&

|ON SELECTIVITY MECHANISM

CONFORMATIONAL
GHANGE UNIT

ey /
F =l serel il

LIFID BILAYER
STRUCTURAL MATRIX

ATP BINDING SITE

IHt
BI0L0GIGA
BATERY

Deconstructing the Rbt
50dium-Potassium Pump ROMYAY

T8 MY

URID BILYYER

T ,'___..
K
e
=(K

N

i ] o $0m o AN 3 2 .-:__j.' ; “ b -.-:. ."x_ f)
- ] | N ) : :: bl b i e |
0 05 1 ] 18 10 unils p VA L . \\r" . ol \/
CONFORMATIONAL POTASSIUM INFLUX PATHWAY
GHANGE UNIT 2
e SODIUM EFFLUY PATHWAY
..a e I:-!-:-l
{=}

PROPRIETARY SCHEMATIC // VOLUME 12, ISSUE 3

JNHOVEI THUHALDS BHIEBINIEN

T Gemini Notebook



YOUR CELLS ARE LITERAL BATTERIES

MACRO-LEVEL ELECTRICAL HUBS MICRO-LEVEL ENERGY ENGINE
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The human body constantly generates and spends electrical energy THE ENERGY COST:
to think, move, and pump blood. This electrical charge is maintained by 30% of all the energy your body produces every single day is

a microscopic generator: the Sodium-Potassium (Na*/K+) Pump. exclusively dedicated to fueling these tiny membrane pumps.
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Fighting the Concentration Gradient extatesyiar Space

* Almost all potassium in the body (98%) is trapped inside
the cells.

e The concentration of potassium inside the cell is roughly
30 times higher than in the blood outside.

» The pump’s entire purpose is to force ions to move against
this gradient—moving from an area of low concentration
into an area that is already heavily crowded.

Intracellular Space
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Element
Pump Direction
Quantity per Cycle

Primary Zone

Macro Effect of
Imbalance

The lon Transport Matrix

* | Sodium (Na+)
Sodium (Na+)
Expelled OUT of cell

3 lons

Extracellular (Blood/Fluid)

Fluid retention & High Blood
Pressure

. Potassium (K+)
Potassium (K+)

Pulled INTO cell

2 lons

Intracellular (Muscle/Tissue)

Fatigue, Cramps, & Arrhythmia



Extracellular Space

Phase 1: Sodium Binding

* The cycle begins with the carrier protein
open to the interior of the cell. The pump has
highly specific binding sites designed
exclusively for sodium.

 Three intracellular Sodium ions (Na+)

enter the carrier protein and lock into
these sites, preparing for extraction.

Intracellular Space
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Phase 2: Ignition and Conformational Change [ttt e

e To move the sodium, the pump requires raw energy.

e An ATP molecule is split, releasing a single Phosphate (P).
Phosphate (P). This Phosphate acts as a key,
binding to the exterior of the carrier protein.

* This physical attachment triggers a
conformational change—forcing the
protein to radically change its

physical shape.

Intracellular Space
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Phase 3: Expulsion and Exchange =xUaceiDiarpace

e As the protein opens to the outside of the
membrane, the three Sodium ions are .

forcibly expelled into the extracellular fluid.
* The new shape of the pump exposes two . .

distinct binding sites that are a perfect
match for Potassium. Two extracellular #
Potassium ions (K*) drift in and lock
into position.
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Intracellular Space
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Phase 4: Reset and Intracellular Delivery Sitace ltarsnate

» With the Potassium secured, the Phosphate
molecule detaches from the protein.

* Without the Phosphate key, the pump loses its tension
and snaps back to its original resting shape.

e This inward-facing shape expels the two [ S
Potassium ions deep into the interior of |
the cell, leaving the pump perfectly

primed to start the cycle again.

Intracellular Space
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The Mathematics of Cellular Voltage

: BFcauselb?‘th ionshcarry a pnsi}ive
electrical charge, the pump performs an |
unequal trade every single cycle. } OUt Vs. 5 ; '{rl:' In

Extracellular Space
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Intracellular Space

This continuous deficit means the inside of the cell becomes
increasingly negative compared to the outside. This creates the
membrane potential—a literal electrical gradient used to fire
nerve impulses and contract the heart muscle.
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THE ECOSYSTEM OF THE PUMP I /

| v
The pump operates as the hub of a complex metabolic ecosystem: .

.. 3 | Y -
@ MAGNESIUM R ) ~ | INSULIN A

Magnesium: Required by
mitochondria to synthesize ATP.
Without it, the pump stalls.

Insulin: Acts as a master speed
dial, upregulating the pump to
| clear potassium from blood.

THE OUTPUT

The Output: Maintains the
finely tuned electrical voltage
required for a steady heartbeat.

\.],’ ATP

=p &y =p ATP: The raw fuel required
Ma N\ forevery single cycle of
f the pump.
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The Danger of the Speed s
Dial: Refeeding Syndrome B rostme

Blood Potassium

* During a prolonged fast, the body sheds
total potassium, but cells release their
own reserves to keep blood levels
seemingly normal.

» |f afastis broken with heavy @®. Refeeding with
carbohydrates, insulin spikes massively. =¥ Carbohydrates
This forces the sodium-potassium pumps
into sudden overdrive, vacuuming all
remaining potassium out of the blood and
Into the cells simultaneously.

* This rapid depletion of blood potassium Danger Zone _
can disrupt the electrical gradient of the (lethal arrhythmia risk) Eloan:Foldssiii
heart, leading to lethal arrhythmias.

M Gemini Motebook



The Potassium Switch and Blood Pressure

Aldosterone, produced by the adrenal glands, dictates how kidneys manage sodium-potassium balance.

-

o

Low Potassium State:

Gate Locked:

[ NCC Transpurter] e,

Sodium, Na*

\ 4

A
[ NCC Transporter ]

The body activates a sodium-chloride transporter
(NCC) in the kidneys, locking the gate to hoard
sodium and water, increasing blood pressure.

High Potassium State:

Gate Open:
Sodium Flushed

Potassium, K* [ NCC Transporter]

v
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Consuming high potassium (4,700mg daily)
actively shuts down this transporter. The gate
opens, forcing the kidneys to flush toxic excess
sodium, naturally lowering blood pressure.
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