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Summary 
Antibiotic resistance of pathogenic bacteria prompted the search for natural compounds that could competitively block their lectin-mediated 

biofilm formation and adhesion to animal cells. Important animal sources for such compounds are avian egg whites, mammalian milks, and 

beehive products, which protect embryos and neonates from infections. The present communication describes a study of the glycan 

composition and antibacterial adhesion potential of honey and royal jelly (RJ), using the following bacterial lectins: the galactophylic PA-IL and 

fucophylic PA-IIL of Pseudomonas aeruginosa, the fucophylic CV-IIL of Chromobacterium violaceum, and the fucophylic RSL and mannophylic 

RS-IIL of Ralstonia solanocearum, plus reference plant lectins: the mannophylic Con A of Canavalia ensiformis and fucophylic UEA-I (of Ulex 

europaeus). Honey and royal jelly were found to inhibit all the bacterial lectins examined and Con A, but not UEA-I. The honey effect was 

mainly associated with low (<10 kDa) MW components and the RJ effect – with its glycoproteins. PA-IL inhibition by the two beehive products 

was relatively mild, while the other bacterial lectins were generally strongly blocked by them, with varying intensities and preferential 

component affinities. The presented information contributes to the scopes of api-products, antibacterial adhesion and api-medicine.  
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Introduction 
Pseudomonas aeruginosa, Chromobacterium violaceum and 

Ralstonia solanacearum are soil- and water-borne bacteria that 

occasionally act as devastating pathogens. The first two aggressively 

attack animals and the third is a phytopathogen causing great 

agricultural losses by wilting over 200 diverse plant species 

(Hayward, 1991). They produce adhesins encompassing lectins, 

which might mediate their biofilm production (Gilboa-Garber et al., 

1997; Tielker et al., 2005; Johansson et al., 2008), and adhesion to 

host cells with subsequent infection establishment (Gilboa-Garber et 

al., 1997). Their lectins include the galactophylic PA-IL (LecA) and 

fucophylic PA-IIL (LecB) of P. aeruginosa (Gilboa-Garber, 1982; 

Imberty et al., 2004); the fucophylic CV-IIL of Chromobacterium 

violaceum (Zinger-Yosovich et al., 2006), and the fucophylic RSL and 

mannophylic RS-IIL of Ralstonia solanocearum (Sudakevitz et al., 

2002, 2004). These lectins are considered as virulence factors (VIFs) 

that also contribute to the activities of the other bacterial VIFs (toxins 

and hydrolytic enzymes) whose expression is co-regulated with them 

(Gilboa-Garber and Garber, 1989; Gilboa-Garber et al., 1997).  

 Immunodeficient, cystic fibrosis, and burned patients, as well 

as wounded patients and neonates are very sensitive to P. 

aeruginosa (global) and C. violaceum (tropical and subtropical) 

nosocomial infections. These bacteria may aggressively attack the 



patients as if they were dead animals or their debris (which is their 

saprophytic natural role), leading to severe morbidity and mortality. 

Newborn mammals are protected from them by their maternal milks 

(Newburg et al., 1990; Lesman-Movshovich et al., 2003; Ruiz-

Palacios et al., 2003). Avian embryos are similarly protected by their 

egg whites (Lerrer and Gilboa-Garber, 2001), and plant germs are 

protected by the seed and fruit matrices. All of these protective 

substances contain saccharides in free form or carried on 

macromolecules, mainly polysaccharides and glycoproteins (Gps), 

which function as decoys, competitively blocking lectin-mediated 

bacterial adhesion to the target cell receptors by simulating 

(mimicking) them. In addition to these glycodecoys, these maternal 

secretions contain rich nutrients, immunoreactive components, and 

bactericidal factors.  
 In the case of the beehive, owing to the fascinating social 

behavior of the honey bees (Apis melifera), the maternal 

contribution of feeding and protection of the new progeny is 

substituted by parental brood care. For up to 3 days, the larvae are 

supplied with royal jelly (RJ) that is secreted by young worker bees 

(nurse bees) in the hive. Thereafter, only larvae designated to 

become queens receive RJ, while a mixture of honey, pollen, and 

water is fed to larvae selected to become workers (Drapeau et al., 

2006).  

