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Abstract Quaternary quinolinium salts have been widely used as alternative antimicrobial agents. In
an effort to improve the current quinolinium compounds and determine the relation between
antibacterial activity and substituted functional groups, 10 different styryl quinolinium derivatives with
various quaternary ammonium electron acceptors, electron donors, and counter anions were
rationally designed. Among the 10 styryl quinoliniums, six compounds exhibited bactericidal effects
against Gram-positive bacteria, with minimum inhibitory concentrations (MICs) of 2.4-37.5 pug/mL. In
addition, two compounds, namely DA-DMQ1,4-T and DA-DMQ1,4-TMS, showed low MICs of 18.75-75
ug/mL with Gram-negative bacteria. In general, compounds possessing electron acceptor groups with
a strong electron-withdrawing ability exhibited high bactericidal activity against diverse bacterial
species. Co-administration of quinolinium (1.17-9.36 pg/mL) and broad-spectrum f-lactam antibiotic
ampicillin (0.02-2.34 pg/mL) showed synergistic bactericidal effects on both Gram-positive and Gram-
negative bacteria. This study provides guidelines for the development of new quinolinium salts with a
prominent antimicrobial activity.
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Introduction

The World Health Organization (WHO) estimated that diarrheal
diseases caused by bacterial or viral pathogens are responsible for
230,000 annual deaths worldwide (1). To control and prevent
microbial infections, a variety of antimicrobial agents, including
antibiotics and disinfectants, have been applied in food-processing
industries and hospital environments. However, the overuse and
misuse of antibiotics have led to the occurrence of multidrug
resistance in bacterial pathogens. Furthermore, drug development
has lagged behind the rapid emergence of the “superbug” bacteria,
which is resistant to current antibiotics (2).

In the search for new antimicrobial agents, quaternary ammonium
compounds (QACs) have been widely studied as an alternative to
current antibiotics owing to their corresponding broad spectrum of
antimicrobial activity against both Gram-positive and Gram-negative
bacteria (3) as well as their relatively low cytotoxicity to humans (4).
Cationic QACs penetrate the cell wall by binding to negatively
charged phospholipids in the bacterial membrane, thereby disrupting
the cell envelope that leaks the cytoplasmic components (5,6). In the
context of their mechanisms of action, the antimicrobial activity of
QACs may be affected by many factors, including molecular weight,
hydrophobicity, charge distribution, and counter-anion characteristics.
The nature of the counter anion influences not only the morphology
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and the molecular weight of QACs but also their solubility in water.
Since the cationic moiety of quaternary ammonium salts disrupts the
bacterial membrane through an electrostatic interaction with negatively
charged membrane components, the structure of the counter-anion
moiety strongly affects the antimicrobial properties of QACs (7).
Biocidal cations that form tight ion pairs with counter anions are
hardly dissociated into free ions, and they are less likely to exert an
antimicrobial activity on the bacterial membrane. Hydrophobicity is
another important factor for determining the bactericidal activity of
cationic disinfectants (8,9). It is postulated that an increased
hydrophobicity enhances the penetration propensity of QACs regarding
the hydrophobic bacterial membrane, resulting in distortion of the
cell membrane. The amphiphilic balance between hydrophobicity
and hydrophilicity is mainly determined by the length of the
substituted alkyl chains (10) and the strength of the cationic moieties
(11). A change in the amphiphilic balance varies the adsorption
affinity of QACs to the bacterial membrane. Although QACs with long
alkyl chains tend to diffuse efficiently through the hydrophobic
membrane, excess hydrophobicity may interfere with the interaction
between QACs and the cellular membrane.

Despite the multiple advantages of QACs over antibiotics,
including inexpensiveness; ease of synthesis and modification; and
broad-spectrum-covering bacteria, fungi, and viruses; a high demand
for the improvement of conventional QACs persists (12-15). In
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addition to enhancing the antimicrobial activity against diverse
microorganisms, safety and stability are the prerequisites for the
extended applications of QACs. Recently, 2-(4-(dimethylamino)styryl)-
1-methylquinolinium 4-methylbenzenesulfonate (DA-DMQ1,2-T), a
styryl quinolinium derivative, exhibited promising bactericidal
activity against bacteria (16).

In this study, styryl quinolinium derivatives are rationally designed
by introducing a variety of functional groups in an effort to develop
new QACs and investigate the structure—activity relation. Styryl-
quinolinium-based QACs comprise the following four basic components:
electron donor, p-conjugated bridge, quaternary ammonium electron
acceptor in cation, and its counter anion (17). The cationic quinolinium
electron acceptor provides a quaternary ammonium skeleton and
pairs with benzenesulfonate, thereby forming a sulfonamide-like
structure. Although sulfonamides are well-known antibiotics,
sulfonamide allergies restrict their wide application (17). Herein,
various substituents of the three basic components, i.e., quaternary
ammonium electron acceptors, electron donors, and counter anions,
were incorporated into styryl-quinolinium-based QACs and the
bactericidal activities of these derivatives were investigated using
several species of Gram-positive and Gram-negative bacteria under
identical conditions. The styryl-quinolinium-based QACs exhibited a
strong correlation between antibacterial activity and substituted
functional groups.

