
Pediat. Res. 12: 235-238 (1978) Branched chain amino acids thiamine 
maple syrup urine disease vitamin responsiveness 
mitochondrial membranes 

In Vivo and in Vitro Response of Human 
Branched Chain a-Ketoacid Dehydrogenase to 

Thiamine and Thiamine Pyrophosphate 

DEAN J. DANNER,'27' FRANCES B. WHEELER, SANDRA K. LEMMON, AND LOUIS J. ELSAS I1 

Department of Pediatrics, Division of Medical Genetics, Emory University School of Medicine, 
Atlanta, Georgia, USA 

Summary 

In a homozygous affected patient with maple syrup urine 
disease, pharmacologic doses of thiamine lowered urinary excre- 
tion of branched chain a-ketoacids and stimulated branched 
chain a-ketoacid dehydrogenase (BCKAD) in his peripheral 
blood leukocvtes. Suvvlementation of his branched chain ami- 
noacid restricted diei h t h  100 mglday of thiamine eliminated 
recurrent episodes of ketoacidosis.~hese clinical responses were 
studied in vitro using mitochondria1 inner membranes prepared 
from his cultured skin fibroblasts and those from another 
thiamine-responsive patient from Canada. BCKAD in both 
mutant cell lines had similarities to normal enzyme including: 
identical apparent K,,, value for thiamine pyrophosphate; similar 
heat inactivation profdes which were slowed by the presence of 
thiamine pyrophosphate; and stimulation above basal activity by 
thiamine pyrophosphate. Differences in the enzymes included: 
decreased apparent V,,, for thiamine pyrophosphate; increased 

lability at  37"; and failure to respond to added NAD+, CoASH, 
and MgZ+. 

We propose that "excess" thiamine led to increased available 
thiamine pyrophosphate which stabilized the branched chain a- 
ketoacid dehydrogenase, decreased biologic turnover, increased 
enzyme specific activity and produced in vivo tolerance to 
branched chain aminoacids in these patients with maple syrup 
urine disease. 

Speculation 

By studying the partially purified normal and mutant branched 
chain a-ketoacid dehydrogenases from cultured human fibro- 
blasts, direct in vitro effects of thiamine pyrophosphate can be 
measured and related to in vivo clinical responses. This should 
improve and extend the treatment and management of patients 
with maple syrup urine disease and provide a method for study 
of other mutant human enzymes located in the mitochondrial 
membrane. . . 



INTRODUCTION 

Thiamine responsive maple syrup urine disease (ffiUD) was f i r s t  described 
i n  1971. Oral loading with vitamin B decreased previously elevated plasma 
branched chain amino acid concentratiAns i n  a presumably homozygous affected 
Canadian female ch i ld  (22). I n  a preliminary study we reported a s imilar  
e f fec t  from high doses of o r a l  thiamine on two homozygous affected brothers  
(6). MSUD r e s u l t s  from a epecif ic  decrease i n  the  a c t i v i t y  of branched chain 
a-ketoacid dehydrogenase (BCKAD) which oxidat ively decarboxylates a-ketoiso- 
caproate (KIc), a-keto-0-methylvalerate (KMV) and a-ketoisovalerate (KIV), 
the  transaminated products of leucine,  isoleucine and val ine respect ively 
(9.25). BCKAD is thought t o  be a multienzyme complex composed of a decarboxy- 
l a se ,  a t ransacylase and lipoamide oxidoreductase i n  which thiamine pyrophos- 
phate (TPP) i s  a cofactor  f o r  the  f i r s t  component (5.24). In t r ace l lu la r  con- 
centrat ion of t h i s  cofactor  can most l i k e l y  be increased by o r a l  loading s ince 
thiamine kinase i s  ac t ive  i n  the in te s t ine  and most other  t i s sues  of man (15, 
17.18.23). 

