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Quorum sensing (QS) plays an essential role in virulence factor production, biofilm formation, and antimicrobial
resistance. As a potent QS inhibitor, hordenine can inhibit both QS and biofilm formation in Pseudomonas aer-
uginosa and Serratia marcescens. In this work, we tested the QS inhibitory potential of 27 hordenine analogs
against QS and biofilm formation in P. aeruginosa and S. marcescens. Among the tested analogs, seven (12, 28, 27,
26, 2, 23, and 7) exhibited strong QS inhibitory activity against P. aeruginosa, five of which (12, 28, 27, 26, and 2)
showed better inhibitory activity than hordenine. In addition, seven analogs (28, 12, 23, 7, 26, 2, and 27)
exhibited better biofilm inhibition against P. aeruginosa than hordenine. Four analogs (7, 28, 2, and 12) showed
QS inhibitory activity against S. marcescens, two of which (7 and 28) demonstrated better inhibitory activity than
hordenine. Furthermore, analog 7 showed similar biofilm inhibition against S. marcescens as hordenine.
Structure-activity relationship (SAR) analysis indicated that the inhibitory activities of the analogs were related
to four factors, i.e., carbon chain length, presence or absence of an a,3-C—C bond, amino group with/without
lipophilic group, such as methyl group, and hydroxyl group in benzene ring.

1. Introduction

Infections by antibiotic-resistant bacteria pose a serious threat to
human health [1,2]. Biofilm formation is considered vital to drug
resistance in bacteria, with the biofilm matrix acting as a natural barrier
to drug penetration and activation. Unicellular bacteria are capable of
coordinating population-level behavior through a process termed
quorum sensing (QS) [3]. Regulation of QS is linked to biofilm formation
in many bacteria. Furthermore, various physiological functions in bac-
teria, such as virulence factor expression, bacterial movement and
adhesion, and secondary metabolite synthesis, are regulated by QS [4].

Pseudomonas aeruginosa is an opportunistic pathogen and important
cause of hospital-acquired airway and wound infections [5]. Infection
can occur via the skin, oral cavity, mucous membrane, and blood, and
can cause infection in various tissues and organs in the human body [6].
Studies have shown that P. aeruginosa regulates biofilm formation
through the las QS system [7] and the synthesis of pyocyanin through
the acylated homoserine lactone(AHL)system [8]. Pyocyanin is a crucial
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virulence factor of P. aeruginosa and plays an important role in host cell
infection and disease [9].

As a ubiquitous environmental bacterium, Serratia marcescens is
found in water and soil and in association with plants and animals,
resulting in crop infections and food-borne diseases [10-12]. Serratia
marcescens uses AHLs as QS signals to mediate the expression of various
genes and participate in a variety of physiological activities, including
virulence factor production and biofilm formation [13]. The virulence
factor prodigiosin plays a critical role in host invasion and pathogenicity
[14].

Hordenine is the primary bioactive alkaloid in malt (0.24 mg/g) and
has been used as a vasoconstrictor and indirect adrenergic agent [15,
16]. We previously reported that hordenine exhibits potent QS inhibi-
tory activities against P. aeruginosa and S. marcescens [17,18]. However,
few studies on hordenine analogs have been reported, especially on the
inhibition of QS. Therefore, in the present study, we evaluated the QS
and biofilm inhibitory activities of hordenine analogs against P. aerugi-
nosa and S. marcescens.
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2. Materials and methods

To investigate the QS inhibitory activities of hordenine analogs and
their potential structure-activity relationships (SARs), we obtained 27
analogs (purity >98%) (Fig. S1), including seven analogs (2, 3, 5, 13, 14,
26, and 28) chemically synthesized in our laboratory (Fig. S2-8) and
other compounds purchased from the Hainan Haidawson Company
(Hainan, China).

The P. aeruginosa PAO1 was a kind gift from Q. Gong (Ocean Uni-
versity of China, Qingdao, China) and the S. marcescens NJO1 was kindly
provided by W. Wang (Nanjing Agricultural University, Nanjing, China).

2.1. QS inhibitory screening of 27 hordenine analogs

We initially evaluated the QS inhibitory activities of the 27 horde-
nine analogs against P. aeruginosa PAO1 and S. marcescens NJO1 ac-
cording to published methods [17,18]. Stock solutions were prepared by
dissolving hordenine and the analogs in dimethyl sulfoxide (DMSO).
Hordenine was used as a positive control and DMSO was used as a
negative control.

