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POINT-BY-POINT REPLY TO REFEREE NO. 1

The reviewer formulated a series of major concerns

Major point 1 raised by reviewer 1: Little data are presented concerning the function of AIF2. Does
AIF?2 fulfill redox function in normal cells, similarly to AIF1? Does AIF?2 play a role in cell death?

Our response: We have addressed the question as to whether AIF2 is as efficient as AIF1 in restoring
the function of complex 1 in AIF-deficient cells. The results of these experiments are shown in Figure
6d. It should be noted that the respiratory and redox functions of AIF are closely linked because redox-
deficient AIF mutants are unable to restore the abundance and function of respiratory chain complex I
from AIF knockout cell (Urbano, A. et al. (2005) EMBO 1J. 24, 2815-2826), as we have discussed in
the text page 10, lines 15 to 20. As a result, it appears that AIF2 has a normal redox function, similar
to that of AIF1. As to the second question formulated by the reviewer ("Does AIF2 play a role in cell
death?"), we are confronted with the problem that none of the cell lines that we characterized
predominantly expressed AIF2 (although, based on the in situ hybridization studies, a sizeable fraction
of primary brain cells solely express AIF2, not AIF1). Therefore, we cannot address the reviewer's
excellent question experimentally at this point, and we have to wait for the results of the knockout
experiments in which exon 2b (which is specific for AIF2) has been flanked by lox sites and will be
excised enzymatically by tissue-specific expression of the Cre recombinase. Although we have
managed to generate mice expressing a floxed exon 2b, it will take us at least six months to generate
tissue-specific (and in particular brain-specific) AIF2 knockout mice and to characterize their
propensity to cell death. Therefore, it is impossible to furnish clearcut results on the putative pro- or
anti-apoptotic functions of AIF2 within the rigid time frame established by CDD (which asks us to
resubmit our paper within four months).

Major point 2 raised by reviewer 1: The authors propose that AIF2 is retained in mitochondria to
minimize its neurotoxic effects. Therefore, it would be interesting to compare the oxidation of
NAD(P)H by AIF1 versus AIF2. Since AIF2 retains in mitochondria, this critical experiment could
reveal whether AIF2 is more important for fulfilling the redox function rather than cell death.
Measurement of cell death in the presence or absence of AIF2 (by using the siRNA against
AlFexon2a) would also answer this question.

Our response: We have knocked down AIF2 using a siRNA in SHSY-5Y neuroblastoma cells that
express both AIF1 and AIF2, and we have found that this manipulation did not affect the baseline
NAD(P)H levels, as determined by assessing the autofluorescence of cells. In line with the report
published by Churbanova et al. (Redox-dependent changes in molecular properties of mitochondrial
apoptosis-inducing factor. J Biol Chem 2008; 283: 5622-5631), showing that the NAD(P)H oxidase
activity of AIF is very low, our observation suggests that AIF may serve in a local redox signaling
function that is yet to be determined. These data have been included in the paper, following the
reviewer's suggestion (supplemental Figure 3) and have been commented on in the text (page 10, lines
21 to 23; page 11, lines 1 to 3).




Major point 3 raised by reviewer 1: Fig. 5d. After expression of AIF 3'UTR siRNA an additional
band (the size lower than endo-AlF) is appeared. What is the source of this band?

Our response: These experiments have been repeated several times, leading to the conclusion that the
additional band results from the overexposure of the autoradiographic film. We have replaced the
figure accordingly and in the revised manuscript Fig. 5d is now Fig.6d

Major point 4 raised by reviewer 1: Amount of VDAC in all transfected cells after treatment with
detergent is increasing in both pellet and supernatant (Fig. 7a). How it is possible?

Our response: Driven by the reviewer’s constructive critique, we have repeated the VDAC immunoblot
detection in conditions in which the amount of cell lysate (antigen) and also the concentration of the
secondary antibody were rigorously standardized (Fig. 7A). We suspect that the result that perturbed
the reviewer was due to the overexposure of the membrane (which can lead to the paradoxical
reduction in the intensity of band, in particular in the center of the band, that corresponds to
particularly high concentrations of the antigen+antibody complex detected with the ECL
chemoluminescence reagent). This is well known phenomenon (cf. ECL manual).

Major point S raised by reviewer 1: Since AIF?2 is specific for neuronal tissues and neuroblastomas,
it will be interesting to know whether this protein is also expressing in tumors of neuro-endocrine
origin.

