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Introduction

Thousands of B-lactam compounds have been isolated or made,
characterized and tested as antibacterial agents. Those few
which have found a place in medicine came primarily from the
exploitation of large screening programs and chance obser-
vations. "The reason for this has been a lack of knowledge of
the three-dimensional active sites of the various enzymes with
which B~lactam antibiotics react" (Abraham, 1981). This, of
course, applies to b—lactamases and D-alanyl-D-alanine-clea-
ving peptidases (in short DD-peptidases).

Despite progress in different areas of structural research,
crystallography is still the only way to determine the spatial
Structure of proteins (enzymes) to atomic resolution. The DD-
peptidases are membrane-bound and membrane proteins are inhe-
rently difficult to obtain in a suitable crystalline form. In
cases where the DD-peptidases are merely anchored to the mem~
brane by a hydrophobic protein tail, one strategy may be to
use proteases that split the enzymes into a hydrophilie and a
hydrophobic part. The hydrophilic part (with, hopefully, the
intact active site) can then be submitted to crystallization
like a water-soluble globular protein. Another strategy makes
use of the fact that some bacteria, especially strains of
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Streptomyces and Actinomadura, excrete water-soluble DD-pepti-
dases during growth. The G, R61 and R39 DD-peptidases have been
isolated from culture filtrates. The G and R61 DD-peptidases
have been crystallized. A fourth model DD-peptidase (the K15
enzyme) is membrane-bound. It has been purified almost to pro-
tein homogeneity with the help of the detergent N-cetyl-NNN-
trimethylammonium bromide. Altogether, these four model enzymes

well represent the many variations found among the bacterial

DD-peptidases.

Enzymes are invariably able tc distinguish between isomers.

Like any peptidase, the DD-peptidases catalyse transfer of the
O 0
electrophilic group R-& of aminoacyl amide (R-C-NH-R') or
o]
aminocacyl ester (R—&—O—R') substrates to a nucleophile HY. But

the DD-peptidases are unique in that the scissile amide (ester)
bond extends between two D centres and is in a position to a
free carboxylate. These DD-peptidases also cleave the endo-
cyclic amide bond of penicillins, cephalosporins, monobactams
and other related compounds. However, the reaction flux stops
at an abortive level, immobilizing the enzymes in an inactive
form. B-Lactams are active site-directed inactivating reagents
{cr suicide substrates) of the DD-peptidases, but the inacti-
vating efficacy very widely varies depending on the enzymes
and the B-lactams. Low sensitivity of a DD-peptidase to 8-
lactam action is called intrinsic resistance.

0]
Peptidase-catalysed cleavage of peptide (ester) C-N(O) bonds

requires the concerted action of i) an electrophile (anion
hole) which polarizes the bond C=0 } ii) a nucleophile which
performs attack of the carbon atom; and iii) a proton doner
which achieves proton donation to the nitrogen (oxygen) atom.
These events can be achieved by different mechanisms. One me-

tallo (2n**) and several serine DD-peptidases are known.




Initial Binding of Carbonyl Donor Substrates and B-Lactams to
the DD-Peptidase Active Sites

Enzyme cavitly
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Initial recognition of the carbonyl donor substrate by a DD-
peptidase, binding energy and proper alignment of the scissile
bond with regard to the enzyme catalytically active functional
groups rely on the complementation of at least three enzyme
binding subsites. Subsites Si and S1 accommodate the two methyl
groups in the D configuration that occur on both sides of the
scissile bond. In addition, subsite Si
chain involved in charge pairing with the C-terminal carboxy-
late of the substrate. Subsite S2 accommodates a long side

chain that protrudes from an L centre of the substrate back-

contains a cationic side

bone. Experimental evidence suggests that complementation of

82 may not be essential for initial binding but is crucial

for subsequent catalysis. Subsite S, is highly species-specific,
a property which relates to the many structural variations

found at the level of the L centre among the bacterial peptido-
glycans.




