Study of the structure

of “live” functioning mitochondria

At FLNP, in collaboration with the A.N. Belozer-
sky Institute of Physical and Chemical Biology (Mos-
cow State University), for the first time, small-angle
neutron scattering (SANS) experiments were con-
ducted on live functioning mitochondria. A mito-
chondrion is a cell organelle found in almost all
eukaryotic organisms. Dysfunction of mitochondria
leads to fatal diseases.

The mitochondrion consists of two mem-
branes that divide its space into three compart-
ments: matrix, intermembrane space and intercrist-
ae space (Fig. 1). The inner mitochondrial mem-

Fig. 1
Structure of a mitochondrion.

Puc. 1

CTpoeHne MUTOXOHAPWN.

brane consists of 80% proteins and 20% lipids. This
membrane has a large area and forms numerous
folds called cristae. The SANS method allows one to
easily change the sample environment, such as
buffer composition, active additives that affect mi-
tochondrial function, and temperature.

It was shown that under certain conditions the
inner mitochondrial membrane forms ordered
structures with a fixed distance between the mem-
branes. Under normal (isotonic) conditions, the
cristae of rat liver mitochondria have a “bag-like”
shape, no ordering is observed. However, when the
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NccnepoBaHWe CTPYKTYPbl «)XXKUBbIX» MUTOXOHAOPUMN

B JIHO coBmecTHO € VIHCTUTYTOM PU3MKO-XM-
Mmnyeckom 6uonorum nm. A.H. benosepckoro (Moc-
KOBCKUI rocyjapCTBEHHbIV YHUBEPCUTET) BNepBble
6b1IM NPOBeAeHbl SKCNEPUMEHTbI MO ManioyrioBo-
My pacceaHmto HeTPoHOoB (MYPH) Ha X1BbIX GyHK-
LMOHUNPYIOLWNX MUTOXOHAPUAX. MUTOXOHAPUA —
KfieTouyHasA opraHenna, NnpucyTCTBYOLWAA NpaKkTnuye-
CKM BO BCEX dyKapMOTUYECKMX opraHu3max. Hapy-
LeHWs B paboTe MUTOXOHAPWI NPUBOAAT K daTarb-
HbIM 3a6051eBaHMAM.

MwutoxoHapua obpasoBaHa ABYMA Membpa-
HamK, KOTOPble pa3rpaHNYMBaIOT €€ MPOCTPAHCTBO
Ha TpY KOMMapTMeHTa: MaTPUKC, MexxmeMbpaHHoe
NPOCTPaAHCTBO U BHYTPUKPUCTHOE MPOCTPAHCTBO
(pnc. 1). BHyTpeHHAs MUTOXOHApPWaNbHasA MeMm-

6paHa Ha 80% coctouT 13 6enkoB 1 Ha 20% - 13 nu-
nuaoB. 3Ta MembpaHa nmeeT 6onbLUyto NioLwaab,
nosTomy o6pasyeT MHOIo CKNafokK, KOTOpble Ha3bl-
BatoTcAa Kpuctamu. Metog MYPH no3sonset nerko
MEHATb YCJIOBUA Cpefbl, TaKne Kak cocTas bydepa,
AKTVBHble 106aBKY, BAuAOWMe Ha GyHKLUN MUTO-
XOHAPUIA, a TaKXe TemnepaTypy.

Bblno nokasaHo, YTo B onpefeneHHbIX yCno-
BMAX BHYTPEHHAA MUTOXOHAPUaNbHaa meMbpaHa
bopMmpyeT ynopagoUeHHble CTPYKTYpPbl ¢ PUKCU-
POBaHHbIM PACCTOSHUEM MeXxay MembpaHamu. B
HOPManbHbIX (M3O0TOHUYECKUX) YCIOBUAX KPUCTbI
MUTOXOHZPUW NMEeYEeHU KPbICbl MEKT «MeLlKoob-
pasHyto» dopmy, ynopsagoueHusa He HabnogaeTcs.
OpHako npu HabyxaHUy MaTprKca (NyTem nometwe-
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matrix swells (when placing mitochondria in a hy-
potonic medium), mitochondrial cristae form dou-
ble-membrane structures with a fixed distance
between the membranes (Fig. 2) [1]. It should be
noted that under these conditions, mitochondria
produce energy more efficiently, respiratory proton
pumps and ATP synthetase work as a single mem-
brane enzymatic complex. Apparently, the reorgan-
ization of the structure of the cristae is interrelated
with the structural organization of the entire system
of oxidative phosphorylation of mitochondria [2, 3].