Vitamin responsive inborn e r ro r s  of metaboliam have been recognized f o r  a 
number of years and our understanding of t h e  mechanism by which these res- 
ponses a r e  real ized continues t o  advance (1.12.13,16,19.20.22). Classical ly.  
holoenzyme function was augmented by mass act ion through increased coenzyme 
production and binding t o  apoenzyme. I n  a more recent ly postulated mechanism, 
the  presence of "excess" coenzyme decreased t h e  degradation o f  holoenzyme 
(12.13). This mechanism was invoked a s  t h e  means by which 'ITP improved BCKAE 
a c t i v i t y  (4,6). Supraphysiologic ingest ion of thiamine increased BCKAD ac t i -  
v i t y  i n  normal adul t  l i v e r  by 2 fold, but required th ree  weeks, the  approx- 
imate biological  ha l f  l i f e  of mitochondrial turnover (4). Because BCKAD i s  
expressed incul tured human skin fibroblasts, and a decreased a c t i v i t y  i s  obser- 
ved i n  c e l l s  from MSLRI pa t i en t s ,  t h i a  t i s s u e  was used t o  study i n  v i t r o  the  
e f f e c t  of TPP (2-6.9). Here we report  the  e f f e c t  of o r a l  loading with thiamine 
on urine concentrations of the  branched chain a-ketoacids and on enzyme func- 
t i o n  i n  i so la t ed  white blood c e l l s  from a s ingle homozygous affected pat ient .  
We a l so  report  s tudies  on t h e  e f fec t  of TPP on BCKAD ac t iv i ty  i n  i so la t ed  mi- 
tochondrial inner membranes from f ib rob las t s  cul tured from t h i s  thiamine res- 
ponsive pa t i en t ,  t he  Canadian pa t i en t  and normal controls. 

METHOLX ARD MATERIALS 

Following detai led descript ion o f  the  research p ro jec t  and obtaining 
informed parental  consent, a homozygous affected EUD pa t i en t  was admitted 
t o  the  C l in ica l  Research Fac i l i ty  a t  Emory University where continuous 
supervision of h i s  d i e t  was possible. This pat ient 's  synthet ic  d i e t  was 
r e s t r i c t e d  i n  branched chain amino acids and supplemented with Recommended 
Dietary Allowances of a l l  vitamins including 5 mg/day of thiamine. After 1 
week of s t ab i l i za t ion ,  the  study was begun.. After no added thiamine, the  
d i e t  was then supplemented with 50. 100 and 150 mg of thiamine-HC1. respec- 
t i v e l y  f o r  each of th ree  succeeding weeks. A 24 hour ur ine was col lected on 
day 1.3. and 7. and 1 0  ml of heparinized blood was col lected a f t e r  day 3 of 
each of four weekly periods. White blood ce l l a  were prepared from the  
unclotted blpod using t h e  polyvinyl pyrollidone method (20). These c e l l s  
were used f r e sh  fo r  assay of t h e  BCKAD ac t iv i ty .  

