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DYNAMIC PHOSPHORYLATION OF A SMALL CHLOROPLAST PROTEIN 
EXHIBITING SO FAR UNDESCRIBED LABELLING PROPERTIES 

J . S o i l , A. S t e i d l , I . Schröder 
F a c h r i c h t u n g Botan ik der Univers ität des Saa r l andes 
D-6600 Saarbrücken 

A 19 kDa phosphoprote in from mixed envelope membranes of s p i n ­
ach c h l o r o p l a s t s w i t h extreme l a b e l l i n g k i n e t i c s has been 
c h a r a c t e r i z e d . I t s l o c a l i z a t i o n between the i nne r and the 
outer enve lope membrane can be deduced by the d i f f e r e n t i a l 
l a b e l l i n g between i n t a c t and broken c h l o r o p l a s t s (Tab le 1 ) , 
( S o i l and Bennett 1988, S o l l e t a l . 1989 ) . 

Table 1 
D i f f e r e n t i a l l a b e l l i n g of p r o t e i n s from i n t a c t and l y s e d 
c h l o r o p l a s t s . Phospho ry l a t i on was done a t 10 nM ATP a t 4 °C 
for 3 0 s e c . Va lue s a re expressed i n dpm μg c h l o r o p h y l l 
χ min"" 1 

i n t a c t 
c h l o r o p l a s t s 

l y s e d 
c h l o r o p l a s t s 

r a t i o 

thy lako id/LHCP 53 125 0.424 
stroma a 12 110 0.109 
stroma b 11 100 0.11 
outer envelope 
(86 kDa) 63 16 3.9 
intermembrane space 
(64 kDa) 98 54 1.8 
19 kDa p r o t e i n 2340 375 6.24 

I f the 19 kDa p r o t e i n i s indeed l o c a l i z e d i n the envelope l u ­
men, i n t a c t and broken c h l o r o p l a s t s should d i f f e r i n t h e i r l a ­
b e l l i n g k i n e t i c s . I n t a c t c h l o r o p l a s t s s t i l l c o n t a i n r e s i d u a l , 
endogenous ATP, t h i s means t h a t dur ing l a b e l l i n g of i n t a c t 
c h l o r o p l a s t s two ATP poo ls e x i s t , w i th d i f f e r e n t s p e c i f i c a c ­
t i v i t y which i s encountered by envelope membrane p r o t e i n s and 
another w i t h low s p e c i f i c a c t i v i t y which i s encountered by 
p r o t e i n s i n s i d e the c h l o r o p l a s t . I n i n t a c t c h l o r o p l a s t s the 
outer envelope 86 kDa p r o t e i n , the 64 kDa and the 19 kDa p r o -
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t e i n were l a b e l l e d much e a r l i e r and s t r onge r than the s t roma l 
and t h y l a k o i d phosphoprote ins . 

The f u n c t i o n of the i n t e r enve l ope space i s unknown; the dyna ­
m i c a l l y phosphory la ted 19 kDa p r o t e i n has been p u r i f i e d from 
mixed envelope membranes (Table 2) and c h a r a c t e r i z e d . I t seems 
r easonab l e t h a t i t p a r t i c i p a t e s i n a s i g n a l t r a n s d u c t i o n p r o ­
c e s s . The f i r s t p u r i f i c a t i o n s t ep was a m i l d s o n i c a t i o n f o l ­
lowed by anion exchange chromatography on DEAE c e l l u l o s e of 
the supernatant (Table 2 ) . Most of the p r o t e i n e l u t e d a t 12 5 
mM NaCl . A c t i v e p r o t e i n f r a c t i o n s were pooled and p u r i f i e d 
f u r t h e r on a h y d r o x y l a p a t i t e column from which i t cou ld be 
e l u t e d a t 60 mM phosphate bu f fe r pH 7 . 6 . 

Table 2 
P u r i f i c a t i o n of s p inach envelope 19 kDa p r o t e i n 

Step Volume 

ml 

P r o t e i n T o t a l 

u n i t s 

S p e c i f i c 
a c t i v i t y 
units/mg 

Reco ­
v e ry 

% 

P u r i f i ­
c a t i o n 
f o l d 

Envelope 
membranes 1 6950 63.2 9 .1 100 1 

S o n i c a t i o n 
supernatant 0.89 1510 55 36.4 87 4 .6 

DEAE 
chromato­
graphy 5.6 8.9 28 .5 3200 45 352 

Hyd roxy l ­
a p a t i t e 4 .5 0.54 4.4 8161 7 897 

1 u n i t egua l s 1 fmol _p i nco rpo ra t ed i n t o the 19 kDa p r o t e i n 
from [ 7 - 2 P ] - A T P χ min 1 

The 19 kDa p r o t e i n shows an extreme a f f i n i t y fo r ATP and GTP 
as demonstrated by the low K m v a l u e s of 8 nM and 5 nM for ATP 
and GTP r e s p e c t i v e l y ( F i g . 1 A ) . The phospho ry l a t i on , t h a t i s 
t r i c h l o r a c e t i c a c i d or acetone p r e c i p i t a b l e , i s dependent on 
the presence of d i v a l e n t c a t i o n s (Mg 2 + and Mn 2 + ) ( F i g . 1 B ) . 
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The c a t i o n C a 2 + has no e f f e c t . ADP and GDP i n h i b i t phospho­
r y l a t i o n ( F i g . 1 D ) . The opt imal pH fo r phospho ry l a t i on i s i n 
the range between pH 7 and pH 9 ( F i g . 1 C ) . The p i of the 
phosphory la ted enzyme has the va lue 6 . 2 , whereas the p i of the 
non phosphory la ted enzyme i s 6 . 3 . 
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F i g . 1) C h a r a c t e r i z a t i o n of the phosphory l a t i on r e a c t i o n of 
the p a r t i a l l y p u r i f i e d 19 kDa p r o t e i n . A) Dete rminat ion of the 
Km v a l u e for ATP. B) I n f l u e n c e of d i v a l e n t c a t i o n s . C) pH 
dependence. D) The phosphory l a t i on i s i n h i b i t e d by ADP. 

