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A f rac t ion is isolated from human uremic plasma and normal urine 
using a three step chromatographic separation :gel permeation on Sephadex GI5, 
then chromatography on hydroxyapatite and f i n a l l y  desalt ing operation on 
Sephadex G15. The f rac t ion thus separated is ninhydrine posi t ive and uncouples 
mitochondria p r inc ipa l l y  releasing the rest ing respirat ion.Calcium potent iates 
the uncoupling,while red ruthenium and magnesium i n h i b i t  i t .  These resul ts  are 
in good agreement with a ionophorous a c t i v i t y  of the isolated f rac t ion ,  An 
hypothetic physiological role of th is  compound is there being discussed. 

The pat ients suf fer ing from chronic renal insu f f i c iency  treated by 

hemodialysis present important troubles of the calcium metabolism whose or ig in  

remains obscure. Under these condit ions the aim of th is  work has been to iso la te  

from these patients plasma one or several factors which might act on th is  

metabolism. As the presence of such a factor  in the plasma of pat ients suf fer ing 

from chronic renal insuf f ic iency lets us assume i ts  presence in normal ur ine,  

we have also used th is  b io logical  f l u i d .  The mechanism of ce l l u la r  calcium 

homeostasis remains obscure, yet there is no doubt that mitochondria are impl i -  

cated in th is  regulat ion considering the i r  capacity to accumulate calcium. 

Besides, in the patients suf fer ing from chronic renal insu f f i c iency  

a s ign i f i can t  decrease in mitochondrial calcium phosphate granulations in 

the renal proximal tubule can be noticed ( I ) .  Therefore we have studied the 

action on mitochondria of the compound (s) we isolated.  

Our resul ts show the existence in these bio logical  f lu ids  of one 

or several substances a f fec t ing  mitochondrial functions by releasing in t ra -  

mitochondrial calcium. 

These resul ts are consistent with the ionophorous nature of the iso la-  

ted substance. 
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MATERIALS AND METHODS 

a) Biological f lu ids  

We used normal ur ine or plasmatic u l t r a f i l t r a t e s  from uremic pat ients 
treated by hemodialysis. U l t r a f i l t r a t e s  were obtained at the beginning of 
d ia lys is  by applying negative pressure in the d ia lyser  compartment of a 
Dow Cordis cap i l l a ry  d ia lyser ,  f i t t e d  with a cel lu lose acetate membraBe, before 
the d ia lys is  f l u i d  ran through the d i a l y s e r . U l t r a f i l t r a t e s  thus obtained were 
then concentred by par t ia l  l yoph i l i sa t i on .  Urine from normal subjects was used 
a f te r  simple f i l t r a t i o n .  Experiments were performed with uremic plasmas from 
three pat ients and with a pool of  normal urines. 

b) Chromatography 
The f i r s t  step consisted in a gel permeation chromatography. 5 to 20 ml 

of b io logical  f l u i d  were applied at the top of a 2.6XI00 cm column (Pharmacia 
Uppsala Sweden) packed with Sephadex G 15. B i d i s t i l l e d  water was u{ed as an 
eluant. The eluate f low-rate of 100 ml/h was obtained with a p e r i s t a l t i c  pump 
(Minipuls Gilson). The eluate was monitored at 254 nm with a LKB detector ,  
using a f rac t ion co l lec to r  (r~icrocol TDC 80 Gilson) to co l lec t  8 ml of  f l u i d .  

The second step was carr ied out on a 1,6X30 cm column (Pharmacia) packed 
with hydroxyapatite (HA Ultrogel~IBF) equ i l ib ra ted with sodium phosphate !mM pH6. 
Af ter  applying the sample, the column was washed with 60 ml of the same buf fer .  
Then i t  was eluted with sodium phosphate lOOmM pH6. The eluate f low rate was 
30ml/h and i t  was monitored at 254 nm and col lected in 3 ml f ract ions.  

The th i rd  step was a f rac t ion  desal t ing,  carr ied out on 1.5XlOOcm 
glass column packed with Sephadex G15 b i d i s t i l l a t e d  water as an eluant. The 
eluate f low rate was 50 ml/h. The eluate was monitored at: 254 nm and co l lec-  
ted in 3 ml a l iquots.  The e f f i c iency  of desal t ing was checked by measurements 
of the conduct iv i ty  with a Tacussel CD 7N conductimeter. The calcium concentra- 
t ion of the f ract ion obtained was performed using a IL 751 atomic absorption 
spectro~hotometer (Instrumentation Laboratory). Then the f ract ions were lyophi-  
l ised and stored at - 20°C before use. 

c) Rat l i v e r  mitochondria 

Mitochondria were obtained as described by Johnson and Lardy (2). 
Measurements of oxygen consumption and pH were carr ied out at 25°C usino 
Clark microelectrode and a pH electrode f i t t e d  to a Gilson oxygraph. Mitochon- 
dria (2mg of protein) were incubated 3mn in 3.4 ml of a respi ratory  meaium 
(saccharose 0.25~I, KCI IOmM,KgH ~ PO 4 8mM pH 712, rotenone I ~M) supplemented 
with various concentrations o7 %he 1onophorous f rac t ion .  The substrate used 
was sodium succinate (SmM).Oxidative phosphorylation was started by &DP 
addit ion (O.15mM). 

