
Cell Reports, Volume 33
Supplemental Information
Respiratory Supercomplexes Promote

Mitochondrial Efficiency and Growth

in Severely Hypoxic Pancreatic Cancer

Kate E.R. Hollinshead, Seth J. Parker, Vinay V. Eapen, Joel Encarnacion-Rosado, Albert
Sohn, Tugba Oncu, Michael Cammer, Joseph D. Mancias, and Alec C. Kimmelman



A     

B     
0 1 2 3 4

0

5

10

15

20

25

Days

C
el

l P
ro

lif
er

at
io

n
(R

el
at

iv
e 

to
 D

ay
 0

)
8988T

0 1 2 3 4
0

5

10

15

Days

MIAPaCa-2

0 1 2 3 4
0

2

4

6

8

Days

PANC-1

0 1 2 3 4
0

2

4

6

8

Days

HPAC

0 1 2 3 4
0

5

10

15

Days

18.6% O

2

1% O2

0.1% O2

8902

0% O2

0 1 2 3 4 5
0

5

10

15

20

Days

C
el

l P
ro

lif
er

at
io

n
(R

el
at

iv
e 

to
 D

ay
 0

)

A549

0 1 2 3 4
0

2

4

6

8

10

Days

HCT116

0 1 2 3 4 5
0

5

10

15

20

Days

DLD-1

0 1 2 3 4 5
0

1

2

3

4

5

Days

MDA-MB-468

0 1 2 3 4 5
0

2

4

6

8

Days

18.6% O

2

1% O2

0.1% O2

MDA-MB-231

0% O2

8988T A549
0

50

100

150

R
el

at
iv

e 
O

xi
da

tiv
e 

TC
A 

C
yc

le
 A

ct
iv

ity
 

(M
3/

M
5 

KG
, %

 o
f v

eh
ic

le
)

vehicle
PA (25 nM)
AA (50 nM)

****
****

****
****

Pyru
va

te

mito
TEMPO

Tro
lox

-50

0

50

100

%
 C

ha
ng

e 
in

 H
yp

ox
ic

 G
ro

w
th

(T
re

at
ed

 : 
U

nt
re

at
ed

) 8988T*
n.s.

Pyru
va

te

mito
TEMPO

Tro
lox

-50

0

50

100
MIAPaCa-2**

n.s.

Pyru
va

te

mito
TEMPO

Tro
lox

-100

0

100

200
HCT116****

n.s.

Pyru
va

te

mito
TEMPO

Tro
lox

-50

0

50

100
A549

*

*

n.s.

C             D     

!"#$%&'()'*'+%,-./'0/1%10.&%"2."02',3'0140&%'0&55'5"4&2'"4'/67,8"19'%&51.&:'.,'!"#$%&');'!
"#$!%&'()*+&!,-./)0!.1!2(34-&()*4!4(34&-!4&''5!676689!:;#<(=(>?9!<#@=>A9!B<#=!(3C!67D?!&E2.5&C!).!3.-F.E*(!
"A6GHI!J!$9!0K2.E*(!"AI!J!$9!5&+&-&!0K2.E*(!"DGAI!J!$9!.-!(3.E*(!"DI!J!$G!L()(!3.-F('*M&C!).!C(K!D!"F&(3!N!
OP:9!3QR$G!!
"S$!%&'()*+&!,-./)0!.1!'T3,!4(34&-!4&''!'*3&!#UV79!4.'.3!4(34&-!4&''!'*3&5!B=8AAH!(3C!LWL>A9!(3C!X-&(5)!4(34&-!
4&''!'*3&5!:L#>:S>VH6!(3C!:L#>:S>?RA!&E2.5&C!).!3.-F.E*(!"A6GHI!J!$9!0K2.E*(!"AI!J!$9!5&+&-&!0K2.E*(!
"DGAI!J!$9!.-!(3.E*(!"DI!J!$G!L()(!3.-F('*M&C!).!C(K!D!"F&(3!N!OP:9!3QR$G!!
"=$!%&'()*+&!.E*C()*+&!8=#!4K4'&!(4)*+*)K!C&)&-F*3&C!XK!4('4T'()*3,!)0&!-()*.!.1!:NR!Y!:NU!Z>[&).,'T)(-()&!1-.F!
\]^>"#=$>,'T)(F*3&!*3!67668!(3C!#UV7!4&''5!T2.3!(CC*)*.3!.1!2*&-*4*C*3!#!"?U!3:$!(3C!(3)*FK4*3!#!"UD!3:$!1.-!?V!
0G!L()(!*5!50./3!(5!(!2&-4&3)(,&!.1!+&0*4'&!"F&(3!N!OL9!3QR$G!
"L$!<&-4&3)!40(3,&!*3!0K2.E*4!,-./)0!*3!676689!:;#<(=(>?9!#UV7!(3C!B=8AAH!4&''5!.3!(CC*)*.3!.1!2K-T+()&!"A!
F:$9!F*).8P:<J!"?D!_:$!(3C!8-.'.E!"U!F:$!1.-!U!C(K5!*3!5&+&-&!0K2.E*(!"DGAI!J!$G!L()(!50./3!(5!(!
2&-4&3)(,&!.1!+&0*4'&!"F&(3!N!OP:9!3QR$G!
O*,3*1*4(34&!C&)&-F*3&C!T5*3,!LT33&))`5!FT')*2'&!4.F2(-*5.35!)&5)!*3!OA=>L9!/0&-&!3G5G!aDGDU9!b!DGDUa29!bb!
DGDAa29!bbbb!2cDGDDDAG!