Materials and Methods

Synthesis of styryl quinolinium salts Figure 1 shows the chemical
structure of the rationally designed styryl-quinolinium-based QACs.
In accordance with the literature (18,19), they are synthesized via a
condensation reaction between a dimethylquinolinium (DMQ)
benzenesulfonate (or iodide) intermediate and the corresponding
aldehyde or via a methathetic reaction between a styryl-quinolinium-
based cation iodide and the corresponding silver precursor as
follows: Q1 (DA-DMQ,12-T), Q2 (DA-DMQ2,3-T), Q3 (DA-DMQZ,4-T),
Q6 (PM-DMQ1,2-T), Q7 (PO-DMQ1,2-T), Q8 (DA-DMQ1,2-B, Q10
(DA-DMQZ,2-N2S), and Q11 (DA-DMQZ1,2-1).

The Q4 (DA-DMQ1,4-TMS), Q5 (DA-HEQ1,2-T), and Q9 (DA-
DMQ1,2-TMS) compounds were synthesized via a condensation
reaction between 4-(dimethylamino)benzaldehyde and 1,4-dimethyl-
isoquinolinium (DMQ1,4) 2,4,6-trimethylbenzenesulfonate (TMS), 1-
(2-hydroxyethyl)-2-methylquinolinium (HEQ1,2) 4-methylbenzene-
sulfonate (T), and 1,2-dimethylquinolinium 4-(DMQ1,2) 2,4,6-
trimethylbenzenesulfonate (TMS), respectively (18).

4-(4-(Dimethylamino)styryl)-1-methylquinolinium 2,4,6-trimethyl-
benzenesulfonate (Q4: DA-DMQ1,4-TMS) *H-NMR (400 MHz, DMSO-
ds, 8): 9.12 (d, 1H, J=6.8 Hz, CsH,N), 9.05 (d, 1H, J=8.4 Hz, CsH,N),
8.35 (d, 1H, J=7.2 Hz, CsHy), 8.35 (d, 1H, J=7.2 Hz, CsH,), 8.22 (t, 1H,
J=8.0 Hz, C¢H,), 8.20 (d, 1H, J=16.0 Hz, CH), 8.04 (d, 1H, J=15.6 Hz,
CH), 7.99 (t, 1H, J=7.8 Hz, CH,), 7.89 (d, 2H, J=8.8 Hz, C4H,), 6.84 (d,
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2H, J=8.8 Hz, C¢Ha), 6.75 (s, 2H, CsH,S0s), 4.45 (s, 3H, NCH3), 3.09 (s,
6H, NCH;), 2.53 (s, 6H, 2CH,), 2.18 (s, 3H, CHs).

2-(4-(Dimethylamino)styryl)-1-(2-hydroxyethyl)quinolinium 4-
methyl benzenesulfonate (Q5: DA-HEQ1,2-T) *H-NMR (400 MHz,
DMSO-dg, 8): 8.80 (d, 1H, J=9.2 Hz, CsH,N), 8.52 (d, 1H, J=9.2 Hz,
CeHa), 8.43 (d, 1H, J=9.2 Hz, C¢H,), 8.23 (d, 1H, J=8.0 Hz, CsH,N), 8.22
(d, 1H, J=14.8 Hz, CH), 8.04 (t, 1H, J=8.0 Hz, CcH,), 7.82 (t, 1H, J=7.6
Hz, CeHa), 7.79 (d, 2H, J=8.8 Hz, C¢Hy), 7.64 (d, 1H, J=15.6 Hz, CH),
7.45 (d, 2H, J=8.0 Hz, C4H,S0s), 7.09 (d, 2H, J=8.0 Hz, CsH,SO5), 6.82
(d, 2H, J=8.8 Hz, C¢Ha), 5.21 (t, 1H, J=5.8 Hz, OH), 5.14 (m, 2H, CH,),
4.01 (m, 2H, CH,), 3.07 (s, 6H, NCHs), 2.27 (s, 3H, CHa).

2-(4-(Dimethylamino)styryl)-1-methylquinolinium 2,4,6-trimethyl-
benzenesulfonate (Q9: DA-DMQ1,2-TMS) *H-NMR (400 MHz, CDCls,
§): 8.42 (d, 1H, J=9.2 Hz, CsH,N), 8.36 (d, 1H, J=9.2 Hz, CsHa), 8.05 (d,
1H, J=9.2 Hz, CsH,N), 7.99 (d, 1H, J=15.2 Hz, CH), 7.82 (t, 1H, J=7.6 Hz,
CeHa), 7.81 (d, 1H, J=7.6 Hz, CgHa), 7.73 (d, 2H, J=8.8 Hz, CHa), 7.56 (¢,
1H, J=7.6 Hz, C¢H,), 7.55 (d, 1H, J=15.6 Hz, CH), 6.83 (s, 1H, CH,S03),
6.39 (d, 2H, J=9.2 Hz, C¢H,), 4.53 (s, 3H, NCHs), 2.96 (s, 6H, NCH;),
2.82 (s, 6H, 2CHs), 2.23 (s, 3H, CHa).

Bacterial strains and growth conditions The bacterial strains used
in this study are Staphylococcus aureus (KCTC 1928, ATCC 29213),
Bacillus cereus (ATCC 1611), Enterococcus faecalis (ATCC 29212),
Salmonella enterica serovar Typhi (ATCC 700931), Salmonella
enterica serovar Typhimurium (ATCC 14028), Escherichia coli (ATCC
35695), enterohemorrhagic Escherichia coli (EHEC, NCCP 14539),
Pseudomonas aeruginosa (ATCC 27853), and Klebsiella pneumonia
(ATCC 700721). The stock cultures were kept frozen at 80°C and
streaked onto Luria—Bertani (LB) agar plates. Prior to antibacterial
tests, all bacteria were cultivated in LB broth at 37°C for 12 h and
then subcultured in fresh LB broth until an ODgg of 0.5 was reached.

