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Amyotrophic lateral sclerosis (ALS) is a paralytic disorder caused by degeneration of motor neurons in the brain and

spinal cord. Identification of mutations in the gene for Cu,Zn superoxide dismutase (SOD1) in a subset of ALS families c:>
made it possible to develop a transgenic mouse model of ALS and to investigate its pathogenesis. These z
investigations suggest that mutant SOD1 acts through a toxic gain of function which may involve generation of free §
radicals. Conformational change in the mutant SOD1 protein, especially the distortion of the ‘rim’ of the electrostatic <
guidance channel may be central to this toxic gain of function and to the pathogenesis of ALS. S
-0
g
INTRODUCTION identification of mutations in the gene for Cu/Zn superoxiﬁe

_ _ dismutase§ODJ as a hitherto undiscovered cause of ARS (&
Amyotrophic lateral sclerosis (ALS), also called motor neurofrhe power of linkage analysis is demonstrated by the fact fhat
disease (MND) is an age-dependent and fatal paralytic disordgfen though SOD1 is a well studied and characterized ubiquifous
caused by degeneration of motor neurons in the motor CO”%zyme, the connection between ALS and SOD1 had not Been
brainstem and spinal cord. ALS usually begins asymmetrically Wit ade until genetic linkage was establish@d The other two 3
involvement of the muscles of one or more limbs, speech Qnforms of SOD are MNnSOD (SOD2), which maps to 6G25 %d
deglutition in middle adult life. The involvement appears to spregd primarily located in mitochondria and extracellular SGD
in an anatomically contiguous manner and eventually bec0m€§OD3), which was mapped to 4p15.2 (H-X. Deng andsT.
bilatgral and symmetrical, progressing to paralysis and death. Me@i@ldique, unpublished result) and is primarily present in exfra-
survival is 3 years after the onset of symptofs ( _ cellular fluid. These two genes are not linked to FALS. o

ALS occurs as an apparently sporadic disease (SALS) in 90% of
cases; however, in 10% of ALS patients, a family history of th UPEROXIDE AND CU/ZN SUPEROXIDE DISMUTASE
disease can be documented and this subset of patients is classified
as familial ALS (FALS). Multigenerational familial cases areSuperoxide (@ -)is an unstable and highly active moIecu&
usually genetic, but complex environmental and genetic interactiorhich causes oxidation of cell constituents either directly_or
cannot be ruled out in duplex clusters. Genetically inherited FAL®Brough toxic and stable derivatives, Ois produced during 3
is transmitted either as an autosomal dominant (DFALS) or aormal aerobic metabolism. The major superoxide dismutdse
autosomal recessive (RFALS) tréit3). activity in cytoplasm is from SOD1, which consists of 153 hig
DFALS is the most common form of FALS and is clinically conserved amino acids with a molecular weight of 16 kDa. SGD1
indistinguishable from SALS. The mean age at onset of symptorissa homodimer and within each monomer there is a cave-ike
is 46 years which is about 10 years earlier than SAI5% Studies  active site containing one atom each of copper and zinc. Jhe
of ALS families suggest that the penetrance of DFALS isnajor known function of this enzyme is to detoxify ©to form &
age-dependent: 50% of the gene carriers develop disease by the@gand hydrogen peroxide p8,, in turn, is detoxified to formg*
of 46 years and 90% by the age of 70 yegrsAlthough the age water by either glutathione peroxidase or catalase. The dimer
at onset of symptoms within DFALS families is commonly variableinterface of SOD1 is strongly hydrophobic resulting in a stafle
no apparent genetic anticipation has been obsesyed ( dimer formation; dimerization doubles the dismutase activitysof
Current ALS research is focused on chromosome 21-linked FALSOD1. Q" ~is guided to the Cd containing active site throughz
because of the identification of mutations in the gene for Cu,Zmpositively charged electrostatic guidance channel, the positive
superoxide dismutaseSQD) (7,8). In this review we will charges being provided by the amino acids Lys122, Lys136rand
summarize the most recent developments in FALS research whiktg143. The latter allows the docking of the negatively charged
may give insight into the possible mechanisms of pathogene€is ~in close proximity to the copper atom. Twenty-one highly

o|ddng/g/

underlying this disease. conserved amino acid residues coded by exons 3 and 5 contribute
to the active channel. The channel narrows down in a stepwise
FALS AND SUPEROXIDE DISMUTASE fashion from a large shallow depression about 24 A across to a

deeper well about 10 A wide and 5 A deep, which further narrows
Chromosomal mapping of a locus for FALS on chromosom less than 4 A above the copper ata1(l). The dismutase
21022.1 was an important development as it directly led to threaction proceeds at a very rapid rate>df® M/s and is most