PDAC non-PDAC

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

HCT11
6
DLD-1

-100

-50

0

50

100

%
 C

ha
ng

e 
in

 M
et

ab
ol

ite
 S

yn
th

es
is

 
(0

.1
%

 O
2 :

 1
8.

6%
 O

2)

Aspartate
Cytosine
Uracil

0

1

2

3

4

5

6

-3 -2 -1 0 1 2 3 4
0

1

2

3

4

5

6

-3 -2 -1 0 1 2 3 4

HIF1A signalling HIF1A signalling

erocs tne
mhcirn

E

erocs tne
mhcirn

E

8988T MIAPaCa-2

HIF1A

HIF1A

Log (FC) - 0.1% / 18.6% O Log  - 0.1% / 18.6% O

-L
og

)eul av- p( 

goL-
) eul av- p( 

HIF1

ACTIN 

89
88

T

N1    N2    H1    H2    H3
HIF1

ACTIN M
IA

Pa
C

a-
2

N1    N2    H1    H2    H3

6

PC

PDH

Cit

SucFum

Mal

Oac

AcCoAPyr

[U]-13C

Asp

Lac

HIF1

ACTIN

GOT1

#1 #2

ACTIN

GOT2

#1 #2

C   D

J     

ls

sh
GFP

sh
GOT1 #

1

sh
GOT1 #

2

sh
GOT2 #

1

sh
GOT2 #

2
0.00

0.05

0.10

0.15

0.20

R
el

at
iv

e 
A

sp
ar

ta
te

 L
ev

e
(T

IC
/1

05  c
el

ls
)

MIAPaCa-2

****
****

sh
GFP

sh
GOT1 #

1

sh
GOT1 #

2

sh
GOT2 #

1

sh
GOT2 #

2
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
C

el
l N

um
be

r 8988T
**

**
n.s.

18.6% 0.1%
0

1

2

3

4

A
sp

ar
ta

te
 P

ro
du

ct
io

n 
Fl

ux
(n

m
ol

/1
e6

ce
lls

/h
r)

ln
Other

8988T

O2
0 4 8 12 16 20 24

0

25

50

75

100

Time (hours)

18.6% O2

0.1% O2

A549

18.6% O2

0.1% O2

0 4 8 12 16 20 24
0

25

50

75

100

Time (hours)

C
yt

os
ol

ic
 A

sp
ar

ta
te

 
Sy

nt
he

si
s 

(%
 M

+3
)

8988T

8988T MIAPaCa-2
0.0

0.5

1.0

1.5

G
O

T2
/V

D
A

C

18.6% O2

0.1% O2

HIF1
(~110 kDa)

ACTIN
(42 kDa)

GOT1
(46 kDa)

GOT2
(48 kDa)

LRRPRC
(158 kDa)

18.6% 0.1% 18.6% 0.1% 18.6% 0.1% 18.6% 0.1% 18.6% 0.1% 18.6% 0.1% 18.6% 0.1% 18.6% 0.1%

8988T         MIAPaCa-2       PANC-1           HPAC                      8902                A549              HCT116           DLD-1            

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

HCT11
6
DLD-1

0.0

0.1

0.2

0.3

R
el

at
iv

e 
A

sp
ar

ta
te

 L
ev

el
s

(T
IC

/1
05  c

el
ls

)

****

****

****

********

********

****

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

HCT11
6
DLD-1

0.0

0.2

0.4

0.6

0.8

1.0

R
el

at
iv

e 
PD

H
 A

ct
iv

ity

****
****

****

****

****

****

****
****

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

HCT11
6
DLD-1

0.0

0.2

0.4

0.6

R
el

at
iv

e 
PC

 A
ct

iv
ity

18.6% O2

0.1% O2

****

** ***

**
****

****

****

PDAC non-PDAC PDAC non-PDAC

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

HCT11
6
DLD-1

0

10

20

30

40

50

M
PE

 C
itr

at
e 

fro
m

 13
C

6-
G

lu
co

se
 (%

)

****

****

****

****

**** ****
****

****

PDAC non-PDACPDAC non-PDAC

A   B             F

8988T MIAPaCa-2
0

2000

4000

6000

8000

10000

12000
R

el
at

iv
e 

G
O

T1
 E

xp
re

ss
io

n 
(io

n 
co

un
ts

)
18.6% O2

0.1% O2

0 4 8 12 16 20 24
0

20

40

60

80

100

Time (hours)

A549

0 4 8 12 16 20 24
0

20

40

60

80

100

Time (hours)

