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Every second, millions of proteins are made 

inside our cells. These proteins are the true 

workers of life — building tissues, carrying 

oxygen, fighting infections, and running 

metabolism. But what happens if these proteins 

are made incorrectly?Just like a badly stitched 

shirt or a defective machine part, a misfolded 

protein can cause serious trouble. If not 

repaired or removed, it can clump together, 

damage cells, and even trigger disease. 

To prevent this chaos, cells rely on a 

remarkable surveillance network known as the 

Protein Quality Control (PQC) system, also 

called the proteostasis network. This hidden 

housekeeping team works tirelessly to ensure 

that proteins are properly folded, repaired when 

damaged, and removed if beyond rescue. 

Step 1: Folding — The Role of Molecular 

Chaperones 

When a protein is first made, it emerges 

as a long chain of amino acids. To function 

properly, it must fold into a precise three-

dimensional structure. However, stress 

conditions such as heat, toxins, infection, or 

oxidative damage can cause proteins to 

misfold.Here, molecular “chaperones” step 

in.Proteins like Heat shock protein 70 act as 

cellular caretakers. They recognize exposed 

hydrophobic regions on misfolded proteins, 

bind to them, and use ATP-driven cycles to 

give the protein multiple chances to refold 

correctly.If successful, the protein resumes its 

normal function. If not, the cell moves to the 

next strategy. 

Step 2: The Ubiquitin–Proteasome System 

— Tag and Destroy 

When repair fails, the cell marks the 

faulty protein for destruction using a small 

molecule called ubiquitin. This process forms 

part of the Ubiquitin–Proteasome System 

(UPS).The tagged protein is delivered to the 

Proteasome — a barrel-shaped molecular 

machine that unfolds and chops the defective 

protein into small peptides. These fragments 

can then be recycled to make new proteins.This 

system is highly selective and fast. It is 

especially important for degrading short-lived 

regulatory proteins and mildly misfolded 

proteins.But what about large protein clumps 

that the proteasome cannot handle? 

Step 3: Autophagy — The Cell’s Recycling 

Center 

For bigger problems, cells use 

autophagy, a process meaning “self-

eating.”Autophagy allows the cell to enclose 

large protein aggregates or damaged organelles 

inside double-membraned vesicles called 

autophagosomes. These vesicles then fuse with 

lysosomes, where powerful enzymes degrade 

the contents.Autophagy is particularly 

important during starvation, aging, and stress. 

It helps clear toxic protein aggregates that could 

otherwise accumulate and damage cells. 

Quality Control Inside Organelles 

Protein quality control is not limited to 

the cytoplasm. Specialized systems operate 

within cellular compartments: 

Endoplasmic Reticulum (ER) 

The ER handles secretory and 

membrane proteins. When misfolded proteins 

accumulate, it activates the Unfolded Protein 

Response (UPR), attempting to restore balance. 

If repair fails, the proteins are degraded through 

ER-associated degradation (ERAD). Failure of 

ER quality control has been linked to myelin 
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disorders, immune dysregulation, and 

metabolic diseases. 

Mitochondria 

Mitochondria — the cell’s powerhouses 

— have their own quality control mechanisms. 

Processes such as mitochondrial fission, fusion, 

mitophagy, and proteolysis maintain 

mitochondrial integrity. Disruption of 

mitochondrial quality control contributes to 

heart disease, neurodegeneration, liver 

disorders, and cancer progression. 

Ribosomes 

Even during protein synthesis, 

surveillance occurs. The Ribosome-Associated 

Quality Control (RQC) pathway detects stalled 

ribosomes and eliminates incomplete, 

potentially toxic polypeptides before they 

accumulate. 

When Protein Quality Control Fails? 

When this delicate balance collapses, 

disease emerges. In neurodegenerative 

disorders such as Alzheimer's disease and 

Parkinson's disease, toxic protein aggregates 

accumulate in neurons. Research shows that 

impaired proteasome activity and defective 

autophagy contribute significantly to these 

conditions. Similarly, disruptions in 

mitochondrial quality control are implicated in 

cardiovascular disease, pulmonary disorders, 

liver diseases, and cancer. 

Aging itself is associated with a gradual 

decline in proteostasis capacity. As chaperone 

efficiency decreases and degradation pathways 

slow down, damaged proteins accumulate, 

leading to cellular dysfunction. 

Why This Matters in Veterinary and Animal 

Health? 

 Protein quality control is not only relevant 

to human disease. In livestock and poultry: 

❖ Heat stress increases protein misfolding 

leading to endoplasmic reticulum 

stress, activation of molecular 

chaperones such as heat shock proteins 

(HSPs), accumulation of reactive 

oxygen species, disruption of metabolic 

pathways, decreased feed efficiency, 

reproductive dysfunction, 

immunosuppression, and elevated 

mortality rates. 

❖ Oxidative stress during infection 

disrupts mitochondrial function. During 

infections, animals produce reactive 

oxygen species (ROS) to fight 

pathogens, but excess ROS damages 

mitochondria — the cell’s energy 

powerhouse. 

❖ In conditions like bovine mastitis, 

parasitic infestations, and viral diseases, 

mitochondrial dysfunction reduces 

ATP production and weakens 

immunity. 

❖ Heat stress combined with infection 

further amplifies oxidative injury, 

compounding production losses, this 

damage can be tracked using 

biomarkers such as MDA 

(Malondialdehyde), TBARS 

(Thiobarbituric Acid Reactive 

Substances), 8-OHdG (8-Hydroxy-2′-

deoxyguanosine), protein carbonyls, 

and antioxidant enzymes like SOD 

(Superoxide dismutase), catalase. 

❖ Impaired autophagy can affect muscle 

health and productivity. In the above 

context we can say Understanding 

proteostasis mechanisms may help 

improve animal resilience, 

productivity, and disease resistance — 

an area of growing importance in 

veterinary science. 

The Future of Protein Quality Control 

Research 

❖ Scientists are now exploring therapies 

that enhance proteasome activity or 

stimulate autophagy to clear toxic 

aggregates. Targeted modulation of 

signaling pathways such as mTOR and 

AMPK may restore cellular balance in 

aging and disease. 

❖ Gene-editing technologies and selective 

autophagy approaches offer promising 

strategies to remove specific harmful 

proteins without disturbing normal 

cellular functions. 

❖ As research advances, the protein 

quality control system is emerging as a 

central player in health, disease, and 

longevity. 
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The Silent Guardian of Cellular Life 

The protein quality control system 

works silently inside every cell of every 

organism. Most of the time, we are unaware of 

its existence. Yet without it, life would quickly 

descend into molecular chaos.By folding, 

repairing, tagging, degrading, and recycling 

proteins, this intricate network safeguards 

cellular integrity. It maintains the delicate 

equilibrium that allows organisms to grow, 

adapt, and survive under stress. 

As we conclude this article as “Quietly 

and tirelessly, this microscopic housekeeping 

team keeps life running smoothly — proving 

that even the smallest guardians can protect the 

grandest miracle of all: life itself.” 
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