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ABSTRACT

A patient with a deficient voltage-dependent anion channel 
(VDAC) is reported, presenting clinically with psychomotor 
retardation and minor dysmorphic features. Biochemical studies 
on muscle mitochondria showed impaired rates of pyruvate 
oxidation and ATP production; however, no specific deficient 
activity of one of the mitochondrial enzymes was involved. 
Western blotting experiments indicated an almost complete 
VDAC deficiency in skeletal muscle- The only moderately de
creased VDAC content in the patient’s fibroblasts might indicate 
that VDAC is expressed in a tissue-specific manner. The defi
ciency is likely caused by a mutation in the HVDAC1 gene or by

a disturbed posttranslational modification. This is the first 
scribed deficiency of a component of the outer mitochondrial 
membrane associated with the pyruvate oxidation pathway. De
fects in this membrane should be considered as a possible cause 
of otherwise unexplained mitochondrial disorders. {Pediatr Res 
39; 760-765, 1996)

de-

Abbreviations 
ANT, adenine nucieotide translocator
CCCP, carbonyl cyanide-p-(trifluoromethoxy)phenylhydrazone 
VDAC, voltage-dependent anion channel

sV* «*« «* 4 • »« •v • V« t< #1 I . . • I *1'» ' '

À dramatic increase in recognition of disorders of mitochon- followed by immunoblotting to precisely define the defect at 
drial energy metabolism has been seen in the last decade (1,2). the enzyme and protein level.
These disorders show diverse clinical symptoms ranging from Despite progress in the diagnostic approach, we experienced
pure myopathy with lactic acidosis to severe multisystem that, in almost a quarter of the patients with evidently reduced
disease with central nervous system involvement. Frequently, substrate oxidation in muscle mitochondria, these abnormali-
biochemical defects of the pyruvate dehydrogenase complex, tjes could not be ascribed to a known defect in one of the 
or of one or more of the four multisubunit complexes of the mitochondrial enzymes. We hypothesized that, in at least part
respiratory chain, have been demonstrated as underlying 0f  category of patients, malfunctioning of one of the
causes (1, 3), or they are associated with mutations in the transport mechanisms across the mitochondrial membranes
mitochondrial genome (1, 2).

Biochemical investigations in patients suspected to have a
may cause biochemical and clinical disorders.

For adequate functioning of the mitochondrial energy path-
respiratory chain defect are commonly performed on skeletal way> metaboIkes which are d¡rectly inyolved in the process of
muscle. They may involve measurement of substrate oxidation 
or oxygen consumption by intact mitochondria to obtain infor
mation about the overall flux through the various parts of the 
mitochondrial energy metabolism. In case of an impaired flux, 
the different enzyme components of the respiratory chain and 
of the pyruvate dehydrogenase complex are measured, possibly
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Correspondence: Maijan Huizing, Department of Pediatrics, University Hospital Nij
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Telethon Italy Grant 711 (lo V.D.P.). The Department of Pediatrics Nijmegen is partic
ipating in the Institute of Fundamental and Clinical Human Movement Sciences (IFKB).

oxidative phosphorylation, such as ADP, ATP, and phosphate 
have to be transported across mitochondrial membranes, as 
well as ions (K+, Na+, H+, Ca2+) to maintain osmotic ho
meostasis in the mitochondrial matrix (4, 5). Hence, when 
studying mitochondrial disorders it seems worthwhile to inves
tigate the proteins which are responsible for the transport of the 
different substances across mitochondrial membranes.

VDAC is one of these transporters in the outer mitochondrial 
membrane. This channel, also called mitochondrial porin, 
forms a pore which at low transmembrane voltage is open for 
anions such as phosphate, chloride, and adenine nucleotides.
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!Ĥ !W>p̂ Ĵí« iir ^ ¥ A ^ r t  jr ^  *wcra i (j4WijN WjiSMiiWéha

-UâJiÈUùb

^ i # : A

'WW

vMt>

kr.iy>

\ *

¡fl! Ô
.¿■v

fe

7
/■'

yfW

Ví'V' ■*

4Í̂

• 4  ^

r ó*

•*

íjm

■*

«I

*

*1

•*

'ÍMM

%K-'?  #

::V.V,

*/* ‘

•f J««

y.::'/.y~- ; ¡i;M
/ ƒ ̂  / s'/** ! ¡<f/:s. \v, ■; ■
r r : f. í :; r ?y\'.' •'///'

»■■.>/■' ' ■<■-,■■■ if. ; iV--; /■: i ¡ » : ¡
r- i- v'- r-": ̂  í; 2 ; í í.:- : r vv.-í ; : ?;< ¡ -:> : ; i- : ¡ <j -c-̂  : ̂ -¡ ;-; v ;• 

:̂.r.í r í r.:; >7 /  V /< : 1 y: : r /--r̂ í-i s ‘z : : -|.v : i •'w r a y x ,i ••;-•■/.■ f/..,■.;-. f.-.'. ■ y¡■■■l/’ >■■■■■■.■■■■■•.';■•<•:< >■. > -ifA it:, fff-i'.'- :')‘> f.‘.' f  <•

f  i i - ............ . :::: ; f.•■. f¡/:•..’f.i \ í.*<.-í.«-í-í̂ -í.-«;£f:;\yí'/¿/Wi.’‘>‘■,'•:■ i f.ff<'■.'■,'■'f̂ i-'f,-': <'■'■; '
ï i ^ : < z à o w \ i ï ; \  Vii&h¿¡wx#&&- 

■■■o-íí/M~MMíí.

