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Synthesis and Antibacterial Activity of Aminodeoxyglucose
Derivatives against Listeria innocua and Salmonella
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THÉONESTE MUHIZI, STÉPHANE GRELIER, AND VÉRONIQUE COMA*
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In this study aminodeoxyglucose derivatives were synthesized and evaluated for their antibacterial

activity against two food bacteria, Listeria innocua and Salmonella typhimurium. 6-Amino-6-deoxy-R-D-
methylglucopyranose (GSA-6), 3-amino-3-deoxy-D-glucopyranoside (GSA-3), and β-D-glucopyranosyl-
amine (GSA-1) were synthesized and concurrently tested with commercially available D-glucosamine

(GSA-2) for antibacterial activity. Results obtained from this study showed a pronounced antagonist

effect due to the position of amino groups of aminoglucose derivatives on the antibacterial activity.

GSA-3 was the most active compound. At a concentration of 2�10-4 mol mL-1, it delayed the growth

of both bacteria with percentages of inhibition of 29 and 15% for L. innocua and S. typhimurium,

respectively. At the same concentration the percentages of inhibition for other aminodeoxyglucoses

varied between 5 and 18% and between 2 and 11% for L. innocua and S. typhimurium, respectively.

All compounds were characterized by FTIR, 1H NMR, and 13C NMR spectroscopy.
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INTRODUCTION

Research for biocide discovery has longbeenknown.However,
because of their high multiplicity and resistance, total control of
microorganisms is far from being accomplished. Some micro-
organisms are implicated in the contamination of food, water,
and various instruments used by people. Physical changes occur
during the processing, transport, and storage of food, and when
contaminated elements are consumed, these microorganisms can
multiply and cause dangers to humans. Listeria and Salmonella
genera are widely found among those microorganisms, which
necessitate our effort to control them. These two bacteria are
respectively responsible for listeriosis and salmonellosis, two
severe diseases with large numbers of patients and high mortality
rates. The danger of these bacteria is actually due to their capacity
to survive over a wide range of preservation conditions, which
are, for example, low temperatures, low pH, and high concentra-
tions of salt. Therefore, research aimed at the use of newmodes of
food conservation is under intense scrutiny. According to some
authors, the use of active packaging can constitute a new method
of achieving the control of bacteria contamination in foods (1-5).
For this, chitosan and its derivatives have shown their efficiency
by inhibiting the growth of Listeria innocua, Listeria monocyto-
genes, and Salmonella typhimurium in both solid and liquid
media (6-9). However, the mechanism of action of these com-
pounds is still unknown. It is suspected that there is a close
relationship between amino groups and biological activity of
chitosan (9). In this order, the biological activity from this

polymer could be expanded to its monomer, D-glucosamine,
and either to its isomers or other small aminoglucose derivatives.
These small sugars are suspected to better enter into cell mem-
branes than their respective polymers. The present work is
principally aimed at the study of these aminodeoxyglucose
derivatives by verifying the impact of amino group features in
biological activity. The impact of amino group position on
glucose in the study of antibacterial activity was the main
objective of this study. For this, we synthesized different amino-
glucose derivatives by changing the position of the amino group
and studied their impact on the development of S. typhimurium
and L. innocua.

MATERIALS AND METHODS

Chemicals. Glucose (Sigma-Aldrich), R-D-methylglucoside 99%
(Janssen Chimica), zinc chloride 98% (Acros Organics), phosphorus acid
85% (Sigma-Aldrich), pyridinium dichromate 98% (Sigma-Aldrich),
acetic anhydride 99% (Sigma-Aldrich), phosphorus dioxide 98% (Acros
Organics), sodium borohydride 98% (Acros Organics), p-toluenesulfonyl
chloride 98% (Sigma-Aldrich), palladium/carbon 5% (Sigma-Aldrich),
sodium hydrogenocarbonate, and sodium sulfate 99% (Acros Organics)
were used in this study. Solvents such as ethanol, methanol, chloroform,
petroleum ether, ethyl acetate, diethyl ether, dichloromethane, toluene,
pyridine 99%,N,N-dimethylformamide 99%, and acetonewere purchased
from BDH Prolabo and were used without any further purification.