 Honey is produced by worker honeybees from floral nectars, 

followed by water evaporation in the honeycomb. It is rich in 

carbohydrates (approximately 79%, including around 38% fructose 

(Fru), 31% glucose (Glc), 1% sucrose, and 9% other sugars), but its 

protein content is only around 0.7% (Moritz and Southwick, 1992; 

Qiu et al., 1999). 

  Royal jelly (RJ) is produced by young nurse bees from a 

honey and flower pollen mixture with secretions from their cephalic 

salivary glands (Moritz and Southwick, 1992). It differs from honey 

in its higher water content (60-70%), 10-16% carbohydrates (some 

of honey origin), much higher protein levels [around 14%, most of 

them glycoproteins (Gps) (Kimura et al., 2000; Scarselli et al., 

2005)], and 3-7% lipids as well as richer content of other vital 

components (Albert et al., 1999). The most prominent ‘major’ RJ 

proteins, ‘MRJPs’ 1-5, ranging from 49 up to 87 kDa and also named 

apalbumins (Drapeau et al., 2006),  constitute around 90% of the 

total RJ proteins (Sano et al., 2004; Scarselli et al., 2005). 

Apalbumin 1 was reported to constitute 48% of the RJ proteins and 

also be present in honey (Scarselli et al., 2005). These MRJPs are 

suggested to be multifunctional, performing diverse nutritional, 

physiological, and developmental roles and affecting various tissues, 

including the brain (Drapeau et al., 2006). 
 Beehive products have long been used for various 

therapeutic purposes. Over the last decade, there has been a 

renewed usage of both honey and RJ for treatment of infections due 

to the emergence of antibiotic-resistant bacteria. There have been 

many case reports and clinical trials proving their effectiveness 

against such bacteria, including the opportunistic human pathogen 

Pseudomonas aeruginosa (Cooper et al., 2002; French et al., 2005; 

Molan, 2006). The honey antibacterial effects are attributed to a 

combination of high osmolarity and bacteriocidal/static activities, 

including hydrogen peroxide, phenolic compounds, and antioxidants 

(Cooper et al., 2002). In addition, honey has been shown to induce 

cytokine production (Majtan et al., 2006) and to contain glycodecoys 

that competitively block lectin (PA-IIL)-mediated bacterial  

(P. aeruginosa) adhesion to host cell receptors for infection 

establishment (Lerrer et al., 2007) and repress bacterial biofilm 

formation (Okhiria et al., 2009). The glycodecoy effects are based on 

soluble saccharides and conjugated glycans that mimic those of the 

host cell receptors for competitive hampering of the pathogen 

binding to the cell-membrane receptors and to each other.      
 In the present study, we have expanded our investigation of 

the anti-lectin-mediated bacterial adhesion potential of honey and 

royal jelly (RJ) towards P. aeruginosa PA-IL (in addition to PA-IIL), C. 

violaceum CV-IIL, and R. solanocearum RSL and RS-IIL plus the two 

reference plant lectins: Con A and UEA-I. Con A shares with the 

mannophylic and fucophylic bacterial lectins D-mannose (Man) and D-

fructose without fucose (Fuc) affinity, but also reacts with glucose 

derivatives, and UEA-I is strictly Fuc-specific. The seven lectins were 

used to analyze the anti-adhesion (lectin-blocking) potential of honey 

and RJ free (including mono-, di- and oligosaccharides, in the 

undialyzed preparations) and protein-conjugated glycans 

(glycoproteins, in both undialyzed and dialyzed preparations). The 

interactions of these lectins with the glycotopes were concomitantly 

assayed in undialyzed and dialyzed preparations by the 

hemagglutination inhibition test (using papain-treated human 

erythrocytes) and by Western blotting (Wb) (using the seven lectins 

tagged with peroxidase).   

