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Editorial comment 

 

 Welcome to the November issue of IMARS Highlights. It gives me great pleasure to 

bring to your attention highlights in glycation research selected by our contributing editors – 

this month, John Baynes, Monika Pischetsrieder, Varoujan Yaylayan and Alan Stitt (with 

Josephine Glenn). I have also added two new features. Firstly, a contribution on what it is 

like for researchers at all levels working on glycation and being involved with IMARS. In 

this issue I am very happy to include a contribution by Miss Sahar Waris, a PhD student 

working on nucleotide glycation, on her views of the IMARS www pages. Secondly, a 

contribution on the outcome for recipients of IMARS travel awards/support. In this issue, 

Abdulhakim Elosta and Jamil Abdullah describe the benefits of attending the recent 9th 

Maillard Reaction Symposium, Munich 2007. I hope to make these regular features in 

IMARS highlights. Feedback from readers on these and other features in this issue are very 

welcome. 

 

Following the recent success of the Junior Scientist Writing Competition for postgraduate and 

post-doctoral researchers in Biomedical Sciences and Food Sciences divisions in 2006, I 

would like to give all potential future authors advance notice that we will be running a further 

competition in 2008. The winners will be invited to present oral papers at the 10th Maillard 

Reaction Symposium, Australia, 2009, with a contribution to the cost of attending the 

meeting. 
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Analysis of the Glycated Plasma Proteome – I. Fructosamine glycation 
 

 John Baynes, University Of South Carolina, Columbia, SC, USA 
 
In an effort to do what has not been done before, Thomas Metz and colleagues at the Pacific 

Northwest National Laboratory (PNNL) are developing methods to define the glycated 

plasma proteome. In this preliminary study (1), they marry classical and modern techniques 

to define the glycated plasma proteome and identify a library of glycated peptides and 

proteins in plasma glycated in vitro. Glycated proteins and peptides are first isolated from a 

commercial preparation of glycated plasma by affinity chromatography on a phenylboronate 

resin, and then analyzed by electron-transfer dissociation mass spectrometry (ETD-LC/MS). 

Affinity chromatography reduces the complexity of both the protein and peptide mixtures, 

yielding greater sensitivity for identification of glycated peptides by MS/MS; ETD is an 

alternative dissociation technique that overcomes a major limitation of collision-induced 

dissociation (CID) MS during the analysis of labile post-translational modifications; in the 

case of glycation, the presence of high-abundance ions resulting from multiple neutral losses 

of water molecules interferes with the identification of peptides required used for sequence 

determination. Metz and colleagues demonstrate that ETD was 5-times more sensitive 

effective than CID for identification of glycated peptides from human serum glycated in 

vitro. They also demonstrate that a two-stage sample enrichment procedure yields the best 

results: first, the isolation of the glycated proteins by affinity chromatography; and then, after 

proteolytic digestion, the isolation of glycated peptides. Overall, they were able to identify 88 

unique peptides from 27, mostly high-abundance, proteins in the glycated plasma preparation. 

The long-range goal of these studies is to define differences in glycation of plasma proteins 

between control and diabetic patients and to apply differential proteomic analysis of protein 

glycation in clinical studies of patients with pre-diabetes and diabetes or at risk for diabetic 

complications. Immunodepletion of the more abundant plasma proteins should permit 

increased coverage of low abundance glycated proteins that may serve as biomarkers of 

developing diabetic complications. The authors have access to an impressive array of 

sophisticated instrumentation at the PNNL - it will be interesting to see the results of future 

studies. In the meantime, “Metz TO” might be a good term to add to your monthly library 

search. 

References 
1) Zhang Q, Tang N, Brock JWC, Mottaz HM, Ames JM, Baynes JW, Smith RD, and Metz TD (2007) 
Enrichment and analysis of nonenzymatically glycated peptides: boronate affinity chromatography coupled with 
electron-transfer dissociation mass spectrometry. J Proteom Res 6:2323-2330. 
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The Amadoriase: Prevention, but no Cure 

Monika Pischetsrieder, Food Chemistry, Emil-Fischer-Center Erlangen, Germany 

 

After many years of research in the field, it is still an unsolved task how to control the 

Maillard reaction during food processing. In many food products, such as milk powder or 

infant formulas, glycation reactions are unwanted because they don’t look or taste right and 

their physiological consequences are still unclear. However, means to control the Maillard 

reaction are mostly limited to decreasing the duration or temperature of thermal treatment. 

