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ABSTRACT

Objectives: MGB-BP-3 (MGB) is a new class of
antibacterial agent discovered at the University of
Strathclyde. It binds selectively to the minor grooves of
DNA. We Investigated the spectrum of antibacterial activity
against a panel of bacteria. The antibacterial profile of
MGB was investigated further in susceptible bacteria to
determine MIC5,/MBCsy and MICy/MBCq,, Killing activity,
and the potential for development of resistance.

Methods: The CLSI methodology was used throughout the
experiments. MIC was assessed in a panel of 52 Gram-
positive and 34 Gram-negative bacteria and compared to
standard antibiotics. The MIC50/MBC30 and
MICO0/MBC90 were determined in a panel of 210 Gram-
positive Isolates consisting of vancomycin susceptible and
resistant enterococci, meticillin susceptible and resistant
Staphylococcus aureus and S. epidermidis, and a group of
streptococci. The bactericidal activity of MGB was
determined measuring in vitro killing activity (time kill and
bactericidal index) against vancomycin-susceptible E.
faecalis, meticillin-susceptible S. aureus and
Streptococcus pyogenes. These strains were also used to
assess the propensity to develop resistance to MGB and a
comparator (fusidic acid) by mutation frequency following
serial passage over 14 days at sub-inhibitory antimicrobial
concentrations (0.5 x MIC).

Results: MGB showed high activity against all Gram-
positive Isolates tested, including vancomycin and
meticillin resistant strains. At 0.omg/L, MGB inhibited
86.5% of all tested Gram-positive isolates, compared to
43.4% tested with vancomycin. With Gram-negative
Isolates the only MGB activity observed was against N.
meningitidis (MIC 0.25 mg/L) and two M. catarrhalis strains
(MIC of 0.5 mg/L and 2 mg/L).The data indicate that MGB
IS bactericidal against staphylococcl and streptococci,
whilst it is bacteriostatic to enterococci. Resistance tests
showed that E. faecalis can develop resistance against
MGB, but there was no similar evidence for S. aureus and
S. pyogenes.

Conclusion: MGB has been shown to have very strong
inhibitory activity against all tested Gram-positive bacteria
including vancomycin and meticillin resistant strains. Its
activity against staphylococci and streptococci Is
bactericidal, and bacteriostatic against enterococci. The
possibility of developing resistance to MGB was confirmed
with E. faecalis but not with S. aureus and S. pyogenes

INTRODUCTION

MGB is a new class antibacterial agent, under preclinical
development at MGB Biopharma; it binds selectively to the
Minor Groove of DNA.

We Investigated the spectrum of antibacterial activity
against a panel of Gram-positive and Gram-negative
bacteria and fungi. The antibacterial profile of MGB was
investigated further in susceptible bacteria to determine
MIC:,/MBC:s; and MICq,/MBCqq, Killing activity, and the
potential for development of resistance.

METHODS

MIC testing
MIC was determined in all tests by broth microdilution for
aerobic organisms and by agar dilution methodology for
anaerobic organisms, according to CLSI M11-A7".
Initially MIC of MGB was assessed in a panel of 52 Gram-
positive and 34 Gram-negative bacteria and 20 fungi and
compared to standard antibiotics. Further MIC was
assessed in 41 isolates from the Gram-positive bacteria,
and 20 isolates of C. difficile.

MIC;,/MBC5, and MIC,,/MBCy, determinations

MICs, and MICy, together with MBCs, and MBCq, were
assessed in a panel of 210 recent clinical isolates.
Analysis of the bactericidal activity

The Killing activity of MGB and vancomycin were
determined at 2, 4 and 8 fold MIC In vancomycin-
susceptible Enterococcus faecalis , Meticillin-susceptible
Staphylococcus aureus and Streptococcus pyogenes
(Group A).

Mutation Frequency Resistance Testing

The frequency of occurrence of bacterial colonies showing
resistance was determined, as evidenced by their ability to
grow on Mueller Hinton agar (MHA) plates containing
various multiples of the MIC for MGB and fusidic acid
against Enterococcus faecalis, Staphylococcus aureus and
Streptococcus pyogenes.

METHODS

Serial Passage Resistance Testing
Serial passage resistance development was performed
assessing MIC data for MGB and fusidic acid against
Enterococcus faecalis, Staphylococcus aureus and
Streptococcus pyogenes over a 14 day period.

RESULTS

MIC Assessment showed that MGB possesses high
antibacterial activity against all the Gram-positive bacteria
tested (Table 1). At 0.5mg/L, MGB inhibited 86.5% of all
tested Gram-positive isolates, compared to 43.4% tested
with vancomycin. No activity was observed against fungi or
Gram-negative bacteria, with the exception of Neisseria
meningitidis and Moraxella catarrhalis.