2.2. Measurement of minimum inhibitory concentrations (MICs) of seven
potential QS inhibitors (QSIs)

After confirming the QS inhibitory activities of hordenine analogs,
the MICs of seven potential QSIs were determined as per Zhou et al. [17],
with slight modification. In brief, 200 pL of each hordenine analog was
added to 96-well plates and cultured at 37 °C and 150 rpm for 24 h.
Absorbance at ODgyo were determined using a microplate reader (Bio-
Tek E1x800, Winooski, VT, USA), with DMSO used as a negative control.
The MICs of seven analogs (2, 7, 12, 23, 26, 27, and 28)
(0.30-10 mg/mL) against P. aeruginosa PAO1 and four analogs (2, 7, 12,
and 28) (0.30-10 mg/mL) against S. marcescens NJO1 were determined
using two-fold serial dilution with an inoculum of 1 x 10°colony--
forming units (CFU)/mL in Miiller-Hinton broth (Sangon Biotech,
Shanghai, China).

2.3. Biofilm inhibition against P. aeruginosa PAO1 and S. marcescens
NJo1

Biofilms were cultivated in Luria-Bertani (LB) broth supplemented
with or without the hordenine analogs in 24-well polystyrene plates
(Costar 3524, Corning, Corning, NY, USA) using previous methods with
minor modifications [19]. After 24 h of static incubation, cultures and
planktonic cells were removed and sessile cells were stained with 0.05%
crystal violet, with the excess rinsed off using distilled water. After
dissolution with 95% ethanol, biofilm biomass was determined at ODs7q
[20].

To investigate cell viability, biofilms were washed with phosphate-
buffered saline (PBS) and digested with dextranase (5 units, D8144,
Sigma-Aldrich, St. Louis, MO, USA), followed by 30 s of sonication, as
described previously [21]. For S. marcescens NJO1, viable cells in the
treated biofilms were counted by plating at 28 °C for 24 h. For P. aeru-
ginosa PAQ1, viable cells in the treated biofilms were counted by plating
at 37 °C for 24 h.

To observe the biofilm more intuitively, samples were observed
using confocal laser scanning microscopy (CLSM, LEICA TCS SPS,
LEICA, Germany). Biofilms formed on circular glass coverslips were
washed with PBS and subsequently stained with acridine orange (AO).
Excess dye was removed using PBS. Stained biofilms were then visual-
ized by CLSM (excitation, 488 nm; emission filter, 501-545 nm).
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2.4. Effects of seven potential QSIs on pyocyanin

A single colony of P. aeruginosa PAO1 was selected and activated in
5mL of LB medium for 17 h as a seed solution. Seed liquid was inocu-
lated into new LB medium with 0.1% inoculum volume, and 200 pg/mL
hordenine analog was added. DMSO was used as the negative control
and 200 pg/mL hordenine was used as the positive control. The cells
were cultured at 37 °C and 180 rpm for 17 h. The culture medium was
filtered using a 0.22-pum sterile filter to obtain a sterile filtrate for
standby. Determination of pyocyanin content followed previous
methods [22]. After culture, the supernatant was extracted with chlo-
roform (5/3, V/V). After standing and stratification, the lower organic
phase was taken and 1 mL of 0.2 M HCI was added and mixed evenly,
followed by centrifugation at 4 °C and 10 000 rpm for 10 min, with the
upper 200 pL of solution taken to determine ODsyg.

2.5. Effects of four potential QSIs on prodigiosin

Serratia marcescens NJO1 was inoculated in fresh LB medium at 28 °C
and 180 rpm overnight (17 h). After this, 1% inoculum was added to
2 mL of LB medium and 50 pg/mL hordenine analog. DMSO was used as
a negative control and 50 pg/mL hordenine was used as a positive
control. The solution was cultured at 28 °C and 180 rpm for 16-24h,
with 1 mL of each bacterial solution then placed in a centrifuge tube for
centrifugation at 10 000 rpm at 25 °C for 10 min. The resulting super-
natant was collected for standby (or filtered with a 0.22-pm sterile filter
to obtain a sterile filtrate), with 1 mL of acidified ethanol (4%, 1 M HCl
in ethanol) also added to the centrifuge tube for centrifugation at
10000 rpm at 25 °C for 10 min. The supernatant was then transferred to
a 96-well plate for measurement at ODs34 [23].