Punch skin biopsy was used t o  obtain a primary cu l tu re  of f ib rob las t s  
from t h i s  pa t i en t  (Mutant A). Fibroblasts  cul tured from t h e  previously 
reported thiamine responsive pa t i en t  were purchased fromTne.Repository for  ' 
Human Mutant Cel l  S t ra ins  i n  Canada (Mutant B). Cel ls  were g r m  i n  690 cm2 
Bellco r o l l e r  bo t t l e s  using Mbecco-Vogt medium supplemented v i t h  15% 
f e t a l  ca l f  serum. Cells  were harvested when confluent. usually 7 days, by 
treatment with 0.25% t ryps in  fo r  30 minutes a t  37O. Three t o  four r o l l e r  
bo t t l e s  yielded between 0.75 and 1.50 g wet weight of ce l l$ .  The c e l l s  were 
then suspended i n  0.27M mannitol buffered with 1 0  mM Pie-HCl, a t  pH 7.4 and 
made 0.1 mM with respect  t o  EDTA, hence MTE buffer ,  t o  a f i n a l  concentration 
of 400 mg wet weight per 1 0  ml buffer. R o t e a s e  VI was added a t  2.5 vg/40 mg 
wet weight and allowed t o  r eac t  f o r  7 minutes a t  0'. At the  end of t h i s  incu- 
bation, the  c e l l s  were homogenized v i t h  a glass-Teflon grinder and the  volume 
doubled with MTE buffer. Centrifugation a t  700 xg f o r  1 0  minutes separated 
undisrupted c e l l s  and nuclei from t h e  mitochondria-containing supernatant. 
Mitochondria were pe l l e t ed  by centr i fugat ion of th i a  supernatant a t  10,000 
xg f o r  1 0  minutes. Mitochondria prepared by t h i s  method showed coupled 
re sp i ra t ion  i n  the  presence o f  succinate  and ADP (5). This mitochondria r i c h  
p e l l e t  was t r ea ted  with 0.5 vg digi tonin per  mg mitochondrial protein fo r  
20 minutes a t  0'. Detergent act ion was stopped by the  addit ion of MTE 
buf fe r  equal t o  the  suspending volume and inne r  membrane ves ic l e s  pe l l e t ed  by 
centr i fugat ion a t  10,000 xg fo r  15  minutes. This inner  membrane r i c h  p e l l e t  
was suspended i n  30 mM K PO buf fe r  pH 7.2 t o  a concentration of 80 t o  150 
r g  protein per  ml f o r  us: n i  t h e  enzyme source (5.21). 

ASSAY 

Urinary ketoacid concentrations were determined a s  t h e i r  methyl deriva- 
t i v e s  by gas chrom tography (7) .  Enzyme ac v i t y  was assessed by l iqu id  li s c i n t i i p t i o n  of ltC02 released from the  1- C labeled ketoacid prepared from 
the  1- C labeled precursor amino acid a s  previously described (8). Incuba- 
t i o n  a t  37O was fo r  t h e  indicated times i n  t h e  legends t o  f igures and tables .  

HEAT INACTIVATION 

Aliquots of i so la t ed  mitochondrial inner  membranes were placed i n  a 
va te r  bath a t  t h e  indicated temperature fo r  the  appropriate time. with in te r -  
mit tant  shaking t o  prevent superheating. The samples were then placed on 
i c e  u n t i l  assay. Cofactors were present o r  absent a s  indicated. A minimum of 
100 ug of protein were w e d  fo r  a l i q w t s .  Protein was determined by the  
method of Lowry using bovine serum albumin as  a standard (14). 

Data analyses were aided by computer programs. A l l  reagents were of 
highest pu r i ty  avai lable  and made up i n  deionized water. 

RESULTS 

I n  order t o  evaluate the  biochemical response o f  MSUD pa t i en t s  t o  
o r a l  loading with thiamine, urinary output of t h e  a-ketoacids was monitored 
along with BCKAD a c t i v i t y  i n  i so la t ed  white blood ce l l s .  Figure 1 summarizes 
the &*response. The upper panel demonstrates reduction i n  ur inary 
a-ketoacid excret ion with increaaed o r a l  thiamine. On a branched chain amino 
acid r e s t r i c t e d  d i e t  a t  1.25 gm protein per pound body weight, t he  pa t i en t  
excreted 199 2 80 and 194 f 18 mg per  24 h r  of a-ketoisocaproic and a-keto- 
8-methylvaleric acids respectively. After 3 weeks of supplemental thiamine 
these values had fa l l en  t o  34 -+ 19 and 42 !: 18 mg per  24 hr. The lower panel 
represents  the  e f fec t  of o r a l  thiamine on peripheral  leukocyte BCKAD. To 
normalize t h e  enzyme data ,  a s ing le  control  individual  was used who was 
maintained on Recommended Dietary Allowance doses of thiamine and a normal 
diet .  Before thiamine administration, val ine,  leucine,  and isoleucine decar- 
boxylation was 4.7, 2.3, and 5.5% of control ,  respectively. After thiamine 
these values rose t o  25.7, 16.6 and 23.0% of the  same control. 
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The pa t i en t  was dismissed from t h e  f a c i l i t y  and instructed t o  continue 
dai ly o r a l  doses of 100 mg thiamine. After th ree  years  on thiamine therapy. 
t h e  pa t i en t  was again admitted t o  the  Clinical  ~ese i r r ch  Fac i l i ty  fo r  reeval- 
uation. Thiamine above Recommended Dietary Allowance l eve l  was removed from 
h i s  d i e t  fo r  th ree  weeks and urinary branched chain a-ketoacid excretion and 
peripheral 'white  blood c e l l  BCKAD a c t i v i t y  was assayed. Bath 24 h r  urinary 
excretion and BCKAD ac t iv i ty  on admission was the  same as  day 28 of t h e i n i t i a l  
study and remained a t  t h i a  l e v e l  throughout t h e  th ree  week t e s t  period. The 
pa t i en t ' s  monthly ketoacidosis of unknown cause disappeared and f o r  s i x  
years t h e  pa t i en t  has remained s t a b l e  on the  r e s t r i c t i v e  diet.supplemented 
with thiamine a t  100 mg/day and has required no further  hospi tal izat ions fo r  
treatment of metabolic acidosis. 