Our response: We enthusiastically welcome the reviewer's suggestion that we will address in
forthcoming papers. As it stands, adrenal tissues (which are largely of neuro-endocrine origin) do not
express AIF2. Similarly, several melanoma cell lines (which are often deemed to be of neuro-
endocrine origin) were negative for AIF2 expression. Therefore, we estimate that it is improbable that
AIF2 is expressed in neuro-endocrine tumors. However, this assumption has to be subjected to a
thorough verification.

In addition, the reviewer raised two minor critiques:

Minor point 1 raised by reviewer 1: Fig 2a. Expression of AIF in brain is unexpectedly lower in
comparison to liver and heart keeping in mind the importance of AIF-mediated cell death for neuronal
cells. This should be discussed. Is the expression level low to reduce toxicity? Or might it be so that
the redox function/capacity of AIF in brain is not so important as compared to in liver, heart, etc?

Our response: Following the reviewer's recommendations, we have discussed the comparatively low
AIF expression in brain as compared to liver and heart in the Results (page 8, lines 4 to 8). In a report
published by Benit et al. (PLoS ONE 2008; 3: €3208), the amount of AIF protein in various murine
organs was compared to that of another mitochondrial protein (VDAC/porin) and it was found that in
all analyzed organs (cerebellum, spinal cord, cortex, retinas, heart, skeletal muscle, kidney and liver)
the ratio AIF/VDAC was similar. In conclusion, these published data indicate that a low level of AIF,
in brain compared to heart or other organs, is a sign of a lower amount of total mitochondrial proteins.



Minor point 2 raised by reviewer 1: Page 7. What does mean: "the two exons were generated by
gene duplication well before the mammalian radiation"?

Our response: The criticized phrase on page 7 (lines 5 to 9) has been reformulated.

“Likewise, the two exons were generated by gene duplication well before the speciation of mammals
(data not shown). Indeed, we were able to trace the duplication event to chicken genome, where a
region homologous to the mammalian exon 2a can be found 5' of exon 2b on chromosome 4, although
the splice acceptor site of exon 2a seems to be non canonical (UCSC, genome browser).”



CDD-09-0430
Revision date: nov. 10, 2009
Author: Guido Kroemer

POINT-BY-POINT REPLY TO REFEREE NO. 2

The reviewer formulated a series of specific points of critique:

Specific point 1 raised by reviewer 2: AIF has to be cleaved from its membrane anchor, the
transmembrane segment partially encoded in the alternative exons, before it can be released
from mitochondria. The cleavage site however appears to be located in the intermembrane
space, hence this region is similar between AIF1 and AIF2. This suggests that cleavage
should occur independently of the matrix located isoform specific N-terminal regions. A
model in which the different hydrophobicities could account for different efficiencies to
release AIF does not make sense in the light of many data on the requirement of processing
of AIF prior to its release from mitochondria (e.g. Polster et al. 2005, Otera et al. 2003,...).

Our response: We have carefully considered this point raised by the reviewer. Although the reviewer
is, in principal, correct in her/his affirmation, it appears that AIF2 is more difficult to be released from
mitochondria than AIF1. Therefore, it appears that the mitochondrial release-associated cleavage of
AIF2 is more difficult to be achieved than AIF1. This difference cannot be explained by differences in
the primary sequence of the cleavage site. Rather, they must be linked to other properties of the
molecule such as the accessibility of AIF2 (which may be more profoundly "buried" in its N-terminus
in the lipid bilayer of the inner mitochondrial membrane than AIF1). In support of this possibility, we
would like to mention that biochemical studies of AIF1 carried out by Churbanova et al. (Redox-
dependent changes in molecular properties of mitochondrial apoptosis-inducing factor. J Biol Chem
2008; 283: 5622-5631) suggest that redox-regulated changes in the conformation of AIF that implicate
its N-terminal and C-terminal segments might determine the dimerization of AIF, its accessibility to
apoptotic proteases and by consequence its mitochondrial release in dying cells. This point has been
explicitly expressed in the revised version of the manuscript (page 12, lines17 to 23; page 13, lines 1
to 3).