General Methods. Aminodeoxyglucoses GSA-1, GSA-3, and GSA-6
were synthesized and characterized by FTIR, 1H NMR, and 13C NMR
spectroscopy. The synthesis was monitored by thin layer chromatography
realizedonaluminumplates (silica gel 60F254) anddevelopedwitha solution
of 2% potassium permanganate in a 0.2 M aqueous solution of NaOH.
Compounds obtained were purified by open column chromatography
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(silica gel and with different eluents). FTIR spectra were recorded on a
Perkin-Elmer Paragon 1000 PC spectrophotometer from 300 mg of KBr
pellet disks containing 3mg of compound. TheKBr pellet disks were formed
from Edwards High Vacuum Pump Es 50. Spectra were recorded between
400 and 4000 cm-1 using 50 scans at a resolution of 4.0 cm-1. 1HNMR and
13C NMR spectra were recorded at 300 MHz from a Bruker Avance 300
spectrometer. Chemical shifts are given in parts per million, and the assign-
ments of 1HNMRand 13CNMRsignalsweremonitoredbyCOSY,HMBC,
or HMQC NMR spectroscopy.

Chemical Synthesis. As previously reported (10, 11), β-D-glucopyr-
anosylamine (GSA-1) was synthesized from glucose and ammonium
carbamate in methanol to give a desired compound with yield varying
from 98.3 to 100%.

3-Amino-3-deoxy-D-glucose (GSA-3) was synthesized from D-glucose in
seven steps (Figure 1) using the methods previously reported (12-18).
Hydroxyl groups were protected using the method of Blakley et al. (12) to
give 1,2,5,6-di-O-isopropylidene-D-glucofuranose (1): yield, 43.4%; mp,
107-111 �C; 1HNMR(300MHz,CDCl3), δH5.96 (1H, d,H-1), 4.52 (1H,
dd, H-2), 4.31 (2H, complex, H-4, H-5), 4.13 (1H, dd, H-3), 4.03 (1H,
dd, H-6a), 3.92 (1H, dd, H-6b), 2.63 (1H, s, -OH), 1.49-1.31 (12H, s,
-CH3). The oxidation of OH-3 was done using a method described by
Saito et al. (17) and gave 1,2,5,6-di-O-isopropylidene-3-oxo-D-gluco-
furanose (2): yield, 96.7%; mp, 130 �C; FTIR (KBr), νmax (cm

-1) 3390,
3000-2856, 1729, 1456-1352, 1278-1215, 1067-1014; 13C NMR (300
MHz, CDCl3), δC 208.7 (C-3, CdO), 129.0 (C-2), 128.2 (C-1), 114.2 (C-8),
110.3 (C-7), 103.0 (C-4), 78.9 (C-5), 64.2 (C-6), 27.4-25.2 (-4CH3). A
carbonyl function of compound 2 was reduced by NaHB4 in ethanol to
give an epimer of 1, which is compound 3 (16): yield, 50.4%; mp, 106 �C;
FTIR, νmax (cm-1) 3390, 3000-2856, 1456-1352, 1278-1215, 1067-
1014. Then, this compound easily reacted with p-toluenesulfonyl chloride
(Ts) in dry pyridine (13) to give 1,2,5,6-di-O-isopropylidene-3-O-(p-
toluenesulfonyl)-R-D-glucofuranose (4): yield, 91.6%; mp, 116-118 �C;
1H NMR (300 MHz, CDCl3), δH 7.8 (2H, d, H-arom), 7.3 (2H, d,
H-arom), 5.92 (1H, dd, H-3), 4.83 (1 H, d, H-1), 4.79 (1H, dd, H-2),
4.1-3.8 (4H, m, H-4, H-5, H-6a, H-6b), 2.4 (3H, s, -CH3 arom), 1.47-
1.14 (12H, s,-CH3). A substitution of the tosyl group by an azido group
was done in DMF at 120 �C for 2 days using a modified method of

Brimacombe et al. (14) to give 1,2,5,6-di-O-isopropylidene-3-azido-3-
deoxy-R-D-glucofuranose (5): yield, 34.2%; mp, 104-109 �C; FTIR
(KBr), νmax (cm