Since t h e  ac t iv i ty  of the  dehydrogenase was r e f l ec ted  i n  cul tured skin 
f ib rob las t s ,  t h i s  t i s s u e  was used t o  invest igate  the  mechanisms producing 
the  observed c l i n i c a l  responses t o  high doses of thiamine. I so la t ed  inner  
mitochondrial membranes provided a p a r t i a l l y  pur i f i ed  enzyme preparation which 
eliminated complicating variables  i n  branched chain a-ketoacid decarboxyla- 
t i o n  auch a s  membrane t ransport  of substrates  and cofactors  and transamina- 
t i o n  of aminoacid precursors. Data of Johnson and Connelly with beef l i v e r  
mitochondria suggested t h a t  t h e  branched chain a-ketoacid dehydrogenase was 
local ized on the  outside of t h e  inner  membranes, facing the  intramitochon- 
d r i a l  space (11). When t h e  outer  membrane was removed by digitonin, t r ea t -  
ment, properly or iented inner  membranes were obtained (21). Thus, the  enzyme 
was made direct ly 'accessible  t o  the  subs t ra t e  and cofactors. 

When these membrane preparations were incubated a t  37' without exogenou 
cofactors followed by a 15 minute assay, 14c0 re l ease  from t h e  a-ketoacids 
became dependent upon the  addit ion o f  cofacto?a during t h e  assay. The 
most important cofactor t o  eliminate was thiamine pyrophosphate s ince the  
f a l l  t o  basel ine a c t i v i t y  did not occur i f  t h i s  cofactor alone were added 
t o  the  buffer  (5). The l e f t  panel i n  f igu re  2 shows t h a t  BCKAD from normal 
f ib rob las t s  f e l l  t o  basa l  ac t iv i ty  a f t e r  90 minutes. Without exogenous co- 
factors  during t h e  assay, a c t i v i t y  was only 3% of t h a t  found a f t e r  5 minutes 
of incubation. The 5 minute time point r e f l e c t s  t h e  temperature equilibra- 
t i o n  period used i n  a l l  experiments and was used as  our zero time point. 
When all four  cofactors were present during the  15  minute assay, f u l l  res-  
to ra t ion  of a c t i v i t y  was possible. The r i g h t  panel describes a s imi la r  
e f fec t  with mutant enzyme. I n  contrast  t o  normal enzyme, a f t e r  90 minutes 
it was only possible  t o  r e s to re  34% of the  mutant enzyme a c t i v i t y  by t h e  
addition of cofactors. Nl res to ra t ion  of CO re lease  was possible  a t  the 
30 minute time point  with these preparations &om the mutant. Thus, the  
mutant enzyme complex appeared more sens i t ive  t o  increasing duration of 
preincubation re f l ec t ing  an increaaed l a b i l i t y  a t  37'. 

