Inside the Cell: Molecular Recipes
Zareena, Mookayi, Mari
Zareeena, Mookayi, and Mari practically floated out of the virtual reality dome. They were thrilled and excited. They had just stepped out of a once-in-a-lifetime experience — exploring the inside of a living cell as if they were tiny travellers in a crowded and busy microscopic city! 
Outside the nearby conference hall they saw people taking coffee and moving around or standing and talking in groups. Looked like a lecture session had just got over. They could now search out Mari’s mother Dr. Usha, a biologist, who was attending the conference. The three friends spotted her.
"Amma!" Mari called out, waving enthusiastically. "You have to hear about what we just saw!"
Usha smiled and excused herself from the group around her and came towards Mari, Zar and Mooks. “You all seem excited. What happened?” 
All three started speaking at once. Usha heard only the virtual reality part and grinned.  "Ah, you have been on the VR cell tour? I was one of the people who helped design that program! Did you like it? Come, let’s talk."
They found chairs and settled down in a corner of the lawn. And the three started talking over each other in excitement. Usha asked them to slow down and talk one at a time.
"It was mind-blowing!” Mooks began, her hands flying in the air. "We were inside an E. coli   cell! Everything was zooming around — sugar molecules were flying past at about 400 kilometres per hour!”
BOX 1 What is E. Coli
Escherichia coli  is a rod-shaped bacterium that is commonly found in the lower intestine of warm-blooded animals. Like most bacteria, it has just one chromosome (threadlike structures made of protein and a single molecule of DNA that serve to carry the genomic information in the nucleus of cells). These bacteria are mostly harmless or even beneficial to humans. E. coli is expelled into the environment within fecal matter. Some varieties (called serotypes) can cause food poisoning in humans. Since they reproduce very quickly, they have been much studied in the lab.
The picture shows a painting of Escherichia coli bacterium, 2021, Illustration by David S. Goodsell, RCSB Protein Data Bank. This painting shows a cross-section through an Escherichia coli cell. The characteristic two-membrane cell wall is shown in green, with many lipopolysaccharide chains extending from the surface and a network of cross-linked peptidoglycan strands between the membranes. The genome of the cell (complete set of DNA instructions, with all the genetic information necessary for an organism to develop and function) forms a loosely-defined “nucleoid”, shown here in yellow, and interacts with many DNA-binding proteins, shown in brown and orange. Large soluble molecules, such as ribosomes (colored in reddish purple), mostly occupy the space around the nucleoid.
END OF BOX
"And there were so many molecules!" Zar added. "It wasn’t empty at all!  Not like the diagrams we see in our text books. What a variety of molecules!”
Mari put her bit in “It was like the crowd we see in Madurai Town Hall Road on the day before Deepavalli — the cell was packed!”
She continued "They told us that about 70%  of a cell’s mass are just water. But the other   30% — the dry mass — is all the important stuff: DNA, RNA, proteins, lipids, and ions!"
Usha smiled, leaned in, encouraging them "And which part makes up most of the dry mass?"
“Proteins!” all three said together – so loud that people turned around to see them. They then grinned seeing Usha and the three excited girls.
"Right," said Usha. "Proteins make up around 55% of the cell’s dry mass. They’re the workhorses — building, fixing, signalling, and running reactions inside the cell."
Mari added, "RNA is about 20%, lipids are about 10%, and DNA — even though it carries the instructions for the whole cell — is only about 3%!  "
"Exactly," Usha said. "DNA is small by mass, but is the information queen."
Zar flipped through her notes. "And the cell had so many proteins — like over two million   proteins squeezed into just one tiny bacterium!"
"Yes,” Usha said, impressed. "Each protein is made up of amino acids, like beads on a string. And even small proteins are made of hundreds of amino acids."
"And there’s one protein that’s super important!" Mooks jumped in. "It’s called Lpp — there are more than 700,000 copies of it in each E. coli! It holds the cell’s outer membrane to the inner wall so the cell doesn't collapse."
BOX 2: E Coli, Lpp and its structure
The picture shows a schematic of the E. coli cell showing its multilayered envelope. This is composed of an inner (IM, black) and an outer (OM, green) membrane, separated by the periplasm containing a peptidoglycan layer (PG, red). A closer view of the envelope on the right shows the lipoprotein Lpp. Peptidoglycan is a complex polymer composed of sugars and amino acids, forming a mesh-like layer outside the plasma membrane. This mesh-like structure is essential for maintaining bacterial cell shape.
END OF BOX
"Without it," Mari said, "the cell would be crushed by its surroundings!"
Usha smiled, pleased. "That’s absolutely right. In fact, it took scientists some time to realize just how abundant Lpp is. Back in 1978, researchers thought EF-Tu — a protein that helps ribosomes build other proteins — was the most abundant, with a few hundred thousand copies per cell. But in 1979, a paper published in the journal Cell changed everything."
The girls came closer, intrigued.
Usha continued, "They discovered that Lpp is actually even more abundant — with over   700,000 copies in each E. coli. And it's critical because it anchors the outer membrane to the peptidoglycan layer underneath. Without Lpp, the cell would be torn apart by the turbulence in its environment."
Mari whistled softly. "Wow. So Lpp is like the glue holding the cell together."
"Exactly," said Usha. "Meanwhile, EF-Tu remains one of the most common proteins too, but it’s more like the 'foreman' helping to direct construction of new proteins inside the cell."
"And — the membrane!" Mooks suddenly remembered. "They said it’s very important too!"