-1) 3428, 3019-2839, 2140, 1454-1158, 1081, 702-500;
1HNMR (300MHz, CDCl3), δH 5.79 (1H, d, H-1), 4.59 (1H, t, H-2), 4.29
(1H, dd, H-4), 4.06-3.90 (3H, m, H-3, H-5, H-6a), 3.85-3.8 (1H, dd, H-
6b), 1.56-1.35 (12H, s, -CH3). Compound 5 was dissolved in methanol
and submitted to hydrogen flow in the presence of Pd/C (5%) to reduce the
azido group. After filtration of catalyst, the solution was concentrated to
half, and hydrochloric acid in aqueous solution (0.2 N) was added. The
mixture was heated at 50 �C for 15 min and washed three times with
chloroform, and the solvent was evaporated to give 3-amino-3-deoxy-R-D-
glucopyranose hydrochloride (15) (GSA-3): yield, 33%; mp, decomposi-
tion at 125 �C; FTIR (KBr), νmax (cm

-1) 3428, 3019-2839, 1621, 1454-
1195, 1164, 1081, 1029, 882, 702-500; 1HNMR (300MHz,D2O), δH 5.21
(1H, d,HR-1), 3.85-3.82 (1H, dd,H-6a), 3.8 (1H, complex,H-5), 3.76 (1H,
t, H-2), 3.76-3.74 (1H, dd, H-6b), 3.65 (1H, dd, H-4), 3.6-3.5 (1H, dd, H-
3); 13C NMR (300MHz, D2O), δC 97.2 (C-1, isomer R), 92.9 (C-1, isomer
β), 76.2 (C-5), 75.0 (C-2), 73.2 (C-4), 70.1 (C-6), 61.1 and 60.9 (C-3).

6-Amino-6-deoxy-R-D-methylglucoside (GSA-6). This com-
pound was synthesized in three steps as follows (Figure 2). The modified
method of Kondo et al. (19) was used to tosylate the C-6 of glucose. Then,
a substitution of tosyl by an azide group was realized using the modified
methods of Brimakombe et al. (14) and Li et al. (20), and azide reduction
was followed using the modified method of Jary et al. (15). To synthesize
6-(p-toluenesulfonyl)-R-D-methylglucoside, R-D-methylglucoside (10 g,
51.5 mmol) was dissolved in 20 mL of pyridine previously dried on 4A
molecular sieves. At 0 �C, under shaking, amass of 19.6 g (103mmol) of p-
toluenesulfonyl chloride was added. The mixture was then kept at 0 �C for
24 h before being shaken at 5 �C for 48 h and at ambient temperature for
48 h. The reaction mixture was diluted with 20 mL of distilled water and
extracted three times with portions of 20 mL of chloroform. The organic
layer was washed successively with a portion of 20 mL of 0.2 N
hydrochloric acid, saturated sodium hydrogenocarbonate, and distilled
water before being dried with sodium sulfate. Solvent was evaporated, and
residue was taken in a small volume of chloroform and submitted to the
open column chromatography (silica gel, ethyl acetate/cyclohexane 7:3).
The product 9 was obtained: yield, 30.5%; Rf, 0.52 (ethyl acetate/

Figure 1. Synthesis of GSA-3.
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cyclohexane 7:3); 1HNMR (300MHz, CDCl3), δH 7.81-7.75 (2H, dd, H-
arom), 7.35-7.30 (2H, dd, H-arom), 4.57 (1H, d, H-1), 4.25-4.06 (5H, m,
H-3,H-4,H-5,H-6a, andH-6b), 3.19 (3H, s,-OCH3), 2.42 (3H, s,-CH3).
Then, product 9 (4 g, 11.5 mmol) was dissolved in 20 mL of dried DMF,
and 2.9 g of sodium azide (44mmol) was added. The mixture was refluxed
at 120 �C for 48 h. Solvent was removed. A viscous yellowish residue was
purified on open column chromatography (silica gel, ethyl acetate/
cyclohexane 8:2) and compound 10, 6-azido-6-deoxy-R-D-methylgluco-
side, was obtained: yield, 68%; Rf, 0.9 (ethyl acetate/cyclohexane 8:2);
FTIR (KBr), νmax (cm-1) 3569-3125, 2971-2821, 2105, 1482-1278,
1090, 713-524. Thus, compound 10 (1.2 g; 5.5 mmol) was dissolved in
20mL of dried methanol, and 0.4 g of Pd/C (5%) was added. The mixture
was submitted under a flow of hydrogen to reduce the azide group for 5 h.
After the catalyst had been filtered and the solution concentrated, the
yellowish residue obtained was purified by open column chromatography
(silica gel, ethyl acetate/cyclohexane 8:2) and 1 g of compound 6-amino-6-
deoxy-R-D-methylglucoside (11 or GSA-3) was obtained: yield, 94.5%;
FTIR (KBr), νmax (cm-1) 3569-3125, 3371, 3309, 2971-2821, 1607,
1482-1278, 1090, 893, 713-524; 1H NMR (300 MHz, CDCl3), δH 4.77
(1H, d, H-1), 3.73-3.67 (2H, t, H-3, H-4), 3.56-3.40 (4H, m, H-5,
H-6a, H-6b, H-2,), 3.47 (3H, -OCH3);