Cofactors were then t e s t e d  s ingly and i n  combination fo r  t h e i r  a b i l i t y  
t o  r e s to re  decarboxylating a c t i v i t y  t o  the  proteins i n  inner  mitochondrial 
membranes. All possible  combinations were t e s t ed  but  only the  r e su l t s  of 
the  most pert inent  da ta  a re  reported i n  Table I. Ninety minutes of incu- 
bat ion was used t o  lower CO release t o  basa l  level .  Again, note t h a t  the  
absence of thiamine pyropho$hate during t h i s  prein$ybation was necessary t o  
a t t a i n  basa l  ac t iv i ty  (5). When NAD+, CoASH and Mg were present  during 
preincubation and assay. BCKAD from normal c e l l s  was maintained a t  18  fold 
above basa l  level .  This was not  seen fo r  enzyme from the  mutant ce l l s .  
When thiamine pyropbosphate'was added along with t h e  o the r  cofactors  during 
the  assay period, an addit ional  3 fo ld  s t imulat ion was observed with normal 
enzyme and a s imi la r  e f f e c t  was now seen with BCKAD from the  mutant cel la .  
Iden t i ca l  r e s u l t s  were seenwi th  mutant A, data  not  shorn. 

The response t o  added 'ITP a f t e r  90 minutes incubation without cofactors 
made it possible  t o  compare a f f i n i t y  constants fo r  thiamine pyrophosphate i n  
the  mitochondrial inner  membrane preparations from mutant and normal c e l l  
l ines .  Double reciprocal  p lo t s  of veloci ty versus thiamine pyrophospB$te con- 
centrat ions with sa tu ra t ing  concentrations o f  KIC, IiAD'. CoASH and Mg shovcd 
a common apparent & p p e  of 1.6 vM, f igure 3. Apparent Vm values were 
2632 and 1053 pmoles C02/mg protein/ l5 minutes fo r  normal c e l l  BCKADs and 
400 and 180 pmoles 14~~2/mg protein115 minutes fo r  mutants B and A respec- 
t ively.  These findings indicated t h a t  both mutants had a decreased apparent 
Vm fo r  thiamine pyrophosphate and t h e  two fo ld  higher ove ra l l  a c t i v i t y  
expressed by the  Canadian pa t i en t  (Mutant B) as  compared t o  the  Georgian 
(Mutant A) might r e f l e c t  t h e i r  c l i n i c a l  findings of a more benign expression 
fo r  t h e  Canadian pa t i en t  when compared t o  t h e  Georgian. 

Heat inact ivat ion can often dis t inguish a mutant enzyme from i t s  normal 
counterpart. This was not t r u e  i n  our inner  membrane preparations. When 
denaturation a t  50° with time was measured, iden t i ca l  r a t e s  of inact ivat ion 
were observed i n  t h e  mutant and normal membrane preparations (Figure 4). 
Of i n t e r e s t ,  however, was the  s t a b i l i z i n g  e f f e c t  of thiamine pyrophosphate on 
these r a t e s  of inact ivat ion.  When thiamine pyrophosphate was included during 
the  heating process, t he  inact ivat ion r a t e  was retarded i n  a s imilar  manner 
fo r  normal and mutant. T for  normal BCKAD went from 5minwithout thiamine 
pyrophosphate t o  10 min i% t h e  presence of thiamine pyrophosphate and f o r  
mutant BCKAD the  respect ive times were 6 and 12 min. 

