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EFFECT OF PEOSPHORYLATION ON THE SIZE OF THE
PROTON GRADIENT ACROSS CHLOROPLAST MEMBRANES
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1. Introduction ' Using one of them, the fluorescence guenching of
flnorescent amines In the light, we show hemw that
The coupling beiween phmmpho phﬂryla*tmn and " phosphorylalticn or arsenciysis conditions indesd lead
proton vptake in chloroplasts |1, 2] requires that {0 a decreased sieady state ApH in the light.

ATP formation should create a dvain on the steady
state electrockemical potential formed during eleclron

- transport. In isolated chloroplasts mest of this poten- 2. Methods
tial seems to exist in the form of a pH gradient, and
therefore, a decrease in the size of this gradient i to Chloroplastz from letruce leaves were prepared es-
be expected when phosphorylation is initiated. Several semiinlly as previously deseribed 6], except for the
methods for measuring the ApH formed in the light final senirifugation and resuspension which were in
across the thylakoid membrane were recenily devel- 0.2 M sucrpse, 0.1 M KCL. -
oped in this laboratory {3—351. Fluorescence of 2-aminoacridine was measnred in

an Yppendorf Mluorineter as previously described [4].
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F}g 1 Decrease inthe hght mﬁuc?d ﬂumescence quenchmg of &ammoamdme un&ar phosphn:yua‘tton mm%mon& The- IEBUbDI‘ -
~rrix ture contained In a-totsl volivme of 3.0 ‘mis Tn:me‘glyﬁne:—Nai)H oH 3.1.5 530 Mz XL, S0 b ;J_Vocyamzlﬁ Rt _uM MgCIg,
-5 mM; phasphate 2 3 mM 9~ammo=cndme 1 uM, nnd ch]moplasis coniammg 45 _ug, of ch]o:ophyl!_
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'EXpenmcm Componeni - Compomest ~ ApH o
No. - - absent added - measured
Y Mgty Noae o 342
o P 510M MgCly - 3.50 - R
_ 7 © 5 mMCaCip 368
n o Arsenate None 374
- ' 5 mM Arsenais 3.29
o ‘ o . 2.3 mM Fhosphate - 3,22
m ~ ADP Nome 3.81
‘ S BAmMADY . 341

. 0.4 mM ATP 3.76

The complete s75em contained in 2 total volume of 3.0 ml
Tricine-glycine-NaOH, pH 8.0, 30 mM; KCL 30 mM; MaCla,
5 mM; arsenate, pH 8.0, 5 mM; ADP, 0.4 mM: pyocyaine,

5 uM; and chloroplasts containine 41 ug plf chinrophyll

" Measvrementis and calculations of the oem *tic vol-
nmes of chloreplast fragmenss from the distribution
of [¥C)Sorbizol and [FHIH,0 were done as de-
scribed {3]. ApH valnes were determined from the os-
‘motic volumes and fluorescence quenching valves ac-
cording to Schuldiner &t al. [4].
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3 Results and a:hscn..smn

A typu«:al wexpenment ﬂe_m mstratmg ihe effem af
phosphorylation cnndm@ns on the steady state ApH -

- formed in the Yigh. is shown in fig. 1. The frawermble

. ]1ght mﬁmeﬁ ﬂumescem-cs quenching of D.aminpacri-
-dine was mark&dly reduced after the addition of ADP

o an otherwise complete phnsphmy]aimn sysiem.

When low conczntrations of ADP were added in the
light, a smalles zteady state guenching ratio was
formed within 1530 sec which in the light slowly

- zeturned to ifs ﬂngmuﬂ level, indicating the conver-

sion of &l the ADP to ATP. The higher the amount of
ADP added, t=2 longer it took 10 retum to the high.
quenching in :ne light. When the rate of photophos-
vhorylation was estimated from the time necessary to

-gonsume the ADP addexi values comparable o those
- estimated by other methods were obiained.

- Dete rmination of the esmotic spaces of chloro-
p!asis 4 notreveal any significant difference in the

- presenc of absenee of ADP. These results mje out

shrinkayp of the thylakoids 53 the eause for the de-
creaser flnorescence quenching ratios under phospho-
rylzeioa conditions. In a typical experiment, in the
absence ard pmésena:e of ADP, osmotic spacfés of 12.1
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. FIB 3, ADP conzemtranon sﬂepa:nﬂ '-*m;e o! ﬂm demaase zn APH wx?.h phasphaze aor a:senaip, ‘The p;rm:eﬂu:e was mmﬂar im ﬂm ﬁ]Iusf-,—

Ftravﬂ. in ﬁg, i, ‘Th__a ﬁemease in ApH was ﬂemed fwm ‘me We rquenchmg xams.ii" bg Apﬂ Wﬂh m: ADP added was 3.7 Duits, and, e

aml: Tncme-;glyclne-NaDH
oastiding, 2:M; ADPior
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T:!g. 3, Eff@c‘t of @nergy ‘Imnsfm m}nb“rims on the «ﬂsmeasa m-

