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from Nova Scotia, Canada: a recurring mutation
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Abstract
Metachromatic leucodystrophy (MLD) is
a lysosomal storage disease resulting from
a deficiency of arylsulphatase A. We have
identified a child with infantile onsetMLD
who is homozygous for an A212V muta-
tion, a mutation previously reported but
not further characterised. We have intro-
duced this mutation into an arylsul-
phatase A expression vector by site
directed mutagenesis. Transient expres-
sion of this mutant plasmid in COS cells

yields very low levels of arylsulphatase A
activity consistent with the patient's phe-
notype. The arylsulphatase A pseudodefi-
ciency also segregates in this family
causing difficulty in interpreting enzyme
levels in the absence of DNA data. Two
other patients from the same province,
also carrying the A212V allele, have
juvenile and adult onset MLD and are het-
erozygous for P426L ("A" allele) and
I179S alleles respectively, known late onset
alleles.
(JMed Genet 1997;34:493-498)
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Metachromatic leucodystrophy (MLD) is a

neurodegenerative lysosomal storage disease
resulting from a deficiency of activity of
arylsulphatase A (EC 3.1.6.1), an enzyme

involved in the normal catabolism of cerebro-
side sulphatide. 1 A characteristic feature of
MLD is the accumulation of cerebroside
sulphatide particularly in myelin forming cells
of the CNS.
The arylsulphatase A gene is a small gene

whose sequence and structure are well
documented.2 A number of mutations have
been identified in this gene.3 Among these are

two common alleles, the "I" (IVS2+ 1) and "A"
(P426L) alleles,4 associated with infantile and
later onset MLD respectively. These two alleles
together account for 54% of MLD alleles.
There is also a pseudodeficiency associated
with arylsulphatase A in which enzyme levels
are significantly reduced without any clinical or

biochemical evidence of disease.5 The pseudo-
deficiency allele (Pd) occurs at 10-20% in the
general population. This Pd allele consists of a

complex of two mutations, a glycosylation site
mutation (N350S) in exon 6 affecting the third
glycosylation site of the enzyme, and an A->G

in the first poly A addition signal6
(AATAAC->AGTAAC). The glycosylation site
mutation apparently has little effect on enzyme
activity whereas the poly A site mutation
reduces arylsulphatase A by up to 80%.
Although the arylsulphatase A gene has a few

common mutations which occur in a signifi-
cant proportion of cases, there are also a large
number of mutations which recur to a limited
extent or are private. Identification of such
mutations has limited diagnostic usefulness
beyond particular families or ethnic groups,
although it may provide useful information for
population genetics studies. Knowledge of
these mutations can, however, sometimes pro-
vide valuable clues to functional domains
within the enzyme and will be of interest later
in correlations with phenotype and with struc-
tural analyses of the protein.
We describe here three unrelated families

from the Nova Scotia province of Canada in
whom a missense mutation in exon 3 causes a

A212V alteration. This mutation was previ-
ously reported in a family of British origin,7 but
no expression studies were reported nor did the
mutation recur among 40 normal chromo-
somes and 32 MLD chromosomes in that
study. In the Nova Scotia families, the
phenotypes are infantile, juvenile, or adult
onset depending on the other allele present.

Materials and methods
PATIENTS
Patient 1 (family 1) was born to consanguine-
ous parents of predominantly Acadian back-
ground and was noted at about 21/2 years to
have difficulties with gait. She was clinically
assessed at the age of 3 years and tested for
arylsulphatase A because of a family history of
MLD. Her fibroblast arylsulphatase A level
(table 1) was consistent with infantile onset
MLD. She deteriorated rapidly in her third
year, developing seizures and losing speech,
walking ability, and head control. At the age of
4 she was no longer able to sit, had swallowing
problems, and had no reflexes in her legs. At
41/2 she was unresponsive to pain and required
tube feeding. She died at the age of 4 years 8
months. The pedigree for family 1 is shown in
fig 1 where the proband is VII.3. This pedigree
represents a highly consanguineous kindred
extended through seven generations.