Model of penicillin, Cj; puckered conformer - (BZPENK, Cambridge

Data bank)

In this molecule, atoms 0,, Og, Cs, N7, Co and Oy of the back-

bone gz-Na'Cq—gs-N7‘Ca-gg"Ou are virtually coplanar {a face).
O3 Os 010&

-3 1nm

Potential electrostatic map of Ac;-L-Lys-D-Ala-D-Ala.
The map shows contour of equipotential values and localized
electrostatic potential wells (marks 1, 2 and 3}. A well gives
the energy charge, in Kcal/mol, that would occur if a proton
was placed at this position. The pattern refers to a section
made through the scissile bond ¢-N .

o]
For more information, see Lamotte-Brasseur et al. (1983).




D-Ala-D-Ala terminated peptides and B-lactams lack isosterism
at least when the same sequences of atoms are compared. Yet,
the D-Ala-D-Ala peptide bond in the carbonyl donor substrates
and the endocyclic amide bond in the B-lactam inactivators are
functionally equivalent in that they are predisposed to attack
by the enzyme active site functional groups.

Looking at models, one sees the scissile C-N bond at a central

0
position, flanked on one side by the C-terminal carboxylate and

on the other, by another (-N amide bond. These three function-
0
al groups are well exposed on the o face of the molecules. They

create, around the common backbone C=N-C-C-N-C-C-OH , zones of
0
positive and negative electrostatic potentials whose relative

spatial disposition and strength must be important for the re-
activity and orientation of the whole molecule within the en-
zyﬁe active site. Examination of a set of peptide and g-lactam
conformexs shows common reactive properties around the carbonyl
of the scissile bond. But, depending on the conformation of the
peptide backbone, the presence of bulky side chains, the type
of bicyclic framework in the B-lactams, the presence of ionized
or electron-withdrawing substituents, etc., there are important
variations in the electrostatic environments of the molecules.
These variations suggest enzyme~ligand associations of widely
varying complementarity and productiveness (whether the ligand
is a carbonyl donor peptide or g-lactam).

Liganding Catalysis by the G DD-Carboxypeptidase
1. Geometry of the active site

The G DD-peptidase is a metallo (Zn++) enzyme. Its chemical
make-up has been elucidated. The molecule consists of one sin-
gle polypeptide of 212 amino acid residues (or 213 if a Trp
52 .nd Phe3
as seen by X-ray diffraction analysis) with internal crosslinks

not detected in the sequence occurs between Arg




(Dideberg et al., 1982).

Schematic drawing of the model of the G DD-peptidase (from
The numbering is that proposed by Joris et al. (1983).
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Schematic drawing of the active site of the G DD-peptidase
showing the relative disposition of the bound peptide sub-

strate and the enzyme functional groups.




occurring in three places through 5~S bridges. Its three-
dimensional structure has been determined at 1.8 & resclution,
thus permitting comparison with the well-known zinc-containing
thermolysin and carboxypeptidase A. |

Thermolysin, carboxypeptidase A and the G DD-peptidase show
complete lack of amino acid sequence homology and overall
structural relatedness. Carboxypeptidase A is a one-domain
protein of the a/B type structure; its dominant feature is
one eight-stranded wall of 8 structure which constitutes the
core of the molecule; its active site is a shallow depression
on the surface of the domain. Thermolysin has two domains of
the type e+B and all 8, respectively; an a-helix runs through
the centre of the molecule and the active site is located in
the cleft at the junction between the two domains. The G DD-
peptidase has two globular domains connected by a single link.
The'small N~-terminal domain has th;ee helices. The large C-
terminal domain is of the a/B type structure and has three
helices (thé longest one being at the junction between the two
domains) and five B strands. Remarkably, the enzyme active site
(containing Zn**) is located in the C-terminal domain; it
appears as an open cleft, one side of which is a mixed sheet
formed by the five g-strands; it has been identified as the
binding site of the dipeptide Ac-D-Ala-D-Glu (a competitive
inhibitor of the G DD-peptidase).