M
PE

 A
sp

ar
ta

te
 fr

om
 

13
C

5-
G

lu
ta

m
in

e 
(%

) 8988T

E

G

H

L   M                P

N        O          Q

I

K



!"#$%&'()'*'+,-.%&,/".'.,-.&%'.&001'2&.%&,1&'#0$.31&'34"2,/"3-'5$/'6,"-/,"-'34"2,/"7&'#0$/,6"-&'6&/,530"16'
2$%"-#'1&7&%&'89:34",;'%&0,/&2'/3'!"#$%&')<'!
"#$!%&'()*+&!(,-(.)()&!'&+&',/!(0.1,,!0&''!'*2&,!&3-1,&4!)1!56!7!,&+&.&!78-13*(!"9:;<!=!$/!>7&.&!)1)('!*12!01?2),!
"@AB$!(.&!21.C('*D&4!)1!&3).(0)*12!&EE*0*&208!(24!0&''!2?CF&.!"C&(2!G!HI/!2JK$:!H*L2*E*0(20&!4&)&.C*2&4!?,*2L!(2!
?2-(*.&4/!)>1M)(*'&4!H)?4&2)N,!)M)&,)/!>7&.&!OOOO!-P9:999;:!!
"Q$!R1'&!-&.0&2)!&2.*07C&2)!"RST$!1E!0*).()&!E.1C!UVWM"#B$ML'?01,&!(0.1,,!0&''!'*2&,!&3-1,&4!)1!56!7!,&+&.&!
78-13*(!"9:;<!=!$!"C&(2!G!HI/!2JK$:!H*L2*E*0(20&!4&)&.C*2&4!?,*2L!(2!?2-(*.&4/!)>1M)(*'&4!H)?4&2)N,!)M)&,)!>7&.&!
OOOO!-P9:999;:!!
"B$!%&'()*+&!SIX!(0)*+*)8!(E)&.!56!7!,&+&.&!78-13*(!"9:;<!=!$!4&)&.C*2&4!F8!0('0?'()*2L!)7&!.()*1!1E!RG5!(,-(.)()&!
Y!RGK!-8.?+()&!"C&(2!G!HI/!2JK$:!H*L2*E*0(20&!4&)&.C*2&4!?,*2L!(2!?2-(*.&4/!)>1M)(*'&4!H)?4&2)N,!)M)&,)/!>7&.&!
OOOO!-P9:999;:!!
"I$!%&'()*+&!SB!(0)*+*)8!(E)&.!56!7!*2!,&+&.&!78-13*(!"9:;<!=!$!4&)&.C*2&4!F8!0('0?'()*2L!)7&!.()*1!1E!RGK!(,-(.)()&!
Y!RGK!-8.?+()&!"C&(2!G!HI/!2JK$:!H*L2*E*0(20&!4&)&.C*2&4!?,*2L!(2!?2-(*.&4/!)>1M)(*'&4!H)?4&2)N,!)M)&,)/!>7&.&!2:,:!
Z9:9[/!OO!9:9;Z-/!OOO!9:99;Z-/!OOOO!-P9:999;:!!
"T$!H07&C()*0!4*(L.(C!)1!,71>!41>2,).&(C!'(F&'!*201.-1.()*12!E.1C!UVWM"#B$!L'?01,&:!RG5!(,-(.)()&!*,!-.14?0&4!
)7.1?L7!)7&!(0)*+*)8!1E!-8.?+()&!4&784.1L&2(,&!"SIX$!(24!RGK!(,-(.)()&!*,!-.14?0&4!)7.1?L7!)7&!(0)*+*)8!1E!
-8.?+()&!0(.F138'(,&!"SB$:!!
"\$!]1'0(21!-'1)!1E!4*EE&.&2)*(''8!&3-.&,,&4!-.1)&*2,!*2!^_^^@!"'&E)$!(24!RA#S(B(M5!".*L7)$!-(20.&()*0!0(20&.!0&''!
'*2&,!F&)>&&2!21.C13*(!(24!,&+&.&!78-13*(!"9:;<!=!$:!S.1)&*2,!>&.&!012,*4&.&4!4*EE&.&2)*(''8!07(2L&4!*E!)7&8!7(4!(!
`1L5!E1'4!07(2L&!"\B$!1E!Z;!1.!PM;!(24!(2!(4a?,)&4!-M+('?&!P9:9[:!XA\;b!*,!?-.&L?'()&4!c5ME1'4!*2!F1)7!4()(,&),/!
>*)7!(!-M+('?&!1E!9:9995!(24!9:99995!E1.!^_^^@!(24!RA#S(B(M5!0&'',/!.&,-&0)*+&'8:!!
"d$!d&2&!,&)!&2.*07C&2)!(2('8,*,!"dHT#$!1E!^_^^@!"'&E)$!(24!RA#S(B(M5!".*L7)$!4&C12,).()*2L!*20.&(,&4!XA\;b!
