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HOW TO USE THIS GUIDE

This guide converts a long-form research narrative into a repeatable learning system. Every future PPl molecule guide

can use the same architecture, visual language, evidence labels, and memory devices.

o1 IDENTITY
What it is - and what it is not
02 PHYSIOLOGY
The normal system before the compound
03 MECHANISM
Target, pathway, and downstream logic
04 EVIDENCE
Cell, animal, and human evidence separated
05 RISK
Known concerns, unknowns, and translation limits
06 MONITORING
What a legitimate research framework would measure
07 PATIENT CONTEXT
Which phenotype might fit the biology
08 RECALL
Memory hooks, seven questions, and bottom line
EVIDENCE CELL = mechanistic CORE DISCIPLINE
CODE ANIMAL = organism-level preclinical Mechanism does not equal outcome. Unknown does
HUMAN = clinical translation not equal failed - and unknown does not equal proven.
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RAPID RECALL

Read this page first. These anchors provide the complete high-level story of Ss-31 / Elamipretide; the remaining pages

add mechanism, evidence, context, and nuance.
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IDENTITY
SS-31, or elamipretide, is a mitochondria-targeted tetrapeptide from the Szeto-Schiller peptide
family.

TARGET
It concentrates at the inner mitochondrial membrane and interacts with cardiolipin without
depending on high membrane potential.

STRUCTURE
Cardiolipin helps organize cristae, respiratory complexes, electron flow, the proton gradient, and ATP
synthase.

FUNCTION
Improved membrane organization may reduce electron leak and pathological ROS while preserving
ATP efficiency under stress.

FIT
Mechanistic fit is strongest when viable mitochondria are structurally or bioenergetically impaired,
not when fatigue has another cause.

APPLICATIONS
Research spans mitochondrial myopathy, Barth syndrome, cardiac, renal, skeletal-muscle,
reperfusion, and neurologic contexts.

EVIDENCE
Human development is more advanced than for many experimental peptides, but clinical outcomes
vary by disease and endpoint.

PRAXIS QUESTION
Is inner-membrane or cardiolipin dysfunction the actual bottleneck, and did energy-dependent tissue
function improve?

ONE-SENTENCE MEMORY

SS-31 TARGETS THE MITOCHONDRIAL HARDWARE: CARDIOLIPIN SUPPORT IMPROVES MEMBRANE
ORGANIZATION, ELECTRON FLOW, ROS CONTROL, AND ATP EFFICIENCY UNDER STRESS.
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UNDERSTAND THE PEPTIDE

SS-31, also known as Elamipretide, is a mitochondria-targeting tetrapeptide designed to accumulate at the inner
mitochondrial membrane and interact with cardiolipin.

That immediately gives it a very different identity from:
* Humanin

* MOTS-c

e SHLP peptides

Those are:

MITOCHONDRIAL-DERIVED SIGNALING PEPTIDES.

SS-31 is:

AN EXOGENOUS MITOCHONDRIA-TARGETED PEPTIDE.

It does not primarily work by acting as a hormone or by changing transcription first.

Its central target is the:

INNER MITOCHONDRIAL MEMBRANE.

More specifically:

CARDIOLIPIN.

This makes SS-31 especially important because cardiolipin sits directly inside the machinery responsible for:

* electron transport * membrane architecture
e ATP production e mitochondrial cristae organization
e cytochrome c function » oxidative phosphorylation

So the best way to understand SS-31 is not:

“A MITOCHONDRIAL ANTIOXIDANT."”

That is too shallow.
A better description is:

A MITOCHONDRIA-TARGETED PEPTIDE THAT INTERACTS WITH CARDIOLIPIN TO SUPPORT INNER-MEMBRANE
STRUCTURE, ELECTRON-TRANSPORT EFFICIENCY, ATP PRODUCTION, AND RESILIENCE UNDER OXIDATIVE OR ISCHEMIC
STRESS.

That is the core biology.

WHAT IS SS-31?

SS-31 is a synthetic:

TETRAPEPTIDE.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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It was developed as part of the:

SZETO-SCHILLER PEPTIDE FAMILY.

Its amino-acid sequence is commonly described as:
D-Arg-dimethyITyr-Lys-Phe-NH-.

The presence of:

e aromatic residues

* cationic residues

helps the molecule interact with mitochondrial membranes.

But unlike many mitochondrial-targeting compounds, SS-31 does not depend primarily on the mitochondrial membrane
potential for uptake in the same way as classic lipophilic cations.

That is important because damaged mitochondria may have:

REDUCED MEMBRANE POTENTIAL.

A therapy that absolutely requires an intact potential can become less effective:

WHEN THE MITOCHONDRION IS MOST DAMAGED.

SS-31's ability to associate with cardiolipin gives it a different targeting strategy.

THE IDENTITY MODEL

S$S-31 / ELAMIPRETIDE - Targets:
INNER MITOCHONDRIAL MEMBRANE N Binds / interacts with:
CARDIOLIPIN - Potential effects on:

CRISTAE STRUCTURE

ELECTRON TRANSPORT
* CYTOCHROME c

ATP PRODUCTION

ROS GENERATION - Potential:

MITOCHONDRIAL EFFICIENCY + CELLULAR ENERGY RESILIENCE

The central concept is:

SS-31 WORKS AT THE MOTHERSHIP OF CELLULAR ENERGY PRODUCTION - THE INNER
MITOCHONDRIAL MEMBRANE.
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WHAT IS CARDIOLIPIN?

