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B A C T E R I A L  T R A N S A M I N A T I O N  OF T H E  S T E R E O I S O M E R S  OF 

D I A M I N O P I M E L I C  ACID A N D  L Y S I N E  

P A U L I N E  M E A D O W *  AND E L I Z A B E T H  W O R K * *  

Department o[ Chemical Pathology, University Gollege Hospital Medical School, 
London (Great Britain) 

Two of the three stereoisomers of diaminopimelic acid are known to be metabolised 
by bacteria. The meso isomer is converted to L-lysine by diaminopimelic acid de- 
carboxylase 1, while the meso and L,L-isomers are interconverted by diaminopimelic 
acid racemase 2. We now present evidence that in certain bacteria all three stereo- 
isomers may participate in transamination reactions with oxoglutaric, oxaloacetic 
or p~zruvic acids. Transamination of both isomers of lysine was also observed. 

Tests for transamination were carried out by incubating the keto acid and amino 
acid in the presence of pyridoxal phosphate with a cell suspension of acetone-dried 
bacteria at pH 8.5, and examining the reaction mixtures by paper chromatography 
(for method, see Fig. i). Comparisons were also made of the ability of the cells to 
transaminate L- or I)-glutamic acid. No investigations were made as to the stereoiso- 
meric configuration of the products of transamination, nor was the possibility of 
indirect transamination eliminated. No reaction occurred in the absence of bacterial 
cells. 

The transaminase activities of various representative organisms are shown in 
Table I. Only Baci l lus  sphaericus,  lacking diaminopimelic acid racemase 3, was suitable 
for testing both meso and L,L-isomers, since with other organisms these two isomers 
were rapidly interconverted by the racemase. Escherichia coli mutant  26-26 and 
Bacil lus  cereus, both of which contain no diaminopimelic acid decarboxylase*, 2, 
were used to eliminate any possibility that the apparent transamination of meso- 
diaminopimelic acid was due, in reality, to a preliminary decarboxylation to L-lysine, 
followed by transamination of lysine. 

Mesod iaminop ime l i c  acid actively transaminated with at least one keto acid in 
all the organisms tested. Tile rates varied, both absolutely, and with respect to 
glutamic acid transanaination. In 13. sphaerious the rate of transamination of meso- 
diaminopimelic acid was as high as that of glutamic acid, in Saraina lutea it was lower, 

* Present address: Department of Biochemistry, University College, London, 
* *  Present address: Service de Physiologie Microbienne, Institut Pasteur, Paris. 
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while in Staphylococcus saprophyticus and Aerobacter aerogenes glutamic acid ~va~ not 
detectably transaminated. In B. sphaericus, where diaminopimelic acid transaminat~,d 
equally actively with all the three keto acids tested, the L,L and D,~-iso]ners behavt,d 
identically and were less active than the meso form. In .qarcim~ httea, oxaloac('t ic acid 
was the most active amino group receptor, and D,1)-diaminotfimelic acid transaminat¢,,I 
faster than the meso isomer. In Aero. aerogenes, where transamiuation was slow. th(' 
active amino-group receptors were pyruvic acid for the meso isomer but oxaloacetic 
and oxoglutaric acids for the I),D isomer. 

A L A N I N E  

GLUTAM~C ACID 

LYSINE 

L L  - DAP ( ~  

M E S O -  DAP 

I I I I I I I I 

I J  6 o 
[WATER 
ADDED [ ~ ~ j 

PYRUVIC ACID ADDED 

I:ig. I. D e s c e n d i n g  c h r o m a t o g r a m  s h o w i n g  effect  of i n c u b a t i n ~  a c e t o n e - d r i e d  I¢acilhts sphat'JU... 
(2.6 m g  in  0.2 m l  of  o. [ 31 b o r a t e  bu  ffer pl:[ ~-5) a t  37 fi,r I. 5 h w i t h  o .o -  .]l p y r u v i ~  ac id  (o. i ml) ,  
o.oT ~1l a n f i n o  a c i d  (o. t  nil)  a n d  3 h i 3 /  p y r i d o x a l  I~l . , s l )hate  (251d). S a m p l e s  to.I roll, wore  do 
p r o t c i n i s e d  w i t h  e t h a n o l  (o.-' ml) ~md t h e  s u p e r m t t a n t  s , , lu t i ,m ( . .  I Inl) Was o x a m i t l e d  for : tmil~;  
a c i d s  b y  c h r o m a t o g r ~ q ) h y  on  \ V h a t n l a n  No. I papor ,  i~sing In t ' lhano]  w a h w  i )x r id im '  t o . \  I I( 1 
( 8 o : t 7 . 5 : 1 o : 2 . 5 )  as  soh 'el~t : .  %pots w~,re d c x t d . l , t ' d  by d i p p m ~  p a p e r  in n inhxdr i l~  i11 ~tt'tq~ll(! 
([ ~![, w / x - ) a n d h c ~ t t i n g a t  I~)- f ~ r 3 m i n .  N t tn the r s~z l sp , , t s ind ic : ah~ th~qr~ '~d~ l l r~ t r~q l~ th  i tn:~ximlt1~ 
t ) :  I b d l c ' l [  ~ l ~ l ~  xxt ' l l '  f~l i l / I .  % ~ d x v n t  i l l l g ~ l t J l ! l l  \v i l~  i l l  i l i l l ' t ' l i l ~ l l  ~11 I I l l ~ \ x  It ' ;I t  t l ,~l l  I I l l \ l ! l l l ' ~  i l l  