The most powerful chemical inhibitor of the Maillard reaction, sodium sulfite, is mostly 

avoided due to possible adverse side effects. 

In the field of biomedicine, several pathways were suggested how AGE formation in vivo can 

be avoided. Although, we are still waiting for the development of a potent AGE inhibitor 

which is able to reverse or prevent the adverse effects of AGEs in disease, these schemes may 

also provide useful ideas for the prevention of the Maillard reaction during food processing. 

One possible target may be the enzymatic cleavage of the Amadori product. Amadoriases, 

which are expressed for example by fungi, are able to oxidize the Amadori product yielding 

the free amine, glucosone and hydrogen peroxide1. In contrast, mammalian fructosamine 3-

kinases catalyze phosphoryation in position 3 of the Amadori product, leading to spontaneous 

cleavage of the 3-deoxyglucosone from the protein2. 

A recent study from Fogliano and coworkers added now an interesting aspect to the 

activity of Amadoriase3. Although the enzyme was practically inactive to deglycate proteins 

and peptides, it was able to prevent Amadori product formation of peptides and smaller 

proteins, when added during the glycation process. For example, a 44 % reduction in 

Amadori product formation was observed, when insulin was reacted with glucose in the 

presence of Amadoriase compared to glycation in the absence of the enzyme. In contrast, the 

enzyme was practically inactive to cleave the Amadori products of insulin, when added after 

the glycation step. Admittedly, the application of Amadoriase to prevent Maillard reaction in 

food is rather limited because of the instability of the enzyme during food processing or 

storage. Furthermore, the production of hydrogen peroxide and glucosone from the Amadori 

product is probably asking for trouble. Regardless, the present results are highly interesting, 

because they are so unexpected and difficult to explain. A possible explanation that glycation 

leads to a temporary unfolding of the proteins, giving access to the enzyme, was successfully 

ruled out by the authors. 
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The only hypothesis I could think of: besides the well characterized oxidative 

cleavage of the Amadori product, the enzyme may also interact with an earlier intermediate 

of the Amadori rearrangement - such as the Schiff’s base - catalyzing its break down by a 

mechanism which may be different from the described Amadoriase activity. In this context, it 

would be interesting to find out if the inhibition of Amadori product formation is also 

connected to the formation of glucosone and hydrogen peroxide. 

 

References 
1Takahashi M, Pischetsrieder M, Monnier V. Isolation, purification, and characterzation of Amadoriase 

isoenzymes (fructosyl amine-oxygen oxidoreductase, EC 1.5.3) from Aspergillus spp. J Biol Chem 1997, 272, 

3437 – 3443. 
2Delpierre G, Collard F, Fortpied J, van Schaftingen E. Fructosamine 3-kinase is involved in an intracellular 

deglycation pathway in human erythrocytes Biochem J 2002, 365, 801 – 808. 
3 Capuano E, Fedele F, Mennella C, Visiciano M, Napolitano A, Lanzuise S, Ruocco M, Lorito M, del Castello 

M, Fogliano V. Studies on the effect of Amadoriase from Aspergillus fumigatus on peptide and protein 

glycation in vitro J Agric Food Chem 2007, 55, 4189 – 4195. 

 
Editor’s note: Ben Szwergold has discussed previously the possible interaction of 
fructosamine 3-phosphokinase with Schiff’s base intermediates (Szwergold,BS, Howell,SK, 
Beisswenger,PJ: Transglycation - A potential new mechanism for deglycation of Schiff's 
bases. Ann.N.Y.Acad.Sci. 1043:845-864, 2005). 



4 

Mismanagement of lysosomal degradation - an AGE/RAGE mediated problem in any 
glia? 

 
Josephine Glenn & Alan Stitt, Centre of Vision Science, Queen’s University, Belfast, 
Northern Ireland 
 
Lysosomes are low pH organelles that, according to cell-type, are responsible for degrading 

phagocytosed (internalised) material, modified proteins and senescent organelles.  Lysosomes 

contain acid hydrolase enzymes with unique and wide-ranging degradative capability and 

they are perhaps one of the most significantly altered organelles following exposure to AGE-

modified proteins.1,2  Dysfunction of degradative capacity has been linked to significant 

diseases such as age related macular degeneration (AMD), chronic kidney disease (CKD) and 

Alzheimer’s disease (AD).3,4 Recent publications have also highlighted the link between 

lysosomal and ubiquitin-linked proteasomal systems5 and the significance of these 

degradative pathways for those working in the Maillard reaction field was discussed in the 

July 2007 issue of IMARS highlights by Alejandro Gugliucci (pgs 5-6). 