Cardiolipin is a unique phospholipid found predominantly in the:

INNER MITOCHONDRIAL MEMBRANE.

It is critically important for:

* respiratory-chain organization * cristae architecture

» ATP synthase structure e cytochrome c binding

* mitochondrial protein function

Cardiolipin is not just:

MEMBRANE FAT.

It acts more like:

STRUCTURAL SCAFFOLDING FOR ENERGY PRODUCTION.

That makes cardiolipin one of the most important lipids in mitochondrial biology.

THE CARDIOLIPIN MODEL

INNER MITOCHONDRIAL MEMBRANE - Cardiolipin organizes and stabilizes:
COMPLEX |
COMPLEX 11l
COMPLEX IV
ATP SYNTHASE
and:

CYTOCHROME c INTERACTIONS - Efficient:
ELECTRON FLOW - Proton gradient - ATP PRODUCTION

When cardiolipin becomes oxidized or structurally disrupted:

the entire system becomes:

LESS EFFICIENT.

That is where SS-31 becomes interesting.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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SS-31 AND CARDIOLIPIN

SS-31 has a high affinity for:
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CARDIOLIPIN-RICH MITOCHONDRIAL MEMBRANES.

Its interaction with cardiolipin appears to influence:

e membrane organization * electron transport
» cytochrome c behavior * cristae morphology

* reactive oxygen species generation

Conceptually:

SS-31 DOES NOT JUST “REMOVE FREE RADICALS.”

It may improve the:

PHYSICAL AND FUNCTIONAL ENVIRONMENT THAT GENERATES ATP.

That is @ much more important idea.

MITOCHONDRIAL CRISTAE

Cristae are the folds of the:

INNER MITOCHONDRIAL MEMBRANE.

They dramatically increase the surface area available for:

OXIDATIVE PHOSPHORYLATION.

Their shape is not cosmetic.
Cristae architecture influences:
* respiratory-chain organization
* ATP synthase arrangement

* metabolic efficiency

Damage to cardiolipin can destabilize:

CRISTAE STRUCTURE.

SS-31 has been studied for its ability to help preserve or normalize:

MITOCHONDRIAL ULTRASTRUCTURE.

Again:

this is not merely:

ANTIOXIDANT BIOLOGY.
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Itis:

MEMBRANE-ARCHITECTURE BIOLOGY.

THE CRISTAE MODEL

Healthy:
CARDIOLIPIN
. . Respiratory Efficient electron Strong proton
L LTI 3 complexes aligned transfer - gradient - LA
Damaged:

CARDIOLIPIN OXIDATION

Disorganized cristae _, Electron transport

inefficient —» Electron leakage T _ ROS 1 - ATP |

S§S-31 - Potential:

CARDIOLIPIN STABILIZATION - Potential:

CRISTAE + ELECTRON TRANSPORT IMPROVE

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 08
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ELECTRON TRANSPORT CHAIN

The mitochondrial electron transport chain includes:
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COMPLEX |
COMPLEX 11 - COENZYME Q - COMPLEX Ill - CYTOCHROME c - COMPLEX IV
This transfers electrons ultimately to:
OXYGEN.

The energy generated pumps protons across the inner membrane.

That creates:

THE PROTON-MOTIVE FORCE.

Then:

ATP SYNTHASE

uses that gradient to generate:

ATP.

This is oxidative phosphorylation.

SS-31's potential value is that it acts:

RIGHT WHERE THIS PROCESS OCCURS.

THE ATP MODEL

Electron

Nutrients —5 NADH/FADH: _, transport chain = Proton gradient _, ATP synthase _, ATP
SS-31 - Potential improvement in:
INNER-MEMBRANE ORGANIZATION + ELECTRON FLOW - Potential:

ATP PRODUCTION MORE EFFICIENT

Again:

the goal is not necessarily:

MAXIMUM ATP.

The goal is:

MORE EFFICIENT ATP UNDER STRESS.

* CYTOCHROME c

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Cytochrome c has a dual identity.

It participates in:

ENERGY PRODUCTION

but also:

APOPTOSIS.

Under normal conditions:

cytochrome c shuttles electrons between:

COMPLEX Il

and:

COMPLEX IV.

But if mitochondrial integrity is lost:

cytochrome c can escape into the

cytosol - Caspase cascade

Cardiolipin helps regulate:
CYTOCHROME c POSITIONING AND FUNCTION.

SS-31's interaction with cardiolipin may therefore influence both:

APOPTOSIS

ENERGY PRODUCTION

and:

CELL-SURVIVAL BIOLOGY.

OXIDATIVE STRESS

SS-31 is often described as:

AN ANTIOXIDANT PEPTIDE.

But the more sophisticated interpretation is:

FUNCTION.