Patient 2 (family 2), of French or Acadian
and British background, was well until about
the age of 10 when he began tripping and was
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Table 1 Arylsulphatase A activity in extracts ofpatient leucocytes orfibroblasts

Control*

Family Cell type ArylA * Average Range

I Patient Fibroblast 0.303 37.9 22.3-49.6
Father Fibroblast 17.07 37.9 22.3-49.6
Aunt VI.16 Leucocyte 0.2 10.6 4.1-17.1
Uncle VI.17 Leucocyte 4.2 10.6 4.1-17.1
Cousin VI.13 Leucocyte 6.2 9.8 4.7-14.8

2 Patient Fibroblast 0 37.9 22.3-49.6
Mother Leucocyte 6.4 7.9 2.8-17.9
Father Leucocyte 10.3 7.9 2.8-17.9
Normal sister Leucocyte 16.1 7.9 2.8-17.9

3 Patient Fibroblast 32.8 211 106-264
Leucocyte 8.7 118.5 55-182

Sister Leucocyte 1.7 118.5 55-182
Mother Leucocyte 20.3 118.5 55-182
Father Leucocyte 27.8 118.5 55-182

*Activities are given in nmol catechol released/h/mg protein. Control ranges differ because assays
were performed at different times and in different laboratories.
Patients 1 and 2 were assayed as described in Materials and methods.
Patient 3 and family were assayed according to Baum et al."

slow to respond to questions. He was found to
have an intention tremor and early signs of
spasticity. Neuropsychological studies showed
impaired memory but preservation of intellect.
CT and MRI scans showed diffuse demyelina-
tion. Measurement of arylsulphatase A (table
1) in the patient (cultured fibroblasts) and his
parents (leucocytes) were consistent with juve-
nile onset MLD.

Patient 3 (family 3), of British and Dutch
background, was diagnosed with adult onset
MLD and has been previously described.8 At
about the age of 40 he displayed progressive
confusion and lack of concentration. Psychiat-
ric evaluations had suggested schizophrenia or
severe personality disturbance. Assessment as
possible early onset Alzheimer's disease was
inconclusive, although CT scan showed white
matter changes consistent with a demyelinating
disease. At the age of 47, following further
deterioration in social behaviour, he was
screened for metabolic disorders. A deficiency
of arylsulphatase A was identified in both white

11

III

IV

V

VI

VIl

cells and cultured fibroblasts (table 1). His
older sister, also assessed for Alzheimer's
disease, similarly showed a deficiency of
arylsulphatase A.
These studies were approved by the Univer-

sity of British Columbia Clinical Screening
Committee for Research Involving Human
Subjects and the BC Children's Hospital In
Hospital Research Review Committee.

MATERIALS
ID Pol, a heat stable DNA polymerase from
Thermus flavus, was purchased from ID Labs
Inc (London, Ontario). Restriction enzymes
were obtained from New England BioLabs
(Mississauga, Ontario) or Boehinger-
Mannheim Canada (Laval, Quebec). 35S-dATP
for sequencing and Sequenase (USB) kits were
obtained from Amersham Canada Ltd
(Oakville, Ontario). Kits for site directed
mutagenesis (Unique Site Elimination), as well
as the expression vector pSVL, were obtained
from Pharmacia Canada (Baie d'Urfe, Que-
bec). The TA cloning kit was purchased from
Invitrogen (San Diego, California). The
pHEXB43 cDNA clone was obtained from the
ATCC (Rockville, MD). A cloned cDNA copy
of the arylsulphatase A gene was kindly
provided by Dr V Gieselmann (Germany).

DETERMINATION OF ARYLSULPHATASE A ACTIVITY
IN CELL EXTRACTS
Fibroblast cultures were grown under standard
conditions and harvested at about 75% conflu-
ence for assay. Cells were homogenised and cell
free supernatants were used in assays with a
p-nitrocatechol sulphate substrate in an assay
specific for arylsulphatase A9 modified from
Baum et al.'0 Extracts from transfected COS
cells were prepared and assayed in the same
way. The COS cell extracts were diluted until a
linear response to volume added was obtained.

