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Decreased cys t ine  (C) e f f l u x  from lysosomes could exp la in  C . . 
storage i n  cyst inos is .  We studied e f f l u x  o f  C and leuc ine,  
methionine, phenylalanine, tryptophan, and cyste ine from i s o l a t e d  
normal (NL) and c y s t i n o t i c  (CY) lysosome-rich leukocyte f r a c t i o n s  
loaded by incubat ion w i t h  amino acid-methyl esters. The T-1/2 
(min) f o r  e f f l u x  o f  the rad ioac t i ve  amino ac id  produced by es te r -  
ase a c t i v i t y  was determined as described by Reeves (J. B io l .  Chem. 
254: 8914, 1979). For l e u  and t r y p t ,  e f f l u x  was compatible w i t h  
a i f f u s i o n  model: s t rong ly  temperature dependent and unaltered 
by exogenous cat ions,  ATP, o r  amino ac id.  T-1/2 was comparable 
f o r  l euc ine  i n  NL and C Y  (9.33 t .60[SEM] vs 9.18 + .92). NL 
T-1/2 was 13.7 + 1.03 f o r  meth, 9.35 + 1.19 f o r  phe, 22.6 + 3.97 
f o r  t ryp.  I n  contrast ,  T-1/2 f o r  C was much longer (NL 92.0 * 
15.9, CY 101 + 27.1). Apparent s i m i l a r i t i e s  between NL and CY 
e f f l u x  o f  C a t  these low ra tes  requ i re  cautious in te rp re ta t ion .  
C e f f l u x  from NL and CY increased upon exposure o f  lysosomes 
t o  1mM cysteamine dur ing e f f l u x  ( 20.6 + 1.58 vs 26.1 + 2.74); 
i n  contrast ,  1mM reduced g lu ta th ione  (GSH), a presumably l e s s  
penetrant t h i o l ,  d i d  not cause a change i n  C e f f l u x .  E f f l u x  o f  
o ther  AA was unal tered by 1mM cysteamine o r  GSH. We conclude: 
the re  i s  normal l e u  e f f l u x  and thus bo general defect  i n  lysosomal 
amino ac id  e f f l u x  i n  CY; the  e f f l u x  o f  C i s  except ional ly  slow i n  
both NL and CY; cysteamine enhances C e f f l u x  s e l e c t i v e l y  i n  
i so la ted  lysosomes, probably by penetrat ion and subsequent reduc- 
t i o n  o f  C t o  cysteine. 
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Cystine depleted c y s t i n o t i c  f i b r o b l a s t s  reaccumulate cys t ine  
when incubated i n  cys t ine  f r e e  medium supplemented w i t h  a v a r i e t y  
o f  d i s u l f i d e  (cys t ine l - con ta in ing  prote ins.  The cys t ine  accumula- 
t i o n  i s  l i n e a r  w i t h  the concentrat ion o f  added p ro te in .  Correla- 
t i o n  o f  the  amount o f  degradation o f  1251 l a b e l l e d  p r o t e i n  w i t h  
cys t ine  accumulation y i e l d s  a s i g n i f i c a n t  c o r r e l a t i o n  (r.0.97 f o r  
bovine serum albumin [BSA], and r=0.81 f o r  bovine i n s u l i n ) .  Sim- 
i l a r  r e s u l t s  have been found f o r  human and r a t  albumin, and 
bovine y g l o b u l i n  & thy rog lobu l in .  This cys t ine  accumulation i s  
i n h i b i t e d  by i n h i b i t o r s  o f  p ro teo lys i s ,  and i n h i b i t o r s  o f  selec- 
t i v e  endocytosis. Reduced BSA (RBSA) produced by pre-treatment 
w i t h  mercaptoethanol i n  6 M urea y i e l d s  diminished cys t ine  accu- 
mulat ion even though more o f  the reduced p r o t e i n  i s  degraded:0.18 
nmol/106 c e l l s  cys t ine  accumulated and 0.50 mg/106 c e l l s  RBSA 
degraded i n  24 hrs; 0.70 nmol/106 c e l l s  cys t ine  accumulated and 
0.20 mg BSA degraded i n  24 hrs. Oval bumin (OVA), which contains 
4 mol o f  cysteine/mol o f  p ro te in  and 1 mol cys t ine  y i e l d s  no 
cys t ine  accumulation a f t e r  24 hrs incubat ion i n  which 0.86 mg/106 
c e l l s  OVA was degraded. Addi t ion o f  OVA o r  RBSA t o  non-depleted 
c y s t i n o t i c  f i b rob las ts  produces cys t ine  deplet ion (30% i n  4 hrs, 
55% i n  24 h rs ) .  We conclude t h a t  c y s t i n o t i c  c e l l s  accumulate 
cys t ine  through the lysosomal r e t e n t i o n  o f  cys t ine ,  but  no t  
cyste ine residues fo l l ow ing  t h e i r  re lease from peptide chains 
dur ing p ro teo lys i s .  Supported by USPHS AM 25548. 