IT MAY REDUCE PATHOLOGIC ROS GENERATION BY IMPROVING ELECTRON-TRANSPORT

That is different from simply:

SCAVENGING ROS AFTER THEY ARE CREATED.

When the electron transport chain becomes inefficient:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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electrons leak. - Oxygen is partially reduced. - SUPEROXIDE FORMS.

That creates:
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MITOCHONDRIAL ROS.

SS-31 may reduce this by helping restore:

BETTER ELECTRON FLOW.

THE ROS MODEL

Membrane

Electron leak Cardiolipin dysfunction _,
T

Damaged ETC _, 1 —» Superoxide T _ oxidation T —

SS-31 - Potential:

CARDIOLIPIN q . q
STABILIZATION —s  Electron flow improves _, ROS generation decreases _, Potential:

More SELF-REINFO
electron leak = RCING LOOP

MITOCHONDRIAL FUNCTION IMPROVES

This is @ much more important model than:

“SS-31 1S AN ANTIOXIDANT.”

CARDIOLIPIN OXIDATION

Cardiolipin is especially vulnerable to:

OXIDATIVE DAMAGE.

When oxidized:

* membrane structure deteriorates » cytochrome c interactions change
* apoptosis signaling can increase * electron transport becomes less efficient

This creates a classic:

FEEDBACK LOOP.

More mitochondrial

Mitochondrial dysfunction _ ROS - Cardiolipin oxidation —= dysfunction

SS-31 potentially interrupts:

THAT LOOP.

ISCHEMIA-REPERFUSION INJURY

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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SS-31 became especially interesting in:

ISCHEMIA-REPERFUSION.

During ischemia:

OXYGEN FALLS.

ATP falls.

The electron transport chain becomes reduced and dysfunctional.
Then blood flow returns.

Oxygen suddenly returns.

This is necessary.

But the mitochondria may now generate a burst of:

REACTIVE OXYGEN SPECIES.

That can worsen:

SECONDARY CELLULAR INJURY.

THE ISCHEMIA-REPERFUSION MODEL

ISCHEMIA - Oxygen | - ATP | —3 Mitochondrial dysfunction
Then:
REPERFUSION
Oxygen returns - ROS burst —» Cardiolipin oxidation _ Membrane injury _, Potential:
CELL DEATH
SS-31 - Potential:
MITOCHONDRIAL MEMBRANE STABILIZATION - Potential:

LESS REPERFUSION INJURY
This has made SS-31 especially interesting in:

e cardiac ischemia e kidney ischemia
 cerebral ischemia e surgical stress

* transplantation biology

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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CARDIAC BIOLOGY

The heart is one of the most mitochondria-dependent organs in the body.

Cardiomyocytes require:

CONTINUOUS ATP.

The heart cannot:

PAUSE.
So mitochondrial dysfunction can rapidly affect:
 contractility * relaxation
e calcium handling e cellular survival
SS-31 has therefore been extensively investigated in:
* heart failure * ischemia
* reperfusion * age-related cardiac dysfunction

Its mechanistic appeal is strong because:

THE HEART IS AN ENERGY-INTENSIVE ORGAN.

HEART FAILURE

Heart failure is not simply:

A WEAK PUMP.

It can involve:

* mitochondrial dysfunction » ATP deficit
e oxidative stress e abnormal calcium handling
* fibrosis * metabolic remodeling

SS-31 may theoretically improve:

THE ENERGY ENVIRONMENT OF CARDIOMYOCYTES.

That makes it especially interesting in:

MITOCHONDRIAL CARDIAC DYSFUNCTION.

But again:

heart failure is heterogeneous.
Ischemic.

Hypertensive.

Genetic.

Inflammatory.

Valvular.

Same diagnosis.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context

13

~N

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE SS-31 / ELAMIPRETIDE




s

Different:

MECHANISM.

SKELETAL MUSCLE

Skeletal muscle also depends heavily on mitochondrial function.

Especially during:

ENDURANCE ACTIVITY.

Mitochondrial dysfunction can contribute to:
« fatigue » exercise intolerance

* poor recovery * reduced oxidative capacity

SS-31 has been studied in:

MUSCLE MITOCHONDRIAL BIOLOGY

and aging-related muscular dysfunction.
Again:

the question is not simply:

“DOES SS-31 GIVE MORE ENERGY?”

The better question is:

“1S MITOCHONDRIAL ENERGY TRANSFER THE BOTTLENECK?”

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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PRIMARY MITOCHONDRIAL DISEASE

One of the most important clinical research areas for Elamipretide has been:

PRIMARY MITOCHONDRIAL MYOPATHY.

This is an especially logical application.

If the primary disease involves:

MITOCHONDRIAL ENERGY FAILURE,

then a peptide that improves:

INNER-MEMBRANE EFFICIENCY

may have strong mechanistic relevance.

Human clinical trials have therefore examined outcomes such as:

» exercise tolerance » walking performance

« fatigue * muscle function

This is one of the areas where Elamipretide has moved beyond:

PURELY PRECLINICAL RESEARCH.

BARTH SYNDROME

Barth syndrome is one of the most interesting disease contexts for SS-31.

Barth syndrome involves mutations affecting:

TAFAZZIN

and abnormal:

CARDIOLIPIN REMODELING.

