
www.biosciencetrends.com                                                                                                       

BioScience Trends 2008; 2(3):101-104.

*Correspondence to: Dr. Munehiro Nakata, Department 
of Applied Biochemistry, Tokai University, Hiratsuka, 
Kanagawa 259-1292, Japan;
e-mail: nak@keyaki.cc.u-tokai.ac.jp

Binding of pradimicin A derivative BMY-28864 to neoglycolipids 
bearing mannose residues at the non-reducing ends

Huanli Xu1, Fengshan Wang1, Tsuguo Mizuochi2, Munehiro Nakata2,3,*

1 Institute of Biochemical and Biotechnological Drugs, School of Pharmacy, Shandong University, Jinan, Shandong, China; 
2 Department of Applied Biochemistry, Tokai University, Hiratsuka, Kanagawa, Japan;
3 Shandong University China-Japan Cooperation Center for Drug Discovery & Screen, Jinan, Shandong, China.

101

Summary

Brief Report

BMY-28864 is a derivative of carbohydrate-binding antibiotic pradimicin A. This study 
aimed to examine the carbohydrate-binding specificity of BMY-28864 by a direct binding 
assay using neoglycolipids synthesized by conjugation of various oligosaccharides with 
dipalmitoylphosphatidylethanolamine (DPPE). Neoglycolipids were chromatographed on 
a thin layer chromatography plate and then subjected to BMY-28864 binding analysis. 
Binding of BMY-28864 to neoglycolipids such as Manα1-3Man-DPPE, Manα1-6Man-
DPPE, Man3-DPPE, and Man5-DPPE and those bearing oligosaccharides derived from 
ribonuclease B, all of which bear mannose residues at the non-reducing ends, was detected. 
This study showed that pradimicin A derivative BMY-28864 selectively bound to mannose 
residues at the non-reducing ends and that neoglycolipids bearing various carbohydrate 
structures will be helpful as carbohydrate probes to detect carbohydrate-binding low 
molecular weight compounds. 
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1. Introduction

Pradimicin A is an antifungal antibiotic that Oki et al. 
isolated from the culture filtrate of Actinomadura hibisca 
(1). Pradimicin A and its derivative BMY-28864, which 
has improved water solubility, have a broad antifungal 
spectrum against a wide variety of pathogenic fungi 
such as Candida albicans, Cryptococcus neoformans, 
and Aspergillus fumigatus in vitro and in mice (2-4). 
Notably, several studies have shown that the compounds 
cause precipitation and alteration of the absorbance 
spectrum in the presence of mannose in a calcium ion-
dependent manner (3-5). Therefore, these low molecular 
weight compounds are suggested to have a lectin-like 
carbohydrate-binding ability. The carbohydrate-binding 
specificityof an increasing number of lectins has been 
characterized by means of a direct binding assay using 
neoglycolipids prepared by lipidation of carbohydrates 
as carbohydrate probes (6,7). The present study used the 
direct binding assay using neoglycolipids to examine the 

interaction of BMY-28864 with carbohydrates.

2. Materials and Methods

2.1. Materials

BMY-28864 was kindly provided by Dr. Toshikazu 
Oki, Toyama Prefectural University, Toyama, Japan, 
and dissolved in water at 2 mg/mL as a stock solution. 
The following commercially available carbohydrates 
were purchased from Funakoshi, Tokyo, Japan: Manα1-
3Man, Manα1-6Man, mannotriose (Man3) with a 
structure of Manα1-6(Manα1-3)Man, mannopentaose 
(Man5) with a structure of Manα1-6(Manα1-3)Manα1-
6(Manα1-3)Man, core-pentaose (GlcNAc2Man3) 
with a structure of GlcNAcβ1-2Manα1-6(GlcNAcβ1-
2Manα1-3)Man, maltooligomer with a structure of 
Glcα1-(-4Glcα1-)0-3-4Glc, isomaltooligomer with a 
structure of Glcα1-(-6Glcα1-)0-3-6Glc, cellooligomer 
with a structure of Glcβ1-(-4Glcβ1-)1 or 3-4Glc, 
laminarioligomer with a structure of Glcβ1-(-3Glcβ1-)1 

or 3-3Glc, chitooligomer with a structure of GlcNAcβ1-
(-4GlcNAcβ1-)0-3-4GlcNAc, and sialyllactose with a 
structure of NeuAcα2-3Galβ1-4Glc. Glycoproteins such 
as bovine pancreas ribonuclease B (RNase B), human 
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IgG, and human fibrinogen were purchased from Sigma-
Aldrich Japan, Tokyo, Japan. N-linked oligosaccharides 
of these glycoproteins were prepared by hydrazinolysis 
and re-N-acetylation followed by cellulose column 
chromatography (8,9). Oligosaccharides obtained from 
IgG and fibrinogen were then asialylated by sialidase 
treatment as described previously (8).

2.2. Synthesis of neoglycolipids

Neoglycolipids were synthesized by conjugation of 
oligosaccharides with dipalmitoylphosphatidylethanol-
amine (DPPE, Sigma-Aldrich Japan) by reductive 
amination (10,11). Briefly, oligosaccharides (0.1-10 
mg) were dissolved in water and mixed with 15.7 vol. 
of DPPE solution (10 mg/mL in chloroform/methanol, 
1:1, v/v) and 3.3 vol. of sodium cyanogenborohydrate 
solution (20 mg/mL in methanol). The reaction 
mixture was incubated at 80°C for 5 h with occasional 
sonication. Synthesis of neoglycolipids was confirmed 
by a thin layer chromatography (TLC) with detection 
of carbohydrate moiety by orcinol staining and lipid 
moiety by primulin staining (12). Neoglycolipids 
derived from commercially available oligosaccharides 
were then purified by HPLC with a silica gel column 
(Shim-Pack PREP SIL, 2 × 25 cm, Shimadzu, Kyoto, 
Japan) and subsequently subjected to chromatography 
with a Bond Elut C18-cartridge column (Varian, Palo 
Alto, CA, USA) (13).

