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Ab stract
The ra dius of gy ra tion of mem brane thick ness of
submitochondrial par ti cles (SMP) has been de ter mined by
small-an gle neu tron scat ter ing (SANS). The asym me try of
SMP mem brane was shown. The dis tance be tween geo -
met ri cal cen tre of mem brane and cen tre of mass of dis tri bu -
tion of inhomogenities has been es ti mated to be 13.3 ± 0.7
C. The lipid / pro tein vol ume ra tio equals 0.7 / 0.3. The av -
er age scat ter ing den sity of neu trons for SMP mem brane
has been de ter mined as well. The av er age mem brane thick -
ness is 52.4 ± 0.7 C.

In tro ducti on

The mitochondrion is called the pow er house of the cell
which pro duces the en ergy that is needed to carry on all cel -
lu lar pro cesses. The in tact mitochondrion is a com plex ob -
ject. More sim pler and con ve nient ob jects for in ves ti ga tion
of func tional and struc tural fea tures of mi to chon drial mem -
branes are submitochondrial par ti cles (SMP). SMP can be
pre pared by ultrasonication. Ob tained this way SMP rep re -
sent ves i cles with size about 40 nm [1] formed by the mi to -
chon drial in ner mem brane. Submitochondrial par ti cles
have ATP-syntase and all en zymes of the re spi ra tory chain. 
Sam ples of SMP have high en zy matic ac tiv ity and are sta -
ble at ex per i men tal con di tions. The aim of our ex per i ments
is to de ter mine some struc tural pa ram e ters of SMP mem -
branes (such as thick ness, lipid-pro tein vol ume ra tios) and
use the ob tained re sult for fur ther anal y sis of in flu ence of
sub strata of ox i da tive phosphorylation on struc ture of
SMP.

The o ry

The scat tering intensity for ran domly ori ented mem branes
at low an gles can be writ ten as [2]:
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where Rt is ra dius of gy ra tion of mem brane thick ness, char -
ac ter iz ing the thick ness of the mem brane, I(0) is in ten sity
of scat ter ing into zero an gle. Ap prox i ma tion (1) is valid at

2p/ÖS  < q < 1/Rt, where S is the mem brane area. The thick -
ness of ho mo ge neous lamella is given by:

T R t= 12 .                (2)

It has been shown that this ap prox i ma tion ap plies also to
curved lamellae such as hol low spheres or hol low cyl in ders 
[3]. 

For lamellar sys tems with ho mo ge neous scat ter ing den -
sity in the di rec tion par al lel to the lamella plane the scat ter -

ing in ten sity at zero an gle ÖI(0) is a lin ear func tion of the
scat ter ing den sity of the sol vent [4].

An im por tant char ac ter is tic of a par ti cle is the so called
match point [4, 5], the com po si tion of the sol vent, at which
con trast (dif fer ence in scat ter ing den si ties of sol vent and
par ti cle) equals zero, i.e. I(0) equals zero as well. At the
match point the scat ter ing den sity of the sol vent equals an
av er age co her ent scat ter ing den sity of the par ti cle (here in -
af ter av er age scat ter ing den sity). The def i ni tion of value of
the av er age scat ter ing den sity r of a par ti cle makes it pos si -

ble to es ti mate the vol ume ra tios of com po nents in the par -
ti cle. Ac cord ing to [6] for two-com po nent sys tem (in our
case pro tein-lipid mem brane)  r can be writ ten as:

r r r r r= + = - +1 1 2 2 1 2 2 21V V V V( ) ,                

where r1, r2  and V1, V2 are the den si ties of neu tron scat ter -
ing length and the par tial vol umes (tak ing into ac count that
V1 + V2 = 1) for the first and sec ond com po nent re spec -
tively. Hence the vol ume frac tion for the first com po nent
is:
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Ac cord ing to [5] the ra dius of gy ra tion of het er o ge neous
par ti cle de pends on contrast:
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where Dr is con trast; Rc is the ra dius of gy ra tion of the par -
ti cle with con stant scat ter ing length den sity (ra dius of gy ra -
tion of the shape); Rp is the ra dius of gy ra tion of
het er o ge neous par ti cle; L rep re sents the dis tance be tween
the geo met ri cal cen tre of the par ti cle and cen tre of mass of
dis tri bu tion of inhomogenities. For uni form par ti cles Rc =
Rp and L = 0. If tri nomial Rp

2 + L2 - Rc
2 is pos i tive then

denser re gions are on the pe riph ery, and vice versa.

