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Mitochondrial Electron Transport Chain
Activity Provides ATP and Maintains Energy

But Also Generates Reactive Oxygen Species  (ROS)
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Oxidative Stress Turns  Off 
The Electron Transport Chain:

Mitochondrial Dysfunction

-SSG
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Oxidative Stress
↓ATP



Antioxidant Demand
(ROS formation)

Antioxidant Supply
(Glutathione; GSH)

Homeostatic Equilibrium

Oxidative Stress →
Adaptive 

Epigenetic 
Changes

Epigenetic changes can help restore redox equilibrium

Restoration of 
Homeostasis



Glutathione: 
The primary antioxidant in cells
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REDOX: 
- The balance between reduced vs. oxidized states

- The balance between antioxidant supply and demand
e.g. the antioxidant glutathione (GSH)

GSH (reduced form)
GSSG (oxidized form)

METHYLATION:
- Addition of a carbon atom (CH3- methyl group)

e.g. DNA methylation 

- S-Adenosylmethionine (SAM) is the universal donor
SAM (methyl donor
SAH   (methylation inhibitor)

REDOX
STATUS

METHYLATION
STATUS
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>40 studies link ASD to oxidative stress, low levels
of the antioxidant glutathione (GSH)

and impaired methylation 

38%

28%

36%



Methylation of DNA and histones is fundamental to 
epigenetic regulation of gene expression during development



Epigenetic-based 
phenotypic stability

Δ Epigenetic status

“Normal”
Gene Expression

“Normal” 
Development

Differences in Redox Status Can 
Influence Epigenetic Status Leading To 
Different Developmental Outcomes
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Response Residual
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Methylation-dependent
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Inadequate resolution of inflammation and/or oxidative stress 
in vulnerable individuals can contribute to chronic inflammation



Redox and Epigenetic Effects of 
Gluten/Casein-derived Opiate Peptides

Dr. Malav Trivedi



CURDS = Caseins WHEY = Cystine-rich
soluble
proteins

MILK: It’s all about the curds and whey



Serum Albumen

Lactoferrin

Whey proteins are rich in cysteine (cystine)



NOT ALL COWS ARE THE SAME:
SOME ARE A1, SOME ARE A2

A1 A1 A1
A2



Bovine BCM7

Human BCM7

Gluten GM7
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SH-SY5Y human neuroblastoma cells were treated with 1µM morphine, bBCM7 or hBCM7 for 4 hr (n = 5) and DNA 
methylation was analyzed by MBD-seq. 53,561 genes were aligned at their transcription start site (TSS) and 
average methylation between -3000bp and +3000bp was computed and normalized to values at -3000bp. 

Global Promoter Methylation- SH-SY5Y cells
Morphine > bBCM7>hBCM7

Control

Morphine 4 hr

Human BCM7 4hr

Bovine BCM7 4 hr

Morphine 24 hr



Changes in DNA methylation in the D4 Dopamine 
Receptor region following treatment with 

morphine or human/bovine BCM7

Control

24h Morphine

4h Human BCM7

4h Bovine BCM7
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TSS
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Brain-specific  Aspects of 
Redox /Methylation Metabolism

Vitamin B12
(Cobalamin)

Yiting Zhang



Vitamin B12 (Cobalamin) in the Human Frontal Cortex

Methionine
Synthase

HCY

MET

SAH

SAM

>150
Methylation

Reactons

ATP PP+Pi

Adenosine

MethylTHF

THF

Cystathionine

Cysteine

GSH

γ-Glutamylcysteine 

D4HCY

D4SAM

D4SAH

D4MET
ATPPP+Pi

MethylTHF

THF

Phospholipid
Methylation

Adenosine

Dopamine 

Cysteine

( - )

PI3-kinase

( + )

PARTIALLY BLOCKED IN 
NEURONAL CELLS

EAAT3

Healthy
Glial Cells

(Astrocytes)
Cysteinylglycine GSH

GSSG

Growth 
Factors

GSCbl

MeCbl

SAMOHCbl



Vitamin B12 status in postmortem human brain 
during aging, autism and schizophrenia



Levels of MethylB12 (MeCbl) and total 
Cbl decrease with age in frontal cortex



MethylB12 (MeCbl) and total B12 are 
decreased in autism compared

to age-matched control subjects



MethylB12 (MeCbl) and total B12 are 
decreased in schizophrenia, 

similar to the decrease in autism



Brain levels of redox and methylation 
metabolites change with age and are 

abnormal in autistic subjects





Neuregulin-1  (NRG-1) stimulates cysteine uptake and 
GSH synthesis in parvalbumin-expressing interneurons
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Each of these genes have been linked to schizophrenia



NRG-1 increases GSCbl, MeCbl and AdoCbl in
association with increased MS activity

GSCbl MeCbl

AdoCbl MS
Activity



Increasing or decreasing GSH increases 
or decreases active forms of B12 

↑ GSH ↓ GSH



The NRG-1-induced increase of Cbl is accompanied 
by an increase in megalin mRNA 

Megalin mRNA
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B12
Binding Proteins
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( + )

( + )

( - )

Brain B12 Levels
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A Hypothesis: 

Megalin transports B12 into the brain 
in the choroid plexus 



Cytochrome C Oxidase :

In bacteria and mitochondria

Reduces O2 to water:

4 Fe2+-cytochrome c + 8 H+
in + O2 → 4 Fe3+-cytochrome c + 2 H2O + 4 H+

out



Levels of cyanocobalamin (CNCbl) are
remarkably higher in fetal brain



Complex IV (Cytochrome C Oxidase) reduces O2
and creates H+ gradient for ATP formation

-SH O2

ROS
(1-2%)

ROS
(1-2%)



CN-

Heme groups in cytochrome C oxidase 
are the target of cyanide poisoning



Hydroxocobalamin is an antidote 
for cyanide poisoning



Cytochrome C 
oxidase

-CN

Hydroxocobalamin

Cyanocobalamin
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