13C NMR (300 MHz, CDCl3),
δC 99.4 (C-1), 74.1 (C-3), 71.9 (C-5), 70.8 (d, C-2, C-4), 55.4 (-OCH3),
51.3 (C-6).

Microorganisms and Preparation of Inocula. L. innocua (ISTAB,
Université Bordeaux1) and Salmonella typhimurium (Institut Pasteur
5858) were maintained at -70 �C in 20% of glycerol. Overnight pre-
cultures were performed as follows: L. innocua and S. typhimurium were
grown in tryptose broth (Difco 262200) and nutrient broth (Difco 234000)
at 37 �C for 18 h, respectively.

Antibacterial Activity Assessment. The antibacterial assessment
of aminodeoxyglucose derivatives was conducted using an agar plate
method. Compounds were tested at concentrations varying in the range
from 0.25 � 10-4 to 2 � 10-4 mol mL-1. To do this, 20 mL of culture
medium prepared by mixing tryptose broth (Difco 262200) or nutrient
broth (Difco 234000) with 15% (w/w) agar (Difco 215530) for L. innocua
and S. typhimurium, respectively, was poured into each Petri dish.
After solidification, 2 mL of the tested compound was poured into
each test Petri dish and spread on the surface of the agar medium. Dishes
were then left opened for 1 h in a sterilized chamber to enable solvent to
be evaporated. Thus, about 100-300 cell charges per plate of an 18 h
microbial culture were deposited on the medium prior to incubation at
37 �C for 48 h prior to colony counting. The initial microbial charge of an
18 h culture was evaluated from preliminary numeration experiments
on tryptose and nutrient broth, respectively, for listerial and nonlisterial
strains. Moreover, the initial cell number was confirmed by the control
assays conducted in parallel without biocide. The control experi-
ments without any compounds to be tested were conducted in parallel,
and all experiments were in triplicate. The effectiveness of amino-
deoxyglucoses was determined as percentage of inhibition calculated as
follows:

percentage of inhibition ¼ CFU in control plates-CFU in test plates

CFU in control plates

� 100

Analysis of Results. Results from the antibacterial assays were
statistically analyzed using Student’s t test. The probability (p) was
determined from the critical t value obtained by comparing results
from control and different experiments, on the one hand, and
those from test experiments on the other hand. The critical t value is

expressed as

t ¼ M1 -M2

SD

whereM1 is the control mean (or the first test experiment mean),M2 is the
test experiment mean (or the second test experiment mean), and SD is the
standard deviation between means. The degree of freedom used to
determine this probability was equal to 4 in our experiment. The standard
error means (SEM) were calculated as SEM ¼ σ

ffiffi

n
p where n is the size of

sample (n=3) and σ is the standard deviation.

RESULTS AND DISCUSSION

Physicochemical Characteristics of GSA-1, GSA-3, and GSA-6.

GSA-1, GSA-3, and GSA-6 were preliminarily characterized by
FTIR spectra (Figure 3) showing the vibration bands around
1619 cm-1, which were not observed from glucose spectra
and thus indicate the presence of N-H bonding. Furthermore,
GSA-1 and GSA-6 showed other particular double-vibration
bands around 3330 cm-1, suggesting the presence of free amino
groups in bothmolecules (21). These vibration bands were absent
in the GSA-3 spectrum because of its amino group in the form
of ammonium. Vibration bands observed around 1085 and
875 cm-1 were attributed to the bending vibrations of C-N
and out of plan vibration bands of N-H, respectively. Other
vibration bands observed from Figure 3 were from different
pyranosic ring bonds such as C-H, CH2, C-O, and O-H as
indicated in Table 1.

