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Differential Scanning Calorimetry of Mitochondrial Membranes

Kayo Adachi*, Michihiko Momota** and Takashi Wakabayashi*

Physicochemical properties of rat liver mitochondrial membranes have been studied
using differential scanning calorimetry (DSC). Exothermic and endothermic lipid phase
transition temperatures of mitochondria were detected at —10.5°C and —4.6°C, respectively.
Lipid phase transition temperatures of the outer and inner membrane fractions were almost
the same although their membrane compositions were different from each other. Mito-
chondrial lipids free from cholesterol have revealed two distinct, broadened peaks suggesting
that cholesterol plays a key role in the cooperativity of membrane lipids protecting them
from phase separations.

There were practically no differences in lipid phase transition temperatures between
intact mitochondria and their extracted lipid fraction. However, fluorimetric analysis of
the latter revealed an increase in the membrane fluidity. Effects of Ca?", freezing-thawing
and ethylene glycol on the physicochemical properties of mitochondrial membranes were
also investigated.

The present results suggest that DSC is a useful tool for the study of physicochemical
properties of the mitochondrial membranes, but analysis of the data obtained by DSC should
be made in the light of those obtained by other methods such as fluorimetry, ESR and NMR.
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Fig. 1. Ultrastructure of mitochondria in rat
hepatocytes (A, X 15,000) and isolated

(B, X 15,000).
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Table 1. Exothermic phase transition temperatures of rat liver mitochondria, sonicated
mitochondria and extracted lipids suspended in 50% ethylene glycol at a
cooling rate of 5°C/min and a range of 2.092 mJ/s. Data are the averages of
three experiments (mean £ S.E.).
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Sonicated mitochondria —35x 16 —117+04 —328+16 293+ 02
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Fig. 2. DSC curves of rat liver mitochondria sus-
pended in 50% ethylene glycolat a scanning
rate of 5°C/min and a range of 2,092 mJ/s.
(a) cooling; (b) heating; (c) cooling after
denaturation of proteins; and (d) reheating
after denaturation of proteins. The ordi-
nate, g, represents the heat flow.
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Fig. 3. DSC curves of sonicated rat liver mito-
chondria suspended in 50% ethylene glycol
at a scanning rate of 5°C/min and a range
of 2.092 mJ/s. (a) cooling; (b) heating;
(c) cooling after denaturation of proteins;
and (d) reheating after denaturation of

proteins.
(a) —10.5
o —~28.4 —~1.2
€ —14.8
Sg/\_
=
Bl —-338 —18
=0 =13.9
—33.2 -3.7
= 0.1m]/s
» !
2 —23.2 8.0
§ (e)
S
-é —28.2 48 8.4
= ()
—29.5 -84 5.0
—80
; . . : .
-30 -—20 -—10 0 10
T/T

Fig. 4. DSC curves of rat liver mitochondria and
submitochondrial fractions suspended in
50% ethylene glycol at a scanning rate of
5°C/min and a range of 2.092 mJ/s. (a, d)
whole mitochondria; (b, ) outer membrane
fractions; and (c, f) inner membrane frac-
tions. Scan: (a,b&c) cooling; (d,e&f)
heating.
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Fig. 5. DSC curves of rat liver mitochondria sus-

pended in ethylene glycol at various con-

centrations after denaturation of proteins.

Scanning rate: 5°C/min: Range: 2.092 mJ/s
(a) 80%:; (b) 50%: (c) 30%; and (d) 15%.
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Fig. 6. DSC curves of rat liver mitochondria sus-
pended in 50% ethylene glycol at a scanning
rate of 5°C/min and a range of 1.046 mj/s.
(a, d) freshly prepared mitochondria; (b, e)
once frozen-thawed mitochondria; and
(¢, ) repeatedly frozen-thawed mitochon-
dria.  Scan: (a,b& ¢} cooling: (d,e&f)
heating.
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Fig. 7. DSC curves of lipid fractions extracted

from rat liver mitochondria suspended in
50% ethylene glycol (3.0 mg of lipids+
20 mm® of 50% ethylene glycol) at a
scanning rate of 5°C/min and a range of
2.092 m]/s. {a, b) total lipids; (b, d) after
exclusion of cholesterol.  Scan: (a, b)
cooling; (¢, d) heating.

