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demonstrated this apparently paradoxical phenomenon in Fabry disease [4-7], and then in
Gwmi-gangliosidosis [9] and Gaucher disease [14]. The mutant protein expressed in the cell
does not exhibit catalytic activity because of a defect in molecular folding and rapid
degradation after biosynthesis [8,15]. This principle was recently demonstrated in a patient
with Fabry disease with deficiency of a-galactosidase A by infusion of galactose for a short
period [16].

We synthesized a new chemical compound NOEV as a potent inhibitor of human
B-galactosidase [10], and anticipated that it would be useful for chemical chaperone therapy
of patients with $-galactosidase deficiency. Our previous study confirmed stabilization and
restoration of the enzyme activity by this chaperone compound in the Gy-gangliosidosis
model mouse expressing the R201C mutation [9].

In this study we tried a screening of patients with B-galactosidase deficiency for possible
chaperone therapy using NOEV in the near future. Six cell strains in this study satisfied the
two criteria for significant restoration of enzyme activity (3-fold increase and 10% of the
control mean) to the level possibly sufficient for intraneural substrate degradation. We
anticipate that the patients with the mutant genes satisfying one of two criteria in this study (at
least 12% and at most 42%) will be good candidates for treatment and prevention of
neurological manifestations during the course of the disease.

We postulate the lower limit of the enzyme activity for intracellular degradation of the
substrates is 10 % of the control mean (54 nmol/h/mg protein) based on our previous cell and
tissue experiments (unpublished data). However, there are a few cell strains, particularly from
adult Gy;-gangliosidosis patients, with the residual enzyme activity already at this level. We
are fully aware that the above working hypothesis is based on in vitro experiments using
fibroblasts (not neural cells) and a synthetic (not physiological) substrate for enzyme assays.

A few common mutations are known to cause specific phenotypes, such as R428H and

R208C for infantile Gy-gangliosidosis, R201C for juvenile Gy;-gangliosidosis, I51T for
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adult Gy -gangliosidosis, and W273L for Morquio B disease [17-19]. In the present study the
cells were collected randomly. However, the degree of efficacy in this study was dependent on
the number of patients with common mutations causing individual phenotypes.

Under the conditions of our study, we found two different response types among the cells
studied. Some cells responded to NOEV maximally at 0.2 uM and the others at 2 uM. This
result indicates that the molecular interaction between the chaperone compound and mutant
protein is mutation-specific. We anticipate that a molecular design will be possible for
synthesis of new chaperone molecules for mutation-specific activity in future.

A similar therapeutic trial but in the opposite direction has been reported by inhibition of
substrate biosynthesis, substrate deprivation therapy, for Gaucher disease [20] and
Gwmi-gangliosidosis [21]. In the latter using the disease model mice, ganglioside Gy was
reduced in the brain but asialo-ganglioside Ga; was not. More studies are necessary for solid
conclusion on the biochemical and clinical effects of this trial.

The purpose of our study is to develop a new drug for Gyi-gangliosidosis, an intractable
neurogenetic disease in children and adults. Chemical chaperone therapy has two major
advantages over enzyme replacement therapy currently in use for medical practice: oral
administration and accessibility to the brain [9]. Biosynthesis of a catalytically active enzyme
is a prerequisite for chemical chaperone therapy. Although this new molecular approach is not
efficient in all patients with a single lysosomal enzyme deficiency disorder, it is important that
prevention or treatment could be achieved even in some of the patients with an intractable

progressive neurological disorder.
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Figure Legends

Fig. 1. Inhibition of B-galactosidase activity by NOEV in control human fibroblasts.
NOEV was added to the enzyme assay mixture at final concentrations up to 0.5 uM.
Inhibition of enzyme activity was dose-dependent. Each value is the mean of triplicate assays.

¢: normal control; o: pathological control (dysostosis multiplex congenita).

Fig. 2. p-Galactosidase activity after incubation for 4 days with or without NOEV.

