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Abstract

The activity against Gram-positive bacteria of 3,45 3entabromo-2-(2hydroxybenzoyl)pyrrolé, a synthetic anti-bacterial compound
related to pyrrolomycins, was tested in vitro using seven reference bacterial straiS$agiglococcus epidermidand Staphylococcus
aureuspreformed biofilms. Compounidwas active against all strains tested, with minimum inhibitory concentration (MIC) values ranging
from 0.002 to 0.097 mg/l and minimum bactericidal concentrations (MBCs) from 0.37 to 12.5 mg/l. Compaasdalso active at low
concentrations against preform8depidermidigndS. aureusiofilms.
© 2005 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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1. Introduction such as pentabromopseudilin and pyolutesi], respec-
tively produced by bacteri#seudoalteromonas luteovio-

Gram-positive bacteria are a significant cause of hospital- laceusandPseudomonas aeruginosad pyrrolomycing7]

acquired and community infections and may induce diseasesproduced by some fungi. All these metabolites show good

associated with serious levels of morbidity and mortality. anti-microbial activity especially against Gram-positive bac-

Moreover, antibiotic resistance of important Gram-positive teria.

pathogens, such aStaphylococcus aureu$treptococcus We have previously described the synthesis of a series of

pneumonia@andEnterococcus faecallsas become one ofthe  bioactive brominated compounds related to monodeoxypy-

major worldwide health problems. The recent appearance inoluteorin[8], and we have reported the activity of these com-

many countries of vancomycin-intermediate resistant (VISA) pounds against antibiotic sensitive and resis@naureus

and vancomycin-resistast aureussolates (VRSA]1] is the clinical straing9].

latest development in antibiotic resistance. Staphylococcal In this paper, we report new biological activities

biofilms play an important role in human pathology because of 3,4,5,3,5-pentabromo-2-(2hydroxybenzoil)pyrrolel,

they represent an intrinsic form of resistance to antibiotics which was the most active of the brominated compounds

and colonize the surface of indwelling medical devif&s series, against Gram-positive bacteria and as a potential anti-
Biofilm-forming staphylococci cause infections that are biofilm agent.

very difficult to treat[3], and there is an urgent need to de-

velop new agents to halt these pathogens. One approachis to _

improve the activity of natural anti-microbial substances by 2- Materials and methods

synthesis of analogous compounds. For this reason, we turned )

our attention to naturally produced organohalogidijsand 21 Synthesis

in particular to the halogenated pyrroles from natural sources, ,
3,4,5,3,5-Pentabromo-2-(zhydroxybenzoil)pyrrole |

« Corresponding author. Tel.: +39 091 6236115; fax: +39 091 6236150, (19- 1) was synthesized by methods previously described
E-mail addressdschill@unipa.it (D. Schillaci). 8.
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Fig. 1. 3,4,5,35-Pentabromo-2-(zhydroxybenzoil)pyrrolel molecular
structure.

2.2. Microorganisms

The strains used wei®. aureusATCC 25923,S. aureus
ATCC 29213, Staphylococcus epidermid&TCC 12228,
S. epidermidiDSM 3269,Streptococcus agalactiabTCC
13813E. faecalisATCC 29212Bacillus subtilisATCC 6633
andListeria monocytogenddCTC 7973.

2.3. Determination of minimum inhibitory
concentrations (MICs) by broth dilution micro-method

A series of solutions was prepared with a range of con-
centrations from 50 to 0.001 mg/l (obtained by two-fold serial
dilution). The serial dilutions were made in Mueller—Hinton
broth (Merck) in a 96-wells plate, starting from a stock solu-
tion of 5mg/ml in 1:1 (v/iv) DMF/sodium hydroxide 0.1 M.
To each well, 1Gul of a bacterial suspension from a 24 h cul-
ture containing~10° cfu/ml was added10]. The plate was
incubated at 37C for 24 h; after this time, the MICs were
determined by a microplate reader (ELX 800, Bio-Tek Instru-
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the medium was removed, the plates were air-dried and then
each well filled with 10Qul of PBS supplemented with ol

of a 5mg/ml MTT (methylthiazotetrazolium) solution and
incubated for 1 h at 37C. The insoluble purple formazan,
obtained by cleavage of MTT made by dehydrogenase en-
zymes of living cells, was dissolved with a mixture of acidic
isopropyl alcohol and Triton X-100 (Sigma). The o.d. of each
well was read by a microplate reader (ELX 800, Bio-Tek in-
struments) at 570 nm with background subtraction at 630 nm.
Comparison of the absorbance of positive control wells with
absorbance of sample wells enabled the calculation of inhi-
bition percentages of substarcat several concentrations.