Specific point 2 raised by reviewer 2:. Experiment 7c: It is essential to show at least two
fractions of this fractionation including the membrane (hence mitochondria containing)
fraction. As the figure is now, it is impossible to judge whether the differences in AIF release
stem from different expression levels (even of the normal AlF, as Figure 7b would suggest
lower level of AIF if AIF2-FLAG is overexpressed), or whether the non released AIF is found

in the pellet, or whether part of the AIF is found in another localization (e.g. the nucleus).

Our response: We have repeated the experiment shown in Fig. 7c, including the additional control
requested by the reviewer. This improved experiment is now fully included in the revised version of



the paper. As an additional control, we checked the release of another mitochondrial protein (EndoG),
whose release was not affected by AIF1 or AIF2. As the reviewer will appreciate, there is a clear
difference in the mitochondrial release of AIF1 versus AIF2. We thank the reviewer for her/his elegant
suggestion that helped to improve our paper.

Specific point 3 raised by reviewer 2: Experiment 7d lacks controls (i.e. non precipitated

control proteins).

Our response: In accord with the reviewer’s suggestion, the whole cell lysate controls (Input) were
clearly indicated in Fig. 7d.

Specific point 4 raised by reviewer 2: It would be desirable to use one cellular model in a
consistent way for the cell biology part of the manuscript to allow the transfer of the different

sets of data (EM in U20S cells versus fractionation with HeLa cells).

Our response: To streamline the data representation and to focus on essential facets of the paper, the
electron microscopy results obtained on stably transfected U20S were moved to the supplementary
Fig. 4. This figure contains additional data obtained with the same cell line that overexpress either
AIF1 or AIF2.

Specific point 5 raised by reviewer 2:. Figure legend 7b: Na-bicarbonate should be Na-

carbonate.

Our response: This error has been corrected.

Specific point 6 raised by reviewer 2: 6. Can AIF2 be cleaved to the same extent by calpains

and cathepsins as AIF1?

Our response: We have attempted to generate recombinant full-length AIF1 and AIF2 (with the entire
N-terminus) and thus far have failed to obtain a correctly folded protein. As a result, we have been
unable to perform the requested proteolytical experiments. However, we feel the proteolysis of
purified proteins may not reflect that of their membrane-embedded equivalents. We have discussed the
proteolytic cleavage of AIF in the revised paper (page 12, lines17 to 23; page 13, lines 1 to 3).



Specific point 7 raised by reviewer 2:. Why has expression of AIF2 a dominant negative effect

on cristae formation and AIF accumulation (and possibly release)?

Our response: We have no explanation on how AIF might affect cristae formation (although AIF
might of course, theoretically, affect membrane curvature). As it stands, we simply report that
ovexpressed AIF1 and overexpressed AIF2 affect the morphology of mitochondria in a clearly
distinguishable fashion, pointing to differences between AIF1 and AIF2 (perhaps because both
proteins impose different levels of membrane curvature). Since these data are based on the
transfection-enforced overexpression of both isoforms, they can be criticized and have been moved to
the supplemental section of the paper. However, we have provided a hypothetical explanation how
AIF2 may inhibit the release of AIF1, namely by forming heterodimers (or perhaps higher-order
hetero-oligomers). In this case, the more membrane-anchored isoform would retain the more "voluble"
isoform in mitochondria, as we have discussed in the revised version of the paper (page 12, lines17 to
23; page 13, lines 1 to 8).
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POINT-BY-POINT REPLY TO REFEREE NO. 3

The reviewer formulated one single point of critique: In this manuscript Authors perform a
thorough characterization of AIF2, showing that it is specifically expressed in neurons and more
tightly anchored to the inner mitochondrial membrane. The data are convincing and solid. However,
what is really missing from the paper to be a strong candidate for CDD are the cell death
experiments. If the Authors had an experiment of selective silencing of AIF2 in neurons, or of both
forms with the reintroduction of a resistant AIF2 variant and then they tested the impact on neuronal
viability/function/cell death the paper would be perfect. As it is, I see it more suited for a Journal
where to report the characterization of a novel splice variant of an important gene, like JBC, or a
neurobiology Journal.

