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P Y m  D-XGENASE COMPLEX D E F I C I F  EXPRESSED a1219 IN L m m .  and w, 
Case Western Reserve Mlversity, Rainbow Babies and 

Children's Hospital, Department of Pediatrics, Cleveland, Ohio. 
Fyrwate dehydrogenase ccnplex (PDC) deficiency is usually 

detected by assaying activity in  fibroblasts. Dephosphorylation 
and pho@mrylation of PDC by preincubation with dichloroacetate 
(DCA) or fluoride (F) increases the difference in activity 
between normal and abnormal ce l l s .  For a rapid alternative 
assay, we evaluated use of lymphcqtes obtained in whole blood 
and separated by the Ficoll-Paque methcd. PIX activity in 
lymphocytes is similar t o  fibroblasts, linear in relation to  
time and protein, increased by pre-incubation with DCA, and 
decreased by pre-incubation with F. Activity remains sufficient 
for assay in  whole blood after 48 hr. DCA stimulated PLX 
activity (nmolJmin/mg protein; mean, range) was compared in  
lymphocytes from 30 control adults, fibroblasts f r m  18 control 
children, and in  both f r m  17 children with lact ic  acidosis: 

Subiects Lvmahocvtes Fibroblasts 
Controls 2.03(0.9-3.9) 2.55(1.1-4.1) 
PIX Deficient, Patient A 0.33 0.23 

Patient B 0.90 0.05 
Patient C 0.16 0.83 

Other lact ic  acidosis (n=ll) 2.21(1.0-3.8) 2.48(1.0-4.0) 
The other 3 patients had reduced PDC in only lymphcqtes (1) or 
fibroblasts (2).  PIX: deficiency is therefore expressed in  
lymphocytes a s  well a s  in  fibroblasts, providing a useful 
alternative and supplementary assay for diagnosis. Lym?hwes 
can also be used to  detect pyruvate carboxylase deficiency. 

ALTERED HEPATIC ENERGY, AMMOMA, AND AMINO 1220 ACID METABOLISM IN THE SUBLETHAL ENDOTOXIN 
RAT MODEL OF REYE SYNDROME. L. Kilpatrick-Smith, 

M.C. Yoder, S.D. Douglas, M. Erecinska, R.A. Polin. Univ. of Pa. Sch. of 
Med., Depts. of Pharm. & Peds., Phila., PA. 

Administration of a sublethal concentration of E. coli 011 l:B4 endo- 
toxin (E) t o  fasted Sprague-Dawley r a t s  results in-Reyesyndrome-like 
metabolic (hvperammonemia, elevated serum lac ta te ,  and f r e e  f a t t y  
acids), hepa& histologic (microvesicular f a t  depositibn) and mitochond- 
rial ultrastructural  (pleomorphism and swelling with matrix disruption) 
changes (Yoder e t  al, Infect. Immun, in press). In this study, w e  assessed 
hepatic alterations in energy production, ammonia metabolism, and 
determined t h e  amino acid concentration profile in E (0.2 mg/kg) or  
placebo (5% dextrose in water)  t rea ted  (C) 250g Sprague-Dawley r a t s  
(N=5 each  group). A t  1, 4 or  12 hrs following E or  placebo IP  injection, 
t h e  liver was freeze-clamped. There were  no significant differences in 
metabolic parameters detectable a t  t h e  1 hr t ime point. At 4 and 12 hrs, 
however, ATP/ADP declined by 25% (pC0.01), pactate] increased by 
50% ( p a  0.001), and Lured increased 67% ( p r  0.001) in E compared t o  C 
rats. In addition, mitochondria1 [NAD~~/[NADH] increased whereas cyto- 
solic [ N A D ~ I P A D ~  decreased in E compared t o  C rats. Two-fold 
increases (p40.005) in b l u t a m a t d ,  b l a n i n g ,  and 
decrease in F i t r u l l i n 3  (pc0.05) were  measured 
animals. These results  indicate t h a t  a sublethal dose of E disrupts hepatic 
aerobic energy production, increases glycolysis and proteolysis, and irn- 
pairs ammonia clearance in t h e  fasted rat .  Since t h e  metabolic 
derangements reported in this study a r e  similar t o  those observed in 
patients with Reye syndrome, t h e  cur rent  findings lend further support 
t o  t h e  relevance of our sublethal endotoxin r a t  model. 

