
INTRODUCTION

β-Lactam antibiotics (BLAs), like penicillin derivatives

(penams), cephalosporins (cephems), monobactams and

carbapenems, constitute one of the most important families of

antibiotics1,2. They are essentially characterized by a β-lactam

(BL) ring in their molecule and work by attacking the cell

walls of bacteria. β-Lactam antibiotics acylate the active site

serines of penicilline-binding proteins (PBP): a reaction that

deprives bacteria of their physiological function and kills

them2-4. But due to overuse in humans and as growth promoters

in food of animals5 some bacteria (e.g., methicillin resistant

Staphylococcus aureus; MRSA) have developed resistance to

β-lactam antibiotics by several mechanisms and contributing

factors. However, resistance by synthesizing β-lactamase

(BLase); a group of enzymes that attacks and hydrolyzes the

β-lactam-ring6-8, continues to be the leading cause of resis-

tance in gram-negative bacteria9. This resistance to β-lactam

antibiotics, has emerged as a serious clinical problem over the

last five decades and strains of bacteria that produce extended-
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β-Lactam-antibiotics (BLAs), the most widely used group of antibiotics, have significantly served the humanity, since their discovery.

Some bacteria (e.g., methicillin resistant Staphylococcus aureus) have developed mutated penicillin-binding proteins/enzymes and thus

developed resistance to almost all of the β-lactam-antibiotics. Thus rendering antibiotic industry; worth US $25 billion almost to death-

bed. Addition of a β-lactamase (BLase) inhibitor to β-lactam-antibiotics has been partially successful in alleviating this resistance.

Though synthetic β-lactamase-inhibitors are at the scene, but search for new inhibitors from natural sources is a sound cry of the time.

Preliminary screening of crude plant extracts is almost impossible using reported microbiological and/or instrumental techniques due to

coloured nature of extracts, limited availability of purified β-lactamase and other problems. Hence a new, easy, efficient, economical and

versatile assay was developed and practiced successfully in our laboratory. Transformed Escherichia coli DH5α with pET21α, which has

a gene for β-lactamase was used. Transformation was carried out by modified basic CaCl2 method with plasmid DNA. Assay was

performed in test tubes according to reported templates, modified and managed to nullify colour problems. About 250 plant extracts were

screened and the new method was found satisfactory in all aspects. Hence, it is suitable for large-scale screening of crude and semi-

purified extracts.
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spectrum-β-lactamases (ESBLases) have become very

common10,11. These enzymes make BLAs ineffective as thera-

peutic agents. Extended-spectrum β-lactamases-producing

bacterial strains are highly resistant to an array of antibiotics

so infections by these strains are difficult to treat. Thus, the

choice of effective and safe drugs to be used is shrinking day

by day12.

Emergence of plasmid-mediated resistance raises question

about the future of antibiotics in chemotherapy, as the transfer

of such resistance-plasmid to other bacteria will promote the

fast spread of resistance genes13. According to a recent study

about E. coli, the rate of adaptative-mutations is on the order

of 10-5 per genome per generation, which is thousand times as

high as previous estimates14. As an outcome of extensive

microbiological, biochemical and genetic investigations more

than 270 β-lactamases have been described and divided into

four molecular classes: A, B, C and D15.

Although BLase-related resistance can be approached

using multiple therapeutic interventions including non-BLAs,

BLase-stable-antibiotics or BLase-inhibitors. Idea of antibiotic



combinations containing the BLasé-inhibitors seems the most

convenient and a novel clinical approach to control ESBLase-

resistant organisms4. However, the current marketed inhibitors

(tazobactam, clavulanate and sulbactam) are not active against

all β-lactamase. These combinations inhibit only the growth

of bacteria producing molecular class-A-BLases, such as the

common TEM (Temoniera) and SHV (sulphydryl variable),

which are often encoded by plasmids in gram-negative bacteria.

They do not show reasonable activity against the class-C (chromo-

somal serine cephalosporinases) or the metallo-BLases (class-

D) that are now appearing more frequently on multi drug

resistant plasmids16. Moreover, in the early 1990s BLases, that

were resistant to clavulanic acid were also discovered2,17. There-

fore, development of synthetic and/or discovery of natural

BLase inhibitors to be combined with BLAs, to combat infec-

tious diseases, caused by multidrug-resistant-bacteria (MRB)

including fast-spreading, ESBLase-producing enteric bacteria,

is a sound cry of time. Therefore, due attention is needed to

develop new alternative or combination agents12,17.

