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OUTLINE:

1. Brief Review of Redox/Methylation Metabolism
2. DNA Methylation, Epigenetic Regulation

3. Gluten/Casein-derived Opiate Peptides

3. Vitamin B12 in Human Brain



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
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Epigenetic changes can help restore redox equilibrium

Antioxidant Demand Antioxidant Supply
(ROS formation) (Glutathione; GSH)
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Glutathione:
The primary antioxidant in cells
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Redox and Methylation Metabolic Pathways
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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) REDOX
GSSG (oxidized form) J STATUS

METHYLATION:
- Addition of a carbon atom (CH;- methyl group)
e.g. DNA methylation

- S-Adenosylmethionine (SAM) is the universal donor
SAM (methyl donor METHYLATION

SAH (methylation inhibitor))] STATUS



Integrated Metabolic Activities
GROWTH FACTOR REGULATION
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>40 studies link ASD to oxidative stress, low levels
of the antioxidant glutathione (GSH)

f Research Article

Intracellular and Extracellular Redox Status and Free Radical
Generation in Primary Immune Cells from Children with Autism

nnon Rose, Stepan Melnyk, Timothy A. Trusty, Oleksandra Pavliv
i, To s

COMMENTARY

Autism, imprinting and epigenetic disorders: a metabolic
syndrome linked to anomalies in homocysteine
recycling starting in early life??

ves
Michel

Metabolic biomarkers of increased oxidative stress and impaired
methylation capacity in children with autism'?
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Brain Region-Specific Glutathione Redox Imbalance in Autism

(H) Nutrition&Metabolis:

The potential role of the antioxidant and
{5 detoxification properties of glutathione in autism
|aer spectrum disorders: a systematic review and
{ersi meta-analysis
L
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and impaired methylation

Metabolic Endophenotype and Related Genotypes are
Associated With Oxidative Stress in Children With Autism

8. Jill James,'* Stepan Melnyk,' Stefanie Jernigan,' Mario A. Cleves,' Charles H. Halsted,”
Donna H. Wnug,quaul Cutler,” Kenneth Bock," Marvin Boris,” J, Jeffrey Bradstreet,”
Sidney M. Baker,” and David W. Gaylor®

TABLE II. Transmethylation and Transsulfuration Metabolites in Autistic Cases and Controls

Control® in =73) Autistic® in=80) Pvalue

Methiomne (pmol/L) 2B.0+6.5 20.6+5.2 < L0001
SAM (nmol/L) 93.8+18 B43+11 <(0.0001
SAH (nmol/L) 188 +4.5 21.3+£79 -0.0001
SAM/SAH ratio 55+2.8 40 + 1.7€=28%0 W0.0001
Adenosine (pmol/L) 0.19 +0.13 0.28+.13 0.001
Homocysteine (pmol/L) 6.0+ 1.3 5.7+£1.2 0.03v
Cystathionine (pmol/L) 0.19+0.1 0.24 0.1 <0.0001
Cysteine (pmol/L) 207 +22 165+ 14 <0.0001
Cysteinylglycine (pmol /L) 30.4+£7.0 389+11 0.78
Total GSH (pmol/L) 783+ 1.7 51+1.2 0.0001
Free GEH (pmol/L) 22409 1.4 +£0.54= 3600W.0001
GSSG (pmol/L) 0.24+0.1 0.40+10.2 <0.0001
Total GSH/GSSG ratio 28.2+7.0 14.7+6.2 <(.0001
Free GEH/GSSG ratio 79+3.5 49+224€= 38%‘&1} 0001

SAM, S-adenosylmethionine; SAH, S-adenosylhomoeysteine; (GSH, glutathione; (550, glutathione disulfide.
"Means + 5D,




Methylation of DNA and histones is fundamental to
epigenetic regulation of gene expression during development
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Differences in Redox Status Can
Influence Epigenetic Status Leading To
Different Developmental Outcomes

A Epigenetic status

Epigenetic-baséd
phenotypic stability

“Normal” “Different “ “Different “
Development Development Capabilities



Inadequate resolution of inflammation and/or oxidative stress
in vulnerable individuals can contribute to chronic inflammation
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Redox and Epigenetic Effects of
Gluten/Casein-derived Opiate Peptides
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Food-derived opioid peptides inhibit cysteine uptake with redox and

Dr Malav Trivedi epigenetic consequences’®
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MILK: It’s all about the curds and whey

soluble

CURDS = CaseinS\NHEY = Cystine-rich
proteins




Whey proteins are rich in cysteine (cystine)

- Serum Albumen




NOT ALL COWS ARE THE SAME

, SOME ARE A2

SOME ARE Al




Sources of milk and wheat-derived opiate peptides.