 

 

 

Materials and methods 
The lectin preparations 

The bacterial lectins PA-IL and PA-IIL were purified from cell extracts 

of P. aeruginosa ATCC 33347, CV-IIL – from C. violaceum 

(Bergonzini) ATCC12472, and RSL and RS-IIL – from R. 

solanacearum ATCC 11696 [purchased from the American Type 

Culture Collection (ATCC) (Manassas, VA)], as earlier described 

(Gilboa-Garber, 1982; Sudakevitz et al., 2002; Sudakevitz et al., 

2004; Zinger-Yosovich et al., 2006). Con A was purchased from 

Sigma-Aldrich (St. Louis, MO). Peroxidase-tagging of these lectins 

was attained using glutaraldehyde coupling, as previously described 

(Lesman-Movshovich and Gilboa-Garber, 2003). 
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The honey preparations 

Four honey samples from commercial sources were used. One RJ 

was obtained from B. Avrahami and the second from the beehives of 

Kfar Habad, Israel. All the honey and RJ samples were kept at 5ºC 

and used both without and following overnight dialysis (2 mL inside 

the dialysis membrane, of 10 kDa), against 1 liter of 0.85% (w/v)  

NaCl solution (with 3 changes of the saline) at 5ºC. 

 

Milks   

Human milks were obtained from healthy mothers (volunteers) and 

cow milks were purchased from food markets. Each sample was 

centrifuged (10,000 x g) for 10 min and the intermediate phase was 

carefully collected, dialyzed overnight against saline and stored at  

-20°C (Lesman-Movshovich et al., 2003).  

 

Hemagglutination test 

Papain-treated human type O(H) red blood cells (erythrocytes, kindly 

obtained from the Magen David Adom National Blood Services in 

Israel), were used. They were prepared by 3 washings of the cells 

with phosphate buffered (0.025 M, pH 7.2) saline (isotonic 0.85% 

NaCl solution) and were then treated by 0.1% papain with 0.01% 

cysteine, as previously described (Gilboa-Garber, 1982). A 50 µL 

sample of each lectin preparation at a concentration of 20 µg per mL 

was serially diluted with 50 µL saline to produce twofold dilutions. 

Then saline and 5% (V/V) erythrocyte suspension in saline (50 µL 

each) were added to each tube. After 30 min at room temperature, 

the tubes were centrifuged for 30 sec (1000 x g), and 

hemagglutinating activity was examined as previously described 

(Gilboa-Garber, 1982).  The highest dilution leading to agglutination 

of all the erythrocytes in one large mass was used for the 

hemagglutination-inhibition test. 

 

Lectin hemagglutinating activity inhibition  

by the beehive products and milks 

Each examined sample was initially diluted to avoid viscosity (milks x 

2, honey x 6 and RJ x 8) and then serially twofold-diluted in 50 µL 

saline. Fifty microliters of the lectin solution chosen in the above-

described hemagglutination test was added to each tube. After 30 

min at room temperature, 50 µL of the 5% papain-treated human O 

blood type erythrocyte suspension was added to each tube (Gilboa-

Garber, 1982) and after another 30 min, hemagglutination was 

examined as described above. The hemagglutination-inhibition 

intensity was represented by the number of dilutions (log2dilution-1) 

without considerable hemagglutination preceding its reappearance 

(Lesman-Movshovich and Gilboa-Garber, 2003). 