Then ident ica l  experiments were carr ied out with a medium supplemented 
e i ther  with calcium alone (50 nmoles), or with calcium and various concentra- 
t ions of the isolated f rac t ion .  

F ina l ly  the a c t i v i t y  of  the ionophorous f rac t ion was assayed in the 
presence of 2mM Mg Cl 2 or 3.2 nmoles of ruthenium red as an i nh ib i t o r  of the 
calcium entry (3) 

d) Expression of resul ts 

Oxidative rates, respi ratory control and P/O were determined according 
to the c lassic technique (4). Oxidation rates are given as nmoles of oxygen 
consumed per minute per mil l igram of mitochondrial prote in.  The resp i ra tory  
control(RC)is the oxidat ion rate ra t io  between states 3 and 4. The P/O ra t io  
gives the quant i ty  of ADP molecules phosphorylated per oxygen atom consumed. 
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R E S U L T S  

a) Chromatography 

Gel ~ermeation chromatography of biological f lu id  provided 8 

fractions. The peak indicated in f igure IA was collected. Then a 400 ml 

sample of this peak (about 100 mg) from four of the above steps on Sephadex 

G15 was applied to the hydroxyapatite column. The u l t rav io le t  absorbing frac- 
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Fiq~re ~ : Typical chromatograms 
A. Gel permeation of biological f luid on Sephadex G15 
B. Chromatography on hydroxylapatite 
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Table I :  Isolated fraction act iv i ty  on mitochondria. Experimental conditions 
are described in Materials and Methods. 

Isolated fraction ~g RC ~ P/O Oxydation rate 
per mg protein state 3 state 4 

0 4.2 1.7 105 25 
25 3.1 1.5 100 32 
50 1.3 0.7 122 97 
75 1.0 0 159 159 

t ion eluted with phosphate 100 mM was col lected f igure IB) l yoph i l i sed  and 

submitted to a desalt ing operation ( f igure IC).The f i r s t  peak, free from 

sa l t  was col lected and represents about 5 mg a f te r  l y o p h i l i s a t i o n . l t s  calcium 

concentration varies from 0.6 to 2% according to the samples. I f  th is  peak 

undergoes another chromatography on Sephadex G15, i t  divides again into 

several 254 nm absorbing peaks s im i la r  to those in f igure IC. Al l  these 

peaks act upon mitochondria as peak i :  the experiments described below were 

performed with peak i because of i t s  easier separation. F ina l l y  th is  f rac t ion  

is ninhydrin pos i t i ve .  

b) Mitochondrial a c t i v i t y  

Each isolated f rac t ion  was assayed for  mitochondrial a c t i v i t y  as 

indicated in Materials and Methods and gave s im i la r  resu l t s . l n  each table we 

reported the experimental resul ts from only one experimertal ser ies.  In each 

experimental series the mitochondria used came from the same preparation. 

The isolated f rac t ion i nh ib i t s  phosphorylation and coupled resp i ra t ion 

table l ) . I t  increases the succinate oxidat ion rate p r i nc i pa l l y  at state 4 as 

mitochondria can s t i l l  phosphorylate ADP. When mitochondria are t o t a l l y  un- 

coupled the respi ra tory  rate is higher than that wich accompanies the phos- 

phorylation of ADP (table I ) .  These ef fects are dose-dependant. 

The resul ts reported in table 2 indicate the experiments performed 

in the presence of calcium ~50 nanomoles). Because of the s l i g h t l y  uncoupling 

a c t i v i t y  of calcium, the mitochondria incubated in i t s  presence alone exhibi~ a 

respi ra tory  control lower than the previous one. The a c t i v i t y  of the isolated 

Table 2: I~olated fraction act iv i ty  on mitochondria in the presence of 50 
~moles 'Ca-- in the medium. Other experimental conditions are described in 
Materials and Methods. 

Isolated fraction ~g RC ~ P/O Oxydation rate 
per protein state 3 state 4 

0 2.7 1.3 115 42 
0.75 1.4 0.8 112 81 
2.5 1.3 0.7 110 88 
5 1.4 0.7 118 80 

12.5 1.3 0.8 127 i00 
25 1.0 0 140 140 
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Tabl e 3= Effect of Ruthenium Red and Mg ++ upon isolated fraction activity 
on mitochondria. Other experimental conditions are described in Materials 
and Methods. 