Our response: The reviewer criticized the absence of cell death experiments from our paper and
insinuates that this would be sufficient to question the suitability of our paper for CDD. "Cell Death &
Differentiation" has a dual scope. The journal deals with cell death mechanisms, as well as will
mechanisms of cell differentiation. In our paper, we show that AIF is expressed in a differentiation-
dependent fashion in the developing brain of mice and humans. We show that AIF is specifically
expressed in the brain in some particular cell types. Moreover, we show that AIF1 and AIF2 differ in
their propensity to be released from mitochondria by a series of pharmacological and chemical
inducers. Therefore, we believe that our paper qualifies for publication in CDD (placing emphasis on
the second, not the first, "D"). The reviewer requested experiments in which we would silence AIF2 in
cells that express AIF2. These experiments have also been asked for by reviewer 1 (see points 1 and 2
raised by this referee), and new data have been added to the paper.

As we have explained in our point-by-point reply to reviewer 1, we are confronted with the problem
that none of the human or murine cell lines that we characterized thus far predominantly expressed
AIF2 (although, based on the in situ hybridization studies, a sizeable fraction of primary brain cells
solely express AIF2, not AIF1). Therefore, we have to wait for the results of the knockout experiments
in which exon 2b (which is specific for AIF2) has been flanked by lox sites and will be removed by
tissue-specific expression of the Cre recombinase. Although we have been successful in generating
mice expressing a floxed exon 2b, we will need more than six months to generate tissue-specific (and
in particular brain-specific) AIF2 knockout mice and to characterize their susceptibility to cell death.
Therefore, we are unable to furnish results on the putative pro- or anti-apoptotic functions of AIF2
within the calendar established by the Nature Publishing Group for resubmission.

To meet the reviewer’s critique, we have included additional data that show that AIF2 is upregulated
in human mesencephalic neural progenitor cells as they differentiate in vitro into post-mitotic
dopaminergic neurons. Our results clearly indicate that the expression level of AIF2 depends on the
differentiation status of neuronal cells, both in the human and in the mouse systems. This finding
suggests that our paper is optimally suitable for publication in CDD.

END
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Abstract

Apoptosis-Inducing factor (AIF) plays important supportive as well as potentially lethal roles in
neurons. Under normal physiological conditions, AIF is a vital redox-active mitochondrial
enzyme, whereas in pathological situations, it translocates from mitochondria to the nuclei of
injured neurons and mediates apoptotic chromatin condensation and cell death. Here, we reveal
the existence of a brain-specific isoform of AIF, AIF2, whose expression increases as neuronal
precursor cells differentiate. AIF2 arises from the utilization of the alternative exon 2b, yet uses
the same remaining 15 exons as the ubiquitous AIF1 isoform. AIF1 and AIF2 are similarly
imported to mitochondria where they anchor to the inner membrane facing the intermembrane
space. However, the mitochondrial inner membrane sorting signal (IMSS) encoded in the exon
2b of AIF2 is more hydrophobic than that of AIF1, indicating a stronger membrane anchorage of
AIF2 than AIF1. AIF2 is more difficult to be desorbed from mitochondria than AIF1 upon
exposure to non-ionic detergents or basic pH. Furthermore, AIF2 dimerizes with AIF1, thereby
preventing its release from mitochondria. Conversely, it is conceivable that a neuron-specific
AIF isoform, AIF2, may have been "designed" to be retained in mitochondria and to minimize its

potential neurotoxic activity.



Introduction

Apoptosis-inducing factor (AIF) has initially been described as a mitochondrial intermembrane
protein that is released from mitochondria under conditions of cell death induction and that can
induce isolated nuclei to undergo nuclear shrinkage and chromatinolysis, two features that are
classically associated with apoptosis.' Since its discovery ten years ago, the AIF protein has been
characterized at the structural level,>” and the AIF gene has been subjected to genetic
manipulations in mice, flies, nematodes and yeast, revealing the phylogenetically conserved

contribution of AIF to cell death in multiple systems.*”

After the mitochondrial import of the precursor AIF protein and the removal of its N-terminal 53
amino acids, which includes a mitochondrial localization sequence (MLS), the processed mature
human AIF 62-kDa is inserted into the inner mitochondrial membrane, with the N-terminus
facing the matrix and with the C-terminal catalytic domain exposed to the intermembrane space.’
The mitochondrial AIF protein is an NAD(P)H oxidase’ whose local redox function is essential
for optimal oxidative phosphorylation.® Knockdown, deletion or hypomorphic mutation of AIF
(the harlequin or Hg mutation) reduces the expression of complex I subunits in the respiratory
chain,® thereby provoking a mitochondriopathy that leads to progressive neurodegeneration,
photoreceptor loss and cardiomyopathy.”" The consistent finding that the targeting of AIF
mostly affects the central nervous system (CNS)’ might either be explained by the general
tendency of complex I mitochondriopathies to manifest at the level of the CNS' and/or by an

implication of AIF in the differentiation of neuronal cell precursors."