In some cell strains the enzyme activity was enhanced by 0.2-2 uM NOEYV in the culture
medium. Each value is the mean of triplicate assays. Two peaks of maximal activity were
observed. Normal control values: mean 5384230 nmol/h/mg protein; range: 220-1071 (n=19),

and 10% of the control mean: 54 nmol/h/mg protein.
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Table 1. NOEV effect and phenotype

Positive response

Phenotype Onset Total

> 3-fold >10%
Gyp-gangliosidosis Infantile 31 10 2
Juvenile 8 7 4
Adult 7 0 4
Morquio B 3 0 0
Intermediate 1 0 0
50 17 10

The fibroblasts were cultured in the medium containing 2 utM NOEV for 4 days, and the
enzyme activity was assayed. The positive response was defined as a more than 3-fold
increase (>3-fold), or as an increase up to more than 10% of the control mean (>10%). The
background activity was 3-10% in adult Gy-gangliosidosis, and the resulting relative

increase was not high as compared to infantile or juvenile Gmi-gangliosidosis.
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Table 2. NOEV effect and genotype

Optimal NOEV
Mutation Relative increase
concentration
R457Q 5-10 fold 0.2 uM
R201C, R201H 5-10 fold 2 uM
Q255H, V439G, Y57X, Y324C, others 2-6 fold 0.2-2 uM
I51T, W273L, others 0.5-1.2 fold -

The fibroblasts were cultured in the medium containing 2 UM NOEYV for 4 days, and the
enzyme assay was performed. The relative increase was calculated as compared to the activity
without NOEV in the culture medium. In the homozygous mutants, the NOEV effect was
clearly and unambiguously concluded under the conditions in this study; such as R457Q,
R201C, or R201H (positive), and I51T or W273L (negative). No definite conclusion was
possible for the optimal concentration of NOEV on the other mutations, such as Q255H,
V439G, Y57X, Y324C and others, because they were found as heterozygous with another

known or unidentified mutation.
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Figure 1
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- Six novel mutations detected in GALC gene in 17 Japanese patients with Krabbe

disease and new genotype-phenotype correlation
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Abstract f!m.m'. !h i,

Krabbe disease is an autosomal recesswe leulgodystrophy It is pathologically
. i
characterized by demyelination in central a{"nds*‘«"peﬁpheral nervous systems, and the ‘

accumulation of globoid cells observed in bla[l

» shite matter. It is caused by a

deficiency of galactocerebrosidase (GALC). actlvity’"1 » erinvestigated mutations of the
bl
GALC gene in 17 Japanese patients with Krabbe dise ey e largest subject number of

LT

~ Japanese patients to date, and found 27 mutations. Of thi wutations, six were novel,

nse mutations, S257F

and L364R, a small deletion, 393delT, and a small insert10‘1’i’1ﬂml7l9 1720insT. Our

including two nonsense mutations, W115X and R204X, twé

findings, taken with the reported mutations in Japanese patients, confirm several
mutations common to Japanese patients, the two most frequent mutations being
12Del31Ins and 166M+1289V, accounting for 37% of all mutant alleles. Along with two
additional mutations, G270D and T652P, up to 57% of genetic mutations in Japanese
patients may be accounted for. Distribution of the mutations within the GALC gene
indicated some genotype-phenotype correlation. I66M+I289M, G270D and L618S
contributed to a mild phenotype. Scfeening for these mutations may provide an effective
method with which to predict the élinical phenotype.

Keywords Globoid cell lenkodystrophy ¢ Krabbe disease ¢ Galactocerebrosidase ¢
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f_; Mutation analysis * Genotype-phenotype correlation
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?O Introduction

1; Krabbe disease (globoid cell leukodystrophy: GLD, MIM 245200) is an autosomal
13 recessive neurodegenerative disorder caused by the deficiency of galactocerebrosidase
e (GALC) (EC 3.2.1 46). Tt was first reported by Krabbe (1916), under the title, “A new
1? familial, infantile form of diffuse brain sclerosis”. Approximately 90% of patients
18 exhibit the early infantile form, first manifesting symptoms before six months old and
;139 experiencing rapid dlseas%proglessxon over the ensuing one or two years (Wenger et al.
g; 2001). The remaining 10% demonstx ate late-onset Krabbe disease and are classified into
2’;’: one of three classes, laé'e.mm%m‘j‘%:le type, juvenile type or adult type, “depending on the
25 onset period and disease prbgressxon rate. Molecular cloning of the human GALC gene
;5 by Chen et al. (1993) (GenB‘,‘a. ccession No. 1L23116) and Sakai et al. (1994)
"59 (GenBank Accession No. L38544W 8559), has led to molecular-level analyses of
30 Krabbe disease. i