Table 1. MIC values for MGB and vancomycin in a range of

Gram-positive isolates.

Gram-positive isolates HIIIEIE[n?: ﬂ_3] %Tﬁgﬂ“
1 EMRSA1 Staphylococcus aureus (MRSA) - SSCmec type 3 0.25 1
2  EMRSA15 Staphylococcus awreus (MRSA) - SSCmec type 4 0.5 05
3 EMRSA16 Slaphylococcus aureus (MRSA) - SSCmec type 2 0.5 1
4 EMRSA3 Staphylococcus aureus (MRSA) - SSCmec type 1 0.5 1
S  Slaphylococcus aureus - methiclin-resistant cnical isolate. 0.5 1
6 Saphylococcus aureus - multi-drug-resistant clinical isolate 0.25 2
7  Ssphylococcus sureus - teicoplaninintermediate dinical isolate 05 2
8 Saphylococcus aureus ATCC 25923 - antibiotic-susceplible type strain 0.5 1
9  Saphylococecus aureus ATCC 29213 - antibictic-susceplible type strain 0.25 1
10  Saphylococcus aureus ATCC 43300 - methialinTesistant type drain 0.25 1
11 Saphylococcus aureus HT2001254 (MRSA) - PVL postive 0.25 1
12 Saphylococcus aureus MUSD (MRSA) -VISA type strain 0.25 8
13  Slaphylococcus epidermidis - antibiolic susceptible cinical isolate. 0.25 2
14  Slaphylococcus epidermidis - methicilin-resistant clinical isolate. 0.5 2
15  SHaphylococcus heermolyticus - antibiotic susceptible clinical isolate 0.5 2
16 Saphylococcus saprophyticus - antibiolic susceptible cinical isolate. 0.25 1
17  Ererccoccus faecalis - ATCC 29212 antibiotic-susceptible type strain. 1 <
18  Enterccoccus faecals - high-level gentamicin-resistant clinical isolate. 1 2
19  Enlerccoccus faecals - vancomycin-resistant (VanA) ciinical isolate, 2 >32
20  Enlerccoccus faecals - vancomycn-resistant (VanB) cinical isolate. 0.5 »32
21  Enlerccoccus faecals - vancomycin-susceplible dinical isolate. 0.25 4
22  Enferococcus faecium - vancomycn-resistant (VanA) clinical isolate. 05 »32
23  Erferccoccus faecium - vancomycinfesistant (VanE) clinical isolate. 0.5 32
24  Erferccoccus faecium - vancomycn-susceptible cinical isolate 1 1
25  Erferccoccus galinarum- vancomycin-regstant (VanC) clinical isolate. 0.5 8
26 Group C Streptococcus - antibiotic-susceptible cinical isolate 0.25 0.5
21 Group C Streplococcus - macrolide-resistant dinical isolate 0.25 0.25
28  Group G Streplococcus - aniichic-susceptible dinical isdlate 0.25 0.12
23 Group G Steplococcus - macrolide-resistant cinical isolate 0.25 0.25
X Streplococcus agalachiae - antibictic-susceptable dinical isolate 0.25 0.5
31 Sireplococcus agalactise - macrolide-resistant clinical isolate 0.25 05
32 Strepfococcus bovis - anhbiotic-susceplible dincal isolate 0.25 05
33  Sreplococcus bovis - macrolide-resistant chnical isolate 0.25 05
M  Sreplococcus condelalus - antibiotic-suscephible cinical isolate 0.25 05
35  Sreplococcus consedalus - maorolide-resistant clinical isolate 0.5 1
36  Sreolococcus miis - antibiohic-susceptible dinical isolate 0.25 05
37 Sreplococcus miis - macrolideresistant chnical isolate 05 05
38  Streplococcus oralis - antibiotic-susceptible clinical isolate 0.25 0.5
J9  Streplococcus orals - macrolide-resistant chinical isolate 1 0.5
40  Streplococcus preumonise - ATCC 49519 antibiotic-susceptible strain, 0.25 0.25
41 Sireplococcus preumoniae - multi-drug resistant chinical isolate 0.25 05
42  Strepfococcus preumoniae - peniclin-ntermediate chnical isolate 0.25 0.25
43  Sireplococcus preumoniae - peniclin-resistant dinical isolale 0.25 0.12
44  Strepfococcus preumoniae - peniclin-susceptible clinical isolate 0.25 0.12
45 Sreplococcus pyogenes - anhibiotic-susceptible clinical isolate. 0.25 05
96  Streplococcus pyogenes - Macrolide (MLS) resistant cinical isolate 0.25 05
o7 Sireplococcus pyogenes - Macrolide (M-type) resistance clinical isolate 0.25 05
48 Sreplococcus sanguis - antibiotic-susceptible chnical isolate 0.5 0.5
49  Sireplococcus sangus - macrolde-resistant cinical isclate 05 05