That creates:

* mitochondrial dysfunction e cardiomyopathy

» skeletal myopathy e exercise intolerance

Because SS-31 targets:

CARDIOLIPIN-RELATED BIOLOGY,

Barth syndrome provides an unusually direct:

DISEASE -» TARGET

relationship.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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That is much stronger mechanistically than:

GENERIC FATIGUE.

THE BARTH MODEL

Abnormal . Cardiac +
TAFAZZIN T Cristae . A=l q
dysfunction - cardmlu?m - dysfunction —» ETC inefficiency _, ATP dysfunction _, skeletal-muscle
remodeling phenotype
SS-31 N Potential:
CARDIOLIPIN FUNCTIONAL SUPPORT - Potential:

MITOCHONDRIAL PERFORMANCE IMPROVES

Again:

this is:

TARGETED MITOCHONDRIAL BIOLOGY.

RENAL BIOLOGY

The kidney is another mitochondria-dense organ.

Renal tubular cells need large amounts of:

ATP

for:

* sodium transport

e reabsorption

« filtration-related work

SS-31 has therefore been investigated in:
e acute kidney injury

e ischemia-reperfusion

¢ renal mitochondrial dysfunction
Again:

the common thread is:

ENERGY-DEPENDENT TISSUE UNDER MITOCHONDRIAL STRESS.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context 16
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BRAIN BIOLOGY

The brain also has enormous energy demands.
Neurons require ATP for:

* jon gradients * neurotransmission

* axonal transport * synaptic activity
Mitochondrial dysfunction contributes to:

e ischemic injury * neurodegeneration

* traumatic brain injury * age-related cognitive decline
SS-31's potential neuroprotective role is therefore coherent.

But it is different from:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE SS-31 / ELAMIPRETIDE

SEMAX

or:

DIHEXA.

Those emphasize:

e neurotrophic signaling
e synaptic plasticity

* network remodeling

SS-31 emphasizes:

THE ENERGY INFRASTRUCTURE THAT KEEPS THE NEURON FUNCTIONAL.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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S$S-31 VS HUMANIN

Both are strongly connected to:

MITOCHONDRIAL STRESS.

But they operate differently.

HUMANIN

Primary identity:

CYTOPROTECTIVE SIGNALING

Major themes:

BAX

* apoptosis
JAK/STAT

e cell survival

SS-31
Primary identity:

MITOCHONDRIAL MEMBRANE SUPPORT

Major themes:
e cardiolipin
e cristae

e ETC efficiency

ATP
ROS
So:
HUMANIN = SURVIVAL SIGNAL
while:
SS-31 = ENERGY-MEMBRANE OPTIMIZATION SIGNAL
Again:

both support stressed cells.
Different:

ENTRY POINT.

e S5-31 VS MOTS-c
¢ MOTS-c

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Primary identity:
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METABOLIC ADAPTATION

Major mechanisms:

AMPK

AICAR

¢ glucose utilization
e metabolic flexibility
SS-31

Primary identity:

MITOCHONDRIAL MEMBRANE / ELECTRON-TRANSPORT SUPPORT

Major mechanisms:
* cardiolipin
» oxidative phosphorylation

So:

while:

e cristae
¢ ROS reduction

* MOTS-c = CHANGE THE METABOLIC PROGRAM

SS-31 = IMPROVE THE PERFORMANCE OF THE MITOCHONDRIAL HARDWARE.

That is a useful distinction.

S$S-31 VS SHLP2

SHLP2

Associated with:

* insulin sensitivity
* ROS reduction

SS-31

Synthetic mitochondria-targeted peptide.
Associated with:

e cardiolipin binding

e inner-membrane structure

e ETC efficiency
ATP

Endogenous mitochondrial-derived peptide.

* mitochondrial protection

e apoptosis

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Again:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE SS-31 / ELAMIPRETIDE

SHLP2 = MITOCHONDRIAL SIGNAL

SS-31 = MITOCHONDRIAL STRUCTURAL TARGETING

That difference is important.

THE CORE MECHANISM MAP

SS-31 / ELAMIPRETIDE - Targets:
INNER MITOCHONDRIAL MEMBRANE - Interacts with:
CARDIOLIPIN - Potential:
ATP
CRISTAE ELECTRON ELECTRON PROTON PRODUCTION
STRUCTURE _, TRANSPORT _, LEAK | - ROS | — GRADIENT _ T/ —» Potential:
STABILIZES IMPROVES PRESERVED EFFICIENCY
IMPROVES

CELLULAR ENERGY + STRESS RESILIENCE

The core concept is:

S$S-31 MAY IMPROVE HOW MITOCHONDRIA CONVERT ELECTRONS INTO USEFUL ENERGY UNDER
STRESS.

WHAT THIS MECHANISM MAY SUGGEST

Mechanistically, SS-31 deserves research interest in:

* primary mitochondrial myopathy * Barth syndrome

* ischemia-reperfusion injury * heart failure

* mitochondrial cardiomyopathy * renal ischemic injury

* skeletal-muscle dysfunction » exercise intolerance

* age-related mitochondrial decline * neurodegenerative mitochondrial stress

Its strongest conceptual niche may be:

A CELL WITH VIABLE MITOCHONDRIA THAT ARE STRUCTURALLY AND BIOENERGETICALLY
UNDERPERFORMING.

