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Chapter 9
Protein Repair from Glycation by Glyoxals 
by the DJ-1 Family Maillard Deglycases

Mouadh Mihoub, Jad Abdallah, and Gilbert Richarme

Abstract DJ-1 and its prokaryotic homologs, Hsp31, YhbO and YajL from 
Escherichia coli and PfpI from Pyrococcus furiosus, repair proteins from glycation 
by glyoxals (R-CO-CHO), which constitute their major glycating agents. Glycation 
is a non-enzymatic covalent reaction discovered by Louis Camille Maillard in 1912, 
between reactive carbonyls (reducing sugars and glyoxals) and amino acids (cyste-
ine, arginine and lysine), which inactivates proteins. By degrading Maillard adducts 
formed between carbonyls and thiols or amino groups, the DJ-1 family Maillard 
deglycases prevent the formation of the so-called advanced glycation end products 
(AGEs) that arise from Maillard adducts after dehydrations, oxidations and rear-
rangements. Since glycation is involved in ageing, cancer, atherosclerosis and cata-
racts, as well as post-diabetic, neurovegetatives and renal and autoimmune diseases, 
the DJ-1 deglycases are likely to play an important role in preventing these diseases. 
These deglycases, especially those from thermophilic organisms, may also be used 
to prevent the formation of dietary AGEs during food processing, sterilization and 
storage. They also prevent acrylamide formation in food, likely by degrading the 
asparagine/glyoxal Maillard adducts responsible for its formation. Since Maillard 
adducts are the substrates of the DJ-1 family deglycases, we propose renaming them 
Maillard deglycases.
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9.1  Introduction

The Parkinsonism-associated protein DJ-1/Park7 functions as a chaperone for synu-
clein, covalent chaperone for the thiol proteome, protease, glyoxalase, Nrf2 stabi-
lizer, apoptosis inhibitor and translational regulator (reviewed in Wilson 2011). Our 
recent work shows that DJ-1 and its prokaryotic homologs function as deglycases 
that repair amino acids and proteins that have been glycated by glyoxals (methylg-
lyoxal [CH3-CO-CHO] and glyoxal [CHO-CHO]).

Glycation is initiated by a non-enzymatic reaction between carbonyl and amino 
groups, a reaction discovered by the French chemist Louis Camille Maillard in 1912 
(Maillard 1912), and an increase in the steady-state level of reactive carbonyls 
results in the phenomenon called carbonyl stress. The major glycating agents are 
reducing sugars (glucose, fructose, ribose and their phosphorylated derivatives), 
and glyoxals, which arise as glycolytic by-products and are responsible for approxi-
mately 65% of cellular glycation events (Thornalley 2008). The condensation reac-
tion between carbonyl groups and amino acids begins with the rapid formation of a 
hemithioacetal with cysteine and formation of aminocarbinols with arginine or 
lysine (Fig.  9.1), after which a series of dehydrations, oxidations and rearrange-
ments result in a myriad of products, including Schiff bases, Amadori products, 
advanced glycation end products (AGEs) and protein cross-links (Thornalley 2008). 
Because glycation results in protein damage, it is responsible for ageing, cancer, 
atherosclerosis, cataracts and many post-diabetic, neurovegetatives and renal and 
autoimmune diseases.

Similar glycation events, activated by temperature, occur during food process-
ing, cooking, sterilization and storage. Dietary AGEs are detrimental because they 
accelerate oxidative stress and inflammation, especially in patients with diabetes or 
renal failure (Poulsen et al. 2013, Tessier and Birlouez-Aragon 2012). Moreover, a 
Maillard reaction that occurs between free asparagine and sugars or glyoxals is 
responsible for acrylamide formation in heated food, which is a matter of concern 
because acrylamide is carcinogenic, neurotoxic and reprotoxic.

Carbonyl scavengers and deglycases protect cells against glycation. Carbonyl 
scavengers include aldo-keto reductases which reduce carbonyls into alcohols, gly-
oxalases, which degrade glyoxals into acid alcohols, and detoxification systems, 
which export electrophile-glutathione conjugates (Thornalley 2008). Deglycases 
include fructosamine-3-kinases (FN3Ks) which detoxify lysine-fructosamine, the 
Amadori product resulting from the glycation of lysine by glucose (van Schaftingen 
et  al. 2012), and the DJ-1 family deglycases, which repair methylglyoxal- and 
glyoxal- glycated amino acids and proteins (Richarme et al. 2015).

