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d Comparative Genomics Center, James Cook University, Townsville, Australia

e Institute of Pharmacy, Department of Pharmacology for Natural Sciences, University of Leipzig, Germany

Received 5 April 2005; received in revised form 31 October 2005; accepted 31 October 2005

Abstract

Advanced glycation end products (AGEs) are sugar-modified proteins that are known to appear in vivo

and are suspected to be involved in the pathogenesis of several diseases. Although different cellular

responses to AGEs can be measured in cell culture studies, knowledge about the nature of AGE-binding

and their cell surface receptors is poor. In the present paper a method for the purification of AGE-binding

proteins from membrane fractions derived from different rat organs as well as a method for assaying the

binding of fluorescein labelled AGEs to the surface of cells of different cell lines are described. The

presence of more than 10 proteins interacting with AGEs could be shown in membrane fractions obtained

from rat organs. Additionally, binding of AGE-modified BSA to different cells could be shown using

fluorescence-labelled ligands in a flow cytometric approach. The presented methods provide an option to

isolate AGE-interacting proteins which is a precondition for the identification of these proteins.

Furthermore, the measurement of AGE-binding to cell surfaces bears the potential to gain a deeper
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understanding about the nature of AGE-binding to cell surface proteins and might be applied as a

preliminary test before performing cell culture studies about AGE effects.
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1. Introduction

Advanced glycation end products (AGEs) arise from the nonenzymatic reaction of reducing

sugars with proteins, namely their amino acid side chains, in a complex multi step reaction. In

vivo, numerous proteins, particularly long-lived proteins are found to be AGE-modified. AGEs

are signals for cellular activation associated with chemotaxis, oxidative stress and cell

proliferation or programmed cell death [1] and are suspected to be involved in the pathogenesis

of several diseases such as chronic clinical complications of diabetes [2], renal failure [2] and

Alzheimer’s disease [3]. Most investigations are dealing with the effects of AGEs mediated by

the receptor for AGEs (RAGE) or the binding of AGEs to RAGE. RAGE is a transmembrane

protein of the immunoglobuline superfamily with a molecular mass of 45 kDa that was

demonstrated to be present in several cell types such as endothelial cells, monocytes, microglia,

and neurons [4]. AGE binding to RAGE was described to cause an activation of p21ras, MAP

kinases and NF-nB [4]. But there are also several other proteins identified that were found to

bind AGEs (e.g. [4–6]). The function of AGE-binding to most of those proteins is largely

unknown but some of them are likely to mediate cellular effects of AGEs (e.g. [1,7]). Therefore,

not only binding to RAGE but also binding to other proteins is likely to be involved in

transducing cellular effects of AGEs. Hence, dealing with biochemical effects of AGE is a very

complex subject since a large number of different AGE structures are potential ligands for a

large number of binding proteins, of which only a small number is identified. Thus, proper

cause-effect relations are nearly impossible to follow when investigating biochemical effects

of AGEs on cells. Due to the fact that the function of many of the AGE-binding proteins is

largely unknown and that there are probably other proteins yet to be identified, researchers are

additionally faced with the problem to find appropriate cellular parameters, which are

activated in the presence of AGEs. To gain a deeper understanding of AGE-effects on cells it

is an essential task to identify the proteins that are able to interact with AGEs and to

investigate their cellular function. When dealing with effects of AGEs on cells, it might be

advantageous to measure AGE-binding to cell surface proteins before starting to search for

their biochemical effects, since cell binding can be assumed to be a precondition for mediating

cellular effects.

In the present study we describe a method for the isolation of AGE-binding proteins from

crude membrane fractions of different tissues, as well as a flow cytometric approach for the

detection of AGE-binding to cell surfaces. To prove the presence of AGE-binding proteins,

membrane fractions from different rat organs were isolated and an affinity column loaded with

AGE-modified albumin was used to isolate AGE-binding proteins. The presence of several

AGE-binding proteins was demonstrated by SDS-PAGE analysis of fractions eluted from the

affinity column. Additionally, we established a flow cytometric assay in order to measure the

binding of modified proteins to cell surface proteins. Binding experiments were performed

with a glucose derived AGE-modified BSA. AGE-BSA was expected to bind to the cell

surfaces, since similar AGEs were found to stimulate cellular effects in different experiments
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