;; To date, the number of GALC mutatlo lsre Q{tcd worldwide is more than 60, displaying
%i molecular heterogeneity (Wenger et al. 1‘l997) . "hexeas several papers (Tatsumi et al.
i(ﬁ» 1995, Furuya et al. 1997, Kukita et al. 1997-98; S]%tqh‘et al. 1997, Fu et al. 1999) reported
3\, Krabbe disease mutations in Japanese patxen’cs,b ol %\ngﬂgenotype -phenotype correlations
i:g remain obscure, due to the small number of subjects |:‘s!;{Eﬁﬁ‘ci&c;d..We evaluated the GALC
2‘1) § gene in 17 Japanese patients, classifying mutations a?ﬁjlyélztted to clinical phenotype.
42 Here, we report the common mutations and the comlat{olﬁ% i jeen such mutations and
f‘;z their clinical severity. i

45

46

;Zg Materials and methods

49 Patients

g? We studied 17 unrelated 3 apanese patients with Krabbe disease, or iginating from various
22 regions of Japan. There were no consanguineous marriages between the patlents
;4 parents. The subjects included three (patients A1, A2 and A1l3) who were reported ina
ig previous study, but were shown to have only one single mutant allele. The clinical
ig ‘mforr_nanon is summarized in Table 1. Diagnoses were determined in our laboratory by
gg reduced GALC activity in either fibroblasts or Jeukocytes, and 'by other characteristic

clinical and laboratory findings. According to the age at onset, patients were classified

2
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4

f7 ‘into one of four clinical phenotype groups, including infantile onset: aged up to 6 months,
é 9 patients; late-infantile onset: 7 months to 2 years, 2 patients; juvenile onset: 3 to 8 years,
190 4 patients and adult onset: over 9 years, 2 patients.

2; Amplification of genomic DNA

13 After informed consent, genomic DNA was prepared from patients’ peripheral blood
1,; leukocytes and/or cultured skin fibroblasts using standard methods, and entered into the
;‘7 subsequent studies. PCR reactions were carried out in 25 ul reaction volumes
18 containing about 100 ng genomic DNA, 1XPCR reaction buffer (50 mM KCl, 10 mM
18 Tris HCI), 1.5 mM I\{Tg@ig 0.2 mM dNTP, 0.2 pM of each primer, and 1.25 U Taqg DNA
g,: Polymerase (Promega, Madlson USA). The thermal profile consisted of initial
g»’: denaturation at 95°C fm”fth 1(»?1%‘,'blfollowed by 35 cycles at 95°C for 1 min, 51°C for 1min,
25 and 72°C for 2 min; with 4 final extensmn at 72°C for 7 min. Five pl of each PCR
§7J mixture was run on agarose gel«té)‘(r 1ake sure that only the specific product was amplified.
gg Seventeen pairs of primer sequencféhmx&fox the amplication of exons and exon-intron
30 ' boundaries of GALC gene are | 1stecf"T;ﬂ74]'¢,« ).

5; Screening for 12Del3Ins and 166M+f2 (”“;v ,{dhﬂlth restriction enzyme digestion