2.6. Biofilms susceptibility testing, crystal violet method

S. epidermidiDSM 3269 andS. aureusATCC 29213
were grown, diluted and wells were washed as previously
described for the MTT method. The plates were air-dried at
37°C and to each well was added 1000f Mueller—Hinton
supplemented with several concentrations, ranging from 1.5
to 0.047u.g/ml, of substanceé, except in the case of positive
controls. The plates were incubated at’@rfor 24 h; after
this incubation time, the medium was removed, the plates
were air-dried and then each well was filled with crystal vio-
let solution (0.1%) for 15—20 min. The plate was then washed
three times with water, and the crystal violet was dissolved in
150-20Qul of ethanol by pipetting up and down. The plate
was read at 570 nm using a microplate reader. Inhibition per-
centages at several concentrations of substaneere ob-

ments) as the lowest concentration of compound whose 0.d. tained by comparing the o.d. of control wells with that of the
read at 570 nm, was comparable with the negative control sample wells.

wells (broth only, without inoculum). Vancomycin was used
for comparative purposes and quality control of the method.

2.4. Determination of minimum bactericidal
concentrations (MBCs)

The minimum bactericidal concentration was obtained by
subculturing 0.1 ml from each negative well and from the
positive control of MIC determination, onto substance-free

Mueller—Hinton agar plates. The plates were incubated at

37°C for 24 h. The MBC was defined as the lowest concen-

3. Results and discussion
3.1. Anti-microbial activity

3.1.1. MIC, MBC and anti-biofilm results

Compound was tested for its in vitro anti-bacterial ac-
tivity on a group of Gram-positive bacteria.

The anti-bacterial activities of compoumhgdexpressed as
minimum inhibitory concentration and minimum bactericidal

tration of substance, which produced subcultures growing no concentration, are shown ifeble lalong with the activity

more than three colonies.

2.5. Biofilm susceptibility testing,
methylthiazotetrazolium (MTT) method

S. epidermidi®SM 3269 ands. aureu#ATCC 29213 were
grown and diluted as described previoydly]. After cultiva-
tionfor 24 h at 37C in 96-well plates, the wells were washed
three times with 20Q.1 of sterile phosphate-buffered saline
(PBS). The plates were air-dried at3Z and to each well was
added 10Gul of Mueller—Hinton supplemented with several
concentrations, ranging from 1.5 to 0.04g@/ml, of substance

of vancomycin for comparison. Compouhdvas found to

be active against all strains tested with MIC values ranging
from 0.002 to 0.097 mg/l and MBCs ranging from 0.37 to
12.5mgll.

Compound| showed considerable activity against a
biofilm-positive strain ofS. epidermidisDSM 3269, with
inhibition percentages ranging from 100 to 49.4% or 82
to 46.5% at concentrations ranging from 1.5 to 0.047 mg/I
(Fig. 2 using, respectively, MTT or crystal violet method
for staining biofilms grown in microtitre plates. Inhibition
againstS. aureusATCC 29213 biofilm ranged from 89 to
58% at concentrations 1.5-0.047 mg/l using the MTT method

I, except in the case of positive (growth) controls. The plates or 51.5-28.7% at the same concentrations but using crystal

were incubated at 31T for 24 h; after this incubation time,

violet method Fig. 3).
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Table 1 planktonic form of these strains. Preformed biofilms were
MIC and MBC values in vitro expressed in mg/l for all strains tested inhibited at 15¢ MIC or more forS. epidermidiSM 3269
| Vancomycin and at 4 MIC or more forS. aureuATCC 29213, although
MIC  MBC MIC  MBC there was good killing on the biofilms at the MBC for plank-
S AUreUATCC 29213 o a1 ) 8 tonicS. epidermidi®SM 3269, 0.37 r.ng/I. and at 1.5 mg/I for
S. aureuATCC 25923 0005 15 1 8 S. aureuATCC 29213, a concentration just below the MBC
S. epidermidiATCC 12228 0094 62 1 >8 (Figs. 2and 3
S. epidermidiDSM 3269 0003 a37 2 4 In conclusion, these data of the anti-bacterial activity of
E- faeﬁa“f-A;CT%éng;glg géi 152 ‘1‘ >§ compound, specifically its activity against bacteria in a pro-
. agalactia . . . . . . .
L. monocytogene¥CTC 7973 0002 37 1 -8 teptlve physmloglcgl form intrinsically .refractory to' aptlpl-
B. subtiliSATCC 6633 094 15 1 2 otics, such as biofilms, are worthy of interest. Anti-biofilm

activity should be considered an important factor in evaluat-
ing compounds as candidates for further development stages
in anti-microbial researci12]. For this reason, we think that
compound might be a potential lead compound in the dis-
covery of new anti-Gram-positive and anti-biofilm agents.
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Fig. 2. In vitro percentages inhibition & epidermidi)SM3269 biofilm.
MTT and crystal violet (CV) methods. Values are the average of at least three

independent determinations. Coefficient of variation was less than 15%. References
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Fig. 3. In vitro percentages inhibition d®. aureusATCC 29213 biofilm.
MTT and crystal violet (CV) methods. Values are the average of at least three
independent determinations. Coefficient of variation was less than 15%.
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