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SUMMARY

D-Cycloserine is a conlpetitive inhibitor of alanine racemase for which its K1 is 100

times smaller than the K,,� for either of the substrates, D- and L-alanine. L-Cycloserine,

however, does not inhibit this enzyme. A ilypotilesis is prol)osed, based on mnoleculai

models, that D-cycloserine has the conformation requirel of tile substrates on the enzyme

surface. L-Cycloserine cannot have this conformation.

Alanine racemnase ( 1 ) is the enzyme

whicii interconverts L-alanine and D-alanine

in bacteria. This enzyme in Staphylococcus

aureus is con)�)etitively inhibited by D-

cycloserine and is one of tile targets for

the antibacterial action of this antibiotic

(2) . Further study of this inhibition has

led to a hypothesis regarding the conforma-

tion of tile two substrates on the enzyme

surface.
For these studies alanine racemase was

purified 100-fold from the supernatant solu-

tion prepared after sonic disintegration of

S. aureus. The pH ol)timum of the enzyme
was 8-9. Tile K,, for either L-alafline or
D-alanine was 4-6 m�i when measured in

phosphate buffer. The activity of the prep-

aration was not enhanced by the addition

of pyridoxal phosphate. By contrast, the

enzyme obtained from S. fecalis ( 1 ) was
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1(’IldilV resolve(l from its cofactor by purifi-

cation. Tile S. (iureu.s raceniase was, how-
� inhii)ited Ii’�’ a nun)I)er of reagents

�vliicli react with carbonyl groups (Table

1 � , suggesting the proi)able presence of

i)Y1’l(tOXili i)ilOsl)ilate in tile enzynie.

‘FABLE 1

K�
Inhibitor (mM) Type of inhibition

NH2OH 0. 012 Competitive

NH2NH, 0. 10 Competitive
KCN > 10 No inhibition

Semicarbazide > 10 No inhibition
fl-Amlfloxy-I)-alanine 0 .04 Competitive
n-Cycloserine 0 . 05 Competitive
i�-Cycloserine >>10 No inhibition

A surprising result. of this study was the
finding that, although the K1 for 4.cyclo-

serine was about 0.05 mM whether the reac-
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FIG. 1. Molecular models (Stuart and Briegleb) of D- and L-alanine and D- and L-cyc!oserine

The models were built in the zwittcrion forms.

At to!), tile models are �)hotograpi1e(1 looking (lown On the liydiogen atoll) on the Usyfl)fl)etric carbon

atoiiis. Note the C1OSe(1 ring in tile cycloscrines. The line drawings were made from projections of

�)hotogra�)hs of the models.

In bottom left, tile models have been turned 90� . The asyiiiinetric carbon atoll) is at the center, and

t hree of t lIP gron � �s wili(il sub�titut e i t can be SeCfl . Not e t hat t lie (illle(lral angle involving t he l)osit iv�

aIfliflo group afl(l tiIt� negative oxygen is the sane in 1)-alanine and D-cycloserine, but opposite in sign

in L-alanine an(1 L-cycloserine.

In hottonl right, L-alanine has beeti IOt{Lte(I SO tiiItt the (lihedral angle is identical to that in D-alanine.

The methyl grout of i�-alanine is no�v in the same 1)osition as the hydrogen atom on the asymmetric

carbon atoll) of o-alanine. In the L-cvcloserine model, with the anuino group in the sane position as in

L-alanine. the negativ( oxygen is at the i)ack of the nlodel and cannot he rotated into tile position in

which it. is found in the other 3 molecules.
In liies( illustrations carbon atoflls are black, oxygen atoms are 1((i, nitrogen atoms are blue, and

l#{236}ydiogen atoms are white.