A large-scale search for BLase inhibitors requires rapid,

sensitive and chromogenic assays. A reasonable number of

microbiological and/or instrumental assays/procedures have

been reported.

Starch paper method that uses discoloration of iodine18.

Starch-iodine agar plate method17.

Iodometric method In-Tube19 and by Catlin-method20.

Acidimetric method using paper discs and phenol red as

indicator21.

Chromogenic cephalosporin method: employing a com-

mercial reagent; nitrocefin, prepared as liquid solution22.

Inhibition method using chocolate agar plates23.

Reverse passive haemaglutination procedures7,24,25.

Tube broth dilution method, using specific dye (p-

iodonitro tetrazolium violet)26.

The nitrocefin competition assay27 which is widely used

to screen for BLase-inhibitors from plant extracts.

Nitrocefin is a chromogenic BLase substrate that under-

goes distinctive colour change from yellow (λmax 390 nm) to

deep red (λmax 486 nm) as the amide bond in the BL-ring is

hydrolyzed by Blasé28. These characteristics are suitable for

convenient detection of BLase activities. Nitrocefin is commer-

cially available but is prohibitively expensive (ca. $20,000/g)

because of the circuitous routes to its synthesis29. Though it

has been used in competitive inhibiton studies in development

work on BLase-resistant antibiotics using Direct plate method,

Slide method (avoid dessication), Broth method, Broken cell

method, Paper disc spot method or spectrophtometric assay.

But while working with nitrocefin one has to protect it from

light to avoid degradation and store at -20 ºC. Stock solution

could be stored at -20 ºC for only up to 2 weeks30. Yet preli-

minary screening of crude plant extracts is almost impossible

using reported techniques. It is because the solution of the

extracts is often brown, green or yellow and hinders the

reasonable judgment of screening experiments, more over

limited availability of purified BLase at large scale is another

problem. Hence a new, easy, efficient, economical and versa-

tile assay was developed and practiced successfully in our

laboratory.

EXPERIMENTAL

Transformation of bacteria: In this study a laboratory

strain of E. coli i.e., DH5α transformed with pET-21α plasmid;

which has a gene for BLase was used. Transformation was

carried out according to modified Russel and Sambrook's

protocol for molecular cloning31.

Solutions and media for 250 mL: CaCl2·2H2O, 1.83 g

(= 50 mM). Autoclaved and stored at 4 ºC. LB medium and

LB plates supplemented with appropriate antibiotic to select

for the plasmid (ampicillin in this case, at 100 µg/mL, final

concentration).

Preparation of competent cells: Set up overnight (16 h)

culture (5 mL) of the host strain at 37 ºC with shaking. Next

day, inoculate the overnight culture (0.2 mL) into fresh pre

warmed LB (10 mL in a 100 mL flask) and incubate with

shaking at 37 ºC until the A550 of the culture is ca. 0.2-0.3 (this

normally takes about 2 h). Place the culture on ice for 5 min

then transfer it to a pre cooled (4 ºC) sterile oakridge centri-

fuge tube. Spin the cells down (in the Beckman J2-21) using a

pre cooled roter at 6000 rpm for 5 min at 4 ºC. Discard the

supernatant. Gently re suspend the cells in ice-cold 50 mM

CaCl2 (ca. 20 mL) and leave on ice for 40 min. Repeat last

step. Discard the supernatant. Gently re-suspend the cells in

ice-cold CaCl2 (2 mL) and store on ice until needed. These are

the competent cells. Competent cells are checked by streaking

on the lauria bertin + ampicllin plates.

Transformation of cells and plating out: Dispense a

sample of the competent cells (200 µL) into a sterile pre cooled

micro centrifuge tube. Add the plasmid DNA; mix gently and

leave on ice for 40 min. Quickly transfer the tube to a 42 ºC

water bath for 2 min then return it to ice for ca. 5 min. Add LB

medium (0.8 mL) to the tube, mix and incubate it for 1-2 h at

37 ºC without shaking. Spread samples of the transformed

cells (50-200 µL) on pre warmed, dried LB plates containing

the appropriate antibiotic (ampicillin in this case) to select for

the plasmid.