2

@ e .
Casein

Human breast milk v

p-Casein (12g/L of milk)

B-Casein ( 40 % of milk protein) Albumin  Globulin ~ Prolamin  Glutelin
39 66 -67
L-V-Y-P-F-P-G-P-1-X

pepsin 1 T T Gliadins
elastase

LAFP

Human p-Casomorphin -7

Human BCM7

Ivr-Pro-Phe-Val-Glu-Pro-Ile a- gliadin-7
' Al A2 Gluten GM7

(His at 67) (Pro at 67) Iyvr-Pro-Gln-Pro-Gln-Pro-Phe

Bovine f-Casomorphin -7
(0.4 g'L milk)
Bovine BCM7
Tyr-Pro-Phe-Pro-Gly-Pro-Ile




B The milk that — \ il I E e e ehat
S might change o \ Vi o mr;::‘?h::: B r chance
wuaTything everything everything

Milk i M“k‘ i Milk [l Milk [y
FAT-FREE WILK Reg REDUCED FAT | 2

LU ET AT

AL LU

T e Ay
Fros smriilag ar comm

[y p




Opiates inhibit-mediated cysteine uptake
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Global Promoter Methylation- SH-SY5Y cells
Morphine > bBCM7>hBCIM7

1.41

Morphine 4 hr

1.2 f\ Human BCM7 4hr

Morphine 24 hr Control

Normalized Average Promoter Methylation

I]B T T T T 1
-3000 -2000 -1000 0 1000 2000 3000

SH-SY5Y human neuroblastoma cells were treated with 1uM morphine, bBBCM7 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.



Changes in DNA methylation in the D4 Dopamine
Receptor region following treatment with
morphine or human/bovine BCM7
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Brain-specific Aspects of
Redox /Methylation Metabolism

Yiting Zhang



Vitamin B12 (Cobalamin) in the Human Frontal Cortex
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Vitamin B12 status in postmortem human brain
during aging, autism and schizophrenia
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Levels of MethylB12 (MeCbl) and total
Cbl decrease with age in frontal cortex
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MethylB12 (MeCDbl) and total B12 are
decreased In autism compared
to age-matched control subjects
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MethylB12 (MeCDbl) and total B12 are
decreased in schizophrenia,
similar to the decrease in autism
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Brain levels of redox and methylation
metabolites change with age and are
abnormal Iin autistic subjects
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Hindawi Publishing Corporation
Oxidative Medicine and Cellular Longevity
Article ID 704068

Research Article

Neuregulin 1 Promotes Glutathione-Dependent Neuronal
Cobalamin Metabolism by Stimulating Cysteine Uptake

Yiting Zhang,' Nathaniel Hodgson,” Malav Trivedi,’ and Richard Deth"’

' Department of Pharmaceutical Sciences, Northeastern University, Boston, MA, USA @

“Department of Neurology, EM. Kirby Neurobiology Center, Boston Children’s Hospital, Harvard Medical School, 300 Longwood
Avenue, Boston, MA 02115, USA

*Department of Pharmaceutical Sciences, Nova Southeastern University, Fort Lauderdale, FL 33328, USA




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
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NRG-1 increases GSCbl, MeCbl and AdoCbl in
association with increased MS activity
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Increasing or decreasing GSH increases
or decreases active forms of B12
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The NRG-1-induced increase of Cbl is accompanied
by an increase in megalin mRNA
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Neuregulin promotes uptake of cysteine and vitamin B12
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A Hypothesis:

Megalin transports B12 into the brain
In the choroid plexus
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Cytochrome C Oxidase :

In bacteria and mitochondria

Reduces O, to water:

4 Fe?*-cytochrome c + 8 H*, + O, — 4 Fe3*-cytochrome c + 2 H,0O + 4 H*

out



Levels of cyanocobalamin (CNCDbI) are

remarkably higher in fetal brain
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Complex IV (Cytochrome C Oxidase) reduces O,
and creates H* gradient for ATP formation
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Heme groups in cytochrome C oxidase
are the target of cyanide poisoning

His 291
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Hydroxocobalamin is an antidote
for cyanide poisoning

¥ Mechanism of Action

How Cyanide and CYANOKIT Work in the Body

yamide and CYANOKIT®

(hydrnxnnuﬂbilﬁ’iﬁ’n.fur injection) 5 g
Mechanism of Action

This video is intended for emergency medical bersonnel and first responders.

Important Safety Information is available at the end of tHis video.
View the full Prescribina Information
’ ooean SO YANOKIT.com .DBZQS;E!‘! o)




VOL.14,NO.1 Research Communications in
MAY 1976 Chemical Pathology and Pharmacology

Effect of hydroxycobalamin on the inhibition of cytochrome ¢

oxidase by cyanide. II - In isolated cytochrome ¢ oxidase.*

L,C.Vieira Lopes and A.P.Campello

Cytochrome C _cN
oxidase

Cyanocobalamin

Hydroxocobalamin
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