In addition to performing protein repair, DJ-1 family deglycases prevent acryl-
amide formation in asparagine/sugar and asparagine/glyoxal mixtures, whose com-
ponents are responsible for most acrylamide formation in food (Richarme et  al. 
2016).

M. Mihoub et al.
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9.2  Amino Acid and Protein Deglycation

9.2.1  Cysteine, Arginine and Lysine Deglycation

Cysteine, arginine and lysine are the three main glycated amino acids in proteins 
(we used their αN-acetyl forms to restrict glycation to the lateral chains). Deglycation 

Fig. 9.1 Methylglyoxal metabolism, protein glycation by methylglyoxal and deglycation by DJ-1. 
Methylglyoxal (MGO) forms spontaneously as a glycolytic by-product and is detoxified by the 
sequential action of glyoxalases 1 and 2. It forms covalent Maillard adducts with cysteines, argi-
nines and lysines (hemithioacetals with cysteines and aminocarbinols with arginines and lysines) 
and also forms imidazolidines with the arginine guanidino group. Hemithioacetals, aminocarbi-
nols and imidazolidines are transformed into intermediate glycation products (such as Schiff 
bases) and advanced glycation end products (AGEs), including MG-H1 and CEL. DJ-1 transforms 
hemithioacetal (via a thioester) into cysteine and lactate and aminocarbinols (via an amide) into 
lysine/arginine and lactate and in this way prevents the formation of Schiff bases and AGEs. The 
deglycation-dependent formation of lactate is responsible for the pseudo-glyoxalase activity of 
DJ-1 (see below). Similar reactions occur with glyoxal, which result in the formation of the 
advanced glycation end products G-H1 and CML (carboxymethyllysine) in the absence of DJ-1 
(From Richarme et al. 2015)

9 Protein Repair from Glycation by Glyoxals by the DJ-1 Family Maillard Deglycases
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of amino acids occurs as follows (Richarme et al. 2015):

Cysteine
NacCys-SH  +  CHO-CO-CH3 → NacCys-S-CHOH-CO-CH3 (spontaneous hemi-

thioacetal formation)
NacCys-S-CHOH-CO-CH3 → NacCys-S-CO-CHOH-CH3 (H migration catalysed 

by DJ-1)
NacCys-S-CO-CHOH-CH3 → NacCys-SH + COOH-CHOH-CH3 (thioester hydro-

lysis catalysed by DJ-1)

DJ-1 degrades the hemithioacetal formed between N-acetylcysteine and methyl-
glyoxal into N-acetylcysteine and lactate (Figs. 9.1 and 9.2).

Arginine and Lysine
NacArg/Lys-NH2 + CHO-CO-CH3 → NacArg/Lys-NH-CHOH-CO-CH3 (spontane-

ous aminocarbinol formation)
NacArg/Lys-NH-CHOH-CO-CH3 → NacArg/Lys-NH-CO-CHOH-CH3 (H migra-

tion catalysed by DJ-1)
NacArg/Lys-NH-CO-CHOH-CH3 → NacArg/Lys-NH2  +  COOH-CHOH-CH3 

(amidolysis catalysed by DJ-1)

DJ-1 degrades the aminocarbinol formed between N-acetylarginine or 
N-acetyllysine and methylglyoxal into N-acetylarginine or N-acetyllysine and lac-
tate (Fig. 9.1). In the absence of deglycase, the aminocarbinol formed upon lysine 
glycation (Lys-NH-CHOH-CO-CH3) dehydrates into a Schiff base 
(Lys-N = CH-CO-CH3), which is finally converted into the AGE carboxyethyllysine 
(Lys-NH-CH(CH3)-COOH; CEL) (Fig. 9.1). If the carbonyl of the aminocarbinol 
reacts with another lysine, a methylglyoxal lysine dimer is formed (MOLD), which 
may constitute a protease-resistant covalent cross-link (not shown). In the absence 
of deglycase, the aminocarbinol formed upon arginine glycation reacts via its 