Models show that accommodation of the tripeptide substrate Ac,-
L-Lys~D~Ala-D-Ala in the enzyme active site leads to a close
interaction between the C-terminal carboxylate and the guanidi-

nium side chain of Arg137 invelved in charge pairing and, si-

0]
multaneously, to a positioning of the scissile C-N bond such

that the oxygen atom is oriented toward the zinc atom while the
nitrogen atom is oriented toward the imidazole ring of His191
(apparently ready to donate a proton).

When the tripeptide is thus aligned, then the methyl group of

the C-terminal D-Ala points to a large subsite S{ . This




subsite can accommodate side chains much larger than a methyl
group,?a property which is compatible with the peptidoglycan
hydrolase activity of the G DD-peptidase. Changing the D confi-
guration of the methyl group to an L configuration, however,
suppresses all possible interaction with the enzyme cavity.

The methyl group of the penultimate D-alanine finds its place
in a subsite S1 of small size. Large side chains cannot be
accommodated and a methyl group with an L configuration is ex-
cluded since it would collide with the zinc ligands and other
residues of the active site. This property well explains the
strict requirement shown by this DD-peptidase for the occur-

rence of a D-alanine at this position.

Finally, the side chain at the L centre of tﬁe carbonyl donor
péptide complements subsite 52. Subsite S2 is a largely open
caVity and Argzoa, located on the edge of the protein, offers
a possible site of interaction. As already stated, substrate
activity greatly depends on the interaction between a suitable
L side chain of the bound substrate and subsite Sz.

2. Intrinsic resistance to B-lactams

Penicillins bind very loosely to the G DD-peptidase (dissoci-
ation constant K z 150 mM for phenoxymethylpenicillin). Ce-
phalosporins have a somewhat more favorable K value (1-10 mM).
Irrespective of the type of bicyclic framework and the nature
of 6(7)substituent, the first order rate constant of enzyme

inactivation is always very small (= 1-5 x 107 °s”) or less).

Kinetically, cephalothin and cephalosporin C act as noncompeti-
tive inhibitors. Cephalosporin C destroys the crystal structure
thus preventing any study by X~ray diffraction.
Cephaloglycine and g-iodo-benzyl-7-amino-cephalosporanate act
as competitive inhibitors and the crystal enzyme derivative
formed with this latter Bg-lactam Shows satisfactory isomorphism.
Study at 4.5 R resolution has provided direct evidence that
the B-lactam binds to the enzyme active site.




* With penicillins and cephalosporins, models show that it is not

possible to align simultaneously both the B-lactam amide bond
with the zinc ion and the C-terminal carboxylate with Arg137
because the fused ring system would collide with His191.
Intrinsic resistance to g-lactams can thus be seen before our
eyes as beiné caused by the enzyme active site geometry which
permits correct alignment and enzyme ligand association of high
productiveness, only with carbonyl donor peptideé.

6-8~Iodopenicillanate has a very short 6-g-substituent. When
used at a high [6-B-iodopenicillanate]/[enzyme] molar ratio of
about 8,000 , it also causes slow and irreversible inactiv-
ation of the G DD-peptidase (first order rate constant :

7 x 107%™ 1) . The crystal enzyme derivative thus obtained is
perfectly isomorphous. The difference Fourier synthesis at

2.8 A shows that the inactivator molecule is located just in

191

front of the zinc ion and superimposes His which has slight-

ly moved toward the exterior of the cavity. This disposition
suggests that, in the inactivation process, His191 acts as a
nucleophile and undergoes alkylation by 6-f-iodopenicillanate

with loss of the iodine.

3. Catalysis

The coordination around In** involves two histidine residues
and one glutamic acid residue in both thermolysin and carboxy-
peptidase A. Note, however, that His142, His146 and Glu166 in
thermolysin align with HisTgG, Glu72 and His69 in carboxypepti-
dase A. The fourth ligand is a water molecule.

Near 2n**, there are two catalytic residues. Giu143 in thermo-
lysin (or Glu270 in carboxypeptidase A) is thought to act as
proton abstractor heightening the nuclecphilicity of the zinc-
bound water molecule. In turn, Hi5231 in thermclysin (or Tyr248 )
in carboxypeptidase A) is thought to facilitate proton donation

to the nitrogen atom at the level of the tetrahedral interme-
diate.