Figure 2. Synthesis of GSA-6.

Figure 3. FTIR spectra of Glu, GSA-1, GSA-3, and GSA-6.

Table 1. FTIR Bands Attribution

wavenumber (cm-1) band attributions

3389 symmetric and asymmetric stretching vibration of O-H

3344-3333 (double

vibration)

symmetric and asymmetric stretching vibration of N-H

2963-2857 symmetric and asymmetric stretching vibration of CH2

1619 bending vibration in plane scissoring of N-H

1457-1253 bending vibration in plane scissoring, out of plan wagging,

and out of plan twisting of CH2
1122 bending vibration of C-O for secondary alcohol

1085 bending vibration out of plan twisting of C-N

1029 stretching vibration of C-O for primary alcohol

875 bending vibration out of plan twisting of N-H

640-559 bending vibration in plan rocking of CH2
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To complete the FTIR data and characterize GSA-1, GSA-3,
and GSA-6, 1H NMR and 13C NMR spectroscopy were used
(Figures 4-6). As reported in our recent paper (11) the chemical

shifts of anomeric proton and C-1 of GSA-1 were taken as
references in NMR spectroscopies to confirm the fixation of
NH2 group, in comparison to glucose. For this, a signal in the
form of doublet of Hβ-1 and another of C-1 were obtained at
chemical shifts of 4.15 and 85.08 ppm despite 4.65 and 92.3 ppm
found for glucopyranose (22, 23). In the synthesis of GSA-3
different melting points obtained from intermediary products
conformed to these reported (12-15, 17, 24) and thus suggest
purity; however, their further characterization using either FTIR
or NMR spectroscopy was needed to complete these literature
data. The structure of product 2 was confirmed by a signal at a
chemical shift of 208.7 ppm in 13CNMR and by a vibration band
at 1729 cm-1, both indicating the presence of a carbonyl group in
FTIR (21, 25); this band was disappeared by the complete
reduction done with NaBH4 to give the product 3. Substitution
of the hydrogen ofOH-3 by a tosyl groupwas indicated by signals
at chemical shifts of 7.8 and 7.3 ppm in the form of doublets,
which was attributed to aromatic protons. These signals dis-
appeared when compound 4 was reacted with sodium azide to
give compound 5, whichwas confirmed byFTIR spectra showing
a strong vibration band at 2140 cm-1. This group was characteri-
zed in other papers by the vibration bands observed around
2100 cm-1 (4,26).Reduction of the azido group of 5 followed by a
deprotection of the hydroxyl group gave GSA-3, which was
characterized by both FTIR ad NMR spectroscopies. The
FTIR spectrum of this compound showed a vibration band at
1624 cm-1, characterizing a bending vibration in plane scissoring
of N-H. This was confirmed by both 1H and 13 C NMR spectra.
An anomeric proton signal was observed at 5.21 ppm in 1H
NMR, which confirmed a total deprotection of OH-1, whereas
other protons ofGSA-3were represented by signals in the zone of
chemical shifts of 3.85-3.50 ppm, which was confirmed by the
finding ofMilner et al. (27). Furthermore, in 13CNMR, signals of
C-1 and C-3 were found at chemical shifts of 97.2 and 60.9 ppm,
respectively, and this corroborated those described for this
compound (27,28). For theGSA-6 synthesis, the characterization
of intermediary products, compounds 9 and 10, was conducted as
done in the case of GSA-3. For compound 9, two signals of
aromatic protons were found at 7.81 and 7.35 ppm in 1H NMR,
whereas the formation of compound 10 was justified by FTIR
spectra that showed a vibration band at 2105 cm-1 characteristic
of an azide group. Reduction of compound 10 was confirmed by
the FTIR spectrum of GSA-6, which showed, on the one hand,
the disappearance of the vibration at 2105 cm-1 and, on the other
hand, the appearance of a new absorption at 1607 cm-1, indicat-
ing the bending vibration in plane scissoring of N-H. In 1H
NMR, the signal of H-1 was found at a chemical shift of 4.8 ppm.
Its shifted displacement at low parts per million in comparison of
that of R-D-glucopyranose, which was reported to be at 5.23
ppm (23), was due to the replacement of OH by OMe in this
compound. In addition, protons H-6a and H-6b resonated at
lower chemical shifts compared to those of the same protons of
GSA-3 or GSA-1, which confirmed the substitution of OH-6 by
an NH2 group in GSA-6 (Table 2). Furthermore, in 13C NMR
C-6 resonated at a chemical shift of 51.28 ppm, and this
corroborated the finding ofMurphy et al. (29), who characterized
a C-6 of 1-methyl-6-deoxy-6-azido-β-D-glucopyranoside, a com-
pound quite similar to GSA-6.