*To whom correspondence should be addressed
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likely only limited by substratel ). The electrostatic guidance cause few changes in the protein struct@@8(19). Most
channel thus provides optimum access to an otherwise smallitations inSOD1 were predicted to destabilize the protein,
surface area constituting the active site. Access to the active ssulting in a less active, rather than an inactive SOD1 protein.
is limited by size and charge which favors the negatively charg@b0A is expected to be relatively stable without apparent
O>'~ and excludes molecules of larger size. The two stepiecrease in enzyme activif;18,19).

dismutase reaction proceeds as follows: The analysis of the SOD1 enzyme activity supports the structural
—y ChH+H -0, + ) ; prediction of loss of activity in most instances due to structural
2 Enz-Cd + H" - Oz + Enz-Cdl ® instability. The cytosolic superoxide dismutase activity assayed in
. i . 2+ - red blood cells, transformed lymphoblastoid cells and brain tissues
Op'~+ Enz-CUf + H' - Hy0, + Enz-Cé @ from FALS patients with mutations in SOD1 gene, was found to
. . SOD1 be between 30 and 70% of normal activi§2(,21). FALS
20 7+ 2H" 9577 H0, + O, (i) patients homozygous for D9OA mutation had a near normal SOD1

Beside the di t fivi D1h inal ; ivity (19_22). The intrinsic activity of mutated SOD polypeptide
eside the dismutase activity, SO as a margina pero)(I(Jl(’g%tpressed in COS-1 cells and in yeast, was between 0 and 7% of

activity (13-15) and a role in Cu and Zn homeostasis has al _ .
been attributed to SOD1.,8,, one of the products of the 1€ normal polypeptide2¢-25). These observations support the

dismutase reaction is thought to inactivate SODA). (The hypothesis t.hat a Fj_ecrease in SOD activity_ in FALS patien;s @ay
inactivation of SOD1 by its owng@; production and peroxidase result from instability of the mutant and wild-type heterodimers

activity is as follows: and mutant homodimers. The random dimerization of mutant znd
. . ) wild-type monodimers would predict that 25% of the SOD %re
H20z + Enz-Cé#*~02 ~+ Enz-Cf + 2H (iv)  wild-type homodimers, 25% are mutant homodimers and 50%zare

mutant/wild-type heterodimers. However, the mutant SOD1
monomers were not found to have a dominant negative effecg on
.- . + . . the dismutase activity of normal monodimers. A contrary result
Enz-C#*-"OH + ImHis—. Enz-C&* +- ImHis + HO M) was shown in mutant SOD1 frobrosophila(26). The effect of 2.
Enz is the SOD1 enzyme and ImH is the imidazole moiety @f mutation may differ from mutation to mutation. Some mutatigns
histidine residue at the active site of the SOD1 polypeptide. may have dominant negative effects but not all. 2
vivo, the peroxidase activity could be significant in the presenceAnother mechanism for the reduction in SOD1 activity in the
of an excess production obEp which may result from a burst red blood cells of FALS patients is due to the destabilized S%l
(]

Enz-Cu + HyOp+Enz-C#*- OH + OH v)

of O> ~molecules 15). protein, resulting in a shorter half life of mutant SOD1 prot
For example, in a COS 1 cell culture system, the hallf life for A4V
SOD1 AND CHROMOSOME 21 LINKED FALS is about 7 h, while the normal SOD1 protein is about 3tBh (@

uantitative analysis of SOD1 protein in FALS patients showed
reduction in SOD amount by 35-75% of the normal va@e

; . . (Siddique Tet al, unpublished data); no decrease in SOR1
segregate with the diseaSg @mong these 49 mutations, there ar otein was observed in non-chromosome 21 FALS patientss