:Zj For the screening of 12Del3Ins (635 646devlf/(}:,psCTC resulting in 212-216 del
5" (NLWES)/ms(TP)) a previously reported and atjyely common mutation (Tatsumi et al.
;i 1995; Fu et al. 1999), genomic DNA samples we"#e ""hﬁ“)hﬁed with the primer pair of exon
? 7 and the product was digested with Hinf'1 (F1gure' gl ia)l‘l‘[" F1166M+I")89V first reported by
‘:O Furuya et al. (1997), is a unique mutation identified riwlﬁ‘{!l!f.?'”'%lpg]aaneqe population to date.
jg Only when two single-nucleotide substitutions (166M, I”S‘)y‘I;IJ::dg?[‘swiclud on the same allele,
44 was their combination (166M+1289V) proved to be a wathogqﬁ andnutatlon (Furuya et al.
zg 1997). To detect I66M (198A>G), genomic DNA samples wer[l "almsfahﬁed using a sense
jé primer of exon 2 (Table 2) and a mismatch-antisense  primer
49 (5’-TCATTACCTTAAAGAGATAATCCGA-3"). The product was digested with Eco RV
g? (Figure 1b). In order to detect 1289V (865A>G), genomic DNA samples were amplified
Ez with a sense primer of exon 9 (Table 2) and a mismatch-antisense primer
‘:;Z (5 ’-ACTAGCCACTAAATTCCAGTCGA-3’) and product was digested with Sal 1
22 (Figure 1c). All the digested fragments were subjected to electrophoresis in 3% NuSieve
22 3:1 agarose gel (BioWhittaker Molecular Applications, Rockland, ME, USA). The PCR
f? amplification of three fragments was performed under the same conditions described

above. When both 166M and 1289V were heterozygous in a patient, mutation analysis of

3
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a the patient’s parents with screening for 166M and 1289V was necessary to clarify whether
é, 166M and 1289V resided on the same allele. For all observed di gestion patterns different
?O ﬁ‘om‘ the normal control, the corresponding fragments were‘re-ampliﬁed for- direct
1.; sequencing analysis. ‘

13 Screening for the 30 kb large deletion mutation

1‘2 For screening of the 30 kb deletion mutation, a previously reported and common mutation
1? in Caucasians, genomic DNA samples were amplified using three primers accordmg to
18 the method described by Lu21 et al. (1995).

jgg Denaturing high pﬁg".f 1‘:2“1'.11ce liquid chromatography (DHPLC)

;l For patients Al-Al l all | fithe 17 exons and exon- -intron boundaries were amplified by
g»l’ | polymerase chain Juactf i R) as described above. DHPLC analysis was performed
25 with the WAVE DNA l“ragment Analysxs System equipped with a DNASep Column
;272 (Transgenomic Omaha, NE, US’A .K Prior to mutation analysis, the PCR products for
;CJ each exon were denatured at 94°C f@r;hS'z.Pm followed by gradual re-annealing at 94°C to
?j(i) 25°C over 45 min to enable the form# uuf?pmi:l?»\f heteroduplexes. All samples were run at 3
o different oven temperatures, listed in ‘tﬁl“amej},g PCR-amplified products exhibiting a
;i heteroduplex profile were re-amplified 'md use<‘i _fox{!dlrect sequencing analysis.

5;2 Reverse -Transcription PCR and direct sequelpl J1"'

517 For patients with no mutations or only one mutaht ; l?,y common mutation screening or
“12 DHPLC, GALC mutation analysis was per foxmcd] t;‘?'/. scquencmg ¢DNA. Total RNA
‘“) was extracted from cultured skin fibroblasts or lym']h)h es and first-strand ¢cDNA
j:; ) synthesis was performed with MMLYV reverse transcriptasel ;(\‘J?Q go BRL) according to the
44 manufacturer’'s recommendations.  The coding region was mnqulmul by PCR in two
ig overlapping fragments from first- strand ¢cDNA, as described el%w here (Fu et al. 1999).
:*; PCR products were directly’ sequenced using BigDye Terminator V1.1 Cycle Sequencing
49 Kit (Applied Biosystems, Warrington, UK) and 3730 DNA Analyzer (Applied
2? Biosystems, Warrington, UK).

f’% Screening for S257F and L364R in healthy mdmduals

EZ R For the screening of two novel missense mutatlons (S257F, L364R), PCR amplification ‘
2?) of genomic DNA from 100 healthy individuals was performed with the primer pair for
22 exon 8 and exon 10 (Table 2) and the product was digested with Eco 571 and Aci I
gg fespectively. The normal allele of 2578 should be digested by Eco 571 and the mutant

allele of 364R should be digested by Aci 1.

