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The polarizability and the transition state energy of a cephalosporin are assumed to be theoretical indices of the 

permeability through the outer membrane and of reactivity of 3-lactam ring with penicillin binding proteins, respecti

vely, in Gram-negative bacteria. They are computed by AMI method and used as variables of quantitative structure

activity relationship study. The results justify quadratic dependence of the activity on the variables. The intersection 

of difference volumes between p-lactamase stable cephalosporins and unstable ones manifests that the steric hindrance 

of 7-side chain is responsible for the p-lactamase stability.

(PBP) involved in biosynthesis of the peptidoglycan layer 

of bacterial cell walls.1 The bacteria can be classified as two 

groups, Gram-negative and Gram-positive. Generally the form

er has outer membrane in it, but the latter does not. The

Introduction

The cephalosporins, a series of p-lactam antibiotics, inhibit 

bacterial growth by acylation of the penicillin binding protein
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Figure 1. Transition state of complex. The 

of cephalosporin and model nucleophile 0H~ 

fragment of key residue Ser-OH near active 

5—CH,CN B一OCH, 13 — CH-CHCOOH

Figure 2. Compounds used as testing set. The 27 compounds 

consist of nineteen 7-NH2-3-R-3-cephem and ei잉ht drugs.

mechanism of action of P-lactam antibiotics in the Gram-ne

gative has the following cascade to inhibit the PBP.2,3 Firstly, 

the antibiotic must penetrate the outer bacterial membrane 

into the sites of action.4 6 Secondly, the antibiotic must resist 

the hydrolysis caused by p-lactamase.7,8 Thirdly, it must en

counter and react with PBP.

We choose the theoretical indices related to mechanism 

of ation of p-lactam antibiotics such as permeability, stability 

to p-lactamase and reactivity with PBP. The polarizability 

of antibiotics is adopted as a descriptor of the permeability 

since it is a factor related to hydrophobicity.9 It is also known 

that the stability to p-lactamase result from steric hindrance 

of side chain of antibiotics.1011 The intersection volume, de

fined as the common one in difference of van der Waals vol

umes12 between unstable and stable cephalosporins, is selec

ted as an indicator of steric hindrance responsible for p-lac-

complex consists 

corresponding to 

site of PBP.

Table 1. Calculated Values of Polarizability and TSE

No Polarizability (A3) TSE (kJ/mol)

1 18.1 -168

2 18.8 -138

3 21.2 一 145

4 22.1 -138

5 20.1 一 159

6 22.8 一 147

7 23.5 一 143

8 15.8 -130

9 19.2 一 134

10 22.3 一 751

11 26.3 一 735

12 19.3 一 781

13 25.2 一 788

14 32.0 一 775

15 30.9 一 766

16 30.2 一 801

17 49.9 -211

18 35.5 -787

19 28.0 一 781

20 39.2 -220

21 45.9 -601

22 44.1 一 249

23 32.6 -215

24 47.4 一 263

25 48.1 一228

26 42.5 -169

27 45.4 一426

tamase stability. The reactivity with PBP can be described 

by transition state energy (TSE),13-16 which is defined as 

the difference in total energies of transition state in Figure 

1 and each reactant in infinite separation. Thus,

TSE = E(TS) — E(|3-lactam reactant) — E(OH ). (1)

Using the polarizability and the transition state energy as 

variables, quantitative structure-activity relationship (QSAR) 

is obtained. Also using the intersection volume, structure-ac- 

tibity relationship (SAR) is acquired qualitatively.

Computational Method & Results

We calculate 27 compounds in Figure 2, which contain 

nineteen 7-NH2-3-R-3-cephem and eight drugs in market. 

Anti-bacterial activity is expressed in terms of averaged mi

nimum inhibitory concentration (MIC) against five test organ

isms: S. sonnet, E. coli, K. pneumoniae, E. aerogenes and S. 

heidelberg.1317 Polarizability and TSE are taken as variables 

of QSAR, and the intersection volume is used as an indicator 

of steric hindrance. Quadratic dependence of activity on both 

polarizability and TSE is conjectured as follows:1348

MIC="POL2 + Z，POL+c, (2)

and

MIC=aTSE2+bTSE+c. (3)
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Table 2. Remits of Regression Analysis

Variable n r S F Signif. F a b c

Polarizability 17 0.672 H.37 9.886 0.0007 5.55 XIO-2 -4.45 89.4
TSE 27 0.589 12.41 6.380 0.0060 1.85XW4 -1.97X10-1 46.3
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Figure 3. Average in vitro Gram-negative MIC vs Polarizability. 

The ■ and ▲ indicate 7-NH2-3~R-3-cephem and eight drugs res

pectively. The polarizability of eight drugs are concentrated near 

the minimum of parabolic curve.