Fig. 9.2 Deglycation of glycated NacCys by DJ-1. NacCys and MGO (2 mM each) were incu-
bated for 2 min, leading to the formation of glycated NacCys (NacCysglc), after which 4 μM DJ-1 
was added to the glycation mixture. The amounts of NacCys and glycated NacCys were analysed 
by RP-HPLC at various time points after the addition of DJ-1. Arrows indicate the decrease in 
glycated NacCys and increase in NacCys after addition of DJ-1. Degradation of glycated NacCys 
results in lactate formation (From Richarme et al. 2015)
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 residual carbonyl with the imine function of arginine to form an imidazolidine, 
which then dehydrates into the advanced glycation end product MG-H1(Fig. 9.1). 
Thus, by deglycating early Maillard adducts (hemithioacetals and aminocarbinols), 
DJ-1 prevents formation of advanced glycation end products (AGEs).

9.2.2  Protein Deglycation

DJ-1 deglycated all proteins tested, including bovine serum albumin (BSA), 
glyceraldehyde- 3-phosphate dehydrogenase (GAPDH), fructose-bisphosphate 
aldolase and aspartate transaminase (Richarme et al. 2015).

DJ-1 repaired cysteines, arginines and lysines in bovine serum albumin (BSA). 
After treatment of BSA with methylglyoxal (MGO), the number of titratable SH 
groups decreased from 0.62 to 0.28, and DJ-1 restored SH group levels to a value of 
0.53 in less than 5 min (Fig. 9.3a). In native BSA or BSA incubated for 2 h with 
MGO and DJ-1, 19 arginines were titrated by phenanthrenequinone versus 12 argi-
nines in BSA incubated with MGO alone (Fig. 9.3b). Glycation of BSA lysines was 
followed by measurement of absorbance at 330 nm, which reflects Schiff base for-
mation. The absorption spectrum of BSA incubated with MGO for 3 h displayed a 
shoulder between 300 and 370 nm, but the shoulder was considerably lower when 
DJ-1 was present in the BSA/MGO mixture, reflecting lysine repair (Fig. 9.3c).

Glycation of fructose-bisphosphate aldolase by glyoxal (GO) was analysed by 
mass spectrometry, AGE detection and enzyme activity. When aldolase was gly-
cated by GO in the absence or presence of DJ-1, DJ-1 prevented the glycation of the 
residues R22, K28, K42, R43, K111, C202, K208, K230, K243, R259, C290, K318, 
K330, R331, C339 and K342 (Fig. 9.4a, d). Glycation ratios in the absence or pres-
ence of DJ-1 ranged from 1.9 for C290 and 2.6 for K230 (two buried residues) to 
330 for K243 and 980 for K42. The median glycation ratio was 25. K42, R43 and 
K230 are located in the active site, with K42 and R43 being involved in substrate 
binding (R43 mutation results in 14-fold decrease in activity) and K230 forming a 
Schiff base with the substrate (K230 mutation results in complete loss of activity). 
DJ-1 also abolished the reactivity of aldolase towards anti-AGE antibodies 
(Fig.  9.4b) and prevented its inactivation by glyoxal (Fig.  9.4c). Thus DJ-1 effi-
ciently prevents the glycation of cysteines, arginines and lysines in proteins.

9.2.3  DJ-1 and Its Prokaryotic Homologs Prevent Protein 
Glycation in Cell Culture and In Vivo

Glycation is responsible for skin dysfunction and ageing. Accumulation of AGEs 
has been detected in fibroblasts and keratinocytes and is increased in aged skin, 
UV-irradiated skin and diabetes (Pageon et al. 2015). In HaCaT keratinocytes, DJ-1 
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depletion by siRNA treatment led to a significant increase in protein glycation (up 
to 3.2-fold), suggesting that DJ-1 is important for preventing protein glycation in 
eukaryotic cells (Fig. 9.5a; Advedissian et al. 2016).