DISCUSSION 

These da ta  explore t h e  mechanism of vitamin response and expand an 
e a r l i e r  report  from Canada about a thiamine-responsive pa t i en t  with ffiUD 
who had decreased plasma branched chain amino acids i n  response t o  high 
o r a l  doses of thiamine (22). A response t o  thiamine i n  pharmacological 
doses was characterized by both lowering o f  ur inary branched chain u-keto- 
acids and an increase i n  BCKAD a c t i v i t y  i n  i so la t ed  white ce l l s .  I n i t i a l l y .  
t he  pa t i en t ' s  condition was control led by dietary r e s t r i c t i o n  of the  branched 
chain amino acids which maintained urinary ketoacid excret ion a t  approximate- 
l y  200 mg/24 hour (days 0-7. f igure 1 ) .  After  th ree  weeks of added thiamine, 
t h e  output of these ketoacids was fu r the r  reduced and has remained a t  these 
lowered l eve l s  f o r  s i x  years. I n  addition, the  spec i f i c  a c t i v i t y  of h i s  
peripheral  leukocytes' BCKAD increased a t  l e a s t  5 fo ld  during th ia  treatment 
period and suggested t h a t  improved enzyme function was the  d i rec t  e f f e c t  of 
pharmacological doses o f  thiamine. It was found previously t h a t  the  speci- 
f i c  a c t i v i t y  of normal adul t  l i v e r  BCKAD increaaed a f t e r  th ree  weeks of 
o r a l  loading with thiamine (4) .  A c l i n i c a l  hypothesis t o  co r re la t e  these 
findings suggests t h a t  g rea te r  intake of thiamine produced higher in t r a -  
c e l l u l a r  concentrations of thiamine pyrophosphate, which increased the  bio- 
log ica l  h a l f d i f e  o f  mitochondrial branched chain a-ketoacid dehydrogenase. 
Acute e f fec t s  of high-dose vitamin administration and removal would not be 
expected by t h i s  hypothetical mechanisim. This, i n  f ac t ,  vas seen i n  the  
Georgia pat ient .  Additionally. removal of high l eve l s  of thiamine from t h i s  
pa t i en t ' s  d i e t  did not r e s u l t  i n  increased urinary ketoacid l eve l s  and 
decreased BCKAD a c t i v i t y  i n  white blood c e l l s  t o  pretreatment l eve l s  within 
th ree  subsequent weeks of observation. 

Direct biochemical data  t o  explain t h e  inn e f f e c t  of high thiamine 
was sought by analysis  of normal and mutant BCKAD p a r t i a l l y  pur i f i ed  but  
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bound t o  inner mitochondria1 membranes of cultured human sk in  f ibroblasts :  
' 

Mitochondrial inner  membranes prepared by treatment with digi tonin resul ted 
i n  a 5 fo ld  pur i f i ca t ion  of BCKAD and eliminated the  need fo r  transmembrane 
t ransport  and conversion o f  predursors t o  cofactors and substrates  before 
ca ta lys i s  (5,21). The use o f  these organel les  a s  the  enzyme source a l s o  
minimized contamination by other  cataholic  react ions which might compete 
fo r  t h e  exogenous cofactors and substrate .  

Despite marked reduction i n  ove ra l l  ac t iv i ty .  BCKAD prepared i n  t h i s  
way from USUD mutant c e l l s  had several  s imi la r  physical cha rac te r i s t i c s  
when compared t o  enzyme prepared from c e l l s  with normal BCKAD ac t iv i ty .  
Decarboxylation of the  branched chain a-ketoacids by both normal and mutant 
enzymes was reduced t o  basa l  l eve l  by incubation f o r  90 minutes without 
exogenous cofactors. Addition of TPP during t h i s  period prevented t h i s  f a l l  
i n  ac t iv i ty  (5 ) .  Addition of TPP t o  both preparations a t  basa l  l eve l s  pro- 
duced a th ree  fold s t imulat ion i n  COD re lease  i n  the  presence of NAD+, CoASH 
and Mg2+ suggesting s imi la r  cofactor  requirements. Inact ivat ion o f  both 
normal and mutant BCKAD occurred within 15 minutes a t  50°. l h i s  r a t e  was 
slowed and T doubled by including thiamine Wrophosphate during heating i n  
both the  norgal and mutant preparations indicat ing t h a t  thiamine pyrophos- 
phate produced thermostability. Final ly,  an apparent & value of 1.6 uM f o r  
thiamine pyrophosphate binding i n  BCKAD was iden t i ca l  f o r  the  enzyme from 
mutant and normal c e l l s  indicat ing a s imilar  a f f i n i t y  f o r  t h i s  cofactor. 