Following initial binding to thermolysin or carboxypeptidase A,
the carbonyl donor substrate becomes the £ifth ligand of Zn*+ in
a transient pentagonal complex in which Zn** itself plays the
role of an anion hole. Collapse of the intermediate by proton
donation and re-entry of a water molecule permits release of
the reaction products. At any time during the process, no cova-
lent intermediate is formed and partitioning of the enzyme acti-
vity between alternate nucleophiles (HZO and an amino compound)
cannot occur. Thermolysin and carboxypeptidase A do not cata-

lyse transpeptidation reactions; they are strict hydrolases.

The G DD-peptidase is also a strict hydrolase (DD-carboxypepti-
Gase). Basically, its mode of action may be similar to that of
thermolysin (or carboxypeptidase A), but there are marked dif-
ferences between them. In the G DD-peptidase, the zinc protein

ligands are three histidine residues (His194, His196 and His15%.
Horeover, to all appearances, His191 acts as proton donor while
Ser151 would be somehow involved in water activation, a situ-

ation reminiscent to that found in the zinc-containing alcohol
cehydrogenase (where a similar role is played by the dyad

HisS1...serddy.

-

A constant feature of the zinc-containing thermolysin, carboxy-
peptidases A and B, carbonic anhydraée and alcohol dehydroge-~
nase, is that the hand and geometry of the zinc environment is
invariant with regard to the protein ligands, water position,
substrate binding site and proton abstractor (Argos et al.,
1978) . The same disposition applies to the G DD-peptidase. In
turn, the nucleophile in the environment of the carbon atom

and the proton donor in the environment of the nitrogen atom

ci the scissile peptide bond determine the hand of the reactive
intermediates (Argos et al., 1978). In thermolysin and carboxy-

peptidase A, the nucleophile points to the carbonyl carbon from
0
below the'plane formed by the triad &-N while the proton do-

nor points to the nitrogen atom from above that plane. Inte-
restingly, a reverse disposition of these two catalytic groups
cccurs in the G DD-peptidase.

{0
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Hand and geometry of the zinc environment of the G DD-peptidase.

PD = proton donor. The same disposition occurs in the zinc-con-

' taining thermolysin, carboxypeptidases A and B, carbonic anhy-
drase and alcohol dehydrogenase {Argos et al., 1978).

Proton Donor
o

: / Nucleophile
Hiszaq|llll N
- (Thermolysine) / 0
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C
His™! l % (Thermolysine)
G DD-peptidase Ca 151

OH=----Ser
G DD-peptidase
Disposition of the nucleophile and proton donor in thermolysin

and the G DD-peptidase with respect to the carbon atom and ni-
trogen atom, respectively, of the scissile peptide bond.




The concept of bi-product analoques has led to the synthesis of
specific and potent inhibitors of thermoly51n,carboxypeptldases
A and B, and the zinc-containing angiotensin converting enzyme
{Ondetti et al., 1981). Similarly, bifunctional compounds pos-

sessing both a C-terminal carboxylate functlon susceptible to
137

. interact with Arg and either a thiol, hydroxamate or carbo-

xylate function susceptible to bind the zinc atom, are inhibi-
tors of the G DD-peptidase. Inhibition is competitive. g~Mer-
captopropionic acid (Ki = 5 «x 10-'9 M) and the L isomer of mer-
captoisobutyric acid (Ki = 1 x 10-8 M) are very effective. Cu~-
riously, the D isomer is less potent (Ki = 6 » 10”8 M). Such
small truncated and flexible molecules do not offer the possi-
bility of complementing subsites S] and S2 and, as the above
observations suggest, subsite Si alone seems not to play any
significant role in binding. Enzyme inhibiticn may be caused by
Bidentate interaction and formation of a penta-coordinate zinc
atom. Obviously, specificity requires more elaborate structures
that would be apt to interact with the s1 and S, subsite targets.