2.6. Microscopy measurements

For the biofilm inhibitory experiments, P. aeruginosa and S. marces-
cens were selected and added to 5 mL of LB medium for 17 h of activation
as the seed solution. The seed liquid was inoculated into TSB medium
with 0.1% inoculum volume, after which the hordenine analogs
(125 pg/mL and 50 pg/mL) were added and mixed in P. aeruginosa and
S. marcescens, respectively. 125 pg/mL and 50 pg/mL DMSO were used
as controls. The mixed bacterial solution (1 mL) was added to a flat
bottom 24-well plate with a circular glass coverslip at the bottom and
incubated at 37 °C for 24 h. After incubation, the circular glass cover-
slips were washed with PBS to remove floating bacteria.

For the membrane destruction experiment, the operation steps were
the same as for the biofilm inhibitory experiment.

The biofilms on the circular glass coverslips were fixed with 2.5%
glutaraldehyde for 12 h, then gradient dehydration was carried out with
50%, 70%, 80%, 90%, and 100% ethanol, and freeze-drying was carried
out in a freeze dryer. After gold spraying, the biofilms were observed
with scanning electron microscopy (SEM, JSM6360, JEOL, Tokyo,
Japan) [24].

3. Results
3.1. MICs of analogs with QS inhibitory activity

After screening the QS inhibitory activities of all 27 analogs, seven
analogs (28, 12, 23, 7, 26, 2, and 27) inhibited QS and biofilm formation
of P. aeruginosa PAO1 (Fig. 1), with five analogs (12, 28, 27, 26, and 2)
showing better QS inhibitory activity than that of hordenine. Four an-
alogs (7, 2, 28, and 12) inhibited QS and biofilm formation of S.
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Fig. 1. Seven hordenine analogs with QS inhibitory activity against P. aeruginosa PAO1.
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Fig. 2. Four hordenine analogs with QS inhibitory activity against S. marcescens NJO1.
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Table 1
MICs of seven hordenine analogs against P. aeruginosa PAO1 (ug/mL).
Analog 2 7 23 12 26 27 28
Concentration 400 600 400 300 500 550 250
Table 2
MICs of four hordenine analogs against S. marcescens NJO1 (pg/mL).
Analog 2 7 12 28
Concentration 1000 1000 1000 500
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Fig. 3. Biofilm inhibitory activity of seven analogs against P. aeruginosa PAO1.
Hordenine was used as a positive control and DMSO as a negative control.

Statistical differences were determined by GraphPad Prism. (***) p < 0.001 vs
DMSO control. (**) p < 0.01 vs DMSO control.

362

11.0-
T n
~,:1o.5- ] i ns
E =
= 10.0{ f
S e
gn :::::‘ *k%
= 9.54 hoas)
9.0 SIS
O PP D e YA
o\*

Concentration( 200 pg/mL)

Fig. 4. Effects of seven analogs on cell viability of treated biofilms of P. aeru-
ginosa PAO1. Hordenine was used as a positive control and DMSO as a negative
control. Statistical differences were determined by GraphPad Prism. (***) p <
0.001 vs DMSO control. (**) p < 0.01 vs DMSO control.

marcescens NJO1 (Fig. 2), with two analogs (7 and 28) showing better QS
inhibitory activity than that of hordenine. The determined MICs are
listed in Tables 1 and 2.

3.2. Biofilm inhibition

Biofilms are one of the main causes of antibiotic resistance [25].
Pseudomonas aeruginosa can produce highly structured and dense bio-
films, which are mostly related to QS [26]. Here, analogs 28, 12, 23, 7,
26, 2, and 27 reduced biofilms by 40.8%, 19.7%, 18.1%, 17.5%, 10.8%,
10.7%, and 1.2%, respectively, thus showing better inhibitory activity
than hordenine (0.08%) (Fig. 3).
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Fig. 5. CLSM images of P. aeruginosa PAO1 biofilms treated with seven analogs (200 pg/mL). Hordenine was used as a positive control and DMSO as a nega-

tive control.

Cell survival determination indicated that analogs 28, 23, 26, 12, 2,
and 7 (200 pg/mL) had stronger effect on planktonic cell viability than
hordenine, especially analog 28 (200 pg/mL) resulted in more than 50%
reduction in viable cells (Fig. 4).

In addition to quantitative analysis, treated biofilms were also
visualized using CLSM. The CLSM images showed reduced thickness in
the analog-treated biofilms. In addition, treatment with analogs 28, 23,
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26, 12, and 7 resulted in major disruption to biofilm architecture
(Fig. 5).