T u m a n  and f MPS V I  r e s u l t  from d e f i c i e n t  ASB a c t i v i t v  
( s6% o f  normal) and accumulation o f  dermatan s u l f a t e  (DS). NO& 
a1 human, normal f and f HPS V I  hepat ic  ASB were p u r i f i e d  (spec. 
act .  55, 106, 2.7 umol/h/mg prot . ,  resp.) and molecular weights 
(MW) were determined by PAGE ( s 80,000, 160,000, 78,000, resp.) ' 
and Sephadex G-ZOO chromatography ( s 45,000, 110,000, 53,000, 
resp.). These data were consis tent  w i t h  human ASB and rASB being 
monomers and the normal f ASB a dimer. When the rASB was incuba- 
ted w i t h  1 mM DTT, the MW was 160,000 (PAGE) and 100,000 (Sepha- 
dex), suggesting t h a t  DTT caused d imer izat ion o f  the rASB. The 
DTT-treated p u r i f i e d  rASB was increased 5 - fo ld  and had markedly 
increased c r y o s t a b i l i t y .  Normal f and f MPS V I  buf fered whole 
bloods were incubated + 10 mM DTT, leukocytes iso lated,  ASA and 
ASB separated by DEAE-cellulose chromatography, and DS determined 
by ce l  loge1 electrophoresis. The WBC rASB a c t i v i t y  was increased 
6 - fo ld  w i t h  DTT (spec. act.  0.025 + 0.164) and the DS was marked- 
l y  decreased (0.37-t < 0.02 ug/ ug p ro t .  ); DTT had no e f f e c t  on 
ASA, normal ASB, o r  normal DS leve ls .  These f i nd ings  suggest 
t h a t  the mutation i n  f MPS V I  may invo lve  a cysteine residue 
which hinders d imer izat ion and t h a t  -SH reduct ion r e s u l t s  i n  d i -  
mer izat ion w i th  enhanced rASB a c t i v i t y .  Thio l  -induced subunit 
associat ion provides a novel approach f o r  enzyme manipulat ion 
therapy which can be tested i n  v i vo  using the animal model. 
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Human phosphofructokinase (PFK, E.C.2.7.1.11) i s  under the 
c o n t r o l  o f  three s t r u c t u r a l  l o c i  which code f o r  M (muscle), L 
( l i v e r ) ,  and P ( p l a t e l e t )  type subunits. Human d i p l o i d  f i b r o -  
b l a s t s  express a l l  3 genes; random te t ramer i za t ion  of r e s u l t i n g  
subunits produces var ious isozymes. We have analyzed 17 human x 
Chinese hamster hybr ids segregating human chromoson~es f o r  the ex- 
press ion o f  human L subunits. Since e lect rophores is  does n o t  
d i s t i n g u i s h  between the rodent o r  human PFKs,we employed an a n t i -  
human L monoclonal antibody which does n o t  reac t  w i t h  rodent PFK. 