WHAT THIS MECHANISM DOES NOT PROVE

SS-31 biology does not prove that it:

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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* treats every case of fatigue e increases ATP in every person
* reverses all mitochondrial disease e treats every form of heart failure
* reverses aging e cures neurodegeneration
* replaces reperfusion in ischemia * repairs mitochondria that are genetically or
structurally irrecoverable
* should be used whenever someone reports “low e acts like a stimulant
energy”
Again:
FATIGUE = MITOCHONDRIAL FAILURE.
Fatigue can come from:
* anemia * sleep apnea
* hypothyroidism * depression
* infection * medication
* cardiac disease » deconditioning
Same symptom.
Different:
MECHANISM.
PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring ¢ Patient Context 21
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THE EVIDENCE, POTENTIAL APPLICATIONS, AND
LIMITATIONS
MECHANISTIC EVIDENCE

STRONG
SS-31 has one of the cleaner mechanistic stories among mitochondrial peptides:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE SS-31 / ELAMIPRETIDE

CARDIOLIPIN -» INNER MEMBRANE - ETC / CRISTAE - ATP / ROS.

That gives it a strong biological foundation.
PRECLINICAL EVIDENCE
SUBSTANTIAL

Research includes:

* cardiac ischemia * heart failure
e renal injury » skeletal muscle
* aging * neuroprotection

e mitochondrial disease

The mechanistic and animal evidence are directionally coherent.

HUMAN CLINICAL EVIDENCE

REAL AND MORE DEVELOPED THAN MANY EXPERIMENTAL PEPTIDES

Elamipretide has advanced into clinical trials in areas including:

* primary mitochondrial myopathy * Barth syndrome

e ophthalmic mitochondrial disease e cardiovascular dysfunction

This places it further along the translational spectrum than:

SHLP2

P21

* Dihexa

Again:

that does not mean all trials have been uniformly positive.

It means:

THE MOLECULE HAS A REAL HUMAN CLINICAL DEVELOPMENT PROGRAM.

CLINICAL RESULTS ARE APPLICATION-DEPENDENT

This is important.

Mitochondrial diseases are heterogeneous.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Even when they share:

MITOCHONDRIAL DYSFUNCTION,

the precise defect may differ.

For example:

e cardiolipin remodeling defect * mtDNA mutation

* ETC protein defect » secondary oxidative damage

A cardiolipin-targeting peptide may fit some contexts:

BETTER THAN OTHERS.

Again:

MITOCHONDRIAL DISEASE = ONE MECHANISM.

e Research

PRIMARY MITOCHONDRIAL MYOPATHY

This is one of the most direct clinical uses studied.

Symptoms can include:

» weakness * fatigue

* exercise intolerance * muscle pain

The underlying issue is:

IMPAIRED OXIDATIVE PHOSPHORYLATION.

That makes SS-31 mechanistically coherent.

The question is:

CLINICALLY?

CAN INNER-MEMBRANE SUPPORT IMPROVE MUSCLE FUNCTION ENOUGH TO MATTER

That is a much cleaner translational question than:

“DOES IT HELP ENERGY?”

BARTH SYNDROME

Barth syndrome is perhaps the most elegant biological match for SS-31.

Cardiolipin abnormality is central to:

THE DISEASE ITSELF.

So the logic is:

CARDIOLIPIN DISORDER

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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Mitochondrial dysfunction - SS-31 targets:

CARDIOLIPIN
That is:

DIRECT MECHANISTIC ALIGNMENT.

This is exactly the kind of scenario the Praxis framework prioritizes.

HEART FAILURE

Potential relevance is strongest where heart failure includes:

MITOCHONDRIAL ENERGY FAILURE.

Again:

the failing heart is not merely:

MECHANICALLY WEAK.

It may be:

ENERGETICALLY INEFFICIENT.

SS-31 therefore asks:

CAN THE HEART CONTRACT BETTER IF ITS MITOCHONDRIA WORK MORE EFFICIENTLY?

That remains a compelling research question.
ISCHEMIA-REPERFUSION
This is one of the strongest preclinical areas.

The target is not:

THE OCCLUDED ARTERY.

Itis:

THE MITOCHONDRIAL DAMAGE THAT FOLLOWS REPERFUSION.

That makes SS-31 a classic:

ADJUNCTIVE TISSUE-PRESERVATION STRATEGY.

KIDNEY INJURY

Acute kidney injury from ischemia or surgery often contains a major:

MITOCHONDRIAL COMPONENT.

PRAXIS PEPTIDE INSTITUTE | Mechanism ¢ Evidence ¢ Risk ¢ Monitoring * Patient Context
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If tubular cells lose:

ATP,

transport fails.
So:

MITOCHONDRIAL RESCUE

could theoretically preserve:

RENAL FUNCTION.

Again:

mechanistically coherent.