4
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Results
All 27 mutations.detected in this study are listed in Table 1. The analysis procedures for

GALC mutation detection are described in detail helow,

‘Screening for 12Del3Ins and 166M+I289V with restriction enzyme digestion

DNA isolated from peripheral blood leukocytes or cultured skin fibroblasts were tested
for mutation detection. Screening for 12Del31ns mutation with restriction enzyme
digestion disclosed that five patients (A2, A3, AT, Al2, A15), including one patient (A2)
reported plevmus]y, W?m%l)qgtcmzygous As a result of screening for I6GGM+1289V, 166M
was found to be homozy iQYs in one patient (A17), heterozygous in three patients (A12,

A13 and Al4), and Jz&)\ﬂf pvas found to be homozygous in Al4 and Al7, and

il I,,L| Wiy

heterozygous in A12 and A13. In, patients 14 and 17, 166M and 1289V were easily

confirmed to reside on the Sam;;yf;‘"*a,l,g)‘ . To confirm that I66M and 1289V reside on the

same allele in patients A12 and A eir parents were also analyzed for 166M and
1289V. In A12 and A13, both 166M

inherited from the Tfather of A12 and the”

89V were proved to reside on the same allele
er of A3, respectively. 1289V substitution
without 166M in patient A14 was COHS]del ed 10,,}%1 a polymorphism. These mutations
were also confirmed through direct Suquuncm'l/ alﬁaul%m

Screening for the 30 kb large deletion mutatlgq,qwuz@'k

Shortened PCR products from the deleted allele wer xlﬁﬁctecicd in any of our patients.
The most frequent mutation in Caucasians was not founs]il 111"*(;}&1,1 Japanese patients.

W’lr}h direct sequencing
DHPLC analysis was performed i in 11 patients (A1-11), %W;ﬂ%cn abnormal DHPLC
elution profiles (A1: exon 4, 9; A2: exon 7; A3: exon 7; A4: exoﬁ"“l%‘iwhlz and 17; AS: exon

7; AT: exon 5, 7 and 17; A8: exon 4; A9: exon 14, 15; A10: exon 9, 16; All: exon 14)

i
Mutation screening with DHPL.C and mutation detectmlel"

.‘.

were found. The corresponding amplicons were characterized by direct sequencing.
As aresult, four polymorphisms (A7: IVS5+71G>A, A9: IVS14+60C>T, Ad: 1254C>T
(S4188) and A9: 1637T>C (I546T)) and fifteen mutations (Al: W115X. P302A; A2:
R204X, 12Del3Ins; A3: R204X, 1234T; Ad: L364R, T652P; AS: 12Decl3lns; A7:
12Del3Ins, T652P; A8: 393delT; A10: P302A, L618S; All: R515H) were identified in
the above seventeen amplicons by direct sequencing.  Within four polymorphisms, two
(IVS5+74G>A and TVS14+60C>T) were novel intronic polymorphisms and the other
two ( 1254C>T (S4188S) and 16371\)-C (1546T)) were exonic polymorphisms which were

5
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reported previously (Sakatet al. 1994, Kukita et al. 1997-98).  Within {ifteen mutations,
eleven mutations were first identified with DHPLC except two mutations (Al: P302A;

A2: 12Del31ns) identified in the previous study (Tatsumi et al. 1995) and two mutations

(A5, A7: 12Del3Ins) already detected in the screening step for 12Del3Tns. Four different
novel mutations (W115X, R204X, L364R and 393delT) were found in this step.
Reverse -Transeription PCR and direct sequencing

Two mutations were identified in nine patients (A1,2,3,4,7, 10, 12, 13, 17) by the above
screening methods. Only one mutation (12Del31ns, 393delT, R515H, 166M+1289V and
12Del31ns) was founﬂwha lwe patients (AS: 12Del31ns; A8: 393delT; A11: RS15H; Al4:
166M~+I289V; AlS: ”I%M 3lns). In the remaining three patients (A6, 9, 10), 1
mutations were found. "*tf@,;’i%gﬂhfy other mutations, mutation analysis by RT-PCR and
direct sequencing were per fmmjcd 1? eight patients (A5, 6, 8,9, 11, 14, {5.16), and three
different mutations except the n;jxutan}( ﬁghs detected using the above methods were detected
in four patients (S257F heterozygous lﬁ'fn \9, G270D heterozygous inAll, 1719-1720insT
heterozyﬂous in Al4 and G270D horf”’o i£o) gus in A16). Inthe patient Al4, 1289V is also