45 missense mutations, a stop codon mutation (H-X. Deng and’ Tpyre ot mytations ir5OD1do not seem to have significant
S|dd|que, .un-pubhshed Qata), a delet|o.n' mutation and “No.mtror]ﬁfluence on the age at onset of symptoms. Fifty percent of FALS
mutations in intron 4 which alter the splicing site. One of the mtron@ tients develop symptoms by 46 yea.rs of age. Howeder

Forty-nine mutations in SOD1 gene have been identified in FALg
families linked to chromosome 21q (Talile These mutations

mutation changes an A to G, 11 bp upstream of the splicing s . . .

(H-X. Deng an?:i T. Siddique, unpublriJshepd data). The othgr int?on erent mutations do have dlff(_arent effects on th? progrgssmﬁ of

mutation changes a T to G, 10 bp upstream of the splicing Bite ( € d|.sea.se. The mean du_ratl_on .f.or FALS patients with A§V

All of the reported mutations are in exons 1, 2, 4 and 5, but not i utation Is 12 years Wh'.Ch IS SI_gnlflcantIy shorte_r than _the_mgan

exon 3, which contributes to the rim of the electrostatic guidan@kration observed in patients with E100G mutation which is that
of 4.7 years47,28). Duration for most of the FALS patients wnﬁ

channel and the Cu and Zn binding sites. x e
When the initial mutations identified in FALS were mapped tgo©OP1 mutations range from 3 to 5 years; while H46R and G37R
ve the longest duration of about 18-20 yea#2 7).

the crystallographic structure of SOD1, they were found to , " ) O
clustered in the loops joining tRebarrel ). The mutated side Two mutations are worth mentioning due to their specn‘lc@.

chains cluster near the two Greek key connections closing off tROOA mutation was previously described as a polymorphism
ends of the barrel, in the dimeric interface and at the base of th#ith a relatively high frequency of 2.5% in the northefh
active side loop. These side chains, which are structurafgwedish/Finnish population; ALS is not significantly high in ttys
conserved in the wild-type SOD1 structure from different specieBopulation £9). It has been recently observed that homozygdtes
appear to be critical for the structural integrity of this dimeridor the D9OA mutation develop ALS§,22). The penetrance is
enzyme. Some of the side chain mutations, such as A4V, L3&8stimated to be 38%, suggesting that D90A is a recessive
L106V and V148A, would also be expected to destabilize the@utation for ALS 22). Another interesting mutation, I113T, has
subunit folding or the dimer contact. Three mutations, H46Feen reported in several apparently sporadic cases. We identified
L84V and D90A, occur outside of tifestrand and the loop two apparently sporadic ALS cases with the 1113T mutation. A
forming thep barrel. The mutations H46R and H48Q directlydetailed family history and analysis of family DNA indicated that
affects the ligation of Cu atom in the protein, as H46 and H48 atfeis mutation was actually inherited. The D90A and 1113T
two of the four histidines that bind to Cu in SOD1. The mutatiomutations suggest that some cases of SALS are genetic due to &
L84V occurs at the end of the Zn binding loop where it joins thiew penetrance of the inherited gene, strongly arguing for
B barrel, while D90A is expected to have only local effects anhodifying factors.



Table 1.SOD1mutations in FALS

Amino acid Mutation symbol  Nucleotide Reference
substitution substitution

Exon 1

Ala4 - Val A4V GCC-GTC 8
Ala4 - Thr AAT GCC-ACC 56
Val7 - Glu V7E GTG-GAG 53
Leu8-GIn L8Q CTG- CAG 57
Vall4- Met V14M GTG-ATG 18
Gly1l6- Ser G16S GGC-AGC 58
Glu21l-Lys E21K GAG- AAG 59
Glu21-Gly E21G GAG- GGG 60
Exon 2

Gly37- Arg G37R GGA-AGA 7
Leu38- Val L38V CTG-GTG 7
Gly41- Ser G41S GGC-AGC 7
Gly41l- Asp G41D GGC-GAC 7
His43- Arg H43R CAT-CGT 7
His46- Arg H46R CAT-CGT 61
His48- GIn H48Q CAT - CAG 62
Exon 3 NONE