SKELETAL MUSCLE AGING

Aging muscle often demonstrates:
e reduced mitochondrial density

e impaired respiratory efficiency

* reduced exercise capacity

SS-31 has attracted interest in:

AGE-RELATED MUSCLE MITOCHONDRIAL DYSFUNCTION.

But again:

sarcopenia also involves:
* motor-neuron loss * low protein intake
* anabolic resistance * inactivity

» endocrine changes

So:

MITOCHONDRIA ARE ONE NODE.

NEURODEGENERATION

Mitochondrial dysfunction is common across:

* Alzheimer's disease

* Parkinson's disease

ALS

¢ Huntington's disease

SS-31 may therefore have broad mechanistic relevance.
But:

SHARED MITOCHONDRIAL DYSFUNCTION DOES NOT MAKE ALL THESE DISEASES THE SAME.
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Again:

PATHWAY INVOLVEMENT = INDICATION.

WHAT WE KNOW

SS-31 / Elamipretide is a synthetic mitochondria-targeted tetrapeptide.
It belongs to the Szeto-Schiller peptide family.

Its principal target is the inner mitochondrial membrane.

Its defining molecular interaction is with cardiolipin.

Cardiolipin is essential to respiratory-chain organization, cristae structure, cytochrome c function, and oxidative
phosphorylation.

SS-31 appears to stabilize or improve cardiolipin-associated mitochondrial function.

It can reduce electron leak and pathologic ROS generation in experimental systems.

It can improve or preserve mitochondrial membrane architecture.

It can improve ATP production efficiency under stress.

It has substantial preclinical evidence in ischemia-reperfusion, cardiac, renal, skeletal-muscle, and neurological models.
Elamipretide has also entered multiple human clinical development programs.

Human clinical evidence is therefore more mature than for many emerging research peptides.

Clinical outcomes remain disease- and endpoint-dependent.

Its strongest mechanistic fit may occur where inner-membrane or cardiolipin dysfunction is central to the pathology.

WHAT WE THINK MAY BE HAPPENING

SS-31 may function as:

A MITOCHONDRIAL MEMBRANE RESCUE PEPTIDE.

IMPROVES

improves.

improves.

The mitoch C;;g:::nllep;n Cristae org tELenc:ron More
. o port o
ondrion oxidized or anization d TR Electrons ROS rises ATP falls cardiolipin
becomes - 7 eteriorates - leak. - o * 7  damage
dysfunctio less
stressed. - occurs.
nal. efficient.
SELF-REINFORCING MITOCHONDRIAL FAILURE
SS-31 - Binds cardiolipin - Potential:
MEMBRANE .
ORGANIZATION  _, Flectron transport ROS falls. _,  ATP efficiency Potential:

CELLULAR FUNCTION RECOVERS.

In this model:
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SS-31 does not:

CREATE NEW MITOCHONDRIA FROM NOTHING.

It may help:

EXISTING MITOCHONDRIA FUNCTION BETTER.

That is @ much more precise concept.

WHAT REMAINS CONTEXT-DEPENDENT

Important questions include:

Which cardiolipin abnormalities respond best?

Does SS-31 require specific cardiolipin composition?

How durable are mitochondrial structural changes?

Does treatment need to be continuous?

Which tissues accumulate the most peptide?

How does age affect response?

Which primary mitochondrial disorders are most responsive?
Does SS-31 improve ATP output or mainly improve efficiency?
How much of benefit comes from reduced ROS?

How much comes from cristae remodeling?

How important is cytochrome c interaction?

Which cardiac phenotypes respond best?

Does chronic exposure change mitochondrial adaptation?
Can patients be stratified by mitochondrial biomarker?

Which exercise phenotypes are most relevant?

How well do muscle outcomes translate into daily function?
Can SS-31 improve healthspan in normal aging?

Which disease states show too little remaining mitochondrial reserve to benefit?
How should treatment be combined with exercise, nutrition, and metabolic therapy?
Again:

these questions define the transition from:

MITOCHONDRIAL MECHANISM

to:

PRECISION MITOCHONDRIAL MEDICINE.
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THE PRAXIS LENS

DO NOT BEGIN WITH SS-31

Begin with:

PRAXIS PEPTIDE INSTITUTE | ADVANCED GUIDE SS-31 / ELAMIPRETIDE

IS MITOCHONDRIAL MEMBRANE / BIOENERGETIC FAILURE ACTUALLY THE BOTTLENECK?

Then:
PHYSIOLOGY
PATTERN - MECHANISM - EVIDENCE - RISK —3 MONITORING _, DECISION

PHYSIOLOGY
Healthy mitochondrial ATP production requires:

e intact inner membrane * cardiolipin integrity

* electron transport * oxygen

* substrate availability  proton gradient

e ATP synthase

SS-31 appears especially relevant to:

INNER-MEMBRANE STRUCTURE + ELECTRON-TRANSPORT EFFICIENCY.

PATTERN

What is actually present?

primary mitochondrial myopathy?
Barth syndrome?
ischemia-reperfusion stress?

heart failure?

exercise intolerance?

aging-related mitochondrial decline?
secondary mitochondrial dysfunction?

Again:

“LOW ENERGY” IS NOT ENOUGH.