il I]Z()H]ST, however the 1289V is considered
9V without J66M. is proven to be

polymmphysm (l uruya etal. 1997) and the i7 insT resulted in frame shift leading

premature stop codon. Two mutations (S257F cmd L0

i ﬂ"l“'{;lil 9-1720insT) were novel.  These
) Irlx rr 3
mutations were also conﬁrmcd by the direct suquui}ﬂomf__ﬁof genomic DNA.

Gl
Screening for SZS7F T and L364R in healthy i ndwndlklals b

Of the six. novel mutations (W115X, R204X, SA ‘
enzyme digestion. These mutations were undetected in 100 heda’i"‘ﬁhy controls.
Gelxotype;Phenotype correlation '

The results of detected mutations are summarized in Table 1 with reference to reported
mutations in Japanese patients. Table 1 includes other clinical information about the
patients. Fourteen different mutations identified in this study were found in 27 detected
alleles of 17 patients, including nine missense mutations (166M+1289V, 1234T, S257F,
G270D. P302A, L364R, L6] 8S, TE52P), two nonsense mutations (W 115X and R204X),
one small deletion (393delT), one small insertion (1719-1720T) and one
deletion/insertion (12Del3Ins). Of these mutations, six were novel (W115X, R204X,
§257F, L364R, 393delT and 1719-1720insT). All GALC mutations in Japanese patients
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Discussion
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with theit frequencies, including those previously reported, are summarized in Table 3.
The distribution of the clinical phenotype for each mutation is summarized in Table 4.

For rare mutations, those detected less than twice, the genotype-phenotype correlation

remains indeterminate; however, in rather common mutations, the tendency between

genotype and phenotype was observed. The distribution of the phenotype for 12Del3Ins,
T652P and R515H was observed mostly in infantile-type Krabbe disease, while
166M+1289V, G270H and L618S were detected mostly in the adult type and never in the

infantile form of the disease. Concerning the regional distribution of patients, there was

.‘,nl,ml

"no specific region f(;){ %c@i jmutation.

In this report we detected 2 A
in the GALC gene inJ apanese«pa‘tidc p‘s with Krabbe disease. Two, W115X and R204X,

were nonsense mutations while 39 W“W and 1719-1720insT resulted in frame shifts. It

1utant alleles in 17 patients, We found six novel mutations

was obvious.that all four were pathogepthcmmutauons The final two, S257F and L364R

were missense mutations undetected mWMéOﬁ&;ealthy controls. These two loci.are well

conserved in different species, mcludm monke dog and mouse (Luzi et al. 1997).
g Y;{}y g

This evidence, when taken together, suggests'w A?ﬂmese two missense mutations may be

considered causative of Krabbe disease. *‘f" "' mﬁi.

In four-patients, only one mutant allele was detccted L,«,ﬁﬁ\SwOUl screenmg method covered
i
the coding region and exon-intron boundar Y, undetected]ummatxons may lie outside the

i
|[M s
analyzed region such as promoter and enhancer rcomn'ﬁ';.'« We
I )

large-scale genomic rearrangement, other than the scncenc,dﬁ wQ{"ﬁ,ﬁ‘l“d
As. reported in the literature, mutations of the GALC gene in u’f’%"'ﬁ'i%e disease exhibited
great heterogeneity. In Caucasmns, the 30 kb large deletion reported by Rafi et al.
(1995) and Luzi et al. (1995) was widespread within the patient population, having a
frequency of 40-50%. Other mutations followed heterogeneous pattermng As in
Caucasians, to date, the examination of Japanese patients revealed 14 mutatlons with a
very heterogeneous distribution. It was considered hard to screen the GALC mutation
because there is no common mutation in J apanese patients; however, as our results show,

several common mutations exist. The most common mutation in Japanese patients is

_12Del3ins with a 0.22 allele frequency. The second most frequent mutation,

166M-+1289V, exhibits a 0.15 prevalence.

