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Summary 

In a case of dihydrolipoyl dehydrogenase deficiency, there 
was not only an elevation of lactate and a-ketoglutarate but 
also of branched chain amino acids. The levels of branched- 
chain amino acids varied from the normal range to three times 
the upper limit of normal during the patient's lifetime, and allo- 
isoleucine was detectable at all times. Examination of postmor- 
tem tissues revealed that the activity of branched-chain keto 
acid dehydrogenases was between zero and 10% of that in 
control tissues. It is suggested that the multiple defects seen in 

oxidative decarboxylation in this patient is the consequence of a 
single genetic deletion of an enzyme common to pyruvate 
dehydrogenase, a-ketoglutarate dehydrogenase, and branched- 
chain keto acid dehydrogenases. 

Speculation 

The dihydrolipoyl dehydrogenase component of pyruvate, a- 
ketoglutarate, and branched-chain keto acid dehydrogenases is 
genetically and biochemically a single entity. 



We recen t ly  repor ted a case  of congeni ta l  l a c t i c  ac idos i s  
which was found t o  be due t o  a def ic iency of t h e  t h i r d  component 
of t h e  pyruvate dehydrogenase complex ( E j ) .  This  def ic iency was 
found t o  compromise t h e  a c t i v i t y  a l s o  of t h e  a-ketoglutara te  
dehydrogenase complex: i nd ica t ing  t h a t  d ihydrol ipoyl  dehydrogenase 
is  shared i n  common by these  two enzymes (8 ) .  The p a t i e n t  
concerned had e levated l e v e l s  of branched-chain amino a c i d s  
i nd ica t ing  a poss ib l e  involvement of t h e  branched-chain ke to  ac id  
dehvdro~enases  i n  t h e  ~ a t h o s e n e s i s  of t h i s  d isease .  In t h i s  b r i e f  
co&unication we demonstrat; i n  pos t  mortem t i s s u e  from t h i s  
p a t i e n t  t h a t  t h e  branched-chain k e t o  ac id  dehydrogenase a c t i v i t y  
1s d e f i c i e n t  and t h a t  t h e  d e f e c t  i s  not  associa ted with t h e  decar- 
boxylase por t ion of t h e  enzyme complex. 

CASE REPORT 

De ta i l s  of t h e  case  r epor t  a r e  descr ibed i n  reference ( 8 ) .  
Levels of branched chain amino ac ids  throughout t h e  l i f e  of t h e  
p a t i e n t  a r e  shown i n  Figure 1. 

MATERIALS AND METHODS 

Branched-chain keto  ac id  dehydrogenase was measured by t h e  
modified method of Taylor e t  a l .  ( l l ) ,  using (1-14~1-branched- 
chain ke to  a c i d s  prepared from t h e  corresponding l-14~-amino ac ids  
by t h e  method of Rudiger e t  a l .  ( 9 ) .  Branched-chain keto  ac id  
decarboxylase was measured by t h e  modified method of Reed and 
W i l l m s  ( 7 ) .  

RESULTS 

PLASMA AMINO ACID LEVELS 

The l e v e l s  of a l l  t h r e e  branched-chain amino ac ids  were 
measured seve ra l  t imes  during t h e  p a t i e n t ' s  f i v e  months i n  hospi- 
t a l  . They appeared t o  be uniformely e levated on f i v e  ou t  of t h e  
e i g h t  t imes  t h a t  they were measured (Fig. 1 ) ;  on two occasions  t o  
markedly high l eve l s .  Levels of a l l o i s o l e u c i n e  of 10, 14 and 14uM 
were de t ec t ed  on t h r e e  occasions ,  t h e r e  being a t r a c e  a t  t h e  o the r  
t imes  of measurement. Al loisoleucine  is  undetectable  i n  t h e  
plasma of t h e  normal individual .  

POST MORTEM STUDIES 

Total  a-ketoisocaproate  dehydrogenase measured on pos t  mortem 
kidney, l i v e r ,  and b ra in  showed t h a t  t h e  p a t i e n t  had l e s s  than 10% 
of normal a c t i v i t y  i n  each case  compared t o  t h e  o the r  con t ro l s ,  
Table 1. a-Ketoisocaproate decarboxylase. on t h e  o the r  hand. 
appeared t o  be i n  t he  normal range i n  both b ra in  and kidney, bu t  
appeared t o  be  depressed i n  t h e  l i v e r .  The a c t i v i t i e s  of a-keto- 
B-methylvalerate dehydrogenase and a-ketoisovalera te  dehydrogenase 
were a l s o  l e s s  than 10% of normal a c t i v i t y  i n  l i v e r  and b ra in  
(da t a  no t  shown). Enzyme a c t i v i t i e s  obta ined f o r  branchLChain 
ke to  ac id  dehydrogenase i n  t h e  con t ro l  t i s s u e s  were s i m i l a r  t o  
those  repor ted by Khatra 2. (5) f o r  human t i s s u e s .  

