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Summary 

The stereospecificity of  hydrogen transfer in the synthesis of  saccha- 
ropine from a-ketoglutarate and L-lysine catalyzed by  saccharopine dehydro- 
genase (N s -(1,3-dicarboxypropyl)-L-lysine: NAD oxidoreductase (L-lysine- 
forming), EC 1.5.1.7) was examined by using [4A-3H] - and [4B-3H] NADH. 
The enzyme showed the A-stereospecificity. The NMR analysis of  the sac- 
charopine prepared with [4A-2H] NADH revealed that  the label was incor- 
porated into the C-2 of  the glutaryl moiety.  

The kinetic mechanism of the yeast saccharopine dehydrogenase (N s - 
(1,3-decarboxypropyl)-L-lysine: NAD oxidoreductase (L-lysine-forming), EC 
1.5.1.7) reaction requires that all substrates must  be present before the reac- 
tion can take place. The enzyme was shown to bind the substrates in an oblig- 
atory order, with the oxidized and reduced coenzymes adding first and leav- 
ing last. In the direction of  saccharopine synthesis, the second substrate ad- 
ding is ~:ketoglutarate [1] .  The binding s tudy also confirmed these findings 
[2] .  From this and other kinetic evidence [3,4] ,  it is reasonable to assume 
that  the oxidation-reduction by pyridine nucleotide coenzymes takes place 
on a Schiff base between lysine and a-ketoglutarate formed at the active site. 
However, the detailed mechanism of hydrogen transfer reaction remains to 
be elucidated. In the present investigation, the stereospecificity of  hydrogen 
transfer and the site to which the hydrogen of  NADH is transferred were ex- 
amined. 

When L-lysine and a-ketoglutarate were incubated with yeast saccha- 
ropine dehydrogenase in the presence of  either [4A-3H] - or [4B-3H] NADH, 
the label was incorporated into saccharopine only with [4A-3H] NADH. The 
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transfer of the label was quantitative and essentially no label remained in 
NAD ÷ (Table I). The results clearly indicate that the pro-R hydrogen at the 
C-4 position of the dihydronicotinamide ring of the coenzyme is exclusively 
transferred without exchange with protons of the medium. 

In order to confirm further the stereospecificity of hydrogen transfer 
and to locate the position of isotope incorporation, saccharopine was synthe- 
sized from lysine, a-ketoglutarate and [4A-2H] NADH, and the NMR spectrum 

T A B L E  I 

S T E R E O S P E C I F I C I T Y  OF H Y D R O G E N  T R A N S F E R  F R O M  C O E N Z Y M E  TO S A C C H A R O P I N E  

[4A-3H] N A D H  was  p r e p a r e d  b y  the  r e d u c t i o n  of  N A D  + wi th  [1-3H] e th an o l  (New England  Nuclear )  
and  yeas t  a l coho l  d e h y d r o g e n a s e ;  and  [4B-SIll  N A D H  wi th  DL-[  2-3H] g l u t a m a t e  (New England  Nuclear )  
and  bov ine  l iver  gl~, tamate d e h y d r o g e n a s e .  The  r e d u c e d  c o e n z y m e  was  pur i f i ed  by  c h r o m a t o g r a p h y  on  
DEAE-cel lu lose  ( b i c a r b o n a t e  f o r m ) .  The  synthes is  of  s accha rop ine  was  car r ied  o u t  by  i ncuba t ing  60  
Drool o f  L-lys ine,  15 #tool  of  c~-ketoglutarate,  a pur i f ied  preparat ion  o f  yeas t  saeeha rop ine  d e h y d r o -  
genase  [5 ]  and  5 ~ m o l  o f  e i ther  [ 4 A - 3 H ] -  or  [4B-3H] N A D H  in 5 m l  of  0 .08  M NH 4 HCO s . Saeeha-  