Exon 4

Leu84- Val L84V TTG-GTG 18,49
Gly85- Arg G85R GGC-CGC 7
Asp90- Ala D90A GAC-GCC 19,22
Gly93- Ala G93A GGT-GCT 7
Gly93-Cys G93C GGT-TGT 7
Gly93- Arg GI93R GGT-CGT 55
Gly93- Asp G93D GGT-GAT 63
Gly93- Ser G93S GGT-AGT 58
Gly93- Val G93Vv GGT-GTT 68
Glul00- Gly E100G GAA - GGA 7
Glul00- Lys E100K GAA - AAA #
Asp101- Asn D101N GAT - AAT 51
Asp101-Gly D101G GAT - GGT 62
lle104- Phe 1104F ATC-TTC 47
Leul06- Val L106V CTC-GTC 7
Gly108- Val G108V GGA-GTA 68
llel12- Thr 1112T ATC-ACC 63
1le113-Thr 1113 ATT -ACT 7
Arg115- Gly R115G CGC-GGC 64
Exon 5

Asp124- Val D124V GAT-GTT *
Asp125- His D125H GAC- CAC 62
Leul26- stop L126Z TTG-TAG #
Serl34- Asn S134N AGT - AAT 58
Asn139- Lys N139K AAC -AAA 65
Leul44- Phe L144F TTG-TTC 8
Leul44- Ser L144S TTG-TCG 17
Alal45- Thr A145T GCT-ACT 17
Cys146- Arg C146R TGT-CGT 58
Val148-. >Gly V148G GTA-GGA 8
Val148- lle V148| GTA-ATA 48
lle149- Thr 1149T ATT - ACT 65
Deletion

Leu GAC T*T*GGC126 GAC GGC 66
(with stop codon at Lys130,23 aa deleted)

Splice junction

+Phe-Leu-Glu T -G. 10bp before exon 5 17
+Phe-Phe-Thr-Gly-Pro-stop.-AG 11bp before exon 5 (all #

exon 5 deleted)

*N. Laing et al, unpublished observation.

# H-X. Deng and T. Siddique, unpublished observation.
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OTHER FORMS OF FALS

FALS is a disorder with genetic heterogenéitg(). Both DFALS

and RFALS have more than one loci in the genome. RFALS is rare
and observed in relatively high prevalence in Tunisia RFALS
families of Pakistani origin and other ethnicities have also been
identified (T. Siddique, unpublished data). The penetrance of
RFALS is 100% by the age of 20. The mean age at onset of
symptoms in RFALS is 12.03, ranging 3 to 23 years and the duration
of the disease ranging from 15 to 20 years. RFALS is a juvenile form
of ALS, but not the only juvenile form because symptoms can occur
early in some patients with sporadic ALS or with DFALS (T.
Siddiqueet al. unpublished data). In most cases, the symptoms, of
SALS and DFALS do not occur before the age of 10 years and r@rely
before the age of 20.

Three clinical variants of RFALS are knowB1). The more 8
common, RFALS type 1, is characterized by the relative predoml-
nance of lower motor neuron involvement early in the dlsegse
accompanied by atrophy and weakness in hand and feet muscles
The tongue is affected in later stages and bulbar involvemegt is
usually slowly progressive. The involvement of upper moger
neurons is moderate in early stages and becomes more appa&nt 3
the disease progresses. In RFALS type 3, the symptoms of upper
motor neuron degeneration predominate. Patients with RFALS &ype
3 show spasticity of limb and facial muscles, spastic and slugred
speech usually leading to anarthria and uncontrolled weeping'gand
laughter. Lower motor neuron involvement occurs later in the
disease and affects both hands and feet. In RFALS type 2, symgoms
are confined to the lower limbs which is most likely a form xaf
autosomal recessive familial spastic paraplegia.

