-P 0 17.60 17.60
. 0.5 8.96 8.19 22.22 6.52
1 9.13 13.53 24.65 28.23
2 12.15 12.56 24.30 31.62
5 20. 87 16. 83 33.63 38.34
Lipid-P 0 19. 04 19. 04
0.5 2.41 1.55 24.08 19.88
1 2.81 2.0 29.19 27.76
2 2.92 2.22 35.15 30.65
5 3. 91 2.94 44.19 37.82
Acid insoluble 0 11.53 11.56
poly-P 0.5 0.46 0.25 10. 69 9.37
1 0.39 0.22 7.33 6.10
2 0.29 Q.12 3.16 2.87
5 0.25 0.14 3.23 2. 88 -
RNA 0 28.27 23.27 0. 40 0. 40
0.5 1.68 1.06 22,17 30. 38 0.45 0-44
1 2.09 1.39 24.18 32. 85 0.45 0-43
2 32.26 1.65 26.62 22.89 0. 46 0.47
5 3.37 2.23 37.31 5.57 0. 62 0-48
DNA 0 2.62 2.62 0.18 0.18
0.5 0-19 0.10 2.85 2.73 0.22 0.18
1 0.24 0.17 3.18 3-04 0.24 0.22
2 0.23 0.15 3. 14 3.19 0.23 0.22
5 0-31 0.21 3.28 3.21 0.24 0.23
FProtein 0 4.48 4.48
0.5 0.05 0.03 7.26 6.77
1 0.06 0-04 7.32 6.85
2 0. 06 0.04 7.42 7.53
5 0.08 0.05 7.86 7.42
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Fig. 1. Changes in amounts of ¥P and total-P in
the fraction of ortho-P and nucleotidic labile-P,
and amount of UV-absorbing materials in the
acid soluble fraction of chloroplast isclated from
spinach leaf cells during the reaction under the
light and dark. Light—,dark.....c.
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7t EmmE Jerdgl e
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-alkali-labile protein, alkali-stable protein 2 total
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a4 niE vkl Ze] WREY FEHESEE totalP
g -FEL HEAAL = A s Bl AT g
A Einstgon], Fal Bl el RE T4
AAT ERE Veldd .ot 2P sl 93
A Zalg =z, alkali-labile proteins alkali-stable
proteing] FBE o|st ¥ AL tehisich.

4. DNASEO) #iL
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8ol Faralgch.
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53] whole cell systemell 3le]4 ortho-P 49
PP total-PY Pake] w8 WAAd Soletged &
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£ stA ggket total-Pe #Ee #As 24949
o, XM Fol4 sugar phosphateZ B9 Hinz Hol
e Wik R ZAd fetd A=) T
A A B TAAH 43 #Rke) sugar phosphates
B Aos FAagel,

Wintermans(1955)& Chlorella vulgaris§ilazt 5
BT A orthophosphate® Tejslilo s HiAs e
AL HEsd T, Nihei(1955, 1957) & Chlorella elli-
bsoidea?] FIEEENES Fedak-g Decellal L-cellfge)
A 7t e HReslchs 89 o0, Miyachi(1961)
B AFTH 944 THA49 FEE BHsdod,
2(1964) o 2=« BI(1966) 5 C. ellipsoidead]d =
? <49 #sl 259 phosphate poolzde Al
< wdlub gles], Gezelius(1974)= Dictyostelium
discoidiumd) A E]]14Le] FES HET gk 2
v Felal ] MR FEY A ddde ofFd
&7 vk R e Ml A SEE ik
o= Ze|qlike] HETS REFEIAT.

HEY ERRERS WA Eeq4e] SRR KE
MRk BEmEel A 2ol HARmEd o7 BmAdE
o] o]=qt 732 whole cell systemol 4] < &
stdeh, olHltt Al miEio 2 e TalqlAle]
BEE el old] Aedsle x4 FEHES KEY =4
ol gt Eistd] A Eelwtmn A4t (Nesme-
yanova, et al. 1974).

Whole cell systemd] 48] Eiwmi B2a4 452
o] REMMFL 88 RAFEEd 5§ Aae
SEET EFBANAL delE + g9t AEA BR
B FY QAL MREAA Y shaA R GG
slel 4 = phosphate poold] @& &+ Hoz At
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