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U
sing

the
X

F
24

A
nalyzer

in
hypoxia,

w
e

can
m

easure
the

effects
of

O
2

tension
on

the
O

C
R

ofintactcells.

T
he

O
C

R
ofB

A
E

C
varies

depending
on

the
O

2
tension

ofthe
m

edia.
T

his
data

can
be

fit
to

M
ichaelis-M

enten
enzym

e
kinetics,

w
ith

an
apparent

V
m

ax
of

~
5.5

pm
oles

O
2 /m

in/��g
protein

and
an

apparentK
m

of10.33
m

m
H

g.

B
A

E
C

treated
w

ith
H

N
E

in
norm

oxic
conditions

exhibited
a

decrease
in

O
2

consum
ption

below
vehicle

control,
as

w
ellas

an
increase

in
protein-H

N
E

adducts,
suggesting

protein
m

odifications
by

H
N

E
alter

m
itochondrialprotein

function.

H
ypoxia

attenuated
the

H
N

E
-induced

decrease
in

O
2

consum
ption

in
B

A
E

C
,

particularly
at

O
2

tensions
at

w
hich

the
concentration

of
O

2
becam

e
lim

iting
to

m
itochondrialrespiration,butthis

did
notresultin

few
er

protein
adducts.

T
hese

data
suggestthathypoxia

m
ay

be
inducing

a
shiftin

the
m

etabolic
controlof

the
m

itochondria
w

hen
O

2
appears

to
becom

e
lim

iting
(at

approxim
ately

25
m

m
H

g).

Taken
together,

these
data

suggest
that

effect
of

H
N

E
m

odifications
on

m
itochondrial

function
is

dependent
on

the
concentration

of
O

2 .
T

his
m

ay
provide

im
portant

insight
into

the
biological

effects
of

lipid
electrophiles

generated
in

ischem
ic

cardiovascular
pathologies.
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5:
O

xygen
consum

ptio
n

rates
(O

C
R

)
of

B
A

E
C

in
response

to
hypoxia.

B
A

E
C

seeded
at

40,000
cells/w

ell
in

specialized
S

eahorse
plates

w
ere

placed
in

an
X

F
24

A
nalyzer

in
either

room
air

(norm
oxia)

or
1%

O
2

(hypoxia).
T

he
oxygen

tension
of

the
m

edia
w

as
m

easured
over

tim
e

in
both

norm
oxia

and
hypoxia

(A
).

T
he

O
C

R
of

B
A

E
C

over
tim

e
in

response
to

norm
oxia

or
hypoxia

are
com

pared
(B

).
T

he
O

C
R

of
B

A
E

C
w

as
then

plotted
as

a
function

ofthe
O

2
tension

ofthe
m

edia.
B

lue
shading

represent
oxygen

tensions
at

w
hich

the
concentration

of
oxygen

becam
e

lim
iting

to
m

itochondrial
respiration.

R
esults

are
m

ean
±

S
E

M
.

n=
5

per
group.

F
igure

6:
O

xygen
consum

ptio
n

rates
(O

C
R

)
of

B
A

E
C

in
response

to
H

N
E

in
norm

oxia
and

hypoxia.
B

A
E

C
seeded

at
40,000

cells/w
ellin

specialized
S

eahorse
plates

w
ere

placed
in

an
X

F
24

A
nalyzer

equilibrated
to

either
room

air
(norm

oxia)
or

1%
O

2
(hypoxia).

T
he

O
C

R
of

B
A

E
C

in
norm

oxia
w

as
m

easured
for

2h
prior

to
injection

of
H

N
E

(20
��M

),
follow

ed
by

continued
O

C
R

m
easurem

entfor
4h

(A
).

T
he

O
C

R
ofB

A
E

C
i n

hypoxia
w

as
also

m
easured

for
2h

prior
to

H
N

E
injection

to
allow

the
m

edia
enough

tim
e

to
becom

e
hypoxic,

follow
ed

by
continued

O
C

R
m

easurem
ent

for
4h

(B
).