d ica te( l  were. app l i ed  at I);t,,,t. [ inc. 

i ) , i )-diandnol) i)nel ic aci(l ha,~ hithcrt() b('en f<)tmd to be mt,tabo]icalh" inert, but 
these exp( ' r inwnts show that i t  can part ic i l )ah'  in enzymic r~'actions; howe,-~'r, it 
cannot SUl)l)ort the ~rowth of diaminotfimelic acid-roquirin~ mutants ~)f E.coli;'. 
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T A B L E  I 

TRANSAMINASE ACTIVITIES OF CERTAIN BACTERIA 

A c e t o n e - d r i e d  cells  w e r e  i n c u b a t e d  w i t h  a m i n o  a c i d  a n d  k e t o  a c i d  in  t h e  p r e s e n c e  of  p y r i d o x a l  
p h o s p h a t e  i n  t h e  a m o u n t s  s h o w n  in  F i g .  I .  P a p e r  c h r o m a t o g r a p h y  of  r e a c t i o n  m i x t u r e  a f t e r  1.5 h 
s h o w e d  d e g r e e  of  t r a n s a m i n a t i o n ,  i .e.  s t r e n g t h  of  a l a n i n e ,  ~ ispar t ic  a c i d  o r  g l u t a m i c  a c i d  s p o t s  
f r o m  t r a n s a m i n a t i o n  w i t h  p y r u v i c  ac id ,  o x a l o a c e t i c  a c i d  or  o x o g l u t a r i c  a c i d  r e s p e c t i v e l y ,  c o m p a r e d  
w i t h  t h a t  p r o d u c e d  i n  t h e  a b s e n c e  of  k e t o  ac id .  3, s t r o n g  s p o t  a b o u t  e q u a l  i n t e n s i t y  t o  s u b s t r a t e  
a m i n o  a c i d ;  2, s p o t  a b o u t  h a l f  i n t e n s i t y  of  s u b s t r a t e  a m i n o  a c i d ;  i ,  w e a k  s p o t ;  t r ,  s p o t  b a r e l y  
v i s i b l e .  I n  al l  t h e s e  c a s e s  s p o t s  w e r e  s t r o n g  a f t e r  18 h i n c u b a t i o n ,  o, no  s p o t  a f t e r  18 h.  

Enzyme content Transamination with 

Diaminopimelic Diaminopimelic 
Organism acid acid Keto acid Amino acid 

decarbo~cylase racemase 

Diaminopimelic Lysine Glutamic 

m £ S O  D~ D L D L D 

Escherichia - -  + p y r u v i c  i i o o ~ o 
coli m u t a n t  o x a l o a c e t i c  i i o o i 0 
26-26  o x o g l u t a r i c  2 2 2 2 - - 

Baci l lus  p y r u v i c  2 2 I I 2 2 
cereus - -  + oxaloacetic I t r * *  * I I 2 I 
N . R . R , L .  569 o x o g l u t a r i c  i i I i - - 

Bacil lus  p y r u v i c  3 i * t r  2 2 2 
sphaericus + - -  o x a l o a c e t i c  3**  i * ,  ** I * *  2 * * *  3 3** 
( a s p o r o g e n o u s )  o x o g l u t a r i c  3 i * t r  t r  - - 
N . C . T . C .  7582) 