Ma te ri als and methods

Submitochondrial par ti cles were pre pared from bo vine
heart mi to chon dria as de scribed in [7] and stored in liq uid
ni tro gen. Dur ing ex per i ments SMP were placed into in cu -
ba tion me dia com posed of 0.25 M su crose and 5 mM
tris-HCl, pH = 7.4.

Sam ples for con trast vari a tion method con tained the
fol low ing D2O / (H2O+D2O) ra tios: 0, 0.08, 0.12, 0.2, 0.35,
0.42, 0.55, 0.7, 0.8, 0.9 and 0.95. The pro tein con cen tra tion 
was 3 - 17 mg / ml (known for each sample).

SANS ex per i ments were car ried out on the YuMO
spec trom e ter at the pulsed re ac tor IBR-2 (JINR, Dubna)
[8].

Re sults and dis cus sion

Fig ure 1 rep re sents scat ter ing curves for submitochondrial
par ti cles in me dia con tain ing 95 % and 55 % D2O (curves
for oth ers com po si tions are not shown). In the in set of fig -

ure 1 the Kratky-Porod plot for these sam ples is shown.
Pres ence of lin ear re gion in such plot dis plays the lamellar
struc ture of in ves ti gated ob ject. By means of the
Kratky-Porod ap prox i ma tion (1) the value of I(0) was de -
ter mined for each kind of sol vent in the range 0.02 C-1  < q
< 0.08 C-1.

The de pend ence of ÖI(0) on the scat ter ing den sity of
sol vent is pre sented on fig ure 2. The SMP mem brane can -
not be com pletely con trast matched. Only a min i mum in
con trast is reached at 25.5 % D2O, cor re spond ing to r =

(1.08 ± 0.13) · 1010 cm-2. This find ing is an in di ca tion of a
non-ran dom dis tri bu tion of lipids and pro teins in the plane
of the mem brane. How ever, the min i mum of I(0) is close to 
zero, so for the sub se quent anal y sis we as sume that the
mix ture of lipids and pro teins is ho mo ge neous.
Ac cord ing to (3) the par tial vol ume of the pro tein in mem -
brane equals:
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where rL and rP are scat ter ing den si ties of lipids and pro -

teins cor re spond ingly. Sub sti tut ing the val ues of rL =

0.7·1010 cm-2 and rP  = 1.9·1010 cm-2 [5], we have VP  = 0.32,
VL = 0.68.

The value of ra dius of gy ra tion was de ter mined at the
D2O / (H2O +  D2O) ra tios of 0.95, 0.9, 0.8, 0.55, 0.12, and
0.

Fig ure 2 rep re sents the plot of Rt
2 against 1/Dr (Dr =r -

rsol vent). The data were fit ted by equa tion (4) us ing a
least-squares method. The best fit be tween func tion (4) and 
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Fig. 1. In ten sity scat tered by SMP in me dia with 95 % D2O (upper points) and 55 % D2O (lower points). The Kratky-Porod plot for these 
sam ples is given in the in set.



the ex per i men tal data cor re spond to the pa ram e ters: Rc =
15.4 ± 0.2 C, L = 13.3 ± 0.7 C, Rp = 14.1 ± 0.4 C. Sup pos -
ing lamella to be ho mo ge neous we es ti mate the ef fective
thick ness of SMP mem brane (see for mula 2) to be equal
53.4 ± 0.7 C. The pos i tive value of tri nomial Rp

2 + L2 - Rc
2

in di cates that the high scat ter ing den sity is placed at the pe -
riph ery of the mem brane. In other words the pro teins are
lo cated on the out side of the lipid bilayer.

Con clu sions

The mem brane of submitochondrial par ti cles is het er o ge -
neous. It is formed by a lipid bilayer in clud ing pro teins.
The fractions of pro teins and lipids are VP = 0.3, VL = 0.7,
re spec tively. The ra dius of gy ra tion of SMP mem brane is
ap prox i mately 15.4 ± 0.2 C. The mem brane is asym met ric,
the dis tance be tween geo met ri cal cen tre of mem brane and
cen tre of mass of dis tri bu tion of inhomogenities is about
13.3 ± 0.7 C. The es ti mated ef fec tive av er age mem brane
thick ness is equal to 53.4 ± 0.7 C.
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Fig. 2. Square root of zero-an gle scat ter ing of submitochondrial 
par ti cles as a func tion of the sol vent scat ter ing den sity.
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Fig. 3. Rt
2 ver sus 1/Dr of submitochondrial par ti cles.


