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The f r a g i l e  X syndrome i s  a recent ly described e n t i t y  com- 

prised of X-linked mental r e ta rda t ion ,  macro-orchidism and a 
chromosomal f r a g i l e  s i t e  a t  Xq27. We have studied 50 i n s t i t u t i o n -  
a l i z e d  males and 15 non-inst i tut ional ized males and found 6 (9.2%) 
t o  have t h i s  disorder .  The frequency of t h e  f r a g i l e  s i t e  ranged 
from 8-28%. The f r a g i l e  s i t e  was a l s o  detected i n  4 female 
ob l iga te  c a r r i e r s  (100%) and i n  4 po ten t ia l  c a r r i e r s  (67%). Of 
the 8 c a r r i e r s ,  4 were mentally retarded.  The frequency of the  
f r a g i l e  X ranged from 4-26% however the re  was no cor re la t ion  
with age o r  I Q .  Studies  of X-inactivation showed t h a t  e i t h e r  the  
normal o r  the  f r a g i l e  X were inac t ive .  I n  5 of 6 females, the  
normal X was p r e f e r e n t i a l l y  inac t ive .  Skin f ib rob las t  cu l tu res  
from 2 sub jec t s  who expressed the f r a g i l e  s i t e  i n  lymphocytes 
gave 0% and 1% expression of the chromosomal aber ra t ion .  The 
c l i n i c a l  f indings of the  a f fec ted  males, one of whom was pre- 
pubertal ,  showed enlarged t e s t i c u l a r  volumes. Perseverat ive 
speech pa t t e rns ,  low IQ's (30-40), and c h a r a c t e r i s t i c  f a c i a l  
f ea tu res  including prominent supraorb i t a l  r idges and prominent 
ch ins  were noted. We bel ieve the  c l i n i c a l  work-up of any mentally 
retarded male without microcephaly and o ther  s i g n i f i c a n t  somatic 
de fec t s  i s  incomplete unless t h e  exclusion of the  f r a g i l e  X 
chromosome has been made. We fu r the r  suggest t h a t  females with 
any degree of mental r e ta rda t ion ,  e spec ia l ly  mild, should be 
considered f o r  such s tud ies .  

HOMOCYSTINURIA DUE TO METHYLENE TETRAIFIDROFOLATE RE- 
707 DUCTASE (MTHFR) DEFICIENCY: RESPONSE TO A HIGH-PROTEIN 
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M.S., a 5-year-old g i r l  presented a t  10 months with develop- 
mental delay,  severe hypotonia, r esp i ra to ry  d i f f i c u l t y  and in- 
a b i l i t y  t o  focus. She was t h e  o f f spr ing  of a white-black mating 
but had s t r a i g h t  blonde h a i r  and blue eyes. Urine and plasma homo- 
cys t ine  (HC) were 90-210 mg/g c rea t .  ( n l .  not detected) ,  and 
0.53 mg/dl (n1.N.D.) respect ively,  whereas plasma methionine 
(met) (0.064-0.23) was below o r  near t h e  lower l i m i t s  of normal. 

There was no f i b r o b l a s t  growth i n  t h e  met-free, HC supplement- 
ed medium and whole c e l l  met biosynthesis  was 6% of normal.MTHFR 
was 2.9 + 0.2 nmole HCOH/mg pro t lh r  (111.9.0 + 2.0), whereas cysta- 
thionine synthase and methionine synthase were normal. 

When fed a high-protein d i e t ,  plasma and u r ine  HC f e l l  t o  
0.068 mg/dl and 25-35 mg/g c r e a t .  respect ively.  0n.lower (normal) 
p ro te in  intake,  previous higher values recurred. 

Within 3 days of beginning high-protein, muscle tone improved, 
t h e  pa t i en t  pulled t o  standing, focused on and responded t o  other  
individuals ,  and began developmental progress. Within 3 months, 
t h e  h a i r  grew i n  cur ly  and dark-brown. She is now moderately re- 
tarded,  neurological ly impaired, but physical ly q u i t e  healthy. 
The pathogenesis of t h e  neurological  d i sease  i n  t h i s  pa t i en t  ap- 
pears fe la ted  t o  a yet  undefined deficiency,  overcome, a t  l e a s t  
i n  p a r t ,  by increased p ro te in  intake.  