MECHANISM

Does cardiolipin / inner-membrane biology match:

THE DOMINANT FAILURE?
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If fatigue is caused primarily by:

IRON DEFICIENCY,

correct:

THE IRON DEFICIENCY.

If oxygen delivery is impaired:

restore:

OXYGEN DELIVERY.

If the disease directly involves:

CARDIOLIPIN DYSFUNCTION,

SS-31 becomes:

MUCH MORE MECHANISTICALLY COMPELLING.

EVIDENCE

Ask:

WHAT APPLICATION ARE WE DISCUSSING?

Barth syndrome?

Strong mechanistic rationale.

Primary mitochondrial myopathy?

Human clinical development exists.

Heart failure?

Substantial mechanistic and clinical research.
Generic fatigue?

Much weaker rationale.

Again:

SAME MOLECULE. DIFFERENT EVIDENCE CLASS.

RISK

Potential considerations include:

* route-related reactions  product quality
* unknown long-term effects in some populations * inappropriate use when fatigue is not mitochondrial

» delaying diagnosis of cardiac, endocrine, hematologic,
or sleep pathology

assuming improved mitochondrial biomarkers guarantee functional improvement
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Again:
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MITOCHONDRIAL FUNCTION SHOULD TRANSLATE INTO TISSUE FUNCTION.

MONITORING

Monitoring should follow:

THE ENERGY-DEPENDENT SYSTEM.

MUSCLE
» exercise tolerance » walking performance
* strength » fatigue
* recovery
CARDIAC
* symptoms * exercise capacity
* echocardiographic parameters  functional class

* disease-specific endpoints

MITOCHONDRIAL DISEASE
* disease-specific function * lactate where relevant

* functional endurance * quality of life

METABOLIC / CELLULAR

where appropriate:

* oxidative-stress markers

e mitochondrial function research measures
* muscle energetics

Again:

monitor:

WHAT THE MITOCHONDRIA ARE SUPPOSED TO ENABLE THE TISSUE TO DO.

THE PRAXIS 5

MECHANISM
SS-31 primarily targets:

CARDIOLIPIN + INNER-MITOCHONDRIAL-MEMBRANE ORGANIZATION.

Its downstream effects include:

ETC EFFICIENCY + ROS CONTROL + ATP PRODUCTION.
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EVIDENCE

Mechanistic evidence:

STRONG.

Preclinical evidence:

SUBSTANTIAL.

Human clinical evidence:

REAL AND DEVELOPING.

Disease-specific translation:

VARIABLE.

That is the appropriate calibration.

RISK

The major conceptual mistake is:

TREATING ALL FATIGUE OR “MITOCHONDRIAL DYSFUNCTION” AS THE SAME PROBLEM.

Different mitochondrial defects require:

DIFFERENT STRATEGIES.

MONITORING

Monitor:

ENERGY-DEPENDENT FUNCTION.

If the hypothesis is:

MITOCHONDRIAL EFFICIENCY IMPROVED,

then:

THE TISSUE SHOULD PERFORM BETTER.
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PATIENT CONTEXT

A patient with:

BARTH SYNDROME

is not identical to:

someone with:

DECONDITIONING.

A patient with:

PRIMARY MITOCHONDRIAL MYOPATHY

is not identical to:

someone whose fatigue is caused by:

SLEEP APNEA.

A patient with:

ISCHEMIA-REPERFUSION INJURY

is not identical to:

someone seeking:

GENERAL LONGEVITY SUPPORT.

Same peptide.
Different:

BIOENERGETIC CONTEXT.
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SEVEN QUESTIONS TO ASK BEFORE SS-31 / ELAMIPRETIDE

1. WHAT TISSUE IS FAILING ENERGETICALLY?

muscle?
heart?
kidney?

brain?

2. WHAT IS THE ACTUAL MITOCHONDRIAL DEFECT?

cardiolipin?
ETC?

mtDNA?
ischemia?
oxidative stress?

secondary dysfunction?

3. DOES INNER-MEMBRANE / CARDIOLIPIN BIOLOGY MATCH THE BOTTLENECK?

This is the key question.

4. WHAT TYPE OF EVIDENCE SUPPORTS THIS USE?

mechanistic?
animal?
human clinical?

disease-specific?

5. 1S THE MITOCHONDRIAL DYSFUNCTION PRIMARY OR SECONDARY?

If secondary:

THE UPSTREAM DRIVER STILL MATTERS.
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6. WHAT WILL WE MONITOR?

exercise?

cardiac function?
muscle endurance?
quality of life?

disease-specific endpoints?

7. WHAT WOULD DEFINE SUCCESS?

Not:

“MITOCHONDRIAL MARKERS IMPROVED.”

But:

THE ENERGY-DEPENDENT TISSUE FUNCTIONED BETTER IN A REPRODUCIBLE, CLINICALLY
MEANINGFUL WAY.

KEY TAKEAWAYS

SS-31 / Elamipretide is a synthetic mitochondria-targeted tetrapeptide.

It belongs to the Szeto-Schiller peptide family.

Its central target is the inner mitochondrial membrane.

Its defining interaction is with cardiolipin.

