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COMPLEMENTATION IN VARIANTS O F  SULFITE OXIDASE l 780 DEFICIENCY. Vivian E .  Shih, Roseann Mandell, Jean L .  
Johnson, Harvard Medical School, M a s s a c h u s e t t s  

General Hospital, Department of Neuroloqv. Boston and Duke Uni- 
versity Medical center, Oepartment of ~ibchemistry,  Durham, N . C .  

Hereditary disorders causing a deficiency of s u l f i t e  oxidase 
(SO) ac t iv i ty  resu l t  in the accumulation of s u l f i t e ,  sulfo- 
cysteine and thiosulfate  and a c l inical  syndrome of seizures, 
developmental delay, and ectopia l e n t i s .  The defect may be in 
the s t ructural  enzyme protein (apoenzyme) of SO or due to  the 
absence of i t s  act ive molybdenum (Mo) cofactor, in which case 
Mo-dependent xanthine oxidase ac t iv i ty  i s  a lso reduced. Study 
of f ibroblast  l ines  of one patient (A) with SO apoenzyme defect 
and 5 unrelated pat ients  (B-F) with Mo cofactor deficiency re- 
vealed no detectable SO ac t iv i ty  in any case. Complementation 
t e s t s  showed tha t  SO ac t iv i ty  was restored when Line B was co- 
cultured with each of 5 other l ines .  No ac t iv i ty  was detected 
in other pairwise combinations. Complementation occurred with- 
out heterokaryon formation, suggesting that  the corrective 
factor  may be a diffusible  precursor of the cofactor. These 
findings confirm heterogeneity of SO deficiency; a t  l eas t  3 , 

variants can be distinguished. Line A has a mutation of the 
s t ructural  gene fo r  SO apoenzyme which may have affected the 
binding of the heme or  Mo cofactor but i s  without e f fec t  on i t s  
antigenicity. Among the cofactor deficient  l ines ,  Line 8 clear ly 
has a defect different  from and correctable by the other 4 l ines .  
These 4 could have a comnon defect or non-complementing lesions 
in the biosynthetic pathway'of the cofactor. 

W T Y  OF THE ARGININ3SUCCINASE 
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Corrplemntation analysis of the urea cycle disorder ASAL de- 
f ic iency has shown it t o  be characterized by s t r i k i n g  genetic 
heterogeneity due t o  multiple a l l e l e s  a t  a s ingle  locus, possibly 
the ASAL s t ruc tu ra l  gene. W e  have examined the  f ibroblast  ASAL 
m n m r  from 28 pat ients  using denaturing polyacrylamide gel  
electrophoresis and protein blot t ing.  Liver extracts  and nine 
control f ibroblast  s t r a i n s  had a s ingle  protein band of Mnl 
49 ,500  which cross-reacted with an anti-ASAL ant isera .  A l l  28 
mutant s t r a i n s  had inniunologically cross-reactive material (CRM) 
i n  the  49,500 region varying from t race  t o  n o m l  levels .  
Five mutants with the' largest  m u n t  of 49,500 W CCR a l so  had 
the highest residual  enzyw a c t i v i t y  c\r the greatest  a b i l i t y  t o  
corplerrent o t k r  mutants. In  contrast  t o  controls 27 of the 28 
mutants had substant ial  lower tW CRM of 42,000, 38,000, 35,000, 
34,000 and 30,500. In addition t o  the  49,500 IW band, several 
of these bands were a l s o  prominent i n  the  b lo t s  of two obligate 
heterozygote s t r a i n s .  Only t race  m u n t s  of the lower Mnl bands 
were seen intermit tent ly in controls. One mutant had unique 
bands of Mnl 39,000 and 25,000 suggesting the  presence of a t r m -  
ted  polypeptide. These s tudies  provide c lea r  evidence of exten- 
s ive  heterogeneity i n  the abundance of the ASAL m n m r  (Mnl 
49,500) i n  the mutant s t r a i n s ,  and supporting evidence that ASAL 
deficiency a f fec t s  the ASAL s t ruc tu ra l  gene, resul t ing i n  the 
production of AS?& m n m r s  with increased i n  vivo lability. 