The mo l ecu l a r weight of the phosphory la ted p r o t e i n was e s t i m a ­
ted by SDS g e l e l e c t r o p h o r e s i s and found to be 18.8 kDa ( F i g . 
2 A ) . The phosphory l tu rnover i s ext remely r a p i d , as deduced 
from a p u l s e - c h a s e exper iment . I f the p r o t e i n was l a b e l l e d i n 
the p resence of 8 nM [ 7~ 3 2 P ] -ATP fo r 60 s e c and 10 μΜ c o l d ATP 
was added a t t h i s t ime p o i n t , 90 % of the l a b e l l e d phospho ry l -
groups i n the p r o t e i n a re turned over w i t h i n 15 s e c . 

The de t e rmina t i on of the phosphory la ted amino a c i d r e s i d u e de ­
monstrated t h a t no hydroxy la ted amino a c i d was phosphory la ted , 
f i r s t l y the phosphate bond was l a b i l e to a c i d i c c o n d i t i o n s ; 
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secondly a f t e r a c i d h y d r o l y s i s of the p r o t e i n and h i g h vo l t age 
e l e c t r o p h o r e s i s no r a d i o a c t i v i t y was d e t e c t a b l e i n P - S e r , P -
Thr or P -Ty r ( S o l l e t a l . 1989 ) . E x t r a c t i o n of the phospho-
r y l a t e d p r o t e i n by chloroform methanol a t pH 1 r e s u l t e d i n no 
d e t e c t a b l e l a b e l i n the o r gan i c s o l v e n t phase , but t h e t o t a l 
r a d i o a c t i v i t y was s t i l l bound to the p r o t e i n . Exposure of the 
phosphoprotein to hydroxylamine or p y r i d i n e bu f f e red i n a c e ­
t a t e showed a c o n c e n t r a t i o n dependent base c a t a l y z e d enhance ­
ment of the h y d r o l y s i s r a t e ( F i g . 2 B) and exc luded most l i k e ­
l y a s p a r t a t e and g lutamate as phosphorylgroup a c c e p t o r , as 
those a re not s u s c e p t i b l e to p y r i d i n e t rea tment (Sabato and 
Jencks 1961,Hokin e t a l . 1965 ) . The l a b e l was a l s o l a b i l e a t 
a l k a l i n e pH ( S t e l t e and W i t z e l 1986 ) . At the moment i t seems 
most l i k e l y t h a t we d e a l w i th a l y s i n e or h i s t i d i n e phosphate . 
The phosphory l a t i on of the 19 kDa p r o t e i n i s i n h i b i t e d by TNP-
ATP and by e r y t h r o s i n ( F i g . 2 C ,D ) . 

F i g . 2) A. Dete rminat ion of the mo lecu la r weight of t h e 
phosphory lated form of the p u r i f i e d 19 kDa p r o t e i n by SDS-PAGE 
B. Time course of h y d r o l y s i s of the phosphate bond i n 1 Μ 
a c e t a t e bu f fe r pH 5.5 i n the presence of 0 .1 Μ hydroxy lamin or 
P y r i d i n . C. I n h i b i t i o n of the 3 2 P - i n c o r p o r a t i o n by TNP-ATP. 
D. I n h i b i t i o n of 19 kDa p r o t e i n phosphory l a t i on by e r y t h r o s i n e 
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The p u r i f i e d 19 kDa p r o t e i n d i d not show s i g n i f i c a n t ATPase 
a c t i v i t y (not shown). These f i n d i n g s a r e co r robora ted by r e ­
s u l t s ( Tab l e 3) , which demonstrate the e f f e c t of v a r i o u s 
ATPase i n h i b i t o r s on the phosphory l a t i on of the 19 kDa p r o t e i n 
(Sze e t a l . 1987, Serrano 1988, Sze and R a n d a l l 1987 ) . From 
f u r t h e r exper iments i t seems l i k e l y t h a t 3 2 p - i n c o r p o r a t i o n 
i n t o the 19 kDa p r o t e i n i s due t o au tophosphory l a t i on . 

Table 3 
I n h i b i t i o n of 19 kDa p r o t e i n phospho ry l a t i on by v a r i o u s sub ­
s t r a t e s . The p u r i f i e d p r o t e i n was phosphory la ted by [ γ - 3 P ] -
ATP i n t h e p r e sence of d i f f e r e n t e f f e c t o r s . A minimum of f i v e 
d i f f e r e n t e f f e c t o r c o n c e n t r a t i o n s was used i n every c a s e . 

e f f e c t o r max . concent ra t i on % i n h i b i t i o n 

NaN3 10 mM 0 
NaF 20 mM 0 
N a F / A l C l 3 10 mM/50 μΜ 0 
ortho vanadate 0 .5 mM 29 
molybdate 2.0 mM 0 
n i t r a t e 10 mM 0 
o l i gomyc in 0 .5 mM 0 
DCCD 1) 0 .5 mM 0 
ouabain 12 5 μΜ 0 
d ihydroxyacetonephohate 2 mM 60 
NaCl 150 mM 50 

1) The p u r i f i e d p r o t e i n was p re incuba ted w i t h DCCD for to 2h. 
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