RESULTS
Table 3. MIC/MBC:, and MIC/MBCq, for MGB

Group B Streptococai 15 0.25 1 0.25
Group C Streptococci 15 0.25 1 0.5
Group G Streptococci 15 5 0.5 {5 0.5
Methicillin-resistant

ethicillin-resistan 15 1 5 1 7
Staphylococcus aureus
Methicillin-resistant

e T 15 | 025 | 0.5 0.5 2
Staphylococcus epidermidis | |
Methicillin- tibl

ethicillin-susceptible 15 05 1 1 7
Staphylococcus aureus
IMethicillin- tibl

e o I 15 | 025 | 05 | 0.25 2
Staphvlococcus epidermidis
Streptococcus constellatus 15 0.25 .5 (.5 i
Streptococcus mitis 15 0.5 2 S
Streptococcls pyogenes 15 0.25 0.5 (.25 2
Uancnmvcin—re&istanlt 15 5 7 237 239
Enterococcus faecalls
i In-resistant

ancomycin-resis Ian 15 1 ) 237 537
Enterococcus faecium
Vi In- tibl

ancomycin-suscep .I e 15 1 ) 237 237
Enterococcus faecalls
Uanmmvcin—ﬂu&celptihle 15 1 7 237 239
Enterococcus faecium

Inthe Mutation Frequency study no MGB resistant
mutants were observed with Streptococcus pyogenes or
Staphylococcus aureus. However, MGB resistant
mutants (up to 8x MIC) were observed with
Enterococcus faecalis (Table 4).

Table 4. MIC data from the mutation frequency test for
MGB against Enterococcus faecalis, Staphylococcus
aureus and Streptococcus pyogenes..

Organism Broth I I Broth
microdilution AEBEincarpamtian microdilution

Eﬂremcm?cus 1 1 >G4
faecalis
Staphylococcus 0.5 0.25 0.25
aureus
Streptococcus 0.25 0.5 0.12
pyogenes

MGB showed high activity against 20 isolates of C. difficile
iIn comparison to clindamycin (Table 2).

Table 2. MIC determination for MGB and clindamycin
against 20 C. difficile Isolates.

C. Difficile Ribotype Mi'ip'?‘h:mc CIIH:.,T:“T“ MIC

1 1(1.6) 8 (17.3)
2 1(1.6) 16 (34.6)
2 1(1.6) 8 (17.3)
5 1(1.6) 8 (17.3)
o 1(1.6) 8 (17.3)
11 1(1.6) 8 (17.3)
14 1(1.6) 8 (17.3)
14 1(1.6) 8 (17.3)
18 1(1.6) 8 (17.3)
23 1(1.6) 8 (17.3)
27 1(1.6) 16 (34.6)
27 1(1.6) 4(8.7)
27 1(1.6) 8 (17.3)
50 1(1.6) 8 (17.3)
50 1(1.6) 8 (17.3)
54 1(1.6) 8 (17.3)

106 1(1.6) 8 (17.3)
106 1(1.6) 16 (34.6)
176 1(1.6) 8 (17.3)
176 1(3.2) 8 (17.3)
ATCC 700057 1(1.6) 8 (17.3)

MIC;,/MBC5, and MIC,,/MBCy, determinations showed
that MGB has pronounced bactericidal activity against
Staphylococcus aureus and especially Streptococcus
pyogenes. However, its activity against Enterococcus
faecalis was found to be bacteriostatic (Table 3).

1. Clinical and Laboratory Standards Institute. Methods for

In the Serial Passage resistance study MGB showed a
small MIC increase for Enterococcus faecalis from 0.25
to 8 mg/L In 4 days and for Staphylococcus aureus from
0.06 to 1 mg/L in 6 days. The MIC then remained
unchanged throughout the rest of the passage. No
iIncrease in MIC was observed with Streptococcus
pyogenes. In contrast, fusidic acid showed a
pronounced increase in MIC over the 14 day passage
(Figure 1).
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Figure 1. Serial passage with MGB and fusidic acid over
14 days with Enterococcus faecalis, Staphylococcus
aureus and Streptococcus pyogenes.

CONCLUSIONS

« MGB has been shown to have strong inhibitory
activity against all tested Gram-positive bacteria
iIncluding vancomycin and meticillin resistant strains.

« |ts activity against staphylococci and streptococci is
bactericidal, and bacteriostatic against enterococci.

« The possibility of developing resistance to MGB was
confirmed with E. faecalis but not with S. aureus and
S. pyogenes
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