
The Society for Pediatric Research announces the results of the 5th Annual 
Young Investigator Award for pediatric research. 

The winner is Arthur L. Horwich, M.D., Assistant Professor, Dept. 
of Human Genetics, Yale University School of Medicine, New Haven, CT. 

This presentation will be made during the SPR Plenary Session on Thursday 
morning (April 30, 1987) in the Grand Ballroom. 

MOLECULAR STUDY OF ORNlTHlNE TRANSCARBAMYLASE: OTC DEFICIENCY AND ANALYSIS OF MITOCHON- 
DRIAL TARGETING OF THE OTC PRECURSOR. Arthur L. Horwich, M.D., Department o f  Human 
Genetics, Yale Un ive rs i t y  School o f  Medicine, New Haven, CT 06510. 
Orn i th ine  transcarbamylase (OTC) i s  a mitochondria1 ma t r i x  enzyme t h a t  catalyzes the  
second step o f  t h e  urea cycle.  X- l inked def ic iency o f  OTC o f ten  r e s u l t s  i n  l e t h a l  neo- 
nata l  hyperammonemia i n  a f fec ted  hemizyqous males. As many as 20% o f  females heterozyqous 
f o r  OTC def ic iency may exhi b i t  c l i n i c a l  symptoms inc lud inq  hyperammonemic episodes and 
mental re tardat ion ,  usua l l y  associated w i t h  d i e t a r y  p r o t e i n  into lerance. 

The i s o l a t i o n  o f  both cloned cDNA and qenomic sequences encodinq human OTC has permit-  
t e d  a molecular ana lys is  o f  f a m i l i e s  w i t h  OTC def ic iency.  Southern b l o t  ana lys is  revealed 
a qene d e l e t i o n  i n  four  probands out  o f  50 examined. The m a j o r i t y  o f  OTC-deficient males 
do no t  exhi b i t  detectable de le t ions and most 1 i kei  y harbor e i t h e r  s inq l  e-base subs t i t u -  
t i o n s  o r  small delet ions.  For these fami l ies ,  we have u t i l i z e d  l inkage w i t h  r e s t r i c t i o n  
fraqment l enq th  polymorphisms (RFLPs) l o c a l i z e d  w i t h i n  the  OTC qene t o  i d e n t i f y  t h e  
presence o f  a mutant a l l e l e .  Four such RFLPs have been i d e n t i f i e d  a n d ~ 8 O b  o f  females are 
heterozyqous f o r  one o r  more o f  t he  polymorphisms. 

Where an OTC-deficient proband i s  i d e n t i f i e d ,  t he re  i s  an approximately 1:3 chance, 
accordinq t o  Haldane, t h a t  a spontaneous mutat ion i s  involved, and, thur,  t h a t  t h e  recur-  
rence r i s k  f o r  subsequent preqnancies i s  near ly  zero. Two types o f  in format ion can iden- 
t i f y  t h e  s i t u a t i o n  i n  which t h e  mother i s  an obl i q a t e  heterozyqous c a r r i e r ,  where the re  
i s  a 50% r i s k  t h a t  a male preqnancy w i l l  be af fected.  One invo lves pedigree analysis,  t o  
i d e n t i f y  other a f fec ted  males o r  heterozyqous females. The other invo lves an a l l o p u r i n o l  
load inq t e s t  which has recent1 y rep1 aced p r o t e i n  chal lenqe as a safe means o f  i d e n t i f y i n g  
p a r t i a l  OTC def ic iency.  Pedigree analyses and heterozyqote detec t ion  have permit ted 
prenatal  t e s t i n g  o f  seven a t - r i s k  male preqnancies usinq RFLP ana lys is  o f  DNA der ived 
e i t h e r  from chor ion ic  v i l l  i or  amniocytes. Four preqnancies were i d e n t i f i e d  as beinq 
a f fec ted  and enzyme analyses performed on f e t a l  l i v e r  confirmed def ic iency.  

We have a l so  u t i l i z e d  human OTC as a model f o r  study o f  t h e  bioqenesis o f  mitochon- 
d r i a l  proteins,  most o f  which are synthesized i n  the  cy toso l  as precursors and post-  
t r a n s l a t i o n a l l y  d i rec ted  t o  the  orqanel les by c leavable NH - terminal  amino ac id  sequences 
known as leader peptides. I n  previous studies, we showe?! t h a t  t h e  OTC leader pept ide 
contains in format ion not  on ly  necessary bu t  s u f f i c i e n t  t o  d i r e c t  t h e  subuni t  precursor t o  
mitochondria. When t h e  pept ide was fused t o  a p r o t e i n  normally l o c a l i z e d  t o  t h e  cytosol ,  
t h e  fused p r o t e i n  was d i rec ted  t o  the  mitochondria. We have now c a r r i e d  ou t  a de ta i l ed  
mutat ional  ana lys is  o f  t h e  human OTC leader t o  de f i ne  t h e  s t r u c t u r a l  elements requ i red 
f o r  import  o f  t h e  precursor and processinq o f  i t s  leader peptide. Fusion const ruc ts  
revealed t h a t  ne i the r  t h e  NH - terminal  12 o r  16 residues cou ld  d i r e c t  import  whereas a 
leader pept ide comprisinq regidues 8-25 could do so. Remarkably, de le t i on  o f  residues 
30-37 conta in inq t h e  normal s i t e  o f  cleavaqe t o  mature OTC had no de le ter ious e f f e c t  on 
import  o r  processinq i n d i c a t i n g  a l ack  o f  requirement f o r  s p e c i f i c  primary s t ruc tu re  a t  
t h i s  s i t e .  Nearly 30 s i t e - d i  rec ted and random subst i tu t ions- -s ing le ,  double, and even 
t r i p le - -have  been produced and found t o  impair  import  and/or cleavaqe on ly  when e i t h e r  
p o s i t i v e l y  charqed arq residues were replaced by charge-neutral ones o r  where an a c i d i c  
residue was introduced i n  p lace o f  a charqe-neutral one. O f  t h e  4 arq residues i n  t h e  
leader (pos i t i ons  6,15,23,26), arq 23 was most c r i t i c a l  and appeared t o  be p a r t  o f  an 
A-he l ica l  region. We conclude t h a t  t h e  OTC leader d i r e c t s  import  v i a  a t  l e a s t  two e le-  
ments: net  p o s i t i v e  charqe and a c r u c i a l  midpor t ion  seqment centered over arq 23. 
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