DEFECTIVE CREATINE METABOLISM IN GYRATE ATROPHY OF 
THE CHOROID AND RETINA (GA). I .  Si i l a ,  D.  Valle, S. a782 Brusilow and M. Kaiser-Kupfer. ~oh:s Hopkins Univ 

Medical Sch, Dept Pediatrics, Balto; NIH, NEI, Bethesda. 
GA patients exhibi t  chorioretinal degeneration and histologic 

muscle abnormalities. Owing to  an inherited deficiency of 
ornithine aminotransferase, they accumulate ornithine to  levels 
which are  1Dx normal and well abbve the Ki of glycine transamidi- 
nase, the f i r s t  enzyme in the creatine biosynthetic pathway. 
Previous work u t i l i z ing  an insensi t ive assay has shown reduced 
levels  of the creatine ( c r )  presursor guanidinoacetic acid (gaa) 
in the urine of pat ients  with G A  (Sipi la  e t  a l ,  J.Clin.Invest. 
67: 1805,1981). We developed a specif ic  HPLC/fluorometric method 
fo r  measuring these compounds in biologic samples. The lower 
l imit  of detectaoi l i ty  f o r  c r  i s  0.1 pmol and fo r  gaa 3 pmol. We 
found subnormal levels of both c r  and gaa in patients yi th  GA.  

Plasma (uM)* Urine (umol/m /d)** 
gaa c r  (n) gaa c r  (n)  

control 2.221.0 25.4L27.5 (35) 259(116-913) 356(51-1441) (9)  
G A 0.6t0.3 6.1+ 7 (14) 19(1-61) 121(1-355) ( 6 )  . . .  * mean + 2 SD; ** mean (range) 
In addition, we found reduced levels of total  c r  in adult GA 
skeletal muscle: patients (n-3) mean (range) i s  6.5 nmol/mg prot 
(5.1-7.8); control (n-3) 31.4 (23.5-42.0). We conclude from the 
reduced levels of gaa tha t  c r  synthesis i s  impaired in GA and 
tha t  t h i s  eventually leads to  reduction of t issue levels of cr  
despite normal dietary intake. These resul ts  support the 
hypothesis tha t  c r  deficiency i s  an important pathophysiologic 
factor  in  GA.  

. ?HE ROLE OF ATP IN LYSOSCMAL CYSTIhE EFFUI)[. 

Pediatrics. 
In  cyst inosis  there i s  a defect i n  cystine eff lux from the 

l y s o s m s  which i s  expressed i n  both cultured f ibroblasts  and 
E.B. virus  transformed lymphoblasts. Cystine e f f lux  f r m  lyso- 
s m s  isolated i n  HepesfSucrose f r m  control lymphoblasts i s  
s t i m l a t e d  by the addition of MgATP, while e f f lux  from l y s o s m s  
isolated from control f ibroblasts  i s  not. To c l a r i f y  the ro le  
of ATP and the lysosoml ATPase i n  cystine eff lux,  we determined 
the pH of l y s o s m s  isolated i n  s imltaneous experiments from 
both c e l l  types by measuring the fluorescence of intralysosomal 
FITCdextran. The pH of lymphoblast l y s o s m s  i s  6.5f .05. This 
i s  lowered t o  6.2t.03 by the addition of MgATP t o  the incubation 
buffer. Fibroblast lysosomes have a pH of 5.52.07 which i s  not 
a l tered by the addition of MgATP. However, i f  the pH of fibro- 
blast  l y s o s m s  i s  raised by preincubation with KC1, ATP causes 
acidif icat ion t o  near- ini t ia l  values. In both c e l l  types, there 
i s  no s ignif icant  difference jetween cyst inot ic  and control 
l y s o s m s  i n  i n i t i a l  pH, a b i l i t y  t o  use ATP t o  produce an 
acidic  pH, o r  the amount of proton-translocating ATPase ac t iv i ty .  
Our interpretat ion of these data i s  tha t  cystine eff lux from 
l y s o s m s  requires a highly acidic  intralysosomal pH. Since 
f ibroblast  l y s o s m s  isolated i n  HepesfSucrose have a pH of 5.5 
independent of ATP addition, cystine eff lux i s  not s t i m l a t e d  by 
ATP i n  t h i s  system. In contrast ;  lymphoblast l y s o s m s  a r e  
acidif ied i n  the presence of ATP, explaining the requirement of 
cystine e f f lux  f o r  ATP. 

