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1. Introduction 

Recently we have described the isolation from rat 
liver cytosol of a phosphoprotein fraction containing 
both phosphorylserine and phosphorylthreonine, 
which displays the same enzyme specificity as phos- 
vitin, being phosphorylated by cytosol phosvitin kinase 
and dephosphorylated by intramitochondrial phosvitin 
phosphatase [1, 2]. 

2. Results 

The chemical analysis of purified cytosol phospho- 
proteins disclosed further similarities with phosvitin, 
i.e. a very high content of phosphate residues and of 
protein-bound Fe (see table 1). The amount of iron 
bound to phosvitin depends on the preparation proce- 
dure [3]: when prepared according to Mecham and 
Olcott [4] phosvitin exhibits an iron content fairly 
different from that of cytosol phosphoproteins. How- 
ever both phosphoproteins when exposed to an excess 
of FeC13 reach the same saturation level corresponding 
to a Fe/P molar ratio of about 0.5. 

The effect of several conditions on the stability of 
[s9 Fe]-phosvitin complex is shown in table 2. It can 
be seen that only unlabelled Fe 3+ promotes a massive 
release of s 9 Fe, as expected through a mechanism of 
isotopic dilution. Among the remaining di- and trivalent 
cations tested, a slight release of s9 Fe was observed 
only in the presence of high Co 2÷ concentrations, the 
remaining cations being quite ineffective, even those, 
like Mn 2+, Mg 2+ and protamine, which bind to phos- 
vitin through electrostatic forces resulting in insoluble 
complexes. Very high ionic strength (2 M NaC1) was 
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also ineffective on the [s 9 Fe]-phosvitin linkage, while 
extremely acid conditions, like 1 N HCI, which are ex- 
pected to prevent the ionization of the acidic groups 
of phosvitin, promoted only a limited release of bound 
SgFe" 

All these findings indicate that the binding of Fe 3+ 
ions to phosvitin is very tight and occurs through 
covalent bonding rather than through electrostatic 
forces. 

The intracellular compartmentation of phosvitin 
kinase and phosphatase [8, 9] and the detection of  
iron bound to cytosol phosphoproteins prompted us 
to put forward the working hypothesis that cytosol 
phosphoproteins, the role of which is still obscure, 
might be involved in the translocation of iron across 
the mitochondrial membrane. 

To test the validity of such an hypothesis the effect 
of enzymatic dephosphorylation by mitochondrial pro- 
tein phosphatase on the iron binding capacity has been 
investigated. Owing to the great difficulty to prepare 
large amounts of cytosol phosphoproteins, phosvitin 
has been used in such experiments. 

As shown in fig. 1 phosvitin phosphatase purified 
from rat liver mitochondria promoted quite parallel 
Pi and Fe release from Fe-phosvitin complex. Both 
the dephosphorylation and Fe release exhibit the same 
K m (= 0.27 mg phosvitin/ml). Molybdate, a well known 
inhibitor of protein phosphatase [ 10] prevents both 
processes. 

3. Discussion 

The above results suggest that cytosol phosphopro- 
teins can be looked upon at as iron carriers. On this 
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Table 1 
Phosphate and iron content of cytosol phospboproteins. 

October 1972 

Upon saturation with Fea+: 

P Fe Fe Molar ratio 

(nmoles/mg) (nmoles/mg) (nmoles/mg) Fe/P 

Cytosot phosphoproteins 1,380 250-400* 660 0.47 
Phosvitin 2,870 54 1,420 0.49 
Ovalbumin 50 0.0 0.0 0.00 

* Iron content was found to be fairly variable between these two figures in different preparations of cytosol phosphoproteins. 

Phosphoproteins were purified by submitting to gel electrophoresis in 7.5% pol~acrylamide, pH 8.5, the phosphoprotein fraction 
obtained from rat liver cytosol by the procedure previously described [2]: the 2P-labelled protein was eluted, submitted to 
Sephadex (3-25 gel filtration and analyzed for its phosphate and iron content. Protein was determined according to Folin and 
Ciocalteu [5 ]. Phosphate was determined according to Wagner [6]. Iron was determined colorimetricaUy as the bathophenanthroline 
complex extracted into isoamyl alcohol [7]. Phosvitin was prepared according to Mecham and Olcott [4]. Ovalbumin was from 
Merck. Saturation with iron was accomplished by incubating amounts of phosphoprotein equivalent to 0.I ~moles phosphate in 
the presence of increasing concentrations (0.1 to 0.2 mM) of FeC13. Phosphoprotein was removed by precipitation in ice cold 15% 
trichloroaeetic acid and analyzed for their phosphate and iron content after two washings with 15% trichloroacetic acid. 

mat ter  it  must  be recalled that  phosvitin has been sug- 
gested to act as iron carrier during the development o f  
chick embryo [3]. It is quite conceivable that  the re- 
lease of  iron from the cytosol  phosphoproteins  involves 
the protein  phosphatase located inside mitochondria  
[9]. It must  be underlined that  crude cytosol,  lacking 
phosvitin phosphatase,  has been found to be unable to 
release Fe from phosvitin. 