1 2 4 3
Pd/N A212V/A212V

Figure 1 Pedigree offamily 1, the infantile onset MLD patient's family. The proband is VII.3. P1 Q, R, and S indicate entry points offour majorfamily
lines involved in this pedigree. Symbols with dots indicate obligate heterozygotes. Filled symbols indicate MLD affected subjects. A diamond indicates a
fetus. Alleles are indicatedfor those people whose DNA was tested. N indicates a normal sequence at the sites tested, Pd, a pseudodeficiency allele, A212V,
the MLD mutation. Pd* (VI. 17) indicates that only the glycosylation site mutation of the Pd allele was present. This pedigree, as shown, dates back to the
early 19th century. The Pfamily had settled in the area more than 50 years earlier. It is unknown how many MLD affected subjects were born into this
family before generation VI when presumably the disease would not have been diagnosed.
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Table 2 Sequences of oligonucleotides used in PCR amplifications

Sequence (5-3)

1 cgggcgaagcTTCCTCATTCGTACCACAGG
2 gctcgaattCTGCTGGAGCCAAGTAGCCCT
3 cgcggaattCTTGATGGCGAACTGAGTGAC
4 cgcgtctaGAACGCTCTGCAAAGCTCTGCC
5 gctaaagCI1GCCCTGTGCACAGAATTGGC
6 ctatGGCCAATTCTGTGCACAGGGCAAG
7 atatgaaTTCGGCCACGGTCACCTCCTCCA
8 gagaggatCCAGTGCTAACTCCAGTCTTTG
9 cgtggaattCAGTCACTCAGTTCGCCATCAAG
10 cacagaatTCAGGGACTCTGTGACTTGTC
15 ATCAGGGCTTCCATCGATTTCTAG
20 CTTGGACAGGTCATAGAGC"T"GC
23 AGAAGCGGTGCACGTCCAG

Nucleotide numbers refer to the genomic sequence in GenBank
first base of exon 1. Lower case letters indicate residues not
sequence and are not numbered. The underlined bases represer
sequences which were introduced to facilitate cloning. "T" (pr
inserted into the sequence to create a PstI site when the "A" alle

A
S 1 2
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POLYMERASE CHAIN REACTION (PCR)
AMPLIFICATION

Nucleotide number (5'-3) The oligonucleotide primers used in PCR
reactions are listed in table 2. PCR amplifica-

2816-2797 tions were performed using standard
167-31691 procedures" using DNA extracted either from
1062-1041 cultured fibroblasts or leucocytes. Primers
2275-2297 were added to a final concentration of 1 ,umol/l
2298-2275 each. Substrate DNA was added at 1 gg/100 ,ul.
476-454
987-1008 ID Pol polymerase was used at 0.75-1.25
1693-1671 units/100 .d1 MgCl2 concentration was at 1.5
341-361 mmol/l unless otherwise stated. Cycling pa-
2403-2382 rameters were: denaturation at 94°C for two
1991-2009 minutes, annealing at 60 or 65°C as indicated

(X52150) where position 1 is the for 1.5 minutes, extension at 72°C for two
present in the genomic template minutes for 30 cycles followed by a seven
nt restriction enzyme recognition minute extension at 72°C. All reaction mix-
rimer 20) represents a mismatch
'leutaionisresnt.tures were overlaid with mineral oil and ampli--le mutation is present.

fication initiated by addition of polymerase to a
hot (94°C) reaction mixture.
Genomic DNA was amplified in five overlap-

S 1 2 ping segments for preliminary screening for
single strand conformational polymorphisms
(SSCP) to detect probable sites of mutations

_~i.j W=_ (fig 2C). The following primer combinations
and annealing temperatures were used: seg-
ment A, primers 5/1, 60°C; segment B, primers
3/6, 65°C; segment C, primers 8/9, 60°C; seg-
ment D, 10/4, 65°C; segment E, 2/7, 65°C.
PCR amplification followed by restriction

enzyme digestion was used to test for the Pd
allele, the "I" allele, the "A" (P426L) adult
onset allele, and the A212V mutation. Primers
and restriction enzymes for Pd and "I" alleles
have already been described.9 Primers 15 and 4
(annealing temperature 65°C) were used to
test for the A212V mutation. A new site for
AatII (GACGTC) is created by the mutation.
Primers 20 and 23 (annealing temperature
65°C) were used to test for the P426L allele. A
new site for PstI (CTGCAG) is created by the
mutation in conjunction with the mismatched
base in primer 20.

