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Strange objects / substances in Vaccines

Capt. Wardrobe - Oct 2021

Video: Stew Peters &
Dr. Carrie Madej Reveal

In neurodegenerative diseases,

"Living Organ ism" brain immune cells have a 'ravenous

appetite' for sugar

Inside Covid Vials
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Screenshots from Dr Derek Lovelys talk

"Protein nanowires for sensing, energy harvesting & wiring _cells to electronics”

@ Derek Lovley - Protein Nanowires for Sensing, Energy Harvesting & Wiring Cells to Electronics

Watch on (8 YouTube
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Geobacter. Microorganism Found to Grow by Oxidiz
ganic Com ds to CO, wit Fe(lll) asghe Electron A

Fe(ll)

) 3:25/40:21

THE WALL STREET JOURNAL.

e R Protein Nanowires for
' 2 Nano-electronics

Extraordinary Wires Made by Ordinary Bacteria and Biocomputing

2B

“Giving new meaning to the
phrase “lightning bug,”..."
¥ The Military Is Genetically Modi
Bacteria to Make Even
Tinier Computers

W

' )
> W 8:04740:21

3y N\ G X g i
wire Sensors are Uniquely Suited to Address
the Needs of a Large Sensor Market

» The nanowire sensor market for biomedical, agricultural, environmental,
industrial, and military applications is in excess of $50 billion

« Protein nanowires have major advantages over competing materials
(silicon, conducting polymers, carbon nanotubes):

- more readily functionalized for broader sensor applications

- greater dynamic response

- long-term stability in sweat and other body fluids

- readily electronically interfaces with cells

- mass produced from renewable feedstocks

- uniform properties of nanowires

- stable at high temperatures and other conditions required
for some device fabrication methods
icauily configured in sheets or bundies (“cables”)

o) 90974021 1
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Key Points About Geobacter Protein Nanowires

1. They assemble from a single mon r peptide of ca. 60 amino acids to

Malvankar, N.S., M. Vargas, K.P. Nevin. P-L. Tremblay, K. Evans-Lutterodt,
D.Nykypanchuk, E. Martz, M.T. Tuominen, and D.R. Lovley. 2015. Structural basis for
metallic-like conductivity in microbial nanowires. mBio 6:200084-15

) 11:24/4021 o @ £ (= O I3

Key Points About Geobacter Protein Nanowires
3. Protein Nanowires have metallic-like conductivity- a new paradigm for
biological proteins
Hopping or tunneling among /ocalized charge carriers
(cytochromes) is the known mechanism for biological
electron transport —

In metallic-like conduction, charges are spread
across the molecules (Delocalized)

Strain Aro-5 Produces Synthetic Pili with 1000-Fold Lower Conductivity
than Wild-Type but with Properly Localized Outer Surface Cytochromes

Transmission Electron Micrograph of Current-Voltage Plots of
Cell with Immunogold-Labeled Individual Wild-Type
Outer-Surface Cytochrome OmcS and Aro-5 Pili

> N

:”
Wild-Type Pll[r-'
a.'

Aro-5 Pili /"
Prdetbbode oo tdimoned

4 s !
s A Votage (V)
Vargas et al. 2013. Aromatic amino acids required R.Y. Adhikari et al. 2016. Conductivity of
for pili conductivity and long-range extracellular individual Geobacter pili
o = Coobocics suluereducens RSC Advances 6 8354-8357
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Electrostatic Force Microscopy Revealed that Charge
Propagatation in e-Pili is Similar to that in Carbon Nanotubes

Carbon Nanotube e-Pili

Malvankar, N S Sak. Yalcm M. T. Tuominen, and D. R. Lovley. 2014 Visualization of
g . jyidual mh pro!ems using ambient electrostatic force

Expression of G. metallireducens Pili in G. sulfurreducens

PilA Amino Acid Sequences
G. metallireducens Sequence is Shorter and Contains More Aromatics
10 20 30 40 5 60
L} | ' | l | l' ' ;
TELLIVVATTIGILAATATPQF SAYRVRAYNSAASSDLRNLKTALESAFADDQTYPPES

reducens

F
educens FTLIELLIVVATIGILAATAIPQFAAYRQKAFNSAAESDLKNTKTNLESYYSEHQFYPN
' L) it 1t

TEM Demonstrating Abundant Pili Expression
& Tan, Y., R. Y. Adhikari, N. S.
Malvankar, J. E. Ward, T. L.
Woodard, K. P. Nevin, and
D. R. Lovley. 2017.
Expressing the Geobacter
metallireducens PilA in
Geobacter sulfurreducens
' yields pili with exceptional
conductivity.
mBio 8:02203-16.

Modeling Approach Based on First Principles of
Protein Assembly also Suggests that
-1 Stacking is Possible

Xiao et al. 2016. Low energy atomic models
suggesting a pilus structure that could account for
electrical conductivity along the length of
Geobacter sulfurreducens pili.

Scientific Reports 6:23385.
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The Archaellum of Methanospirillum is Highly Conductive

G. sulfurreducens
wild-type pili

Transmission Electron Micrographs of G. sulfurreducens
Expressing Cysteine-Containing Pilin Monomer

Purified Pili Labeled with
Malemide-Gold (1.4 nm diameter)
Cell with Abundant Conductive Pili  Cysteine-Labelling Reagent
(& bos 2 £

Q

@

Pili with His-Tag is Exposed on the Outer Surface and with
Conductivity Comparable to Wild-Type Pili

Current-Voltage Plot
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Key Points About Geobacter Protein Nanowires
6. Composite conductive materials can be fabricated with protein nanowires.
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The Conductivity of MNW/PVA Composites Increases
with Decreasing pH

Nanowires Self-Assemble in Hexane into 2-D ‘Tapes’
and Retain High Conductivity
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Electricity can be Generated from Moisture in Air
with Protein Nanowire Films
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B. Yin, T. Fu, J. Chen, D. R. Lovley, and’J. Yao. 2018.
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