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PLACENTAL COPPER TRANSPORT IN THE BRINDLED 
MOUSE. A d o l f o  D. G a r n i c a ;  J a m e s  B a t e s ;  Owen 
M, R e n n e r t .  Univ.  Okla . ,  D e p t .  P e d i a t r . ,  
O k l a .  C i t y .  

The  X - l i n k e d  mouse m u t a n t  b r i n d l e d  is a 
mode l  f o r  Menkes syndrome.  I n  young  

h e m i z y g o t e s ,  r e d u c e d  l i v e r  a n d  b r a i n  c o p p e r  c o n c e n t r a -  
t i ons  are a s s o c i a t e d  w i t h  n e u r o l o g i c  d y s f u n c t i o n .  I n  
f e t u s e s  c o p p e r  c o n c e n t r a t i o n s  i n  p l a c e n t a  a n d  k i d n e y  
are  h i g h e r  i n  b r i n d l e d  t h a n  c o n t r o l s  w h i l e  t h o s e  i n  
l i v e r  a n d  c a r c a s s  are lower. To t r ea t  t h e  c o p p e r  
d e f i c i e n c y  i n  b r i n d l e d  young ,  h e t e r o z y g o t e s  w e r e  
i n j e c t e d  a t  1 6  o r  1 8  d a y s  g e s t a t i o n  w i t h  c o p p e r ,  6 
mcg/g /dose ,  a s  c u p r i c  c h l o r i d e ,  1 8  a n d  6 h o u r s  b e f o r e  
s a c r i f i c e .  P l a c e n t a l ,  c a r c a s s ,  a n d  h e p a t i c  c o p p e r  
c o n c e n t r a t i o n s  i n  b r i n d l e d  f e t u s e s  i n c r e a s e d  
( p > 0 . 0 0 6 ) .  I n j e c t i o n  o f  m e t h y l p r e d n i s o l o n e ,  5 mcg/g, 
2 0  h o u r s  b e f o r e  t h e  c o p p e r ,  t o  i n c r e a s e  f e t a l  h e p a t l c  
copper s t o r a g e  t h r o u g h  m e t a l l o t h i o n e i n  i n d u c t i o n ,  
r e s u l t e d  o n l y  i n  f u r t h e r  i n c r e a s e  i n  t h e  c a r c a s s  
c o p p e r  c o n c e n t r a t i o n s .  T h e s e  d a t a  s u g g e s t :  p l a c e n t a l  
c o p p e r  t r a n s p o r t  i n  b r i n d l e d  f e t u s e s  is  i m p a i r e d ;  
h e p a t i c  c o p p e r  b i n d i n g  c a p a c i t y  o f  c o n t r o l  a n d  
b r i n d l e d  f e t u s e s  is l i m i t e d  a n d  c a n n o t  b e  augmented  b y  
p r e t r e a t m e n t  w i t h  m e t h y l p r e d n i s o l o n e ;  e x t r a - h e p a t i c  
c o p p e r  b i n d i n g  may b e  i n c r e a s e d  w i t h  
m e t h y l p r e d n i s o l o n e ,  w h i c h  i m p l i c a t e s  i n d u c t i o n  o f  
e x t r a - h e p a t i c  m e t a l l o t h i o n e i n  i n  b o t h  g r o u p s  o f  
a n i m a l s .  

CYTOGENETIC AND MOLECULAR STUIIIES OF NON-DISJUNCTION 
I N  TRISOMY 13. Terry J. Hassold, P a t r i c i a  A. Jacobs 
and Michael Sheldon (Spon. by Maria I. New) Cornell 70 1 University Medical College, New York Hospital,  
Department of Ped ia t r i c s ,  New York, N.Y. 

We have been using chromosome heteromorphisms and r e s t r i c -  
t i o n  fragment length polymorphisms (RFLPs) t o  inves t iga te  the  
mechanism of o r ig in  of trisorny 13, and the  possible  associat ion 
between e r r o r s  of recombination and the  non-disjunctional event 
leading t o  trisomy. To date ,  we have s tudied 33 l iveborn o r  
spontaneously aborted trisomy 13 conceptions. By combining 
analysis  of chromosome heteromorphisms with analysis 'of seven 
probes detect ing chromosome 13  RFLPs, we have been able  t o  
determine the  parental  o r i g i n  of 23 cases, with 20 being maternal 
and 3 paternal  i n  o r ig in .  

I n  eight  cases  i n  which we have both cytogenetic and 
molecular information, we can make inferences regarding re- 
combination i n  the  two non-disjoined chromosomes. We have 
evidence f o r  recombination i n  two of th ree  cases i n  which the 
ex t ra  13 originated i n  maternal meiosis I and i n  both instances 
t h i s  observation i s  based on r e s u l t s  from severa l  probes. This 
suggests t h a t  absence of recombination due t o  pa i r ing  f a i l u r e  
is unl ikely t o  be an important mechanism i n  the  genesis of human 
trisomy. Furthermore, analysis  of recombination i n  a l l  e ight  
cases  provides no evidence f o r  an associat ion between reduced 
recombination and non-disjunctidn leading t o  trisomy 13,  a s  has 
recent ly been suggested t o  be the  case f o r  trisomy 21. 