,*L2('*2L!>7&2!0&'',!(.&!&3-1,&4!)1!,&+&.&!78-13*(!"9:;<!=!$:!H*L2*E*0(2)!07(2L&,!*2!?-.&L?'()&4!-.1)&*2,!*20'?4&!
)71,&!*2+1'+&4!*2!)7&!0(212*0('!XA\;b!,*L2('*2L!-()7>(8:!!
"X$!%&-.&,&2)()*+&!>&,)&.2!F'1)!1E!^_^^@!"'&E)$!(24!RA#S(B(M5!".*L7)$!0&''!,(C-'&,!?,&4!*2!)7&!-.1)&1C*0,!,0.&&2!
012E*.C*2L!*20.&(,&4!XA\;b!&3-.&,,*12!*2!78-13*0!,(C-'&,:!@>1!.&-'*0()&,!>&.&!?,&4!E1.!21.C13*0!,(C-'&,!"e;/!
(24!e5$!(24!)7.&&!.&-'*0()&,!>&.&!?,&4!E1.!78-13*0!,(C-'&,!"X;/!X5/!(24!XK$:!!
"A$!%&'()*+&!&3-.&,,*12!*2!^_^^@!(24!RA#S(B(M5!0&'',!f?(2)*E*&4!F8!,?CC*2L!.&-1.)&.!*12!01?2),!1E!-&-)*4&M
,-&0).('!C()07&,!E1.!d=@;!"'&E)$!(24!d=@5!".*L7)$:!d=@5!&3-.&,,*12!*,!21.C('*D&4!)1!)7&!C*)107124.*('!C(.g&.!
]I#B:!!
"h$!%&-.&,&2)()*+&!>&,)&.2!F'1)!1E!XA\;b/!d=@;i5/!`%%S%B!(24!#B@Ae!&3-.&,,*12!*2!0&''!'*2&!-(2&'!&3-1,&4!)1!56!
7!1E!21.C13*(!1.!,&+&.&!78-13*(!"9:;<!=!$:!
"j$!%&-.&,&2)()*+&!>&,)&.2!F'1)!4&C12,).()*2L!'1,,!1E!d=@;!")1-$!(24!d=@5!"F1))1C$!?,*2L!)>1!*24&-&24&2)!
7(*.-*2,!*2!RA#S(B(M5!0&'',:!'
"`$!%&'()*+&!(,-(.)()&!'&+&',!*2!RA#S(B(M5!0&'',!>*)7!'1,,!1E!d=@;!1.!d=@5!(E)&.!56!7!*2!,&+&.&!78-13*(!"9:;<!
=!$/!>7&.&!)1)('!*12!01?2),!"@AB$!(.&!21.C('*D&4!)1!&3).(0)*12!&EE*0*&208!(24!0&''!2?CF&.!"C&(2!G!HI/!2JK$:!
H*L2*E*0(20&!4&)&.C*2&4!?,*2L!I?22&))N,!C?')*-'&!01C-(.*,12!)&,)/!>7&.&!OOOO!-P9:999;:!!
"R$!%&'()*+&!L.1>)7!*2!^_^^@!0&'',!>*)7!'1,,!1E!&*)7&.!d=@;!1.!d=@5!(E)&.![!4(8,!L.1>)7!*2!,&+&.&!78-13*(!"9:;<!
=!$!"C&(2!G!HTR/!2JK$:!H*L2*E*0(20&!4&)&.C*2&4!?,*2L!I?22&))N,!C?')*-'&!01C-(.*,12!)&,)/!>7&.&!2:,:!Z9:9[/!OO!
9:9;Z-:!!
"e$!#,-(.)()&!-.14?0)*12!E'?3!E.1C!UVWM"#B%ML'?)(C*2&!(24!?2'(F&'&4!,1?.0&,!"1)7&.$!*2!21.C13*(!(24!,&+&.&!
78-13*(!"9:;<!=!$!"C&(2!G!_[<!BA/!2JK$:!!
"=$!S&.0&2)!07(2L&!*2!"#B!*201.-1.()*12!*2!,&+&.&!78-13*(!"9:;<!=!$!01C-(.&4!)1!21.C13*(!E1.!C&)(F1'*)&,!
(,-(.)()&/!08)1,*2&/!(24!?.(0*'!E.1C!UVWM"#B%ML'?)(C*2&!"C&(2!G!HI/!2JK$:!!
"S$!R1'&,!-&.0&2)!&2.*07C&2)!"RST$!1E!(,-(.)()&!E.1C!UVWM"#B%ML'?)(C*2&!*2!^_^^@!"'&E)$!(24!#[6_!".*L7)$!0&'',!*2!
21.C13*(!(24!,&+&.&!78-13*(!,&+&.&!78-13*(!"9:;<!=!$!"C&(2!G!HI/!2JK$:!
"k$!j*2&)*0!'(F&'*2L!4()(!*2!08)1,1'*0!(,-(.)()&!-.14?0)*12!"RGK$!*2!21.C13*0!(24!,&+&.&'8!78-13*(!"9:;<!=!$!
^_^^@!"'&E)$!(24!#[6_!".*L7)$!0&'',!?,*2L!UVWM"#B%ML'?)(C*2&!"C&(2!G!HI/!2JK$:!
!