> ~~~~~~~~~~~~~~-J
CI) C

a'-

1 2 - 3 -- 5 7 8

D 8 9

C

- . 6

B

2 3

kbz

Figure 2 SSCPanalysis of segnient D. (A) patient 1,A212Vhomozygote, and (I
patient 3, A212 VII179S heterozygote. In both cases, the PCR product was digested
ApaI and analysed as described in Materials and methods. The results shown are fo
run at 20°C without glycerol. S indicates a lane with a pBR322/Hinfl size marker.
A shows a control sample in lane 1, the homozygous A212 V/A212 Vproband in lan
and an unrelated homozygous "I" allele (IVS2+1) sample in lane 3 for comparison
B shows the A212 VII179S heterozygous sample in lane 1 and a control sample in 1l
In both A and B the bands of interest are in the top quarter of the gel. Double stranc
bands are in the lower half and correspond to the appropriate bands in the size marA
lanes. (C) PCR amplified segments usedfor SSCP analysis. Exons 1-8 and the inte
and non-coding sequence is shown approximately to scale. Segments A-E amplified
are indicated by black bars with numbers designating the priniers on the ends. The
restriction sites used to generate fragments suitable for PCR are shown as * (segmen
SmaI; B, HinfI; C, HindIII/PstI; D, ApaI; E, PvuII). The locations of the pertinent
mutations are shown above the gene. Pd-1 and Pd-2 represent the two mutations ass
with pseudodeficiency.

SINGLE STRAND CONFORMATIONAL
POLYMORPHISM (SSCP)

CL PCR segments A-E were screened for altera-
tions affecting the mobility of single strands by
a modification of a previously described
method.' 2 PCR segments were initially di-
gested with restriction enzymes to generate
fragments smaller than 300 base pairs appro-
priate for analysis (A, SmaI; B, Hinfl: C,

A HindIII/PstI; D, ApaI; E, PvuII). Approximate
locations for primers and restriction sites are
shown in fig 2C. The samples were analysed
under four sets of gel and temperature
conditions (±10% glycerol, 20°C or 4°C) using

with a 2.5% cross linked gel to optimise sensitivity.'3
r a gel Control and patient samples were matched for
Panel known polymorphisms in the segment. Results
ie 2, were visualised by silver staining.2.Panel
ane 2.
led SEQUENCING
ker Dideoxy sequencing was performed on PCR
~rvenzng SIfor PCR products after purification with PCRapidsT'

(ID Labs) or after cloning into a pCRII vector
tA, for TA cloning. Sequencing products were

sociated labelled with 35S-dATP and visualised by auto-
radiography. All nucleotide numbering is based

10 4

2 7

E
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on the genomic DNA sequence in GenBank
X52150 unless otherwise specified. Nucleotide
1 is the first coding nucleotide of the sequence
which is position 630 in X52150. This follows
the pattern of mutation position numbering
used in a recent review.3

SITE DIRECTED MUTAGENESIS
An expression vector, pSVL-arylA, was created
by inserting a full length arylsulphatase A
cDNA into the pSVL vector. The A2 1 2V
mutation was generated directly in the expres-
sion plasmids using a kit based on the "unique
site elimination" method. 14 Plasmids were
purified with QIAGEN (Studio City, Califor-
nia) columns and the sequence confirmed
before use.

TRANSFECTIONS
Transient expression studies were performed
using the normal and mutant pSVL-arylA
expression vectors. The vector was introduced
into COS cells by CaPO4 precipitation with a
20% DMSO shock six hours after addition of
DNA."5 Cells were harvested for protein
determination'6 and enzyme assay three days
after addition of the DNA. A second plasmid,
(pHEXB43) coding for [-hexosaminidase B,
was cotransfected with the pSVL-arylA in
order to provide a control for efficiency of
transfection and expression. Cell extracts were
assayed for total ,B-hexosaminidase activity (A
plus B) by standard methods'7 using a 4-methyl
umbelliferyl-o-N-acetylglucosamide substrate
and measuring release of 4-methyl umbellifer-
one (4MU). Transfections were carried out in
duplicate and repeated at least once.

Results
PRELIMINARY SCREENING FOR COMMON
MUTATIONS
DNA samples from leucocytes or cultured
fibroblasts from the three probands were
initially screened for the common "I" and "A"
alleles and Pd mutations by PCR amplification
and restriction enzyme digestion. With this
screen, patient 2 was found to be a hetero-
zygous carrier of the "A" allele, P426L (data
not shown).