DISCUSSION 

The p a t i e n t  su f f e r ing  from a def ic iency of d ihydrol ipoyl  
dehydrogenase (E3), descr ibed i n  reference (81, appears a l s o  t o  
have a de fec t  i n  branched-chain amino ac id  metaboiism. By 
measurement of t h e  branched-chain keto  a c i d  dehydrogenases, we 
have shown t h a t  t h i s  p a t i e n t  has  l e s s  than 10% of t h e  normal 
a c t i v i t y  exh ib i t ed  by these  enzymes i n  l i v e r ,  b ra in ,  and kidney. 
Severe def ic iency (<2% normal) a t  t h i s  po in t  i n  t h e  metabolism of 
branched chain amino ac ids  l eads  t o  c l a s s i c a l  Maple Syrup Urine 
Disease (MSUD) (2 ,9 ,13) ,  whi le  l e s s  severe  def ic iency (2-8%) g ives  
a v a r i a n t  MSUD with low p ro te in  to l e rance ,  and def ic iency a t  8-15% 
g ives  a va r i an t  MSUD with normal p ro t e in  to l e rance  (3,10,12).  
Though t h i s  p a t i e n t  had e l eva ted  plasma branched-chain amino ac ids  
t h e  l e v e l s  were a t  no time g r e a t e r  than 0.8 mM, which i s  indica-  
t i v e  of a mild form of MSUD ( 6 ) .  As f a r  a s  we can a s ses s  t h i s  was 
no t  a major f a c t o r  i n  t h e  d i sease  process which l e d  t o  h i s  demise. 

INTERPRETATION OF MULTIPLE DEFECTS I N  OXIDATIVE DECARBOXYLATION 

I t  has now been shown by us t h a t  t h i s  p a t i e n t  was compro- 
mised a t  t h r e e  important sites, pyruvate dehydrogenase. 
a -ke tog lu t a ra t e  dehydrogenase ( 8 ) .  and branched-chain keto  ac id  
dehydrogenase. A l l  of t hese  enzymes f o r  ox ida t ive  decarboxylation 

of a-keto-acids have a s i m i l a r  func t iona l  make-up cons i s t i ng  i n  
each case  of t h r e e  main c a t a l y t i c  enzymes bound toge the r  i n  a 
d i s c r e t e  multienzyme complex. The f i r s t  of t h e s e  enzymes,or 
a-keto-acid decarboxylase ( E l ) , r e q u i r e s  thiamine pyrophosphate f o r  
a c t i v i t y  and is  responsible  f o r  t h e  decarboxylat ion of t h e  
carboxvl  funct ion adiacent  t o  t h e  ketone aroun. The second enzvme 
(E2) .  6r dlhydrolrpo;l  t r ansace ty l a se ,  ha: boAund l l p o a t e  res ldues  
and is responsible f o r  t r a n s f e r r i n g  t h e  decarboxylated funct ion t o  
a coenzyme A moiety. The t h i r d  enzyme (E3) ,  o r  d ihydrol ipoyl  
dehydrogenase, i s  responsible  f o r  t r a n s f e r  of reducing hydrogen 
from l i p o a t e  t o  a f l avopro te in  and u l t ima te ly  NAD. El is  l i k e l y  
t o  be a d i f f e r e n t  enzyme i n  each of t h e  t h r e e  d i f f e r e n t  keto  ac id  
dehydrogenase complexes s i n c e  it dea l s  wi th  s t r u c t u r a l l y  d i f f e r e n t  
keto  ac id  s u b s t r a t e s ,  and i n  inborn e r r o r s  of pyruvate decarboxy- 
l a s e  (1.4) and branched-chain ke to  a c i d  decarboxylase (9)  a r e  
s epa ra t e  e n t i t i e s .  E2 is a l s o  l i k e l y  t o  be a d i f f e r e n t  enzyme i n  
each of t h r e e  complexes, again  because it has  t o  dea l  with 
s t r u c t u r a l l y  d i f f e r e n t  subs t r a t e s .  Eg a c t i v i t y ,  however, involves  
t h e  same s u b s t r a t e  i n  a l l  t h r e e  complexes, it is  d e f i c i e n t  i n  our  
p a t i e n t ,  and its def ic iency exp la ins  a l l  of t h e  enzymic de l e t ions  
we have demonstrated i n  t h i s  pa t i en t .  
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TABLE 1 

a-KETOISOCAPROATE DEHYDROGENASE (DH) , a-KETOISOCAPROATE DECARBOXYLASE (DC) 
AND DIHYDROLIPOYL DEHYDROGENASE (E3) I N  POST MORTEM TISSUE 

KIDNEY LIVER BRAIN 

nmol/min/gm t i s s u e  

DH DC 3 DH DC E3 DH DC E3 

Pa t i en t  0.69 0.16 117 0.80 0.19 260 0.67 0.42 80 

Controls  1 4.9 0.16 2620 19.4 0.53 6120 5.9 0.51 3750 

2 14.2 0.46 10800 19.6 0.90 14490 21.9 0.55 3830 

3 9 .1  0.25 9050 13.4 0.46 13200 5.8 0.47 2480 

4 3.6 0.10 5850 12.2 0.58 7978 7.3 0.37 2570 

5 3.9 0.07 - - 4.9 0.28 - 

Eg values  a r e  t ransposed from reference ( 8 ) .  



ISOLEUCINE 

m o n t h s  months  m o n t h s  
Figure 1. Levels of branched-chain amino ac ids  i n  t h e  plasma of 

t h e  p a t i e n t  from t h e  second month of l i f e  through t o  
t h e  seventh. The hatched ba r s  ind ica te  t h e  range of 
normal values  f o r  t h e  second t o  t h e  four th  month, 
normal values f o r  t h e  four th  t o  the  seventh month a r e  
not  avai lable .  
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