 AGE accumulation in the lysosomal system is linked to decreased activity of 

degradative enzymes such as the cathepsins and this also contributes to increased levels of 

reactive oxygen species and mediators of pro-inflammatory responses.  A recent article by 

Stolzing et al.6 is of interest because it highlights how AGEs affect microglial internalisation 

and accumulation of AGE modified albumin (AGE-BSA) in the proteasomal and lysosomal 

systems. Using radio-labelling it was demonstrated that AGEs accumulated in low pH 

compartments within microglia in concert with an inhibition of intracellular protein turnover. 

The authors found significant AGE-mediated reductions in activity of the 

lysosomal/proteasomal systems by 40 % and 20-30 % respectively and that this led to 

microglial activation.6  They concluded that AGE-mediated microglial activation responses 

were linked to increases in nitric oxide and carbonyl stress.6  

 The ability of AGEs to initiate and sustain microglial activation via alteration of the 

lysosomal/proteosomal system is a significant finding.  These specialised, macrophage-like 

cells phagocytose cellular debris and modulate inflammatory responses and their activation 

has been implicated in several neurodegenerative disorders such as Alzheimer’s, Parkinson’s 

disease and retinopathies 7.  Upregulation of RAGE activity occurs in microglia under 

diabetic conditions8 and AGEs or S100B ligands can induce cytokine expression in these 

cells.9,10   
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The study raises some important questions about how cells process AGE-modified proteins.  

Traditionally, exogenous AGE-mediated responses are thought to occur via receptor 

signalling, however, we do not know enough about what happens to these ligands once they 

are internalised. Recent studies have also demonstrated the importance of intracellular 

methylglyoxal-modification on protein function11 and it would be interesting to investigate 

the ultimate fate of AGE adducts in the cytoplasm.  As shown by Stolzing et al., how AGEs 

impact upon the lysosomal / proteomsomal systems can have important pathophysiological 

consequences.  

 

References 
1. Hipkiss AR. Accumulation of altered proteins and ageing: causes and effects. Exp Gerontol 2006;41(5):464-

73. 

2. Sebekova K, Schinzel R, Ling H, Simm A, Xiang G, Gekle M, et al. Advanced glycated albumin impairs 

protein degradation in the kidney proximal tubules cell line LLC-PK1. Cell Mol Biol (Noisy-le-grand) 

1998;44(7):1051-60. 

3. Reckelhoff JF, Tygart VL, Mitias MM, Walcott JL. STZ-induced diabetes results in decreased activity of 

glomerular cathepsin and metalloprotease in rats. Diabetes 1993;42(10):1425-32. 

4. Cataldo AM, Peterhoff CM, Schmidt SD, Terio NB, Duff K, Beard M, et al. Presenilin mutations in familial 

Alzheimer disease and transgenic mouse models accelerate neuronal lysosomal pathology. J Neuropathol 

Exp Neurol 2004;63(8):821-30. 

5. Marques C, Pereira P, Taylor A, Liang JN, Reddy VN, Szweda LI, et al. Ubiquitin-dependent lysosomal 

degradation of the HNE-modified proteins in lens epithelial cells. Faseb J 2004;18(12):1424-6. 

6. Stolzing A, Widmer R, Jung T, Voss P, Grune T. Degradation of glycated bovine serum albumin in 

microglial cells. Free Radic Biol Med 2006;40(6):1017-27. 

7. Streit WJ, Mrak RE, Griffin WS. Microglia and neuroinflammation: a pathological perspective. J 

Neuroinflammation 2004;1(1):14. 

8. Toth C, Schmidt AM, Tuor UI, Francis G, Foniok T, Brussee V, et al. Diabetes, leukoencephalopathy and 

rage. Neurobiol Dis 2006;23(2):445-61. 

9. Wang AL, Yu AC, He QH, Zhu X, Tso MO. AGEs mediated expression and secretion of TNF alpha in rat 

retinal microglia. Exp Eye Res 2007;84(5):905-13. 