DEFECTIVE HEPATIC COPPER STORAGE IN THE cDNA AND GENOMIC CLONES FOR HUMAN 
BRINDLED MOUSE. A d o l f o  D, G a r n i c a ;  James PLATELET GLYCOPROTEIN IXb (BPIIb). 699 B a t e s ;  Owen M. R e n n e r t .  Univ.  Okla . .  Dep t .  
P e d i a t r . ,  O k l a  C i t y .  

The  X - l i n k e d  mouse m u t a n t  b r i n d l e d  is  a 
model  f o r  Menkes syndrome.  As s u c h ,  young  S c h d  of Medicine and The Children's Hospital of Phi iphia .  

h e m i z y g o t e s  a n d  h e t e r o z y g o t e s  d e m o n s t r a t e  low h e p a t l c  
c o p p e r  c o n t e n t s  a n d  s e r u m  c e r u l o p l a s m i n  c o n c e n t r a -  The platelet GPIIb-IIIa heterodimer complex is essential for p W a  aggcegation and 
t i o n s .  w h i c h  c a n n o t  b e  c o r r e c t e d  w i t h  P a r e n t e r a 1  is amember of a family of adhesivepmteinreceptas. G P ~ ,  the targe~compnent of 
c o p p e r .  I n  a d u l t  b r i n d l e d  a n i m a l s  c e r u l o p l a s m i n  a n d  
hepatic copper are not significantly different this complex, is composed of two disulfide-linked subunits: GPIIba and GPIIbB. A 

t h o s e  i n  n o r m a l  a n i m a l s .  Measurement  o f  c o p p e r  c o n c e n -  cDNAex~ionlibr~wasconstruc~edingmRNAfmmahuman~thro1wkemia 
t r a t i o n s  i n  h e p a t i c  s u b c e l l u l a r  f r a c  tioni '  o f  vouna  (HEL) cell h e  exoressine GPIIb-IIIa in h ~ t l l .  and the lib- was screened using a - - . .  - - 
b r i n d l e d  a n i m a l s  d e m o n s t r a t e s  r e d u c e d  c o p p e r  c o n c e n -  plyclonal antibody against GPII~. positive clones were isolated and a 3.3 kb CDGA 
t r a t i o n s  i n  a 1  1 f r a c t i o n s  b u t  e s p e c i a l l y  i n  m i  t o c h o n -  clone was shown tocontain DNA for the acids at the 
d r i a l  a n d  n u c l e a r  f r a c t i o n s .  P a r e n t e r a l  c o p p e r ,  1 0  
m ~ g / ~ / d a y  x 5 d a y s ,  as c u p r i c  c h l o r i d e  s o l u t i o n ,  i n  N-~~~~~of~~~~GPIIbaandGPIIbB.?hel1baseqwncebegins30bpdownseeam 
young  c o n t r o l  a n i m a l s  r e s u l t s  i n  i n c r e a s e d  c o p p e r  fmm the 5'-end of the clone, while the IIbP starts 700 bp u p s ~  from the ply-A 
c o n c e n t r a t i o n s  p r e d o m i n a n t l y  i n  n u c l e a r ,  m i t o c h o n -  k l  a the ycnd of the clone. ~ ~ n h ~ ~  blot analysis indicates a G P I ~  ,,,RNA o f 4 ~  
d r i a l ,  a n d  s u p e r n a t a n t  f r a c t i o n s .  I n  c o n t r a s t ,  
i d e n t i c a l  t r e a t m e n t  o f  young  b r i n d l e d  animals demon- kb. Analysis of the DNA S e q ~ ~ p m *  the f11stcm~1etemino acid ~ e q ~ ~ e e  for 
strates increases in copper concelltration primarily GPIIba and GPIIbp. includinghydrophobic domains, glycosylarion sites. and 
i n  t h e  s u p e r n a t a n t  f r a c t i o n .  No d i f f e r e n c e  was proline-rich areas. A 16.3 kb human genomic clone has been isolated; exons span at 
o b s e r v e d  i n  c o p p e r  c o n c e n t r a t i o n s  o f  s u b c e l  l u l a r  f rac- 12 kb ~ f t h i s  current studies are &fining the intronzxon of 
t i o n s  f r o m  s i m i l a r l y  treated a d u l t  b r i n d l e d  h e t e r o z y -  
gates when with treated controls. These data the gene. These finding will allow a direct approach to analysis of genetic 

iml i c a t e  a d e f e c t  i n  h e p a  t i c  coDDer r e t e n t i o n  i n  def=t(s) causing Lhrombaslhenia, and may lead to means for prenatal diagnosis of thii 
b r l n d l e d  young ,  p r e d o m i n a n t l y  i n v o i v i n g  t h e  n u c l e a r  platelet defect. 
a n d  m i t o c h o n d r i a 1  f r a c t i o n s ,  a s s o c i a t e d  w i t h  i m p a i r e d  
c o p p e r  i n c o r p o r a t i o n  i n t o  c e r u l o p l a s m i n .  