WILSON'S DISEASE FIBROBLASTS--MUTANTS OF 
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Wilson's Disease (WD) and Menkes' Disease (MD) are two disorders of 

copper (Cu) metabolism. Cultured skin fibroblasts from patients of 
either disorder demonstrated elevated intracellular Cu. Different abnor- 
mal cytosolic Cu binding ligands have been demonstrated in these two 
types of cells indicating different molecular mechanisms. MD cultured 
fibroblasts have increased sensitivity to  the cytotoxic effects of Cu. WD 
fibroblasts were cultured in MEM with 10% fetal bovine serum (average 
Cu content 50.2 + 20.1 nglml). Cu (CuSOb) was added to  media to make 
concentrations 07 2,10,15,20,25,30,35 ug/ml. Confluent cultures were 
incubated in the Cu enriched media for 48 hours. At 15 hours in media 
with >30 ug Cu/ml, cytotoxic effects of Cu were observed in some 
cultures. At the end of the experimental period, cultures exposed to (30 
ug Cu/ml were morphologically normal, while those incubated with >30 
ug Culml exhibited cytotoxicity. This cytotoxic level is comparable t o  
normal cells and higher than that of MD cells (10 to  25 ug Culrnl). 
Determination of intracellular Cu content showed that the cytotoxic 
effect of Cu was observed in WD cells a t  an intracellular Cu concentra- 
tion of 2200 ng/mg cell protein. This is comparable to  that for normal 
cultured fibroblasts (1913 + 608 ng/mg cell protein) and higher than that 
for MD cells (975 + 331 ng7mg cell protein). These results show that the 
block in intracellGlar Cu transport in WD and MD cells occurs a t  
different sites in the transport chain and further establishes the validity 
of the WD fibroblast as a model of Wilson's Disease. 
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Reade and Charles R .  Scr iver .  MRC Genetics Group, 
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We describe t h e  outcome of 8400 treatment days in  the  l i v e s  of 
four  c lass ica l  MSUD pa t ien t s  (present  ages: 1 3/12, 5 7/12, 
7 1/12 and 8 11/12 y r s ) .  All were diagnosed on c l i n i c a l  s igns 
(vs  newborn screening) .  Acute-phase t reatment ,  beginning on o r  
before the  12th day of  1 i f e ,  comprised peritoneal d i a l y s i s ,  
intravenous 1 ip id ,  and ea r ly  i n t e s t i n a l  a1 imentation. Mean age 
a t  discharge from hospi tal  was 29 dy. Parents were taught  t o  mo- 
n i t o r  ur ine keto acid excret ion (by 2,4-DNPH reac t ion)  and t o  ma- 
ke up weighed d i e t s .  There were only 16 readmissions t o  hospital 
f o r  l o s s  of metabolic control (plasma [ leu]  >1 mM) i n  the group 
(89 dys; 1.05% treatment days);  ser ious neurological symptoms 
were avoided. The group mean plasma leucine level  ( f o r  l eve l s  
below 1 mM) during treatment was 0.44 mM (normal f o r  age range, 
0.077+0.021 mM; mean and SD); 8.6% of 1042 values exceeded 1 mM 
during treatment. Group mean plasma val ine  and isoleucine l eve l s  
were 60% and 70% of the  plasma leucine value. Tolerance f o r  
d ie ta ry  leucine did not exceed 620 mg/dy i n  any pa t i en t .  Somatic 
growth was normal and the  mean current  IQ/DQ score i s  101; the  
th ree  o l d e s t  pa t i en t s  a t tend normal schools. A c h a r a c t e r i s t i c  
EEG pa t t e rn  was observed i n  3 pa t ien t s  i n  the acu te  s t age  but not 
during long-term treatment. These r e s u l t s  were obtained in an 
ambulatory program with home v i s i t ing .  
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Recombinant DNA technology has provided a new c l a s s  of gene t ic  
markers t h a t  w i l l  g rea t ly  f a c i l i t a t e  the  construct ion of a human 
gene map (Botstein e t  a l ,  Am J Hum Genet 32:314, 1980). DNA se- 
quence var ia t ion  i n  human populations is de tec tab le  a s  va r ian t s  
i n  the lengths o f ' t h e  DNA fragments produced by r e s t r i c t i o n  en- 
zymes (Res t r i c t ion  Fragment Length Polymorphism, o r  RFLP). A 
cloned recombinant DNA fragment has been found t o  be homologous 
t o  Eco R1 fragments of d i f f e r e n t  length i n  d i f f e r e n t  individuals .  
This RFLP locus includes a t  l e a s t  8 a l l e l e s  t h a t  a r e  inher i t ed  a s  
codominant t r a i t s  (Wyman and White, PNAS, 77:6754, 1980). 