70

Figure 5. Superimposition of five cephalosporins. The five ce

phalosporins contain three P-lactamase unstable cephalosporines: 

cephapirin, cefazolin and cefamandole, and two p-lactamase stable 

cephalosporins: cefuroxime and ceftazidime.
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Figure 4. Average in vitro Gram-negative MIC vs TSE. The 

■ and ▲ indicate 7-NH2-3-R-3-cephem and eight drugs respec

tively. The TSEs of eight drugs nearly lie between those of 

7-NH2-3-R-3-cephems. The cefotaxime 고7 and cephaloridine 고 1 
have TSEs near the minimum of parabolic curve.

The coefficients a, b and c are calculated by SPSS'*

We take an initial geometry from X-ray crystallography?9 

and optimize it using molecular mechanics in DTMM.20 The 

geometry is further optimized and then the polarizability, 

which is the average of its three principal components, and 

TSE are calculated by 나le AMI method in GE0M0S.21 The

results of calculation and regression are collected in Tables 

1 and 2, respectively. Polarizability and TSE correlate to MIC 

with 99.93% and 99.40% confidence limits respectively. Ac

tivity vs. polarizability and Activity vs. TSE are plotted in 

Figures 3 and 4, respectively. The ■ indicates 7-NH2-3-R- 

3-cephem and the ▲ depicts eight drugs. It is noted that 

the polarizabilities of eight drugs in Figure 3 are concentra

ted in the range of 30 and 50 A3-good drug must have opti

mum polarizability. The highly potent cefotaxime 27 lies near 

minimum of both parabolic curves.17

The intersection volume is calculated to find the essential 

geometrical feature responsible for P-Iactamase stability. The 

P-lactamase unstable cephalosporins are cephapirin 22, cefa

zolin 24 and cefamandole 25. The |3-lactamase stable ones 

are cefuroxime 26 and ceftazidime 28. We use InsightZZ pro

gram of 난le BIOSYM23 to find the intersection volume. The 

starting geometries of five cephalosporins are generated in 

the BUILDER module of the Insight丑 using m이ecular frag

ments obtained from the crystallographic fragment library 

available within 3D CONVERTER and fully minimized using 

DISCOVER CVFF force field. The further geometry optimi

zation have been carried out by AMI method in the MOPAC 

6.0. Using TRANSFORM module of InsightZZ, the five cepha-
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Figure 6. Reference sites in superimposition. The six atoms 

are used as reference sites, which play a role of binding with 

p-lactamase.

Figure 7. Union volume of three p-lactamase unstable cephalos

porins: cephapirin, cefazolin and cefamandole.

(a) (b)

Figure 9・ Difference in volume of p-lactamase stable cephalos

porins and union volume of p-lactamase unstable ones, (a) Diffe

rence volume of cefuroxime, (b) Difference volume of ceftazi

dime.

(a)

Figure 10. Intersection between difference volumes. The inter

section between two difference volumes of Figures 9(a) and 9(b) 

is obtained. The intersection volume represents the essential 

geometrical feature responsible for p-lactamase stability.

(b)

Figure 8. Volume of p-lactamase stable cephalosporins, (a) Cefu- 

roxime, (b) Ceftazidime.

losporins are superimposed (Figure 5). The six atoms of ce

ftazidime, having a good p-lactamase stability, are used as 

a reference in the superimposition (Figure 6). To calculate 

the intersection volume, SEARCH/COMPARE module of In- 

sightff is used. The union volume of p-lactamase unstable 

cephalosporins is calculated (Figure 7), and the volumes of 

the P-lactamase stable ones are calculated respectively (Figu

res 8(a), 8(b)). Then the difference volumes between volumes 

of P-lactamase stable cephalosporins and the union volume 

of unstable ones are calculated respectively (Figures 9(a), 

9(b)). These difference volumes give useful information on 

geometrical structure responsible for P-lactamase stability. 

To obtain essential geometrical structure for the stability, 

the intersection volume between two difference volumes is 

calculated (Figure 10). The intersection volume confirms the 

claim of previous reports24 that the steric hindrance of cer

tain region of 7-side chain of cephalosporin plays a crucial 

role in p-lactamase stability.

Discussion

Polarizability and TSE are found as a reliable parameters 

directly related with the mechanism of action. Intersection 

volume is proved to be a indicator representing p-lactamase 

stability. From QSAR with polarizability and TSE, and SAR 

with intersection volume, it is concluded that the potent 

drug, with its MIC in range of 0 and 10 pg/m/, should satisfy 
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the f이lowing properties. Firstly, the polarizability of antibiotic 

must have value in the range of 27 and 53 A3 to permeate 

the outer membrane of Gram-negative bacteria. Secondly, 

the TSE of antibiotic has to lie between —830 and —240 

kj/mol 1 to inhibit with PBP. Thirdly, the intersection vol

ume has to be contained in antibiotic not to be easily hydrol

yzed against p-lactamase.
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