Minimum inhibitory concentration (MIC) determination and cell
viability assay The bacterial cultures at an ODgy of 0.5 were
centrifuged at 10,000xg at 4°C for 1min, followed by their
resuspension in a working solution containing 10% alamarBlue
reagent (product no. 88952; Thermo Fisher Scientific, Waltham, MA,
USA) at an approximate concentration of 5x10° colony forming unit
(CFU). A 100-uL aliquot of the cell suspension was dispensed into
each well of a 96-well microtiter plate, except for the first row. Every
well in the first row was preloaded with 190 uL of the cell
suspension, which was then mixed with a quinolinium compound
dissolved in 10 pL of DMSO at 2.5%. Halves (100 pL each) of the
mixtures in the first row were transferred to the next row for a two-
fold serial dilution of the tested quinolinium compound until the last
row. The excess 100 pL mixtures produced from the last row were
discarded. The plates were then incubated at 37°C for 6-8 h, and the
absorbance of each well was measured at 570 and 600 nm using a
spectrophotometer (BioTek Synergy HTX Multi-Mode Reader,
Winooksi, VT, USA). The bacterial viability of each well was measured
according to the manufacturer’s instructions, and the minimum



inhibitory concentration (MIC) was determined as the lowest
concentration of the compound that inhibited the colorimetric/
fluorometric change of the alamarBlue indicator from blue to red and
eventually to fluorescent (16). Viable cells that maintained a reducing
power in the cytoplasm reduced the alamarBlue reagent, changing
the color from blue to red and finally to fluorescent. When the
bacteria were treated with the quinolinium compounds and ampicillin
in combination, the viability was determined in a similar manner using
the alamarBlue reagent; however, they were assayed for 4 h after
treatment. For comparison, the number of MIC breakpoints (mg/L)
at which bacteria are considered to be resistant to ampicillin is
eight for Enterococcus spp., E. coli, and Klebsiella spp. and 32 for
Salmonella spp. Most staphylococci are resistant to ampicillin, and
the MIC breakpoints have not been established yet for B. cereus and
P. aeruginosa. The breakpoints were determined using data from
(CLSI),
Committee on Antimicrobial Susceptibility Testing (EUCAST), and
Food and Drug Administration (FDA).

Clinical and Laboratory Standards Institute European

Kirby—Bauer disc diffusion assay All the Gram-positive and Gram-
negative bacteria were cultured in LB broth overnight and subcultured
up to an ODg of 0.5, as described above. The cells were centrifuged
at 10,000xg at 4°C for 1 min, resuspended in LB broth at ~1x10° CFU,
and spread onto an LB agar plate evenly. Paper discs with a diameter
of 8 mm (Advantec cat. 49005010; Advantec, Tokyo, Japan),
preloaded with 20 pL of the quinolinium compounds dissolved in
DMSO, were placed onto the LB agar plate. The agar plates were
incubated at 37°C for 14-16h, and antimicrobial activity was
measured in the growth-inhibition zone (16).

Results and Discussion

Design of styryl quinolinium compounds 2-(4-(Dimethylamino)
styryl)-1-methylquinolinium 4-methylbenzenesulfonate (DA-DMQ1,2-
T, Q1, Fig. 1B) comprises the styryl-quinolinium-based cation and the
benzenesulfonate counter anion, both of which exhibit strong
bactericidal activities against diverse pathogenic bacteria, especially
Gram-positive bacteria (16). S. aureus and E. faecalis are notorious
bacterial species as they resist many of the commonly used
antibiotics; however, they are inactivated by DA-DMQ1,2-T with low
MIC values (ranging from 2.34 to 4.7 pg/mL (16), Table 1). This type
of QAC is, however, ineffective in killing Gram-negative bacteria. The
lower susceptibility of Gram-negative bacteria to this QAC compared
with Gram-positive bacteria is conceivable owing to the failure of the
QAC to penetrate the cytoplasmic membrane across the outer-
membrane structure (20).

To develop new QACs and investigate the relation between the
chemical structure of the substituents and their antibacterial activity,
a series of styryl quinolinium derivatives were rationally designed in
this study. As shown in Fig. 1A, these styryl quinolinium derivatives
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contain four basic components: electron donor, p-conjugated bridge,
quaternary ammonium electron acceptor in cation, and its counter
anion. These components might be associated with the effects of
molecular weight, solubility, and cation—anion interactions. The
quaternary ammonium electron acceptor, electron donor, and
counter anion were modified for this study. To examine the effects of
different types of quaternary ammonium skeletons in comparison to
the reference Q1 compound with 1,2-dimethylisoquinolinium
(DMQ1,2), the following various electron acceptors were incorporated
into the QAC structure, as shown in Fig. 1C: 2,3-dimethyliso-
quinolinium (DMQ2,3) for Q2, 1,4-dimethylisoquinolinium (DMQ1,4)
for Q3 and Q4, and 1-(2-hydroxyethyl)-2-methylquinolinium (HEQ1,2)
for Q5. Since the introduction of aliphatic-alcohol groups often
affects the solubility and polarity behaviors, instead of the
dimethylamino electron donor in Q1, the piperidin-4-ylmethanol and
piperidin-4-ol groups were incorporated into the Q6 and Q7
compounds, respectively (Fig. 1D). As mentioned above, the nature
of the counter anion influences both the molecular weight and the
solubility of a QAC. For a comparison with the 4-methylbenzene-
sulfonate (T) in Q1, various counter anions such as benzenesulfonate
(B), 2,4,6-trimethylbenzenesulfonate (TMS), naphthalene-2-sulfonate
(N2S), and iodide were introduced in Q8, Q9, Q10, and Q11,
respectively (Fig. 1E).