Important differences were found f o r  the  BCKAD from these mutants a s  
compared t o  the  enzyme from control  ce l l s .  The maximal r a t e  of C02 release 
a t  sa tu ra t ing  concentrations of thiamine pyrophosphate (vm) was g rea t ly  
reduced for  the  two mutant enzymes studied. Since binding fo r  thiamine pyro- 
phosphate was normal (&) we suggest t h a t  the f i r s t  protein i n  the  complex. 
decarboxylase, functions normally i n  substrate  and cofactor binding. Thus. 
decreased a c t i v i t y  would have t o  be due t o  an abnormality i n  associat ion of 
the  component proteins,  an abnormal ca ta ly t i c  s i t e  i n  one o f  the  other  two 
components o r  decreased number of functioning decarboxylase subunits. The 
concept of unstable protein-protein in te rac t ion  i s  supported by t h e  f a c t  
t h a t  the normal BCKAD could be reconst i tuted by t h e  addit ion of NAD+, CoASH 
and Mg2+ without thiamine pyrophosphate while both mutant complexes were 
unresponsive t o  t h i s  treatment (Table 1 ) .  Differences i n  V between the  mu- 
t a n t s  were r e f l ec ted  i n  t h e  in * study where it was repoFted t h a t  the  
Canadian pa t i en t  required only 1 0  mg thiamine per day fo r  an acute lowering 
of plasma branched chain aminoacids while i n  t h i s  study 100 mg thiaminelday 
was determined t o  be necessary and required th ree  weeks f o r  maximal effect .  
It has a l so  been reported tha t  the  Canadian pa t i en t  had 40% of  normal BCKAD 
a c t i v i t y  with 0.1 mM isoleucine but  approached normal with 5 mM substrate  (22). 
Enzyme a c t i v i t y  from the  Georgia pa t i en t  has never exceeded 25% of control. 
This suggests t h a t  d i f f e ren t  mutations a r e  responsible fo r  these two MSUD 
phenotypes. --  

These r e s u l t s  do not provide clear .  simple answers t o  the  mechanism 
by which thiamine was able  t o  improve the  phenotypic expression of USUD i n  
these two pat ients .  They do suggest t h a t  the  mutation does not  involve the  
transmembrane t ransport  o f  thiamine, i t s  conversion t o  thiamine pyrophos- 
phate o r  i t s  binding t o  the  decarhoxylase protein. Several other  possibi l -  
i t i e s  fo r  t h e  thiamine e f fc - t  exis t .  We know t h a t  thiamine pyrophosphate 
functions a s  t h e  acceptor molecule f o r  the  acyl  moity (24). This primary r o l e  
may be l imited i n  a mutant multienzyme complex. A secondary ro le  fo r  thiamine 
pyrophosphate might be t o  a i d  i n  t h e  proper alignment o f  component proteins. 
This r o l e  was demonstrated f o r  thiamine pyrophosphate with bac te r i a l  pyruvate 
decarboxylase (10). Since BCKAD from mutants A & B had a decreased a c t i v i t y  
(Vm) a t  sa tu ra t ing  l eve l s  of thiamine wrophosphate the  l a rge r  amounts of 
t h i s  cofactor  could be necessary f o r  optimum component association. Thus. 
when thiamine pyrophosphate was present  i n  quanti ty  su f f i c i en t  for  t o t a l  
binding, then proper associat ion might r e s u l t  and l ead  t o  a more s t ab le  complex 
b e t t e r  able  t o  catalyze t h i s  reaction. This pos tu la t e  is supported by t h e  
f ac t tha t  mutant enzyme was more l a b i l e  a t  37O and thiamine pyrophosphate 
s t ab i l i zed  both normal and mutant BcKAD a t  both 37O and 50'. A s t ab i l i za t ion  
e f fec t  o f  B6 on mutant cystathionine 8-synthase has a l so  been proposed (12.13). 