 

Western blot analyses 

Fifteen microliters of the honey (from wild flowers) 6-fold dilution 

(around 0.12% protein) and RJ (from Kfar Habad) 200-fold dilution 

(around 0.07% protein) were used for this test so that both their 
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discrete bands and the intensities of their interactions with the lectins 

would be represented (Western blots with 3-fold honey and 50-fold 

RJ dilutions were used with the peroxidase-labeled UEA-I. When the 

latter were used with Con A and PA-IIL, they were found to be 

overloaded). The milks were treated as previously described (Lesman

-Movshovich et al., 2003). Non-diluted human milk and 2-fold diluted 

cow milk (both around 1.5% protein) were used. These samples 

were mixed 1:1 with sample buffer, boiled, and applied to the wells 

in 10% SDS-PAGE (at 140 V) in Mini Protean Cell 3 Electrophoresis 

(Bio-Rad) according to Laemmli (1970) and as previously described 

(Lesman-Movshovich and Gilboa-Garber, 2003). Following SDS-PAGE, 

the proteins were transferred to a nitrocellulose (0.45 µM, Bio-Rad) 

membrane at 4ºC for 2 h (85 mA/40-50 V) using a Minitrans-Blot 

Module (Bio-Rad). The membranes were incubated overnight in 

blocking buffer (PBS 0.01 M, pH 7.2, containing 3% BSA and 0.05% 

Tween 20), exposed to the peroxidase-labeled lectins (about 1 µg  

ml-1) in blocking buffer (with 0.1% Tween 20) at room temperature 

for 2 h, and then thoroughly washed. The peroxidase reaction was 

visualized using enhanced chemiluminescence (Amersham 

International Plc, Buckinghamshire, UK) and recorded onto 

photographic films.  

 Controls with the labelled lectins in the presence of 0.3 M of 

the relevant blocking sugar solution (Gal for PA-IL, Man for the four 

other bacterial lectins and Con A, and Fuc for UEA-I) in their reaction 

mixtures, were used in parallel for ruling out nonspecific (sugar-

independent) lectin binding     

  

Statistical evaluation 

The results of the hemagglutination-inhibition tests were analyzed by 

student's t-test. The data presented in the figures represent means + 

SEM of at least 5 experimental results for each lectin.  

 

 

Results  

Examination of the inhibition of the hemagglutinating activities of the 

five bacterial lectins of the three soil pathogenic bacteria revealed 

that all of them were blocked to a considerable extent by both honey 

and RJ (Fig. 1). The blocking activity in the honey was mainly 

associated with low MW glycans (<10 kDa) removable by dialysis. 

This honey property was most apparent with the two lectins of P. 

aeruginosa, and also noticed with CV-IIL.  The RJ blocking of most of 

the lectins was mainly associated with glycoproteins (retained 

following dialysis), except in the cases of PA-IL and RSL, where RJ 

dialysis reduced the blocking (totally and partially, respectively). As  

can be seen in this figure, the bacterial lectin inhibitions by the two 

beehive products resembled those of the plant reference 

mannophylic lectin, Con A. The second plant reference fucophylic 

lectin, UEA-I, which is strictly specific for Fucα1-2 (H antigen), was 

not inhibited at all under the same conditions.   



 Figure 2 shows the interactions of the seven lectins with 

honey and RJ Gps in comparison to their interactions with human 

and cow milk Gps. The interactions were examined in parallel using 

the hemagglutination inhibition test (with dialyzed beehive and milk 

preparations depleted of their low MW components) and Western 

blotting for probing the individual glycoproteins by their staining 

with the peroxidase-labeled lectins. This figure shows a general 

accordance between the lectin blocking represented in the 

hemagglutination inhibitions and their interactions with the 

individual Gps in the related Western blots. The two plant lectins 

Con A and UEA-I that were chosen as references sharply differed in 

their interactions with the four examined samples. Con A was most 

strongly inhibited by the RJ Gps, fully stained them (25-250 kDa). It 

was somewhat less sensitive to the honey Gps (but still more than 

all the other lectins), staining fewer of them, followed by the milks, 

without preference to human milk (being in this respect the most 

sensitive lectin to the cow milk Gps). In contrast, UEA-I was 
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exclusively inhibited only by the human milk (H antigen epitope) and 

richly stained its Gps (30-220 kDa) without any interaction with the 

RJ, honey, and cow milk Gps. PA- IL, which was negligibly inhibited by 

the dialyzed beehive products, palely stained apalbumin-1 (55 kDa) 

band in the honey Wb and two bands in the RJ Wb, while being 

considerably sensitive to inhibition by human milk  and staining its 

Gps, but not reacting with cow milk. 