Antimicrobial activity of the synthesized quinolinium compounds
against Gram-positive bacteria The bactericidal activities of 10 of
the newly synthesized quinolinium compounds were evaluated
against four prevalent bacterial pathogens, including two methicillin-
sensitive S. aureus (MSSA) strains, one B. cereus strain, and one E.
faecalis strain. According to the proposed mechanism of QAC action,
it is postulated that Gram-positive bacteria that are devoid of a
discrete bilayered structure on the outside of the peptidoglycan
layers would succumb readily to the synthesized quinolinium
derivatives. The MIC of each quinolinium compound was determined
against the four bacterial strains using spectrophotometric absorbance;
the results are listed in Table 1. At MICs in the range of 2.4-37.5 pg/
mL, six compounds Q2, Q3, Q4, Q8, Q10, and Q11 exhibited
antibacterial activities against all three Gram-positive species, and
Q3 (DA-DMQ1,4-T) showed the strongest inhibitory activities at MICs
less than 9.4 pug/mL. Interestingly, three compounds Q3, Q4, and
Q11 effectively inactivated the two S. aureus strains (KCTC 1928 and
ATCC 29213) at low MIC concentrations (2.4—4.7 ug/mL), whereas
the reference Q1 (DA-DMQ1,2-T) showed a high MIC of 37.5 pg/mL
against one of the S. aureus strains (KCTC 1928). In this context, the
compounds Q3, Q4, and Q11, which showed equivalent bactericidal
effects on the two tested S. aureus strains, have the potential for
exerting control measures against S. aureus. In agreement with the
MIC results, these quinolinium compounds showed significant
growth-inhibition zones (>13 mm) against the S. aureus strains when
using the agar-diffusion method (Fig. 2). S. aureus produces several
types of toxins that are resistant to heat and cannot be destroyed by
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Fig. 1. Chemical structures of styryl quinolinium salts. (A) basic components of the antibacterial-core structure and (B) the reference quinolinium
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Table 1. MICsY of quinolinium compounds in Gram-positive bacteria

Quinolinium S. aureus KTCT 1928 S. aureus ATCC 29213 B. cereus E. faecalis

Q1 DA-DMQ1,2-T 375 4.7 4.7 4.7
Q2 DA-DMQ2,3-T 4.7 18.75 37.5 18.75
Q3 DA-DMQ1,4-T 2.4 4.7 9.4 4.7
Q4 DA-DMQ1,4-TMS 2.4 4.7 18.75 4.7
Q5 DA-HEQ1,2-T 37.5 75 75 37.5
Q6 PM-DMQ1,2-T 150 300 150 300
Q7 PO-DMQ1,2-T 150 75 37.5 75
Qs DA-DMQ1,2-B 4.7 18.75 37.5 4.7
Q9 DA-DMQ1,2-TMS 150 150 1200 150
Q1o DA-DMQ1,2-N2S 18.75 4.7 18.75 4.7
Qi1 DA-DMQ1,2-I 24 4.7 18.75 4.7
A? - 0.15 2.34 75 >1,200

UMIC unit in ug/mL

IAmpicillin

cooking, and foods contaminated with S. aureus and its toxins cause

food poisoning with symptoms of nausea, vomiting, stomach

cramps, and diarrhea (21). Therefore, disinfection of food-production
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environments and the prevention of its transmission into foods is a

top priority for controlling S. aureus infections.
Five of the 10 QACs (Q3, Q4, Q8, Q10, and Q11) also showed MIC
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Q10 | DA-DMQ1,2-N2S 16 14 10 13 9 8 10 11

Q4 DA-DMQ1,4-TMS 23 22 18 18 10 8 16 20
Q3 DA-DMQ1,4-T 23 19 16 16 10 8 14 18
Qn DA-DMQ1,2-1 17 16 10 12 9 8 10 11
Q2 DA-DMQ2,3-T 16 13 9 10 8 8 9 10
Q9 DA-DMQ1,2-TMS 9 8 9 11 8 8 8 9

C DMSO 8 8 8 8 8 8 8 8

Fig. 2. Agar-diffusion test of quinolinium compounds. Eight different bacterial strains were spread on agar plates and paper discs (8-mm diameter)
with 5 mg of each quinolinium compound were placed on the plates. Discs socked with only DMSO were placed in parallel as the control. The eight
plates (upper panel) are representative of three independent tests. The table (lower panel) represents the averaged diameters of the growth-

inhibition zones (in mm).

values that were comparable to that of the reference Q1 (4.7 pg/mL)
against E. faecalis (Table 1). The inhibitory effects of these five
compounds were further validated using the agar-diffusion assay
(Fig. 2). Recently, enterococci received attention for their intrinsic
resistance to many antibiotics, and their presence in diverse
ecological niches, such as hospitals and food products, is therefore a
critical issue in the health-care system (22).