A
rrow

s
indicate

the
injection

of
either

H
N

E
or

vehicle
control(E

tO
H

).
B

lue
shading

represents
oxygen

tensions
at

w
hich

the
concentration

of
oxygen

becam
e

lim
iting

to
m

itochondrialrespiration.
R

esults
are

m
ean

±
S

E
M

.
n=

5
per

group.
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7:
P

rotein-H
N

E
adduct

form
ation

in
B

A
E

C
follow

in
g

H
N

E
treatm

en
t

in
norm

oxia
and

hypoxia.
B

A
E

C
seeded

at
40,000

cells/w
ell

in
specialized

S
eahorse

plates
w

ere
placed

in
an

X
F

24
A

nalyzer
in

either
norm

oxia
or

hypoxia
for

2h
prior

to
H

N
E

injection
to

allow
enough

tim
e

for
the

m
edia

to
equilibrate

to
the

am
bient

O
2

tension.
H

N
E

w
as

then
injected

(5-20��M
),

and
after

a
4h

incubation,
cell

lysates
w

ere
collected

and
resolved

by
S

D
S

-P
A

G
E

.
P

roteins
w

ere
transferred

to
P

V
D

F
and

w
ere

probed
w

ith
anti-protein-H

N
E

antibody
(courtesy

of
A

.
B

hatnagar,
U

.
of

Louisville)
(A

).
T

he
fold

changes
in

protein-H
N

E
adducts

w
ere

quantified
in

(B
).

R
esults

are
m

ean
±

S
E

M
.

n=
5

per
group.

*p<
0.05

com
pared

to
control.

0      5     10   20     0     5     10   20

Protein-HNE Adducts

N
orm

oxia
H

ypoxia

[H
N

E
] (��M

)

B
A

C
ardiovascular

diseases
(C

V
D

),
such

as
ischem

ic
injury,

can
result

in
the

exposure
ofthe

endothelium
to

hypoxia.

H
N

E
is

a
reactive

lipid
w

hich
is

produced
in

C
V

D
and

has
been

show
n

to
alter

bioenergetics
in

both
isolated

m
itochondria

and
w

hole
cells.

K
now

n
targets

of
H

N
E

are
the

T
C

A
cycle

dehydrogenases,
adenine

nucleotide
translocase,

and
the

com
plexes

of
the

electron
transport

chain.

T
he

S
eahorse

B
ioscience

X
F

24
A

nalyzer
w

as
used

to
m

easure
the

oxygen
consum

ption
of

intact
cells

in
response

to
hypoxia.

U
sing

this
novel

m
ethod,

w
e

determ
ined

the
effect

of
H

N
E

on
the

cellular
bioenergetics

ofbovine
aortic

endothelialcells
(B

A
E

C
)

in
hypoxia.

*

4-hydroxy-2-nonenal 
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)
C
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H
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F
igure

2:
H

N
E

ca
n

m
odify

nucleophilic
protein

residues.
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4:
S

eahorse
B

ioscience
X

F
24

A
nalyzer

in
hypoxia

cham
ber.

T
he

X
F

24
A

nalyzer
w

as
placed

in
a

hypoxia
cham

ber
so

that
cellular

bioenergetics
could

be
m

easured
in

cells
under

hypoxia.
T

he
oxygen

tension
w

as
set

to
1%

O
2

in
the

cham
ber

for
allexperim

ents
under

hypoxia.
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B
lue

shaded
regions
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hypoxic
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A

dapted
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Libby
et

al.
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8:
P

athw
ays

of
m

etabolic
control

o
f

m
itochondria

l
oxygen

consum
ption.

F
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3:
S

eahorse
X

F
24

A
nalyzer

technology
.

T
he

S
eahorse

B
ioscience

X
F

24
utilizes

24
probe

heads
to

analyze
cells

in
culture.

P
anel

A
show

s
a

schem
atic

depiction
of

the
m

easurem
ent

cham
ber

utilized
in

this
technique.

T
he

first
w

ell
show

s
the

optics
in

the
resting

position.
F

or
m

easurem
ents,

the
cartridge

is
low

ered
in

all
w

ells
to

create
a

transient
7µL

cham
ber.

T
he

dots
at

the
tips

of
the

sensor
probes

are
representative

of
the

fluorescent
sensors

quenched
by

either
oxygen

to
allow

for
m

easurem
ent

of
these

param
eters.

M
onitoring

these
concentrations

over
tim

e
allow

s
for

the
calculation

ofthe
O

xygen
C

onsum
ption

R
ate
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(B
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