Sarcina lutea p y r u v i c  i 2 I I 3 I 
N . C . T . C .  576 + + o x a l o a c e t i c  2 3 2 2 3 t r  

o x o g l u t a r i c  i 2 t r  2 - - 

A erobacter p y r u v i c  i o o o o o 
aerogenes + + o x a l o a c e t i c  o i i o o o 
A . T . C . C .  124o 9 o x o g l u t a r i c  o I i o - - 

Staphylococcus p y r u v i c  o o o o o o 
saprophyt icus  + + o x a l o a c e t i c  o o o o o o 
N . C . T . C .  4297 o x o g l u t a r i c  I I i I - - 

* L , L - d i a m i n o p i m e l i c  a c i d  b e h a v e d  i d e n t i c a l l y  
* *  P r o d u c t  w a s  a s p a r t i c  a c i d  p l u s  a l a n i n e .  

* * *  P r o d u c t  w a s  a l a n i n e .  

Since D,D-diamin0pimelic acid is not  enzymical ly racemised 2, its t ransaminat ion 
must  occur directly and iaot through intermediate  formation of the meso isomer. In  
view of the various reaction rates of the meso and D,D isomers in different organisms 
and witl~ different keto acids, it is unlikely tha t  the same enzyme is involved in 
t ransaminat ing  the two isomers. 

Bo th  isomers of lysine were also found to be t ransamina ted  by  most  organisms, 
bu t  not  always at the same rates, or with the same keto acids. In  B. sphaericus, 
D-lysine was more effective than  the L-isomer, suggesting tha t  preliminary racemisa- 
tion was unlikely. Trafisamination of D-lysine has not  been previously reported, but  
since this isomer is known to support  the growth of a lysine-requiring mu tan t  of 
E.coli 5, the reaction m a y  be of some metabolic significance. 

The strain of B.sphaericus used was a variant  which had no diaminopimelic 
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ac id  deca rboxy lase  a c t i v i t y  in the  absence" of py r idoxa l  phospha te  s. Unde r  these 
condi t ions  oxoglutar ic ,  oxa loace t ic  and  py ruv ic  acids (mM) induced  deca rboxy la t ion  
of rnesodiaminopimelic acid  in t h e  W a r b u r g  a p p a r a t u s  (Qco2 of the  order  of 3.0) b u t  
the  r a t e  was abou t  3 ° % of t h a t  ob t a ined  in the  presence of IOO/zM p y r i d o x a l  phos- 
p h a t e  s. T r a n s a m i n a t i o n  b y  this  s t ra in  was slow wi th  all  th ree  ke to  acids in the  absence 
of p y r i d o x a l  phospha te ,  b u t  the  r a t e  was increased  progress ive ly  b y  g raded  add i t ions  
of p y r i d o x a l  phospha t e  (/zM to IOO/,M).  The  s t imu la t ion  of deca rboxy la t ion  b y  ke to  
acids has  no t  been exp la ined  e. 
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S U M M A R Y  

The three  s tereoisomers  of diaminopimelic acid t r ansamina t ed  w i th  one or more of the  ketoacids, 
pyruvic ,  oxoglutar ic  or  oxaloacetic acid, when  incubated  wi th  acetone-dried bacter ia  and pyridoxal  
phospha te .  In  certain cases, the  DD-isomer was  more  active t h a n  the  m e s o  form. Transamina t ion  of 
D-lysine also occurred. 
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P E N T O S E  P H O S P H A T E  C L E A V A G E  B Y  

L E U C O N O S T O C  M E S E N T E R O I D E S  

JERARD HURWITZ* 

Department o/Microbiology, Washington University School of Medicine. St. Louis, Mo. ( U.S..4.) 

The Lactobacillus species fe rment  pentoses  such t h a t  the  m e t h y l  and  ca rboxy l  groups 
of ace ta t e  arise from C-I and  C-2 of pentose,  respect ive ly ,  while l ac t a t e  arises from 
carbon  a toms  3, 4, and  51, 3. I t  has  r ecen t ly  been shown tha t  an enzyme p repa ra t ion  
purif ied from Lactoba¢illus pentosus ca ta lyzes  a phosphoro ly t i c  c leavage of xylulose-5-  
phospha te ,  resul t ing  in the  p roduc t ion  of ace ty l  P*" and  tr iose phospha te  3. The 

* Senior Post-doctoral Fellow of the National Institutes of Health. 
** The following abbreviations are used: acetyl P, acetyl phosphate; ADP, adenosine diphos- 

phate ; ATP, adenosine triphosphate, Pt, inorganic phosphate ; DPN, diphosphopyridine nucleotide, 
TPN, triphosphopyridinc nucleotide. 
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