COX7A2L
(14 kDa)

LRRPRC
(158 kDa)

ACTIN
(42 kDa)

18.6%

0.1%

18.6%

0.1%

18.6%

0.1%

89
88

T

M
IA

P
aC

a-
2

PA
N

C
-1

H
PA

C

89
02

A
54

9

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

0

2

4

6

C
O

X4
-2

 m
R

N
A 

(re
la

tiv
e 

to
 n

or
m

ox
ia

)

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

0.0

0.5

1.0

1.5

C
O

X4
-1

 m
R

N
A 

(re
la

tiv
e 

to
 n

or
m

ox
ia

)

89
88

T

MIA
PaC

a-2

PANC-1
HPAC

89
02

A54
9

0

1

2

3

4

5

C
O

X7
A

2L
 m

R
N

A 
(re

la
tiv

e 
to

 n
or

m
ox

ia
)

A                           F

480 

720 

242 

146 

1,236

1,048 

kDa

CIII2 and CIV2 

hmwSC

SCIII2+IV2 and Vn             

CII 

CIV1 

O
XP

H
O

S

18.6%  0.1%  18.6%  0.1%    18.6%  0.1%    18.6%  0.1%

8988T    MIAPaCa-2       8902            A549

CI

89
88

T

MIA
PaC

a-2 89
02

A54
9

0

50

100

150

hm
w

SC
 A

bu
nd

an
ce

 
(re

la
tiv

e 
to

 n
or

m
ox

ia
)

18.6% O2

0.1% O2B          C    D         E

!"#$%&'()'*'+,-.%&,/".'.,-.&%'.&001'2,"-/,"-'2"/3.43-5%",0'1$6&%.3260&7',8$-5,-.&',-5'9:;<=>?'
&76%&11"3-'"-'1&@&%&'4A637",B'%&0,/&5'/3'!"#$%&')C'!
"#$!%&'(&)&*+,+-.&!/012#34!5&67*)+(,+-*8!(&)'-(,+7(9!):'&(;76'<&=!,>:*5,*;&!,*5!;76'7)-+-7*!-*!?@??AB!
CD#2,E,1FB!?@GF!,*5!#HI@!;&<<)!&='7)&5!+7!*7(67=-,!7(!FI!J!)&.&(&!J9'7=-,!"GKLM!N!$!>9!-66:*7><7++-*8!O-+J!
,*!NP2QNR!,*+->759!,8,-*)+!0STU/?B!RSQ/B!TVE%FB!CAENL!,*5!#A2H,K!R,6'<&)!*7(6,<-W&5!+7!;&<<!*:6>&(!
,*5!6-+7;J7*5(-,<!;7*+&*+K!
"/$!V:,*+-X-;,+-7*!7X!J-8J!67<&;:<,(!O&-8J+!):'&(;76'<&=&)!"J6ORE$!-*!?@??AB!CD#2,E,1FB!?@GF!,*5!#HI@!;&<<)!
&='7)&5!+7!*7(67=-,!7(!FI!J!)&.&(&!J9'7=-,!"GKLM!N!$K!S,+,!-)!)J7O*!(&<,+-.&!+7!*7(67=-;!;7*+(7<!"6&,*!Y!R4CB!
*ZF$K!
"E$!%&<,+-.&!-*;(&,)&!-*!6%0#!&='(&))-7*!7X!ENPI1F!-*!,!',*&<!7X!;,*;&(!;&<<!<-*&)!&='7)&5!+7!FI!J!7X!)&.&(&!
J9'7=-,!"GKLM!N!$!"6&,*!Y!R4CB!*Z[$K!!
"S$!%&<,+-.&!5&;(&,)&!-*!6%0#!&='(&))-7*!7X!ENPI1L!-*!,!',*&<!7X!;,*;&(!;&<<!<-*&)!&='7)&5!+7!FI!J!7X!)&.&(&!
J9'7=-,!"GKLM!N!$!"6&,*!Y!R4CB!*Z[$K!!
"4$!%&<,+-.&!6%0#!&='(&))-7*!7X!ENP\#F]!-*!,!',*&<!7X!;,*;&(!;&<<!<-*&)!&='7)&5!+7!FI!J!7X!)&.&(&!J9'7=-,!"GKLM!
N!$!"6&,*!Y!R4CB!*Z[$K!!
"U$!%&'(&)&*+,+-.&!O&)+&(*!><7+!7X!ENP\#F]B!]%%2%E!,*5!#EAD0!&='(&))-7*!-*!;&<<!<-*&!',*&<!&='7)&5!+7!FI!J!7X!
*7(67=-,!7(!)&.&(&!J9'7=-,!"GKLM!N!$K!!

!



sh
G

FP

sh
C

O
X

7A
2L

-2

U
Q

C
R

C
2

CIII2 

hmwSC

720 

M
TC

O
I

SCIII2+IV2   

CIV2

CIV1 

sh
G

FP

sh
C

O
X

7A
2L

-2

hmwSC

kDa

480 

720 

242 

1,236

1,048 

kDa

SCIII2+IV2            

480 

720 

242 

1,236

1,048 

GFP #2 #4
0

50

100

150

St
at

e 
3 

re
sp

ira
tio

n
(%

 o
f s

hG
FP

)

8988T

Pyr/Mal

shCOX7A2L

*
*

GFP #2 #4
0

50

100

150
8988T

shCOX7A2L

Asc/Tmpd

*
*

sh
GFP #2 #4

0.0

0.5

1.0

1.5

R
el

at
iv

e 
C

O
X7

A
2L

 m
R

N
A

****
8988T

shCOX7A2L

****

shGFP #2 #4
0.00

0.02

0.04

0.06

M
ax

im
um

 C
ris

ta
e 

W
id

th
 (

m
)

shCOX7A2L

8988T
***

****

shGFP #2 #4
0.0

0.2

0.4

0.6

0.8

Av
er

ag
e 

C
ris

ta
e 

Le
ng

th
 (

m
)

shCOX7A2L

8988T*****
*** ****

shGFP #2 #4
0

10

20

30

40

50

M
ito

ch
on

dr
ia

l N
um

be
r/C

el
l

shCOX7A2L

8988Tn.s.

shGFP #2 #4
0

10

20

30

40

C
ris

ta
e 

N
um

be
r/M

ito
ch

on
dr

ia

18.6% O2

0.1% O2

shCOX7A2L

8988Tn.s.