It seems reasonable therefore to  assume that cytosol 
phosphoproteins,  once phosphorylated by  cytosol  kina- 
se, bind Fe ions which are released by  protein phos- 
phatase inside mitochondria .  

Several findings are fi t t ing with such a scheme: i) 
The high aff ini ty o f  cytosol  phosphoproteins  for iron; 
ii) The strictly intramitochondrial  compar tmenta t ion  
o f  phosvitin phosphatase which releases Pi and Fe a÷ in 
the same ratio as they are bound to the protein;  iii) The 
specific inhibit ion o f  intramitochondrial  enzyme by 
Fe ions, which can be looked at as a kind of  feedback 
regulation [8]; iv) The low molecular weight o f  cytosol  
phosphoproteins ,  under 9,000, which makes their 
entrance through the outer  mitochondrial  membrane 
quite expectable.  

Moreover, although the mechanism of  iron uptake 
by  mitochondria  is still unknown,  from Garland's  ex- 
periments on T. utilis mitochondr ia  [13] it can be 
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Table 2 
Effect of different conditions on the stability of [SgFe]-phos- 

vitin complex. 

Phosvitin bound [SgFe] 
(cpm) 

Control 2826 
Plus 1 mM FeC13 710 
Plus 0.1 M Co(NO3) 2 2690 
Hus 1 M Co(NO3)~ 2530 
Plus 0.1 M MnSO4 2850 
Plus 0.1 M ZnC12 2810 
Plus 0.1 M CuSO4 2775 
Plus 0.1 M LaCla 2780 
Plus 0.1 M MgC12 2820 
Plus 0.1 M CaC12 2802 
Plus 2.0 M NaCt 2800 
Plus 1.0 N HC1 2214 
Plus Protamine, 1 mg/ml 2840 

After 2 hr at room temp. the sample was filtered through a 
Sephadex G-25 column (1.8 X 36 cm) equilibrated with distil- 
led water. Labelled phosvitin, eluted at the Vo, was lyophilyzed. 

0.2 mg of [S9Fe]-phosvitin were incubated in a total vol- 
ume of 1.0 ml under the conditions indicated. After 15 rain at 
room temp., [S9Fe]-phosvitin was precipitated by addition of 
0.2 m150% tdchloroacetic acid, washed 3 times with 10% tri- 
chloroacetic acid and counted in a thin window Geiger counter. 
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deduced  t h a t  e x t r a m i t o c h o n d r i a l  c o m p o n e n t s  seem 

to  be  r equ i red  for  such  an  up take .  

20 ~ 

20o ~c 

0 , 0 

0 40 
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Fig. 1. Pi and Fe3+ release from phosvitin catalyzed by mito- 
chondrial phosvitin phosphatase. Fe-phosvit in complex was 
prepared by adding slowly 0.4 ml of 0.1 M FeC13 to 5 ml of 
a 2% phosvitin solution at neutral pH by continuous stirring. 
Small amounts of insolubilized protein were discarded by cen- 
trifugation and the clear supernatant was dialyzed for 48 hr 
against 3 changes of distilled water. The resulting Fe-phosvit in 
complex was about 20% saturated with Fe (Fe/P = 0.1). 

0.35 mg of the Fe-phosvit in complex was incubated at 37 ° 
for the times indicated in 1.0 ml of a medium containing: 100 
mM acetate buffer pH 5.0; 6.2 mM cysteine and 20 ~g of 
purified mitochondrial phosvitin phosphatase [11 ]. Controls 
were run omitting phosphatase. Reaction was stopped by 
addition of 0.3 ml of 50% trichloroacetic acid. After cooling, 
the precipitate was discarded by centrifugation and 50 mg of 
Dowex 50 (H +) X 8 were added to the supernatant. Pi was 
determined on the resin supernatant according to Martin and 

3+ Dory [12]. Fe was eluted from the resin by addition of 5 M 
HC1 (0.6 ml) and determined as described in table 1. 
( o - - o - - o )  P: released; (o- -o- -o) P~ released in the presence 

1 • 3 +  
of 1.0 mM Na2 M004 ; ( A__~__ z~) Fe released; ( ~- - ~- - ~) 

F~3+ released in the presence of 1.0 mM Na2MoO4. 
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