Escherichia coli contains three DJ-1 homologs, Hsp31 (the hchA gene product), 
YhbO and YajL (deglycases 1, 2 and 3, respectively) (Mihoub et al. 2015; Abdallah 
et  al. 2016), which were previously characterized as stress-resistance proteins 
(Malki et al. 2005; Abdallah et al. 2007; Kthiri et al. 2010). The glycation levels of 
hchA, yhbO, yajL, yhbOyajL and yhbOyajLhchA mutants were 2-, 1.5-, 3-, 10- and 
tenfold higher, respectively, than that of the wild-type strain (Fig. 9.5b; not shown). 

Fig. 9.3 Serum albumin deglycation. (a) Cysteine deglycation. BSA was incubated with MGO 
over a period of 120 min, separated from MGO by gel permeation chromatography and incubated 
in the absence (empty circles) or presence (filled circles) of 3 μM DJ-1. Squares represent BSA SH 
groups without MGO treatment. (b) Arginine deglycation. BSA was incubated with MGO in the 
absence (grey columns) or presence of DJ-1 (black columns), and free arginines were titrated at 
various times. (c) Lysine deglycation. BSA was incubated with MGO in the absence (curve 3) or 
presence of DJ-1 (curve 2), and absorption spectra were recorded; the spectrum of BSA without 
MGO treatment is displayed in curve 1 (From Richarme et al. 2015)

M. Mihoub et al.
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Thus, despite the presence of active glyoxal scavengers (glyoxalases, aldo-keto 
reductases, glutathione S-transferases and multidrug exporters), deglycases clearly 
play a major role in preventing protein glycation in vivo. This refutes the assertion 
that deglycases play only a minor role in vivo compared to glyoxalases (Rabbani 
and Thornalley 2015).

Fig. 9.4 Aldolase deglycation. (a) 3D structure of fructose bisphosphate aldolase, displaying cys-
teines (yellow), lysines (green) and arginines (blue) repaired by DJ-1 from their glycation by 
5 mM glyoxal (b) Glycation of aldolase assayed by immunoblotting with anti-AGE antibodies: 
aldolase (A), aldolase glycated by GO in the absence (AG) or presence (AGD) of DJ-1. (c) Aldolase 
activity after incubation with glyoxal, in the absence (empty circles) or presence of DJ-1 in the 
glycation mixture (filled circles). (d) Mass spectrometry analysis of aldolase deglycation by DJ-1. 
Aldolase was glycated for 1 h by 5 mM glyoxal in the absence or presence of 5 μM DJ-1, separated 
from glyoxal by gel permeation chromatography and analysed by mass spectrometry. The glyca-
tion ratio is the ratio between glycation levels in the absence or presence of DJ-1 (From Richarme 
et al. 2015)

9 Protein Repair from Glycation by Glyoxals by the DJ-1 Family Maillard Deglycases
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Conversely, overexpression of DJ-1 in keratinocytes decreased protein glycation 
(Fig. 9.6a), and overexpression of YhbO in bacterial cells decreased the glycation 
level of an overexpressed protein (the kinase YeaG) by 2.5-fold (Fig. 9.6b).

9.2.4  The Apparent Glyoxalase Activity of the DJ-1 Family 
Deglycases Reflects Their Deglycase Activity

DJ-1 was reported to function as a glutathione-independent glyoxalase displaying a 
1000-fold lower activity than the bona fide glutathione-dependent glyoxalases Glo1 
and Glo2 (Lee et  al. 2012). The apparent glyoxalase activity of DJ-1, however, 
reflects its deglycase activity. First, the kinetics of MGO degradation at micromolar 
DJ-1 concentrations displayed a lag, which is required for the spontaneous forma-
tion of its substrate, glycated DJ-1 (Richarme et  al. 2015). Second, the apparent 
glyoxalase activity of DJ-1 increased with the square of DJ-1 concentration, in 
accordance with DJ-1 being both an enzyme (deglycase) and a substrate (glycated 
DJ-1). Third, the negligible level of apparent glyoxalase activity of DJ-1 at low 
concentrations was stimulated by BSA up to 40-fold (BSA is a substrate for sponta-
neous glycation and DJ-1-catalysed deglycation) with an apparent Ka of approxi-
mately 5 μM BSA (Richarme et al. 2015). These results are consistent with DJ-1 