7
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1

)

3

4

€_: - To date, these two mutations have been identified only in Japanese patients. Moreover,
{; these two mutations are unique and difficult to conceive as recurrently occurring
30 mutations. They might have derived from founder; however, the parents’ samples
2; necessary for haplotype analysis were unavailable from most of the families.

13 Referring to Tables 1 and 4, the most common mutation (12Del3Ins) along with the two
m other mutations (T652P and R515H) in the homozygous state (B1, B2, A6 and B5)
12 resulted in the classic infantile phenotype. The second most common mutation,
18 166M+1289YV, contributed to late onset-type Krabbe disease, as the homozygous state of
12 this mutation was fouqd‘“on}y in the adult type (patients A17 and B3), the mildest form of
?; ' the dxsease while the hﬁggﬁjpzygous state was detected in the juvenile or adult form
‘;ﬁ’ (patxemq Al12,A13, Al4 jam, m;ﬂmj) This concordance strongly suggests that the existence
5 of this mutation leads to the mild clinical phenotype. Since screening for this mutation
g(»;- might directly reveal a mild aphgncg?::ype of Krabbe disease in Japanese .patients, we
ZZ propose a screenmg method using r‘gzwifmctlon enzyme digestion with PCR fragments for
%0 166M (Figure lb) and 1289V (Flgu lic), as being viable toward that end. For the
;2 missense mutations, G270D and 1.618S8" ar concordance is shown in Tables | and 4.
iﬁ demonstrating that it will’ be effective lto sueuﬂ%llns mutation to estimate the mild
3,2 phenotype. s 6““‘}4 nrﬁi

»57 For most enzyme deficiency diseases, it is generapllly “helieved that there is a correlation
::ts between residual enzyme activity and clinical severlty,,,yl‘xgﬁ)&w;fex this does not appear to
2(1) be the case for Krabbe disease. The expression experlm%pf*dxd not always reveal better
425 ‘ residual activity in late-onset patients. Harzer et al. (@8@2#) analyzed the substrate
44 specificity for sever al mutations and, while the G270D mutat, 1u®n*"~'1‘ost enzymatic activity
i‘g for galactocerebroside as its natural substrate, nearly normal actw{lty for psychosine, its
j’ | second substrate, was preserved. This paper supports that measuring enzyme activity
49 with one substrate did not indicate an essential defect. 1t might be important to analyze
g? the substrate specificity of L618S, 166M+1289V to elucidate genotype-phenotype
gé . correlation.

54 In a previous study, Furuya et al. (1997) investigated 166M+1289V allele expression,
ig _ finding decreased enzymatic activity only when these two amino acid changes occurred
2(’) on the same allele. We likewise confirmed that 166M and 1289V occurred on the same
g‘(j strand and same peptide in all four patients.

That 166M and 1289V reside on the same strand suggests that each amino acid contributes

8
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1

2

3

4

5 .

6 to a different function such-as reaction center or substrate binding. Structure analysis of

7

] crystalized protein might be important for future understanding of the mechanism of this

?O mutation.

11

12

A3

14 ,

15 Figure legends

'1](/’ Fig. 1 Mutation detection for 12Del3Ins and 166M+1289V with restriction enzyme
18 digestion. a Genomic DNA samples were amplified with the primer pair of exon 7;
18 .

20 product was dlgestedu \:vl{ nHmf I and subjected to 3% Nusieve gel. Fragments with

g? 12Del3Ins were not dlgg %‘ed with Hinf 1. b For detection of 166M, amplified

gi fragments using a se]'x’nseh-' ”pumer of exon 2 and a mismatch-antisense primer
) ) : e

25 (5’-TCATTACCTTAAAGA’GATAA‘TCCGA 3’) were digested with Eco RV. ¢ To

?,2 detect 1289V, amplified fragl n}*s with a sense primer of exon 9 and a

gg mismatch-antisense primer (5’ -ACIA”@CCACTAAATTCCAGTCGA 3”) were digested
30
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