We also determined the inhibitory activities of four hordenine ana-
logs against S. marcescens NJO1 biofilms by crystal violet staining
(Fig. 6). Treatment with analogs 7, 2, 28, and 12 (50 pg/mL) reduced
biofilms by 52.7%, 46.3%, 26.9%, and 17.5%, respectively. In contrast,
hordenine (50 pg/mL) treatment reduced biofilms by 54.6%.
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Fig. 6. Biofilm inhibitory activities of four analogs against S. marcescens NJO1.
Hordenine was used as a positive control and DMSO as a negative control.

Statistical differences were determined by GraphPad Prism. (***) p < 0.001 vs
DMSO control. (**) p < 0.01 vs DMSO control.
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Fig. 7. Effects of four analogs on cell viability of treated biofilms of S. mar-
cescens NJO1. Hordenine was used as a positive control and DMSO as a negative
control. Statistical differences were determined by GraphPad Prism. (***) p <
0.001 vs DMSO control. (**) p < 0.01 vs DMSO control.

We also detected viable cells in the treated biofilms. Cell survival
determination indicated that treatment with hordenine and analogs 7, 2,
and 28 (50 pg/mL) affected planktonic cell viability, but analog 12
(50 pg/mL) had no effect (Fig. 7).

Treated biofilms were also visualized using CLSM. The CLSM images
indicated that treatment with analogs 7, 2, 28, and 12 (50 pg/mL)
notably disrupted biofilm architecture (Fig. 8).

3.3. Determination of pyocyanin

The synthesis of pyocyanin in P. aeruginosa is controlled by QS [27].
As shown in Fig. 9, a significant decrease in the concentration of pyo-
cyanin was observed after treatment with hordenine and analogs 27, 24,
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28, 29, 2, 23, and 7 (200 pg/mL). Analogs 27, 12, 26, 28, and 2 showed
better inhibition of pyocyanin (26.8%, 34.6%, 24.0%, 28.3%, and
20.9%, respectively) than that of hordenine (15.5%). Analogs 23 and 7
inhibited pyocyanin by 14.5% and 3.2%, respectively.

3.4. Determination of prodigiosin

The synthesis of prodigiosin in S. marcescens is controlled by QS [18].
As shown in Fig. 10, treatment with hordenine and analogs 7, 28, 2, and
12 (50 pg/mL) resulted in a significant decrease in the concentration of
prodigiosin. Analogs 7 and 28 showed stronger inhibition of prodigiosin
production (85.4% and 73.0%, respectively) than that of hordenine
(69.6%). Analogs 2 and 12 inhibited prodigiosin production by 68.0%
and 59.0%, respectively.

3.5. SEM results

Among the hordenine analogs, analog 28 showed the best QS
inhibitory activity against P. aeruginosa and analog 7 showed the best QS
inhibitory activity against S. marcescens. Therefore, SEM images on the
inhibitory and destructive biofilms of the two analogs were carried out
(Fig. 11).

4. Discussion

Bacterial QS is a distinct mechanism of cell-cell communication,
whereby bacteria can ‘sense’ the density of cells in the surrounding
environment, resulting in the expression or suppression of specific genes
[28,29]. Many important bacterial features related to physiology, viru-
lence, and biofilm production are mediated by QS-dependent gene
expression. Due to its potential in human medicine applications,
research on QS has garnered significant attention in the last 15-20 years
[30]. In this study, we determined the QS and biofim inhibitory activity
of 27 hordenine analogs towards P. aeruginosa and S. marcescens, and
preliminarily investigated their SARs.

4.1. Pyocyanin inhibition effects of hordenine analogs and SAR analysis

Pyocyanin is an important indicator of QS operons in P. aeruginosa
[17]. Therefore, pyocyanin reduction is necessary to inhibit QS. Here,
we studied the pyocyanin inhibitory activities of seven hordenine ana-
logs against P. aeruginosa at a concentration (200 pg/mL) much lower
than the MIC. As seen in Fig. 9, six analogs significantly inhibited the
secretion of pyocyanin. Thus, we analyzed the pyocyanin inhibition
SARs of the seven analogs. Hordenine and its analogs are composed of a
benzene ring, para-phenolic hydroxyl group, aliphatic amino group, and
amino substituent. According to Fig. 9, the four structural elements of
hordenine and its analogs determined their pyocyanin inhibition SARs.
Notably, hordenine and analogs 3, 23, 26, and 27 are phenethylamines,
while 2, 7, 12, and 28 are amphetamines.