Covalent Catalysis by the R61, R39 and K15 DD~-Peptidases
The concept of acyl enzyme intermediate

a~Chymotrypsin (or any other serine peptidase) ~catalysed clea-
vage of peptide (ester) bond proceeds through formation of a
serine ester-linked acyl enzyme intermediate. Giving E-OH =

the enzyme active serine residue; X = NH-R' or 0-R'; K = disso-
ciation constént, k2 and k3 = first order rate constants, the
reaction can be written :

@ K ? X 2 ks
E-OH + R-C-X == E-OH-R-C-X R-C-0-E —77—-+-E-OH +
; acyl H.0
HX enzyme 2 0
product R-C-0OH
P
! product
P2

Release of products P, and P2 proceeds‘through a Ping-Pong me-
chanism. )

iz
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If acyl enzyme formation (k ) is rate determlnlng (as generally

. observed with amide substrates R-C-NH-R'"}, the acyl enzyme does
not accumulate detectably at the steady state and cannot be
:tfapped If acyl enzyme breakdown (k )} is rate determining {as
generally observed with ester suhstrates R-8—O-R'), the acyl

enzyme accumulates and can be trapped and isolated.

Assume the presence of'an alternate amino nucleophile NH2~R"
which does not bind to the free enzyme nor to the Michaelis
complex but does react only after the leaving group P, has dif-
fused away. Then, partitioning of the enzyme activity between

the two nucleophiles, H.O0 and NH,-R", occurs at the level of

2 2 0
the acyl enzyme. . 4.0 R-E~OH (Pz)
9 K 8. X2 3% =
- R-C-X === E-OH-R-C- -C-0- -OH
E-OH + X EOHRCXT—RCOEN k2 E
S S
(P,) R-C-NH-R" (P,)

If acyl enzyme formation (k2) is rate determining, increasing
concentrations of NHZ-R" cannot increase the maximal rate of
carbonyl donor consumption (Vmax) but aminolysis occurs at the
expense of hydrolysis on a competitive basis. If acyl enzyme
breakdown (k3) is rate determining, increasing concentrations
of NH2-R" may increase the rate of acyl enzyme breakdown and
hence Vmax.

The R61 and R39 serine Db-peptidases

Although substantial progress in the determination of the three-
dimensional structure of the Ré1 DD-peptidase is being made (Ju-
dith Kelly;- this symposium), a precise picture of how this en-
zyme performs catalysis cannot yet be proposed. However, the
enzyme catalyses concomitant hydrolysis and aminolysis of sui-
table carbonyl donor substrates {(f.e. it functions both as car-
bdxypeptidase and transpeptidase); with the ester substrateAcz-
L-Lys-D-Ala-D-lactic acid (depsipeptide), an intermediate accu-
mulates at the steady state; penicillin effectively immobilizes
the enzyme in the form of a serine-ester linked penicilloyl de-

rivative and experimental evidence strongly suggests that the




same serine residue is involved in the Zormation of the inter-
mediate that can be trapped during hydrclysis of the depsipep-
tide. To all appearances, the R61 DD-pec-:idase, as well as the

R39 DD-peptidase, are serine enzymes ar.zlogous to a-chymotrypsin.

Using Ac,~-L-Lys-D-Ala-D-Ala as carbonyl conor and simple amino
acids as acceptors (D-Ala; mesa-Azpm), ~ydrolysis and transpep-
tidation proceed as expected for an am:i=s carbonyl donor sub-
strate : the increase in the rate of trznspeptidation and the
-decrease in the rate of hydrolysis causz3 by increasing concen-
trations of the amino acceptor, are com=snsurate. However, with
more complex amino acceptors related te wall peptidoglycan, the
picture is more complicated. The observz:Z increase of the rate
of transpeptidation is less than can be accounted for by the de-
crease of the rate of hydrolysis. Furtrz-more, at high concen-
trations of amino acceptor, both hydrol:-sis and transpeptidation
are inhibited so that, eventually, the znzyme can be frozen in a
catalytically inactive étate. Kinetic s:-:dies also suggest that
transpeptidation of Acz-L—Lys-D-Ala—D—ALa is an ordered pathway
where the amino acceptor binds first tc =he enzyme. In addition,
as shown with the R61 enzyme and comple: amino acceptors, the en-
zyme can bind more than one molecule o zmino acceptor leading
to the formation of an unproductive quazernary complex [enzyme-
donor-(acceptor)zl. Finally, the R39 DI-ceptidase possesses an
additional peptide binding site distinc: from the carbonyl donor
and amino acceptor sites. Sihpleléeptides (Gly-Gly-Gly, for ex-
ample) that do not function as accepto:-: may produce extensive
inhibition of the transpeptidation rea-=:on while hydrolysis
proportionally increases. Inhibition is moncompetitive versus
the acceptor, implying that these "allcszeric" inhibitors are
not binding to the enzyme active site.