Fig. 9.5 Increased protein glycation levels in deglycase-depleted cells. (a) Protein extracts from 
keratinocytes treated with DJ-1 siRNA1, siRNA2, siRNA3 or scrambled RNA for 48  h were 
probed with anti-DJ-1 and anti-AGEs antibodies. DJ-1 and protein glycation levels are indicated 
below each lane. (b) Lysates from the wild type, yajL, yhbO, yhbOyajL (OL) and hchAyhbOyajL 
(AOL) strains, grown overnight in LB medium containing 0.6% glucose, were probed with anti- 
AGE antibodies (a from Advedissian et al. 2016; b from Abdallah et al. 2016)

M. Mihoub et al.
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substrates being glycated proteins instead of glyoxals and with DJ-1 being a degly-
case rather than a glyoxalase. We suggest that, like DJ-1, Hsp31, YhbO and YajL, 
glutathione-independent glyoxalases from yeast (reviewed in Wilson 2014) also 
function as deglycases.

9.3  Prevention of Acrylamide Formation in Food

Glycation reactions similar to those observed in living cells also occur during food 
processing, cooking, sterilization and storage, and are responsible for the rapid for-
mation of Maillard adducts and dietary AGEs which are detrimental because they 
accelerate oxidative stress and inflammation, especially in patients with diabetes or 
renal failure (Poulsen et al. 2013; Tessier and Birlouez-Aragon 2012).

In addition to these dietary AGEs, acrylamide has been detected in many foods 
(Stadler et al. 2002; Mottram et al. 2002), including bakery products, chips, grilled 
cereals, instant coffees, evaporated milk and baby food (Erkekoglu and Baydar 2010; 
Tessier and Birlouez-Aragon 2012). Mottram and Stadler reported that acrylamide 
was formed by a Maillard reaction between reducing sugars or glyoxals and free 
asparagine, followed by the Strecker degradation of asparagine into acrylamide 

Fig. 9.6 Decreased protein glycation levels in deglycase overproducing cells. (a) Exponentially 
growing HaCaT keratinocytes were transfected with the DJ-1/Park7 plasmid or with the empty 
vector. Protein extracts were probed with anti-DJ-1 and anti-AGE antibodies at 48 h after transfec-
tion. Protein glycation levels are indicated below each lane. The densitometric scan of the distribu-
tion of glycated proteins is shown in the right panel. Since the transfection efficiency was 50%, the 
33% decrease of glycation represents a 66% decrease in transfected cells. (b) Protein kinase YeaG 
was overexpressed in the E. coli BL21 strain containing the pET-21a-yeaG plasmid alone or with 
the co-expressed plasmid pBAD33-yhbO. Protein extracts were analysed for AGE content by 
recording fluorescence at 440 nm (λex = 340 nm) (a, from Advedissian et al. 2016; b from Abdallah 
et al. 2016)

9 Protein Repair from Glycation by Glyoxals by the DJ-1 Family Maillard Deglycases
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(Stadler et al. 2002; Mottram et al. 2002). DJ-1 family deglycases prevent acrylamide 
formation in mixtures containing asparagine and glucose, fructose or glyoxals, likely 
by degrading the Maillard adducts responsible for its formation (Richarme et  al. 
2016). Moreover, PfpI from Pyrococcus furiosus, which belongs to the PfpI/Hsp31/
DJ-1 superfamily and was characterized as a peptidase (Halio et al. 1997), functions 
as a deglycase that prevents acrylamide formation at 100 °C (Richarme et al. 2016).

9.3.1  Mechanism of Acrylamide Formation and Prevention 
of Its Formation by DJ-1 Family Deglycases

The proposed mechanism of acrylamide formation is as follows (Stadler 2002):

NH2-CO-CH2-CH-(COOH)-NH2 + CHO-CO-CH3 (asparagine + methylglyoxal)
NH2-CO-CH2-CH-(COOH)-NH-CHOH-CO-CH3 (condensation into 

aminocarbinol)
NH2-CO-CH2-CH-(COOH)-N = CH-CO-CH3 (Schiff base formation)
NH2-CO-CH2-CH2-N = CH-CO-CH3 (decarboxylation of the Schiff base)
NH2-CO-CH2-CH2-NH2  +  CHO-CO-CH3 (hydrolysis into 3-aminopropionamide 

and methylglyoxal)
NH2-CO-CH  =  CH2  +  CHO-CO-CH3 (3-aminopropionamide deamination into 

acrylamide)

The spontaneous condensation of asparagine and methylglyoxal leads to the for-
mation of an aminocarbinol, which then dehydrates to a Schiff base. The Schiff base 
activates decarboxylation of its asparagine moiety, and its hydrolysis produces 
methylglyoxal and 3-aminopropionamide, which is deaminated to form 
acrylamide.