ELEVATED KETONE OXIDATION IN RAT JEJUNUM EXPOSED TO t 1221 AMINO-OXYACETATE. R . E .  Kimura (Spon. by M .  Simmons), 
D e ~ t .  P e d i a t r i c s .  Univ. of  Utah. S a l t  Lake Ci tv .  Ut.. ~- - ~ < ,  - -  

Since  glutami ne i s  t h e  p r e f e r r e d  o x i d a t i v e  s u b s t r a t e  i n  suck- 
l i n g  r a t  jejunum, we determined i n  developing r a t  jejunum t h e  
a c t i v i t y  of a l a n i n e  a m i n o t r a n s f e r a s e ,  one of t h r e e  enzymes t h a t  
c o n v e r t s  g lu tamate  t o  2-oxoglu tara te .  The j e j u n a l  a c t i v i t y  of 
a l a n i n e  aminot ransferase  i n  c y t o s o l i c  s u p e r n a t a n t  i s  0.24t0.02 
(umol of  pyruvate/mg p r o t / h r )  i n  s u c k l i n g  pups and 0.39i0.04 i n  
postwean pups. Amino-oxyacetate i s  a known i n h i b i t o r  of a l a n i n e  
aminot ransferase .  We determined t h e  e f f e c t  of amino-oxyacetate 
on glutamine! g lucose  and 3-hydroxybutyrate(3-HB) o x i d a t i o n  by 
a d u l t  r a t  jejunum. Glutamine o x i d a t i o n  t o  CO and lucose  oxida- 
t i o n  t o  l a c t a t e ,  an indice i tor  of g l y c o l y s i s , 2 i s  in:ibited by 80%. 
Glucose o x i d a t i o n  t o  CO i s  i n h i b i t e d  40%. 3-HB o x i d a t i o n  i s  
a c t i v a t e d  by 340%. ~ h e g e  d a t a  sugges t  t h a t  t h e  major pathway by 
which g lu tamine  o x i d a t i o n  e n t e r s  t h e  c i t r i c  ac id  c y c l e  i s  through 
a l a n i n e  aminot ransferase .  G l y c o l y s i s  i s  i n h i b i t e d  by amino- 
oxyace ta te .  In t h e  absence of g lu tamine  o x i d a t i o n  and g l y c o l y s i s  
3-HB o x i d a t i o n  i s  a c t i v a t e d  i n d i c a t i n g  a high p o t e n t i a l  f o r  
i n t e s t i n a l  o x i d a t i o n  of  ke tones .  

SUBSTRATE GLUTAMINE GLUCOSE 3-HB 
Product (nmol/mg/hr) CO CO L a c t a t e  CO, 

Control  0.7920.04 1 .46t6 .14  5 9 . 2 6 . 7  1.35tb.15 
+Amino-oxyacetate lOmM 0 .14t0 .03  0.87t0.14 11 .6 t1 .5  4.60t0.30 
va lues  = means + S.E. (no.=4) All o x i d a t i o n  r a t e s  i n  which amino- 
oxyace ta te  i s  added a r e  d i f f e r e n t  than  c o n t r o l  (p<0.01).  
We conclude t h a t  i f  g lucose  and g lu tamine  o x i d a t i o n  i s  suppressed ,  
ketone o x i d a t i o n  can be a major s o u r c e  of  energy i n  r a t  jejunum. 