Isolated fraction R.Ruthe Mg ++ RC m P/O Oxydation rate 
ug per mg protein n Mole n Mole sta~e 3 State 4 

0 0 0 4.1 1.5 97 23 
25 0 0 1 0 138 138 
25 3.2 0 4 1.5 94 23 
25 0 2 4.2 1.5 96 23 

RC = Respiratory control 

f ract ion is largely potent iated by addit ion of calcium as 0.75 ~g are su f f i c i en t  

to induce strong uncoupling. 

F ina l ly  we can not ice that magnesium and ruthenium red i n h i b i t  the f rac-  

t ion a c t i v i t y  (Table 3). 

DISCUSSION 

a) Chromatography 

As indicated previously, the isolated fraction has an unsteady behaviour 

during desalting on Sephadex G15, Indeed, i t  can be eluted in the void volume 

or retained by the column ( f ig 1C). 

These results suggest that the same compound is present in al l  these 

fractions. This might be accounted for by a polymerisation of the molecule(s) 

studied, and the calcium concentration of the f i r s t  fraction is consistent 

with this hypothesis. Indeed the synthetic ionophore A 23187 is known to be 

able to form a dimer by binding with an atom of calcium (5) and we think this 

might be the case too with our substance. Thus, according to i ts  calcium depen- 

dent polymerisation, the isolated fraction might be eluted di f ferent ly  from 

Sephadex G15. Moreover, as active fraction may be eluted after phosphate salt 

from Sephadex G15 (figure IC), the molecular weight of the compound(s) must 

nave been low. Furthermore i t  may have a peptidic character according to 

the positive ninhydrin reaction. 

b) Mitochondrial ac t iv i ty  

Our results indicate that, when mitochondria are strongly uncoupled, 

both state 3 and 4 succinate oxidation rates increase and these respiratory 

stimulations are higher than that wh}~b accompanies the phosphorylation of ADP. 

Such respiratory stimulations were noticed by various authors (6) when mitochon- 

dria accumulate high Ca ++ concentrations.h~ereover the uncoupling induced by the 

isolated fraction is potentiated by addition of calcium and inhibited by magne- 

sium and ruthenium red. According to numerous studies on mitochondrial ac t i v i t y  
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of ionophorous substances for divalent cation (7,5), these results are consistent 

with a ionophorous activity for calcium of the fraction studied. Thus the increa- 

se of the respiratory rate can be accounted for by the energy dependant reaccumu- 

lation of calcium discharged from mitochondria by the fraction. Apparently, the 

substance(s) acts in concert with the calcium carrier of mitochondria to esta- 

blish an energy dissipating cyclic flux of calcium bence by passing the phospho- 
rylated pathway. 

The results of table I are in good agreement with such a recycling 

of Ca 2+ across the membrane by the mitochondrial carrier: calcium will be 

provided in the respiratory medium by its presence in the isolated fraction 

as a contaminent (75~g of this fraction supply the medium with 40 nanomoles 

of calcium with a 2% contamination in this case). 

Experiments in the presence of 50 nanomoles of Ca+corroborate that 

the uncoupling activity of the isolated fraction is Ca 2~ dependent. In this 

experimental series, mitochondria are strongly uncoupled with O.75ug of added 

substance which provides the medium with only 0.4 nanomele of Ca2+.So the acti- 

vity of the fraction is no longer due to its Ca 2+ contamination. 

The calcium recycling is confirmed by the third experimental series. 

Indeed, ruthenium red, by inhibiting the energy-dependant calcium entry in the 

mitochondria prevents uncoupling. 

Finally, since the aff inity of magnesium for the isolated substance 

is probable, at the studied concentration this ion must act by binding to the 

substance(s) thus preventing the uncoupling.Similar results with the synthetic 

ionophore A 23187 have been observed(7).The concentration of this fraction in the 

serum of some patients suffering from renal insufficiency is about 50~g per ml. 

In normal urine the concentration is about 200ug per ml.Those quantities are re- 

latively important and suggest that the ionophore is probably present at low 

concentrations in the plasma of normal subjects.So, we think this substance might 

play a physiological role by participating in the mechanisms of cellular calcium 

homeostasis .Particularly this natural factor might induce a physiological release 

of intramitochondrial calcium.This physiological release at present is accounted 

for with di f f icul ty,  however some workers such as Carafoli(8) searched for a cal- 

cium releasing factor. Moreover, the decrease in mitochondrial calcium granulation 
in renal tubules of uremic patients (I) might be correlated to the accumulation 
of the ionophorous substance. 

I t  is obvious that this hypothetical activity must no be related only 

to mitochondria, but also to calcium dependent effect in cells. Studies with the 

synthetic ionophore A 23187 support that idea (5,9). 

Obviously the fraction isolated is not yet pure (see results of table I 

and 3) but this work is a preliminary step and further investigations are 
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being conducted in order to determine the structure of th is  ionophorous com- 

pound(s) present in normal urine and uremic plasma. 
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