The proposed pathways for the prevention of acrylamide formation by DJ-1 fam-
ily deglycases are as follows (Richarme et al. 2016):

NH2-CO-CH2-CH-(COOH)-NH2 + CHO-CO-CH3 (asparagine + methylglyoxal)
NH2-CO-CH2-CH-(COOH)-NH-CHOH-CO-CH3 (condensation into 

aminocarbinol)
NH2-CO-CH2-CH-(COOH)-NH-CO-CHOH-CH3 (amide formation by catalysed H 

migration)
NH2-CO-CH2-CH-(COOH)-NH2  +  COOH-CHOH-CH3 (catalysed amidolysis to 

asparagine + lactate)

We propose a sequence of reactions similar to those involved in lysine/arginine 
deglycation by DJ-1 (Richarme et  al. 2015). The spontaneous condensation of 
asparagine with methylglyoxal leads to the formation of an aminocarbinol. The 
deglycase then converts the aminocarbinol into an amide and subsequently cleaves 
the amide into asparagine and lactate in a reaction reminiscent of its peptidase 
 activity. Similar reactions would occur with glyoxal (CHO-CHO), leading to the 
formation of asparagine and glycolate (COOH-CH2OH).

M. Mihoub et al.
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9.3.2  Deglycases Prevent Acrylamide Formation 
in Asparagine/Glyoxal Mixtures

Methylglyoxal and glyoxal form quickly from fructose and glucose upon heating, 
especially in the presence of additives such as the baking agent NH4HCO3, and they 
react much more efficiently than fructose or glucose with asparagine (Amrein et al. 
2006).

We incubated asparagine and glyoxal for 30 min at 55 °C in the presence of DJ-1 
(5 μM), at 70 °C in the presence of YhbO (5 μM) or at 95 °C in the presence of PfpI 
(5 μM) and measured acrylamide formation by analysing the mixtures on a C18 
reverse-phase HPLC column or on a Hypercarb hydrophilic interaction liquid chro-
matography (HILIC) column. Acrylamide formation from the asparagine/glyoxal 
mixture was reduced by 78%, 82% and 98% by YhbO, PfpI and DJ-1, respectively 
(Fig. 9.7, not shown).

9.3.3  Deglycases Prevent Acrylamide Formation 
in Asparagine/Fructose and Asparagine/Glucose 
Mixtures

Glucose and fructose by themselves react poorly with asparagine: 370-fold less 
acrylamide was formed in asparagine/glucose mixtures than in asparagine/glyoxal 
mixtures (Amrein et al. 2006). However, if asparagine/glucose mixtures contained 
1% NH4HCO3, acrylamide formation increased by 45-fold because glyoxal forma-
tion from glucose increased by a similar factor. Moreover, acrylamide formation in 
asparagine/glucose mixtures was reduced by 75% by orthophenylenediamine, a 
complexant of glyoxals, suggesting that 75% of acrylamide formed in asparagine/

Fig. 9.7 Deglycases 
prevent acrylamide 
formation. Asparagine and 
glyoxal (6 mM each) were 
incubated for 30 min at 
55 °C in the absence or 
presence of 5 μM DJ-1 as 
indicated, and the mixtures 
were analysed by 
hydrophilic interaction 
chromatography on a 
Hypercarb column (From 
Richarme et al. 2016)
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glucose mixtures resulted from the reaction of asparagine with glyoxals (Yuan et al. 
2008). For this reason, the DJ-1 family deglycases whose substrates are glyoxal- 
containing Maillard adducts prevent acrylamide formation in asparagine/sugar mix-
tures (Fig. 9.8).