• N ÷ " " rop lne  and  AD were  s epa ra t ed  by  c h r o m a t o g r a p h y  on D o w e x  l X 8  (ace ta te  fo rm) .  0.1 M acet ic  acid 
and  0.1 M s o d i u m  ace t a t e  were  used  to  e lu te  saccha rop ine  an d  N A D  +, respect ive ly .  C o n c e n t r a t i o n  o f  
saeeha rop ine  in the  e f f l u e n t  was  d e t e r m i n e d  b y  the  a m o u n t  o f  N A D H  f o r m e d  on i n c u b a t i o n  wi th  sac- 
cha ro p i ne  d e h y d r o g e n a s e  a nd  excess  N A D  ÷, a nd  t h a t  o f  N A D  + f r o m  its m o l a r  a b s o r b a n c e  (e = 18 .0  
c m  -1 ) a t  260  n m .  T he  r ad ioac t iv i ty  m e a s u r e m e n t s  were  m a d e  in an  A lo k a  m o d e l  LSC-903 l iquid  scin- 
t i l la t ion s p e c t r o m e t e r ,  us ing a t o l u e n e  sc int i l la t ion  fluid. 

Rad ioac t iv i t y  ( d p m / D m o l  X 10 -4  

C o e n z y m e  Before  Af t e r  r e a c t i o n  
reac t ion  

N A D H  H A D  + Saccha rop ine  

[4A-3H] N A D H  4 .28  0 .20  4 .10  
[4Bo3H] N A D H  1.30 1 .25  0 .11  

of the resulting saccharopine was determined. Fig. 1 shows the spectra of 
saccharopine prepared with NADH and [4A-2H] NADH. Both compounds 
gave an identical spectrum except the signals at 3.2 to 3.6 ppm. It was shown 
previously with N s -(1-carboxyethyl)-L-lysine that the protons at C-2 of 
the lysine moiety and C-2 of the propionyl moiety gave overlapping peaks in 
this region, and the proton at the propionyl residue constituted the high field 
signal [7]. From this fact and by comparison with L-lysine spectrum (not 
shown), the high field signals in the 3.2--3.6 ppm regions may be assigned to 
the C-2 proton of the glutaryl moiety. Fig. 1B shows that this signal is com- 
pletely absent in saccharopine prepared with [4A-~H] NADH. Integration of 
the signals in this region also indicates a loss of signal corresponding to one 
proton. Thus, the NMR study shows that the pro-R hydrogen at C-4 of 
NADH is quantitatively transferred to C-2 of the giutaryl moiety of saccha- 
ropine. 

The results obtained in this study are consistent with the idea that direct 
hydrogen transfer occurs from pro-4R position of NADH to the ketimine 
carbon of a Schiff base between the enzyme-bound lysine and ~-ketoglutarate. 
The stereospecificities of a great many pyridine nucleotide dehydrogenases 
are now known (see, for example, Ref. 8). From available data, the stereo- 
specificity of hydrogen transfer appears to be characteristic of the enzyme, 
not of the substrate or the type of reaction catalyzed. Among dehydrogenas- 
es catalyzing the C-N bond formation and cleavage, alanine dehydrogenase is 
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Fig. 1. The NMR spect ra  o f  saccharop ine  p repared  wi th  NADH (A) and  wi th  [4A-2H] NADH (B). 
[4A-2H] NADH was p repa red  b y  the  r educ t ion  of  NAD + with  [ 2I-I6 ] ~thanol  (Merck, Sharp and  Dohme,  
Canada;  a n h y d r o u s ,  99% isotopic  pur i ty )  and  the  yeast  a lcohol  dehydrogenase  essentially as descr ibed 
by Dalziel [ 6 ] .  Saccharop ine  synthes ized b y  incuba t ion  of  L-lysine, a -ke toglu tsxa te ,  and  NADH or  
[4A-2H] NADH wi th  saccharopine  dehydrogenase  was pur i f ied  b y  c h r o m a t o g r a p h y  on Dowex 1. The 
mater ia ls  were recrystal l ized f rom H 2 0 .  The NMR spect ra  were t aken  a t  90 MHz in a Var ian EM-390 
spec t romete r  on samples  dissolved in 0 .18  M NaO2H (Merck, Sharp and  Dohme,  Canada)  in 2H20 (5%). 
The amb ien t  t empe ra tu r e  was 25 ° C. 

shown to be A-stereospecific [9] ,  while glutamate dehydrogenase [10] and 
leucine dehydrogenase [11] are B-specific. It is of interest to note that octo- 
pine dehydrogenase, which catalyzes the reaction analogous to saccharopine 
dehydrogenase, belongs to the B-class [12] .  
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