211 these observations show that the czrzoxypeptidase and trans-
peptidase activities of the serine DD-zz>tidases are susceptible
to exquisite modulation. Similar mecha=:sms might be inveolved in

the control of the peptide crosslinkinc of peptidoglycan in li-
ving bacteria.




Much has been written on the inactivation.of the serine DD-pep-
tidases by the penicillins, cephalospcrins and monobactams. Es-
sentially, the underlying mechanism is that the corresponding

" acyl enzyme "intermediate" has, in mcs: cases, a very long half-
life. Since the scissile amide bond o “he 8-lactam ring is endo-
cyclic, what should be regarded as thkz leaving group (P1) during
acyl enzyme formation cannot leave thkz enzyme active site which
thus remains occupied. Enzyme deacylzz:ion, however, may slowly
occur. In some cases, rupture of the =5—C linkage in the enzyme-
bound penicilloyl moiety with formati== of phenylacetylglycyl
enzyme is the rate determining step c2 enzyme deacylation. Once
formed, this new intermediate is immeZ:ately attacked by water
or a suitable amino compound (on a ccxgetitive basis) with rege-
. heration of an active enzyme

K 4 ' k}

E-OH + penicillin #=== E-OH-penicillin —;EL,penicilloyl-O—E -_%_.
N-formyl-
_ . D-peni-
B0 p?iuylacetyl cillamine
gl.zine
phenylacetylglycyl-0-E 3k' E-I=

N?é‘R" prenylacetyl-
gl.cyl=-NH-R"
Since ké is rate determinant, NHZ—R" 2zes not accelerate the
rate of enzyme reactivation. In other zases, enzyme deacylation
may slowly occur without prior fragme--ation of the bound acyl
moiety. When this occurs, the DU-pept:.Zase functions as a clas-
sical B-lactamase of very weak efficiszncy.

The higher the bimolecular rate constz-t of enzyme acylation
(kz/K), the more potent is the B-lact:z: as enzyme inactivator.
Various side chains in homologous serizs of g-lactams can be
accommodated by a given DD-peptidase =:t the kz/K values thus
generated may vary widely. The goodne:zz of fit of the B~lactam
molecule to the enzyme active site, rzzher than any other fea-
ture (intrinsic reactivity of the B-lzctam ring, for example) is

the primary parameter that governs th: efficacy of enzyme inac-
tivation.

45




The K15 DD-peptidase

The membrane-bound K15 DD~-peptidase also performs covalent cata-
lysis. Whether an active serine or another residue of the active
site is involved in the process is not yet known. Whatever the
case, the K15 enzyme strikingly differs from the R61 and R39 se-
rine DD-peptidases. Indeed, the Vmax of consumption cof the amide
carbonyl donor Ac,-L-Lys-D-Ala-D-Ala is very low in water (low
carboxypeptidase activity).It is increased at least 30-fold in the
presence of a suitable amino acceptor such as Gly-Gly (high
transpeptidase activity). Hence, depending on whether the amino
acceptor is present or not, the acyl enzyme, at the steady state,
should be undetectable or should accumulate massively. Using

[ C]Ac -L-Lys-D-Ala-D-Ala at saturating conditions and SDS as
trapplng agent, attempts to estimate the acyl enzyme have been
carried out by fluorography after gel electrophoresis in the
presence of SDS. When Gly~Gly is present, no acyl enzyme can be
trapped but, unexpectedly, when Gly-Gly is absent, no more than
10 % of the enzyme occurs in the form of acyl enzyme (indicating
that the rate of acyl enzyme formation is much smaller than
the rate of acyl enzyme breakdown). It thus seems that the ef-
fect of the amino acceptor on Vmax cannot be attributed to a
simple partitioning at the level of the acyl enzyme but implies
an acceleration of both acyl enzyme formation and breakdown.