Cardiolipin is essential to mitochondrial cristae, electron transport, cytochrome ¢, and oxidative phosphorylation.
SS-31 should not be reduced to a generic antioxidant.

Its more important role may be stabilization of the mitochondrial environment that generates energy.

By improving cardiolipin-associated membrane organization, SS-31 may improve electron flow through the respiratory
chain.

That may reduce electron leak and pathologic ROS generation.
It may also improve ATP production efficiency.
This creates a mechanism that is structurally upstream of many downstream mitochondrial stress signals.

SS-31 is especially interesting in ischemia-reperfusion because reperfusion can produce a burst of mitochondrial
oxidative stress.

It has substantial research in cardiac, renal, skeletal-muscle, and neurological mitochondrial dysfunction.
It has also advanced into human clinical trials.
This makes it more clinically developed than many experimental mitochondrial peptides.

Barth syndrome is one of the most mechanistically coherent applications because cardiolipin remodeling is central to the
disease.

Primary mitochondrial myopathy is another logical clinical target because oxidative phosphorylation itself is impaired.
SS-31 differs fundamentally from Humanin.

Humanin is more centered on cytoprotective and anti-apoptotic signaling.

SS-31 is more centered on inner-membrane structure and bioenergetics.

SS-31 differs from MOTS-c.
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MOTS-c primarily changes the metabolic adaptation program.

SS-31 primarily supports the mitochondrial hardware performing oxidative phosphorylation.
SS-31 differs from SHLP2.

SHLP2 is an endogenous mitochondrial signaling peptide.

SS-31 is an exogenous peptide designed to physically target the mitochondrial membrane.
Fatigue should not automatically be interpreted as mitochondrial failure.

Sleep, anemia, thyroid disease, cardiopulmonary disease, depression, medication, and deconditioning can all produce
similar symptoms.

* The best question is not “does SS-31 increase mitochondrial energy?”

The better question is “is impaired cardiolipin-dependent inner-membrane function actually limiting ATP production in
this tissue, does SS-31 address that failure, and can improved mitochondrial efficiency be demonstrated through better
real-world tissue function?”
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THE BOTTOM LINE

SS-31 may be one of the cleanest examples in this entire mitochondrial section of:

TARGET THE STRUCTURE THAT MAKES THE BIOLOGY POSSIBLE.

We often talk about mitochondria through:

ATP

or:

ROS.

But before ATP exists:

there has to be:

AN ORGANIZED INNER MEMBRANE.

Before electron transport works:

the complexes have to be:

POSITIONED CORRECTLY.

Before cytochrome c can transfer electrons:
it needs the proper membrane environment.

And one of the central molecules holding that environment together is:

CARDIOLIPIN.

So the deeper model becomes:

CARDIOLIPIN

RESPIRATORY-CHAIN

CRISTAE STRUCTURE _, ORGANIZATION -

ELECTRON FLOW —s PROTON GRADIENT _,

When cardiolipin becomes:

ATP

DAMAGED OR DISORGANIZED,

the system becomes:

INEFFICIENT.

Electrons leak.
ROS rises.
ATP falls.

The membrane deteriorates further.
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SS-31 may intervene at:

THE STRUCTURAL LEVEL.

Not by merely adding:

MORE FUEL.

Not by merely scavenging:

FREE RADICALS.

But by potentially helping the mitochondrial machinery:

WORK BETTER.

That is why the peptide may have relevance across:
* heart e muscle
* kidney * brain
even though those tissues perform very different functions.

They share one critical requirement:

ATP.

But the Praxis question is still not:

“DOES THIS PERSON NEED MORE ATP?”

Itis:

“WHY is the tissue failing energetically, is cardiolipin or inner-membrane dysfunction truly the bottleneck, are the
mitochondria still viable enough to recover, does SS-31 restore useful bioenergetic function, and can that improvement
be demonstrated in the actual performance of the heart, muscle, kidney, or nervous system?”

That is the difference between:

CALLING SS-31 A MITOCHONDRIAL ANTIOXIDANT

and:

UNDERSTANDING MITOCHONDRIAL ARCHITECTURE.

FINAL RECALL

TARGET ORGANIZE VERIFY
Cardiolipin-rich inner mitochondrial Cristae and electron transport Demand better energy-dependent
membrane become more efficient tissue function

STOP MEMORIZING PEPTIDES. START UNDERSTANDING THE SYSTEM.

Praxis Peptide Institute provides educational information and is not a substitute for individualized medical diagnosis or treatment. SS-31 / Elamipretide is a synthetic mitochondria-targeted peptide studied
for effects involving cardiolipin, inner-membrane structure, electron-transport efficiency, ATP production, oxidative stress, ischemia-reperfusion injury, mitochondrial myopathy, and other energy-dependent
disease states. Its relevance depends on the tissue affected, the specific mitochondrial defect, whether dysfunction is primary or secondary, residual mitochondrial reserve, disease stage, route and product
identity, concurrent therapies, and the objective functional outcome being targeted. Improvement in mitochondrial biomarkers should be interpreted alongside meaningful tissue-level outcomes such as
exercise capacity, cardiac performance, organ function, and quality of life.
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