M
ou

se
 2

M
ou

se
 5

PhotoacousticsB-mode

shGFP#2 #4
0.5

1.0

1.5

2.0

2.5

3.0

R
el

at
iv

e 
C

le
av

ed
 

C
as

pa
se

 3
 s

ta
in

in
g

shCOX7A2L

8988T

**
*

shGFP #2 #4
0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
M

D
A 

st
ai

ni
ng ***

shCOX7A2L

8988T

shGFP #2 #4
0.5

1.0

1.5

2.0

*

shCOX7A2L

MIAPaCa-2

shGFP#2 #4
0.5

1.0

1.5

2.0

2.5

shCOX7A2L

MIAPaCa-2
*

shGFP#2 #4
0.5

1.0

1.5

shCOX7A2L

MIAPaCa-2

n.s.

shGFP#2 #4
0.0

0.1

0.2

0.3

0.4

B
as

al
 O

C
R

 
(p

m
ol

/
g 

pr
ot

ei
n/

m
in

)

shCOX7A2L

8988T
n.s.

COX7A2L
(14 kDa)
ACTIN

(42 kDa)

89
02

EV      OE

EV OE
0

1000

2000

3000

Tu
m

or
 W

ei
gh

t (
m

g)

8902

EV OE
0

50

100

150

200

250

St
at

e 
3 

re
sp

ira
tio

n
(%

 o
f E

V)

* 8902

Pyr/Mal

EV OE
0

50

100

150

200

250
* 8902

Asc/TMPD

EV OE
0.00

0.05

0.10

0.15

0.20

0.25

B
as

al
 O

C
R

 
(p

m
ol

/
g 

pr
ot

ei
n/

m
in

)

8902

*

0 10 20 30
0

500

1000

1500

2000

2500

Days Post Implantation

Tu
m

or
 V

ol
um

e 
(m

m
3 )

EV

OE

8902

*

*

A        B         C

E         F    G      H

D

I     J       K       L

M

N      O    P

Q                 R                S

18.6% O2 0.1% O2

0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
C

el
l  

N
um

be
r

EV
COX7A2L OE

* *

shGFP#2 #4
0.5

1.0

1.5

2.0

R
el

at
iv

e 
K

i6
7 

st
ai

ni
ng

shCOX7A2L

8988T
n.s.

shCOX7A2L

COX7A2L
(14 kDa)