Upon apoptotic stimuli, AIF, which is able to directly interact with DNA," translocates to the
nucleus and participates in chromatin condensation and chromatinolysis.'® The switch from the
vital to the lethal functions of AIF is spatially regulated by its subcellular localization and tightly
controlled by at least two processes: (i) outer mitochondrial membrane permeabilization
(MOMP), which is regulated by multiple mitochondrial proteins including members of the Bcl-2
family,"” (ii) activation of a series of non-caspase cysteine proteases (including calpains and
cathepsins) that cleave the N-terminal membrane insertion domain at amino acid 101, thus
catalyzing the de-attachment of mature AIF from the inner mitochondrial membrane.”®'"*The
nuclear translocation of AIF could be inhibited by the overexpression of heat shock protein 70,
which can intercept AIF in the cytosol'” or deletion of cyclophilin A, which is required for AIF
to move into the nucleus.” In mice, the Hg mutation has been shown to reduce acute neuronal
cell death after ischemia, hypoglycemia and neurotrauma in young animals, before they manifest
the Hg-associated neurodegeneration.”’ However, the Hg mutation had no cardioprotective
effect'” and was not able to make islet beta cells more resistant to hydrogen peroxide-induced

cell death,” suggesting that AIF contributes to lethal signaling in a cell type-specific fashion.

Through alternative splicing, the precursor mRNA transcribed from the AIF gene can give rise to
several distinct proteins. Thus, alternative utilization of the exons 2a or 2b of the AIF gene (16
exons in total) gives rise to AIF1 (the originally described isoform of AIF) or AIF2 (which has
been found in cDNA libraries from fetal mouse tissues), respectively. AIF1 and AIF2 only differ
in a short stretch of their amino acid sequence in the N-terminal region that is removed from the
mature protein as it translocates to the nucleus.” Numerous functional studies have been
performed on AIF1, the most abundant and ubiquitous AIF isoform, whereas, AIF2 has not been

further characterized. In addition to the above-mentioned isoforms, an alternate transcriptional



start site located at intron 9 of AIF originates a short variant of the protein (AIFsh) that lacks the
N-terminal MLS and the redox-active domain, yet retains the nuclear localization sequence
(NLS). The transfection-enforced overexpression of AlIFsh results in a nuclear protein that
causes apoptosis.24 Moreover, another short form of AIF, AIFsh2, results from the alternative
utilization of exon 9b (instead of 9), which contains a stop codon. AIFsh2 is a truncated protein
that lacks the C-terminal pro-apoptotic domain, yet conserves its mitochondrial localization and
redox function.” Both short AIF isoforms appear to be low-abundant in normal tissues because
they have not been detected by immunoblot, with the exception of AIFsh2 that reportedly is
present in liver extracts.***’

By characterizing the tissue expression profile of AIF isoforms, we discovered that AIF2 is
specifically expressed in the CNS. Driven by the pathophysiological impact of AIF in

neurodegeneration,”'""'?

we performed an exhaustive functional and biochemical characterization
of the AIF2 isoform and importantly, we found that, compared to AIF1, AIF2 possess a stronger
anchoring capacity to the inner mitochondrial membrane. These results suggest that the neuron-

specific AIF2 isoform has been "designed" for maintaining its mitochondrial functions yet

reducing its pro-apoptotic activities.