ApH due to phmsphmylahon ‘The reacition mixiure ccﬁn‘tamed o
'in'a total volume of 3.0 mk TricineglycincHa0H, pH 855,

':*{D:mM EiL 20 mM; ] MgCI:. 5 mM; acsensie 1 rnM,pvncya»
~ming; 5 »M; S-zminozcridine, 1 x¥ and ehloroplasts contain-

‘, r‘g 30 pg ol CMDIDP}ITH. Where indicated, ADP, 0. a; :mM Dm- '

g 9 0 5 mgfnﬂ, or K;SEO@ m :mM were added.
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~not be mep]acsd by € _
- smallest, pm@a]b]}' due to the end: Jgemaus Mg2+ inthe
- preparation.
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Fig. 4. pH dependence of the desrease in ApH under phospho-
rylation conditions. The repetion mixture contatned, in a to-
tal volume of 3.0 mk: tricine-mal=ate-NaOH, (z1 the indicated
pH between 6.55-8.0), or tsicine-glycine-NaDH (pH 8.45—-
0.8), 50 mM; KC1, 50 mM; K Fe{CNjg, 0.1 mb; Mg(ls,

S mM; phesphate, 3.3 mM: D-amincacridme 1--2 gM; and
chloropizsts containing 36 or 72 pg of chloroph ‘yii Whme Ir
dicated, ADP, 0.4 mM, was ad. :d.

Tabie 1 thows that all the mmpmen is ﬂeeded for
photophosphorylation {or arsenolvsis), were also

- needed 1o obtain the decrease in ft UOrescencs: quench-

ing in the light. Either phosphate or arsenate were -
needed, with a ha!f maximal effet: observed amund i
mM and maximal effect ﬂey@nd 13 mM {aot shown).
ADP could not be replaced by ATP, and Mg?* conld -
Cz?%, The Mg?™ effect was the

- Fip. 2 demonsirales ihe Jemand@me ﬂf ifhz: de-

- grsase in ZpH on the concentration of ADP. A half-
. maximal effect was observed around 50 or 30uM
ADP with ph;-s;vhaie oT arsenale, respar.(twe%y ADP
N csm:amtranons lbeymmﬂ 1 mM had to be avmﬁed sinnge
" at these conocentzations ADP by aise]f caused some -
'a:]uﬂnﬁhmg of the ﬂumescenﬂe of Sammnoacridine, _'
, '_-’I’hese resaﬂ*s correls
. | "% photephosphory ]atmn on ADP ¢oncentraticn [7]., ©
-"anﬂ 1 8 311 HaU K :mg Phloxophyllf > ﬁmﬂ rﬂpH Valﬂﬁs - ATP did not Jead tos sm;:ﬁaw ﬂacrease m ﬂpH zmﬂar
R t.hs sdme ¢ SR TR

we]] wztth l:m derpsndem:e m

mim ons:
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Pmriher evidence w}aaing ahe ﬁﬁzraase m ApH 2‘9

fect of energy transfer inhid’ tors. F;g 3 shows, ﬂm:t

Dio- 18] . when added after JAD? mmplma]v re-

stored the h:g,h ﬂzmmsceme fqueﬂc’lmg obtained in i

the absence of ADP; and even increased the ApH a 111-; : ',‘
1le above its original value in the light §93 Also, aﬂﬁz» =

tion of A]}P after Din-9 haﬁ B0 affaez:?; on the in-’

creased ApH. Selénate, recently- Tonnd o act g8 an en- e
Cergy transfer inhibitor »f phmeophosphmy!anm [ELU

ledtoa simmilar effiect - when present i excess over |

fest was obvious only within t}m p}i range of 7.5-9.5
in either noneyelic ferricyanide ﬁepén@em photophos:

_ phwylamn or with cyclic photophosphorylation with

pybeyanine. {not shown). Maximal effect was observed
_ betiveen pH 8.5-0.0, similar 1o the dependence of

. photophosphorylation on medhum pH [21].°

- In condlusion: i) ?hm@p]msphwvla‘imn CAISES B

: zsagmfican't decrease in the ApH formed in the | Izgh@

acrpss the ﬁaylakmﬁ membmm nnﬂm steady state con-

~ ditions. This observation is in agreement with the sug-
) ges‘l:l@n that p}msp}:lmym‘fmn mcelemtes ﬁm sfﬂux @f

N Fﬁ'sq 'i.’ETTERS

- l - ,the pmmm pumped'm 1y Arsenate-can *'e_p}am p}ms—
phmeph@sphmwlxmcn Was x:h’:amrd by testing 1 the ef~ o phate, ia ‘1hi

phusphﬂwlmmn; :and mmezrses ﬂm Bffec Jf iaﬂdeﬁ :‘afte: -
othe p}lmphmy!:axmn maganis -

: 'Reﬁeréhéés‘ e
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U "The pH dependence of fhe decrease in ﬁpH nnder -
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