'■ys.-fi'f'ty..:,,w
V.'.^r.r>; iv:;:< i . //x c::f:e..>/'V,,;> .< iS-V;!*'!
- : : : r̂ r.-: .< r 'P. ! ;  v--.:; <- r-r: • rí  ̂¿-:-;- :V i 5 y/  ̂/ í ; ^ y : >>̂?í • r'

„•.v ■•■••. X  ̂: >•■:; ; : i - ^  ri- ¡ ̂  ̂  • • •' ->íí<rAÍ ^~ 'V/'í.vv ■.< : ■ ' ‘ t / / f  / 1\-\.'/f,r\Ss'>.e,f,''>'f.ff:i//y.'j;,'sy't¿í'^y'.rmr:̂ !9im!ÊÊimÊÊÊÊ
ïteiWsXkïi'.f&X',m -,wM0mä0ßm0mM0§

\i Sf.T r /t':> S ifff-t‘.‘.’\//,Sf.‘.r.\‘ tf:::',<::ff.‘ífi'.-.‘:rí''/ r,f\'-t.O!.
........ vx-ffxïiïï*'.<...........................................

f t
:///.■<■///; f/,'/. 

i, -'.>v . -«iv?v-1 
■", ■/■■/.\‘..yy.f
',, ^M^XfSW.mrnim..-‘, ‘,fi:'.f>’, ff:::i/f<- íi:

Otfs.'V-ítS/f-!-""':: :’'■ ‘ > f ‘.', fi‘‘'':f f..̂ tY<::::\w

ïmmmiêêm

'M/ïXY/OiW*..................... ............. .. ,,i- i  /i'-'.' v< y. < 1 -i' '• f:--,sv/>t‘f \ \ ' >.<>'>'yíi..i-.:>yS f "i*:'* >.‘.'V.\:.fy.'*

*','/•> '.f :'•::::'.<tiii^.f.ír." i'r 'ÍX';-1
W A i f c ® í |

:yAO>!.l si' ! : ‘:!.OÍí ..... ........

K?'<i.

■í<f:y>'̂ .A/:: Wy. \>

wmm&m...-,-' f‘!r •/.,• tyr t‘, t ,' 
• ;.s i f','/y.:‘t si/ .  !:- /•- - v  Í/;-.;
v >  i ::y'.'Sf:<iLl’.-*.'’ '? yy.'.* > < •! < 

vß&Üttf\*\0v(f. ... 
■••I ¡'/:;í-/̂ .:;O'-.Vj':':'::::; ^ . ■ /-í•/í;^ J '.':-.V '

...............■•■•‘"•■̂ f:-, i^ 'o y ^ r

f.í

/i ■:

-fot';' ï / /  ! :

'<■ ■' ) «............... ..l>'y.\'fi'l.\;!f‘,>'?,yy'<.- -i. ' .'.Vm ■■'< <'î  ̂ '/,('y/ / 1 <•>■; ¡.-•''■! 
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764 HUIZING EI' AL

By screening a selected group of subjects, we found one 
with deficient VDAC protein in skeletal muscle. In this subject, 
investigation of the muscle mitochondria showed impaiied 
substrate oxidation and reduced production of high energetic 
compounds (Table 1). These data point to a functional defect in 
one of the many components involved in the mitochondrial 
energy metabolism, i.e. respiratory chain enzymes or postres- 
piratory chain energy-converting steps, such as ATPase, mito
chondrial creatine kinase, or ANT. An abnormal mitochondrial

and closure of the pores (5, 33 35). Also the iact that VDAC 
interacts with kinases, ANT, and benzodiazepine receptors in 
important mitochondrial structuies, such as special contact 
sites and megachannels, might underline its tegulatoi) iole in
mitochondrial energy metabolism (5, 27, 35, 36 h 

In our patient VDAC deiieieney was expressed in a tissue 
specific manner. VDAC protein was severely decreased in 
skeletal muscle, but only moderately decreased in cultured 
fibroblasts. With respect to human VDAC, five partly estab

matrix composition, due to altered ion homeostasis or dimin- lished cDNA secjuenccs, encoded by tout genes* have been 
ished NAD+ or coenzyme A concentration, could also have reported (37-39). The occurrence of isoforms might be an
resulted in a reduced oxidative phosphorylation capacity,