ALTERED CEREBRAL SUBSTRATE UTILIZATION BY THE HYPO- 
GLYCEMIC DOG. & K l i e  man, S Hulman, S Morton. Case ' 1222 Western Reserve Univ? Rainbow Babies & Chi ldrens  HOSD 

Dept of  P e d i a t r i c s ,  Cleve, Oh. 
I n s u l i n  i n f u s i o n  t o  3 h r  o l d  te rm dogs (n=6,cont ro l=6)  lowered 

blood g lucose  (1.31'0.17 v s  8.12f0.29 mM p<0.001) and l a c t a t e  
(1.05-i-0.13 v s  1.72t0.22 p<0.01),  wi thout  a l t e r i n g  c l i n i c a l b e h a v -  
i o r .  Freeze  clamped c e r e b r a l  c o r t e x  (<3sec)  r e v e a l e d  reduced 
glycogen c o n t e n t  (1.35'0.25 v s  1.98'0.20 umol/g p<0.05) and glu- 
cose  6-phosphate l e v e l s  (0.068+0.013 v s  0.115t0.021 p<0.02) 
fo l lowing hypoglycemia. C e r e b r a l  phosphoenolpyruvate a n d p y r u v a t e  
l e v e l s  were augmented d u r i n g  hypoglycemia w h i l e  c e r e b r a l c o r t i c a l  
l a c t a t e  was diminished (0.774-i-0.054 v s  1 .40t0 .15  p<O.Ol).Further- 
more, c i t r a t e  (0.210i0.004 v s  0.353t0.009 p<0.001) and m a l a t e  
l e v e l s  (0.103-i-0.016 v s  0.197t0.022 p<0.01) were diminished d u r i n g  
hypoglycemia w h i l e  a l p h a  k e t o g l u t a r a t e  was n o t  a l t e r e d .  C e r e b r a l  
amino a c i d s ,  a s p a r t a t e  and g lu tamate  were unchanged. However, 
a l a n i n e  (0.477t0.041 v s  0.680i0.080 p<0.05) and g lu tamine  (6.24 
'0.40 v s  7.68'0.06 p<0.01) were reduced d u r i n g  hypoglycemia. I n  
a d d i t i o n ,  dur ing  hypoglycemia c e r e b r a l  ammonia l e v e l s  were e l e -  
v a t e d  (1.12-i-0.24 v s  0.58+0.02 p<0.02). Nonethe less ,  c e r e b r a l  ATP 
l e v e l s  were n o t  a f f e c t e d .  These d a t a  sugges t  t h a t  n e o n a t a l  c e r e -  
b r a l  energy s t a t u s  was n o t  a l t e r e d  by diminished c i r c u l a t i n g  
l e v e l s  of o x i d i z a b l e  c e r e b r a l  s u b s t r a t e s ,  g l u c o s e  and l a c t a t e .  
The s m a l l  pool  of  c e r e b r a l  glycogen may b e  mobi l ized  t o  c o n t r i b -  
u t e  t o  energy product ion .  Nonethe less ,  t h e  much l a r g e r  pool  of 
c e r e b r a l  amino a c i d s  v i a  t ransaminat ion  and d e a n i n a t i o n  
r e a c t i o n s  may become a more impor tan t  s o u r c e  f o r  c e r e b r a l  energy 
product ion  d u r i n g  hypoglycemia t h a n  d u r i n g  euglycemia.  

HIGH EXTRACELLULAR PHOSPHATE (Pi) IN WTRO 
REVERSES THE INHDBITION OF 1,25(OH)2D3 (1,25D) 223 SYNTHBSB IN CHRONIC METABOLIC ACJDOSJS (CMA). 

C.B. Langman, M.J. Favus, F.L. Coe (Spon. by E.S. Moore). Michael 
Reese Hosp., Univ. of Chicago., Chicago, Ill. 