In contrast to S. aureus and E. faecalis, the bactericidal activities of
QACs seemed to be weakened against B. cereus, and only Q3 and Q4
showed remarkable bactericidal activities in the agar-diffusion assay
(Table 1 and Fig. 2). The redox dye alamarBlue is an indicator of
metabolic activity in live vegetative cells; it changes its color from
blue to red upon reacting with reducing electron-transfer metabolites
such as NADH or FADH (16). However, some refractility might be
caused by the spore populations that are metabolically inactive

(23,24), and the alamarBlue-mediated MIC test may not precisely
differentiate resistant cells from susceptible cells and dormant spores
in spore-forming bacteria, e.g., Bacillus. B. cereus is commonly found
in soil and food. Some of its strains are infectious to humans, causing
nausea, vomiting, and diarrhea (25). Owing to the risk of germination
of endospores, B. cereus is strictly controlled in food production.

Antimicrobial activity of the synthesized quinolinium derivatives
against Gram-negative bacteria Ten QACs were also applied to
four Gram-negative strains, including S. Typhi, S. Typhimurium, E.
coli, and EHEC. In this case, bacterial viability was measured using the
same method used for the Gram-positive bacteria. The MIC values of
the 10 QACs and that of the reference Q1 are listed in Table 2. In
contrast to Q1, which hardly inactivated the two Salmonella serovars
(MIC>300 pg/mL), several quinolinium derivatives were able to
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526 Kimetal.

inactivate the Salmonella strains. In particular, Q3 and Q4 showed
much lower MICs of 37.5-75 pg/mL than the reference Q1, indicating
their high efficacy against the Salmonella strains. However, their
inhibitory effects were hardly observed in the agar-diffusion test (Fig.
2). Considering the low effectiveness of QACs in Gram-negative
bacteria, which are encased in the asymmetrically bilayered structure
of the outer membrane and the different incubation times between
two methods, Salmonella that survived at sublethal dose of QACs
overgrew on the plates in agar-diffusion tests. S. Typhimurium is a
broad-host-range serovar capable of infecting humans, cattle, swine,
sheep, and rodents (26) and is a leading cause of food borne diseases
worldwide. S. Typhi specifically infects humans and causes life-
threatening typhoid fever in those who are immunocompromised. A
high frequency of Salmonella mutation has enabled this pathogen to
resist a diversity of antibiotics (27). In this regard, the profound
bactericidal activity of Q3 and Q4 suggests that these QACs may be
developed into alternative bactericidal agents and may thereby
replace the current antibiotics. In an attempt to test this possibility,
the designed quinolinium compounds including Q3 and Q4 were
applied to P aeruginosa and K. pneumonia, both of which are
prototypical multidrug resistant pathogens (Table 2). Unfortunately,
none of the tested compounds showed inhibitory activity against
these two bacterial species, which are prone to develop antibiotic
resistance. These results indicate that the bactericidal activity of each
quinolinium compound varies depending on the bacterial genera.
With regard to the differential bactericidal activities between the
bacterial genera, Salmonella is closely related to E. coli in terms of
the phylogenetic relationship, showing a 16S rRNA similarity of
approximately 96% with E. coli (28). As expected, some types of
QACs, such as Q3, Q4, and Q11, exhibited bactericidal activities that
were comparable to that of Q1 in the two different E. coli strains as
follows: MICs of 18.75 pg/mLin Q3, Q11, and Q1 and 18.75-72 pg/
mL in Q4 (Table 2). The compounds Q3 and Q4 also exhibited
significant bactericidal activities against two E. coli strains in the agar-
diffusion assay (Fig. 3). E. coli is a bacterium commonly present in

Table 2. MICsY of quinolinium compounds in Gram-negative bacteria

human intestines. Most of its strains are harmless, but some pathotypes
such as EHEC can cause severe food borne diseases. EHEC is
transmitted to humans mainly through fecal-contaminated produce
and raw and undercooked meat products, and it may lead to life-
threatening diseases with the haemorrhagic-colitis symptom in
young children and the elderly (29). Considering the inhibitory
effects of Q3, Q4, and Q11 on the growth of Salmonella and E. coli,
two prominent causes of food borne illnesses, it is worthwhile to
evaluate them as control agents against food-borne pathogens.

Relationship between the chemical structure and bactericidal
activity of QACs The reference compound Q1 (DA-DMQ1,2-T)
comprises the quinolinium-based cation and the benzenesulfonate
counter anion. The quinolinium-based cation includes quaternary
ammonium styryl quinolinium with the N-methyl substituent and
the 4-(dimethylamino) electron donor group. The anionic benzene-
sulfonate is associated with a methyl group. To improve its
bactericidal activity, the structure of Q1 was modified by using other
substituents as replacements or by changing the location of some of
the substituents. Although an identical QAC may change the
bactericidal activities when the bacterial genera and species are
different and myriads of derivatives other than the 10 tested QACs
may be applicable in this approach, we identified some structural
determinants among the 10 tested QACs of this study that were
associated with antimicrobial activity.