A large inbred Tunisian family with RFALS type 3 (geneti'i;
nomenclature symbol ALS2) has been linked to chromosafe
2033-35 80). The ALS2 locus was subsequently refined to 2¢33
(A.Hentati, H-X. Deng and T. Siddique, unpublished observatich).
The genetic analysis of families with RFALS type 1 did not sh8w
linkage to markers on either chromosome 2933 or chromoseme
21q, demonstrating genetic locus heterogeneity in RFADB (A
The locus for RFALS type 1 (ALS4) has not been identified. 0*

Some cases of ALS with dementia can also be familial; sevgral
pedigrees with dominant inheritance have been descap&tig 4>
studied three multigenerational families in which either fronml
lobe dementia or ALS was prominent or coexisted in the same
individual. In three individuals in one family, we observ@j
pathological changes that were identical to those seen in AL§ In
addition a spongiform change with neuronal loss and gliosis inthe
superficial layer of the cortex was also noted. Positive L@D
scores (logarithm of the odds of linkage) in the range of 1 v@re
obtained with chromosome 17q markers, but linkage could ndﬁ; be
established (T. Siddiquet al, unpublished observation). S

Disinhibition—dementia—Parkinsonism—amyotrophy compléx
(DDPAC) is a condition characterized by association frontal lobe
dementia, Parkinsonism and amyotrogs®)(The variability of
clinical symptoms between patients is a striking feature of
DDPAC. The most common features are disinhibition and frontal
lobe dementia. Amyotrophy is absent in some patients but is the
most prominent clinical feature in other patients. The pathologi-
cal hallmark of DDPAC is spongiform change and neuronal loss
with gliosis affecting mostly the superficial layer of the brain.
There is also a marked loss of motor neurons in the spinal cord.
The gene locus for DDPAC is on chromosome 1721322 (
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TRANSGENIC MOUSE MODEL FOR FALS graphic structure of wild-type SOD1 predicted that these
. . I , , utations destabilize the protein structure, leading to a less active

Three transgenic mouse lines were initially made immediate hzyme rather than to a completely inactive or a more active
after SODl mutations in FALS were identified: two Iines_, SOD1 in FALS 6) This prediction has been confirmed by
expressing mutant SOD1 (A4V and G93A) and the other lingn,ymatic assay of SOD1 activity in red blood cells, lymphoblas-
expressing wild-type SODAE). The mice overexpressing GI3A 1 cells and brain tissues from FALS patieBi&(21). These
mutation developed symptoms similar to human ALS at 3—ghservations excluded the possibility that a more active SOD1 is
months of age, while mice overexpressing wild-type humag,s|ved in FALS and supported the hypothesis that the decrease
SOD1 at a comparable age were not affectg)d §imilar results  r sop1 activity, therefore an increase of superoxide free radical
have been reported in transgenic mice overexpressing the humagy pe responsible for the disease. This hypothesis is supported
SOD1gene with G37R mutation and mous@®D1gene with 1,y ‘i vitro study; reduction of SOD1 activity by chronic
G86R mutation that corresponds to G85R mutation in humagéplication of SOD1 antisense oligonucleotides triggers neuronal
(34,35). A clear dosage effect of the mutant gene has begjaaih. This death process can be averted by agents which enhanc
observed in the mice where the higher the copy number of thgracellular antioxidant defensesj. However, this hypothesiso
mutant gene, the earlier the onset of the dis€as&s]). The tWo s ot defensible because of the following two reasoBs:
lines of mice with low copy number of the A4V mutation, the) aithough most mutations in SOD1 gene cause decrease in
most frequent mutation identified in FALS, developed d|seas§%eady state of cytosolic SOD1 activity, there are at least %/vo
phenotype >700 days of age (T. Siddigueal, unpublished e, ceptions, G37R and D9OA, which have no significant decréase
observatlon), th|s is at least 200-500 days later than the mice with gop1 activity; and (i) transgenic mice overexpressiég
higher expression of mutant SOD1. _ _FALS-linked mutations in SOD1 gene on normal mouse bagk-