A scheme describing acrylamide formation from asparagine, and the role of 
Maillard deglycases in its prevention, is presented (Fig. 9.9).

9.4  Conclusion

The Maillard reaction, discovered by Louis Camille Maillard in 1912, is responsible 
for the formation of covalent adducts between reactive carbonyls and thiol and 
amino groups of amino acids and proteins. By degrading Maillard adducts formed 
by glyoxals, which are responsible for approximately 65% of glycation damage, 
DJ-1 deglycases prevent the formation of AGEs in proteins. Since glycation is 
responsible for ageing and for glycation-related diseases, these deglycases are likely 
to play an important role in their prevention.

The deglycase activity of DJ-1 suggests that DJ-1-associated Parkinsonism 
results from excessive protein glycation, which affects dopaminergic transmission 
in the substantia nigra, and strengthens the role of glycation in the etiology of neu-
rovegetative diseases.

Since diabetes and post-diabetic diseases are characterized by increased levels 
of glucose and glyoxals, DJ-1 deglycases should be important players in alleviat-
ing atherosclerosis and hypertension (glycation is responsible for arterial stiffen-
ing), cardiomyopathy (glycation results in contractile dysfunction), nephropathy 

Fig. 9.8 Deglycases prevent acrylamide formation. Asparagine and fructose or glucose (25 mM 
each) were incubated for 30 min at 95 °C in the absence (grey columns) or presence (black col-
umns) of 5 μM PfpI, and the mixtures were analysed by hydrophilic interaction chromatography 
on a Hypercarb column (135 μM acrylamide was formed in 130 min in the control asparagine/
fructose solution) (From Richarme et al. 2016)

M. Mihoub et al.
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(glycation is responsible for glomerulosis), cataracts (glycation results in lens 
protein aggregation) and retinopathy (glycation is a cause of vascular endothelial 
growth factor upregulation and proliferative retinopathy) (reviewed in Singh 
et al. 2014).

The ability of DJ-1 deglycases to repair proteins is important for their role in 
cancer. Since glycolytic flux and glyoxals levels are increased in cancer cells 
(Warburg effect), DJ-1 deglycases are likely involved in preventing increased pro-
tein glycation damage in cancer cells. Moreover, the high levels of glyoxals in can-
cer cells (Thornalley 2008) are likely responsible for the overexpression of DJ-1 in 
most of these cells (Ariga 2015).

Glycation is also responsible for the formation of AGEs in food products. 
Because glycation is accelerated at high temperatures (60–200 °C), the use of ther-
moresistant deglycases, such as PfpI from P. furiosus, has potential utility for pre-
venting glycation in food. Moreover, the formation of acrylamide in food is 
dependent on a Maillard reaction between free asparagine and reducing sugars or 
glyoxals, which can be prevented by the activity of DJ-1 deglycases. Consequently, 
many foods whose heating processes occur at around 100 °C, such as baby foods, 
evaporated milk, dry soups and prune juices, could be clients of the deglycase 
method to prevent acrylamide formation, and it should be possible to raise its oper-
ating temperature by protein engineering or immobilization on heterofunctional 
supports (Mateo et al. 2010).

Thus, more than 100 years after Maillard’s discovery (Maillard 1912), the DJ-1 
family deglycases (Richarme et al. 2015; Mihoub et al. 2015; Abdallah et al. 2016; 
Richarme et al. 2016) constitute a major biological solution to the glycation prob-
lem and the fight against carbonyl stress. Since Maillard adducts are the substrate of 
these deglycases, we propose renaming them Maillard deglycases.

Fig. 9.9 Acrylamide formation from asparagine and the role of Maillard deglycases in its preven-
tion. Asparagine alone could in principle afford acrylamide by direct decarboxylation and deami-
nation, but the reaction is inefficient with extremely low yields. However, the Maillard adducts 
between asparagine and reducing sugars or glyoxals furnish acrylamide in the range of 0.1–1 mol% 
in model systems. The Maillard deglycases of the DJ-1 family prevent acrylamide formation, 
likely by degrading Maillard adducts responsible for its formation (From Richarme et al. 2016)
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