SSCP ANALYSIS
Segments A-E of the arylsulphatase A gene
were amplified from each of the probands and
subjected to SSCP analysis as outlined in
Materials and methods. Both patients 1 and 3
showed alterations in segment D, as shown in
fig 2. This segment became the focus of subse-
quent sequencing studies.

SEQUENCE ANALYSIS
Sequencing of segment D in patient 1 indi-
cated that she was homozygous for a C-*T
transition at position 898 of the gene in exon 3
which would generate an A2 12V alteration (fig
3A). This mutation has previously been identi-
fied in a heterozygous state in one patient of
British origin.7 The mutation creates a new
restriction site for the enzyme AatII. Use of this
enzyme confirmed that the mutation was
homozygous in this patient (fig 3B).

-t;

.

...

Figure 3 (A) Sequence analysis ofA212V mutation.
Cloned PCR product showing the A212V mutation
(C898T) is shown on the left and normal sequence on the
right. (B) AatII digestion ofPCR product with A212V
mutation. The A212V mutation creates a new AatII site
such that the 510 bp PCR product is cut to 335 bp and 175
bp fragments. Samples are shown -l+ AatII. Sample 1,
control; sample 2, A212Vhomozygote, the probandfrom
family 1 (VII.3 infig 1); sample 3, A212Vheterozygote,
the father of the proband (VI. 14 in fig 1). DNA standards
(pBR3221Hinfl) are shown on the left.

The AatII digestion was also used for PCR
products from patients 2 and 3 and showed
that each of them was heterozygous for the
A2 12V mutation (data not shown). Where
DNA was available, family members were also
tested, The results for family 1 are noted in the
pedigree in fig 1. In family 2, the A2 12V muta-
tion was inherited through the mother who was
of French or Acadian descent and was
inherited by two of six sibs (data not shown).
Subsequent sequence analysis of segment D in
patient 3 identified a second mutation in exon
3. This mutation, a T-*G at position 799,
would cause an I179S amino acid alteration.
This mutation has previously been described'8
in an adult onset patient of Swiss origin. In
summary, the infantile onset MLD was associ-
ated with A2 1 2V/A2 1 2V, the juvenile with
A2 1 2V/P426L, and the adult onset with
A212V/I179S. The locations of these muta-
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tions within the arylsulphatase A gene are
shown in fig 2C.

SITE DIRECTED MUTAGENESIS AND TRANSIENT

EXPRESSION STUDIES
Expression studies were performed to confirm
that the A212V mutation did indeed have the
potential to cause late infantile MLD seen in
patient 1 where it is homozygous. The
mutation was introduced into the pSVL-arylA
vector by unique site elimination. COS cells
were cotransfected with the normal pSVL-
arylA or the A212V mutant and the pHEXB43
plasmid as a control for the transfection
efficiency and expression capability of the cells.
The total 1-hexosaminidase activity generated
in each case was 22.8 and 32.1 x 10' nmol 4
MU released/h/mg protein respectively for the
normal and mutant pSVL, combinations indi-
cating that there was comparable or better
transfection efficiency for the mutant plasmid
case and that the cells were fully competent to
express cDNAs for lysosomal enzymes. The
range of arylsulphatase A activity generated
with the normal pSVL-arylA plasmid was
4.83-16.53 nmol nitrocatechol released/h/mg
protein whereas the A212V mutant plasmid
generated on average 1.1% as much arylsul-
phatase A activity as the normal plasmid. This
is consistent with the extremely low enzyme
activity found in fibroblast extracts from
patient 1 (table 1).

ARYLSULPHATASE A PSEUDODEFICIENCY IN

RELATIVES OF PATIENT 1

Patient 1 came from a highly consanguineous
family (fig 1) with a strong Acadian back-
ground. Because of the family history ofMLD,
several family members had been tested
enzymatically to determine carrier status. Spe-
cifically, subjects VI. 13, 16, and 17 had shown
low normal or below normal arylsulphatase A
activities and were considered possible MLD
carriers. DNA testing for the A212V and the
Pd mutations in these and other family
members indicated that the Pd allele was also
segregating in this family (fig 1) and had
resulted in errors in previous carrier designa-
tions based on enzyme activity alone. Subject
VI. 16 had shown a very low arylsulphatase A
activity (table 1) and was shown to carry both
the A212V and the Pd alleles.

