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The Action Potential
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Sodium moves into the cell
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Potassium moves out!
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3 | Rising phase - Most Na+ activation gates
are now open, causing a large increase of
passsss ] a+ ions inside the membrane. K+ chan-
els remain closed. The higher concentra-
ion of Na+ ions make the inside of the
embrane positive.
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QW — Some of the Na+ channel
activation gates are opened by a stimulus.
MNa+ ions move through the channels and
depolarize the membrane._ If the depolariza-
ion reaches the threshold, it will trigger an

ion potential.
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. J Falling phase of the action potential — K+ gates
70 Ii:)pen, allowing K+ ions to move to the extracellular
space. Na+ channels inactivation gates close,
eventing the influx of Na+ ions. As more K+ ions
eave the cell, the interior membrane becomes

ore negatively charged.

Membrane Potential (mV)
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\lw The resting potential of the
neuron is maintained by having the voltage
gates closed in both Na+ and K+ channels.

Time

@Em::nm— Activation and
activation gates on Na+ chan-

nels are closed, but the gate on
GO Lo FEaRa SN some K+ channels are still open. LT eeees
As the last K+ gates close, inacti
vation gates of Na+ channels

open and the membrane is back
at resting state
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https://3dmoleculardesigns.com/wp-content/uploads/2022/09/StudentHandout_PartII_ModelingTheActionPotential_10-31-17.pdf
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How do we get back to a resting potential?

1. Sodium binds on intracellular side. 2. The pump is phosphorylated by ATP. 3. The pump shape changes, exposing
the sodium to the extracellular space.
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6. Original shape is restored, releasing K+ into

5. Phosphate detaches.

4. Binding affinity changes to
release Na+, and take in K+.

the cell.
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Snap Snares and Neurotran mi tters

® o o oF * L) Make the neuronal
" membrane with:
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5 straight yellow
- © membrane pieces

L 2 wavy
yvellow membrane
¥ o pieces

2 curved membrane
pieces
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Snap Snares and Neurotransmltt

) Add :
50 o ¢ 2 green voltage-gated
s 1 - potassium pumps
’ 4 A ad
e o Y 2 orange voltage-gated
’ ® ) sodium pumps
il
g, £y ©
- - & 1 red voltage gated calcium
T ¥ pump
N ——
= = 1 brown SNAP/SNARE
2 e mANARARARA - protein
*, ® * o°
R 7 & o 5 e 1 yellow transport protein
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Snap Snares and Neurotransmitters

To make vesicle:
Join 4 straight
yellow membrane pieces

Then add

4 GABA

1 red calmoldin

1 yellow transport protein
1 brown SNAP/SNARE
protein
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Snap Snares and Neurotransmitters

Let's model the GABAergic
Synapse

1) Show action potential arriving
at terminal end

2) Calcium channels open
What direction does Ca ion
move?

Where do Ca ions bind?

3) SNAP/SNARE proteins interact
to bring vesicle to membrane

————————

R 4) GABA released into synaptic

® ‘ cleft.
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Calcium Channels and Calmodulin

Resting Pore
voltage sensor domain Closed channel
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Snap Snares and Neurotransmitters
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Mu- Opioid receptor and Enkephalins Sy
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Opioid Analogs A

/
Opioid Crisis S
Lethal Opioid Doses

Opioid ] FDA l Relative Potency Lethal Dose

Morphine v ‘ 1x

Heroin v |2X

Fentanyl 1 Sesame Seed
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G-coupled proteins
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Let's

model this!
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Overdose Death Rates Involving Opioids,
by Type, United States, 1999-2020
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Any Opioid
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Other Synthetic Opioids

(e.g., fentanyl, tramadol)
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Deaths per 100,000 population

10
9
8 L] Ll L]
’ Commonly Prescribed Opioids
6 (Natural & Semi-Synthetic Opioids and Methadone)
5
4 .
3 Heroin
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www.cdc.gov

Your Source for Credible Health Information

SOURCE: CDC/NCHS, National Vital Statistics System, Mortality. CDC WONDER, Atlanta, GA: US Department of Health and Human
Services, CDC; 2020. https://wonder.cdc.gov/.
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Naloxone
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How do you think Narcan works?
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Let’s model!




Scan this QR code and fill out our survey!
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Show me your DNA molecule image
and l'll give you a model with AR
enhancement as a thank-you gift!
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