 As seen in Figure 2, PA-IIL hemagglutinating activity was 

most strongly inhibited by the RJ Gps, staining some of them (45-

75kDa). Its inhibition by RJ was higher than those of the other lectins 

examined, and even surpassed its own outstandingly strong inhibition 

by human milk. Its inhibition by the honey Gps was relatively scant 

but it nicely stained apalbumin-1. The C. violaceum fucophylic lectin 

CV-IIL resembled PA-IIL in the sample affinity order: RJ>human 

milk>honey>cow milk, and in the staining of the Gps in the Wbs of 

the four examined preparations. The R. solanacearum fucophylic 

lectin RSL, which resembled PA-IIL in its very high sensitivity to 

human milk, differed from PA-IIL in its much lower inhibition by RJ 

than by human milk, and its being outstanding among the examined 

lectins in displaying higher sensitivity to honey vs. RJ. Its stainings of 

the Gps in the honey Wb were similar to those obtained with Con A 

and RS-IIL, and more abundant than those of PA-IL, PA-IIL, and CV-

IIL. RS-IIL inhibitions by RJ and honey Gps and their staining by it 

were most similar to those of Con A, although its blocking by human 

milk was higher (equalling the honey) and by cow milk was lower 

than those of Con A. In the latter respect RS-IIL more resembled RSL 

than Con A.  

 

 

Discussion 
Pseudomonas aeruginosa antibiotic resistance has led to the study of 

the involvement of its PA-IL and PA-IIL lectins (Gilboa-Garber, 1982) 

in its adhesion to host cells (Gilboa-Garber et al., 1997; Imberty et al., 

2004) and biofilm production (Gilboa-Garber, 1997; Tielker et al., 

2005). These studies were followed by a search for compounds that 

could competitively block these lectins by acting as decoys simulating 

their host cell receptors (Gilboa-Garber et al., 1997). Thousands of 

compounds have been synthesized and examined for blocking efficacy 

in vitro, showing the superiority of multidendrimeric glycans that were 

found to block PA-IIL at nanomolar concentrations (Imberty et al., 

2008; Johansson et al., 2008). Concomitant studies showed that 

natural compounds produced by animals for the protection of their 

sensitive offspring (e.g., embryo-protecting avian egg white and 

newborn-protecting mammal milk glycans) were highly efficient in  

blocking  the two P. aeruginosa lectins (Lerrer and Gilboa-Garber, 

2001; Lesman-Movshovich et al., 2003). The same concept has also 

led to the examination of RJ and honey, which are assigned to protect 

sensitive newly hatched beehive larvae, and are already successfully 

Fig. 1. Inhibition of the hemagglutinating activities of the bacterial 

lectins PA-IL (galactophylic), PA-IIL, CV-IIL, RSL (fucophylic), RS-IIL 

(mannophylic), and the plant lectins Con A (mannophylic) and UEA-I 

(fucophylic) by undialyzed and dialyzed honey and royal jelly. The 

data represent means + SEM bars of at least 5 experimental results 

obtained with honey from 3 different sources, and with RJ from 2 

different sources. Included in the figure is RJ  major highly  

mannosylated glycoprotein glycan structure, according to Kimura et 

al. (2000). 