Results and Discussion

A novel brain-specific isoform of AIF, AIF2. When sequencing several cDNAs from fetal
human brain, we detected an alternative exon2 usage (Fig. 1a), indicating that the precursor of
the human AIF mRNA can be alternatively spliced, yielding two isoforms that we designated
AIF1 (when exon 2a is used) and AIF2 (when exon 2b is used). The alternative exons 2a and 2b
are phylogenetically conserved among mammals. Likewise, the two exons were generated by
gene duplication well before the speciation of mammals (data not shown). Indeed, we were able
to trace the duplication event to chicken genome, where a region homologous to the mammalian
exon 2a can be found 5' of exon 2b on chromosome 4, although the splice acceptor site of exon
2a seems to be non canonical (UCSC, genome browser). Thus, both exons 2a and 2b are
detectable in published cDNA sequences from primates, rodents and other mammals (such as
Equus caballus and Canis familiaris) (NCBI-Homologen database), whereas only one exon 2,
which resembled exon2b from mammals, could be discerned in chicken cDNA libraries (Fig. 1b,
¢). Amino acid alignments of exons 2a and 2b from several animal species revealed two
positively- and one negatively-charged common residues, as well as conserved motifs with
hydrophobic stretches (Fig. 1c). However, secondary structure predictions indicate the
consequences of variable residues and their differential properties on the potential secondary

structure of the segment encoded by each of the two exons (Fig. 1d).

Quantitative expression profiling of the two AIF isoforms showed that AIF2 mRNA was

specifically detected in human brain, yet was absent from most other analyzed tissues except the



retina (Fig. 2a). Within the human adult brain, ATF2 mRNA was found in all regions, including
the cortex or in subcortical areas, and the expression level of AIFI and AIF2 mRNAs were
similar (Fig. 2b). This general expression profile was similar for all examined mouse tissues,
where AIF2 mRNA was again restricted to the brain (Fig. 2¢). Both in human and mice, low
levels of AIF expression were detected in the brain compared to other organs. This probably
reflects the comparative paucity of mitochondria in the brain, because the ratio of AIF protein
and the most abundant outer mitochondrial membrane protein, VDAC, is similar in a panel of
distinct mouse organs including brain'*. The expression levels of AIFI- and AIF2-specific
mRNAs were equivalent in the adult mouse brain and were similarly affected by the
hypomorphic Hg mutation that reduced the expression of both AIFI and AIF?2 to around 20% of
the control level (Fig. 2d). Of note, the expression of human AIF2 mRNA was higher in adult
brain than in fetal brain (while that of AIF] was lower) (Fig. 2b), indicating that the AIF1/AIF2
ratio decreases as brain cells differentiate. Accordingly, mouse embryonic telencephalic cells
immortalized with thermosensitive SV40 large T antigen (tsA58 LT-Ag) (Fig. 3a, b), or human
embryonic mesencephalic cells immortalized with a v-Myc retroviral vector (Fig 3c) could be
stimulated to express higher AIF2 levels upon in vitro differentiation. Thus, AIF2 is specifically

and differentially expressed in brain cells, depending on their maturation status.

Next, we determined the relative AIF] and AIF2 mRNA expression in the NCI (National Cancer
Institute) panel of cancer cell lines (NCI60). While AIFI was expressed by all cells,
independently of their tissue origin, AIF2 was absent from all samples (supplemental Fig. 1),
including from brain cancer cell lines, of glial origin, contained in the NCI panel (Fig. 4a).

However, AIF2 was expressed by a fraction of neuroblastomas (Fig. 4a and b), in line with the



data obtained on normal, untransformed tissues (see above, Fig. 2). In conclusion, AIF2 is

specific for neuronal tissues and neuroblastomas.

Cellular and subcellular localization of AIF2. Comparative in situ hybridizations of the adult
mouse brain with isoform-specific probes revealed a similar macroscopic distribution of AIF1
and AIF2 mRNAs, with peak intensities in the olfactory bulb, rostral migratory stream, olfactory
cortex and pituitary (Fig S5a-f, negative controls with anti-sense probes are shown in
Supplemental Fig. 2). To investigate whether both AIF isoforms are expressed in the same cells,
we performed a simultaneous fluorescent in sifu hybridization (FISH) with differentially labeled
exon 2a- and 2b-specific probes (red and green, respectively). In most brain regions, AIF'/ and
AIF2 were co-expressed by the same cells. However, approximately 25% of the cells present in
the anterior olfactory nucleus stained uniquely for the exon 2b-specific probe, indicating the

existence of brain cells that solely express AIF2 (and not AIF']) (Fig 5g-i1).