(1) The activity of analog 27 (26.8%) without a hydroxyl group on
the benzene ring was better than that of analog 23 (14.5%) with a
hydroxyl group. These results suggest that polar groups, such as
hydroxyl groups, in the benzene ring have an antagonistic effect
on the inhibition of pyocyanin.

(2) The inhibition rate of analog 27 (26.8%) was also better than that
of analog 26 (24.0%), indicating that the presence of a lipophilic
group (such as methyl) on the amino group antagonizes the in-
hibition of pyocyanin. In addition, analog 3 did not inhibit pyo-
cyanin, indicating that the hydroxyl group in the benzene ring
decreased the production of pyocyanin.
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Fig. 8. CLSM images of S. marcescens NJO1 biofilms treated with four analogs (50 pg/mL). Hordenine was used as a positive control and DMSO as a negative control.
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(3) Comparing the pyocyanin inhibition rates, we found that the
activities of analogs 3 and 23 were lower than that of hordenine,
showing different SARs from that of (2). These results indicate
that besides the presence of hydroxyl groups in the benzene ring,
other factors, such as the methyl group attached to the amino
group, also affect pyocyanin production.

(4) The inhibition rate of analog 2 (20.9%) was lower than that of
analog 27 (26.8%) with the increase in amino aliphatic chain,
indicating that inhibitory activity decreases with the increase in
the length of carbon chain.

(5) The inhibition rate of analog 12 (34.6%) was stronger than that of
analog 2 (20.9%), indicating that the activity of amphetamine in
the amino group bearing a lipophilic group (such as methyl
group) is better than that of amphetamine in the amino group
without an attached lipophilic group.

(6) The inhibition rate of analog 2 (20.9%) was better than that of
analog 7 (3.2%), indicating that the double bond may have
antagonistic effects on the activity of amphetamines. The same
SAR was found for the comparison of analogs 12 and 28 (inhi-
bition rates of 34.6% and 28.3%, respectively).
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Fig. 10. Inhibitory activities of four analogs against prodigiosin. Hordenine
was used as a positive control and DMSO as a negative control. Statistical dif-
ferences were determined by GraphPad Prism. (***) p < 0.001 vs DMSO con-
trol. (**) p < 0.01 vs DMSO control.

4.2. Biofilm inhibition effects of hordenine analogs against P. aeruginosa
and SAR analysis

We also studied the inhibition of the seven analogs on P. aeruginosa
biofilm formation at a concentration (200 pg/mL) far lower than the
MIC. As seen in Fig. 3, analog 28 significantly inhibited biofilm growth
(40.8%), and its inhibitory activity was far better than that of hordenine
(0.08%). Thus, we carried out SAR analysis of the inhibitory activities of
the seven analogs on biofilm formation.

(1) Analog 23 with a hydroxyl group on the benzene ring (18.1%)
showed much stronger biofilm inhibitory activity than that of
analog 27 (1.2%) without a hydroxyl group on the benzene ring.

Synthetic and Systems Biotechnology 6 (2021) 360-368

(2) Analog 23 (18.1%) showed much higher biofilm inhibitory ac-
tivity than that of hordenine (0.08%), indicating that the amino
group without methyl was better than that bearing a methyl
group.

(3) Analog 28 with one methyl group attached to the amino group
(40.8%) showed better biofilm inhibitory activity than that of
analog 7 without a methyl group attached to the amino group
(17.5%).

(4) Analog 28 showed much higher biofilm inhibitory activity than
that of hordenine (0.08%). Similar trends were also found for
analogs 26 (with a methyl group attached to the amino group,
10.8%) and 27 (with no methyl group attached to the amino
group, 1.2%) and for analogs 12 (19.7%) and 2 (10.7%).

(5) Analog 7 with olefins on the carbon chain (17.5%) showed
stronger biofilm inhibitory activity than that of analog 2 without
olefins on the carbon chain (10.7%). A similar trend was found
for analogs 28 and 12.

Among all tested analogs, analog 28 showed potent pyocyanin
inhibitory activity (28.3%) and biofilm inhibitory activity (40.8%)
against P. aeruginosa. Thus, we performed SEM experiments to observe
its effects on biofilm formation. For the biofilm destruction test, after
treatment with analog 28 (125 pg/mL), P. aeruginosa biofilm formation
decreased slightly, but the tight structure of the biofilm became very
loose and filled with gaps. This would be conducive for the entry of
antibiotics into the biofilm to reach single cells and recover bacterial
sensitivity to antibiotics.