As shown in Fig. 1E, the compounds Q8, Q9, Q10, and Q11 have a
cationic moiety that is identical to that of the reference Q1; however,
they have different anions: 4-methylbenzenesulfonate (T) in Q1,
benzenesulfonate (B) in Q8, 2,4,6-trimethylbenzenesulfonate (TMS)
in Q9, naphthalene-2-sulfonate (N2S) in Q10, and iodide (l) in Q11.
Except for Q9, these compounds exerted killing activity against four
different Gram-positive bacteria (Table 1), suggesting that the
molecular weight and size of the counter anion is not intrinsically
relevant to the bactericidal activity of the cationic styryl quinolinium
moiety.

Quinolinium S. Typi S. Typhimurium E. coli EHEC P. aeruginosa K. pneumoniae
Q1 DA-DMQ1,2-T 300 300 18.75 18.75 300 300
Q2 DA-DMQ2,3-T 75 >1,200 75 75 300 1,200
Q3 DA-DMQ1,4-T 75 75 18.75 18.75 >1,200 300
Q4 DA-DMQ1,4-TMS 375 75 75 18.75 >1,200 150
Q5 DA-HEQ1,2-T 150 600 300 75 300 300
Q6 PM-DMQ1,2-T >1,200 >1,200 >1,200 600 1,200 1,200
Q7 PO-DMQ1,2-T >1,200 >1,200 600 600 >1,200 >1,200
Qs DA-DMQ1,2-B 375 300 75 18.75 150 300
Q9 DA-DMQ1,2-TMS >1,200 1,200 1,200 600 600 1,200
Qlo DA-DMQ1,2-N2S 150 600 75 75 1,200 1,200
Q11 DA-DMQ1,2-1 37.5 1,200 18.75 18.75 300 300
A2 - 0.29 2.34 4.7 2.34 0.29 4.7

UMIC unit in pg/mL
Dampicillin
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Fig. 3. Synergistic bactericidal effects of Q11 and ampicillin treatments. Eight bacterial strain was treated with Q11 (DA-DMQ1,2-l) and Amp
(ampicillin) individually or in combination: S. gureus KCTC 1928 with 1.17 pg/mL Q11 and 0.02 pg/mL Amp, S. aureus ATCC 29213 with 4.68 ng/mL
Q11 and 1.17 pg/mL Amp, B. cereus ATCC 1611 with 4.68 ug/mL Q11 and 2.34 ug/mL Amp, E. faecalis ATCC 29212 with 1.17 pg/mL Q11 and 1.17
pg/mL Amp, S. Typhi ATCC 700931 with 9.36 ng/mL Q11 and 0.07 ug/mL Amp, S. Typhimurium ATCC 14028 with 4.68 ug/mL Q11 and 0.58 pg/mL
Amp, E. coli ATCC 35695 with 9.36 ug/mL Q11 and 2.34 pg/mL Amp, and EHEC NCCP 14539 with 1.17 pg/mL Q11 and 0.58 ug/mL Amp. The
viability was determined as described above. All of the assays were repeated at least three times, and the plotting of the average viability is relative

to the average viability of the no-treatment case.

In the cases of Q6 and Q7, the electron donor group, i.e., the
dimethylamino group of Q1, is replaced with the piperidin-4-
ylmethanol and piperidin-4-ol groups, respectively (Fig. 1D). These
two compounds did not show any significant bactericidal activities
against any of the tested bacteria (Table 1 and 2). In accordance with
this observation, another styryl quinolinium derivative (2-(4-hydroxy-
styryl)-1-methylquinolinium 4-methylbenzenesulfonate) containing
the phenolic electron donor group in the place of the dimethyl group
of Q1 also lost its bactericidal activity (unpublished date). In summary,
the addition of hydroxyl (and phenolic) residues is likely to neutralize
(and decrease) the cationic strength of the styryl quinolinium moiety,
thereby attenuating its electrostatic interaction with negatively
charged bacterial-membrane components. Similarly, Q5 containing
the N-substituted 2-hydroxyethyl group in quinolinium instead of the
methyl group of Q1 (Fig. 1B) was ineffective in killing bacteria
probably because of the decreased cationic strength (Table 1 and 2).
These results suggest that the introduction of polar hydroxyl (and
phenolic) substituents to styryl quinolinium may decrease the
cationic strength, leading to attenuation of bactericidal activities.

Interestingly, the styryl quinolinium derivatives associated with
strong electron acceptor groups (i.e., strong electron-withdrawing
ability) exhibited a very high antibacterial activity. As shown in Fig.
1C, Q1 comprised the electron acceptor 1,2-dimethylisoquinolinium
(DMQ1,2), Q2 comprised 2,3-dimethylisoquinolinium (DMQ2,3), and

Q3 and Q4 comprised 1,4-dimethylisoquinolinium (DMQZ1,4). All
three electron acceptors (DMQ1,2, DMQ2,3, and DMQ1,4) exhibited
a strong electron-withdrawing ability within a similar range (18). As
shown in Table 1 and 2, regardless of the bacterial genera, Q3 and Q4
exhibited prominent bactericidal activities that were sometimes
superior to those of the reference Q1. In addition, the Q2 compound,
compared with the Q1 compound, showed comparable MIC values
for all the tested bacteria. Therefore, the introduction of quinolinium
isomers with a strong electron-withdrawing ability into QACs is a
potential design strategy for the achievement of efficient antibacterial
activity.