5ot EHEEL T %, Bach 5% 12, IRELMELES A 3 b
3V R TAmTIE 15—40C, HiibIRPI T2 10—20C
THOSNIEHEL TS, —F, Blazyk & T\Iewmang)
3, 450l b3y VY THOFTIREINERO e -2
AINAT & DTS 5 7o WAL T A, it, D)
£/ — 4 T2, Papahadjopoulos &2 12 L OIERT & & v
N DR A 3D HI Lo B 0id 2, 7505,
OEVE Y ISV & KIAEMEOD SN2 v 0 BRI
O, SRR S — P BT AL ok o ML
TER, SRR ) £2 vov s EHGETIIO ML B ko
MILLAEHT, TOBGL, ) vIRESMRE O
DBEOHIHIWEA L7 T3 B, AH B, @085

TH Do

B, BHTRAAL 72 AL T R T, KT, AH
WL, SOBGITIRENIC VAT NI Z vy DHUKER
f\’l: ’%V“‘ = 7\ V)Hliﬁ'f“fﬁ< %n () [/ y L())Hﬁﬁ& )'VA

FIDSEEIS 27050, T 2AL, AHIZHAT 2, Ao <
7RI TS, f/N7%k&ﬁ%mﬂ@
GBS AL T H - 1288, Bia vy DSRE MK

B - TR EEZZED S, §iko ) By — ol s
H ARy ORI EROBRIZ, Brho, ot
MEILL 2 X g DRIFDUTEHE LS > T EH# 2
DIHINTHE HD,

3.7 AL ZRFTa—ILOEE

HIBRBE X e 200 TEH AHS, S F3 v R
THARBIZS 3 L 2T 0 - i d b, KKERTIR, 3
Py MY T TV RT o — vOBEFHESIT & i@‘

[N



L FNAAWMT, I b2y Y TOHBIERS, ¢
O¥IEEm SV 2T o —wEBEL AEEA L -
(Fig. T)e 3L 2T u—n Bkt TR, Kimaiichk~
cooling, heating I T, 13 TF050, T, —T, I38EA L,
E— 7 D2 DODINNLS tL, AH 3R L1, —§i
IV RTa— IR ARBEOREEEA BT LT B EE L
ST A, AHO I Fay Py TEOMEN ST, Y
/%g@ﬁftC W%E@Mﬁ%%HVXTD—wu
M &, A —Ici > LI s BT g e s s,
Madden“> S, T ML RT3 RY T NESNEIC o
LRTFa—-uiZROATHE, DSCRIEATIT-12&C 5,
BN RO MIER R BEL TR T
V7RG, AH AU LS LTI D, —
F, Y R AT S
WTi, Blume iR 27 s F UL T LY,
FRTFFIATY ORI R Y — 4
WERRINT A EIZX »T Tyt F030 AH @D T %

EHELT D, TabAlEiitc: ba v ¥y 7 tiE
FAMNOTOa LR T a— 1044 s, Madden 5™,
Blume Vo #1745 & 3 —HK LIl AU , VAT O
— VOB T 2EMOBMX 21T 60 THY, b &
o rTo-AxFHLBWWEERIC oL Fa—
&mzt%m,:vx%m—w%éﬁﬁMéQKmML

1oy, BROTIBG, F AR Y R Y — LA

B, BMEEFNZTNOBIG s —BLs N 45 Bk T
b6

3.8 E{ROWMIELERRRBTFEELTD

DSCoE#%

DS U T, SRR~ DSC OIS HlZE 72
—REHITIIC, I b3y F Y TRIWCHET AT — 4
BZ L0, EHERICEEM L T 2O ERI IR 4
BHAHEELT, DSCoMic ESR, NMR, #HYH:S

—11.0
(a) /
—34.4
L ~8.9 92

(b /\
—320 97
' I 0.2mj/s

ALV RTE -G

LV RT O — DRI

Iavryo—

]

—30 —20 —10 0 10
/T

-—Endothermic Exothermic —

|
o~
>

Fig. 8. DSC curves of lipid fractions suspended
in 50% ethylene glycol, extracted from
hydrazine-fed rat liver mitochondria, in the
absence (a) and the presence (b) of Ca?*.
Scanning rate: 5°C/min; Range: 2.092 m]/s.
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Fig. 9. Effects of Ca?* on the temperature-depend-
ent fluorescence polarization, P, of DPH
(1, 6-diphenyl-1, 3, 5-hexatriene) in lipid
fractions extracted from hydrazine-fed rat
liver mitochondria in the absence (a) and

the presence (b) of Ca®**.
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Fig. 10. Temperature-dependence of the fluores-
cence polarization, P, of DPH in rat liver
mitochondria (a) and extracted lipids (b).
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