This presumed effect of the aminc acceptor on the rate of acyl
enzyme formation is not observed when benzylpenicillin is used
as carbonyl donor. Indeed, the k,/K value (150 M 's™1) is the
same whether Gly-Gly is present or not. Similarly, Gly-Gly has
no effect on the rate constant k3 (1 x 10_45_1) of breakdown of
the penicilloyl-enzyme since ké is rate determining (see above).
It thus follows that, to all appearances, the K15 DD-peptidase
does not require any "effector” to react with penicillin but reacts
with a peptide carbonyl donor much more effectively in the pre-
sence of a suitable amino acceptor than in its absence. Such a
behaviour may apply to the penicillin binding proteins {(PBPs)

1A, 1B, 2 and 3 of Escherichia colz.

.



L.

While the DD-peptidases R61 and R39 appear to be goodmodels of the
PBPs involved in secondary hydrolytic and transpeptidation re-
actions during wall peptidoglycan remodelling, the K15 DD-pepti-
dase seems to be a good model of those PBPs involved in the pri-
mary transpeptidationreactions through which the nascent pepti-

doglycan undergoes attachment to the preexisting wall peptido-
glycan. -

Acknowledgement

Part of the work has been supported by FRSM, Brussels (contract
n®3.4501.79), and an Adetion concertée with the Belgian Govern-
ment (convention n®79/84-11).

P. Ch. is Aspirant du FNRS and G.D. is Chercheur qualifié du
FNRS.

References

Abraham, E.P. : Scientific American 244, 64-74 (1981).

Argos, P., Garavito, R.M., Eventoff, W., Rossmann, M.G. and
Brandén, C.I. : J. Mol. Biol. 126, 141-158 (1978).

Ondetti, M.A., Cushman, D.W., Sabo, E.F., Natarajan, S.,
Pluscec, J. and Rubin, R. : in Molecular Basis of Drug
Action. Singer and Ondarza, eds. Elsevier North Holland,
1981, pp. 235-246.

Ghuysen, J.M., Frére, J.M., Leyh-Bouille, M., Dideberg, O.,
Lamotte-Brasseur, J., Perkins, H.R. and De Coen, J.L.
Penicillins and 4*-cephalosporins as inhibitors and
mechanism-based inactivators of DQalanyl—D—Ala pepti-
dases, in Topics in Molecular Pharmacology. Burgen and
Roberts, eds. Elsevier North Holland Biomedical Press,
1981, pp. 63-97. '

Frére, J.M., Kelly, J.A., Klein, D., Ghuysen, J.M., Claes, P.
and Vanderhaeghe, H. : Biochem. J. 203, 223-234 (1982).

Dideberg, 0., Charlier, P., Dive, G., Joris, B., Frére, J.M.
and Ghuysen, J.M. : Nature'ggg, 469~-470 (1982).



Kelly, J.A., Moews, P.C., Knox, J.R., Frére, J.M. and Ghuysen,
J.M. : Science 218, 479-481 (1982).

Nguyen-Distéche, M., Leyh-Bouille, M. and Ghuysen, J.M. : Bio~
chem. J. 207, 109-115 (1982).

Joris, B., Van Beeumen, J., Casagrande, F., Gerday, Ch., Frére,
J.M. and Ghuysen, J.M. : Eur. J. Biochem. 130, 53-69
(1983).

Lamotte-~Brasseur, J., Dive, G. and Ghuysen, J.M. : Eur. J. Bio-
chem., submitted (1983).