Antibacterial Activities of GSA-1, GSA-2, GSA-3, and GSA-6.

To determine the effect of amino group position on the anti-
bacterial activity of aminoglucose derivatives, four compounds,
GSA-1, GSA-2, GSA-3, and GSA-6, were comparatively tested
on two food bacteria, L. innocua and S. typhimurium. Concentra-
tions ranging from 0.25� 10-4 to 2� 10-4 mol mL-1 were used
in this study.

Figure 4. NMR spectra of GSA-1.

Figure 5. NMR spectra of GSA-3.

Figure 6. NMR spectra of GSA-6.
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Results showed that GSA-3 was significantly (p< 0.05) more
anti-L. innocua than the other compounds tested (Table 3).
However, there is no significant difference between the anti-S.
typhimurium activities of GSA-3 and GSA-6, and these two
compounds are significantly (p<0.05) more anti-S. typhimurium
than GSA-1 and GSA-2 (Table 4).

For example, at the concentration of 2� 10-4molmL-1GSA-
3 affected the growth ofL. innocuawith a percentage of inhibition
of 29%, whereas GSA-1, GSA-2, and GSA-6 exhibited inhibi-
tions close to 5, 11, and 18%, respectively. The same observation
was made for S. typhimurium, for which GSA-3 altered the
microbial growth with 15% of inhibition, whereas GSA-1,
GSA-2, and GSA-6 exhibited activities of only 2, 7, and 11%
of inhibition, respectively. Thus, the biocide efficiency found in
this study decreased in the order GSA-3 g GSA-6 > GSA-2 >
GSA-1.

The mechanism of action of these compounds was not deter-
mined in this study. However, according to different reports done
on aminosugars and similar compounds (30, 31), these types of
biocide may exhibit their activity by inhibiting the cell wall and
membrane synthesis of bacteria and also the synthesis of proteins
or DNA . According to Llewellyn et al. (31), aminoglucosides
bond at the 30S subunit, which includes 16S NRA, and blocked
all of its biological mechanisms and altered the growth of
bacteria. Furthermore, other studies done on D-glucosamine
showed that its N-alkyl derivatives had high affinity with 16S
NRA, which played a key role in the translation mechanism (32).
Considering the high similarity of these compounds with the
aminoglucose derivatives used in our study, it is possible that the
same mechanism may be considered for the antibacterial activity
found in this paper. Comparing the biological activities obtained
from GSA-1, GSA-2, GSA-6, and GSA-3 and having in mind
that aminoglucosides mainly act by altering the function of
ribosomes (31), this study suggests that GSA-3 may have more
affinity with ribosome of bacteria than other aminoglucoses
tested. According to these results, an amino group fixed at
position 3 of glucose may increase the biological effects of
aminosugar on the growth of bacteria. These findings on the
activity of GSA-3 are supported by the literature, where the
biological activity of this compound against bacteria was already
demonstrated (27,28,33). According toMilner et al. (27), GSA-3
delayed the growth of both Gram-positive and Gram-negative
bacteria, as, for example, Lactobacillus acidophilus, Staphylo-
coccus aureus,Erwinia herbicola, andCytophaga johnsonae. Some
authors (34, 35) have suggested that the compound may act by
inhibiting the cell wall synthesis through an inhibition of
D-frucose-6-phosphate incorporation in the cell wall and, thus,
by avoiding the synthesis of 6-phosphate glucosamine, known as
a key product in cell wall reconstruction. The reason for the effect
of the amino group position on antibacterial activity is still
unknown. However, it is reported that the number and the
position of amino groups on sugar rings of antibiotics play
important roles in their antibacterial activity (30). In fact, a higher
activity of kanamycin A, an antibiotic with a 6-aminohexose
group, relative to that of kanamycin C, with a 2-aminohexose
group, was reported (30, 36). In addition, the presence of