Two bactericidal agents with different actions deliver a synergistic
activity Combinations of two antimicrobial agents with distinct
mechanisms of action may enhance the efficacy of each treatment;
in addition, they may decrease the risk of resistance development
(30). To improve the bactericidal activity of quinolinium compounds,
a representative antibiotic ampicillin was co-administered to
pathogenic bacteria. Ampicillin inhibits the activity of transpeptidase,
which is responsible for peptidoglycan synthesis in the bacterial cell
wall; its treatment eventually leads to cell lysis (31). Many of the
antibiotics that inhibit cell-wall synthesis occasionally fail to reach the
cell wall of Gram-negative bacteria owing to the rigid outer-
membrane structure. The amino group of ampicillin enhances its
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penetration across the outer membrane, and it has therefore been
widely used to control both Gram-positive and Gram-negative
bacteria (31). It is postulated that QACs with a cationic moiety
interact with a negatively charged bacterial-membrane surface and
destabilize the bacterial envelope structure, resulting in the leakage
of intracellular components (5,6). In a model system composed of
lipid-bilayer membranes, cationic biocides cause the anionic lipid
molecules to flip-flop from the inside to the outside leaflet; this leads
to the distortion and phase-separation of the phospholipid bilayer
(32,33). Attacking two different sites, i.e., peptidoglycans and the
bilayered bacterial membrane using ampicillin and QACs, respectively,
could lead to a faster breakdown of the cell envelope structure in
bacteria. In this context, the feasibility of cooperative action between
QACs and ampicillin was investigated using eight different bacterial
strains. The four Gram-positive bacteria, including two S. aureus, one
B. cereus, and one E. faecalis strains, and the four Gram-negative
bacteria, including two Salmonella and two E. coli strains, were
treated with Q11 and ampicillin individually or in combination, and
their viabilities were assessed in a similar manner. Q11 was one of
the QACs that exerted profound bactericidal activities against the
diversity of bacterial genera tested in this study. Although each
pathogen was moderately inactivated with single treatments of Q11
and ampicillin (less than 19% inactivation in each), the viability
significantly decreased when the two agents were used in combination;
this indicates the synergistic action between the two agents (Fig. 3).
In conclusion, new styryl quinolinium compounds were designed
rationally and synthesized via various chemical modifications of
three important components: quaternary ammonium electron
acceptors, electron donors, and counter anions. The styryl quinolinium
compounds showed high antibacterial activities against a diversity of
pathogenic bacteria, and co-administrations with other antimicrobial
agents were proposed for their application as potential disinfectants.
This study suggests a design strategy for the development of new
antibacterial-core structures that are based on styryl quinolinium
with prominent antibacterial activity. It also contributes to the
development of new approaches for the improvement of safety
assurance in the food industry.
Acknowledgments This work was supported by the Ajou
University Research Fund.

Disclosure The authors declare no conflict of interest.

References

1. WHO. WHO estimates of the global burden of foodborne diseases. World
Health Organization, Appia, Geneva, Switzerland. p. 1 (2015)

2. Andersson JA, Fitts EC, Kirtley ML, Ponnusamy D, Peniche AG, Dann SM,
Motin VL, Chauhan S, Rosenzweig JA, Sha J, Chopra AK. New role for FDA-
approved drugs in combating antibiotic-resistant bacteria. Antimicrob. Agents
Ch. 60: 3717-3729 (2016)

3. Ohta Y, Kondo Y, Kawada K, Teranaka T, Yoshino N. Synthesis and antibacterial
activity of quaternary ammonium salt-type antibacterial agents with a

Food Sci. Biotechnol.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

phosphate group. J. Oleo Sci. 57: 445-452 (2008)

. Block SS. Disinfection, sterilization, and preservation. 5% ed. Lippincott

Williams & Wilkins, Philadelphia, PA, USA. p. 297 (2001)

. Haldar J, Kondaiah P, Bhattacharya S. Synthesis and antibacterial properties of

novel hydrolyzable cationic amphiphiles. Incorporation of multiple head
groups leads to impressive antibacterial activity. J. Med. Chem. 48: 3823-3831
(2005)

. Rawlinson LA, Ryan SM, Mantovani G, Syrett JA, Haddleton DM, Brayden DJ.

Antibacterial effects of poly(2-(dimethylamino ethyl)methacrylate) against
selected gram-positive and gram-negative bacteria. Biomacromolecules 11:
443-453 (2010)

. Ingalsbe ML, Denis JD, McGahan ME, Steiner WW, Priefer R. Development of

a novel expression, ZI MAX/K ZI, for determination of the counter-anion effect
on the antimicrobial activity of tetrabutylammonium salts. Bioorg. Med.
Chem. Lett. 19: 4984-4987 (2009)

. Waschinski CJ, Barnert S, Theobald A, Schubert R, Kleinschmidt F, Hoffmann

A, Saalwachter K, Tiller JC. Insights in the antibacterial action of
poly(methyloxazoline)s with a biocidal end group and varying satellite groups.
Biomacromolecules 9: 1764-1771 (2008)

. Colak S, Nelson CF, Nusslein K, Tew GN. Hydrophilic modifications of an

amphiphilic polynorbornene and the effects on its hemolytic and antibacterial
activity. Biomacromolecules 10: 353-359 (2009)

Sandt C, Barbeau J, Gagnon MA, Lafleur M. Role of the ammonium group in
the diffusion of quaternary ammonium compounds in Streptococcus mutans
biofilms. J. Antimicrob. Chemoth. 60: 1281-1287 (2007)