More d i r e c t  answers concerning the  spec i f i c  mutant gene product may 
be obtained through immunologic studies. Currently, normal m m a l i a n  BCKAD 
i s  being purif ied and antibodies raised t o  i t s  component proteins. Inner 
mitochondrial membranes from m U D  mutant fibroblasts w i l l  then be s tudied by 
immuno-histochemical methods i n  an attempt t o  spec i f i ca l ly  ident ify the  
abnormal protein and record more precisely t h e  e f fec t s  of thiamine wrophos- 
phate on the  biological  r a t e s  o f  p ro te in  degradation. 

The authors wish t o  thank Dr. C.R. Scriver  fo r  allowing us t o  study 
the  cul tured akin f ib rob las t s  from h i s  pat ients .  A spec ia l  thanks a l so  t o  
Bea Pask for  technical  assis tance and Cheryl Jorgensen-Vranan f o r  typing the  
manuscript. 
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FIC'LE 1 response of pa t i en t  t o  o r a l  loading with 

thiamine-HC1. Upper panel demonstrates t h e  f a l l  i n  ur inary 

a-ketoacids during the  t e s t  period. Values r ep resen t  the  

average of 4 ce temina t ions  2 SEl4. KIC - a-ketoisocaproate, 

KMY - a-keto-6-oethylvalerate. The lower panel represents  t h e  

concomitant increase i n  branched chain a-ketoacid dehydrogenase 

(BCKAD) a c t i v i t y  i n  i so la t ed  white h l w d  c e l l s  during t h i s  same 

period. The values a r e  an  average o f  4 determinations expressed 

a s  percent  of a c t i v i t y  in  white blood c e l l s  from t h e  same unaffected 

adu l t  con t ro l  prepared and assayed on t h e  same day. Assw is 

described i n  Kethods and Materials. 

MINUTES ot 37' BEFORE ASSAY 

FIGLRE 2 Reconst i tut ion of branched chain a-ketoacid dehydrogenase 

a c t i v i t y  with mitochondria1 inner  membranes from con t ro l  D, and 

mutant B f ibroblasts .  represents  a s s w  i n  t h e  presence of 

exogenous cofactors ,  during 15  ninute assay. Data i s  the  average 

of 6-8 deterninet ions t 6M. Assay i~ a s  described i n  Methods and 

Materials.O.1 mM l-14~-a-ketoisocaproate served a s  substrate .  

I 
TPP xyM 

FIGURE 3 Lineweaver Burh plot  o f  a c t i v i t y  v s  TPP concentrat ion 

f o r  branched chain a-ketoacid dehydrogenase i n  mitochondria1 

inner  membranes i so la t ed  f roncu l tu redsk in  f ib rob las t s .  Tissue 

preparat ions were preincubated i n  30 mM KPO,,. pE 7.2 buffer  fo r  

90 minutes. Reactions were i n i t i a t e d  by addit ion of l-''C-a- 

ketoisocaproate a t  0.1 DM and CoASH. NAD+. &'*at 0.2 EM. TPP 

was present  a t  t he  indicated concentrat ions and incubation vas f o r  

15  min;tes. Data represent  t h e  average of 4-8 determinations f o r  

each point. +-A, M - mutant A & B, respect ively;  O--O, 

X--X = control. 
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MINUTES of 50' 

FIGURE 4 Effect  of heat ing mitochondria1 inner  membranes a t  50' 

on branched chain a-ketoacid dehydrogenase i n  t h e  absence 

(- - -) and presence (-1 of 0.2 mMthiamine pyrophosphate. 

Assay was fo r  15  minutes a s  described i n  t e x t  with a l l  

cofactors  present  during assay. 0.1 mM 1-"c-a-keto- 

isocaproate  served as substrate .  Data i s  t h e  average of 

4 determinations and expressed a s  % of unheated sample 

+ o r  - SEX. [7 = Control; A = Mutant A. 
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