_The observations from the various lines of mice expressing, nd developed disease similar to ALS in humans, while tfibse
different mutations suggest _that it is unllkel_y that _d|seas erexpressing normal SOD1 remained phenotypically unaf-
phenotype is caused by a position effect of.the integration of thg-tag 83-35). These observations from transgenic mo@e
mutant SOD1 gene3). Rather, it is the toxic effect of mutant py54e|s and SOD1 knockout mice strongly disagree with ‘los§ of
SOD1 on cells leading to motor neuron death. This mechanisihction’ but support a ‘gain of toxic function’ hypothese;s

may also underlie FALS in humans. One major questiopss 35 40). Firm conclusions from these two hypotheses are ot
regarding these transgenic mice with extraordinary overexpr sssible yet, although ‘gain of a toxic function’ appears mgre

sion of mutant SOD1 is whether these mice are ideal models Rely. 3
FALS in humans? This question arises due to the following 3
differences between transgenic mice and humans. (i) Geneti - Q
background—FALS patients have one copy for each of tﬁgeE)D1 as a free radical generator %
normal and mutant SOD1 genes, while the mice have two copikess known that SOD1 has some peroxidase activity in addition

of endogenous SOD1 and several copies of mutant SOD1. Tieethe major superoxide dismutase activity,{4). Our studies &
copy number or expression level significantly affects thevith lymphoblastoid cell lines have shown an increased detection
phenotype of the mice3835). (i) Pathology—it has been of H,O, in FALS but not in normal controls (S.Ahme
observed that mice with different mutations and varying levels af.Y.Hung and T. Siddique, unpublished results). It has also been
expression have different pathology from each other and alseported that FALS-associated mutant SOD1 enzyme catalyzes
different from that of FALS patients3%,37,38). (iii) Age at the reduction of KO, therefore acting as a peroxidase; this
onset—the disease phenotype in high copy number transgeprocess occurs more rapidly with mutant than wild-type SOP1
mice is about 3—4 months of age which is earlier than that of FAL@1). These results, although derived from vitro studies, S
patients $3-35). Additionally, pathological changes have alsosupport the gain of a toxic function mechanism and indicate @at
been identified in the nervous system of the transgenic midecreased peroxidase activity of mutant SOD1 may play a critical
overexpressing wild-type SOD27#-39). However, the pathol- role in the pathogenesis of SOD1-linked FALS. Recen(gy,
ogy in the mice with lower-overexpression of mutant SOD1 iscreening of potential therapeutics in our transgenic mouse npdel
more similar to that in ALS patient838). Thus, to date this expressing G93A mutation indicated that dietary supplemefita-

mouse model is the most proximate to human ALS. tion with vitamin E delayed onset of clinical disease and slowed
progression, although did not prolong survi¥a) (This supports ©
POSSIBLE MOLECULAR MECHANISMS FOR ALS the hypothesis that the pathogenesis of SOD1-related FALanay

be due to oxidative damage. The target of such damage wguld
The theory of mechanisms by which mutant SOD causes moi@inly be the lipids of the membranes of the cells.
neuron degeneration has focused on the exaggerated or disturbed
known function of SOD1. The known functions of SOD1 aregop1 complexes
(i) dismutase; (ii) peroxidase; and (iii) possibly metal binding.
As most SOD1 mutations destabilize SOD1 prot&ingxcept
for the D9OA mutation which has only local interactions in the
protein (L9), it is possible that the mutant protein with altered
SOD1 is an antioxidant defense which catalyzes the conversioonformation precipitate to form aggregates in motor neurons
of superoxide free radical anion4O) to hydrogen peroxide which, in turn, could disturb normal cell function and lead to cell
(H202) and oxygen (). However, the biological effects of the death. These inclusions may be easily formed when SOD1
conversion of @ ~to HoO2 by SOD1 on the viability of the cells protein stability is decreased due to the fact that this protein exists
may be double-edged. Hydrogen peroxide and its derivatives d@mdarge amounts accounting for 0.5-1% of total cytosolic protein
toxic to the cell. Mapping of the mutation sites to the crystalloin neurons. Lewy body-like inclusions have been documented in

2coe ¥

Loss of dismutase function
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one of our FALS families with an A4V mutation. These 9. Siddique T, Figlewicz DA, Pericak-Vance MA, Haines JL, Rouleau G, Jeffers

inclusions are positive with antibody against SOTH4(). AJ, Sapp P, Hung WY, Bebout J, McKenna-Yasek D, Deng G, Hprvitz HR,
Gusella JF, Brown RH, Jr., Roses AD and Collaborators (1991) Lineage of a

gene causing familial amyotrophic lateral sclerosis to chromosome 21 and
evidence of genetic locus heterogenéityEngl. J. Med324:1381-1384.