kanosamine (GSA-3) and the amino group at C-6 in antibiotic
structures is reported to be essential in cell recognition and in
the diversification of binding sites, respectively (36). These pre-
vious reports are in agreement with our results, whereGSA-3 and
GSA-6 exhibited better antibacterial activity against L. innocua
and S. typhimurium compared to GSA-1 and GSA-2. Further-
more, in this study GSA-3 was synthesized and isolated as an
ammonium compound and biologically tested as well. This
chemical characteristic of GSA-3 may increase its biological
effects on bacteria growth because the impact of ammonium
compounds on the growth of bacteria has already been re-
ported (9, 37). The impact of quaternary ammonium on the
growth of bacteria is due to its high facility to bind to the cell
membrane of bacteria and thus to modify their permeability (37).
However, even if GSA-3 andGSA-6 are more active thanGSA-2
andGSA-1, their biological activity is still to be ameliorated. One
way to achieve this is to N-alkylate these molecules or to manage
other modifications by multiplying the number of glucosyl and
amino groups introduced. The nature and position of pharma-
cophore groups to be introduced may be of interest because both
the position of C-3 and the ammonium form of the amino group
have shown high efficiency in the antibacterial activity assess-
ment. GSA-2 is actually the essential element in the biosynthesis
of peptidoglycan found in the cytoplasmwalls of bacteria (34,35).
These essential physiological roles of GSA-2 may explain its
insignificant antibacterial activity against both L. innocua and
S. typhimurium growth. In comparison to chitosan, a known
bacterial inhibitor, these monomers exhibited lower antibacterial
activity against selected microorganisms. In fact, according to
some authors, chitosan exhibited higher antibacterial activity
against both strains at the concentration close to 10-4 mol mL-

1, and at 5 � 10-4 mol mL-1 this compound quite completely
inhibited the growth of both bacterial strains (9). The higher
antibacterial activity of chitosan compared to small aminosugars
was not studied here.However, its high viscosity andhighnumber
of ammonium groups may explain its antibacterial efficacy.

In conclusion,GSA-1,GSA-2,GSA-6, andGSA-3 have shown
different antibacterial activities.According to these results, further
modifications of these molecules may be envisaged to improve
their antibacterial activity as well.
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Table 2. Different Chemical Shifts of C-6, H-6a, and H-6b for GSA-1, GSA-2,
and GSA-6

chemical shifts (ppm)

type of signal GSA-1 GSA-3 GSA-6

C-6 60.8 60.9 51.3

H-6a 3.95 3.86-3.82 e3.56

H-6b 3.76 3.76-3.74 e3.56

Table 3. Antibacterial Activities of GSA-1, GSA-2, GSA-3, and GSA-6 against
the Growth of L. innocua at Different Concentrations

percentage of inhibition (�10-4 ( SD) at a concentration of

aminoglucose 0.25 mol mL-1 0.5 mol mL-1 1 mol mL-1 2 mol mL-1

GSA-1 0.0( 0.0 1.1( 0.7 3.3( 1.0 5.1( 3.0

GSA-2 2.2( 1.0 7.8( 3.0 8.9( 4.0 10.6( 1.1

GSA-3 10.0( 0.4 19.3( 1.5 22.8( 1.3 29.1( 2.5

GSA-6 3.6 ( 1.0 10.0( 7.0 12.8( 3.0 17.7( 1.4

Table 4. Antibacterial Activities of GSA-1, GSA-2, GSA-3, and GSA-6 against
the Growth of S. typhimurium at Different Concentrations

percentage of inhibition (�10-4( SD) at a concentration of

aminoglucose 0.25 mol mL-1 0.5 mol mL-1 1 mol mL-1 2 mol mL-1

GSA-1 0.0( 0.0 0.3( 1.0 1.0( 1.0 2.3( 1.0

GSA-2 0.0( 0.0 0.0( 0.0 3.7( 1.0 7.2( 1.0

GSA-3 0.0( 0.0 5.8( 2.0 10.0( 3.0 14.6( 1.1

GSA-6 0.0( 0.0 4.9( 1.0 8.4( 2.0 10.5( 3.0
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