applied in human-infection therapy (Cooper et al., 2002; Molan, 

2006). In that research, PA-IIL was used together with the plant 

mannophylic lectin Con A and the very selective fucophylic lectin 

UEA-I as references. The results of that investigation revealed that 

both honey and RJ equalled human milk in blocking PA-IIL (Lerrer et 

al., 2007). Honey strongly inhibited PA-IIL hemagglutinating activity, 

mainly due to its fructose and low MW glycans removable by 

dialysis, and also due to some MRJGps. The addition of fructose to 

the dialyzed honey sample at the original (40%) honey 

concentration (Moritz and Southwick, 1992; Qiu et al., 1999), was  

shown to completely restore the PA-IIL hemagglutination inhibition 

(Lerrer et al., 2007). Con A was inhibited by both the fructose and 

glucose of the honey and by more Gps. The retainment of the latter 

following dialysis contributed to Con A blocking by the dialyzed 

honey. These results nicely accorded the respective Wbs showing 

Con A wide staining of honey Gps ranging from 50 to 75 kDa, 

preferentially the 55 kDa MRJGp, the apalbumin-1 equivalent.  

 The inhibition of PA-IIL and Con A by RJ was mainly due to 

the much higher RJ Gp concentration (14%) combined with much 

lower free saccharide level, as opposed to low honey Gp 

concentration (0.7%) and high free saccharide levels (79%). PA-IIL, 

which reacts with the RJ terminally mannosylated antennae, tagged 

them at the range of 35-75 kDa, while Con A, which in addition to 

terminal mannose residues also reacts with internal fork mannose 

residues and glucosyl derivatives, including N-acetylglucosamine 

(GlcNAc), tagged them more strongly  in the range of 25-250 kDa.  

Kimura et al. (2000) characterized the structures of RJ N-glycans, 

showing that typical high-mannose-type structure (Man9-4 GlcNAc2) 

(Fig. 1) accounts for about 72% of them, followed by a biantennary 

structure (GlcNAc2 Man3 GlcNAc2) (about 8%), and a hybrid-type 

structure (GlcNAc1Man4GlcNAc2) (about 3%), all of them reacting 

with Con A. Lerrer et al. (2007) showed that PA-IIL tagged at least 

11 bands of highly mannosylated RJ Gps in the range of  20-105 kDa 

in more highly loaded Wbs, resembling its similar, very high affinity 

to highly mannosylated quail egg white Gps (Lerrer and Gilboa-

Garber, 2001). Higher PA-IIL affinity to the highly mannosylated Gps 
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Fig. 2. Comparison of the interactions of the bacterial lectins PA-IL (galactophylic), PA-IIL, CV-IIL, RSL (fucophylic), RS-IIL (mannophylic), 

and the plant lectins Con A (mannophylic) and UEA-I (fucophylic) with honey (Hon), RJ, human milk (HM), and cow milk (CM) glycoproteins. 

The interactions are exhibited in the inhibition of the lectin hemagglutinating activities by the dialyzed samples of the four preparations and in 

the staining of the honey, RJ, and milk Western blots by the same lectins labeled by peroxidase.  Comparing Con A-stained RJ and human 

milk Western blots to their CBB- stained SDS-PAGE had shown that Con A as a reference lectin detects most (if not all) of their N-glycosylated 

proteins, as shown by Kimura et al. (2000) and by Lesman-Movshovich and Gilboa-Garber (2003). The RJ was from Kfar Habad, Israel, the 

honey from wild flowers, the human milk from O type (H-Se secretor) volunteers, and the cow (bovine) milk from a food store. Among the 

stained RJ MRJPs, the location of apalbumin-1 is indicated by an arrow in both RJ and honey. The details of the test are described in the 

Materials and Methods, and detailed information on the tagged RJ Gps can be found in Kimura et al. (2000), Schmitzova et al. (1998), Qiu et 

al. (1999), Sano et al. (2004), and Scarselli et al. (2005).   