10. Bianchi R, Adami C, Giambanco I, Donato R. S100B binding to RAGE in microglia stimulates COX-2 

expression. J Leukoc Biol 2007;81(1):108-18. 

11. Yao D, Taguchi T, Matsumura T, Pestell R, Edelstein D, Giardino I, et al. High glucose increases 

angiopoietin-2 transcription in microvascular endothelial cells through methylglyoxal modification of 

mSin3A. J Biol Chem 2007; 282(42):31038-45. 

 

Editor’s note: Readers are referred to the debate on the physiological function of AGE/RAGE 

- Molecular Nutrition & Food Research 51, 1107 – 1119, 2007 (3 articles). 
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Mechanism of furan formation from ascorbic acid 
 

Varoujan Yaylayan, Department of Food Science and Agricultural Chemistry, Quebec, 
Canada 

 
In early 2004, researchers at the U. S. Food and Drug Administration (2004) have identified 

furan in a number of foods that undergo thermal treatment, specially canned and jarred foods.  

Furan is a very volatile and colorless liquid and is classified as a possible human carcinogen 

by International Agency for Research on Cancer (IARC, 1995), it induces tumors and liver 

toxicity in experimental animals. Although furan had previously been reported in various 

foods such as coffee, canned meat, baked bread, cooked chicken etc., it was only recently that 

a more comprehensive study was performed by FDA using larger number of food samples 

and found furan levels ranging up to approximately 120 ppb. Similar to acrylamide, furan in 

food could potentially become a serious problem due to its widespread presence in many 

types of products. 

 
Figure 1 
 
Although there are numerous precursors of furan in food such as amino acids, sugars, 

carotenoids and PUFA, ascorbic acid has been identified as a major source of furan. Modeled 

after furan formation from 13C-labelled sugars, Perez Locas and Yaylayan (2004) proposed 

several pathways of furan formation from ascorbic acid. A recent publication by Limacher et 

al., (2007) using 13C-labelled ascorbic acid, have conformed the major pathways of furan 

formation from ascorbic acid under roasting and cooking conditions (See Figure 1). Based on 

their analysis, ascorbic acid undergoes hydrolytic ring opening followed by dehydration to 

generate 3-deoxypentosulose (see Figure 1). This intermediate can undergo decarboxylation 



7 

to lose C-1 of ascorbic acid followed by hydrolytic β-dicarbonyl cleavage or α-dicarbonyl 

cleavage to lose C-2 of ascorbic acid as formic acid. The resulting aldotetrose can cyclize and 

dehydrate to generate a furan ring containing C-2 to C-6 carbon atoms of ascorbic acid. Other 

precursors include 2-furoic acid and 2-furfural that can be converted into furan through either 

decarboxylation as in the case of 2-furoic acid or oxidative cleavage of the aldehyde group as 

in the case of 2-furaldehyde. 

 
References:  
 
Perez L., C., Yaylayan, V. A. (2004) Origin and mechanistic pathways of formation of the parent furan: a food 

toxicant. J Agric. Food Chem. 52:6830-6836. 

IARC, International Agency for Research on Cancer, (1995) IARC Monographs on the Evaluation of 

Carcinogenic Risks to Humans, Volume 63: “Dry Cleaning, Some Chlorinated Solvents and Other Industrial 

Chemicals” 63, 3194-3407, Lyon. France. 

FDA, (2004) Exploratory data on furan in food, http://www.fda.gov; Determination of furan in foods, 

http://www.cfsan.fda.gov 

Limacher,  A  Kerler J., Conde-Petit, B., Blank, I. (2007). Formation of furan and methylfuran from ascorbic 
acid in model systems and food. Food Additives and Contaminants 24: 122-135 Suppl. 1. 
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Proteomic Analysis of the Glycated Proteins 
 