ACTIN
(42 kDa)M

IA
Pa

C
a-

2

shGFP #2 #4



!"#$%&'()'*'+,--',.'/01234+'5&6%&7-&-'&89%&--",:'7:5'.$:6;",:',.'/<<<'7:5'/<='6,:;7":":#'
-$9&%6,>9?&8&-@'%&?7;&5';,'!"#$%&')A'!
"#$!%&'(&)&*+,+-.&!/012%!3&45*)+(,+-*6!3&7(&,)&3!289:#;<!&='(&))-5*!-*!>?>>@!7&AA)!B)-*6!+C5!-*3&'&*3&*+!
D,-('-*)!"4&,*!E!FGH!*IJ$K!!
"L$!8=M6&*!75*)B4'+-5*!(,+&!"82%$!5N!7&AA)!N&3!2O0A-*P&3!5=-3-Q,RA&!)BR)+(,+&!'M(B.,+&!,*3!4,A,+&!"A&N+$!,*3!2OS0
A-*P&3!5=-3-Q,RA&!)BR)+(,+&!,)75(R,+&!,*3!THTHTUHTU!@&+(,4&+DMA0'0'D&*MA&*&3-,4-*&!"@V1G$!"(-6D+$!-*!>?>>@!
7&AA)!B'5*!A5))!5N!289:#;<K!L,),A!82%!)D5C*!,)!,!'&(7&*+,6&!5N!)DWX1!75*+(5A!"4&,*!E!FYVH!*IJ$K!!
"2$!L,),A!82%!-*!>?>>@!7&AA)!B'5*!A5))!5N!289:#;<K!G,+,!)D5C*!,)!,!'&(7&*+,6&!5N!)DWX1!75*+(5A!"4&,*!E!FYVH!
*IZ$K!
"G$!%&'(&)&*+,+-.&!LT01#WY!3&45*)+(,+-*6!,!3&7(&,)&!-*!2OOO!75*+,-*-*6!)B'&(754'A&=&)!RM!-44B*5RA5++-*6!C-+D!
,*!,*+-R53M!,6,-*)+![/2%;!"A&N+$!,*3!,!3&7(&,)&!-*!2OS!75*+,-*-*6!)B'&(754'A&=&)!RM!-44B*5RA5++-*6!C-+D!,*!
,*+-R53M!,6,-*)+!V@28\!"(-6D+$K!F,4'A&)!*5(4,A-Q&3!+5!7&AA!*B4R&(!,*3!4-+57D5*3(-,A!75*+&*+K!!
"Y$!#.&(,6&!7(-)+,&!A&*6+D!3&+&(4-*&3!N(54!\?0J?!4-+57D5*3(-,!-*!>?>>@!7&AA)!C-+D!A5))!5N!289:#;<!-*!*5(45=-,!
,*3!)&.&(&!DM'5=-,!"]K\^!8!$!"4&,*!E!FYVH!*_\>$K!!
"X$!V,=-4,A!7(-)+,&!C-3+D!3&+&(4-*&3!N(54!\?0J?!4-+57D5*3(-,!-*!>?>>@!7&AA)!C-+D!A5))!5N!289:#;<!-*!*5(45=-,!
,*3!)&.&(&!DM'5=-,!"]K\^!8!$!"4&,*!E!FYVH!*_\>$K!!
"W$!/B,*+-N-7,+-5*!5N!4-+57D5*3(-,A!*B4R&(!'&(!7&AA!-*!>?>>@!7&AA)!C-+D!A5))!5N!289:#;<!-*!*5(45=-,!,*3!)&.&(&!
DM'5=-,!"]K\^!8!$K!#!4-*-4B4!5N!)-=!-4,6&)!C&(&!,*,AMQ&3!'&(!75*3-+-5*!,+!JZ]]=!4,6*-N-7,+-5*!-*!,!B)&(!RA-*3&3!
N,)D-5*!"4&,*!E!FYVH!*I`$K!
"a$!/B,*+-N-7,+-5*!5N!7(-)+,&!*B4R&(!'&(!4-+57D5*3(-,!3&+&(4-*&3!N(54!\?0J?!4-+57D5*3(-,!-*!>?>>@!7&AA)!C-+D!A5))!
5N!289:#;<!-*!*5(45=-,!,*3!)&.&(&!DM'5=-,!"]K\^!8!$!"4&,*!E!FYVH!*_\>$K!
"O$!%&'(&)&*+,+-.&!C&)+&(*!RA5+!3&45*)+(,+-*6!5.&(&='(&))-5*!5N!289:#;<!-*!>?];!7&AA)K!
"b$!L,),A!82%!-*!>?];!7&AA)!5*!5.&(&='(&))-5*!5N!289:#;<K!G,+,!)D5C*!,)!,!'&(7&*+,6&!5N!)DWX1!75*+(5A!"4&,*!
E!FYVH!*IJ$K!
"c$!8=M6&*!75*)B4'+-5*!(,+&!"82%$!5N!7&AA)!N&3!2O0A-*P&3!5=-3-Q,RA&!)BR)+(,+&!'M(B.,+&!,*3!4,A,+&!"A&N+$!,*3!2OS0
A-*P&3!5=-3-Q,RA&!)BR)+(,+&!,)75(R,+&!,*3!THTHTUHTU!@&+(,4&+DMA0'0'D&*MA&*&3-,4-*&!"@V1G$!"(-6D+$!-*!>?];!7&AA)!
5*!5.&(&='(&))-5*!5N!289:#;<K!L,),A!82%!)D5C*!,)!,!'&(7&*+,6&!5N!)DWX1!75*+(5A!"4&,*!E!FYVH!*IJ$K!!
"<$!%&A,+-.&!7&AA!*B4R&(!-*!>?];!7&AA)!5*!5.&(&='(&))-5*!5N!289:#;<!,N+&(!Z!3,M)!-*!*5(45=-,!,*3!)&.&(&!DM'5=-,!
"]K\^!8!$K!
"V$!1D5+5,75B)+-7!-4,6-*6!5N!)BR7B+,*&5B)!453&A)!5N!',*7(&,+-7!7,*7&(!+D(&&!C&&P)!'5)+!-4'A,*+,+-5*K!L0453&!
"A&N+$!'(5.-3&)!,*,+54-7,A!3&+,-A)K!1D5+5,75B)+-7!-4,6&!"(-6D+$!(&'(&)&*+)!5=M6&*!),+B(,+-5*!CD&(&!(&3!-*3-7,+&)!
,(&,)!5N!D-6D!5=M6&*,+-5*!,*3!RAB&!(&'(&)&*+)!,(&,)!5N!A5C!5=M6&*,+-5*K!!
"T$!%&'(&)&*+,+-.&!C&)+&(*!RA5+!3&45*)+(,+-*6!A5))!5N!289:#;<!&='(&))-5*!-*!VO#1,2,0;!7&AA)!B)-*6!%T#-K!LA5+!
7(5''&3!+5!(&45.&!A,*&!ZK!
"8$!V&,)B(&4&*+)!+5!3&+&(4-*&!+B45(!.5AB4&!C&(&!(&75(3&3!+5!,))&))!+B45(!6(5C+D!,N+&(!;!=!\]"!>?];!7&AA)!C-+D!
289:#;<!5.&(&='(&))-5*!C&(&!-4'A,*+&3!)BR7B+,*&5B)AM!"4&,*!E!FYVH!*_>$K!
"1$!@B45(!C&-6D+!C,)!4&,)B(&3!,+!&*3'5-*+!"4&,*!E!FYVH!*_>$K!
"/$!/B,*+-N-7,+-5*!5N!VG#!)+,-*-*6!-*+&*)-+M!-*!>?>>@!"A&N+$!,*3!VO#1,2,0;!"(-6D+$!+B45()!&='(&))-*6!75*+(5A!5(!
P*57P35C*!5N!289:#;<K!#!4-*-4B4!5N!d!+B45(!)&7+-5*)!C&(&!eB,*+-N-&3!'&(!75*3-+-5*!"4&,*!E!FYVH!*_d$K!!
"%$!/B,*+-N-7,+-5*!5N!)+,-*-*6!-*+&*)-+M!N5(!7A&,.&3!7,)',)&!J!-*!>?>>@!"A&N+$!,*3!VO#1,2,0;!"(-6D+$!+B45()!
&='(&))-*6!75*+(5A!5(!P*57P35C*!5N!289:#;<K!#!4-*-4B4!5N!d!+B45(!)&7+-5*)!C&(&!eB,*+-N-&3!'&(!75*3-+-5*!
"4&,*!E!FYVH!*_d$K!
"F$!/B,*+-N-7,+-5*!5N!)+,-*-*6!-*+&*)-+M!N5(!c-`:!-*!>?>>@!"A&N+$!,*3!VO#1,2,0;!"(-6D+$!+B45()!&='(&))-*6!75*+(5A!5(!
P*57P35C*!5N!289:#;<K!#!4-*-4B4!5N!d!+B45(!)&7+-5*)!C&(&!eB,*+-N-&3!'&(!75*3-+-5*!"4&,*!E!FYVH!*_d$K!
F-6*-N-7,*7&!3&+&(4-*&3!B)-*6!GB**&++U)!4BA+-'A&!754',(-)5*)!+&)+!N5(!Z#02H!Y0a!,*3!/0FH!CD&(&!*K)K!_]K]dH!f!
]K]d_'H!ff!]K]\_'H!fff!]K]]\_'H!ffff!'g]K]]]\K!!
F-6*-N-7,*+!3&+&(4-*&3!B)-*6!,*!B*',-(&3!)+B3&*+U)!+C5!+,-A&3!+&)+!N5(!Zb0<H!CD&(&!f!]K]d_'K!!
!