Usha’s eyes lit up. "Yes! The lipid (lipid means fat) bilayer — the membrane that separates the cell from the outside world — is one of the most critical parts. Interestingly, even though   lipids make up less than 10% of the dry mass, making these lipids is the second most energetically expensive task for a cell, next only to making proteins. (The lipid bilayer is the membrane where lipids are arranged in two layers with each layer having lipids next to each other in a specific manner).”
BOX 3:  Lipid Bilayer
The lipid bilayer (or phospholipid bilayer) is a thin membrane made of two layers of lipid molecules. Lipids are like fats, wax, and other substances that are not soluble in water. These membranes form a continuous barrier around all cells. This keeps ions, proteins, etc., inside the cell and doesn’t allow them to diffuse out. Ions and proteins are mostly soluble in water, so they cannot cross this lipid bilayer. This is important to regulate salt concentrations, etc. Lipid  bilayers are usually composed of molecules that have a hydrophilic (water-loving) phosphate “head” and a hydrophobic (water-repelling) “tail” consisting of two fatty acid chains. When lipids are exposed to water, they self-assemble into a two-layered sheet with the hydrophobic tails pointing toward the center of the sheet (see figure) so that the two rows are “inverted” with respect to one another.
END OF BOX
"Why does it cost so much energy?" Mari asked, curious.
"It’s because lipids are made from long carbon chains," explained Usha, "and they’re connected together by high-energy ester bonds. These bonds need a lot of energy – what is technically called Gibbs free energy – to form. But putting together the lipids in a row and having two rows in an inverted fashion below each other is not easy! It is the most energy demanding component. Building that protective barrier for the cell takes a lot of careful, energy-intensive work."
Zar scribbled excitedly in her notebook. "So, even the walls of the cell are built carefully, just like its machines inside!"
"Exactly," said Usha.
"And if the environment changes," Mooks said thoughtfully, "the cell can change the proteins it makes, right?"
"Good point," said Usha. "That’s called altering the proteome. When nutrients are plenty, E. coli grows bigger and faster, filling itself with different sets of proteins. But when food is scarce, it shrinks, divides slowly, and changes the proteins it produces to survive."
BOX 4: What is the proteome?
Not all proteins are active (expressed) in a cell at any given time. The set of proteins that are active depends on the tasks that the cell needs to perform at that time. This is called the proteome. Proteomes of different cells of a multi-cellular organism can be different.
END BOX
Mari’s eyes widened. "It’s like the cell is ... adapting on the fly (meaning, as the changes are happening)!"
"That’s a nice way to put it," said Usha.
Zar jumped up, remembering another fact. "And we saw a chemical formula for an E. coli! It’s something like C₄.₄H₇.₂O₂.₁N₀.₈P₀.₀₈₆S₀.₀₃₉ . What did it mean?”
"Yes," said Usha, laughing. “It is actually a way to tell that for every 4.4 carbon atoms, the cell has 7.2 hydrogens, 2.1 oxygens, 0.8 nitrogens, and a tiny fraction of sulfur and phosphorus. This formula is derived by averaging the approximate composition of proteins, nucleic acids, lipids, carbohydrates, and other cell components. Basically it shows that carbon, hydrogen, oxygen, nitrogen, phosphorus, and sulfur are the main elements needed to build a cell."
"And building the cell," Mari said, "doesn’t even take that much energy! Only about 9.54 × 10⁻¹¹ Joules to assemble an entire E. coli from scratch!”
Zar sheepishly said “Even though we noted that information, we did not really get an idea of what it means”.
Usha nodded “I understand your problem. The numbers can be fascinating but unless we can relate them to what is around us, they are difficult to imagine. We thought about it but at that time could not get a good analogy. Later one of the students suggested putting an image of lifting a normal size apple to a distance of one metre – that will require about 1 Joule of energy. And then show an apple being lifted by 0.1 nanometre. This will need about the order of the same energy, about 10⁻¹¹ Joules. But we could not figure out how to show lifting an apple by 0.1 nanometre – unless we zoom in to the world of molecules where bonds are separated by about 0.1 nanometre.”
BOX 5: What is a nanometre?
A nanometre is one billionth of a metre. Take 1/100 of a metre. This is a cm. Take 1/1000 m. This is 1 mm. Take 1/1000 of 1 mm. This is 1 micron.  Take 1/1000 micron. This is 1 nanometre! Instead, take a look at the pictures that tell you about these scales.
END OF BOX
Mari thoughtfully said "Even if we had all the molecules and the energy, it seems unlikely we can create life just by putting them together. There was so much of movement and dynamics going on in the cell.”
"Because life isn’t just about having the right parts," Usha said, nodding. "As you said it’s about how everything moves and works together."
"Yes" Mooks said. "In the virtual reality show we saw the cell isn’t static. It’s alive — molecules moving, bumping, reacting, splitting, building, and destroying— every second! For example, each protein is hit by around 10¹³ water molecules every second!”
"It’s like being in a magic kitchen," Zar said, her voice full of wonder, "where the ingredients dance, talk, and cook themselves into ... life."
Usha smiled. "That’s the beauty of biology. It’s not just a recipe — it’s a living symphony."
Mari spoke for all of them. “Amma, we stepped inside a cell and saw a world more dynamic and thrilling than we had ever imagined — and now want to learn even more. But all this talk of cooking made us realise we are hungry. We are going to find something to eat. It was a great show. Thanks for getting us to come.”
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