4.3. Prodigiosin inhibition effects of hordenine analogs and SAR analysis

We next studied the prodigiosin inhibitory activity of four hordenine
analogs against S. marcescens at a concentration (50 pg/mL) much lower
than the MIC. As seen in Fig. 10, analogs 2, 7, 12, and 28 (50 pg/mL)
significantly inhibited the secretion of prodigiosin. These four analogs
were identified as amphetamines. We also analyzed the SARs of these
four analogs.

Fig. 11. SEM images of analog 28 on P. aeruginosa PAO1 biofilm and analog 7 on S. marcescens NJO1 biofilm. (A) P. aeruginosa PAO1 treated with DMSO; (B) P.
aeruginosa PAO1 treated with analog 28 (125 pg/mL) to inhibit biofilm formation; (C) P. aeruginosa PAO1-formed biofilm treated with analog 28 (125 pg/mL) was
destroyed; (D) S. marcescens NJO1 treated with DMSO; (E) S. marcescens NJO1 treated with analog 7 (50 pg/mL) to inhibit biofilm formation; (F) S. marcescens NJO1-

formed biofilm treated with analog 7 (50 pg/mL) was destroyed.
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(1) The inhibitory activity of analog 7 (85.4%) was better than that of
analog 2 (68.0%), indicating that olefins on the carbon chain may
be necessary to increase inhibitory activity. The same results
were found for analogs 28 (73.0%) and 12 (59.0%).

(2) The inhibitory activity of analog 7 (85.4%) was better than that of
analog 28 (73.0%), indicating that a methyl group attached to the
amino group is necessary for prodigiosin inhibition effects of
hordenine analogs. The same results were found for analogs 2
(68.0%) and 12 (59.0%).

4.4. Biofilm inhibition effects of hordenine analogs against S. marcescens
and SAR analysis

We next studied the inhibitory effects of four analogs on S. marces-
cens biofilm formation at a concentration (50 pg/mL) far lower than the
MIC. As seen in Fig. 6, the inhibitory activities of analogs 7, 2, 28, and 12
(50 pg/mL) on biofilm growth were 52.7%, 46.3%, 26.9%, and 17.5%,
respectively.

(1) The biofilm inhibitory activity of analogs 7 and 28 with olefins in
the carbon chain was better than that of analogs 2 and 12 without
olefins in the carbon chain.

(2) The biofilm inhibitory activity of analogs 7 and 2 with an amino
group without a methyl group was better than that of analogs 28
and 12 with a methyl group attached to the amino group.

As analog 7 showed strong prodigiosin inhibitory activity (85.4%)
and biofilm inhibitory activity (52.7%) against S. marcescens, we per-
formed SEM experiments to observe its effects on biofilm formation. As
seen in Fig. 11, analog 7 showed strong inhibitory activity and mem-
brane destruction against S. marcescens, which would be conducive to
allowing the entry of antibiotics into the single cells of S. marcescens.

Overall, SAR analysis showed that the QS and biofilm inhibitory
activities of hordenine analogs are related to four factors, i.e., carbon
chain length, presence or absence of an a,-C—C bond, and amino group
with/without lipophilic group, such as methyl group, and hydroxyl
group in benzene ring. Especially the presence of a,3-C—C bond and
amino group with methyl group could significantly promote the inhi-
bition effect against QS and biofilm formation.

5. Conclusions

In this study, 27 hordenine analogs were tested to determine their QS
and biofilm inhibitory activities against two pathogens, P. aeruginosa
and S. marcescens. At sub-MIC concentrations, QS inhibitory activity was
evaluated based on the inhibition of typical virulence factors of each
bacterium, i.e., pyocyanin and prodigiosin. Seven analogs showed po-
tential QS inhibitory activity against P. aeruginosa. Among them, five
analogs (12, 28, 27, 26, and 2) exhibited higher inhibitory activity
against pyocyanin than hordenine, and analog 28 showed higher biofilm
inhibitory activity than hordenine. Analog 28 was the best QSI against
P. aeruginosa. Four analogs showed QS inhibitory activity against S.
marcescens, with analogs 7 and 28 exhibiting higher inhibitory activity
against prodigiosin than hordenine. SAR analysis showed that four
factors of the seven analogs were necessary, i.e., carbon chain length,
presence or absence of an «,3-C—=C bond, and amino group with/
without lipophilic group, such as methyl group, and hydroxyl group in
benzene ring.
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