2.3. Assay of BMY-28864 binding to neoglycolipids

Neoglycolipids were spotted on a TLC plate (Merck, 
Darmstadt, Germany) and developed using chloroform/
methanol/water (60:35:8, v/v) or chloroform/methanol/
water (105:100:28, v/v) as a solvent system (12). After 
drying, the plate was plasticized by soaking it in 0.1% 
polyisobutyl methacrylate in n-hexane for 30 s and 
then it was blocked by 1% (w/v) gelatin for 2 h at room 
temperature. The plate was overlaid with 50 μg/mL of 
BMY-28864 in 10 mM Tris-HCl, pH 7.3, containing 
0.15 M NaCl and 1 mM CaCl2 (Ca-TBS) and incubated 
for 1 h at room temperature with gentle shaking. After 
incubation, the plate was rinsed with Ca-TBS and air-
dried.

3. Results and Discussion

Fi r s t ,  pu r i f i ed  neog lyco l ip id s  de r ived  f rom 
commercially available carbohydrates (1 μg each per 
lane) were chromatographed on a TLC plate and then 
incubated with 50 μg/mL of BMY-28864 in Ca-TBS for 
1 h at room temperature (Figure 1). As shown in Figure 
1B, binding of BMY-28864, which was observed as 
red-colored spots, to neoglycolipids such as Manα1-
3Man-DPPE (lane h), Manα1-6Man-DPPE (lane i), 
Man3-DPPE (lane j), and Man5-DPPE (lane k), all of 
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which bear mannose residue(s) at the non-reducing 
end(s), was detected. In contrast, binding to Man-DPPE 
(lane g), in which mannose moiety does not form a ring, 
GlcNAc2Man3 (lane f), in which mannose residues 
are not at the non-reducing ends, and neoglycolipids 
that did not contain mannose residue was not detected. 
The binding of BMY-28864 to neoglycolipids 
bearing mannose residue(s) at non-reducing end(s) 
was completely inhibited in the presence of 100 mM 
mannose or 2 mM EGTA, while binding was not 
inhibited by 100 mM of glucose and galactose (data not 
shown).

Next, neoglycolipids derived from N-linked 
oligosaccharides of glycoproteins (5 μg of carbohydrate 
equivalent per lane) were developed on a TLC plate 
and then BMY-28864 binding was analyzed (Figure 
2). As shown in Figure 2B, BMY-28864 apparently 
bound to neoglycolipids bearing high mannose type 
oligosaccharides derived from RNase B (14) but not to 
those bearing complex type oligosaccharides derived 
from IgG (15) and fibrinogen (16).

T h e  p r e s e n t  d i r e c t  b i n d i n g  a s s a y  u s i n g 
neoglycolipids showed that pradimicin A derivative 
BMY-28864 selectively bound to neoglycolipids bearing 
mannose residues at the non-reducing ends (Figure 1B 
and 2B). This binding was inhibited by mannose but not 
by glucose and galactose. Therefore, BMY-28864, a low 
molecular weight organic compound, can be considered 
to fall under the new category of "carbohydrate 

Figure 1. A direct binding assay of BMY-38864 with purified 
neoglycolipids prepared from commercially available carbohydrates. 
Neoglycolipids were developed on a TLC plate using chloroform/
methanol/water (60:35:8, v/v) as a solvent system. (A) The 
neoglycolipids on the plate were visualized by primulin staining. 
(B) 50 μg/mL of BMY-28864 in Ca-TBS was incubated on the plate 
for 1 h at room temperature. Lane a, GlcNAc-DPPE; lanes b-e, 
chitooligomer-DPPE bearing 2-5 GlcNAc residues, respectively; 
lane f, GlcNAc2Man3-DPPE, lane g, Man-DPPE, lane h, Manα1-
3Man-DPPE; lane i, Manα1-6Man-DPPE; lane j, Man3-DPPE; lane 
k, Man5-DPPE; lane l, Glc-DPPE; lanes m-p, maltooligomer-DPPE 
bearing 2-5 Glc residues, respectively; lanes q-t, isomaltooligomer-
DPPE bearing 2-5 Glc residues, respectively; lanes u and v, 
cellooligomer-DPPE bearing 3 and 5 Glc residues, respectively; 
lanes w and x, laminarioligomer-DPPE bearing 3 and 5 Glc residues, 
respectively; lane y, lactose-DPPE; lane z, sialyllactose-DPPE.
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binding compounds" that do not fall under any of the 
conventional categories.

Mannose-binding compounds will prove useful not 
only in detecting glycoconjugates bearing mannose 
resides but also in preventing infection by pathogens 
with surfaces covered in mannose residues. In fact, 
the antifungal ability of pradimicin A is thought to be 
due to its binding to mannan on the fungal surface. 
Furthermore, research has suggested that pradimicin 
may prevent human immunodeficiency virus infection 
(17,18) possibly because of the binding of the antibiotic 
to virus envelope glycoprotein gp120, which possesses a 
number of high mannose type oligosaccharides (19,20). 
Therefore, carbohydrate-binding compounds such as 
pradimicin A and BMY-28854 will be effective tools 
for carbohydrate targeting in biochemical and medical 
studies (21). In addition, other types of carbohydrate-
binding antibiotics or organic compounds may exist in 
nature. Neoglycolipids bearing various carbohydrate 
structures will be helpful as carbohydrate probes 
to screen and discover novel carbohydrate-binding 
compounds.
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