Palermo EF, Kuroda K. Chemical structure of cationic groups in amphiphilic
polymethacrylates modulates the antimicrobial and hemolytic activities.
Biomacromolecules 10: 1416-1428 (2009)

Soukup O, Dolezal R, Malinak D, Marek J, Salajkova S, Pasdiorova M, Honegr J,
Korabecny J, Nachtigal P, Nachon F, Jun D, Kuca K. Synthesis, antimicrobial
evaluation and molecular modeling of 5-hydroxyisoquinolinium salt series;
The effect of the hydroxyl moiety. Bioorg. Med. Chem. 24: 841-848 (2016)
Gerba CP. Quaternary ammonium biocides: Efficacy in application. Appl.
Environ. Microb. 81: 464-469 (2015)

Xue Y, Xiao H, Zhang Y. Antimicrobial polymeric materials with quaternary
ammonium and phosphonium salts. Int. J. Mol. Sci. 16: 3626-3655 (2015)
Gutsulyak B. Biological activity of quinolinium salts. Russ. Chem. Rev. 41: 187-
202 (1972)

Chanawanno K, Chantrapromma S, Anantapong T, Kanjana-Opas A, Fun HK.
Synthesis, structure and in vitro antibacterial activities of new hybrid
disinfectants quaternary ammonium compounds: Pyridinium and
quinolinium stilbene benzenesulfonates. Eur. J. Med. Chem. 45: 4199-4208
(2010)

Choquet-Kastylevsky G, Vial T, Descotes J. Allergic adverse reactions to
sulfonamides. Curr. Allergy Asthm. R. 2: 16-25 (2002)

. Jeong J-H, Kim J-S, Campo J, Lee S-H, Jeon W-Y, Wenseleers W, Jazbinsek M,

Yun H, Kwon OP. N-Methylquinolinium derivatives for photonic applications:
Enhancement of electron-withdrawing character beyond that of the widely-
used N-methylpyridinium. Dyes Pigments 113: 8-17 (2015)

Lee K-H, Lee S-H, Yun H, Jazbinsek M, Kim JW, Rotermund F, Kwon O-P. Multi-
functional supramolecular building blocks with hydroxy piperidino groups:
New opportunities for developing nonlinear optical ionic crystals.
Crystengcomm 18: 5832-5841 (2016)

Russell AD, Gould GW. Resistance of Enterobacteriaceae to preservatives and
disinfectants. Soc. Appl. Bacteriol. Symp. Ser. 17: 167S-195S (1988)

Argudin MA, Mendoza MC, Rodicio MR. Food poisoning and Staphylococcus
aureus enterotoxins. Toxins 2: 1751-1773 (2010)

Giraffa G. Enterococci from foods. FEMS Microbiol. Rev. 26: 163-171 (2002)
Atluri S, Ragkousi K, Cortezzo DE, Setlow P. Cooperativity between different
nutrient receptors in germination of spores of Bacillus subtilis and reduction
of this cooperativity by alterations in the GerB receptor. J. Bacteriol. 188: 28-
36 (2006)

Pearce SM, Fitz-James PC. Spore refractility in variants of Bacillus cereus
treated with actinomycin D. J. Bacteriol. 107: 337-344 (1971)

Bennett SD, Walsh KA, Gould LH. Foodborne disease outbreaks caused by
Bacillus cereus, Clostridium perfringens, and Staphylococcus aureus--United
States, 1998-2008. Clin. Infect. Dis. 57: 425-433 (2013)

Rabsch W, Andrews HL, Kingsley RA, Prager R, Tschape H, Adams LG, Baumler
AJ. Salmonella enterica serotype Typhimurium and its host-adapted variants.
Infect. Immun. 70: 2249-2255 (2002)

Martinez JL, Baquero F. Mutation frequencies and antibiotic resistance.
Antimicrob. Agents Ch. 44: 1771-1777 (2000)

Fukushima M, Kakinuma K, Kawaguchi R. Phylogenetic analysis of Salmonella,
Shigella, and Escherichia coli strains on the basis of the gyrB gene sequence. J.
Clin. Microbiol. 40: 2779-2785 (2002)

Page AV, Liles WC. Enterohemorrhagic Escherichia coli Infections and the
Hemolytic-Uremic Syndrome. Med. Clin. N. Am. 97: 681-695 (2013)
Aiyegoro OA, Okoh Al. Use of bioactive plant products in combination with
standard antibiotics: Implications in antimicrobial chemotherapy. J. Med.



31.

32.

Plants Res. 3: 1147-1152 (2009)

Johnson A. Antimicrobial therapy and vaccines, Volume Il Antimicrobial
agents. J. Antimicrob. Chemoth. 57: 801 (2006)

Oku N, Yamaguchi N, Yamaguchi N, Shibamoto S, Ito F, Nango M. The
fusogenic effect of synthetic polycations on negatively charged lipid bilayers. J.

33.

Quinolinium compounds as bactericidal agents 529

Biochem. 100: 935-944 (1986)

Yaroslavov AA, Efimova AA, Lobyshev VI, Kabanov VA. Reversibility of
structural rearrangements in the negative vesicular membrane upon
electrostatic adsorption/desorption of the polycation. Biochim. Biophys. Acta
1560: 14-24 (2002)

April 2017 | Vol. 26 | No. 2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