The expression of human L subuni ts  i n  the hybr ids was detected by 
the enzyme-immunoprecipitation technique us ing s taphylococc i  
bear ing p r o t e i n  A as an immunoadsorbent. 12 out  of 1 7  hyb r ids  
expressed human L subunits and re ta ined  chromosome 21 whereas 5 
d i d  n o t  express human PFKL and lacked chromosome 21. There was 
discordant segregation of a l l  o ther  human chromosomes and PFKL 
expression i n  these hybr ids.  The mean RBC PFK o f  6 i n d i v i d u a l s  
w i t h  tr isomy 21 was found t o  be e levated (147% o f  normal). A spe- 
c i f i c  increase i n  L subunits i n  t r i somic  RBC was ev ident  chroma- 
tog raph ica l l y  by an increase i n  L-4 species and immunological ly 
by decreased p r e c i p i t a t i o n  w i t h  ant i-M monoclonal antibody. We 
conclude t h a t  the PFKL gene i s  located on chromosome 21 and t h a t  
the p rev ious ly  noted e leva t ion  o f  RBC PFK i n  i n d i v i d u a l s  w i t h  
tr isomy 21 i s  due t o  a gene dosage e f f e c t .  
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Osteogenesis Imperfecta Type I 1  (01, l e t h a l  p e r i n a t a l )  has Human porphobil inogen (PBG) deaminase, the heme b iosyn the t i c  
been presumed t o  be i n h e r i t e d  as an autosomal recessive t r a i t .  enzyme d e f i c i e n t  i n  acute i n t e r m i t t e n t  porphyria, and ESA4 have 
I n  an attempt t o  t e s t  t h i s  hypothesis questionnaires were sent  been mapped t o  the long arm o f  chromosome 11 by somatic c e l l  hy- 
t o  a l l  Un ive rs i t y  Departments o f  Medical Genetics i n  Canada, b r i d i z a t i o n  techniques. Man-mouse hybr ids derived from the fu -  
request ing in format ion about t h e i r  ascer ta ined cases o f  01 s ion o f  2S mouse erythroleukemia (MEL) TK- c e l l s  and human HGPRT- 
Type 11. Twenty-three kindreds were ascertained w i t h  a t o i a l  o f  f i b r o b l a s t s  have been used f o r  s tud ies on the induc t ion  and ex- 
23 s ibs  o f  which 4 (17.4%) were af fected.  By the  "s ing les pression o f  human PBGD. PBGD was examined by i s o e l e c t r i c  focus- 
method of Davie (Ann. Hum. Gen. 42, 507, 1979) the  est imated ing, immunop~ecip i ta t ion and rocket  immunoelectrophoresis. Among 
segregation frequency was 0.17+0.024. The sex r a t i o s  o f  a f f e c t e d  120 sub-clones generated from one primary clone (XX-8), a clone 
and normal i n d i v i d u a l s  d i d  no t  d i f f e r  s i g n i f i c a n t l y  from expecta- was found which contained a s ing le  human chromosome cons is t i ng  o f  
t i o n .  There was no recognized parenta l  consanguinity. The a 4/11 t rans loca t ion  (4q12 : : l l q l l ) .  This clone was human PBGD 
segregation r a t i o  i s  s i g n i f i c a n t l y  lower than 0.25 (P<0.01), and ESA4 p o s i t i v e  and LDHA negative. From examination o f  o ther  
suggesting the  presence o f  e i t h e r  se lec t i ve  prenatal m o r t a l i t y  primary and secondary clones, i t  was poss ib le  t o  r u l e  out  assign- 
o r  o f  genetic heterogenei ty .  These f i nd ings  support the conten- ment o f  PBGD t o  chromosome 4. Fur ther  reg ional  l o c a l i z a t i o n  was 
t i o n  o f  Young and Harper (Lancet I, 432, 1980) t h a t  the  empir ic  achieved by charac te r i za t ion  o f  2s MEL (HGPRT-) x human f i b r o b l a s t  
recurrence r i s k  fo r  01  Type I 1  i s  l ess  than 25%. (GM 3552) hybr ids conta in ing an X/11 t rans loca t ion  (X;11) (q25-26; 

q23). One clone (MX/l l-2) contained only  the i n t a c t  X/11 t rans lo -  
cated chromosome and was LDHA pos i t i ve .  I n  a second c lone (MX/ 
11-3)(LDHA negat ive) ,  the l l p  po r t i on  o f  the t rans located chromo- 
some was deleted and the remainder was t rans located t o  a mouse 
chromosome. Both clones were negative f o r  human PBGD and ESA4. 
These r e s u l t s  demonstrate t h a t  human PBGD and ESA4 are encoded on 
human chromosome 11 i n  the region l l q 2 3  + l l q t e r .  
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