John Baynes, University Of South Carolina, Columbia, SC, USA 
 

Mass spectrometric analysis of glycated proteins in biological samples is complicated by the 

presence of large quantities of unglycated proteins and by heterogeneous modification of the 

glycated protein. Affinity adsorption, coupled to MALDI-TOF MS, provides a method both 

for enrichment of glycated proteins and for measurement of total glycated species. The 

challenge is to develop a high-capacity affinity chip! Gontarev et al. (1) describe a novel 

approach to analysis of glycated proteins using a phenylboronic acid (PBA)-agarose affinity 

resin on a MALDI chip. The basic technique involves etching of an aluminum surface to 

promote adsorption of a melted agarose gel, then direct MALDI-TOF analysis of glycated 

protein bound in the agarose matrix. The authors demonstrate that the technique works in 

several modes: by off-line binding of glycated protein to PBA-agarose by column 

chromatography, then addition of the resin to an agarose gel on the chip; by adsorption of 

glycated proteins to a PBA-agarose gel on the chip; and even by derivatization of the agarose 

gel with PBA in situ (on the chip), followed by adsorption of glycated proteins. Salt effects 

are minimized by using volatile triethanolamine acetate buffer, analytical sensitivity is 

improved by the thickness of the three-dimensional agarose matrix, and the method requires 

minimal sample handling, such as elution of bound proteins from an affinity column and 

application to the MALDI plate. The technique was evaluated by analysis of serum albumin 

and a standard protein mixture, both glycated in vitro. Strong signals at the appropriate 

molecular weights were obtained for the glycated proteins; the background from unglycated 

proteins was removed during washing steps. While this method is still at an early stage in 

development and will require some fine-tuning and standardization for analysis of biological 

samples, it provides a significant increase in sensitivity, compared to conventional SELDI 

techniques. It is also readily adaptable for high-throughput applications and shows promise 

for routine analysis of glycated proteins in plasma and tissue samples. 

 

References 
Gontarev S, Shmanai V, Frey SK, Kvach M, Schweigert FJ (2007) Application of phenylboronic acid modified 
hydrogel affinity chips for high-throughput mass spectrometric analysis of glycated proteins. Rapid Commun 
Mass Spectrom 21:1-6. 
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 Further reaction of 2- furaldehyde with lysine 
 

V. Yaylayan, Department of Food Science and Agricultural Chemistry, Quebec, Canada 
 
Although furan derivatives such as 2-furaldehyde and hydroxymethylfurfural (HMF) are 

formed in relatively high amounts from sugars in food, their further reactions with amino 

acids are not well studied. HMF could be considered an indicator for hexoses and 2-

furaldehyde for pentoses and ascorbic acid. There is indication in the literature that HMF or 

its precursor the 3-deoxyglucosone can interact with nucleophiles and form N-analogs of 

HMF such as pyrraline (see the Figure). In a recent publication, Murata et al. (2007) have 

identified a colored lysine adduct of 2-furaldehyde formed through aldol condensation 

between a modification of lysine and the carbonyl group of 2-furaldehyde. This is an 

unexpected reaction due to the deactivation of the aldehyde through conjugation with the 

aromatic ring.  

 

 

 

The authors provide convincing spectroscopic evidence for its structure and they name the 

product as furpipate (see the figure).  
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Although the authors do not propose any mechanism of formation, this condensation most 

likely involves formation of 2-keto-lysine through transamination reaction followed by 

cyclization to form the tetrahydropyridine intermediate. This imine intermediate is capable of 

undergoing aldol condensation to produce furpipate.  

 
References 
Murata, M., Totsuka, H and Ono, H. (2007). Browning of furfural and amino acids, and a novel yellow 

compound, Furpipate, formed from lysine and furfural. Biosci. Biotechnol. Biochem., 71, (7), 1717-1723. 
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Vinylogous Amadori rearrangement: a novel degradation pathway of sugars? 

Monika Pischetsrieder, Food Chemistry, Emil-Fischer-Center Erlangen, Germany 

 
The Amadori rearrangement is a fundamental step in the course of the Maillard reaction. In a 

recent study, Yaylayan and Locas pointed out the importance of the vinylogous Amadori 

rearrangement1: Analogous to the reaction of α-hydroxy aldehydes to give α-aminoketones, 

α,β-unsaturated γ-hydroxy aldehydes lead to the formation of α,β-unsaturated γ-amino 

ketones (scheme 1). The simplest systems, where vinylogous Amadori rearrangement can 

take place, are 4-hydroxy-2-alkenals. 4-Hydroxy-2-alkenals are formed during lipid oxidation 

and are susceptible to nucleophilic attack of amines either by Michael addition or by Schiff 

Base formation. The latter reaction will then allow vinylogous Amadori rearrangement. The 

authors further showed that 4-hydroxy-2-alkenals may also be formed by β-elimination of 2-

deoxysugars. 
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At this point it is noteworthy that other sugars, such as glucose may also undergo β-

elimination leading to 2,4-dihydroxy-2-alkenals, which could also undergo vinylogous 

Amadori arrangement (scheme 2). Interestingly, the resulting dicarbonyl intermediates or 

products thereof have not been identified so far.  
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Hypothetical mechanism of a vinylogous Amadori arrangement of sugars  
As a consequence, it would now be interesting to find out, if these compounds have so far 

only be overlooked (like the Lederer deoxyosone), or if in “regular sugars” other reaction 

pathways are more favored. 