Low calcium diet  (LCD) and low Pi, in vitro, st imulate 1,25D 
synthesis by proximal tubules (PT). CMA inhibits t h e  rise in serum 
1.25D during LCD. but t h e  e f fec t  on svnthesis is unknown. To "~~~ - - - -  -. ~ - -  
investigate i i  vitro synthesis of 1,25D during CMA, Sherman r a t s  were  
fed LCD+1.5% NH4C1 for 10d. t o  produce CMA (pH=7.34+.03, LCD 
vs. 7.23+.03, LCD+NH4Cl, p<.05). PT in suspension were incubated 
for 20 Gin. in Krebs-Henseleit bicarbonate (KHB) media, pH 7.4, in 
KHB low in Pi (0.2mM Pi, KHB-Pi), high in Pi (4.6mM Pi, KHB+Pi), 
low in C a  (0.2mM Ca, KHB-Ca), or  low in both (KHB-CaPi), and then 
for 5 min. a t  37OC with 16.6uM 250HD3 t o  measure 1,25D synthesis. 
PT from r a t s  fed LCD produced 10+1 pmol 1,25D/mg protein in KHB; 
20+2 in KHB-Pi and 21+3 in KHB-CLP~ (p<.005 vs. KHB for each); 8+1 
in-KHB+Pi and 11+1 i n  KHB-Ca (p=NS vs. KHB for each). PT from 
r a t s  fed LCD+NH4Cl produced 5+1 pmol 1,25D/mg protein in KHB 
(p<.001 vs. LCD, KHB);8+1 in K~B+pi(p<.05  vs. KHB);4+2 in KHR-Pi, 
4+2 in KHB-Ca, and 4+1 in KHB-CaPi (p=NS vs.KHB). P t  CAMP from 
rg ts  fed LCD+1.5% NH4Cl were similar (p=NS), and were not a l te red  
by media Ca  or Pi. Conclusions: normalization of pH in vitro did 
not restore diminished 1,25D synthesis in P t  from r a t s  with CMA. 
CMA blocks CAMP dependent 1,25D synthesis distal  t o  CAMP 
generation, and also blocks CAMP independent (low Pi) 1,25D synthesis. 
Migh medium Pi, in vitro, reverses t h e  inhibition of CAMP dependent 
1,25D synthesis in CMA. CMA may be a s t a t e  of cri t ical  P T  Pi 
depletion. 

VIRAL KEDIATED GENE TRANSFER OF RECOMBINANT HmlAN 
PHENYLALANINE EYDROXYLASE (PAH) USING P&TROVIF,USES. 
Fred D. Ledlev. Hernan E. Orenett. Savio L.C. Woo. 

Howard Hughes Medical Ins t i tu t e ,  Department of Cel l  Biology 
Baylor College o f  Medicine, Houston TX (Spons. Arthur L. Beaudet) 

Phenylketonuria (PKU) i s  caused by def ic iency o f  the enzyme 
PAR. Our laboratory has cloned the f u l l  length human PAH cDNA i n  
order t o  study the molecular bas i s  of PKU and t o  explore 
a l ternat ive  therapies f or  PKU u t i l i z i n g  recombinant DNA 
techniques. We have previously reported gene transfer  experiments 
i n  which the f u l l  length human PAH cDNA was recombined with the 
eukaryotic promotor from human metallathioneine and transfected 
into  mouse NIII3T3 c e l l s  which do not normally express PAH. Cel ls  
transformed with t h i s  recombinant expressed human PAR that was 
indistinguishable from normal. In the present study the human PAX 
cDNA has been recombined with a retroviral  vector  (pzipneo) t o  
produce a de fec t i ve  retrovirus which carries  human PIQH i n  place 
of the v i r a l  genome. This recombinant, containing human PAH in  a 
retroviral  vector ,  was transfected in to  the Y2 c e l l  l i n e  which 
cons t i tua t ive ly  produces the prote ins  required for v i r a l  
assembly. Ce l l s  transformed with the PAII recombinant produce a 
defect ive  retrovirus .  vZPAII(+), which can be used t o  infect c e l l s  
with human PAH but i s  incapable of sustaining subsequent v i r a l  
propagation. Tissue cul ture  c e l l s  infected with vZPAH(+) exhibi t  
PAII a c t i v i t y  and immunoreactive prote in  character is t ic  o f  human 
PAW. Defective retroviruses  containing human PAH provide a highly  
e f f i c i e n t  means for  genet ic  transfer of PAH into  a wide range of 
rodent c e l l s  and enables experiments i n  which human PAH can be 
transfered into  animals as a model f or  genet ic  therapy o f  PKU. 


	1220: ALTERED HEPATIC ENERGY, AMMOMIA, AND AMINO ACID METABOLISM IN THE SUBLETHAL ENDOTOXIN RAT MODEL OF REYE SYNDROME