CYSl"l'NE FXOWS EUXi I.EUUXYE fXWUIAR tXACTIobZ3 1s ON THE MECHANISM OF BRAIN DYSFUNCTION I N  WPERPHENYL- 
STIMJlA'IED BY ATP AT SUBSA'IURATIIE CYSTINE LEVELS. ALANINEMIA. F r i t s  A. Hommes, Medical College of 700 Alice A. Greene, Karen F. Clark, h r g a r e t  L. Smith, Georgia, Department of Ce l l  and Molecular Biology. 
and J e r r y  A. Schneider, University o!c Ca l i to rn ia ,  703 Augusta. Ga. 
Sari Diego, Uepartmnt of Ped ia t r i c s ,  La J o l l a ,  A high phenylalanine (Phe) l eve l ,  such a s  observed 
California .  i n  untreated o r  poorly control led PKU, r e s u l t s  i n  --- - -- 

Cystine exodus from t h e  granular  f r a c t i o n s  of f i b r o b l a s t s ,  
lynphoblasts, and r a t  l i v e r  is s t inu la ted  by ATP. We observe a 
s imi la r  ATP e f f e c t  i n  leukocytes. N-ethyl maleimide (NEM), a n  
i n h i b i t o r  of  t h e  lysosomal H+-translocating ATPase (H+ATPase), 
e l M n a t e d  t h e  s t i rni la t ion by ATP, but had no e f f e c t  on basal  
exodus. I n  a s e r i e s  of  th ree  experiments on d i f f e r e n t  days t h e  
% cys t ine  l o s s  i n  30 min. a t  370 was 54.91.9 (mean%D) i n  pH 
7.0 ~ e ~ e s / s u c r o s e  buffer ,  51.6h3.7 i n  buf fe r  with 1 mM NEM, 
76.64.8 i n  buf fe r  with 2 i@tMgATP, and 57 .98 .1  i n  buffer  with 
NEM and rlgATP. 'Ihe i n i t i a l  concentration of  cys t ine  in these 
experiments ranged from 19 t o  52 ml cys t ine /un i t  B-hexosamini- 
dase  (cys/hex). 'Ihe ATP e f f e c t  disappeared when t h e  load was 
increased t o  1200 ml cys/hex. l he  cys t ine  loss f o r  the same 
four  d i t i o n s  a s  above was 25.2, 29.8, 23.6, and 20.1%, re- 
spect ively.  At i n i t i a l  loads from 22-117 cys/hex, ATP s t inu la -  
t e d  exodus 2.2i0.6 (meanSD, n=5) f o l d ,  whereas a t  loads from 
900-1300 cys/hex, ATP s t inu la ted  exodus 1.1i0.2 (n=3) fo ld .  
The increased r a t e  i n  t h e  presence of  ATP may represent  irrproved 
binding of  t h e  cys t ine  to  the p a r t i a l l y  sa tu ra ted  imr trans-  
por te r  r e s u l t i n g  from c d o m t i o n a l  o r  charge opt imizat ion 
brought about by t h z  H+ATPase. The e f f e c t  disappears e i t h e r  i n  
the presence of the H+ATPase i n h i b i t o r  NEM o r  when t h e  trans- 
p o r t e r  becomes sa tu ra ted  by high load l eve l s .  

inh ib i t ion  of the oligodendroglial spec i f i c  ATP sulfurylase,  the  
f i r s t  enzyme of s u l f a t e  act ivat ion.  A decreased r a t e  of synthe- 
sis of su l fa t ides  r e s u l t s  from t h i s  inh ib i t ion  and consequently 
there a r e  l e s s  ac id ic  glycol ipids  ava i l ab le  to  protect ,  particu- 
l a r l y  myelin basic protein,  from pro teo ly t i c  degradation. This 
leads t o  an increased turnover of myelin which i s  not compensated 
by an increased r a t e  of synthesis. The myelin sheath dis inte-  
g ra tes  and the i n i t i a l l y  formed l a b i l e  synaptic contact regress. 
As a resu l t  there w i l l  be fewer synaptic contacts i n  the  mature 
brain. A s  the proper formation of synapses i s  recognized as the 
bas i s  of the dynamic in tegra t ive  capaci t ies  of the cen t ra l  
nervous system, the scenario out l ined above provides a mechanism 
f o r  the brain dysfunction. Experimental evidence f o r  several  
s t eps  of t h i s  scenario is avai lable:  inh ib i t ion  of ATP- 
sulfurylase,  loca l i za t ion  of the Phe-sensitive ATP-sulfurylase i n  
those areas of the brain most affected by the high Phe condition. 
the developmental p r o f i l e  of the Phe sens i t ive  ATP-sulfurylase, 
precisely coinciding with myelination, i .e .  ac t ive  during the 
vulnerable period of brain development, increased vu lnerab i l i ty  
t o  proteolyt ic  degradation and turnover of myelin in the  absence 
of ac id ic  glycol ipids .  Since inh ib i t ion  of ATP-sulfurylase is 
not l imited t o  Phe, but can be observed with other amino acids a s  
well ,  the scenario m y  be of a qu i te  general nature. 
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