We used the  recombinant plasmid pAWlOl a s  a probe t o  examine 
the presence of homologous sequences i n  the  DNA extracted from 17 
human x Chinese hamster somatic c e l l  hybrid clones. The hybrids 
were derived from 5 d i f f e r e n t  human donors, 4 of whom were heter-  
ozygous producing 2 band pa t t e rns  ( a l l  d i f f e r e n t )  on Southern 
b lo t s .  The recombinant plasmid probe d id  not hybridize with DNA 
from the hamster pa ren ta l  c e l l  l i n e .  The presence of human homo- 
logous sequences i n  the hybrids cor re la ted  exclusively with the  
presence of human chromosome 14. Two hybrids contained chromo- 
some 14 i n  a frequency of g rea te r  than 1 per  c e l l  and were posi- 
t i v e  f o r  both a l l e l e s .  Three hybrids containing only the  d i s t a l  
half  of the  long arm of 14, a s  pa r t  of a t r ans loca t ion ,  were 
s t i l l  posi t ive.  These r e s u l t s  assign the  f i r s t  highly polymorphic 
RFLP locus i d e n t i f i e d  i n  man t o  region q2l+qter of chromosome 14. 

REGIONAL CHROMOSOMAL ASSIGNMENT OF THE STRUCTURAL 
GENE FOR HUMAN ACID 6-GLUCOSIDASE. Eve1 n A. Devine, 711 Moyra Smith, Bridget Shafi t-Zaqarao, '~ ranc l sco  f .  
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~uman acid 6-glucosidase (GBA), the  lysosomal enzyme def ic ien t  
i n  Gaucher disease,  has been mapped t o  chromosome 1 using somatic 
c e l l  hybridization techniques. Antibody against  purif ied human 
GBA was raised i n  Balb/C mice and a sens i t ive  double antibody 
immunoprecipitation assay was developed t o  de tec t  human GBA 
a c t i v i t y  in mouse RAG X human f i b r o b l a s t  hybrids. The mouse 
anti-human GBA antibody was s p e c i f i c  f o r  human GBA and no cross-  
r e a c t i v i t y  between mouse 6-glucosida!e o r  several other  human 
enzymes, including neutral 6-glucosidase could be detected. 
Fifty-two primary, secondary and t e r t i a r y  hybrid l i n e s ,  derived 
from th ree  separate  fusion experiments, were analyzed f o r  human 
GBA and enzyme markers f o r  each human chromosome. There was 100% 
cor re la t ion  between the  presence of human GBA and the  presence of 
human chromosome 1 a s  determined by cytogenetic and chromosome 1 
enzymatic marker (phosphoglucomutase 1 and fumurate hydratase) 
analyses. All o the r  human chromosomes segregated independently 
of human GBA. The s t ruc tu ra l  locus f o r  human GBA was fu r the r  de- 
fined t o  the region 1 p l l - t  l q t e r  by using a RAG X human f ib ro-  
b las t  l i n e  which carr ied a mouse-human rearrangement involving 
human chromosome 1. 
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