AIF1 and AIF2 share an identical N-terminal MLS, while their exon 2-encoded inner membrane-
sorting signals (IMSS) differ (Fig 1). In order to investigate whether this difference might affect
the mitochondrial localization of AIF2, we compared the subcellular distribution of AIF1 and
AIF2 by transfecting Hela cells with Flag-tagged versions of AIF1 or AIF2 (with the Flag fused
to the C-terminus). When transfected cells were fixed and permeabilized with paraformaldehyde
plus Triton X100 and stained with a Flag-specific antibody (Fig. 6a), we found both proteins
similarly redistributed into mitochondria (which were labeled with a matrix-targeted fluorescent
protein, dsRed-mito), with no discernible effects on the overall shape of the mitochondrial

network. Differential permeabilization of the outer mitochondrial membrane (with 0.4 mg/ml



digitonin) and the inner membrane (with 0.8 mg/ml digitonin) allowed antibodies specific for
Tim23 (an inner membrane-anchored protein) and cyclophilin D (a soluble matrix protein),
respectively, to access mitochondria (Fig. 6b). In these conditions, a Flag-specific antibody
gained access to AIF1 and AIF2 similarly, as soon as the outer mitochondrial membrane was
permeabilized (Fig. 6b, ¢), in concordance with the notion that both proteins expose their flagged

C-termini to the intermembrane space.

AlF-deficient cells exhibit reduced abundance of complex I subunits, resulting in a severe
respiratory dysfunction.® Accordingly, small interfering RNAs specific for exon 2a or the 3'UTR
of AIF led to a marked reduction in the expression of the 20 kDa complex I subunit (CI SU20)
(Fig. 6d) and other complex I subunits (not shown) in U20S cells (which only express AIF1).
The transfection of AIF2 (whose expression is not impeded by either of the two siRNAs) blunted
the depletion of CI SU20 induced by AIF1 knockdown, as much as did the transfection of AIF1
(whose overexpression is abolished by the exon 2a-specific siRNA, yet not affected by the
3'UTR-specific siRNA) (Fig. 6d). These results corroborate the hypothesis that both AIF
isoforms are localized in the same submitochondrial compartment where they both sustain the
biogenesis or stability of complex I from the respiratory chain. It should be noted that the
respiratory and redox functions of AIF are closely linked because redox-deficient AIF mutants
are unable to restore the abundance and function of respiratory chain complex I from AIF
knockout cell. * Therefore, it appears plausible that AIF2 has a normal redox function, similar to
that of AIF1. Recently, Churbanova et al. >’ reported a rather low NAD(P)H oxidase activity for
a recombinant AIF protein that resembles endogenous AIF more closely than a His-tagged,

truncated protein that had been investigated previously.” In line with this possibility, we found
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that the siRNA-mediated depletion of AIF1 and/or AIF2 from SHSY-5Y neuroblastoma cells
(which express both AIF1 and AIF2) did not affect cellular NAD(P)H levels (Supplemental

Fig.3).

Biochemical differences between AIF1 and AIF?2. In order to detect further possible differences
between AIF1 and AIF2, we stably transfected the Flag-tagged versions of both proteins in
U20S cells, obtaining supraphysiological levels of AIF1 and AIF2 (Supplemental Fig. 4a). Both
Flag-tagged AIFI and AIF2 cDNAs led to the expression of proteins with a similar
electrophoretic mobility corresponding to ~65 kDa (Supplemental Fig. 4a), and similar co-
migration results were obtained for non-tagged versions of AIF1 and AIF2 (not shown). The
overexpression of AIF1 or AIF2 had neither deleterious effect on the proliferation rate (not
shown), nor affected the respiratory capacity and control of the cells (Supplemental Fig. 4b).
However, both AIF isoforms differentially affected the ultrastructure of mitochondria, as
detectable by transmission electron microscopy (TEM). AIF1 (but not AIF2) overexpression lead
to a rarefaction of cristae, while AIF2 (but not AIF1) overexpression tended to increase the
curvature of cristae, which frequently adopted an onion-like shape (Supplemental Fig. 4c).
Although this result was obtained in conditions in which the two AIF isoforms were
overexpressed, it suggested subtle differences in the impact of the insertion of their putative

transmembrane domains on mitochondrial membrane structure.

Driven by these results, we investigated whether AIF1 and AIF2 actually differ in their

membrane anchorage, in conditions in which Flag-tagged AIF1 and AIF2 are expressed at

physiological levels (lower than endogenous AlIF, Fig. 7a,b). AIF1 versus AIF2-expressing cells
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were exposed to increasing concentrations of the non-ionic detergent Igepal CA-630, and the
extractability of the two AIF isoforms 