Reference 
 
1 Yaylayan V, Locas C. Vinylogous Amadori rearrangement: implications in food and biological systems. Mol 
Nutr Food Res 2007, 51, 437 – 444.
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Benefits of expressing your RAGE: New evidence for neuroprotective effects of RAGE-

ligand binding 

 

Alan W. Stitt, Centre of Vision Science, Queen’s University, Belfast, Northern Ireland 

 

The receptor for advanced glycation endproducts (RAGE) is a member of the 

immunoglobulin superfamily of cell surface molecules and is present in multiple tissues such 

as endothelium, smooth muscle and neurons.1  RAGE is a promiscuous receptor and binds 

many ligands including AGEs, β-amyloid, S100B and high-mobility group box (HMGB1).  

In terms of AGEs, which will interest most IMARS members, it acts as a receptor for several 

AGE ligands, including CML and methylglyoxal-derived AGEs.2  There is a strong 

correlation between type of AGEs and their binding affinity with RAGE.  For example, 

ribose-derived AGEs have higher binding affinity over glucose- and fructose-derived AGEs; 

a response that could be related to the free amine content.3  It is well established that RAGE 

ligand binding provokes a pro-inflammatory response, leading to NF-кB activation, oxidative 

stress, and expression of various adhesion molecules and cytokines which varies according to 

the cell-type involved.4 

 A recent publication by Pichiule et al. adds to our understanding of RAGE 

pathobiology.5  Using a murine model of acute cerebral ischaemia (stroke) in combination 

with systemic hypoxia, the authors demonstrated that RAGE was up-regulated and, 

remarkably, protected against neuronal cell death.5  This was demonstrated by increased 

infarct size when the cerebral ischaemia-hypoxia (IH) approach was performed on RAGE 

knockout mice.  The RAGE up-regulation and neuroprotective response was also reproduced 

using primary neurons in vitro and shown to be linked to receptor activation by low 

concentrations of exogenous S100B.  By contrast, high concentrations of S100B induced 

neuronal death.   

 Pichiule et al. provide experimental evidence that RAGE activation by low 

concentrations of S100B could play a protective role in the CNS during acute injury.5  At first 

glance, these findings seem to be at odds with the established dogma; that RAGE signalling 

has deleterious consequences for cells and tissues.  Indeed, RAGE knockout animals have 

been shown to be protected from many diabetes and inflammation-linked conditions, 

including cardiac ischaemia-reperfusion injury and peripheral nerve damage.6,7 More research 

is needed in this area, but it seems clear that a hitherto unrecognised spatio-temporal 

relationship exists between ligand availability and RAGE activation. 
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Hypoxia induced by non-perfusion of tissues is a central element of many diseases where 

hypoxia-inducible factor-1α (HIF-1α) transcribes expression of cytokines and growth factors 

that drive inappropriate angiogenic and/or pro-inflammatory responses.  Hypoxia of rapidly 

growing tumours that outstrip their vascular supply and ischaemic retinopathies are just two 

situations in which the current findings could be important.  The RAGE promoter has regions 

that show potential for binding the transcription factor HIF-1α.  Pichiule et al. conditionally 

knocked-down HIF-1α in mice exposed to the IH regime and established that the previously 

observed RAGE up-regulation was prevented.5  This finding indicates that RAGE can be 

induced in hypoxic neurons (and possibly other cell-types) leading to enhanced receptor 

signalling by various ligands present in a particular tissue. 

 RAGE is upregulated in short-term diabetic retinopathy (when overt hypoxia is not 

present) and inhibition of this receptor can protect against selective early lesions.8  It has 

never been shown if hypoxia up-regulates RAGE in the retina but if it occurs, this could serve 

to enhance receptor activation.  Furthermore, the absense of oxygen enhances HIF-1α-

dependent expression of glycolytic enzymes in the conversion of ce-lls to a predominantly 

glycolytic metabolic state (the Pasteur Effect)9 leading to increased dicarbonyl production 

and concomitant AGE formation.  Perhaps hypoxia and hyperglycaemic, as occurs in long-

term diabetic retinopathy, could operate in a cumulative fashion to activate RAGE with 

impact on neuronal cell function.   