A defect in the respiratory chain could be excluded by 
demonstrating normal enzyme activities. A defect in pos tres

is presum-

explanation for the tissue-specific VDAC disturbances in our 
patient. However, the monoclonal anti-VDAC’ antibody which 
was used in our experiments was shown to recognize only the 
HVDAC1 isoform and more specifically the ucctyluted N 
terminal reaion (40). So, the most likelv explanation is that the

K** *  *

piratory chain energy-converting processes was 
able because stimulation of pyruvate oxidation by use of the 
uncoupler CCCP, which is expected in such a case (20, 24), h VDAC I protein in muscle tissue ui' uur patient is almost 
failed to appear.

In contrast, abnormal ion composition and/or altered osmo-
completely absent, imitated, or nonacetylated. The gene ut 
HVDAC1 is located on chromosome X in the interval Xq I "S

larity within the mitochondrial matrix could be a logic expia- q21 (38)< High resolution analysis of the patient’s X chromo
nation for an impaired mitochondrial energy metabolism in our some ditl demonstrate abnormalities. Studies are in
patient. In this respect it is well known that a lowei pH in the progress to detect the defect at molecular level, 
mitochondrial matrix resulting from any disturbance of proton
transport across mitochondrial membranes inhibits mitochon-
drial ATPase and thus ATP production (25), as well as various a ,ack of (he VDAC ^  Hmvcv01. ultrastrucm. al invest, 
components of the respiratory chain and mitochondrial trans- j(ms e ,ear, slmwed !he cc uf a numui| nilt( V|UuHlnal

In our patient, a damage of the mitochondrial outer mem 
brane in which VDAC is incorporated could also have induced

port systems (26). Likewise, maintenance of the volume of the 
mitochondrial matrix within a narrow range is crucial for 
proper energy metabolism. Any change of the permeability of 
the inner or outer mitochondrial membrane may influence the 
respiratory rate (4, 5, 7).

One of the proteins involved in anion and cation transport 
across the outer mitochondrial membrane is VDAC. VDAC is 
an abundant channel-forming protein; the pore size is regulated 
by the membrane potential (6, 7, 27, 28). The shortage of

outer membrane. Unfortunately, not enough muscle was avail
♦

able to estimate the presence of other components of the 
mitochondrial outer membrane. In our opinion the VDAC  
deficiency is not caused by the absence of (large parts oil the 
outer membrane, because oxidative phosphorylation remains 
usually unimpaired in mitochondria devoid of the outer mem 
brane (5, 6, 31 h Removal of the mitochondrial outer membrane 
in VDAC-defieient mutants even induces normalization of

VDAC in our patient’s muscle tissue might have caused an enei£y metabolism (31)
abnormal ion composition of the mitochondrial matrix, thereby VDAC has also been reported to be a constituent of the
deteriorating the process of oxidative phosphorylation. Be- plasnui membrane ot mammalian brain cells (41, 42 j, human I 
cause VDAC is also responsible for the transport of ATP and and B lymphocytes (19, 43. 44i, muscle cells t |v#>, and an 

epithelial carcinoma cell line (45), It seems to occur also m the 
sarcoplasmatic reticulum (46). It remains obscure whether the 
muhitopologie localization of VDAC and its deficiency is ot

ADP across the outer mitochondrial membrane (6, 27), one 
would expect in our patient a reduced transport of ADP and 
inorganic phosphate inward, as well as ATP out of the mito
chondria, thereby hampering the energy metabolism From the importance lor the clinical findings in our patient. It is un- 
fact. that the uncoupler CCCP did not stimulate substrate known whether VDAC is also deficient in cerebral tissues and 
oxidation in muscle tissue, it could be hypothesized that bio- whether the abnormalities in magnetic resonance imaging find 
chemical abnormalities in VDAC-deficient mitochondria have ings and psychomotor development arc telateti to such a delect, 
been the consequence of malfunctioning of ion transport rather I» conclusion, this report on a patient with a deficient VDAt '
than the consequence of a blockade of ADP and ATP transport, protein together with a recently reported ANI" detect

The important role of VDAC in energetic and metabolic suggests that an immmunodiemical approach provide* a useful 
function of mitochondria is illustrated with VDAC-deficient extension of the diagnostic program for detecting nufin/hon 
mutants, which have been generated only in yeast mitochon- drial disorders, 
diia. These mutants showed a disturbed respiration, whereas 
the respiration in the uncoupled state was normal. The mutants 
showed an increased requirement for ADP and Mg2 * ions 
(29-31). To comply with the requirements, the size of VDAC 
poi es may be regulated, either by a specific modulator protein 
(7, 32), by NADH concentration, or by the colloidal osmotic 
pressure, shifting the membrane potential required for opening
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