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The term glycation is used to describe the non-enzymatic sequence of
reactions in which proteins, lipids and nucleic acids react with sugars and lead
to the formation of complex advanced glycation end products (AGEs).
Glycation has also been shown to cause the formation of reactive oxygen
species (ROS) and result in the oxidation, degradation and other alterations in
biomolecules as well as inactivation of several enzymes both in vitro and in
vivo. Glycation causes the inactivation of Cu,Zn-superoxide dismutase (Cu,Zn-
SOD) and erythrocytes of diabetics accumulate the glycated enzyme with
remarkably low catalytic activity. In addition, Cu,Zn-SOD undergoes glycation-
induced site-specific, as well as random cleavage. Cu,Zn-SOD constitutes an
important defense mechanism by which cells counter the deleterious effects of
(ROS). It is now well recognized that ROS cause widespread damage to
biological macromolecules leading to lipid peroxidation, protein oxidation,
enzyme inactivation and DNA damage. The damage caused by oxidative stress
is expected to be exacerbated if the antioxidant enzymes themselves are
inactivated by ROS. Since restriction in the glycation has been shown to
alleviate complications associated with diabetes and other related disorders,
efforts continue to develop strategies that inhibit the accumulation of ROS.
Using Cu,Zn-SOD as a model, the present study was designed to investigate the
protective role of anti-enzyme antibodies against glycation induced various
agents including sugars and dicarbonyls. Polyclonal antibodies raised in rabbits
were purified either on column of protein A or that with covalently coupled
Cu,Zn-SOD for the study. The affinity purified antibodies were effective in
restricting inactivation of Cu,Zn-SOD induced by heat or exposure to extremes
of pH.

In vitro incubation of Cu,Zn-SOD with glucose, ribose or fructose results
in a remarkable inactivation of the enzyme. There was a progressive decrease in
enzyme activity on incubation with glucose and at the end of 7 days, only 26
percent of the initial activity remained. Ribose and fructose were more

inhibitory. The inactivation was accompanied by a parallel decrease in the



amount of protein detectable by coomassie blue staining on gels after
SDS/PAGE. Reaction of the sugars with Cu,Zn-SOD was also ascertained using
an immunoblot assay for carbonyls in -which sugar-incubated Cu,Zn-SOD was
derivatized with 2,4-dinitrophenylhydrazine and allowed to react with the
dinitrophenol-specific antibody. Cu,Zn-SOD incubated with the sugar was quite
rich in carbonyl content as compared to the control. Affinity purified antibodies
from the sera of rabbits immunized with Cu,Zn-SOD were highly effective in
restricting the inactivation of the enzyme induced by glucose, ribose or fructose.
Immunoaffinity purified antibodies were more effective in restricting the
alterations. Fab monomers derived from antibodies purified using protein-A or
immobilized Cu,Zn-SOD column were also highly protective.

Protective effects of anti-Cu,Zn-SOD antibodies were also investigated
after the exposure of the enzyme to dicarbonyl intermediates, methylglyoxal
(MG) and glyoxal. The a-oxoaldehydes are highly reactive and play an
important role in in vivo glycation reactions, formation of AGEs and other
complications associated with hyperglycemia and related disorders. Unlike
sugars that react with side chain groups of lysine and N-terminal amino groups
of proteins, the reaction with MG/glyoxal is predominantly arginine directed.
This is particularly more damaging since arginine residues occur more
frequently in proteins and can be the constituents of substrate recognition sites.
A concentration and time dependent inactivation of Cu,Zn-SOD was observed
when the enzyme was incubated with MG/glyoxal. The enzyme inactivation
was accompanied by the formation of high molecular weight aggregates as
revealed by SDS-PAGE and surface enhanced laser desorption/ionization time
of flight mass spectrometry (SELDLTOF mass spectrometry).

Immunoaffinity purified anti-enzyme antibodies or Fab monomers derived
thereof offered remarkable protection against MG/glyoxal-induced loss in the
activity of Cu,Zn-SOD. The enzyme retained significant activity in the presence
of specific anti-enzyme antibodies/Fab monomers and showed decrease in the
extent of cross-linking and aggregate formation. SELDI/TOF mass spectrometry

also revealed that the antibodies restricted the formation of high molecular
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weight aggregates. These studies suggest the potential therapeutic role of the
antibodies in disorders in which ROS tend to accumulate in high concentrations.

A case-control study was also undertaken to evaluate the levels of SODs
in Shwachman Diamond syndrome (SD). Like most of the bone marrow failure
disorders there is a predilection for myelodysplastic syndrome (MDS) and acute
myeloid leukemia (AML) in the patients. Oxidative stress has been implicated
in MDS and AML in previous reports. This study showed that leukocyte levels
of both Cu,Zn-SOD and Mn-SOD were significantly low in SD patients when
compared with healthy controls. Western blotting followed by staining with
anti-Cu,Zn-SOD/Mn-SOD antibodies revealed that population of the two
enzymes is low in the leukocytes of the SD patients. Investigation of the
oxidation status of the proteins as revealed by the measurement of carbonyls in
proteins fractionated on SDS gels, revealed their over all increase in the proteins
derived from leukocytes of SD patients. Increased production of ROS in SD
patients may inactivate/fragment the SOD, which in turn may result in the
enhancement of ROS production and oxidative damage. Such damage may
facilitate the transformation of SD to myelodysplastic syndrome (MDS) and
acute myeloid leukemia (AML).
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