(about 72%) may explain its very strong inhibition by RJ, surpassing 

that of Con A, which binds to them and to additional Gps (around 

11%) that bear the terminal GlcNAc (not attracting PA-IIL). Taking 

into account the dilutions used for the Western blotting (RJ x 200 vs. 

honey x 6 and human milk almost without dilution), the results 

indicated enormous affinity of PA-IIL as well as Con A to the RJ Gps. 

UEA-I did not react with any RJ component even under the 

overloading conditions. This finding was also in consensus with 

Kimura's results, indicating the absence of Fuc in RJ (Kimura et al., 

2000).    
 The above-described previous data, combined with the 

documented application of RJ and honey against skin infections 

(Molan, 2006), including those involving P. aeruginosa (Cooper et 

al., 2002), led us to further investigate the efficiency and 

interactions of the honey glycans with additional pathogenic 

bacterial lectins. The examined lectins included the  

P. aeruginosa galactophylic lectin PA-IL (Gilboa-Garber, 1972; 

Imberty et al., 2004), which resides with PA-IIL in the same 

bacterial cells, the fucophylic lectin of the human pathogen C. 

violaceum, named CV-IIL due to its high similarity to PA-IIL both in 

structure and fucose-affinity (Zinger-Yosovich et al., 2006), and two 

R. solanacearum lectins – RSL, which is fucophylic (Sudakevitz et al., 

2002), but differs from PA-IIL and CV-IIL in structure and  

Ca-independence, and RS-IIL (Sudakevitz et al., 2004), which is 

structurally analogous to PA-IIL and CV-IIL but differs from them in 

being mannophilic>fucophylic. 
 Examination of the inhibitions of the hemagglutinating 

activities of the P. aeruginosa PA-IL, C. violaceum CV-IIL, and R. 

solanacearum RSL and RS-IIL, revealed that all of them were 

considerably blocked to variable levels not exceeding that of PA-IIL 

by both honey and RJ (Fig. 1 and Fig. 2). PA-IL and CV-IIL, like PA-

IIL, were mainly inhibited by honey low MW glycans (removable by 

dialysis) (Fig. 1) and stained apalbumin-1 (55 kDa) band (Fig. 2). 

These results confirmed the relatively scant interactions of these 

three lectins with honey Gps, in contrast to Con A, which interacted 

with additional honey Gps. The R. solanacearum lectins RSL and RS-

IIL were found to resemble Con A in their relatively higher binding 

to honey glycoprotein glycans, as exhibited in their hemagglutination 

inhibition by dialyzed honey (Fig. 1) and the staining of several 

apalbumins of the honey Wbs (Fig. 2). RJ dialysis considerably 

reduced PA-IL and RSL inhibitions (Fig. 1) and the respective RJ Wb 

stainings by them were weak.  

 Comparison of Figures 1 and 2 shows that the blocking 

order of the seven examined lectins by the honey and RJ, which is 

generally considerably higher with the latter, is similar (beginning 

with PA-IIL and ending with PA-IL): PA-IIL>Con A> RS-IIL>CV-

IIL>>PA-IL and negative UEA-I, excluding RSL, which changes 

locations, being subsequent to Con A in the honey-sensitivity order, 

but displaying lower sensitivity  to the RJ than to the honey.   

 The critical comparison of the interactions of the seven 

lectins with honey and RJ Gps to their interactions with cow and 

human milk Gps is presented in Figure 2. Human milk was chosen for 

this comparison by virtue of it having the highest and very broad 

natural anti-adhesion value in the protection of human newborns 

(Ruiz-Palacios et al., 2003; Newburg et al., 2005) against infections 

by pathogens, including  P. aeruginosa (Lesman-Movshovich and 

Gilboa-Garber, 2003; Lesman-Movshovich et al., 2003).  

        The lectin-blocking potentials of honey, RJ and milk Gps were 

quantitated by assaying their lectin hemagglutination-inhibition 

activities following dialysis (depleting low MW components). The 

individual Gp interactions with the lectins were shown by differential 

staining of the honey, RJ and milk Western blots by the peroxidase-

labeled lectins). 