ACHONDROPLASIA D U E  TO D N A  INSERTION INTO T H E  784 TYPE I 1  C O L L A G E N  G E N E .  C h a r l e s .  M .  Strom 
( S ~ o n .  by Lawrence M .  G a r t n e r )  U n i v e r s i t v  of 

Chicago ,  ~ r i t z k e r  School  of Medic ine ,  Oepartment  of  
P e d i a t r i c s ,  Chicago ,  IL 60637 

A c h o n d r o p l a s t i c  dwarf ism i s  an autosomal  dominant  
d i s o r d e r  i n  which 90% o f  c a s e s  r e p r e s e n t  new muta- 
t i o n s .  The m o l e c u l a r  mechanisms of  t h e  d i s r u p t i o n  of  
normal c a r t i l a g e  and endochondra l  bone f o r m a t i o n  
remain u n e l u c i d a t e d .  Type I 1  c o l l a g e n  i s  t h e  major  
c o l l a g e n  of  c a r t i l a g e  and p l a y s  an i m p o r t a n t  r o l e  i n  
s t a b i l i z i n g  t h e  e x t r a c e l l u l a r  m a t r i x .  In t h i s  s t u d y ,  
f i b r o b l a s t  D N A  from a p a t i e n t  wi th  c l a s s i c a l  s p o r a d i c  
a c h o n d r o p l a s i a  and p e r i p h e r a l  w h i t e  c e l l  D N P  from h e r  
p a r e n t s  w i t h  normal s t a t u r e  were a n a l y z e d .  Sou thern  
f i l t e r s  were p r e p a r e d  f o l l o w i n g  BamHl d i g e s t i o n  and 
were probed wi th  pgHCol( I I ) a l ,  a 7 o b e  t o  t h e  carboxy- 
p r o p e p t i d e  and t r i p l e  h e l i c a l  r e g i o n  of t h e  human 
t y p e  I 1  p r o c o l l a g e n  gene ( S t r o m ,  C .  and Uphol t ,  W.B., 
N u c l e i c  Acids Res . ,  i n  p r e s s ) .  The D N A  from b o t h  
p a r e n t s  showed on ly  t h e  normal 4.2kb band. The 
a c h o n d r o p l a s t i c  DNA, however, showed a f a i n t  band a t  
4.2kb and a d e n s e r  band a t  6 .2kb .  F u r t h e r  a n a l y s i s  
r e v e a l e d  t h a t  t h e  polymorphic 6.2kb band i s  due t o  an 
i n s e r t i o n  of  D N A  s e q u e n c e s  coyp lementa ry  t o  t h e  
p g H C o l ( 1 I ) a l  probe n e a r  t h e  3 end of t h e  t y p e  I 1  
c o l l a g e n  gene.  T h i s  i s  t h e  f i r s t  d e m o n s t r a t i o n  of 
t y p e  I 1  c o l l a g e n  gene changes  i n  t h e  human 
c h o n d r o d y s t r o p h i e s .  

GENETIC LINKAGE STUDIES IN THE MARFAN SYNDROME 
Petros Tsipouras, Clair Francomano, Reed E .  Pyeritz, 785 A n n  Piianis. Richard Mulroneu. John A. Phi l l ios  111. 
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OB-Gynecology, Rutgers Medical School, and Pediatrics and 
Internal Medicine, Johns Hopkins University. (Spons by C . R .  Scot t )  

In order to  define a single major gene defect which could 
account fo r  the Marfan syndrome (MS) phenotype we used a high 
frequency EcoRI res t r i c t ion  fragment length polymorphism in the 
pro 2 ( I )  gene of type I collagen as a marker fo r  genetic linkage 
s tudies .  The presence or absence of one EcoRI recognition s i t e  
creates a two a l l e l e  system observed a f t e r  hybridization with a 
6.75kb pro 2 ( I )  genomic probe (Tsipouras e t  a l .  JCI 72:1262, 
1983). We studied affected and unaffected individuals in three 
families with MS. In family A the segregation of the cl inical  
phenotype was concordant with the segregation of the marker 
a l l e l e ,  although random cosegregation could not be excluded due 
to  the small number of informative matings. In family B the 
segregation of the cl inical  phenotype and marker a l l e l e  was 
discordant. Family C was not informative due to  lack of hetero- 
zygosity for  the marker a l l e l e .  Our data suggest the some 
variants of MS may be linked to  muta t i~ns  in or near the pro 2 ( I )  
collagen gene. This i s  in agreement with the observation tha t  
a s t ructural  a l terat ion in the pro 2 ( I )  chain of type I collagen 
resul ts  in the MS in one patient (PNAS 78:7745, 1981). Our data 
fur ther  suggest tha t  MS i s  biochemically heterogeneous and that  
defects in more than one gene may resu l t  in the phenotype. 
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