  

The findings of Pichiule et al. are novel and intriguing and should prompt further research 

that can establish the potential for RAGE and its ligands to mediate cell protection or damage 

in diverse tissues. 

 

References 
1. Brett J, Schmidt AM, Yan SD, Zou YS, Weidman E, Pinsky D, et al. Survey of the distribution of a newly 

characterized receptor for advanced glycation end products in tissues. Am J Pathol 1993;143(6):1699-712. 

2. Lieuw-a-Fa ML, Schalkwijk CG, Engelse M, van Hinsbergh VW. Interaction of 

Nepsilon(carboxymethyl)lysine- and methylglyoxal-modified albumin with endothelial cells and 

macrophages. Splice variants of RAGE may limit the responsiveness of human endothelial cells to AGEs. 

Thromb Haemost 2006;95(2):320-8. 

3. Valencia JV, Mone M, Zhang J, Weetall M, Buxton FP, Hughes TE. Divergent pathways of gene expression 

are activated by the RAGE ligands S100b and AGE-BSA. Diabetes 2004;53(3):743-51. 
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Views of glycation researchers: IMARS www pages 

 
         Going through the webpage of the ‘International Maillard Reaction Society’ was 

indeed an informative experience for a researcher like myself, who is a student working in the 

field of nucleotide glycation. The weblink relating to ‘Maillard reaction education’ provided 

detailed information, right from the historical development, to the chemistry and biological 

aspects of this interesting reaction mechanism.  

      The structures and properties of the various glycation adducts generated during the course 

of this reaction have been touched upon in a well-coordinated manner. The significance of 

the Maillard Reaction in the etiology of diseases like diabetes and cancer is very well 

documented, to provide all the necessary and relevant information. The role of the glyoxylase 

system has as an anti-glycation defense is really interesting, specifically how the cancer cells 

escape the apoptotic machinery to achieve a multi drug resistant state. The active and passive 

mechanisms of defense that organisms have against glycation further highlights the 

deleterious effects of this reaction on the biological organisms and how they have evolved to 

cope up against it. 

  In the future I look forward to reading more on the challenges staring the researchers of this 

field and hope to see more literature on nucleotide glycation which is one topic that is slowly 

gaining significance, in realisation of the fact that any defect of the genetic machinery is 

difficult or rather impossible to correct.  

 

Miss  Sahar Waris, PhD student working on “Nucleotide and DNA Glycation” with  

Professor B.N.Waris, Chemistry Section, Women’s College, A.M.U., Aligarh, INDIA and 

Professor Paul J. Thornalley, Protein Damage and Systems Biology Research Group, 

Warwick Medical School, University of Warwick, University Hospital, Coventry, U.K. 
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IMARS Travel Grant Awardee – report on participation in the 9th Maillard Reaction 

Symposium, Munich 2007 

 We are two PhD students working full time in the glycation field as part of a group of 

seven researchers led by Dr Nessar Ahmed at the School of Biology, Chemistry and Health 

Science, Manchester Metropolitan University, UK. The research in our group is focussed in a 

number of areas including glycation of growth factors and their importance in diabetic wound 

healing, the toxic effects of high glucose and AGEs on cells and the therapeutic potential of 

pharmacological and natural products with anti-glycation and antioxidant properties. We 

would like to thank the International Maillard Reaction Society for their travel grants 

enabling us to attend The 9th International Symposium on the Maillard Reaction held in 

Munich, 2007. There was a poster session during the conference and our group presented a 

total of three posters. We hope to attend and deliver an oral presentation at the next 

conference.  

We were really delighted when our abstracts were accepted allowing us to attend a 

major international conference on the Maillard reaction for the first time. This was a great 

opportunity for us to meet scientific researchers from all over the world and to actually put 

faces to the published papers we had studied. The travel awards were welcomed because our 

laboratory has limited funding and the offer of two travel grants was generous as it enabled 

two new researchers to attend this important conference.   