10. Tainer JA, Getzoff ED, Beem KM, Richardson JS and Richardson DC.
(1982) Determination and analysis of the 2 A-structure of copper, zinc

The crystallographic structural mapping study predicts that muta- superoxide dismutasé. Mol. Biol.160:181-217.

tions will lead to structural Change of mutant SOB)]. n: these 11. Getzoff ED, Tainer JA, Stempien MM, Bell GI and Hallewell RA. (1989)

changes distort the electrostatic guidance channel and allow the E‘r’;gtr'gg Osfzczugzsfgs”perox'de dismutase anduarel structural motf

catalytic site to become exposed and more shallow, moleculgs kjug b, Rabani J and Fridovich I. (1972) A direct demonstration of the
normally excluded may gain the access to the catalytic reactive site. catalytic action of superoxide dismutase through the use of pulse radiolysis.
Beckman and colleagues proposed that mutant SOD1 may reactBiol. Chem247:4839.

with peroxynitrite (ONOG) formed from superoxide and nitric 13- E'?Oiﬂs‘;h I (1975) Superoxide dismutasésinu. Rev. Biochemd4:
oxide and facilitate nitration of tyrosine residues of critical cytosollc_f 4. Yim MB. Chock PB and Stadtman ER (1990) Copper, zinc superoside
proteins thus injuring Cellgl(l) This access would be in keeping dismutase catalyzes hydroxyl radical production from hydrogen pero fe.
with the model of a promiscuous accessibility of the Cu site. OUr proc. Natl Acad. Sci. US#7: 5006-5010.

preliminary studies on protein structure using antibodies againgt Yim MB, Chock P and Stadtman ER. (1993) Enzymatic function of Cu%n
SOD1 suggest that a common conformational change occurs in thesuperoxide dismutase as a free radical generatBiol.Chem. 268: g.
mutants A4V, G37R and H46R that may affect the rim of the 4099-4150.

Symonyan MA and Nalbandyan RN (1972) Interaction of hydrogen perog.de
electrostatic guidance channel coded by exon 3. The ‘rim’ distortidfi' with superoxide dismutase from erythrocfiEBS Lett28: 22.24.

hypothesis is also favored by our newly identified truncation, Sapp PC, Rosen DR, Hosler BA, Esteban J, McKenna-Yasek D, O'Regéh JP,
mutations. These mutations result in a truncated SOD1 by deletlng Horvitz HR and Brown RH Jr. (1995) Identification of three novel mutatiofis
exon 5 encoded polypeptide which constitutes a part of the rim of in the gene for Cu/zn superoxide dismutase in patients with fam@al
the electrostatic channel (H-X. Deng and T. Siddique, unpublished amyotrophic lateral sclerosieuromuscular Disb: 353-357.
results). 18. Deng HX, Tainer JA, Mitsumoto H, Ohnishi A, He X, Hung WY, Zhao_§
Mutant SOD1 possibly exhibit metal mediated cytotoxicities by ~2uneia T, Hentati A and Siddique T. (1995) Two novel SOD1 mutationgin
. . . . . patients with familial amyotrophic lateral sclerosttim. Mol. Genet4: *
disrupting the intracellular homeostasis of Cu and Zn. It is known 7713 1116 8
that Cu and Zn are potential neurotoxifis,46). 19. Sjalander A, Beckman G, Deng le¥al.(1995) The D90A mutation results\
The present hypotheses for the pathogenesis of FALS are focusedn a polymorphism of Cu,Zn superoxide dismutase that is prevalenB in
on free radical damage to motor neurons. Although many questions northern Sweden and Finlartduim. Mol. Genetd: 1105-1108.
remai nansvired, clucidaion of e pathogeness of FALS mly ovins AC, sz B, st R 1 and sl F (1560 suproe
bgneﬁt patlents with Ot.h e.r forms of A!‘S or Oth‘?r neurOdegeneratlve in familial and sporadic amyotrophic lateral sclerodisNeurochem61.:
disorders that share similar mechanisms of disease.

‘Rim’ distortion hypothesis

21.
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