Plant extracts: Over a period of ca. 2 years more than

250 plant extracts were extracted/ arranged. A variety of plant

extracts including essential oils as well as soaked extracts from

different parts of plants, trees, shrubs and herbs from many

families found in Pakistan were used. The following extraction

techniques/schemes were employed: Essential oils by expres-

sion, enfleurage, maceration, solvent extraction and steam/

hydro distillation with Clevenger type apparatus and later on

recovered with diethyl ether and dried with anhydrous sodium

sulphate32. Sequential extraction with petroleum ether, chloro-

form, ethyl acetate, acetone, methanol, ethanol, n-butanol and

water using soxhlet extractor assembly33. Solvent extraction/

fractionation of soaked methanolic/ethanolic extracts using

separating funnel according to general reported procedures34.

Antibacterial activity: Assay was performed in test tubes

(TTs) according to the procedure developed and standardized

in our laboratory. Actually the method originated from reported

templates with Muller-Hinton broth (MHB), lauria bertin (LB)

and nutrient broth (NB), etc., based antimicrobial assays in-

cluding disc diffusion method35, agar-well diffusion method34,36,

macro and micro dilution assays etc.37-41 modified and managed

to nullify the colour, concentration and solubility problems:
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Ampicillin and extract solutions were sterilized by micro-

filtration with syringe-filters (20 µm, PTFE, Starlab Scientific

Co. Ltd.) into sterilized/autoclaved vials while working in the

Laminar Flow Cabinet. 3 mL LB solution (27 g/dm3) was added

to wider (38 mm × 200 mm) culture/test tubes (TTs), cotton

plugged and autoclaved (15-20 min, 121 ºC, 0.11 MPa). After

cooling to room temperature, according to scheme given in

Table-1, 500 µL of each of sterilized plant extract solution (16

mg/mL) and ampicillin solution (16 mg/mL) were added to

make total volume 4 mL and hence get final concentration of

2 mg/mL each. For positive/negative controls water and/or

relevant solvent were added to make-up the volume. Plugged

TTs were put on rotary shaker (ca. 50-100 rpm) to homo-

genize for 15-30 min. 15-18 h old inoculum was adjusted/

diluted to 106-8 CFU with sterile saline solution by spectro-

photometry (530 nm) corresponding to 0.5 McFarland

standard42. Then 20 µL of inoculum were added to each TT,

while working in the laminar flow cabinet. Put on rotary shaker

(100-150 rpm) to assure homogeneity and to maintain aerobic

conditions as well. HgCl2
18, Clavualnic acid and Augmentin

(injection) were used as standard inhibitors. Observed during

4-18 h any changes in turbidity/colour and reported according

to Table-1.

In another study for kinetics the turbidity growth rate was

monitored spectrophotometrically. At regular intervals 20 µL

samples were drawn and immediately diluted with acetone

and water to stop any further bacterial growth as well as to

adjust optical density (λmax 500-600 nm).

RESULTS AND DISCUSSION

About 250 plant extracts were screened and the new

method was found satisfactory in all aspects. Hence it is suitable

for large-scale screening of purified, semi purified as well as

crude extracts.

Advantages, versatility and cares: The method is equally

applicable to all types of extracts, regardless of their colour,

concentration, impurity content and to some extent solubility.

A variety of bacterial strains (both natural and transformed)

could be screened, safely and cheaply for their susceptibility

towards extracts, because it is only once you have to have

bacteria and then through frequent sub culturing it is possible

to go ahead without further investment. The bacteria can be

tuned through proper choice of plasmid to produce either of

the BLases: A, B, C and D or other PBPs. Not only that but

other resistant strains (e.g., kanamycin reistant) could also be

screened through required transformation with appropriate

plasmid. The method is applicable for all bacterial strains which

can host plasmids like pET21-series, pTZ57-series etc. The

method is free of possible confusions encountered with other

methods due to factors like restricted diffusion of enzyme and

extract solutions in agar, denaturation of enzyme during purifi-

cation, decolourization of iodine by salicylic acid or other

compounds  and requirement of fresh plates etc.18. E. coli under

stress readily transfers multidrug resistant plasmids to other

species of bacteria, such as Staphylococcus aureus, through a

process called horizontal gene transfer14 so the safer lab strain

of E. coli should be avoided to come in contact with other

natural strains.
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