
© 1992 Nature  Publishing Group

NEWS AND VIEWS 

many generations as a random walk 
process, the analysis reduces the likeli
hood that the random walk is a good 
model of the dynamics of many insect 
populations. Woiwod and Hanski's work 
also once again emphasizes the crucial 
importance of long-term data collection 
in ecology. 

In the controversy over insect popula
tion regulation, it is the more theoreti
cally inclined ecologists who have tended 
to argue that density dependence is com
mon, whereas many empiricists have 
been particularly attracted by theories 
emphasizing the unpredictability of nat
ural systems. Empiricists look at the 
deterministic outcome of many theoret
ical models incorporating simple forms 
of density dependence and, knowing the 
world is not like that, take comfort in 
the unpredictable outcomes of pop
ulations modelled as random walks, 
and in suggestions that density depend
ence operates only very infrequently. 
Theoreticians, on the other hand, confi
dent that density dependence must be 
present in persistent populations, sniff 
apostasy in attempts to play down the 
frequency with which it operates in natu
ral populations. 

The division between the two camps is 
probably less than it seems. There is a 
continuum of types of density depend
ence from forms that increase in severity 
in a simple manner across population 
densities, to forms that operate only 
over a sharp threshold8

. Similarly, the 
relationships between density depend
ence and population density may be 
relatively constant, or the relationships 
may contain much noise and scatter. 
Woiwod and Hanski's results are en
couraging in that they suggest that the 
type of density dependence occurring in 
natural populations of insects may not be 
as intractable to study as many have 
feared. The detection of density depend
ence is however only one step, albeit an 
important step, in understanding the 
dynamics of insect populations. We still 
need to know the biological basis of 
density dependence, how its strength 
varies with population density, and 
how it interacts with other sorts of mor
tality to determine observed population 
fluctuations. D 
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Drug ring bust 

THIS futuristically colourful picture tells 
quite a story. It shows the mechanism by 
which the enzyme fJ·Iactamase nullifies 
the antibiotic effects of penicillin, as 
reported by Strynadka et a/. on page 700 
of this issue. 

Penicillins (and the cephalosporlns) 
are fJ-Iactam antibiotics which Interfere 
with bacterial cell-wall synthesis, and 
consequently kill actively growing and 
dividing bacteria. The peptidoglycan net
work of the bacterial cell wall is formed 
by the synthesis of linear polysaccharide 
chains and the cross-linking of these 
chains with short peptldes. It Is this latter 
process of transpeptidation that is lnhl· 
blted by the fJ-Iactam antibiotics; they 
react Irreversibly with the active site of 
the transpeptldases that catalyses the 
cross-linking. 

But not all pathogenic bacteria are 
sensitive to these antibiotics; penicillin
resistant strains often harbour plasmlds 
(so-called bacterial drug resistance fac
tors) that specify fJ·Iactamase enzymes 
which break down the fJ-Iactam ring of 
the penicillin. The hydrolysis of the amide 
bond In the ring yields penicilloic acid 
which is devoid of antibiotic activity. 

Strynadka et a/. now provide clear 
Insight Into how these antibiotics are 
recognized and destroyed. They present 
the high-resolution crystal structures of 
the Escherichia coli RTEM class A fJ· 
lactamase and a mutant version of the 
same enzyme defective In deacylatlon, 
both on Its own and complexed with Its 
natural substrate, penicillin G. 

Like the serine protelnases and the 
cell-wall synthesizing enzymes they pro
tect from antibiotics, the fJ-Iactamases 
have at the centre of their catalytic 
machinery a serine residue that functions 
as a nucleophlle, attacking the carbonyl 

carbon of the fJ·Iactam ring. Unlike the 
serine protelnases, however, distinct re
sidues are Implicated In the acylation 
and deacylatlon steps, and the two steps 
occur by almost completely different 
mechanisms. 

The amino-acid residues Important In 
catalysis are shown in this depletion of 
the acyl-enzyme (dashed lines are hyd
rogen bonds). The penicilloyl lntermedl· 
ate of penicillin G (pink) Is covalently 
attached to the enzyme (ex-carbon back
bone In grey) via the nucleophlle serine 
70 (yellow, bottom). 

Lysine 73 (blue tube to the left of the 
substrate) functions as a general base In 
assisting In the Initial nucleophilic 
attack, and in combination with serine 
130 (yellow, top left), In protonating the 
leaving group nitrogen of the fJ·Iactam 
ring to form the acyl-enzyme intermedl· 
ate. Glutamine 166 (red) Is the general 
base in the deacylatlon reaction, assist
ing the nucleophilic attack by a water 
molecule (aquamarine sphere) on the 
ester carbonyl carbon of the acyl-enzyme 
intermediate. 

The remaining residues- tyrosine 105 
(brown), arginine 244 (blue, right), 
asparagine 132 (peach) and serine 235 
(yellow, top right) among them - are 
Involved in substrate binding. 

fJ-Iactamase enzymes are produced by 
many bacteria. Increased understanding 
of the way they work has allowed the 
development of resistant antibiotic ana
logues (for example ampilllcin) and has 
led to the discovery of naturally occurring 
lactamase Inhibitors (for example clavu
lanlc acid). Strynadka et al. have added 
an extra layer of detail to knowledge of 
the catalytic mechanism concerned, 
which will no doubt guide attempts to 
design better Inhibitors. G.R. 

NATURE · VOL 359 · 22 OCTOBER 1992 


	Drug ring bust

