Analysis of Mitochondria Across Multiple
Tissues In the Akita Mouse



e Function
e Morphology
e Proteomics



Relative to Liver, Brain and Kidney the Diabetic Myocardium

is Particularly Vulnerable to Mitochondrial Dysfunction

Respiration ATP synthesis
(heart, succinate) (heart, succinate)

i

State 2 State3d FCCP

(@

Respiration
(heart, succinate)

El WT

.

State 2 State 3 State 4

g

*

2

[nmelO,/min/mg] >
[nmolO,/min/mg] [0

[nmol/min/mg]

(=]

o
O

Respiration Respiration ATP synthesis
(kidney, succinate) (kidney, succinate) (kidney, succinate)

. WT

400 [ Akita

300

mL_‘ r ﬂ ﬂ
u | —

State2 State3 FCCP

State 2 State 3 State d

600
400
200

0

[MmolO;/minmg]
[nmol/min/mg]

=
E
=
E
0
o
E
=

>
o
O

Respiration Respiration ATP synthesis
(liver, succinate) (liver, succinate) (liver, succinate)

i

State2 State3d FCCP

[nmolO,/min/mg]
[nmolO,/min/mg]
[nmol/min/mg]

Bugger et al., Diabetes, 2009



Altered Mitochondrial Morphology in Heart but not Liver,
Kidney or Brain of Akita Mice

Mitochondrial volume Mitochondrial number
density

2.0
1.5
1.0
0.5

0.0
Liver Kidney Heart Liver Kidney Heart

1.0
0.8
0.6
0.4
0.2
0.0

Mitochondrial area
per myocyte area
Fold change
[arbitrary units]

Bugger et al., Diabetes, 2009



Mitochondrial Proteome -Akita Mice

Table 1. Abundance of FAD protems, TCA cycle enzymes, and OXPHOS sebunits m
mitochondria of liver, brain. heart and kidoey of Akita, presented as fold change compared to
WT. Highlighted cells indicate a significant difference (p=0.05) compared to WT (red =
increassd, yellow = decreased). n.d. = protein was not detected
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Contribution of Myocardial Insulin Resistance to
Oxidative Stress, Mitochondrial Uncoupling and
Reduced Cardiac Efficiency

e Mitochondrial uncoupling Is present in ob/ob
and db/db hearts but not in Akita or STZ
diabetes

e Ob/ob and db/db hearts are insulin resistant,
whereas Akita hearts are insulin sensitive

e Ob/ob and db/db mitochondria overproduce
ROS, but Akita hearts do not.

e Can insulin resistance alone induce oxidative
stress?




Mitochondria from CIRKO Mice Exhibit
FA-Induced Mitochondrial Uncoupling
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Oxidative Stress Contributes to Mitochondrial

Uncoupling in CIRKO Hearts
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Myocardial Insulin Resistance
Promotes Oxidative Stress



Will Insulin Resistance
Increase Mitochondrial
Uncoupling and Decrease
Cardiac Eficiency in STZ
Hearts?



Mitochondrial Uncoupling in CIRKO and CIRKO-STZ
Hearts but not in STZ Hearts

Oxygen consumption W

(palmitoyl-carnitine) CIRKO
Bl STZ
4 CIRKO-STZ

= N
ol o
B I

=
£
<
£ 10
o
o
£
g,

o ol
B B

I

ATP synthesis ATP/O
(palmitoyl-carnitine) (palmitoyl-carnitine)

-k

(o)}
o
]

N
o

N
o
1

[nmol/min/mg]

o




MVO, and Cardiac Efficiency are Synergistically Impaired
In STZ-CIRKO mice
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Mitochondrial FAO Protein Abundance is Reduced in
CIRKO, but Increased in STZ and CIRKO-STZ Hearts
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Proteomic Survey of CIRKO Mitochondria

244 proteins identified.
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Boudina et al, Circulation 2009
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Proteomic Survey of CIRKO Mitochondria

244 proteins identified.

Complex 1-5
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ROS-Mediated Mitochondrial Uncoupling that Limits
Mitochondrial ATP Generation and Cardiac Energetic
Reserves is a Characteristic of Type 2 Diabetes but not Type
1 Diabetes and Might be Related to Insulin Resistance
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Abnormal Mitochondrial Dynamics In
Lipotoxic Cardiomyopathy



Increased mitochondrial volume density and number
but reduced mitochondrial size in ACS mouse hearts
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Palmitate Leads to Fragmentation of the Mitochondrial

Network
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Palmitate Impairs Mitochondrial Fusion
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Collaborative Study between UNC-
Smithies/Maeda and University of Utah

Characterization of Cardiac Phenotype of
B1RB2RKO mice on the Akita Background



No Synergistic Impact on Cardiac Structure

H&E Trichrome

B1RB2R*




No Synergistic Impact on Cardiac

Parameter

+
Ins2™*

B1RB2R""

+f
Ins2™

B1RB2R™

Ins 2™
B1RB2R""

Function

Ins 2™
B1RB2R™

No. of mice

7

8

9

9

Aortic systolic pressure (mmHg)

96 + 3

95 +4

86 + 2°

94 + 3

Aortic diastolic pressure (mmHg)

63 +4

61 + 2

61 +3

68 + 3

LVSP (mmHg)

99 +3

99 + 3

88 + 1°

90 + 2°

LVDP (mmHg)

08 +1.1

02 +07

2r 110

10+09

LVEDP (mmHg)

1313

8 +2

11

133

LV Dev P (mmHg)

98 +3

98 + 3
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89 + 2°

+dP/dt (mmHg » sec™)
-dP/dt (mmHg = sec")
Heart rate (beat * min™)

7550 + 270 7921 + 471 6342 6760 + 363°
-7412 + 604 -1975 = 617 -5855 + 6373 + 431°
478 + 14 490 = 17 453 484 + 21

Data are mean + SEM. -dP/dt, peak rate of LV pressure decline; LV Dev P, left ventricle developed pressure; LVSP,
LV systolic pressure. * P < 0.05 vs. Ins2”* same B1B2R genotype .
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