In contrast to liver mitochondria, heart mito-
chondria already have highly ordered cristae under
normal conditions (Fig. 3A). Obviously, this is due to
the high energy demand of the heart tissue and, as

a consequence, a high load on the mitochondria. As
conditions change from normal to hypotonic,
changes occur in the packing of cristae. The analysis
of the data suggests the possibility of two variants
of packing of the inner membrane: the formation of
an inverted hexagonal phase by the membrane
(Fig. 3B) or the formation of a multilamellar struc-
ture with two characteristic distances (Fig. 3C) [1].

The existence of two structural (and func-
tional) states of mitochondria studied in this work
opens up new possibilities for the search for mi-
totropic drugs that selectively interact with such
structures that can occur in vivo during swelling of
mitochondria, which is often observed in certain
diseases and under stress.

Fig. 2. Structure of a liver mitochondrial crista under conditions of matrix swelling (hypotonic conditions),
and heart mitochondrial cristae in normal (isotonic) conditions and hypotonic conditions.

Puc. 2. CrpoeHue KprCTbl MUTOXOHAPUU NeYeHN B YCIIOBMAX HabyXaHUA MaTPUKCa (TMMOTOHNYECKMX YCIOBHUSAX),
U KPUCTbl MUTOXOHZPUI CepALIA B HOPManbHbIX (M30TOHNUYECKNX) YCITOBUAX 1 FTUMOTOHNYECKUX YCIIOBUSX.

HUS MUTOXOHAPWIA B TMMOTOHUYECKYIO cpefy) Kpu-
CTbl MUTOXOHZPUIA GOPMUPYIOT ABYXMEMOpPAHHbIE
CTPYKTYpPbI C PUKCUPOBAHHBIM PACCTOSTHUEM MEXTY
Memb6paHamu (puc. 2) [1]. CTouT oTMEeTUTb, YTO B
3TUX YCNOBUAX MUTOXOHA PV BbIpabaTblBalOT SHEP-
ruto 6onee 3pPeKTUBHO, AblXaTeSbHbIE MPOTOHHbIE
nomnbl 1 ATO-crHTeTa3a paboTatoT Kak eAVHbIA MeM-
6paHHbI GepMeHTaTUBHbIN KoMmekc. Buaumo, pe-
opraHu3auma CTPYKTYpPbl KPUCT B3aMMOCBA3aHa CO
CTPYKTYPHOW OpraHun3ayunein Bcem CUCTeMbl OKACTTN-
TenbHoro ¢ochopNNpPOBaHNA MUTOXOHAPWI [2, 3].

B oTnnume oT MMTOXOHAPUN MEYEeHU, MUTO-
XOHAPUW ceppua y»e B HOPMaJibHbIX YCNOBUAX
VIMEIOT BbICOKOYMOPALOUYEHHbIe KPUCTbI (puc. 3A).
OueBrHO, 3TO CBA3aHO C BbICOKOW 3HepreTnye-
CKOW NOTPebHOCTbI0 cCepAeUHOl TKaHW U1, CriefloBa-
TeNbHO, BbICOKOW Harpy3Kom Ha MutoxoHapumn. Mpu

nepexofe K rmnoTOHUYECKMM YCIOBUSAM NMPOUCXO-
AT 3MEHEHVA B YNAaKoBKe KpUCT. IHTepnpeTauma
JaHHbIX FOBOPUT O BO3MOXKHOCTM ABYX BapUAHTOB
YMAKOBKU BHYTPEeHHeN MeMbpaHbl: popmunpoBaHue
MeMOpaHON UHBEPTUPOBAHHOWN rekcaroHasibHOM
¢asbl (puc. 3b) nnm obpazoaHne MynbTUIAMENNAP-
HOW CTPYKTYpPbI C ABYMA XapaKTePHbIMM PaccTos-
HuaMmuK (puc. 3B) [1].

CywwecTBOBaHWe UCCNefoBaHHbIX B paboTe
[ABYX CTPYKTYPHbBIX (M GYHKLNOHANbHbIX) COCTOAHWIA
MUTOXOHZPWI OTKPbIBAET HOBblE BO3MOXXHOCTM MO-
MCKa MUTOTPONMHbIX aKTUBHbIX MpenapaTos, 136u-
paTefibHO B3aUMOZENCTBYIOLWMX C TAKUMU CTPYKTY-
pamu, KOTopble MOTyT BO3HUKaTb in vivo npu Haby-
XaHUVM MUTOXOHAPWIA, YacTo HabnogaemMom npu
onpepeneHHbIxX 3aboneBaHUAX 1 MPU CTPECCOBbIX
BO3/1ENCTBUSAX.
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