Discussion
We have identified a mutation which is present
in three families from Nova Scotia, Canada.
This mutation, a C898T missense alteration in
exon 3 of the arylsulphatase A gene, would
result in substitution of valine for alanine at
amino acid 212. The A212V mutation was

found in a homozygous state in one family and
a heterozygous state with a P426L and an

I179S mutation in the other two families.
The A212V mutation has been previously

reported in one instance in a patient of British
origin.7 In that case, the mutation was hetero-
zygous with an A224V in an adult onset MLD
patient. Expression studies for these mutations
were not reported so the severity of the
mutation could not be accurately determined.

We have found the A212V mutation now in
three patients, one of whom, an infantile onset
case, is homozygous. We have also completed
transient expression studies in heterologous
COS cells. The alanine at position 212 is not
conserved among the various sulphatases' and
the A212V is a relatively minor alteration
between two non-polar amino acids. However,
the mutation virtually eliminates production of
arylsulphatase A activity from the transfected
plasmid. Although we do not know at what
level the mutation exerts its effect, for instance,
processing, substrate binding, etc, the effects of
such a mutation on enzyme activity would be
consistent with the extremely low enzyme
activity found in fibroblast extracts from the
homozygous, affected child and her severe
early onset course. The results of the expres-
sion studies and the infantile onset of the
disease in the homozygous affected child
clearly indicate that this mutation causes a
severe phenotype. The second mutations
(P426L and I179S) found in the juvenile and
adult onset patients respectively are known to
be associated with somewhat milder forms of
disease418 and are consistent with the pheno-
types in these patients.
DNA testing of family members for the

A212V mutation as well as other common
mutations indicated that the Pd allele was also
segregating in this family. In several cases, the
presence of the Pd allele had resulted in people
mistakenly designated as MLD carriers when
assessment was based on arylsulphatase A
activity alone. For such family members, geno-
typing has altered their apparent risk of
producing a child with MLD.
The "A" allele mutation, P426L, has been

calculated to occur in approximately 30% of
MLD genes. The I179S mutation has a calcu-
lated frequency of 2%.' Until now recurrence
of the A212V has not been reported. We have
found the A212V mutation in three families
with homozygosity in only one. In that case the
kindred is highly consanguineous and a single
allele from a common ancestor is the most
likely explanation. In family 1, the subjects
confirmed to have the A212V mutation are
direct descendants of I.1, I.5, and I.6 (fig 1),
all of whom are cousins within family 1-P.
Although we have not established a genealogi-
cal connection between families 1 and 2, the
mother in family 2, the carrier of the A212V,
also has French or Acadian heritage. Family 3
has a mixed western European background.
Recurrence of the A212V allele is therefore
unlikely to be the result of a recent founder
effect, as has been observed for other disorders
in specific Nova Scotian demes, including the
prevalence of Fabry disease in Acadian Nova
Scotians' and the clustering of neonatal
hyperparathyroidism in south western Nova
Scotians of British origin.20 For pseudo-vitamin
D deficient rickets, linkage disequilibrium
mapping of flanking polymorphic markers pro-
vides a genetic confirmation of the hypothesis
that the prevalence of this recessive disorder in
Acadians of Nova Scotia and the other
Maritime Canadian provinces is the result of a
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founder effect that dates back to the earliest
generations of Acadian settlement.2'
The original A2 1 2V mutation in the arylsul-

phatase A gene was reported in a person of
British background,7 while British, Dutch, and
French or Acadian origins are claimed by the
three families reported here. Family 1-P had
been settled in the Nova Scotia area before the
British takeover in 1763. We suggest that the
A2 12V mutation is likely to predate the found-
ing settlements of Maritime Canada (1604-
1800), but identification and mapping of
flanking markers should allow for linkage
disequilibrium analysis that could strengthen
this hypothesis and yield a preliminary estimate
of the date of origin.

This work was supported by a grant from the British Columbia
Health Research Foundation. We are indebted to Ms Jennifer
Toone (Biochemical Diseases Laboratory, Vancouver) and Dr J
Rip (Department of Biochemistry, University of Western
Ontario and CPRI, London, Ontario) for performing arylsul-
phatase A assays on the original patient samples, and to Dr G A
Mackie (Department of Biochemistry and Molecular Biology,
University of British Columbia) and Dr B A Gordon
(Department of Biochemistry, University of Western Ontario
and CPRI, London, Ontario) for helpful discussions.
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