 The meeting had a very enthusiastic note from the beginning to the end and included 

keynote speakers, oral and poster presentations. The presentations were divided into two 

themes covering Maillard reaction in foods and in biomedical science and in general were of 

a very high standard. The presentations not only increased our understanding of the Maillard 

reaction and its growing importance in disease processes but also gave us fresh ideas for our 

own research being conducted in our own laboratory at MMU. We discussed our ideas with 

each other, with our supervisor and with other delegates during coffee breaks, lunch, dinners 

and during social sessions.  We met distinguished researchers and communicated with them 

during the poster sessions, taking the benefit of their presence and their advice regarding 

future work.   

 We had a great five days in Munich. The conference was really well organised and a 

credit to the Local Organizing Committee. We enjoyed the social program and made plenty 

of new friends from all over the world. Since returning from the conference, we feel more 

motivated towards our work and the conference has really stimulated our interest.    
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Finally, thanks again for giving us this chance that will last in our memories for a long time. 

Thank you 

  

Abdulhakim Elosta and Jamil Abdullah (School of Biology, Chemistry and Health Science 

Manchester Metropolitan University, Oxford Road, Manchester M1 5GD, United Kingdom). 
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Highlights of the glycation literature September – October 2007 
 
Proceedings of the Appetizer Workshop, Cost Action 927 – International Maillard Reaction 
Society Meeting, Naples, Italy, May 24th May 2006. 
 
Pischetsrieder M, Buetler T The health risks of dietary advanced glycation end-products  
Molecular Nutrition & Food Research 51 (9): 1071-1073, 2007  
 
Henle T Dietary advanced glycation end products - a risk to human health? A call for an 
interdisciplinary debate Molecular Nutrition & Food Research 51 (9): 1075-1078, 2007  
 
Sebekova K, Somoza V Dietary advanced glycation endproducts (AGEs) and their health 
effects - Pro  Molecular Nutrition & Food Research 51 (9): 1079-1084, 2007  
 
Ames JM Evidence against dietary advanced glycation endproducts being a risk to human 
health. Molecular Nutrition & Food Research 51 (9): 1085-1090, 2007  
 
Thornalley PJ Dietary AGEs and ALEs and risk to human health by their interaction with the 
receptor for advanced glycation endproducts (RAGE) - an introduction. Molecular Nutrition 
& Food Research 51 (9): 1107-1110, 2007  
 
Ramasamy R, Yan SF, Schmidt AM Arguing for the motion: Yes, RAGE is a receptor for 
advanced glycation endproducts. Molecular Nutrition & Food Research 51 (9): 1111-1115, 
2007  
 
Heizmann CW The mechanism by which dietary AGEs are a risk to human health is via their 
interaction with RAGE: Arguing against the motion. Molecular Nutrition & Food Research 
51 (9): 1116-1119, 2007 
 
Other articles 
Chuang PY, Yu Q, Fang W, et al. Advanced glycation endproducts induce podocyte 
apoptosis by activation of the FOXO4 transcription factor Kidney International 72 (8): 965-
976, 2007 
 
Osawa M, Yamamoto Y, Munesue S, et al. De-N-glycosylation or G82S mutation of RAGE 
sensitizes its interaction with advanced glycation endproducts. Biochim Biophys Acta-
General Subjects 1770 (10): 1468-1474, 2007 
 
Barati MT, Merchant ML, Kain AB, et al. Proteomic analysis defines altered cellular redox 
pathways and advanced glycation end-product metabolism in glomeruli of db/db diabetic 
mice. American Journal Of Physiology-Renal Physiology 293 (4): F1157-F1165, 2007 
 
Cantero AV, Portero-Otin M, Ayala V, et al. Methylglyoxal induces advanced glycation end 
product (AGEs) formation and dysfunction of PDGF receptor-beta: implications for diabetic 
atherosclerosis Faseb Journal 21 (12): 3096-3106, 2007 
 
Zhu WJ, Mori T, Yoneki Y, et al. Methylglyoxal-induced hypertension with enhanced renal 
advanced glycation end products and oxidative stress in Dahl salt-sensitive rats. Hypertension 
50 (4): E135-E135, 2007 
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GhoshMoulick R, Bhattacharya J, Mitra CK, et al. Protein seeding of gold nanoparticles and 
mechanism of glycation sensing Nanomedicine-Nanotechnology Biology And Medicine 3 
(3): 208-214, 2007 
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