!



!"#$%&'()'*'+,-&%./-"0&'12"3/4&'5+678'&29%&44"1.'/.3':$.;-"1.'/,,&0"/-&4'-<&'=&-/>1,";'3&:&;-4';/$4&3'>?'
3"4%$9-".#'4$9&%;1=9,&2'/44&=>,?'".'<?912"/@'%&,/-&3'-1'!"#$%&')A'
!"#$%&'()*+&$,-%$*.$/0$12$",3$&452&66*.7$89":(-(;<$=&''6$1.$'166$1>$-,3?"<@$*.$)A&$52&6&.=&$1>$(B6&.=&$1>$<$
C8$".)*DE=*.$"$!D&(.$F$GHI$.JKL#M$$
!N#$%&'()*+&$=&''$.ODB&2$(>)&2$L$P(E6$521'*>&2()*1.$*.$/0$12$",3$&452&66*.7$89":(-(;<$1.$'166$1>$-,3?"<@$*.$
)A&$52&6&.=&$1>$(B6&.=&$1>$<$C8$".)*DE=*.$"$!D&(.$F$G/8I$.JQ#M$
!-#$%&'()*+&$(65(2)()&$(BO.P(.=&$*.$=1.)21'$12$",3$&452&66*.7$89":(-(;<$1.$'166$1>$-,3?"<@$*.$)A&$52&6&.=&$1>$
(B6&.=&$1>$<$C8$".)*DE=*.$"$!D&(.$F$G/8I$.JQ#M$$
!H#$%&52&6&.)()*+&$R&6)&2.$B'1)$=1.>*2D*.7$'166$1>$-,3?"<@$*.$89":(-(;<$&452&66*.7$&*)A&2$=1.)21'$1>$",3M$
!/#$%&'()*+&$(BO.P(.=&$1>$(65(2)()&$*.$=1.)21'$1>$",3$&452&66*.7$89":(-(;<$=&''6$1.$'166$1>$-,3?"<@$*.$KS$,!M$
0('O&6$(2&$.12D('*T&P$)1$=1.)21'$(>)&2$.12D('*T()*1.$)1$&4)2(=)*1.$&>>*=*&.=E$(.P$=&''$.ODB&2$!D&(.$F$G/8I$.JQ#M$$
G*7.*>*=(.=&$P&)&2D*.&P$O6*.7$(.$O.5(*2&PI$)R1;)(*'&P$G)OP&.)U6$);)&6)I$RA&2&$.M6M$VWMWLI$X$WMWLV5I$XX$WMWKV5I$XXX$
WMWWKV5I$XXXX$5YWMWWWKM$$

$

- + - +
0.0

0.5

1.0

1.5
R

el
at

iv
e 

O
C

R
MIAPaCa-2

****
n.s.

AA

EV AOX

- + - +
0.0

0.5

1.0

1.5

R
el

at
iv

e 
C

el
l N

um
be

r MIAPaCa-2
**

AA

EV AOX

- + - +
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
A

sp
ar

ta
te

 A
bu

nd
an

ce

MIAPaCa-2
**

AA

EV AOX sh
GFP

sh
COX7A

2L
#2

 

sh
GFP

sh
COX7A

2L
#2

 
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
A

sp
ar

ta
te

 A
bu

nd
an

ce

MIAPaCa-2

**
n.s.

**

EV AOX

A           B          C         D      E

EV AOX

COX7A2L

Actin

EV AOX

COX7A2L
(14 kDa)

ACTIN
(42 kDa)