         Figure 2 demonstrates that hemagglutination inhibitions by the 

diverse preparations are in accordance with their related Western 

blots. The two reference plant lectins, Con A and UEA-I, sharply 

differed in their interactions with the four examined preparations. 

Con A most strongly interacted with the RJ Gps and fully stained 

them (at the range of 25-250 kDa). It was also the most sensitive to 

the honey Gps, however its inhibition by human milk (HM) was much 

weaker than those of PA-IIL and UEA-I, equalling  its inhibition by 

the cow milk (the cow milk Gps inhibited it but not the other lectins 

examined). In contrast to Con A, UEA-I was exclusively inhibited only 

by the human milk GPs of secretors bearing the Fucα1-2 residue of 

human blood group H type 2 epitope (Konami et al., 1991), and 

richly selectively stained them (at a range of 30-220 kDa), whereas 

PA-IIL also strongly reacted with non-secretor milks (Lesman-

Movshovich et al., 2003).  

          As seen in Figure 2, dialysis of the beehive products abolished 

the inhibition of the PA-IL hemagglutinating activity. PA-IL was 

negligibly inhibited by the beehive Gps and only palely stained 

apalbumin-1 (55 kDa) band in the honey Wb and an additional one in 

the RJ Wb. In contrast, it was considerably inhibited by human milk 

Gps and stained them but it was not sensitive to cow milk. PA-IIL 

hemagglutinating activity was most strongly inhibited by the RJ Gps, 

staining some of them (at the range of 35-75kDa). Its inhibition by 

RJ was higher than those of the other lectins examined, and even 

surpassed its own outstandingly strong inhibition by human milk. Its 

inhibition by the honey Gps was relatively scant but it nicely stained 

apalbumin-1. Figure 2 also shows that PA-IIL interactions with 

human milk are much stronger and involve more Gps than those of 

Con A, with a significantly wider Gp spectrum extensively overlapping 

the combination of Con A and UEA-I. The high PA-IIL affinities to the 

human milk Gps is due to their fucosylations (which do not attract 

Con A) whereas its affinities to the RJ Gps (which are at a 20-fold 

higher concentration than in the honey), are owing to their 

mannosylation (which also attracts Con A).  

          The C. violaceum fucophylic lectin CV-IIL resembles PA-IIL in 
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its affinity order: RJ>human milk>honey>cow milk (as shown in the 

hemagglutination inhibition test and the Wb staining of their Gps. 

This lectin differs from PA-IIL, resembling UEA-I in selectivity for 

human milks of secretors.  

         The R. solanacearum fucophylic lectin RSL, which resembles 

PA-IIL in its very high sensitivity to human milk, differed from PA-IIL 

in its much lower inhibition by RJ than by human milk and its being 

outstanding among the examined lectins in displaying higher 

sensitivity to honey vs. RJ. Its stainings of the honey Gps in Wb 

were similar to those obtained with Con A and RS-IIL, and they were 

more abundant than those of PA-IL, PA-IIL, and CV-IIL.  

         The mannophylic>fucophylic R. solanacearum lectin RS-IIL 

inhibitions by RJ and honey Gps were most similar to those of the 

mannophylic Con A. The staining of the RJ, honey and milk Gp Wbs 

by the two lectins were also similar. RS-IIL differed from Con A in its 

higher blocking by human milk (equaling the honey) and its lower 

inhibition by cow milk Gps (like  RSL). 

         Taken together, the function of honey and RJ fructose and 

oligomannosylated glycoproteins as powerful decoys in the blocking 

of the soil pathogenic bacterial lectins, like milk glycans, is of great 

biological and ecological value together with implementability in the 

medically important therapy of antibiotic-resistant aggressive 

bacterial infections.  
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